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RESUMO

A deteccdo precoce da hanseniase e o tratamento imediato com a poliquimioterapia
Sao cruciais para alcancar as metas de zero transmissao e zero de incapacidades de
grau ll, da Organizacdo Mundial da Saude. A hanseniase é dificil de diagnosticar
devido a variedade de formas clinicas e a falta de um teste padréo-ouro capaz de
auxiliar o diagndstico clinico. O conhecimento do perfil de resposta imunoldgica do
hospedeiro e a identificacdo de variantes genéticas de suscetibilidade a hanseniase,
poderdao subsidiar um melhor entendimento de sua patogénese e talvez facilitar o
diagnéstico precoce, tratamento e profilaxia. Nesse trabalho, foi avaliado a
performance de dois testes sorologicos rapidos, (PGL1 e NDO-LID), na
discriminacdo de casos de hanseniase e de individuos saudaveis, na Fundacao
Alfredo da Matta. Posteriormente, foi conduzido estudo caso-controle, em que foram
testados dez SNPs, recentemente associados a hanseniase, em genes que regulam
a resposta imune: TLR1 (rs4833095), NOD2 (rs751271, rs8057341), TNF
(rs1800629), IL10 (rs1800871), CCDC122/LACC1 (rs4942254), PACRG/PRKN
(rs9356058, rs1040079), IFNG (rs2430561), e IL6 (rs2069845). A amostra
populacional foi 1.379 individuos. Para o estudo soroldgico, dentre 0os pacientes
paucibacilares, a sensibilidade foi 34,0% e 32,0% para o NDO-LID e PGL1,
respectivamente. Nos pacientes multibacilares, a sensibilidade do NDO-LID foi
73,6% e 81,0% para PGL1. Os testes sorolégicos demonstraram especificidade de
75,9% para o PGL1 e 81,7% para o NDO-LID. O valor preditivo positivo (VPP), o
valor preditivo negativo (VPN) e a acuracia nos pacientes multibacilares foram
47,9%, 93,1% e 80,2% respectivamente para o NDO-LID, e 43,4%, 94,6% e 76,8%
para PGL1. Os testes sorolégicos rapidos mostraram limitada capacidade no
diagndstico da hanseniase, contudo, o alto valor preditivo negativo dos testes indica
grande probabilidade de exclusdo da doenca. No estudo genético, resultados
estatisticamente significativos foram encontrados somente para as variantes dos
genes IFNG e NOD2. O polimorfismo rs8057341 do gene NOD2 foi estatisticamente
significativo a protecdo para o gendtipo AA (OR = 0,56; 95% IC, 0,37-0,84; P
=0,005) e limitrofe para o alelo A (OR = 0,76; 95% IC, 0,58-1,00; P = 0,053) e
carreador (OR = 0,76; 95% IC, 0,58-1,00; P = 0,051). O SNP rs2430561 do gene
IFNG foi associado com a suscetibilidade a doenca para o gendétipo AT (OR = 1,40;
95% IC, 1,06-1,85; P = 0,018) e carreador (OR = 1,44; 95% IC, 1,10-1,88; P =
0,008). Dessa forma, foi possivel confirmar, em populacdo geneticamente
miscigenada do estado do Amazonas, forte associacéo de polimorfismos nos genes
NOD2 e IFNG. Perspectivas de novas variantes, associadas a importante efeito no
fendtipo, podem ser identificadas, com a evolugcéao da tecnologia de sequenciamento
de genoma e de estudos funcionais, tanto para hanseniase como outras doencas
infecciosas, ou inflamatorias.

Palavras-Chaves: Hanseniase, testes rapidos, Polimorfismos, Amazonas
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ABSTRACT

Early detection of leprosy and prompt treatment with multidrug therapy are crucial to
achieving the World Health Organization's goals of zero transmission and zero grade
Il disabilities. Leprosy is difficult to diagnose due to the variety of clinical forms and
the lack of a gold standard test. Knowledge of the host’s immune response profile
and the identification of genetic variants of susceptibility to leprosy may support a
better understanding of its pathogenesis and perhaps facilitate early diagnosis,
treatment and prophylaxis. In this study, the performance of two rapid serological
tests (PGL1 and NDO-LID) was evaluated in the discrimination of leprosy cases and
healthy individuals at the Alfredo da Matta Foundation. A case-control study was
further conducted and ten SNPs previously associated with leprosy susceptibility
were tested: TLR1 (rs4833095), NOD2 (rs751271, rs8057341), TNF (rs1800629),
IL10 (rs1800871), CCDC122/LACC1l (rs4942254), PACRG/PRKN (rs9356058,
rs1040079), IFNG (rs2430561), and IL6 (rs2069845). Population sample was 1,379
individuals. For the serological study, among paucibacillary leprosy patients,
sensitivity was 34.0% and 32.0% for NDO-LID and PGL1, respectively. In
multibacillary leprosy patients, NDO-LID sensitivity was 73.6% and 81.0% for PGLL1.
Serological tests demonstrated a specificity of 75.9% for PGL-1 and 81.7% for NDO-
LID. The positive predictive value (PPV), negative predictive value (NPV) and
accuracy in multibacillary patients were 47.9%, 93.1%, and 80.2% respectively for
NDO-LID, and 43.4%, 94.6% and 76.8% for PGL1. Rapid serological tests showed
limited ability to diagnose the disease; however, the high negative predictive value of
the tests indicates a high probability of excluding leprosy. In the genetic study,
statistically significant results were found only for the variants of the IFNG and NOD2
genes. The rs8057341 polymorphism of the NOD2 gene was statistically significant
for protection for the AA genotype (OR = 0.56; 95% CI, 0.37-0.84; P =0.005) and
borderline for the A allele (OR = 0.76; 95% CI, 0.58-1.00; P = 0.053) and carrier (OR
= 0.76; 95% CI, 0.58-1.00; P = 0.051). The SNP rs2430561 of the IFNG gene was
associated with disease susceptibility to the AT genotype (OR = 1.40; 95% CI, 1.06—
1.85; P = 0.018) and carrier (OR = 1.44; 95% CI, 1.10-1.88; P = 0.008). In this way, it
was possible to confirm a strong association of polymorphisms in the NOD2 and
IFNG genes in a genetically mixed population in the state of Amazonas. Perspectives
for new gene variants, possibly associated with a major effect on the disease
phenotype (leprosy, other infectious or inflammatory diseases) could be identified
upon the development of new genome sequencing technologies and functional
studies.

Keywords: Leprosy, rapid tests, polymorphisms, Amazonas
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RESUMO LEIGO

A hanseniase é uma doenca milenar que ainda esta presente na nossa sociedade,
podendo levar a deformidades fisicas e consequente estigmatizacdo. Apesar da
queda brusca apdés a implantacéo da poliquimioterapia no inicio da década de 1980,
0 numero de casos tem se mantido praticamente constante nos ultimos 10 anos,
tanto no nivel mundial como nacional. Por tratar-se de uma doenca de amplo
espectro clinico, muitas vezes o diagnostico € dificil até mesmo para profissionais
experientes. Até o0 momento ndo se tem uma ferramenta laboratorial de auxilio ao
diagnéstico clinico, ou um marcador capaz de diferenciar exposicéo, infeccdo e
doenca. Recentes estudos tém tentado caracterizar biomarcadores, em diferentes
populacdes, capazes de indicar provaveis candidatos ao adoecimento (entre 0s
contatos, por exemplo) ou no diagndstico precoce da hanseniase. Nosso estudo de
replicacdo também seguiu essa mesma linha de colaboracdo, através da
caracterizacdo de biomarcadores sorolégicos e genéticos na nossa populacao.
Infelizmente, a utilizacdo de testes sorolégicos na identificacdo de doentes, com
anticorpo anti-PGL1 positivo, ndo foi satisfatério. Porém, um resultado anti-PGL1
negativo tem uma grande probabilidade de afastar um suspeito de ter a doenca.
Essa caracteristica do teste é importante, especialmente em uma regido endémica
para a doenca e com outras dermatoses semelhantes e confundidoras. No estudo
genético, avaliamos dez polimorfismos de oito genes envolvidos com a resposta
imune do hospedeiro, para verificar se a sua presenca estd associada com a
hanseniase. Encontramos associa¢do de dois polimorfismos em dois genes (NOD2
e IFNG) envolvidos com protecdo e risco, respectivamente. Por tratar-se de uma
doenca complexa, mais marcadores genéticos necessitardo ser avaliados, com a
finalidade de compor um painel de marcadores genéticos que possa inferir maior
risco de adoecimento no grupo mais vulneravel.
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1 INTRODUCAO

A hanseniase é uma das enfermidades mais antigas da humanidade, com
relatos registrados no antigo Egito, China e india, ha aproximadamente trés a quatro
mil anos a.C., e com evidéncias 6sseas sugestivas da doenca, datadas de 2.000
a.C, na india(1). No Brasil, a doenca chegou com o processo de colonizacéo
portuguesa, tendo os primeiros relatos descritos por volta do ano 1600. No estado
do Amazonas, 0s registros iniciais séo de 1854(2).

E uma doenca granulomatosa cronica causada pelo Mycobacterium leprae
(M. leprae), na maioria dos casos, e pelo Mycobacterium lepromatosis (M.
lepromatosis), afetando principalmente pele e nervos periféricos. O diagndstico e o
tratamento precoce sdo importantes para interromper o ciclo de transmissao e evitar

as incapacidades fisicas e as deformidades(3), que levam a estigmatizacdo e a

discriminagéo.

O M. leprae apresenta alta infectividade e baixa patogenicidade, ou seja,
muitos individuos séo infectados pelo bacilo, mas poucos adoecem(4). Isso ocorre,
em parte, devido a fatores socioecondémicos(5) e baixa variabilidade genética do
microorganismo(6). Estudos recentes indicam que a condigcdo genética do
hospedeiro € um dos fatores mais relevantes na suscetibilidade a hanseniase e nas

diferentes manifestacdes clinicas da doenca(7).

Com a implantacéo da poliquimioterapia (PQT), ha quatro décadas, houve, no
mundo, reducdo significativa na prevaléncia e incidéncia da hanseniase. Mas,
apesar dos esforcos dos paises onde a hanseniase € endémica, e da Organizacéo
Mundial de Saude (OMS) para melhorar a qualidade dos programas de controle da
doenca, a taxa de deteccdo de novos casos tem apresentado lenta reducdo nos
altimos anos. Em 2011, 219.075 novos casos de hanseniase foram diagnosticados
no mundo e em 2018, 208.641(8). A continua transmissao ocorre, em grande parte,

por meio de pacientes multibacilares ainda néo-tratados(9).

Varios paises endémicos conseguiram atingir a meta estipulada pela OMS
para a eliminacdo da doenca como problema de saude publica (menos de um caso
para 10.000 habitantes). No entanto, em 2018, 127 paises relataram casos novos(8).

Houve aumento no nimero de casos com grau 2 de incapacidade fisica (GIF2) entre



2017 e 2018 em paises como o Brasil, Angola, Mocambique e Nepal. Somente o
Brasil detectou 2.109 casos, com GIF2, em 2018.

O diagnostico clinico da hanseniase, em muitos casos, constitui grande
desafio. As dificuldades encontradas ocorrem, ndo somente devido a falta de
profissionais experientes no diagnostico da hanseniase, mas também devido as
caracteristicas especificas da doenca. As formas neurais puras, lesfes de
hanseniase indeterminada e lesGes Unicas em pacientes paucibacilares (PB) podem
ser de dificil resolucédo clinica e facilmente confundidas com outras dermatoses
comuns. Dermatoses como granuloma anular, sarcoidose, tuberculose cutanea,
sifilis secundaria, lGpus eritematoso sistémico e pitiriase alba sdo alguns dos
possiveis diagnodsticos diferenciais(10). Aproximadamente 30% dos pacientes,
muitos deles multibacilares (MB), ndo apresentam o0s sinais caracteristicos da
hanseniase, como por exemplo a perda de sensibilidade, o que dificulta o
diagnéstico e favorece a transmissdo da doenca(11).

Campanhas estaduais ou municipais, com o0 objetivo de identificar novos
casos de hanseniase, sdo importantes medidas de politicas publicas para reduzir a
incidéncia da doenca. Quando detectados em jovens, abaixo de 15 anos, pode-se
fazer estimativas de inicio de transmisséo e indicar a existéncia de um foco ativo na
comunidade(12,13). A Fundacao Alfredo da Matta, nesses 65 anos de histéria, tem
enfrentado a hanseniase a partir de acées de assisténcia, vigilancia e pesquisa. No
recente estudo de Pedrosa e colaboradores(13), quando 34.547 criancas de escolas
publicas, de Manaus, foram examinadas, 40 novos casos de hanseniase foram
detectados. Esse achado revelou uma taxa de detecgéo, 17 vezes superior a taxa
oficial. Na busca de uma possivel fonte dessa infeccdo, mais sete novos casos de

hanseniase, em contatos domiciliares, foram descobertos.

A OMS preconiza a vigilancia dos contatos de pacientes com hanseniase pois
essas pessoas apresentam risco de adoecimento maior do que a populacdo geral.
Quando essa estratégia € bem executada, ocorre aumento das taxas de deteccao
das formas clinicas menos graves(14). Uma atencdo maior deve ser dada aos
contatos domiciliares de pacientes multibacilares, que possuem um risco de 5 a 10
maior de adoecimento, do que a populacdo geral (15,16) e incidéncia de,

aproximadamente, 60% maior do que em contatos de PB (17) . Entre os contatos



domiciliares que adoecem, a maior parte deles, ocorre nos seis primeiros anos do
caso primario, com o pico acontecendo no primeiro ano(17). Na coorte, realizado por
Teixeira e colaboradores(17), 42.725 contatos domiciliares de pacientes com
hanseniase, foram acompanhados no periodo de janeiro de 2007 a dezembro de
2014, utilizando informagdes coletadas da plataforma “Coorte de 100 milhdes de
brasileiros”(18) e correlacionadas com o Sistema de Informacdo de Agravos de
Notificagdo (SINAN — Hanseniase)(12). Adoeceram, neste intervalo, 829 contatos
(1,9%). E a taxa de incidéncia, com esse grupo de risco, foi superior em 50 vezes,
guanto em comparacdo com a populacdo geral do Brasil em 2017. Os principais
fatores de risco associados a doenca, destacados nesse estudo foram, a idade
acima dos 50 anos e os contatos de pacientes que apresentam a forma multibacilar,
grau Il de incapacidade fisica ou reac¢des do tipo 1 ou 2(17).

Identificar pacientes com infeccdo subclinica e/ou os provaveis contatos que
tenham predisposicdo genética para adoecer, através de marcadores bioldgicos,
pode constituir estratégia interessante no controle da hanseniase. No entanto, até o
momento, ndo existe teste laboratorial padrao-ouro, capaz de detectar o M. leprae
ou seus componentes celulares e que diferencie exposicao, infeccdo e doenca. Esse
fato dificulta a intervencdo precoce e consequente interrupcdo da cadeia de

transmissao.

A dificuldade de identificar marcadores especificos de resposta imune celular
e humoral consiste no principal impedimento para o desenvolvimento de testes que
diferenciem infeccao e doenca. Além disso, face a baixa incidéncia da doenca e ao
longo tempo de incubacdo do bacilo, seriam necessérios longos estudos

longitudinais, os quais séo, geralmente, de dificil execucéo.

Mas com o0s recentes avancos da imunogenética do hospedeiro, e 0
conhecimento do genoma do bacilo, novos testes diagndsticos estdo sendo testados

e replicados em diferentes populacoes.

Os testes imunolégicos atualmente utilizados no auxilio ao diagndstico da
hanseniase sdo baseados na deteccédo de componentes especificos do M. leprae e
do perfil de resposta do hospedeiro, como, na mensuracdo de anticorpos, de
citocinas, quimiocinas ou o tipo resposta imune desenvolvido. Dentre esses testes,

destacam-se: - a deteccao do anticorpo anti-PGL-1, com o teste de fluxo lateral (ML



flow test)(19); - os niveis de citocinas e quimiocinas IP-10, IL-10 e CCL4 e anticorpos
anti-PGL1, pelo teste de fluxo lateral (LFAs)(20); - a deteccdo de anticorpos mono ou
policlonais de proteinas Unicas do bacilo(21,22); - a mensuragdo dos niveis de
producéo de IFN-y pelas células T, como o IGRA (IFN-gamma releasing assays)(23);
- ou o0 uso de uma suspensao salina de antigenos soluveis do M. leprae, lepromina
ou leprosina, com inoculagcédo intradérmica(24). O uso desse teste intradérmico,
quando positivo, indica que o individuo apresenta boa resposta imune celular.
Apesar de ndo ser usado como diagnéstico para M. leprae, pelo fato de apresentar
reacdo cruzada com antigenos de outras micobactérias, pode ser usado para

classificacdo operacional da hanseniase(24).

Os testes soroldgicos baseados da deteccdo do PGL1 ou nas suas formas
sintéticas, tanto com a metodologia ELISA, quanto com o teste rapido, ainda séo
importantes ferramentas de auxilio ao diagndstico clinico, principalmente para a
classificacdo operacional(25). Esses testes também podem auxiliar no
monitoramento da eficacia do tratamento da hanseniase(26). Além disso, os testes
rapidos tém baixo custo quando comparados com os testes moleculares, sao de facil
execucao e nao necessitam de equipamento especial ou refrigeracdo, podendo ser
utilizado em campo(27,28).

A identificacdo da sequéncia gendmica do M. leprae possibilitou a realizagéo
de testes como a reacdo em cadeia da polimerase (PCR) tanto na forma
convencional(29,30), quanto a versdo em tempo real (gq-PCR)(30-32). Com esta
técnica é possivel detectar e quantificar concentracées baixas de DNA de M. leprae,
aproximadamente de 30 fg (fentogramas), que € o equivalente ao DNA de 8,3
bacilos (33). Diferentes amostras clinicas como biopsias de lesbes cutaneas,
raspado dérmico, sangue, saliva, urina e da mucosa nasal podem ser utilizados
como substrato para a realizagdo da PCR. Esta técnica tem sido empregada nos
grandes centros de referéncia, em estudos cientificos e/ou como rotina laboratorial,
como uma alternativa mais eficiente as metodologias tradicionais de auxilio ao

diagnéstico clinico, como a baciloscopia e a histopatologia, por exemplo.

A PCR também tem sido util na identificagdo de cepas resistentes as drogas
administradas no tratamento, no acompanhamento de contatos com a identificagao

de bacilos viaveis, no diagnéstico diferencial da hanseniase com outras dermatoses,



na forma neural pura, e em pacientes com lesdes atipicas e/ou histopatologia

inconclusiva para hanseniase (34).

Alguns trabalhos, do tipo caso-controle, estudaram a distribuicdo da
frequéncia de marcadores genéticos, como polimorfismos de base uUnica ou SNPs
(Single Nucleotide Polymorphism), em pacientes em comparagdo com individuos
saudaveis. Assim, foi possivel avaliar SNPs que conferem uma maior suscetibilidade
de adoecimento(35,36). De fato, o fator genético do hospedeiro é apontado com
uma das causas de desenvolvimento de doencas infecciosas, ha bastante tempo,

em estudos de segregacao, de familias e de gémeos(37).

Estudos de caso-controle tém revelado importante associacdo de
polimorfismos em genes candidatos, associando SNPs com a suscetibilidade a
doenca e/ou aos episodios reacionais. Dentre esses estudos, pode-se destacar
SNPs nos genes: HLA, VDR (receptores da vitamina D), TNF, TLR1, IL10, IFNG,
NOD2, PACRG/PRKN (anteriormente PARK2)(35,36,38-40).

1.1 Biologia do Mycobacterium leprae

A hanseniase € uma doenca infecciosa cronica causada, principalmente, pelo
Mycobacterium leprae, um bacilo intracelular obrigatorio, que tem tropismo pelas
células de Schwann, nos nervos periféricos, e pelos macréfagos, na pele(41).
Também o bacilo pode causar manifestacdes oculares, otorrinolaringologicas,
musculares, ésseas, nos testiculos e visceras abdominais(10,48,49) O termo
hanseniase foi adotado no Brasil para diminuir o estigma associado com a doenca e
recebeu este nome em homenagem ao médico noruegués, Gerhard Armauer

Hansen, que em 1873, identificou o bacilo como causador da doenca.

Mais recentemente, em 2008, uma segunda espécie causadora da doenca, 0
Mycobacterium lepromatosis (M. lepromatosis), com capacidade, também, de
infectar nervos, foi identificado em duas amostras de pacientes do México, que
morreram de hanseniase virchowiana difusa(42). Em seguida, em 2009, em um
outro estudo, também liderado por Xiang Y. Han, realizaram o sequenciamento em

15 genes e 5 pseudo-genes, e revelaram que o M. lepromatosis é 90%



geneticamente idéntico ao M. leprae, e cuja diferenca foi suficiente para caracteriza-
lo como uma nova espécie(43). Desde entdo, essa nova espécie, ja foi encontrada
em Varios pacientes do México(44), e em alguns casos individuais de Singapura(44)
e Canada(45). O sequenciamanento completo, do M. lepromatosis, ocorreu em
2015, com Singh e colaboradores(46). Recentemente, essa nova espécie foi
identificada, pela primeira vez, em esquilos vermelhos, localizados na Escécia,

apresentando lesdes semelhantes a hanseniase(47).

O bacilo é levemente curvado, medindo de 1,5 a oito microns de comprimento
e 0,2 a 0,5 micron de didmetro. E um bacilo alcool acido resistente devido ao fato de
nao descolorir a fucsina de Ziehl-Neelsen, a cor vermelha impregnada no bacilo,
durante as etapas de lavagem com alcool ou &cido(50). Os bacilos podem
apresentar-se em arranjos especiais, denominados de globias, isolados ou em

agrupamentos variados, em esfregacos dérmicos ou em cortes histolégicos.

O M. leprae ndo cresce em meios artificiais e a reproducédo desse bacilo
ocorre por fissdo binaria, com crescimento lento (entre 12 a 14 dias) em pata de
camundongo(50). A temperatura ideal para a viabilidade e proliferacdo do M. leprae
é entre 27 a 30°C, explicando com isso, a predilecdo da bactéria por areas mais frias
do corpo humano, como Iébulos auriculares, pele, nervos periféricos e testiculos(50).

No meio ambiente, a viabilidade do bacilo é de até nove dias(51).

O exato mecanismo de transmissdo do M. leprae ainda & desconhecido(52),
mas € provavel que o contagio inter-humano ocorra pelas vias aéreas superiores,
com bacilos transportados pelo ar, em goticulas de aerossois, por meio de um
contato préximo e prolongado de pessoas doentes para individuos suscetiveis(10).
Essa hipétese é validada por estudos que demostraram que adesinas, como a
HBHA (Heparin-binding hemagglutinin), presente na superficie do bacilo, podem se

fixar nas células epiteliais alveolares e nasais, mantendo o M. leprae viavel(53,54).

A maioria dos individuos tem resisténcia natural ao bacilo(55) e poucas
pessoas infectadas desenvolverdo a doenca (entre 1 a 5%). Os sinais clinicos
geralmente aparecem entre dois a seis anos e, algumas vezes, em até 20 anos(56).
Portadores sadios e individuos com infec¢cao subclinica também podem transmitir o

bacilo, principalmente para contatos proximos(57,58).



Alguns animais podem ser reservatorios naturais do M. leprae ou M.
lepromatosis, como os tatus selvagens e os esquilos, podendo apresentar lesdes
caracteristicas de hanseniase. Os primeiros casos relatados de M. leprae foram em
tatus de vida selvagem (Dasypus novemcinctus), nos Estados Unidos, e,
posteriormente, em diferentes espécies de tatus, em paises da Ameérica Latina,

como México, Brasil, Argentina e Coldmbia(59).

Estudos recentes revelaram que os esquilos vermelhos (Sciurus vulgaris), no
Reino Unido, estavam infectados com o M. leprae ou M. lepromatosis. Esses
animais mostravam ainda caracteristicas clinicas e laboratoriais compativeis com a
doenca(47).

A presenca de &cido ribonucleico (RNA) do M. leprae, que indica bacilo viavel,
foi demonstrada no solo e na agua de areas endémicas de paises como o Brasil e
india. A identificacdo de M. leprae, viavel por dias ou semanas, em amebas de vida
livre sugere a possibilidade desses microorganimos serem potenciais vetores da
transmissao do bacilo para os humamos(59). Essas potenciais vias de transmisséo

do M. leprae permanecem controversas.

O sequenciamento do genoma completo do Mycobacterium leprae foi
realizado em 2001, por Cole e colaboradores(60). Ndo houve alteracao significativa
da arquitetura genémica do DNA do M. leprae quando comparado ao identificado em

corpos preservados, dos séculos 12 e 13, em paises europeus(6).

A comparacdo do genoma circular do M. leprae, com 3.268.203 pares de
bases (pb), com o do Mycobacterium tuberculosis (4.411.532 pb), revelou extensa
delecdo de nucleotideos durante a evolucdo. Houve consequente perda de
importantes vias metabolicas e condicbes especificas de crescimento, tornando M.

leprae um microorganismo intracelular obrigatério(60).

De acordo com o sequenciamento completo do genoma do M. leprae, 49,5%
dos genes codificam proteinas; no M. tuberculosis sdo 90,8% dos genes. Dentre os
1604 genes que codificam proteinas, no M. leprae, 1439 sdo genes comuns para o
M. leprae e M. tuberculosis. O conhecimento do genoma do bacilo foi importante

para a identificacdo de proteinas especificas do M. leprae, as quais poderao,



eventualmente, servir para o desenvolvimento de testes imunoldgicos, vacinas e

exames moleculares mais sensiveis e especificos.

1.2 Tratamento

O tratamento da hanseniase é gratuito e fornecido pelo Sistema Unico de
Saude (SUS). E realizado em regime ambulatorial, independente da forma clinica, e
preferencialmente nos servicos de atencdo primaria a salude. No caso de
intercorréncias clinicas ou cirdrgicas, relacionadas ou ndo com a hanseniase, 0
atendimento é feito em um servico especializado ambulatorial, se possivel em

centros de referéncia para a doenca.

O historico do tratamento da hanseniase comecou no inico da década de
1940, utilizando somente a dapsona como droga terapéutica. Mas a utilizacdo da
monoterapia, por longo periodo, desencadeou uma resisténcia crescente do
patdgeno. Essa constatacdo levou a Organizacdo Mundial da Saude a recomendar o
uso do regime de poliquimioterapia (PQT), em 1981, com a utilizacdo das drogas,
dapsona, rifampicina e clofazimina. No Brasil, a poliquimioterapia foi estabelecida,
oficialmente, somente em 1993(61).

O diagnéstico da hanseniase € clinico e epidemiolégico, baseado na
presenca de pelo menos um dos trés sinais cardinais da doenca: 1- Alteracédo de
sensibilidade de lesBes infiltradas e avermelhadas e/ou de manchas hipocrémicas
ou eritematosas; 2- Espessamento de nervos periféricos com associacdo de
alteracdes motoras e/ou sensitivas e/ou autondmicas; 3- Presenca do bacilo alcool-

acido resistente (BAAR) no raspado dérmico(62).

Nos locais onde a baciloscopia e a histopatologia séo realizados como rotina,
utiliza-se a classificagéo de Ridley & Jopling(63), a qual caracteriza o paciente cinco
formas: tuberculoide-tuberculoide (TT), bordeline-tuberculoide (BT), borderline-

borderline (BB), borderline-virchowiana (BV) e virchowiana-virchowiana (VV).

Em lugares onde a baciloscopia e/ou exame histopatolégico ndo estdo
disponiveis, a OMS preconiza a utilizacdo de parametros mais simples para

classificar os pacientes, em: paucibacilares (PB) e multibacilares (MB). Essa



classificacdo é baseada no numero de lesdes, nervos comprometidos e a

baciloscopia(64).

O Ministério da Saude do Brasil, por meio da portaria 3.125, de 2010(65),
estabeleceu a padronizacao terapéutica baseada na classificagdo operacional da
doenca (PB ou MB). O tratamento é realizado com a combina¢do de duas drogas,
dapsona e rifampicina, durante 6 meses, para 0s pacientes paucibacilares. Nos
multibacilares, o tratamento € realizado com a combinacéo de dapsona, rifampicina

e clofazimina, durante 12 meses.

Sao considerados pacientes PB, os que apresentarem, no maximo, cinco
lesGes, baciloscopia negativa e nenhum envolvimento de nervos ou somente de um
filete nervoso. Os pacientes MB sao aqueles que apresentam mais de cinco lesoes,
baciloscopia positiva e tém mais de um nervo comprometido(65). Apdés um més de

tratamento, os pacientes tornam-se néo infecciosos.

A estratégia para a prevencao da hanseniase, denominada de profilaxia pés-
exposi¢cdo, como a imunoprofilaxia com a vacina BCG (Bacilo de Calmette-Guerin)
e/ou a quimioprofilaxia, no grupo de risco, tem sido estudada(66). O estudo COLEP
(Contact Leprosy Patient)(67), realizado em regido endémica de Bangladesh, arrolou
aproximadamente 19 mil contatos e os acompanhou por quatro anos. Esse estudo
mostrou reducdo, estatisticamente significativa, somente nos primeiros dois anos, de
57% no numero de casos de hanseniase no grupo que utilizou a rifampicina em

dose Unica em relacdo ao grupo que recebeu apenas placebo.

Outra grande coorte, também com a populacdo de Bangladesh, acompanhou
contatos de pacientes com hanseniase que receberam e ndo receberam a profilaxia
com rifampicina, por dois anos (68). Nesse estudo ndo houve diferenca estatistica
entre os dois grupos de contatos. O uso da rifampicina, como quimioprofilaxia para a
hanseniase, bem como re-vacinacdo com BCG, permanece controverso (66).
Importante salientar, que, qualquer esquema de quimioprofilaxia deve ser executada
somente por programas que tenham um amplo controle dos contatos, e desde que 0
seu caso indice permita a divulgagdo de seu nome. O esquema da quimioprofilaxia
deve ser seguro para o individuo, eficaz, nao ter grandes efeitos colaterais e néo

induzir resisténcia medicamentosa na hanseniase e tuberculose(69).
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1.3 Imunopatologia da hanseniase

O amplo espectro das formas clinicas na hanseniase e suas reacdes
hansénicas, oferecem oportunidade de investigar a complexa rede de comunicacao
entre os variados fendtipos celulares e citocinas envolvidos durante a resposta

imune inata e adaptativa do hospedeiro.

O inicio da resposta imune comec¢a quando um individuo passa de exposto, a
um determinado patégeno, para infectado. Inicia-se assim, uma série de eventos
imunologicos que visam eliminar esse agente infeccioso, comecando por uma
resposta imune inata, como primeira linha de defesa, e finaliza com uma especifica
resposta imune adaptativa. Tanto uma como a outra resposta imune sao
interdependentes e complementares, com a primeira direcionando para uma
eficiente resposta adaptativa e essa por sua vez, potencializando as acdes das

células do sistema imune inato.

A mucosa do trato respiratorio superior consiste na primeira barreira contra
patégenos invasores, apds exposicao ao M. leprae. Mas somente a presenca do
DNA na mucosa nasal ou a soropositividade ao antigeno especifico do M. leprae
(PGL-1), em individuos saudaveis de uma area endémica, ndo sao indicativos de
doenca. Essas pessoas estdo carreando o bacilo e colaborando com a transmisséao
do patdbgeno, ou estiveram em contato com pessoas baciliferas,

respectivamente(70-72).

Quando o M. leprae invade as vias aéreas superiores, a epiderme e nervos
periféricos serdo seus principais destinos. Na epiderme, um conjunto de células do
sistema imune inato, como os macrofagos, células dendriticas, natural Killers, entre
outros, expressam receptores de reconhecimento padrdo (pattern recognition
receptors/PRRs), que identificam padrées moleculares conservados, comuns em
determinados  grupos de  patdgenos (pathogen-associated molecular
patterns/PAMPs)(73), ou padroes moleculares associadas ao dano (damaged-
associated molecular patterns/DAMPS). Diferentes PRRs Sdo expressos em uma
mesma célula, como os receptores de lecitina tipo-C, como o CD209, o Nod-like
receptor (NLRs), o retinoic-acid inducible gene | (RIG-1) e o Toll-like receptor
(TLRs)(74,75). Alguns membros da familia dos TLRs, como o heterodimero TLR2/6
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e TLR1/2, reconhecem PAMPs do M. leprae, como as lipoproteinas di ou tri-
aciladas, respectivamente(75). Tanto o TLR1 como o TLR2 sdo mais expressos em
células de lesbes de pacientes com a forma clinica tuberculdide, quando
comparados com os virchowianos(76,77). Em mondcitos e células dendriticas houve
uma reducdo da expressdo do TLR2 pela IL4, e aumento da expressdo do TLR1
pelo IFN-y (Interferon-gama) e pelo Fator estimulador de Col6nia granuldcito-
macrofago (GM-CSF/granulocyte-macrophage colony-stimulating factor)(76). Os
diferentes TLRs sdo expressos em varias células, como os linfocitos, células de
Schwann e células endoteliais, e, apresentam niveis elevados em mondcitos, e
principalmente macrofagos e células dendriticas, que sdo classicamente células

apresentadoras de antigenos (APCSs).

As APCs desempenham um importante papel na conexado da resposta imune
inata com a adaptativa(78) e na formacdo do granuloma(79). Dependendo da sua
distribuicdo tecidual, sdo denominadas de células de langerhans na epiderme ou
células dendriticas dermais na derme(78,80). Outros fendtipos celulares participam
da resposta inflamatoria cutanea, como linfocitos Th CD4+ (auxiliares), linfécitos T
CD8+ (citotéxicos), Natural Killers (NK), mondcitos, T helper 17 (Thl7), T
regulatérias (Treg), células dendriticas, querotinécitos, células de Schwann e

macrofagos(81).

Os macrofagos tém sido identificados como as principais células envolvidas
na patogénese da hanseniase, responsaveis por atividades fagociticas e
bactericidas (81). Dependendo do perfil das citocinas pelo qual é estimulado, pode
apresentar um comportamento M1 ou M2.

Quando ativados por citocinas pro-inflamatérias, como a IL-15, IFN-y, TNF
(Tumor Necrosis Factor), ou por agonistas do TLR, como as lipoproteinas di ou
triaciladas do M. leprae, seu comportamento muda de M@ para um macréfago
inflamatério M1, mais frequente na forma tuberculoide da doenca. Desde modo é
capaz de desempenhar inuUmeras atividades como: - a de apresentador de
antigenos; - producdo de citocinas inflamatorias e quimiocinas; - liberagédo de
moléculas coestimulatorias, regulados pelo fator de transcricdo NF-KB (factor
nuclear-kappa B); - ativacdo da via dos peptideos antimicrobianos (catelicidinas e

defensinas-beta 2 e 3 humanas) dependentes da vitamina D; - ativacdo da iINOS
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(induced nitric oxide synthase), que induz a producdo de NO (nitric oxide) e
consequentemente radicais livres que destroem o patdégeno intracelular (Figura
1)](73,82-84).

Por outro lado, o fenétipo M2, mais presentes na forma virchowiana, é ativado
por citocinas como, a IL-4, IL-10, IL-13, IL-27 e TGF- (Transforming growth factor
beta), contribuindo com a atividade imunossupressora, de reparo tecidual e
fibrose(82,83,85—-88). Macrofagos estimulados pela IL-10 aumentam a fagocitose de
lipoproteinas oxidadas de baixa densidade e da micobactéria, mas sem
desencadear a via metabolica antimicrobiana, dependente de vitamina D(89,90).
Esses fatores promovem um ambiente favoravel intracelular para o bacilo,

favorecendo sua sobrevivéncia(Figural)(90).
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Figura 1 - Resposta imune inata e adaptativa do hospedeiro, em relagdo ao Mycobacterium leprae,
nas formas clinicas polares da hanseniase: tuberculoide e virchowiana. Adaptado de
Fonseca e colaboradores (90).

Esse aumento da carga bacilar € devido a uma maior expressao do receptor

CD209 (cluster of differentiation 209), que é o responsavel pela mediacdo da
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captacdo do M. leprae(91). Concomitante, também estdo mais expressos receptores
de varredura (scavenger), como o CD163 (cluster of differentiation 163), SR-A
(Scavenger receptors class A), CD36 (cluster of differentiation 36) e MARCO
(macrophage receptor with collagenous structure). Todos esses receptores
desempenham um papel na homeostase tecidual pelos macrofagos, com a ingestao
de células apoptéticas, apoproteina B (ApoB), lipidios e lipoproteinas oxidadas de
baixa densidade(92—-94). No entanto, durante a manifestacdo da hanseniase, esses
receptores ficam desregulados, com a ingestdo exacerbada de lipidios, favorecendo
o M. leprae com uma fonte de carbono(92). Os lipidios no interior do macréfago foi
observado em cortes histologicos de lesGes de pacientes multibacilares, dando um
aspecto denominado de célula espumosa(95). Ja o receptor de varredura CD163 é
responsavel pela ingestdo do complexo haptoglobina-hemoglobina, fonte importante
de ferro e essencial para a sobrevivéncia da micobactéria(96). Um outro receptor,
mais expresso em lesGes de virchowianos, é a LILRA2 (leukocyte immunoglobulin-
like receptor subfamily A member 2), que quando ativado, promove a inibicdo do
TLR1/2 e da IL-12 (Figura 1)(97).

Os linfécitos T CD4+ desempenham um papel fundamental no tipo de
resposta imune adaptativa, se celular ou humoral, que ser4 desencadeado pelo
hospedeiro, resultando como desfecho clinico, as diversas formas de manifestacao
da hanseniase(41). As duas populacdes de linfocitos T CD4+ mais envolvidas na
resposta imune ao M. leprae, sdo a T helper 1(Thl) e a T helper 2(Th2). Porém,
continua uma lacuna de conhecimento o exato mecanismo de direcionamento da
resposta imune adaptativa do hospedeiro. Essas células se originam da
diferenciacdo das células T naive (Th0), quando estimuladas principalmente por
citocinas IL-2 e IL-12 (Thl) e IL-4 (Th2)(98). Sabe-se que em pacientes
tuberculoides ha uma reduzida resposta humoral(99) e vigorosa resposta imune
celular aos antigenos do M. leprae. Isso se deve a ativacdo de células Thl CD4+ e
da liberacdo de citocinas proé-inflamatorias, como a IL-2, IL-15, IFN-y, TNF, que
favorecem a eliminacdo da micobacteria e a contencdo do bacilo, com a formacéo
do granuloma, que é composto principalmente de macrofagos e linfocitos(100,101).
Outro conjunto de células T especificas que atua em sinergia com as Thl, sdo as

Th1l7. Séo células que liberam citocinas, como a IL-17A, IL17F, IL-21 e IL-22, que
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estdo envolvidas no recrutamento de neutréfilos, potencializacdo das células Thl e

na modulacdo da atividade do macréfago(102,103).

Por outro lado, em pacientes virchowianos, ocorre uma intensa resposta
humoral, com formacdo de imunocomplexos, porém ineficiente na destruicdo do
bacilo. A resposta imune adaptativa, nesses pacientes, € realizada principalmente
pelas células Th2 CD4+ e T regulatérias FoxP3+ (T Reg), com producéo de IL-4, IL-
10 e TGF-B (transforming growth fator-B), que contribuem para a inibicdo da
producdo de citocinas proinflamatérias e inativagcdo da resposta microbicida dos
macréfagos, favorecendo com isso a sobrevivéncia do bacilo no interior da
célula(90).

1.4 Epidemiologia

A hanseniase configura sério problema de saude publica, em varios paises,
apesar da importante diminuicdo do niumero de novos casos apds a implantacédo da
PQT, no inicio da década de 1980. Nos ultimos dez anos, o nimero de casos novos
da doenca tem se mantido praticamente constante. Houve leve decréscimo (17%),
no numero de casos registrados em 2009 (244.796) quando comparado aos
reportados em 2019 (202.185)(8).

Trés paises relataram mais de 10.000 casos novos em 2019: india, Brasil e
Indonésia. Esses paises sdo responsaveis por 79% de todos 0s novos casos de
hanseniase no mundo. O Brasil ocupa a segunda posicdo na detec¢do de novos
casos: 27.863 em 2019. Nas Américas o Brasil lidera o numero de casos (93% de

todos os casos)(8).

Apesar do decréscimo de 30% da incidéncia, entre os anos de 2009-2018, o
Brasil ainda apresenta alta endemicidade, com uma taxa de 13,70 por 100 mil
habitantes, em 2018. Ha variacdo da taxa de deteccdo de novos casos nas
diferentes regides do pais, com a ocorréncia das menores taxas nas regides Sul e

Sudeste, que apresentam parametro de média endemicidade (104).

Entre as regides brasileiras, a regido Norte ocupou a segunda posicédo na taxa

de incidéncia e prevaléncia, em 2018, com 31,95 caso0s/100.000 e 3,34



15

casos/10.000 habitantes, respectivamente(104). O estado do Amazonas se destaca
com importante declinio da prevaléncia (98,5%) e incidéncia (86,3%), nas Ultimas
trés décadas (Gréficos 1 e 2)(105). Atualmente, esse estado ocupa a 192 posicao,

dentre os estados brasileiros, em relacdo a taxa de deteccdo de casos novos(104).

Gréfico 1 - Coeficiente de prevaléncia da Hanseniase da capital, interior e estado do Amazonas, no
periodo de 1990 a 2019.

Coeficiente de Prevaléncia da Hanseniase
no Estado do Amazonas, 1990 -2019

COEF./ 10.000 habitantes

120
\ Manaus
100
\\Amazonas
40
ANO
1990 {1991 |1992 (1993 (1994 {1995 |1996 |1997 (1998 1999 |2000 |2001 |2002 {2003 {2004 |2005 |2006 |2007 {2008 {2009 |2010 {2011 (2012 (2013 |2014 |2015 |2016 (2017 (2018 |2019
Capital 106,43 91,01 146,84 144,59 [36,73 (35,87 (35,94 [18,25 | 13,2(12,22 10,11 |7,47 |6,03 |6,15 (4,95 | 3,9 |3,59 (3,14 [4,46 |2,43 | 2,2 |2,39 |2,12 (1,88 |2,13 |1,61 |1,37 |0,95 |0,82 |0,77
Interior (78,79 166,99 [55,88 (35,26 [30,11 [29,51 [26,67 (16,58 12,37 10,24 | 9,37 (7,45 (6,99 |7,27 |6,89 |5,76 |548 (3,83 (2,86 | 3,6 |3,31 |3,08 | 3,7 | 3,2 (3,06 {262 2,38 |2,08 |2,09 [2,01
Amazonas (91,99 (78,55 51,58 | 39,8 33,33 | 32,6(31,16 [17,39 [12,77 [11,21 | 9,74|7,46 |6,51 |6,71 |5,91 |4,81 |4,52 |3,47 |3,64 312,74 |2,72 |2,88 2,52 |2,58 [2,09 [1,85 1,49 |1,42 |1,36

Hiperendemico: >20,0 por 10 mil hab.
=Capital =Interior ==Amazonas Muito alto: 10,0 a 19,9 por 10 mil hab.

Queda da Deteccéo no periodo foi de 98,5% PARAMETROS: Alto: 5,0 29,9 por 10 mil hab.

Medio: 1,0 a 4,9 por 10 mil hab.
Fonte:SINANET\DCDE\GEPI\Subinfor\ Fundac&o Alfredo da Matta

Baixo: <1,0 por 10 mil hab.
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Graéfico 2 - Coeficiente de deteccéo geral da Hanseniase da capital, interior e estado do Amazonas,
no periodo de 1990 a 2019.

Coeficiente de Deteccédo Geral da Hanseniase

COEF./ 100.000 hab. no Estado do Amazonas - 1990 a 2019
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1990 [1991 |1992 |1993 |1994 |1995 |1996 |1997 |1998 |1999 |2000 |2001 [2002 |2003 |2004 |2005 |2006 |2007 |2008 |2009 |2010 |2011 2012 2013 2014 |2015 |2016 2017 2018 |2019 ANO
Capital 89,32 [86,21 | 632 7067 |71,77 |63,82 [64,63 |72:38 (60,28 56,01 42,68 | 36,3 |42.99 |38.96 |3059 |26,75 |2043 [21,71 [1755 |18,12 | 15,37 | 14,68 [12,35 12,11 [1069 | 904| 807| 61 559| 591

Interior [62.86 72,73 54,16 |62,93 |65,69 (61,66 (54,87 5502 [50,14 |54,08 |4592 |46,61 |4847 |32,85 |34,21 20,48 28,97 [24,02 [28,31 |24,11 |2551 |1858 [2504 [24,76 1861 |17,07 | 1437 (17,02 [1562 14,12
Amazonas | 755 79,21 5851 66,69 (68,65 62,71 | 50,6 |6344 55,06 55,02 | 44,3 |4145 |45,72 |3596 32,39 [28,09 2461 [22,84 |22,81 |21,04 |20.26 [1656 [1846 18,17 |1448 |1287 |1107 | 113 | 103| 98

0

Hiperendémico:>40,0/100 mil hab.

| == Capital ==Interior ==Amazonas Muito alto: 20,00 a 39,99/100 mil hab.
Queda da Detecg&o no periodo foi de 87,0% PARAMETROS; Alto: 10,00 a19,99/100 mil hab.
Fonte:SINANET\DCDE\GEP\Subinfon Fundagéo Alfredo da Matta Médio: 2,00 29,99/100 mil hab.

Baixo: <2,00/100 mil hab.

Apesar do esforco dos profissionais de saude no combate a doenca, a
hanseniase ainda é problema de saulde publica em varios estados e cidades do
Brasil. O Amazonas apresentou média endemicidade (1,42/10.0000 hab.) na

prevaléncia e alta endemicidade na incidéncia em 2018 (10.3/100.000 hab.).

1.5 Marcador Soroldgico: testes rapidos nas doencas infecciosas

Os testes rapidos (TRs) comecaram a ser desenvolvidos na década de 80,
com a disseminacdo do virus HIV e casos graves de AIDS. Mas foi a partir da
década de 90, com a evolucao tecnolégica e melhoria da acuracia, que esses testes
se tornaram mais populares. Os TRs utilizam, na maioria das vezes, a técnica da
imunocromatografia, para identificacdo de variados analitos de diferentes éareas,

como na biomedicina, alimentos, agricultura e meio ambiente(106). S&o dispositivos
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portateis, de baixo custo, ndo necessitam de refrigeracdo, simples de usar, rapida
liberacdo de resultados (5-30 minutos) e podem ser realizados no ponto de
atendimento, junto ao paciente (Point-of-care); entretanto, os resultados s&o
qualitativos (sim/ndo) ou semi-quantitativos(106). Na auséncia de um TR, o
diagnéstico clinico de infecgdes, por exemplo, necessita ser confirmado por um teste
laboratorial tradicional, com o resultado, na maioria das vezes, ndo saindo no
mesmo dia. Neste intervalo, podera ocorrer uma continua transmissdo do patégeno

e um aumento das comorbidades no individuo.

Na area biomédica, a utilizacdo de TRs € cada vez mais frequente,
melhorando a abordagem ao paciente na atencdo primaria e colaborando na
identificacdo da doenca de uma forma rapida e precisa, como na identificacdo dos
principais agentes causadores das Infec¢cdes Sexualmente Transmissiveis (ISTs),
como o HIV, o Treponema pallidum, a Chlamydia trachomatis e a Neisseria
gonorrhoeae. Van Der Pol e colaboradores(107) avaliaram a performance de um TR,
baseado na deteccdo molecular de Chlamydia trachomatis (CT) e Neisseria
gonorrhoeae (NG), e compararam com outros trés testes comerciais de amplificacao
de &cidos nucleicos (NAATSs). A permorfance foi equivalente aos testes moleculares
realizados em laborat6rio, com uma sensibilidade para CT e NG de 96,1% e 100%, e
especificidade de 99,1% e 99,9% respectivamente, em 1.523 mulheres que
frequentaram as clinicas de ISTs. Enquanto que nos homens, a sensibilidade para
CT e NG foram de 92,5% e 97,3%, e a especificidade foi de 99,3% e 100%,

respectivamente, em 922 homens que procuraram atendimento em clinicas de ISTs.

Os estudos de validacdo dos TRs sdo importantes, como fizeram Van Der Pol
e colaboradores(107). Somente testes que apresentem uma acuracia satisfatéria na
identificacdo de um determinado marcador, € que permitira elaborar estratégias mais

assertivas para tratamento, aconselhamento e em alguns casos, isolamento social.

A validacdo dos TRs para a identificacao de anticorpos IgM/IgG para o SARs-
CoV-2, ainda esta ocorrendo. A despeito da urgéncia de identificar infectados e
doentes desta pandemia, houve uma liberacdo do uso desses kits comerciais, pelos
orgaos fiscalizadores. Somente com a realizacdo de um inquérito soroldgico a nivel
populacional, com TRs validados e de acuracia desejada, é que conheceremos a

real magnitude desta doenca, identificando quem esta imunizado ou aqueles que
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sdo suscetiveis. A validacdo também deve passar pelos mais diversos testes
moleculares (RT-PCR) colocados no mercado. Estes testes indicam infeccéo atual e
sua imprecisdao comprometem os esfor¢cos de contencéo da pandemia. Resultados
falso-positivos colocam o individuo em quarentena e triagem dos contatos
desnecessariamente. Enquanto que resultados falso-negativos, expéem individuos

assintomaticos a infectar outras pessoas(108).

Uma endemia que continua presente nas Ultimas décadas no pais é a
tuberculose (TB), causada pelo Mycobacterium tuberculosis. Como estratégia para
reduzir a sua incidéncia e mortalidade, um teste laboratorial de diagndstico, rapido e
eficaz, tem sido o objetivo nesses ultimos anos. Tentativas de usar um Point of care
(POC), que reconhece um componente da parede celular da M. tuberculosis, o
lipoarabinomanana (LAM), em amostras de urina, tem sido proposto. Na pratica,
esses testes apresentaram uma baixa sensibilidade, com uma média de 44%,
variando de 21% em pacientes ambulatoriais a 54% de hospitalizados(109).
Portanto, esses testes tém limitacdes que devem ser superadas para que possam
ser aplicadas de maneira adequada como POC.

Na hanseniase, a idéia de criar um TR para o diagnostico da doenca foi
baseada na descoberta, no inicio da década de 1980, de um componente de parede
celular, especifico do M. leprae, o glicolipidio fendlico-1 (PGL-1, phenolic glycolipid-
1)(19), cuja composicado quimica é o 3,6-di-O-metila-B-D-glicopiranosil-(1—4)-2,3-di-
O-metila-a-L-ramnopiranosil-(1—2)-3-O-metila-a-L-ramnopiranose(110). O
determinante antigénico do PGL-1, capaz de induzir altos titulos de anticorpos no
hospedeiro, € a parte di e trissacaridica da molécula(111,112). Essa descoberta
permitiu a sintese quimica do glicidio e a producdo de variados neoglicolipideos,
conjugados com a Albumina Sérica Bovina (BSA) ou Albumina Sérica Humana
(HSA), como o ND-O-BSA ou ND-O-HSA(113) e o NT-P-BSA(114), unidos por
ligantes especificos, como os radicais octil (O) ou fenol (P). Esses variados formatos
de neoglicolipideos podem ser produzidos em maior quantidade, com um custo
menor do que o PGL1 nativo, tornando viaveis em aplicacbes que vao do
diagnoéstico clinico a grandes estudos epidemiologicos. As técnicas mais
empregadas e desenvolvidas para detectar a presenca de anticorpos contra o M.
leprae, utilizando tanto antigeno nativo quanto o semi-sintético, foram o ELISA

(enzyme-linked immunosorbent assay) e o teste de fluxo lateral (ML flow). O ELISA,
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qguando desenvolvida in house, é laboriosa e requer padronizacdo, que pode variar,
por limitacdes na diferenca e concentracdo de reagentes. No entanto, o seu baixo
custo e o resultado quantitativo, tornam um teste Unico para estudos
epidemioldgicos em grande escala, e para monitoramento da eficacia do tratamento
de pacientes(115). Enquanto que o ML flow € um teste rapido, imunocromatografico,
simples de usar, com resultados saindo entre 10 a 15 minutos, e pode ser aplicado

junto ao paciente.

Além do PGL-1 e seus antigenos analogos, novos componenentes com
potenciais antigénicos tém sido avaliados, como o lipoarabinomanana e as proteinas
MLO405 e ML2331(22,116). Isso permitiu conhecer o perfil de resposta humoral
entre as diversas formas clinicas da doenca(22). A proteina quimérica formada pela
fusdo das proteinas (ML0O304 e ML 2331), denominada de LID-1 (Leprosy IDRI
Diagnostic 1), teve melhor sensibilidade do que as proteinas isoladamente(117). E
quando adaptadas para a técnica ELISA, pode ser utilizada como uma ferramenta
de controle da efetividade do tratamento, através da mensuracdo do decréscimo da

titulacdo de anticorpos, que ocorre desde o inicio da poliquimioterapia(117).

Devido a natureza glicolipidica do PGL1 ou das suas varia¢cdes com o acucar
dissacarideo ou trissacarideo, conjugados com albumina sérica bovina ou humana,
a caracteristica de anticorpos detectada é predominantemente IgM. Enquanto que a
deteccdo de anticorpos IgG, em resposta ao bacilo M. leprae, pode ser identificada

através do teste sorolégico LID-1.

Indmeros estudos foram realizados posteriormente, procurando entender
como seria a resposta imunolégica do hospedeiro diante desses antigenos,
principalmente nas formas polares da hanseniase. A acuricia dos testes em
detectar anticorpos contra antigenos do M. leprae, como o PGL-1 (natural ou
sintético) ou das proteinas do LID-1, tanto pela técnica do ELISA, como da
imunocromatografia utilizada em TRs (ML flow), variam conforme a apresentacao

clinica ou classificacao operacional (Tabela 1).
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Tabela 1 - Acuracia dos testes soroldgicos, utilizando as técnicas, ELISA ou ML flow, com
carreadores BSA ou HSA

Antigenos Resultados Voluntérios | Populagéo Ref

NT-P-BSA (ML flow) PB=>» S=40% MB = S=97,4% 85 PB;114 MB | Brasil,Indoné- | (118)
E=88% 234 CE sia e Filipinas

PGL1 (ELISA)2 PB = S2=227% / SP=31,8% / S°=0 44 PB; (119)

ND-O-HSA (ELISA)® MB = S3=86,4% / S=76,4%/ S°=90% 110 MB Brasil

NT-P-BSA (ML flow)¢ | E=98% para ambos ELISA 52 CE

NT-P-BSA (ML flow) PB = S=44,9% MB = S=92,7% 69 PB; 69 MB Brasil e Nepal | (28)
E=98% 101 CE

ND-O-LID (ML flow)?2 PB = S3=21,2% MB =» S#=87% E?=97% | 104PB;108MB | Brasil (120)

NT-P-BSA (ELISA)P PB=> SP=15,4% MB = S’=83% EP=100% | 101 CE

ND-O-LID (ELISA) PB =S=27% MB =» S=90,6% E=85,9% 50PB; 146 MB | Col6mbia e | (121)

117 CE Filipinas

ND-O-LID (ML flow)® | PBS3=32,3% MB = S#=87% E2=98,4% | 62 PB;208 MB | Filipinas (122)

ND-O-BSA (ML flow)* | PB=» SP=6,5% MB = SP=82% E’=90,5% | 63 CE

NT-P-BSA (ELISA)? PB=>» S2=25,7% MB =» S2=77% E?=100% | 342 PB; Brasil (123)

NT-P-BSA (ML flow)® | PB= SP=29,2% MB = SP=87% EP=100% | 486 MB

NT-P-HSA (ELISA)° PB=>S°¢=24,0% MB = S°=74% E°=98,5% | 69 CE

NT-P-HSA (ML flow)? | PB=>S9=31,6% MB = S%=81% EY=95,6%

PGL1 (ELISA)? PB=>» S2=37,2% MB = S2=88% E?=NR 51 PB; 43 MB Brasil (124)

ND-O-HSA (ELISA)® PB=>SP=19,6% MB = SP=77% EP=92,3% | 2.494 CE

LID1 (ELISA)C PB=>» S°=7,8% MB = S°=79% E°=97%

ND-O-LID (ELISA)¢ PB=S9=29,4% MB = S9=88% EY=60,1%

LID1 (ELISA)? PB = S2=16 % MB = S#=88% E?=99% 32 PB; 66 MB Brasil (125)

ND-O-LID (ELISA)® PB - SP=6% MB =» SP=65% EP=98% 98 CE

ND-O-LID (ML flow)2 MB = S2=81,4% E?=96,4% 145 MB Filipinas (126)

ND-O-LID (ELISA)® MB = SP=86,2% EP=93,8% 224 CE

ND-O-BSA (ELISA) 2 MB =» S2=57,9% E?=65,7% 38 MB Brasil (127)

LID1 (ELISA)® MB = SP=47,4% EP=72,7% 245 CE

ND-O-LID (ML flow)°

MB = S°=65,8% E°=39,6%

Abreviaturas: ELISA, enzyme-linked immunosorbent assay; ML flow, teste rapido de fluxo lateral;
LID1, Leprosy IDRI Diagnostic 1; BSA, Albumina sérica bovina; HSA, Albumina sérica humana; ND-O,
dissacarideo ligado ao radical octil; NT-P, trissacarideo ligado ao radical fenol; MB, multibacilar; PB,
paucibacilar; CE, controle endémico; S, sensibilidade; E, especificidade

A sensibilidade dos TRs também pode variar, conforme a amostra clinica.

Amostras de soro de pacientes com hanseniase tém uma positividade ligeiramente

superior ao sangue, com amostras do mesmo individuo(28,118). A capacidade dos

testes em detectar anticorpos € mais frequente nos multibacilares e fraca nos

paucibacilares. Isso se deve a forte resposta humoral desenvolvida nas formas

clinicas mais graves da doenca, associadas com a elevada carga bacilar(120). No

entanto, o teste ndo pode ser usado como diagndstico na hanseniase e sim no
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processo de diagnostico. Uma determinada parcela de individuos da area endémica
ou de contatos domiciliares estardo positivos sem nunca desenvolver hanseniase,

indicando apenas exposicéo ao bacilo.

A busca de um teste diagndstico, ou progndstico, que possa identificar casos
de hanseniase, tdo logo quanto possivel apds a sua infeccdo, € uma das principais

recomendacdes da Organizacdo Mundial de Saude.

Somente com a deteccdo precoce e o tratamento imediato, de pacientes
assintomaticos ou pré-sintomaticos, € que sera possivel reduzir a transmissao da
infeccdo na comunidade e as incapacidades fisicas. Varios estudos tém focado na
identificacdo do anti-PGL1, como um biomarcador de prognéstico para a doenca, em
contatos domiciliares, porém, os resultados tém sido divergentes(128).

A revisdo sistematica e meta-analise, realizada por Penna e
colaboradores(128), buscou consenso entre os oito trabalhos selecionados. Este
estudo mostrou que entre os contatos que adoeceram, aqueles que apresentavam
anticorpos anti-PGL1, tiveram trés vezes mais chance de desenvolverem a doenga,
do que os contatos com sorologia negativa. Porém, a sensibilidade ficou abaixo de
40%, para todos os estudos, e o valor preditivo positivo maximo, alcancado em
apenas um estudo, foi de 17,5%. Assumindo que em uma eventual quimioprofilaxia,
a eficacia fosse de 100%, significaria que, a escolha de contatos para receber esse
medicamento, baseado apenas do resultado positivo da sorologia, seria efetiva em
menos da metade dos contatos que adoeceram, e desnecessario em mais de 80%
deles. Isso também se confirmou no estudo de Barreto e colaboradores(129),
gquando acompanharam durante dois anos, contatos domiciliares, de jovens
estudantes, diagnosticados com hanseniase, de duas cidades do estado do Para.
Concluiram que a chance de risco de o0s contatos soropositivos desenvolverem a
doencga, foram 2,7 vezes maiores do que 0S soronegativos, indicando que se
acompanhassem 10 soropositivos, durante dois anos, a probabilidade de adoecer

(>90%), seria de no minimo um contato.

Richardus e colaboradores(130), em um estudo longitudinal de seis anos,
com 224 contatos de pacientes com hanseniase, de Bangladesh, também

concluiram que o anti-PGL1 n&o foi um bom preditor de adoecimento. Verificaram
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gue ndo houve diferenca do nivel de anticorpos, entre 0s grupos, com ou sem 0

desfecho da doenca.

A maior dificuldade, nos ensaios soroldgicos, é na identificacdo de pacientes
paucibacilares, que apresentam baciloscopia negativa e exame histopatoldgico,
geralmente, inconclusivo. Nesses pacientes, h4 maiores niveis de IFN-y, em relagao
aos multibacilares. Porém, o diagndéstico precoce baseado somente nesta citocina,
nao é fidedigno, uma vez que seus contatos, exibem similaridade de producédo de
IFN-y(131).

Devido ao amplo espectro de apresentacédo clinica da hanseniase, e do tipo
da resposta imune que o individuo pode desencadear, a escolha de biomarcadores
de prognéstico, necessariamente, tem que refletir a resposta imunoldgica, inata ou
adaptativa (humoral ou celular). Testes baseados na combinacdo desses
biomarcadores, podem aumentar a eficiéncia em diferenciar: paciente, de contato;
virchowianos, de tuberculoides; ou individuos infectados pelo M. leprae, de néo
infectados(20,132). Um novo teste de fluxo lateral, o UCP-LFAs (Up-converting
phoshor lateral flow assays), combinando quatro marcadores imunoldgicos
(anticorpos anti-PGL1, IL-10, IP-10 e CCL4), foi avaliado, recentemente, por Hooij e
colaboradores(20), em uma coorte, em Bangladesh. Os resultados foram
promissores, tendo o teste a capacidade de identificar, significativamente, individuos
infectados pelo M. leprae, hanseniase per se ou pacientes multibacilares. A
combinacdo de marcadores, como, o IP-10, a CCL4 e a IL-10, foi indicativa de
infeccdo pelo bacilo; os marcadores, CCL4 e IP-10, com a hanseniase per se; e a
indicacao de pacientes multibacilares, com a combinacdo do anti-PGL1 IgM, da IL-
10 e do IP-10, capacitando na distincdo entre pacientes multibacilares e
paucibacilares. Os marcadores CCL4 e IP-10 sdo marcadores de resposta celular do
hospedeiro, e uma inclusdo em testes que detectam o anti-PGL1, mostra uma

esperanca em identificar os pacientes paucibacilares(20).

Os pacientes, com hanseniase, também podem ser acometidos por episodios
inflamatorios agudos, antes, durante ou depois do tratamento. O diagnostico rapido
e o0 tratamento imediato, reduz o dano neural e 0 risco de incapacidades
permanentes. Corstjens e colaboradores(133), avaliaram um multiplex, UCP-LFA,

com dois marcadores, o IP-10 e o anti-PGL1 IgM, para o monitoramento
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intraindividual do diagnoéstico precoce das reacfes hansénicas. O teste mostrou-se
atil no diagnostico inicial, permitindo o tratamento eficaz, apesar do numero reduzido

de pacientes testados.

1.6 Estudo molecular: A importancia da PCR na hanseniase

O desenvolvimento de testes diagnosticos em hanseniase sempre foi um
desafio, principalmente devido a incapacidade de crescimento do Mycobacterium
leprae em meios artificiais, ou seja, in vitro. Somente apos o desenvolvimento de
protocolos que possibilitaram o crescimento do bacilo da hanseniase em pata de
camundongo(134) e em tatus(135), foi possivel desenvolver novos agentes
quimioterapicos, confirmar a resisténcia as drogas administradas e conhecer as

estruturas moleculares e antigénicas da bactéria(34).

Os primeiros ensaios de PCR na identificacdo do M. leprae ocorreram ha trés
décadas(136), e foram aprimoradas ap0s o sequenciamento completo do bacilo em
2001(60), permitindo, com isso, a comparacdo entre genomas de outras
micobactérias, como o Mycobacterium tuberculosis(137). A melhoria de sensibilidade
e especificidade no diagnostico por PCR, tanto convencional e principalmente, em
tempo real (g-PCR)(34), se deve ao aprimoramento dos protocolos de extracdo de
DNA, amplificacdo e identificacdo de diferentes genes e amostras clinicas testadas.
Portanto, a purificacdo do DNA com kits comerciais, a amostra biol6gica adequada e
representativa da lesdo e uma melhor eficiéncia na amplificagdo de tamanhos
menores do genoma por PCR tempo real, foram fundamentais para a utilizagao
desta técnica como ferramenta de auxilio ao diagndstico clinico(34). A bidpsia de
pele continua sendo a melhor escolha de amostra biolégica, ndo sé pela maior
guantidade de bacilos encontrados, mas também, pela capacidade de manter a
reprodutibilidade do teste apdés o armazenamento em alcool a 70°GL. Mas outras
amostras clinicas sdo importantes, isto é, quando o paciente ndo tem lesées ou se
apresenta de uma forma atipica. Nesses casos, tém que ter a clareza no variado
grau de sensibilidade nas amostras, como, nervos, urina, mucosa oral e nasal,

sangue e tecido ocular(138-142) e sua correta correlacdo com a doenca.
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Diferentes sequéncias, de genes distintos, foram avaliadas para verificar a
sensibilidade do teste molecular, como, o0 gene gque codifica o antigeno 36-kDa(143),
0 antigeno 18-kDa(144), o 16S rRNA, o RLEP (uma sequéncia repetida do genoma),
0 Ag85B e 0 so0dA(30-32), entre outros genes do M. leprae. Martinez e
colaboradores(32) foram os primeiros a realizarem um estudo comparativo, entre
quatro ensaios por g-PCR, para a identificacdo do bacilo, nas bidpsias de pele,
oriundas de pacientes, com diferentes formas clinicas da hanseniase, de voluntarios
saudaveis e de individuos com outras dermatoses, sem a hanseniase. A
sensibilidade de deteccdo do RLEP (87,1%), foi superior aos genes Ag85B e 16S,
porém a especificidade ndo teve o mesmo desempenho, ficando inferior na
comparacdo com o Ag85B e 16S, os quais foram de 100%. Portanto, o uso desse
marcador pode levar os pacientes a terem resultados falso-positivos, levando a um
tratamento desnecessario e triagem em todos 0s seus contatos. Uma hip6tese para
essa baixa especificidade pode estar na sequéncia de identificacdo do gene. Trata-
se de uma regido bastante conservada, e por isso, sequéncias homélogas podem
estar identificando outras espécies de micobactérias, gerando assim, resultados
falso-positivos, como aconteceu com o0 gene [S6110, na identificacdo do
Mycobacterium tuberculosis(145). Para evitar diagnosticos incorretos de individuos
gue ndo tem a doenca, a utilizacdo de marcadores como o 16S e o Ag85B séo

escolhas mais sensatas como alvo molecular, no processo do diagnéstico clinico.

A utilizacdo da técnica molecular de PCR, ou g-PCR, como ferramenta de
auxilio ao diagndstico clinico de casos dificeis € cada vez mais necesséria para a
elucidacdo e o tratamento imediato, ou, para evitar o tratamento inadequado(146).
Os pacientes com as Formas Neurais Puras (FNP) enquadram-se nesse peffil,
devido a ndo apresentarem lesbes da pele, a baciloscopia negativa e a
histopatologia geralmente inconclusiva(140,147). No estudo de Jardim e
colaboradores(140), o resultado do PCR foi positivo em 47% (n=23) das 49 bidpsias
das FNP, sendo superior aos achados histopatolégicos do nervo, que mostraram
granuloma epitelioide em 14% dos pacientes, BAAR em 16% e infiltrado inflamatério
nao especifico e/ou fibrose em 39%. Cunha e colaboradores(147), também
encontraram uma frequéncia semelhante, do DNA do bacilo nas biépsias neurais
(50%), e método superior a histopatologia e baciloscopia. Portanto, a deteccdo do

bacilo pela técnica de PCR, em biopsias de nervos, pode ser uma alternativa de
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diagnosticar, em parte, a forma neural da hanseniase. Outro teste laboratorial
adicional para ajudar no diagnéstico da FNP é a deteccdo de anticorpos contra o
PGL1, podendo complementar com os resultados do teste molecular(148). A
deteccdo do bacilo nos estagios iniciais da infeccdo neural possibilita o tratamento
imediato, evitando a fibrose e consequente dano neural permanente e

irreversivel(147).

Os pacientes paucibacilares, com lesdo Unica, tém sido também um constante
desafio de diagnostico clinico. Infiltrado inflamatorio em nervos da derme nem
sempre sao visiveis nestas lesdes, tornando o exame histopatologico limitado.
Interessante foi o estudo de Barbieri e colaboradores(146), que realizaram o g-PCR,
para identificagdo do M. leprae, e revisaram histologicamente as 66 amostras de
les&o unica. Quando os resultados da revisao da histopatologia foram cruzados com
os resultados do teste molecular, verificaram que seis pacientes que receberam a
poliquimioterapia, foram negativos na g-PCR, com uma amostra com baixa
probabilidade de ser hanseniase na histopatologia e cinco consideradas como
outras dermatoses. E em dois pacientes que néo receberam o tratamento, foram
positivos na q-PCR, sendo um deles considerado de baixo risco de ser hanseniase e
outro classificado como outra dermatose na histopatologia. Se consideramos o Q-
PCR como padrdo-ouro, esses seis pacientes provavelmente receberam a
poliquimioterapia desnecessariamente; e os dois pacientes ndo tratados, com o teste
g-PCR positivo, foram subdiagnosticados. A sensibilidade do g-PCR, em identificar
pacientes paucibacilares, de fato, é superior a histopatologia. Mas, a utilizacéo
desses dois testes laboratoriais, aumenta a acuracia do diagnostico clinico, sem
uma perda de especificidade(149). Outra maneira de melhorar a acuracia de um
teste, seria utilizar mais de um alvo molecular (multiplex), na identificacdo do M.
leprae, como sugeriram Pathak e colaboradores(150), na identificagdo precoce da

hanseniase, principalmente de pacientes paucibacilares.

O uso do g-PCR como ferramenta de auxilio ao diagndstico clinico, de alguns
pacientes com a forma clinica indeterminada ou tuberculoide, também pode ser
muito Gtil. Foi o que revelou no estudo de Martinez e colaboradores(32), que
encontraram uma sensibilidade nas amostras de paucibacilares (indeterminados e
tuberculoides) de 50%. Neste mesmo estudo, os autores sugeriram a utilizagdo do

teste molecular na deteccdo precoce da hanseniase, ou seja, na infec¢ao subclinica,
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devido terem encontrado DNA do M. leprae em amostras definidas como “outras
dermatoses”, mas que desenvolveram hanseniase, apés 10 anos de

acompanhamento.

O g-PCR como ferramenta para a mensuragdo da expressao do RNA
micobacteriano vem evoluindo nos ultimos anos, culminando com a determinacgéo da
taxa RNA/DNA por g-PCR, para a determinacao da viabilidade bacteriana(31). Essa
técnica tem-se mostrado bastante promissora para monitorar a efetividade da
poliquimioterapia, ou em pacientes suspeitos de resisténcia
medicamentosa(151,152). Esse ensaio também pode ser usado como preditor das
formas clinicas da hanseniase(31), como nos contatos domiciliares, principalmente
se a quantificacdo do RNA se elevar em amostras subsequentes, indicando claro
risco de desenvolver a patologia(34). Neste caso, uma vigilancia clinica mais
proxima € a mais adequada, ou sugerir, talvez, quimioprofilaxia. Por enquanto, ainda
ndo ha nenhuma associacdo da presenca de DNA do M. leprae com o
desenvolvimento da doenca, entre os contatos, por exemplo(153). Uma tentativa de
aumentar o valor preditivo do diagnostico da hanseniase poderia estar na
associacdo de um teste molecular de identificacdo de DNA com um teste sorolégico,
como o anti-PGL1 (34,154).

Outra importante utilizacdo da técnica molecular € no diagnéstico diferencial
da hanseniase com outras dermatoses, que apresentem lesdes hipocrdomicas ou
granulomatosas, de dificil resolucdo clinica, como, a tuberculose cutanea, a
sarcoidose, o granuloma anular, a leishmaniose cutanea, a sifilis secundaria, a
pitiriase alba, entre outras doencas dermatoldgicas que a histopatologia néo
consegue elucidar(34). Sdo dermatoses confundidoras com a hanseniase que o
teste molecular podera confirmar ou afastar a possibilidade de ter a doenca, devido

a sua alta sensibilidade e especificidade.

A testagem em pata de camundongo € ainda o padrdo-ouro para avaliar a
suscetibilidade das drogas a hanseniase, porém ela é laboriosa, demorada, requer
amostras de biopsias com bacilos viaveis, e necessita ser enviada ao laboratorio,
num intervalo de no maximo uma semana, e na forma refrigerada. Uma suspenséao
bacilar € preparada a partir da biépsia, inoculada em pata de camundongo e entre

24 a 30 semanas ¢é avaliada a resisténcia bacteriana(155). Porém, nas ultimas duas
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décadas, novas metodologias para avaliar a suscetibilidade das drogas
administradas na hanseniase, foram introduzidas. A tecnologia de amplificacdo de
DNA, por PCR convencional, seguida do sequenciamento da regido gendmica do M.
leprae, vem sendo consolidada na identificagdo e monitoramento de cepas
resistentes(155). Mutacdes, que levam a resisténcia as drogas administradas, tém
sido reveladas, e o0s ensaios baseados no DNA para identifica-las, tém sido
desenvolvidos. J& foram confirmadas, em pata de camundongos, que determinadas
mutacdes presentes dentro de uma limitada regido de DNA, dos genes folpl, gyrA e
rpoB, conferem resisténcia a dapsona, a rifampicina e as quinolonas,

respectivamente(155).

Até o0 momento, ndo existe um teste comercial para detectar M. leprae nas
mais variadas amostras clinicas do paciente. Muitos laboratérios desenvolvem seus
proprios protocolos de deteccdo, in house, impossibilitando a comparacdo da
sensibilidade e especificidade entre os centros de referéncia. Com a identificagdo de
varios genes especificos do bacilo, sua utilizacdo em ensaios que envolvam
magquinas automatizadas, poderia ser desenvolvida na hanseniase, aumentando a
capacidade de decisdo clinica no diagnéstico da doenca. Como acontece com 0
GeneXpert MTB/RIF, utilizado na identificacdo do Mycobacterium tuberculosis e

resisténcia a rifampicina, simuntaneamente(34).

1.7 Estudo Genético: a relagdo dos polimorfismos na hanseniase

1.7.1 Genética da suscetibilidade humana a doencas infecciosas

Nas ultimas décadas ocorreram grandes avancos no desenvolvimento de
vacinas, medicamentos e diagnostico laboratorial para as doengas infecciosas, que,
junto com melhorias no nivel educacional e socio-econdémico da populagéo, levaram
a um diagndstico precoce, tratamento mais adequado e melhorias na expectativa de
vida. Apesar dessa evolucao, a erradicacdo das doencgas infecciosas ainda continua
como um grande desafio(156). Para entender esse cenario, deve-se levar em conta
a complexa inter-relacdo de fatores ambientais e humanos, que determinam a

imunidade para a infecgéo ou o desfecho para a doenca(156). E interessante notar



28

gue somente uma parcela de individuos expostos desenvolve a doenca(157,158).

Evidéncias cientificas sugerem que o perfil genético dessas pessoas seja um
dos principais fatores responséaveis pelo desfecho clinico da doenc¢a(156-158). Isso
ficou bem caracterizado nas imunodeficiéncias primarias, que s&o desordens
tipicamente monogénicas (Mendelianas), cuja mutacdo em determinados genes,
resultam em falha na resposta imunoldgica e predisposicdo a inUmeras doencas
infecciosas, como a infec¢do pelo virus Epstein-Barr, Neisseria sp, tripanossomiase
e na suscetibilidade mendeliana a infecgcdes micobacterianas (MSMD — Mendelian
susceptibility to mycobacterial disease) (156,159-161). A MSMD ¢é uma
imunodeficiéncia rara, cujos individuos acometidos sdo altamente suscetiveis a
micobactérias fracamente virulentas, como as micobactérias ambientais e a BCG
(Bacilo de Calmette-Guerin), que € uma vacina que tem por base, cepas atenuadas
do Mycobacterium bovis(159). Mutacdes nos genes do circuito IL12/1L23/ IFNG e
STATL, estédo associados a MSMD(159).

E possivel verificar a contribuicdo de fatores ambientais e do hospedeiro, no
desenvolvimento de uma determinada doenca, em estudos que comparam a taxa de
concordancia entre gémeos monozigoticos e dizigbticos, ou entre criancas adotadas
e bioldgicas(160). Em estudos com gémeos monozigéticos e dizigoticos, a influéncia
do fator genético ficou evidente, com as taxas de concordancia maiores em
monozigoticos, em diferentes doencas infecciosas, tais como, a poliomielite, a
tuberculose e a hanseniase (162-164). Por fim, varios genes tém sido associados
com diferentes doencas, tais como, a Hepatiie B (HLA, UBE2L3, CD40,
INTS10)(165), tuberculose (HLA, INFG, IL10, MRC1)(166), Malaria (HBB, DARC,
SLC4A1)(167) e a hanseniase (IL23R, LTA, LACC1-CCDC122, NOD2,
PACRG/PRKN(168-171). Porém, ainda permanece para ser descoberto um fator
genético que implique em uma grande variacdo do fenotipo, principalmente nas

doencgas complexas(172).

E cada vez mais frequente a descoberta de novos genes envolvidos em
diferentes doencas infecciosas. I1sso se deve a utilizagdo de ferramentas de genética
molecular, envolvendo a utilizacdo de marcadores genéticos, principalmente os do
tipo SNPs. Polimorfismos de nucleotideo Unico sdo marcadores genéticos que
apresentam variacdes nas bases nitrogenadas do DNA, ou seja, polimorfismos ou

variantes alélicas numa frequéncia superior a 1%.
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Estudos moleculares de ligacdo e de associacdo tém revelado regides
gendmicas, em distintos genes associados, a diversas doencas infecciosas. Os
estudos de ligacdo ampla do genoma, GWLS (Genome wide linkage studies),
verificam se ha relacdo na cossegregacdo de segmentos cromossOmicos e a
doenca, ao longo das geracdes de uma familia. Uma limitacdo desses estudos é
distinguir qual gene do segmento cromossdmico, contendo dezenas ou até centenas
de genes, exercera efeito na doenca. Por outro lado, os estudos de associagédo
genOdmica ampla, GWAS (Genome wide association studies), identificam diferencas
nas frequéncias alélicas entre grupos independentes, ou seja, individuos com e sem
a doenca, de uma determinada populacdo. Esses estudos permitem identificar
variantes genéticas associadas com o risco aumentado de desenvolver a doenca. A
grande vantagem dessa metodologia € de permitir analisar, simultaneamente, mais
de 500.000 SNPs, em milhares de individuos(167).

Os SNPs séo considerados a forma mais abundante de variagdo no genoma
humano, entre 15 a 20 milhdes [http://www.genome.gov] e devido a importancia de
alguns deles estarem associados ao maior risco de desenvolver doencas, existe um
projeto internacional, o HapMap [http://www.hapmap.org], para catalogar em grande
escala os SNPs do genoma humano.

1.7.2 Genética da suscetibilidade humana a hanseniase

Na hanseniase, como nas doencas infecciosas humanas, o patégeno é
necessario, mas ndo suficiente para o desenvolvimento da doenca. Estudos
recentes indicam que aproximadamente 5% dos individuos expostos ao M. leprae

irdo apresentar os fenétipos conhecidos(10).

Os fatores ambientais e principalmente o background genético do hospedeiro,
contribuem para a manifestacao clinica da doenca(158,173). Os fatores ambientais,
como o estado nutricional, a vacinagcdo e o0 grau de exposicdo ao bacilo,
influenciariam fortemente o risco de infeccdo, mas nao o risco de adoecimento(10).
Por outro lado, a baixa variabilidade genética do M. leprae em diferentes amostras
de pacientes de diversas regides do mundo(174), e a diversidade de fendtipos

clinicos da hanseniase, incluindo a hanseniase per se, sugerem fortemente uma
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associacdo do background genético do hospedeiro controlando a infeccéo, a doenca

e seus estados reacionais(10,175).

As primeiras evidéncias de que a genética do hospedeiro influencia a
suscetibilidade a hanseniase, vem de estudos genéticos epidemiologicos
observacionais, como o estudo realizado na India, que evidenciou a alta taxa de
concordancia da doenca e suas formas clinicas, entre 0s gémeos monozigoticos

(80%) em relacéo aos dizigoticos com menos do que 20%(164).

Em adicdo, a técnica de Analise de Segregacdo Complexa (ASC) tem sido
realizada em diferentes populacdes, utilizando modelos matematicos para inferir
individuos afetados pela doenca em diferentes pedigrees. O estudo mais recente
utilizando este modelo de analise foi com a populacdo completa da Vila de Santo
Antbnio do Prata, uma ex-coldnia de hansenianos localizada no interior do estado do
Pard. O estudo demostrou que a transmissdo da hanseniase segue padrdo de
heranca codominante, com efeito do gene principal influenciando a suscetibilidade a
hanseniase(176).

Outro estudo de ASC, realizado na ilha caribenha Desirade, demostrou
padrdo codominante ou recessivo(177). O efeito do gene principal ndo significa
apenas um gene envolvido na hanseniase, mas provavelmente a combinacdo de
conjunto de genes exercendo forte efeito genético bastante evidente e distinto de

outros fatores que possam influenciar na manifestacédo da doenca.

No entanto, esses estudos observacionais ndo sdo capazes de identificar
quais sdo os genes envolvidos e suas variantes genéticas na manifestacdo das

diferentes formas clinicas da hanseniase.

Estudos moleculares sdo necessarios e um grande numero deles foi
conduzido recentemente, evidenciando regides cromossémicas e genes candidatos
na manifestacdo da doenca. Uma hipotese, amplamente aceita, € a de que um
conjunto de genes influencia em trés diferentes etapas da doenca: 1) no controle da
infeccdo per se, ou seja, a doencga independente de sua forma clinica; 2) na

definicdo da forma clinica e 3) na ocorréncia dos estados reacionais (Figura 2).
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Figura 2 - Patogénese da hanseniase, com genes selecionados, e impacto em seus fenétipos.
Adaptado de Cambri & Mira (2018)(178). Abreviagdes: I, indeterminado; TT, tuberculoide; DT, dimorfa
tuberculoide; DD, dimorfa dimorfa; DV, dimorfa virchowiana; VV, virchowiana

Os estudos de ligagédo e de associacdo, em diferentes grupos populacionais,
levaram a avangos importantes de regides genbmicas e genes associados a
hanseniase. Porém, poucos genes candidatos tém sido replicados em diferentes
populacdes e/ou com ensaios funcionais. Continua como um grande desafio da
genética moderna desvendar quais sdo esses genes e suas variacdes, que estdo
envolvidos numa doenca complexa, como a hanseniase. Provavelmente, centenas
de genes contribuem nas diferentes etapas e formas clinicas da doenca, junto com

fatores ndo genéticos.

O GWLS, de Siddiqui e colaboradores(179), utilizando microssatélites como
marcadores genéticos, em familias indianas, identificaram a regido cromossomica
10p13 associada com a forma paucibacilar. Enquanto que os estudos de associacao
identificaram trés genes da regido cromossdmica 10p13 (MRC1, CUBN e NEBL)
(180,181) associados com a suscetibilidade a forma multibacilar. Um outro gene
denominado de GATAZ, distante 6.5 Mb do pico de ligagdo do cromossomo 10p13,
foi associado com a resisténcia a hanseniase em pacientes brasileiros(182). A falta

de associacdo de variantes genéticas com a forma paucibacilar se deve
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provavelmente a variantes raras dentro desta regido. Porém, até o0 momento nao

existe nenhum estudo que possa confirmar essa hipotese(181).

O importante estudo de Mira e colaboradores(39), com a populacao
vietnamita, também detectou sinal sugestivo de ligacdo no cromossomo 6p21 e na
identificacdo de um locus principal de suscetibilidade a hanseniase na regido
cromossOmica 6g25-g27. A regidao 6p21 abriga o complexo MHC/HLA (Major
Histocompatibility Complex/Human Leukocyte Antigens). O locus HLA contém um
grande numero de genes altamente polimérficos, contidos em um intervalo de 3.6
Mb no locus 6p21. Estdo envolvidos no reconhecimento, processamento e
apresentacdo de antigenos, mecanismos importantes que regulam as respostas
para as células T CD4+ e T CD8+(183). Em estudos com diferentes populacdes,
haplétipos tem sido associado ao risco e protecdo a hanseniase, em genes
localizados nas trés classes de HLA(183,184). Dois genes HLA, de classe lll, vém
sendo constantemente investigados nos estudos de associacdo com a hanseniase:
TNF (Fator de Necrose Tumoral) e o LTA (Linfotoxina alfa). As variantes localizadas
na regido promotora de ambos o0s genes, conferem protecdo e risco,
respectivamente a hanseniase(170,185). No entanto, devido esse locus apresentar
uma alta densidade de genes e com diversidade alélica, h4 uma dificuldade na
interpretacdo de uma associacdo positiva com a doenca, devido a um fenémeno

denominado Desequilibrio de Ligacao (LD)(186).

Em relacdo a regido cromossémica 6g925-927, dois genes que compartilham
varios polimorfismos presentes na regido promotora, mostraram associacdo com a
hanseniase per se: a PRKN, antes denominado PARK2, e a PACRG(36). Mais
recentemente outro novo gene foi encontrado nesse locus, o SOD2, como fator de
suscetibilidade em duas amostras independentes da populacdo brasileira(187). Além
dessas importantes regides cromossomicas associadas aos diferentes fenotipos da
doenca, outros locus demostraram evidéncias sugestivas de ligagdo em varios
GWLS, como as regides 6p21.32, 17922 e 20p13(188) em familias brasileiras e
4922, 8924 e 16924 em chinesas(189).

O primeiro GWAS realizado com hanseniase foi em 2009, por Zhang e
colaboradores(190), envolvendo quatro amostras populacionais chinesas,

independentes. O estudo inicialmente testou em torno de 500.000 SNPs e na analise
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final evidenciou seis loci associados com hanseniase, localizados em cinco genes:
RIPK2, TNFSF15, NOD2, CCDC122 e LACC1; e no locus HLA-DR-DQ. Outros
GWAS seguiram descobrindo novos loci em diferentes genes. Numa analise
expandida do primeiro GWAS, Zhang e colaboradores(191) identificaram, na
amostra chinesa, dois novos genes, IL23 e RAB32, envolvidos com a suscetibilidade
a hanseniase. Mais recentemente, 0 GWAS de Liu e colaboradores (192) também
na populagéo chinesa, identificaram seis novos loci associados com a hanseniase
per se, envolvendo novos genes: BATF3, CCDC88B e CIITA-SOCS1. No ano
seguinte, o GWAS de Wang e colaboradores(193), evidenciaram mais quatro novos
loci nos genes: SYN2, BBS9, CTSB, MED30. Por ultimo, um unico GWAS com foco
somente nas variantes de genes que codificam proteinas e com frequéncia do alelo
menor (MAF) superior a 0,1%, foi realizado na populacdo chinesa(169). Nesse
estudo, 40.491 variantes codificantes foram testadas e replicadas em quatro
populacdes chinesas independentes. Sete variantes ndo sinbnimas foram
associadas com a suscetibilidade a hanseniase, incluindo duas variantes raras nos
genes CARD9 e NCKIPSD; trés variantes de baixa frequéncia nos genes FLG,
IL23R e TYK2; e duas variantes comuns em SLC29A3 e IL27. Este estudo também
confirmou a associacdo do IL23R com a doenca, como previamente identificado do
GWAS de Zhang e colaboradores(191).

Até o momento, somente um GWAS foi direcionado para detectar variantes
associadas com alteragcBes inflamatdrias agudas da hanseniase(194), decorrentes
de mecanismos imunolégicos. Neste estudo, foram genotipadas 6.3 milhfes de
variantes, buscando identificar associacdo com a Reacdo do Tipo | (RT1). Apés a
replicacdo em duas popula¢cées independentes, do Brasil e do Vietnd, em estudos
de caso versus controle, somente um SNP no gene IncRNA foi associado com o
risco para a RT1.

Nosso estudo genético replicou diferentes SNPs de genes candidatos, que
foram validados em varios estudos do tipo caso-controle, alguns deles, representado
na (Tabela 2).



Tabela 2 - Associacdo de SNPs de genes candidatos com a hanseniase, nos estudos de caso-

controle.
Gene SNPs Associacédo Associacédo Populacéo Referéncias
Sim Nao
NOD2 rs8057341 Sim Hanseniase Chinesa (190)
Sim Hanseniase Brasileira (171)
Né&o Hanseniase Vietnamita (195)
N&o Hanseniase Indiana /Africana (196)
NOD2 rs751271 Sim Reacéo Brasileira (297)
Sim Hanseniase Nepalesa (198)
TLR1 rs4833095 Sim Hanseniase Brasileira (199)
Sim Hanseniase Bengalesa (200)
Sim Reacgéo Bengalesa (200)
TNF rs1800629 Sim Hanseniase Brasileira (201)
IL-10 rs1800871 Sim Hanseniase Brasileira/Indiana/ (202)
Chinesa/Malawianos
Sim PB Brasileira (38)
IFNG rs2430561 Sim Hanseniase Brasileira (203)
/Chinesa
PB Brasileira (204)
PACRG/ rs9356058 Sim Hanseniase Brasileira (168)
PRKN Sim Hanseniase Vietnamita (168)
Sim Hanseniase Vietnamita (205)
Sim Hanseniase Indiana (205)
Nao Hanseniase Indiana (206)
N&o Hanseniase Chinesa (207)
Nao Hanseniase Indiana (208)
PACRG / rs1040079 Sim Hanseniase Brasileira (168)
PRKN Sim Hanseniase Vietnamita (168)
Sim Hanseniase Vietnamita (205)
Nao Hanseniase Indiana (205)
Né&o Hanseniase Indiana (206)
Nao Hanseniase Chinesa (207)
Né&o Hanseniase Indiana (208)
CCDC122/ rs4942254 Sim Hanseniase Brasileira (171)
LACC1
IL-6 rs2069845 Sim Reacéo Brasileira (297)

34
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1.7.3 Genes candidatos no estudo dos biomarcadores

TLRs (toll-like receptors)

E uma familia de glicoproteinas integrais de membrana, cujo dominio
extracelular é caracterizado pela presenca de um variado numero de repeticdes do
aminoacido leucina (leucine-rich repeats — LRRs), em forma de ferradura(209).
Funcionam como sensores, conhecidos como receptores de reconhecimento padréo
(patttern recognition receptors - PRRs), capaz de identificar padrbes moleculares
conservados (pathogen-associated molecular patterns - PAMPs) de ligantes,
categorizados como lipideos, proteinas ou acidos nucleicos de uma grande
variedade de bactérias, virus, fungos ou protozoarios(10,210). Um total de 11
homoldgos do TLR foi descoberto nas células humanas, sendo 10 deles funcionais e
seus ligantes identificados(210). Sao expressos nas células do sistema imune inato,
principalmente nas células dendriticas (CD), mondcitos e macréfagos(211). A
maioria dos TLRs atua na forma de homodimerizacdo e alguns deles atuam em
complexos heterodiméricos que reconhecem um amplo leque de moléculas
microbianas. Na hanseniase, os PAMPs microbianos sédo as lipoproteinas di ou tri-
aciladas que se ligam a complexos heterodiméricos TLR2/6 e TLR1/2,
respectivamente. Mas é o complexo TLR1/2 o principal sensor dos PAMPs
micobacterianos, devido a grande quantidade de lipoproteinas triaciladas, na parede
celular e membrana desses patégenos(76,211). A ligacdo de agonistas com 0s TLRs
desencadeia uma cascata sinalizadora intracelular, ativando genes regulados pelo
Fator Nuclear Kappa B (NF-kB), principalmente genes que codificam diferentes
citocinas pro-inflamatérias, quimiocinas e moléculas coestimulatérias requeridas na
ativacdo de células T(212,213), cujo objetivo final € a eliminagcdo do patdgeno

invasor.

Variacbes genéticas, como o0s polimorfismos de base uUnica (SNPs) que
alteram o aminoacido (SNPs ndo sinbnimos), afetam a estrutura da proteina ou a
sua fungao, podem influenciar na resposta imune inata ou adaptativa do hospedeiro,
diante de um microorganismo patogénico, e favorecendo um maior risco ou protecao
para infecges(210,214). Polimorfismos presentes nos TLRs estdo associados com

doencas em humanos, como a tuberculose, hanseniase, malaria, HSV-1 e HCV, por
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exemplo(210). Na hanseniase, a maneira como 0os SNPs se agrupam em haplotipos
e a influencia da regulacdo epigenética sdo decisivos na dinamica de resposta do
sistema imune(215). Portanto, mais estudos funcionais de variantes alélicas desses
receptores podem providenciar um melhor entendimento da patofisiologia das

doencas infecciosas(210).

A contribuicdo dos polimorfismos genéticos dos genes TLR1, TLR2 e TLR4 na
suscetibilidade ou protecédo a hanseniase per se e nas reacdes hansénicas, tem sido
investigada em diferentes populacbes étnicas, tais como, a indiana, a turca, a
bengalesa, a etiope e a brasileira(199,200,216,217). O estudo de Sales-
Marques(199) evidenciou associacdo estatistica do gene TLR1 248S (rs4833095)
com o risco de desenvolver a hanseniase, tanto no estudo baseado em familias
(z=2.02; p=0.05), como no estudo caso-controle, combinando populacdes de
diferentes cidades brasileiras, como Bauru, Rio de Janeiro e Rondonépolis (OR=
1.51; p=0.001). No entanto, na populacdo de Salvador, esse mesmo SNP nao
mostrou associacdo com a doenca, apesar dos diferentes gendtipos de SNPs dos
genes TLR1, TLR2 e TLR4 demonstrarem um papel regulatorio na producdo de
niveis seéricos alterados de citocinas, como IL-12 (rs4833095 e rs5743551), IL-
17(rs4833095, rs3804099 e rs1927914), MCP-1 (rs4833095 e rs5743551), IL-6
(rs3804099), CXCL-10 (rs7656411) e IL-18 (rs1927914), durante a infec¢do por M.
leprae(215).

NOD (nucleotide-binding and oligomerization domain)

Além de alguns TLRs intracelulares, outra familia de PRRs, porém somente
citosdlicos, sdo os receptores semelhantes ao NOD (NLRs - Nucleotide-binding
oligomerization domain — like receptors). Sdo 23 NLRs conhecidos(218), com a
maioria deles atuando como PRRs. Sua interacdo com ligantes como os PAMPs ou
DAMPSs, proprios ou de moléculas ambientais, desencadeia distintos processos
biolégicos, como da diferenciacdo da resposta imune adaptativa, ativacdo do
complexo proteico conhecido como inflamassoma, a sinalizagdo da transducéo, a
ativacdo da transcricdio e a autofagia(218-220). Os inumeros agonistas
reconhecidos por esses PRRs podem ser provenientes de patdégenos microbianos,

como, o DNA viral, hifas de fungos, flagelina, ou componentes das paredes
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bacterianas, como o acido D-glutamil-meso-diaminopimélico e o muramil dipeptideo
(MDP, muramy! dipeptide), moléculas de células do hospedeiro (ATP, cristais de
colesterol, acido urico, etc.) e fontes ambientais como o asbesto, a silica e o
amianto, por exemplo(218). Na hanseniase, o reconhecimento do MDP pelo NOD2
de monécitos humanos, induz a producdo de IL-32, que leva a diferenciacdo de

monaocitos em células dendriticas (221).

A autofagia € um importante mecanismo homeostatico responsavel pela
degradacédo de proteinas defeituosas e organelas celulares danificadas, como, as
mitocéndrias e reticulo endoplasméatico, conhecido como mitofagia e reticulofagia,
respectivamente. Também pode ocorrer com microorganismos, principalmente
bactérias, denominado de xenofagia(222). A autofagia € mediada por estruturas
esféricas com dupla membrana, os autofagossomos, que se fundem com
lissomomos e promovem a degradacdo do material citoplasmético sequestrado e de
microorganismos(223). O inicio da autofagia comeca pelo reconhecimento do
peptidoglicano, liberado da parede bacteriana, e ndo requer o adaptor de proteina
RIP2 ou ativacdo do NF-kB(223). A formacdo do autofagossomo envolve inimeras
proteinas ATG (Autophagy-related Genes)(222), como a ATG16L1, recrutado pelo
NOD1 e NOD2 no local de entrada da bactéria, na membrana plasmatica(223).

Polimorfismos no gene NOD2 tém revelado associagcdo significativa com
doencas inflamatdrias ou crénicas, como a doenca de Crohn e a hanseniase. Essas
duas doencas podem compartilhar bases genéticas comuns(190,195). Varios
estudos tém correlacionado SNPs no gene NOD2 com o risco ou a protecdo a
hanseniase ou as reacdes hansénicas, em populacdes como, a chinesa(190), a
vietnamita(195), a nepalesa(198) e a brasileira(171). No estudo brasileiro, Marques e
colaboradores(171) validaram o estudo de GWAS realizado por Zhang e
colaboradores(190) na populagcédo chinesa. Confirmaram que o alelo A (rs8057341),
do gene NOD2, esta associado com resisténcia a hanseniase, tanto numa estimativa
global, envolvendo dois estudos baseados em familias, quanto em trés replicagbes
do tipo caso-controle (OR=0.80; p=0.0001).
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PRKN/PACRG (parkin RBR E3 ubiquitin protein ligase/parkin coregulated)

Sao genes que compartilham uma regido promotora bidimensional(224), com
a funcéo especifica do gene PACRG (parkin coregulated) menos conhecida. Ja o
gene PRKN (parkin RBR E3 ubiquitin protein ligase) codifica uma proteina
denominada de parquina, uma E3 Ubiquitina ligase, Ultima enzima de uma reacao
em cascata, responsavel pela ligacdo de moléculas de ubiquitina em alvos
especificos, conhecido como ubiquitinizacdo(225). Essa sinalizacdo induz a um
processo de autofagia, com a formacdo do autofagossoma, que apos a fusdo com
os lisossomos, desencadeia a degradacdo molecular(178). E um processo de
renovacao intracelular de biomoléculas (lipideos e proteinas) e organelas, como o
reticulo endoplasmatico e a mitocondria, conhecido como reticulofagia e mitofagia,
respectivamente. As proteinas codificadas do gene PRKN junto com o gene PINK1
(PTEN-induced putative kinase protein 1 ou PARKG6), compartilham a mesma via de
controle de qualidade das mitocdndrias. Esse controle € perdido quando mutacdes
em um desses dois genes sdo encontradas, resultando no acumulo de mitocéndrias
danificadas e um aumento de espécies reativas de oxigénio téxico (Reactive Oxygen
Species - ROS), levando a morte de células neuronais e o risco de desenvolver a
Doenca de Parkinson(225). A parquina também esta envolvida no processo de
destruicdo de patégenos intracelulares, conhecido como xenofagia (226), atuando
como um mecanismo da resposta imune inata, contra a infec¢cdo bacteriana, como
acontece com a Mycobacterium tuberculosis(227), a Chlamydia trachomatis(228) e o
Mycobacterium leprae(229). Porém, nas formas multibacilares da hanseniase, a via
da autofagia falha na destruicdo do bacilo, favorecendo a sua sobrevivéncia dentro

da célula do hospedeiro(229).

Os estudos genéticos, para verificar associacdo com a hanseniase, sao
direcionados, principalmente, para os polimorfismos presentes na regido reguladora
comum, dos genes PRKN e PACRG. Mira e colaboradores(36) encontraram varios
SNPs nestes genes associados com a doenca, em familias vietnamitas e
confirmadas na populagéo brasileira, destacando uma forte associagdo nos SNPs
rs9356058, rs1040079 e rs1333955. Alter e colaboradores(205), confirmaram que
SNPs nos genes PRKN e PACRG estao associados com a doencga, em populagcdes
etnicamente distintas. Os autores observaram que diferencas no padrédo do

Desequilibrio de Ligacdo e da idade no diagnodstico, podem explicar a
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heterogeneidade de resultados, entre os recentes estudos, deste loci com a
hanseniase per se. O dado interessante foi a idade no diagndstico, ou seja, o0 efeito
genético foi mais pronunciado em pacientes mais jovens. No entanto, o estudo de 11
SNPs, na populagao chinesa,(207) e seis SNPs, na populacdo indiana(208), ambos
na regido intergénica do PRKN/PACRG, ndo mostraram associagcao estatistica com

a hanseniase, inclusive do rs9356058.

IFNG (Interferon-gama)

O interferon gama (IFNG) humano faz parte de uma grande familia de
interferons e Unico membro da classe do tipo Il. Esta localizado no cromossomo 12
(12q14) e tem quatro exons, abrangendo aproximadamente 6kb(230). E uma das
mais relevantes citocinas envolvidas na resposta imune e nNOS pProcessos
inflamatorios, atuando em diferentes frentes como, na ativacdo de macréfagos, na
defesa do hospedeiro contra patdgenos intracelulares, na resposta Thl, na
regulacdo da imunidade adaptativa pela diferenciacdo das Th e Treg(231). E
secretada principalmente pelas células CD4+ Thl, células T citotoxicas CD8+ e
células natural killer(232). Em sinergia com o TNF, ativa mecanismos microbicidas
efetores, em macréfagos humanos(233). Muitos SNPs sdo encontrados no gene
IFNG, no entanto, apenas o SNP (+ 874T/A, rs2430561) é amplamente estudado. A
expressdo desse gene pode ser influenciada por esse polimorfismo, localizado no
seu primeiro intron, provavelmente devido a este locus coincidir com o sitio de
ligacdo do fator de transcricdo nuclear kappa B (nuclear factor- kB)(234). Esse SNP
tem sido associado em estudos de metanalise com a hanseniase(203), a
tuberculose(230), a hepatite (232) e as leucemias(235). Nos estudos que mostraram
associacao, a presenca do alelo T correlaciona-se com alta expressédo do IFNG e
aumento da resisténcia a infeccdo e ao cancer, enquanto o alelo A se correlaciona
com a baixa expressdo. No entanto, a associagdo do SNP (+874T/A) com a
hanseniase, ainda ndo € consistente, tendo em vista a falta de associacéo, inclusive,
em algumas amostras da populagcédo brasileira, como por exemplo: a do sul [OR=
0.79; 95% IC (0.51 — 1.25)](236), a de Bauru-SP [OR= 0.83; 95% IC (0.61 —
1.12)](35) e a de Manaus-Am [OR= 0.78; 95% IC (0.44 — 1.37)](204). O mesmo
resultado foi encontrado na populagcdo chinesa [OR=0.65; 95% IC (0.32 -
1.32)](237). Entretanto, para a populacdo do Rio de Janeiro(35), a associacéo foi
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significativa [OR= 0.71; 95% IC (0.54 — 0.92)]. A metandlise realizada por Silva e
colaboradores(203) , com os estudos das populacbes brasileiras e chinesa,
confirmou associacdo do alelo T com a protecdo a hanseniase, sob o modelo
dominante [OR= 0.83; 95% CI (0.72 — 0.96)](203).

TNF (tumor necrosis factor)

O gene TNF esta localizado no cromossomo 6p21.3, compreendendo quatro
exons e trés introns, com comprimento de aproximadamente 3 kb, e esta localizado
na regido do complexo maior de histocompatibilidade (MHC) classe 111(201). E uma
citocina pleiotrofica que desempenha importante papel na ativacdo de macrofagos,
na formagdo e manutencdo do granuloma e na eficiéncia da resposta imune
celular(238). O granuloma serve ndo apenas para conter a bactéria, mas também na

resposta inflamatoria a bactéria(238).

Variantes genéticas, localizadas na regido promotora do TNF, foram
associadas com niveis alterados da expressdo de citocina, influenciando na
suscetibilidade a varias doencas humanas, como o cancer, doencas infecciosas,
neurodegenerativas e autoimunes(239). Dentre os polimorfismos genéticos
estudados, na regido promotora (-238, -308, -863), o loci -308 € o mais
frequentemente associado com as doencas infecciosas(239). O alelo mais comum
desse polimorfismo tem um residuo de Guanina (G), enquanto que 0 menos comum
tem um residuo de Adenina (A). Estudos in vitro, com mondcitos humanos de
sangue periférico, verificaram que a presencga do alelo “A”, na posi¢ao -308, do gene
TNF, induziu maiores niveis de producdo da citocina(240). Diversos estudos de
associacao entre a hanseniase per se e/ou as formas clinicas e a variante funcional
TNF -308G/A ja foram realizados em populacbes etnicamente distintas, porém,
apresentando resultados contraditérios. Em um trabalho de meta-analise, realizado
por Areeshi e colaboradores(201), envolvendo 3.327 casos de hanseniase e 3.203
voluntarios saudéaveis, com as populacdes asiatica e latino-americana, nao
evidenciou associacdo do TNF -308G/A com a hanseniase, tanto alélica, quanto
genotipica. Mas quando a analise foi realizada em subgrupos populacionais, como
entre as populacdes brasileira e mexicana, houve evidéncia de associagdo do alelo
A [OR= 0.83; 95% IC (0.72 — 0.96)] e de carreador do alelo A [OR= 0.79; 95% IC
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(0.67-0.93)]. Ja no subgrupo de asiaticos, ndo houve associacdo com a doenca.
Provavelmente, a composicao étnica distinta entre as populacdes latinas e asiaticas
esteja favorecendo resultados divergentes. Recentemente, um estudo realizado por
Silva e colaboradores(241), com voluntarios do Amazonas, nao validaram

associacdo do SNP TNF (-308G>A) com a hanseniase.

CCDC122-LACC1 (coiled-coil domain containing 122 gene - laccase multicopper

oxidoreductase domain containing 1 gene)

A funcdo do gene CCDC122 ainda é desconhecida, mas o LACC1 esta
envolvido na oxidacao dos &cidos graxos, producéo de espécies de oxigénio reativas
e controle da atividade microbicida em macréfagos(178). Ha evidéncias cientificas
que variantes desses genes estejam associadas com o0 risco aumentado de
manifestacdo de doencas, como, a hanseniase e a Doenca de Crohn (195,242).
Polimorfismos, nos genes CCDC122-LACC1, foram associados com hanseniase, no
primeiro GWAS realizado em chineses(190). Isso estimulou estudos de replicacdo e
validagdo em populagbes, etnicamente distintas. Em um segundo estudo
subsequente, realizado em uma amostra populacional da india (Nova Deli e Kolkata)
e de Mali (Africa ocidental), foi confirmado a associacdo de variantes dos genes
CCDC122 e LACCL1 e a hanseniase(196). Grant e colaboradores(195), investigaram
familias Vietnamitas e analisaram os 16 SNPs associados & hanseniase, do GWAS
em chinenes(190), e confirmaram associacdo com hanseniase em seis variantes,
incluindo os genes CCDC122-LACCL.

Em um estudo de meta-analise, de Sales-Marques(171), realizado com a
populacdo brasileira, um polimorfismo no gene CCDC122 (rs4942254), nao
identificado nos estudos prévios, mostrou associacdo com a hanseniase. A analise
envolveu dois desenhos de estudo: um baseado em familia (Vila da Prata-PA e
Almenara-MG) e outro do tipo caso-controle, com trés populagbes (Rio de Janeiro-
RJ, Bauru-SP e Rondondpolis-MT), totalizando 3.614 voluntarios. O resultado
indicou uma OR (odds ratio) global, consistente com o efeito de protecdo a
hanseniase, para o alelo C (OR= 0,86; p= 0,003) no CCDC122. Porém, nesse
mesmo estudo, os autores ndo descartaram a possibilidade que o gene vizinho

(LACC1) possa ser o verdadeiro responsavel pela associacéo capturada, devido ao
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extenso padréo de desequilibrio de ligacao (linkage disequilibrium) encontrado entre

0s SNPs desses dois genes.

IL10 (interleucina 10)

E uma citocina com atividade imunoregulatéria, com potente efeito
imunossupressivo, essencial na regulacdo da resposta imune(243). E codificado
pelo gene IL10, localizada no locus 1g31-32 e sua sintese ocorre principalmente em
células da linhagem dos mondcitos, macréfagos e linfocitos(243). Nos macréfagos, a
IL-10 e a IL-15 sdo citocinas chave na inducédo diferenciada da programacao de
duas atividades essenciais, a fagocitose e a atividade microbicida(244). No entanto,
a expressdo dessas citocinas é dada de forma diferente, em pacientes com
hanseniase, dependendo da forma clinica apresentada. A IL-15 e a IL-10 s&o mais
expressas nas lesdes das formas clinicas tuberculoides e virchovianas,
respectivamente(97,244,245). A IL-15 atua estimulando a atividade microbicida,
dependente da vitamina D, e a fagocitose pelo CD209, no limite da efetividade do
macrofago. Enquanto que a IL-10 exacerba a ingestdo da fagocitose de
micobactérias, e a ingestéo de lipideos oxidados, através de receptores CD209 e de
receptores LDL, respectivamente. A IL-10 ndo tem a capacidade de induzir a
CYP27bl, enzima responsavel pela conversdo da 25D3 para 1,25D3, a forma ativa
da vitamina D. Consequentemente, a via microbicida dependente da vitamina D n&o
€ ativada, resultando em uma capacidade de destruicdo do patdgeno praticamente

inexistente, contribuindo para a progressao da doenca(244).

Os estudos do tipo caso-controle, dos polimorfismos do gene IL10, foram
direcionados para a sua regido promotora, localizados tanto na parte distal (-3575
T>A (rs1800890), -2849 G>A (rs6703630), -2763 C>A (rs6693899), quanto na parte
proximal (-1082 G>A (rs1800896), -819 C>T (rs1800871) e -592 C>A (rs1800872)
(246). Na primeira meta-analise envolvendo os polimorfismos do gene IL10 e a
hanseniase(246), a analise combinada de 5 estudos (2.702 individuos), com
populacbes do Brasil, Malawi e da india, o SNP (rs1800871) -819 C>T esteve
associado ao risco, nas trés combinacbes testadas (alélica, genotipica e
carreadora). Na recente meta-analise de Alvarado-Arnez(247), envolvendo as

populacdes do Brasil, da China, do Malawi, do México, da india e da Colémbia,
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reforcou o papel do alelo T (-819) rs1800871, ao risco a hanseniase [OR = 1.20,
(95% CI = 1.10-1.31); p=0,00002]. Apesar da modesta chance de risco de 20%, o
estudo incluiu populagfes de diferentes grupos étnicos, validando esse SNP como

um importante tag snp.

IL6 (interleucina 6)

Diferentes tipos celulares sintetizam a Interleucina 6, como os macréfagos, o0s
neutréfilos, os eusindfilos, e as células T e B. E uma citocina com efeito pleiotropico
na inflamacdo, na resposta imune e na hematopoiese(248). Desempenha um
importante papel na resposta inflamatéria aguda, como na resposta a uma infeccao
ou dano tecidual, auxilia induzindo a diferenciacdo das células B em plasmécitos,
produtoras de anticorpos; nas células T CD4+, imaturas em efetoras Th17 ou T reg e
nas T CD8+, em células T citotoxicas(248). Variantes genéticas desta citocina
também podem estar associadas com inimeras doencas, como, o Diabetes Mellitus
tipo 2(249), o cancer(250), o Lupus Eritematoso Sistémico(251), a artrite idiopatica
juvenil(252) e a hanseniase(197). Niveis aumentados de Interleucina 6 estdo
associados com as reacodes inflamatérias na hanseniase, classificadas como Tipo 1
ou Reacdo Reversa, e, Tipo 2 ou Eritema Nodoso Hansénico. Esses episodios sdo a
principal causa de danos neurais, podendo levar a incapacidades fisicas, muitas
vezes irreversiveis. Sales-Marques e colaboradores(197) verificaram que pacientes
gue carreavam o alelo G, do SNP rs2069845, do gene IL6, desenvolveram reacdes
mais rapido do que os portadores dos outros genétipos ou alelos, servindo assim,

como um bom marcador de progndstico para os episodios reacionais.

Apesar dos polimorfismos no gene IL6 estarem associados com o0s estados
reacionais da hanseniase, a variante rs2069845 foi incluida no presente estudo,
para avaliar se ha alguma associagcdo com a hanseniase per se em uma populacao

etnicamente distinta de outras regides brasileiras.

Os estudos de ligacdo e associagcdo (GWLS e GWAS) e os diversos estudos
de caso-controle, replicados em diferentes populacdes, tém associado varios genes
e vias metabdlicas, com a suscetibilidade a hanseniase. Interessante que muitas

dessas variantes sdo também compartilhadas com desordens inflamatérias comuns
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e neurodegenerativas, como a Doenca de Crohn e Parkinson, respectivamente.
Entretanto, esses estudos genéticos tém identificado covariaveis que podem
dificultar a andlise genética de doencas complexas, como € o caso da hanseniase.
Algumas dessas covariaveis podem ser a idade no diagnéstico, o tamanho amostral,
as diferencas no padrao do Desequilibrio de Ligacdo, a homogeneidade fenotipica e
o efeito de endofendétipos, e que podem impactar na interpretacdo dos achados

genéticos(253).

Na era da gendmica, o estudo e caracterizacdo de um painel de marcadores
genéticos, como os SNPs, em uma determinada populagcédo, permite conhecer o
perfil genético de suscetibilidade a doenca. Isto pode auxiliar no conhecimento dos
candidatos provaveis em desenvolver a doenga (entre os contatos domiciliares, por
exemplo). Com isso, pode-se tracar alternativas de prevencdo da hanseniase,
profilaxia e diagndstico precoce nesses pacientes, e, consequentemente, um grande
impacto na diminui¢cdo de novos casos de hanseniase e das sequelas causadas pelo
bacilo. Entretanto, para isso, os achados originais de associacdo, entre 0s
marcadores moleculares e os diferentes fenotipos apresentados na hanseniase,
precisam ser validados por replicacao, em diferentes grupos étnicos. Neste contexto,
€ importante lembrar que a populagéo do estado do Amazonas é miscigenada, como
nos outros estados brasileiros, entretanto, com uma fracdo de ancestralidade
genética mais acentuada de indigenas. Até hoje, poucos estudos do tipo caso-
controle, com um grande numero amostral, foram realizados nestra amostra
populacional. Assim, dessa forma, a identificacdo de marcadores genéticos
majoritarios, nos individuos do estado do Amazonas, € essencial para definicdo de

politicas de saude, associadas ao monitoramento de contatos.
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1.8 Relevancia do estudo

A Organizacdo Mundial de Saude tem adotado estratégias quinquenais, com
prioridades de ac¢les, para que 0s paises endémicos possam adotar intervencdes de
combate a hanseniase. A recente Estratégia Global para a Hanseniase 2016-2020,
baseado em estratégias quinquenais anteriores, tem como propoésito, a detecgéo
precoce e o tratamento imediato da doenca, visando reduzir as incapacidades fisicas
e a transmissao da infeccdo na comunidade. A Parceria Global para a Erradicacao
da Hanseniase, recomenda o desenvolvimento de um teste diagndstico que possa
identificar casos de hanseniase, tdo logo quanto possivel apds a sua infeccgéo.
Vérios estudos tém focado na identificacdo de biomarcadores, tanto em humanos
como no bacilo, em diferentes populacdes, visando qualifica-los para o0 uso no

diagndstico precoce da hanseniase.

O conhecimento de variacdes genéticas e do perfil de resposta imunolégica
do hospedeiro, podem ajudar a subsidiar um melhor entendimento da patogénese da
hanseniase e talvez, levar a novos desafios de diagnostico precoce, tratamento

imediato ou quimioprofilaxia.

Na presente pesquisa de doutoramento foram propostos dois estudos: - No
primeiro foi avaliada a performance de dois testes soroldgicos rapidos (IgG/IgM),
visando conhecer a acuracia desses testes e sua utilizagdo como suporte ao
diagndstico clinico; - O segundo foi a analise de polimorfismos genéticos (SNPs) que
influenciam na suscetibilidade a hanseniase. A validacdo desses polimorfismos visa
colaborar com a formacdo de um futuro painel de SNPs que estejam associados
com a doenca. Esse painel contribuira nas estratégias de vigilancia, entre os
contatos, por exemplo, permitindo identificar quais individuos, desse grupo de risco,

possuem maior probabilidade em desenvolver a hanseniase.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a associacdo de biomarcadores com a hanseniase em uma populacéo

miscigenada do Amazonas.

2.2 Objetivos Especificos

a) Analisar a performance de dois testes soroldgicos rapido (PGL1 e NDO-
LID), na discriminacdo de casos de hanseniase (paucibacilares e

multibacilares) e individuos saudaveis;

b) Verificar a concordancia entre os testes rapidos (PGL1 e NDO-LID), no

Soro, em pacientes e grupo controle;

c) Verificar associacdo do teste soroldgico de melhor acuracia com

parametros clinico-laboratoriais, de pacientes com hanseniase;

d) Relacionar os polimorfismos de base uUnica (SNPs), nos genes, TLR1,
NOD2, PACRG/PRKN, IL6, IL10, TNF, IFNG e CCDC122/LACC1 e a

suscetibilidade a hanseniase, em um estudo de caso x controle;

e) Verificar associacao dos polimorfismos de base Unica (SNPs), nos genes,
TLR1, NOD2, PACRG/PRKN, IL6, IL10, TNF, IFNG e CCDC122/LACC1

entre a classificagao operacional (PB x MB) e entre controles x MB.
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3 SUJEITOS, MATERIAL E METODOS

3.1 Populagéo de estudo

O estudo foi realizado na Fundacéo Alfredo da Matta (FUAM), Manaus-AM,
em pacientes com hanseniase, contatos domiciliares e individuos saudaveis (grupo
controle) que compareceram na Instituicdo por demanda espontanea e aceitaram
participar do projeto, no periodo de margo de 2014 a abril de 2018.

Pacientes com hanseniase foram classificados de acordo com os achados
clinicos e laboratoriais (baciloscopia e exame histopatoldgico) e foram tratados como
paucibacilares ou multibacilares, de acordo com o manual da OMS e Ministério da
Saude.

O grupo controle foi composto de individuos saudaveis que moravam ha
mesma area endémica que 0s casos de hanseniase. Esse grupo de pessoas
compareceu na Fundacdo Alfredo da Matta (FUAM) para receber um atestado
dermato-neurolégico, que é um dos pré-requisitos documentais exigidos pela
induUstria, comércio ou setor de entretenimento a fim de conseguirem uma colocacao
no mercado de trabalho. Foram convidados a participar da pesquisa somente ap0s
um exame dermatologico que confirmou a auséncia de lesbes caracteristicas ou
suspeitas de hanseniase, e da confirmac¢do individual de que nao teve contato com
doentes ou de ndo haver casos da doenca na familia.

Esse estudo foi aprovado pelo Comité de Etica em Pesquisa (555.620 de
13/03/2013), (ANEXO C) da FUAM. Todos os participantes assinaram o Termo de
Consentimento Livre e Esclarecido (TCLE), (APENDICES B, C e D). Participantes
com idade inferior a 18 anos tiveram o TCLE assinado por um dos pais ou por um

representante legal.

3.2 Deteccéao pelo NDO-LID e PGL1

Os testes rapidos de fluxo lateral, NDO-LID e o PGL1, sao testes
imunocromatograficos que detectam IgM/IgG e IgM, respectivamente, contra o M.
leprae. O NDO-LID (Orange Life, Rio de Janeiro, Brazil) usa como antigeno um
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dissacarideo sintético (ND), que mimetiza o PGL1, ligado a um radical octil (O),
conjugado com duas proteinas de fusdo, o ML 0304 e o ML 2331, formando o LID.

O antigeno imobilizado na membrana de nitrocelulose do teste rapido PGL1, é
o glicolipidio fendlico nativo, que detecta anticorpos especificos IgM. Esse teste é
confeccionado no IPTSP-UFG, sob a coordenacéao da Dra. Samira Buhrer-Sekula.

Cada dispositivo de teste rapido consiste de um cassete de plastico que
contem um strip de membrana de nitrocelulose, impregnada com um spot de teste
(contendo antigenos do M. leprae) e um spot de controle.

O teste é considerado positivo quando uma gota de sangue, soro ou plasma
do paciente, junto com duas gotas de tampao de diluente, adicionado na linha de
teste, apresentar mudanca de cor apds dez minutos.

Dois técnicos realizaram a mesma leitura para evitar inconsisténcias. Um

terceiro leitor deu sua opinido final quando os resultados foram discordantes.

3.3 Deteccado de DNA do M. leprae pela técnica de gPCR

A extracdo de DNA (ANEXO A) foi realizada a partir do raspado dérmico de
contatos domiciliares de pacientes com hanseniase, utilizando o kit DNeasy Blood &
Tissue (Qiagen) e seguindo as instrucdes do fabricante. Os métodos de gPCR para
deteccdo, utilizando como alvo o 16S rRNA de M. leprae, foram descritos
anteriormente em varios trabalhos de Martinez e colaboradores(30-32) e
operacionalizados de acordo com as indicagcdes do Ministério da Saude para o
diagnéstico de hanseniase. As reacdes de q-PCR foram preparadas, com reagentes
da Applied Biosystems, para um volume final de 10 uL, e realizados no equipamento
StepOne Plus real-time PCR system (Applied BioSystems), seguindo as condi¢des
de ciclagem padrdo. As concentracdes finais da reacdo foram: oligonucleotideos
[300 nM], sonda 16S rRNA [100 nM], Master Mix da Applied BioSystem [1x] e DNA
da amostra extraida de raspado dérmico [1 — 5 ng]. Para descartar qualquer
possibilidade de inibidores da PCR, a amplificacdo de um fragmento do gene da B-

actina humana foi realizada.
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3.4 Genotipagem dos SNPs

O presente estudo foi desenhado para investigar a associacdo de SNPs nos
genes TLR1 (rs4833095), NOD2 (rs751271, rs8057341), TNF (rs1800629), IL10
(rs1800871), CCDC122/LACC1 (rs4942254), PACRG/PRKN  (rs9356058,
rs1040079), IFNG (rs2430561) e IL6 (rs2069845) com a hanseniase. A selecdo dos
SNPs se baseou em recentes estudos publicados, que mostraram associagcdo com a
hanseniase per se(36,171,199,201,203,247) ou reacao(197) na populacéo brasileira.

Os SNPs escolhidos foram baseados no seu papel funcional, na regido
promotora, exdnica ou intrénica do gene e incluidos com desvio do equilibrio de
Hardy—Weinberg (P>0.01) nos controles e amplificacdo acima de 95%.

O DNA foi extraido de amostras de sangue (ANEXO B), utilizando o Kit
DNeasy Blood & Tissue (Qiagen) e seguindo as instrucbes do fabricante. Em
seguida foi quantificado pelo Qubit® 3.0 Fluorometer e diluido (1/10) para
genotipagem por PCR em tempo real (Q-PCR). Os ensaios de genotipagem com
sondas TagMan (Life Technologies, EUA) foram realizados no equipamento
StepOne Plus real-time PCR system (Applied BioSystems), pela técnica de
discriminacdo alélica baseado na fluorescéncia e seguindo as condicbes de
ciclagem padrao.

Na técnica de discriminacdo alélica, a obtencdo dos genotipos é fornecida
através da intensidade de fluorescéncia, gerada por sondas marcadas com
fluoréforos especificos para cada alelo, por meio do sistema de ensaios (assays,
sondas TagMan MGB) (Life Technologies). Cada ensaio contém um par de primers e
um par de sondas TagMan MGB (Life Technologies) marcadas com fluorescéncia,
VIC (verde), para o alelo selvagem, e FAM (azul), para o alelo mutado ou menos
frequente, na regido de interesse. A sonda é marcada duplamente, em uma
extremidade com um fluoréforo repérter (reporter) e em outra extremidade com o

fluoréforo silenciador (quencher).

Os ensaios consistiram de 5 uL de reagdo, contendo 2,5 pL de TagMan
Universal PCR Master Mix No AmpErase UNG (Applied Biosystems) [concentracao
final de 1X], 1,375 pL de agua, 0,125 uL de sondasTagMan assay [concentracdo
final de 1X], e 1 yL de DNA diluido (10-40 ng).
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3.5 Andlise Estatistica

Para avaliar a performance dos testes rapidos foi utilizado o software
estatistico MedCalc para Windows, versdo 17.0.4 (MedCalc Software, Ostend,
Belgium; https://www.medcalc.org; 2016), na caracterizacdo da sensibilidade,
especificidade, valor preditivo positivo (VPP), valor preditivo negativo (VPN) e
acuracia, com 95% de nivel de confianca. Na identificacdo do grau de concordancia
entre os testes foi utilizado o indice kappa (k)(254): baixo (0-0.5), moderado (0.51—-
0.75) e excelente (0.76-1). O teste qui-quadrado foi usado para verificar associacao
de desempenho entre os lotes do NDO-LID, amostras biolégicas (soro e sangue) e
associacao de variaveis clinico-laboratoriais com o resultado do teste NDO-LID. O P-
valor <0.05 foi considerado estatisticamente significativo.

No estudo genético, o desequilibrio de ligacdo (DL) para os dois SNPs do
gene NOD2 foram estimados, em individuos controles, usando o parametro r?,
através do software Haploview, versao 4.2(255). O equilibrio de Hardy-Weiberg foi
estimado por meio do software R versdo 3.4.3 para Windows. As andlises das
frequencias alélicas, genotipicas e de carreador foram realizadas em casos e
controles e comparadas entre esses dois grupos. Através do modelo de regressao
logistica, foi calculada a OR (odds ratio) que foi usada como estimativa de
associagao, com intervalo de confianga (IC) de 95% e p-valor significativo (<0.05).
Levando-se em conta o valor do IC, de p-valor e de OR, os modelos indicaram
suscetibilidade ao risco ou a protecdo. Sendo: OR>1, risco; OR=1, ndo ha
associacdo com a doenca e OR<1 protecéo.

As analises de regressao logistica foram obtidas por meio do software R,
versao 3.4.3 para Windows e foram corrigidas para as covariaveis de sexo, idade e
ancestralidade, wusando o0s pacotes “genetics” e “‘rms”  (https://www.r-

project.org)(256).
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cheaper than the molecuar tests

multibadillary leprosy) were induded in the study.
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confounding skin conditions.
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Background: Early detection of leprosy and multidrug therapy are crudal to achieve zero transmission and zero
grade Il incapadities goals of World Health Organization. Leprosy is difficult to diagnose because clinical forms vary
and there are no gold standard methods to guide dinicians. The serological rapid tests aid the dinical diagnosis
and are available for field use. They are easy to perfform, do not require special equipment or refrigeration and are

Methods: We evaluated the performance of two rapid serological tests (PGL1T and NDO-UD) in the disaimination
of leprosy cases from healthy individuals at the Alfredo da Matta Foundation, a reference center for the disease in
Manaus, Amazonas, Brazil. PGL1T and NDO-LID rapid tests are capable of detecting spedific antibodies of M leproe,
IgM and IgMANgG, respectively. A total of 530 healthy subjects and 171 patients (50 with paucibadillary and 121

Results: Among the paucibacillary leprosy patients, the sensitivity was 340 and 320% for the NDO-LID and PGLY,
respectively. In multibacillary leprosy patients, the NDO-LID sensitivity was 736% and the PGL1 was 81.09. Serological
tests demonstrated spedficities of 75.9% for PGL-1 and 81.7% for NDO-LID. The positive predictive value (PPV), negative
predictive value (NPV) and accuracy in mutibacilary patients were 479, 93.1, and 802% respectively for the NDO-LID,

Conclusions: The tests showed limited capacity in the diagnosis of the disease, however, the high negative predictive
value of the tests indicates a greater chance of true negatives in this group favaring exdusion of leprosy. This characteristic
of the ML flow test is important in aiding clinica Diagnosis, espedaly in a region endemic to the disease and with other

J

Background

Leprosy is chronic infectious diseases that show a long
incubation period. The disease is caused by Mycobacter-
ium leprae or M. lepromatosis that affect the skin and
peripheral nerves. If not early detected and adequately
treated, the disease may lead to physical incapacities and
irreversible deformities [1]. The introduction of multidrug
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therapy (MDT), in the early 1980s, had a huge impact in
the prevalence of leprosy; more than 16 million patients
were cured in the last 30 years [2]. However, the incidence
is still high where approximately 200,000 new cases are
diagnosed each year. Probably, MDT has a modest impact
on incidence because transmission occurs prior to diagno-
sis. Recent strategies to stop leprosy transmission rely on
prophykctic protocols using rifampicin and/or BCG [3, 4]
The World Health Organization (WHO) developed a
strategy to achieve zero transmission, zero cases among
children with grade 11 incapacities by 2020 [5]. In Brazil
there are still difficulties in achieving this goal, due not
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only to the lack of professionals experienced in diagnosing
leprosy, but also to the inherent issues of the disease.
Some paucibacillary (PB) and neural forms may be easily
confused with other common dermatoses such as granu-
loma annulare, sarcoidosis or pityriasis alba [6]. In addition,
about 30% of patients, many of them multibacillary (MB),
do not present cardinal symptoms such as loss of sensitivity,
favoring the active transmission of the disease [7).

The development of a simple and practical test, able
to confirm the clinical decision, is of vital importance,
especially in the field, where there are few specialists to
diagnose and treat the disease. Slit skin smear and
histopathological examinations, despite high specificity,
have low sensitivity [8]; those techniques are also invasive
and require trained professionals. Molecular techniques
such as PCR and qPCR are promising because of their
high accuracy, however, these tools are still costly and re-
quire skilled technicians [9]. Serological tests, although
not stand-alone diagnosis tools, are point-of-care in the
early identification of leprosy, even before the initial
lesions appearance [10, 11]. Moreover, these tests present
a lower cost when compared to molecular assays, are of
easy execution, suitable for field diagnosis and require no
special equipment or refrigeration [12, 13].

However, the sensitivity of the serological tests varies,
depending on the population studied, in order to have a
real specific profile of each locality [14]. In this context,
this study analyzed the performance of two rapid sero-
logical tests for identification of patients with leprosy, at
a REFERENCE Center for the disease in the north of
Brazil. The two tests exhibited a high negative predictive
value (NPV), useful to exclude leprosy supporting clinical
diagnosis in endemic regions.

Subjects, materials and methods

Design and study population

Evaluation of two serological tests, immunochromato-
graphic, with untreated leprosy patients and healthy
individuals who attended by spontaneous demand at
the Alfredo da Matta Foundation (Manaus-AM, Brazil).
All included patients and controls were 10years-old or
older and were recruited, from March 2014 to March
2016. Patients with leprosy were dassified according to
the clinical, slit skin smears and histopathological findings
[15] and were treated as paucibacillary or multibacillary,
according to the number of skin lesions, slit skin smear
result and the compromised nerve [16]. The endemic
control group was among individuals who lived in the
same endemic area as the cases. These endemic controls
seek a medical certificate for employment purposes. These
individuals were subjected to a dermatoneurological
examination and had no suspected leprosy lesions and
dedared no information concerning contact with leprosy or
tuberculosis patients. The study did not indude volunteers
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on corticosteroid treatment, cancer chemotherapy or
HIV. Samples that presented hemolyzed serum were
also excluded.

This study was approved by the Research Ethical
Committee (555.620-13/03/2013) of the “Alfredo da
Matta Foundation™. All participants signed an informed
consent before enrolment. Participants under the age of
16 have had the consent provided by a parent or legal
guardian.

Detection by NDO-LID and PGL1

The NDO-LID (Orange Life, Rio de Janeiro, Brazil) rapid
test uses as antigens a semi-synthetic disaccharide (ND)
attached to the octyl (O) radical, which mimics PGLI,
conjugated with two fusion proteins, ML 0304 and ML
0331, forming the LID, capable of recognizing, respect-
ively, IgM and IgG antibodies against M. leprae. The
antigen immobilized on the nitrocellulose membrane,
from the PGLI1 rapid test (IPTSP/UFG), was the native
phenol-1 glycolipid, which detects specific IgM antibodies.
Rapid tests followed the instructions recommended by the
manufacturer. Two independent technicians performed
reading to avoid inconsistendies. A third reader gave his
final opinion on discordant results.

Statistical analysis

For the calculation of sensitivity, specificity, positive
predictive value, negative predictive value, with 95%
confidence level, MedCalc statistical software for Windows,
version 17.0.4 (MedCalc Software, Ostend, Belgium;
https://www.medcalc.org; 2016) was used. To evaluate
the level of concordance of the trials we used Kappa
concordance test (x) [17]): low (0-0.5), moderate (0.51-
0.75) and excellent (0.76-1). The chi-square test was
used to verify the association between batches, biological
samples and the frequencies of the rapid test result and
the clinical-laboratory variables. P-value <0.05 was con-
sidered statistically significant.

Results

A total of 530 healthy subjects and 250 leprosy patients,
ranging in age from 10 to 77 years-old (mean of 41.24
years-old) were enrolled in the study. The group most
affected by the disease was between 21 to 60 years-old
(64.8%), mostly men (66.0%), mixed (85.0%) and had
finished elementary school (47%) (Table 1).

Out of 250 patients with leprosy, 250 blood and 171
serum samples were collected. First, we compared the
performance of the test NDO-LID between biological
samples from serum and blood of the same patient and
between two different commercial batches (L-1 and L-2).
Thirty samples (13 PB and 17 MB) were randomly selected
to verify the sensitivity of the rapid test. Among the 13PB
patients tested, we detected 2 (15.4%) in L-1 and 1 (7.7%)
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Table 1 Distrbution of leprosy cases according to

socio-demographic variables

Characrenistics Number Percentage (%)
Gender

Male 66.0%
Female -] 340%
Total 50 100.0%
Age group (years)

10-20 - 176%
21-40 B N2%
41-60 5 336%
> 60 “ 176%
Total 0 100.0%
Educaton

lirerage n 61%
Elementary School 8 470%
High school % 30.9%
Higher education 15 83%
Ignored 7] 7.7%
Toeal 81 100.0%
Ethnicty”

Cucasian 9 65%
African 8 57%
Asan 3 21
Mixed ne 850%
Indigenous 1 0.7%
Total 140 100.0%
*sellreported Ethnidty

in L-2 when whole blood samples were probed. The
serum from the same patients was tested and 6 (46.2%) in
L-1 and 2 (154%) in L-2 were detected, demonstrating
better sensitivity for serum as compared to blood. Among
the 17 MB patients, positivity was higher, as expected:
9 (52.9%) and 8 (47.1%) for L-1 and L-2 batches, respect-
ively. While in serum, results were far more sensitive and
14 (82.4%) in L-1 and 11 (64.7%) in L-2 (data not shown).

Then, 171 patients (50 PB and 121 MB) were tested for
PGL1 and NDO-LID in serum since results suggested that
this sample was the best The specificity was evaluated in
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530 healthy volunteers. The Kappa value was used to
compare the agreement rates between samples in both
tests. Paudbadillary patients exhibited the excellent con-
cordance and demonstrating that there was no significant
difference between them. For MB leprosy patients and
healthy controls, the tests had an excellent agreement,
with significant differences between them. PGL1 was
superior to NDO-LID in detecting MB patients. However,
this test also detected a higher number of healthy
volunteers indicating lower specificity (Table 2).

Among the PB leprosy patients, sensitivity was 34.0 and
32.0% for NDO-LID and PGLI, respectively (Table 3). In
MB patients, NDO-LID sensitivity was 73.6% and PGL1
was 81.0% (Table 4). Among healthy individuals, speci-
ficity was 81.7 and 75.9% for NDO-LID and PGLI respect-
ively, indicating that both tests have a high percentage of
false positives. The positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy in MB leprosy
patients were 47.9, 93.1 and 80.2%, respectively for the
NDO-LID, and 434, 94.6, and 76.8%, for PGLI (Table 4).

We dedded to test dinical-laboratory parameters
evaluating only NDO-LID, because this test exhibited the
highest accuracy. One may observe that there was a sig-
nificant difference in the rapid test for MB leprosy patients
with positive skin smear, lepromatous lepromatous leprosy
and with more than five lesions (p < 0.05) (Additional
file 1: Table S1).

Discussion

Although we know the limited capacity of serological
tests in the diagnosis of leprosy, they are still important
as a tool to aid dinical diagnosis. This study allowed
evaluating the performance of two tests in a region of high
endemicity for leprosy and with that to draw a better alter-
native to their use in the clinical practice. NDO-LID and
PGL1 tests may be useful as a support tool for clinical
diagnosis. Furthermore, they could be employed for
excluding leprosy as a possible cause of a skin lesion,
especially in endemic areas where other common der-
matological conditions are detected.

When we assessed the best biological samples to be
used in the study, no statistical association was found
between them or between batches (data not shown),
despite the better serum sensitivity than blood. A

Table 2 Agreement between NDO-LID and PGL - rapid tests in serum

NDO-ULID+PGL14%) NDO-LIDPGLI +(%) AGR W) K 00O pvake®
M8 0.0% 74% R 0.79 (066 - 092) 00024
PB 200 0% BOw 095 (087 - 1.04) 083M
EC 00% S585% e 083 (077 - 089) < 00001
MBE mukbacilary leprosy patients, P8 paucibadilary leprosy p £C endemi . AGR agr

k kappa value, + « postive: - = negative. *Chisquare test
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Table 3 ML Flow pesformance test in paucibacillary leprosy
patients and healthy volunteers

ML Flow  Sensitivity Spedificy PPV NPV Accumcy
NDO-UD 34%(17/50) 81.7% (433/530) 149% 929 776%
PGLY 32% (16/50) 75.9%{402/530 11.1% 922% 721%

PPV Pasitive Predictive Value, NPV Negative Predictive Value

similar result was also found in other studies, showing
a strong correlation between the results from whole blood
and serum [13, 18].

Although the evaluation of the tests presented excellent
agreement, they did not have the same performance in the
identification of patients with leprosy. Both tests had a
better capacity to detect individuals with MB leprosy, but
were inefficient for the diagnosis of PB forms of leprosy,
thus confirming that serological tests could be considered
effective tools for the diagnosis of MB leprosy (12, 14, 19,
20]. However, we found a lower sensitivity for MB forms
of the disease than the previously reported. In other stud-
ies, the sensitivity of NDO-LID antigens in MB patients
ranged from 87.0 to 95% [14, 19-22]. This trend has been
also observed among leprosy patients classified according
to the WHO operational classification, both for rapid tests
using immunochromatography, and for those using ELISA
methodology. The seropositivity found in the tests under
analysis reflects the type of immune response developed
by the host [14, 19, 20, 22, 23]. Regarding specificity, other
studies found values higher than ours, of 88 and 96.1% for
NDO-LID (19, 22]. This might probably indicate differ-
ences in the endemicity in the regions where the studies
were performed [24]. In assessing the specificity of the
rapid tests, we did not include other confounding
dermatoses with leprosy, such as granuloma annulare,
sarcoidosis, pityriasis alba or mycobacterial infections
like tuberculosis, for example.

Both NDO-LID and PGLI tests showed very low
capacity to detect true positives in PB patients (14.9
and 11.1%, respectively) and in MB patients (47.9 and
43.4%, respectively). In fact, 93.1% of NPV is high demon-
strating that a negative NDO-LID test could be employed
in excluding leprosy as a possible cause of a skin patch
or lesion.

Nevertheless, a positive result in the rapid test cannot
be used to include patients since we found several false
positive samples (20%) among controls. Our control

Table 4 ML Flow performance test in multibacillary leprosy
patients and healthy volunteers

ML Aow Sersitivity Specificty PPV NV Accuncy
NDO-LID 736%(89/121) 81786 (433/530 479% B.1% 802%
PGLY B1.0% (FB/121) 759% (402/530) 434% HMO6M 765%
PPV Positive Predictive Value, NPV Negative Predictive Value
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group is composed of healthy individuals living in a high
endemicity region. Thus, the elevated seropositivity in
this group suggest that this population is regularly being
exposed to M. leprae, and likely to suggest active trans-
mission [25]. We suggest that ML flow tests (NDO-LID
or PGL1) represent an important test as an indicator of
M. leprae circulation for the surveillance evaluating
whether it can be considered an active transmission area.
Recently, in a household contact cohort in Bangladesh a
positive anti-PGL-1 was not a good predictive marker of
leprosy outcome [26]. Here, our results of positive ML
flow among healthy individuals are far more difficult to
predict whether it could be used to estimate the risk of
progression towards leprosy since anti-PGL-I could be a
surrogate markers of infection. After the evaluation, all
positive healthy individuals (n = 128) were contacted by
telephone 3 years after serological testing and only one
responded. In this preliminary analysis, we observed that
the adherence is very low, and unfortunately follow up is
difficult to achieve in a group of healthy individuals.

It is not yet possible to use any molecular, genetic or
serological marker in the diagnosis or prognosis of lep-
rosy. Infection can be demonstrated by PCR or ML Flow
and ELISA (PGL-I) serological tests, but these tests are
not able to predict, who will progress towards the dis-
ease among household contacts. Currently, the diagnosis
of leprosy is still based on the appearance and recogni-
tion of clinical signs and symptoms. But, improvement
of DNA-based detection of M. leprae or host targets by
qPCR could be useful tools to aid clinical diagnosis.

Only the involvement of experienced physicians, gov-
ernment, population of hyperendemic area [27], along
with novel technologies such as qPCR to diagnose [28]
and large-scale public policies clinically screening
household contacts with chemo- and immunoprophylaxis
of healthy ones could halt M. leprae transmission in the
community and reduce the number of cases of visible
disability [29].

Conclusions

The tests showed limited capacity in the diagnosis of the
disease. However, a negative result from the LID-1 or
NDO-LID tests showed a greater probability of ruling
out the diagnosis of leprosy as a possible cause of a skin
lesion. This ML flow test feature is important, espedally
in an endemic region of the disease and other confusing
skin conditions.
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Abstract

Leprosy is a chronic infectious disease, caused by Mycobactenum leprae, which affects
skin and periphenal nerves. Polymorphisms in genes associated with autophagy, metabo-
ksm, innate and adaptive immunity confer suscoptibiity 10 loprosy. However, 1hose associa-
tions neod 10 be confirmed through independent repication studies in different ethnicities.
The population from Amazon state (northern Brazil) is admixed and i containg the highest
proportion of Native Amedcan genetic ancestry in Brazi. We conducted a case-control
study for leprosy in which we tested fourteen proviously associated SNPs in key immune
response regulating genes: TLAT (rs4833095), NOD2(is751271, rs8057341), TNF
(rs1800629), IL10(rs1800871), CCOC 1221LACCT (rs4942254), PACRGPRKN
(rs9356058, rs1040079), IFNG (rs2430561), IL6 (rs2060845), LRAK2 (rs7298030,
rs3761863), IL23R (rs76418789) and TYK2 (rs55882056). Genotyping was caried out by
alelic dscrimination in 967 controls and 412 leprosy patients. Association with susceptibiity
was assessod by logistic regression analyses adjusted for the fdlowing covadates: gender,
age and ancestry. Genetic ancestry was similir in case and control groups. Statistically sig-
nificant results were only found for IFNG and NOD2. The rs8057341 polymorphism within
NOD2was identified as signiicant for the AA genotype (OR = 0.58,95% C1, 0.37-084; P =
0.005) and borderfine for the A allele (OR = 0.76 95% C1, 0.58-1.00; P = 0.053) and carder
(OR =0.76; 95% C1,0.58-1.00; P = 0.051). The 2430561 SNP in /NG was associated
with disease suscoptibiity for the AT genotype (OR = 1.40; 95% CI, 1.06-1.85; P = 0.018)
and carrier (OR = 1.44; 95% CI, 1.10-1.88; P = 0.008). We confirmed that NOD2and IFNG
are major players in immunity against M.laprae in the Amazon ethnic admixed poputation.
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Author summary

Leprosy is chronic infectious diseases caused by Mycobacterium leprac that affect the skin
and peripheral nerves The incidence is still high where approximately 200,000 new cases
are diagnosed each year. There is no clear sign for early diagnosis and transmission is
likely to occur before treatment, which, irrespective of its success, has not hampered sta-
tionary incidence in the past 20 years. Thus, there is pressing need for markers that dis-
criminate exposure, infection and disease in order to better detect leprosy progression,
control transmission and prevent disabilities. Here, we investigated whether polymor-
phisms located in eleven genes are associated to leprosy in a population from Amazon
state (northem Brazil) which is admixed and it contains the highest proportion of Native
American genetic ancestry in Brazil We validated NOD2 and IFNG associations with
resistance and risk of leprosy, respectively, in the Amazon ethnic admixed population.
Genetic patterns of leprosy susceptibility could have an impact on the prognosis of indi-
viduals that are more likely to develop the discase (among houschold contacts, for exam-
ple). Therefore, this strategy could identify high-risk individuals prone for prophylactic
measures such as treatment with single-dose rifampicin and BCG vaccination,

Introduction

Two hundred thousand new cases of Leprosy are continuously diagnosed every year. The dis-
case is caused by Mycobacterium leprae that has a long incubation period, leads to nerve dam-
age and development of physical disabilities [1]. There is no clear sign for carly diagnosis and
transmission is likely to occur before treatment, which, irrespective of its success, has not ham-
pered stationary incidence in the past 20 years. Thus, there is pressing need for markers that
discriminate exposure, infection and disease in order to better detect keprosy progression, con-
trol transmission and prevent disabilities. Genetic factors have proved to be key components
for leprosy outcome. Studies with monozygotic/dizygotic twins, family, population-based
designs, and more recently, genome-wide association studies (GWAS) and whole exome
sequencing (WES) have pinpointed single nuclkeotide polymorphisms (SNPs) in genes that
have been consistently replicated in different populations [2-6]. There is evidence that NOD2,
LRRK2, TLRI, TNF, IFNG, IL10, IL23R, TYK2 and PACRG/PRKN (formerly PARK2), which
are genes that participate in autophagy and recognition pathways, regulating the host innate
immune response are associated with leprosy susceptibility, reaction or its dinical forms [6-
18]. However, genetic association of SNPs in major genes that modulate the immune response
need independent replication in different ethnic groups to confirm leprosy outcome [19]. As
observed in other regions, the Brazilian population from Amazon state is admixed, having
three main ancestral contributions: Native Americans (NAM), Europeans (EUR) and Africans
(AFR). Of these, the Native American contribution is highest, even within the urban popula-
tions of the region [20].

Genetic patterns of leprosy susceptibility could have an impact on the prognosis of individ-
uals that are more likely to develop the disease (among household contacts, for example).
Therefore, this strategy could identify high-risk individuals prone for prophylactic measures
such as treatment with single-dose rifampicin and BCG vaccination [21-23).

Here, we investigated whether SNPs located in eleven genes: CCDCI22LACCI, IFNG, IL6,
IL10, IL23R, LRRK2, NOD2, PACRG/PRKN, TLRI, TNF and TYK2 are associated to keprosy
susceptibility in a population in the North of Brazil. To avoid spurious associations due to
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population stratification, as in the case of admixed populations such as Brazilians, we included
genetic ancestry estimates, gender and age, as covariates in the logistic regression analysis.

Materials and methods
Ethical statement

This study was approved by the Research and Fthic Committee (N"555.620) of the Alfredo da
Matta Foundation. All participants signed an informed consent before enrolment. Parents or
legal guardians provided consent for participants under the age of 18. This study was per-
formed in accordance with the guidelines strengthening the reporting of genetic association
studies (STREGA) [24).

Design and study population

We performed a case-control study involving individuals from Manaus, a city in the Brazilian
state of Amazonas, at the Alfredo da Matta Foundation (FUAM). Patients and controls were
recruited from March 2014 to March 2017 by spontancous demand at FUAM. Patients with
leprosy were dassified according to the dinical and laboratorial findings (slit skin smears and
histopathological examination) and were treated as paucibacillary or multibacillary, according
to World Health Organization guidelines. The control group was composed of individuals

who lived in the same endemic area of the cases. They were subjected to a dermatoneurological
examination, had no suspected keprosy lesions and declared not having contact with leprosy or
tuberculosis patients.

Determination of SNP for genotypic analysis

Several genes have been tested associated in populations although few SNPs were already
extensively evaluated and consensus estimates were calculated in meta-analysis (S1 Table). The
present study was designed to investigate the association of TLRI, NOD2, TNF, IL10,
CCDCI22/LACCI, PACRG/PRKN, IFNG, IL6, LRRK2, IL23R and TYK2 genes with leprosy.
The SNPs TLRI (rs4833095), NOD2 (rs751271, rs8057341), TNF (rs1800629), IL10
(rs1800871), CCDCI22/LACCI (rs4942254), PACRG/PRKN (rs9356058, rs1040079), IFNG
(rs2430561) and IL6 (rs2069845) were selected based on previously published data which
showed their association in the Brazilian population to leprosy per se [1, 7, 10, 11, 13, 25] or
reaction [14). Based in the previous studies in the Chinese population, we also selected LRRK2
(rs7298930, r3761863) (8], 1123 (rs76418789) and TYK2 (rs55882956) [6). SNPs were
included from the promoter, exonic, intronic and chosen based on their functional role, as
reported in literature. We excluded SNPs with a call rate < 95% or deviation from Hardy-
Weinberg equilibrium proportions (P<0.01) in the controls.

DNA extraction, genotyping and genetic markers

DNA was extracted from frozen blood samples using DNeasy Blood & Tissue kit according to
manufacturer’s instructions (QIAGEN). DNA was quantified and diluted for genotyping by
real-time PCR with TagMan probe assays (Life Technologies, EUA) (52 Table). Assays con-
sisted of 5 pL reactions containing 2.5 pl. of TagMan Universal PCR Master Mix No AmpEr-
ase UNG (Applied Biosystems), 1.375 ul. of water, 0.125 L of the TagMan assay (primers and
probes), and 1 L of DNA template (10-40 ng). Genotyping was carried out in the StepOne
Plus real-time PCR system (Applied Biosystems), by fluorescence-based allelic discrimination
following standard cycling conditions.
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‘We used a panel of 46 ancestry-informative autosomal Indels (AIM-Indels) that were geno-
typed in a single multiplex PCR followed by capillary electrophoresis, as described by Pereira
and coauthors (2012) [26], using an ABI 3500 Genetic Analyzer (Life Technologies). Alleles
were conferred in GeneMapper v.4.1 software (Life Technologies). Ancestry estimates for each
of the three main population components (EUR, NAM and AFR) were determined using
STRUCTURE v2.3.3 software [27] and the HGDP-CEPH reference sample panel [28].

Statistical analysis

Linkage disequilibrium (LD) estimates for two SNPsin NOD2 and two SNPs in LRRKZ and
deviations from Hardy-Weinberg equilibrium in the control group were performed using
Haploview software, version 4.2 [29]. The estimated haplotypes was based on genotypes using
an Expectation Maximization (EM) algorithm. Cases and controls were compared according
to genotype, allele, and carrier frequencies, with and without adjustment for the variables: gen-
der, age and ancestry (NAM and EUR, as continuous variables). Statistical analysis was per-
formed using R software version 3.4.3 for Windows using “genetics” and “rms” packages
(https://www.r-project.org) [30].

Results

Patients and controls were ten years of age or older. A total of 412 leprosy patients (284 males,
128 females) and 967 controls (526 males, 441 females) were recruited (Table 1). Mean age was
significantly lower in control subjects than in cases (mean £ 5D,29.8 £9.94 vs. 433 £ 18.14
years; P <0.0001). Likewise, the proportion of males and females was different between the
two groups (P <0.001), with significantly more males among leprosy patients (Table 1).

The analyzed population demonstrated typical ancestral characteristics of admixed popula-
tions for European, Native American and African ancestry (51 Fig).

All SNPs in the control group were in Hardy-Weinberg equilibrium (HWE). The PACRG/
PREN SNP rs1040079 was excluded from the analysis because the call rate was <95%. There
were no statistically significant differences between cases and controls for SNPs PACRG/
PREN, IL10, TNF, TLRI, CCDCI122/LACCI, IL6, LRRK2, TYK2 and IL23R in the three genetic
models (genotypic, allelic and carriers) (Table 2).

The statistical power of the sample size from the present study was also evaluated consider-
ing the minor allele frequency (MAF) obtained from each of the SNPs and the Odds Ratio
(OR) association effects ranging from 1.5 up to 2.5. For most of the SNPs the assessment of

Table 1. General characteristics of leprosy patients and controls.

Variables Patients Controls
n=412 n=97

Age® 433+ 18.14 208 £9.94
Gender”
Male 284 (68.9%) 526 (54.4%)
Female 128 (31.1%) 441 (456%)
WHO classification
PB 133
MB 279

WHO, World Health Organization. Paucibacillary { PB); Multibacillary (MB})

Student's f-test for age between patients and control subjects P < 0.0001; Chi-squared test for gender P < 0.0001;
Data shown as mean £ standard deviation,

*Student’s t-test

"Chi-squared test

htps://doi.omy/10.1371/journal. ptd. 0008247 1001
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Table 2. Association of Allele, Genotypeand Carrier frequencies of candidate genes with Leprosy.

751271 T 203 (210} 61 (15.0) 0.63 (0,44-0.89) 0.0093 067 (0.44-1.01) 0.0561
NOD2 GT 468 (49.0) 208 (51.0) 0.93 (0.71-1.20) 0.5738 0.93 (0.68-127) 06690
GG" 286 (30.0) 137 (34.0)
Total 957 206
Allele T 046 0.41 0.81 (0.64-1.03) 0.0879 084 (0.63-1.10) 02092
G° 0.54 0.59
Carriers TTIGT 671 (70.0) 260 (66.0) 0.84 (0.65-1.07) 0.1593 085 (0.64-1.15) 02976

9356058 CC 89 (9) 43(11) 1.32 (0.88-1.98) 0.1764 1.36 (0.86-2.15) 0.1878
P :R%G-" TC 382 (41) 193 (48) 1.38(1.08-1.77) 0.0101 127 (0.96-169) 00880
TT* 465 (50) 170 (42)
Total 936 106
Allele T 0.70 0.66 0.81 (0.64-1.04) 0.1069 083 (0.63-1.10) 02011
(o8 030 0.34
Carriers COTC 471 (50) 236 (58) 1.37 (L08-1.73) 0.0086 1.29 (0.99-1.68) 00603

0.4600

51800629 AA 7 (1.0) 1(0.0) 0,33 (0.04-2.66) 0.2954 0.14 (0.01-1.79) 0.1291
INF GA 135(140) 50 (12.0) 0.84 (0.60-1.20) 0.3431 0.78 (0.53-1.16) 02226
[elel 824 (85.0) 361(88.0)
Total 966 412
Allele A 0.08 0.06 0.81 (0.51-1.28) 0.3604 0,74 (0.43-1.25 02559
[ 092 0.94
Carriers AAIGA 142 (15.0) 51(12.0) 0.82 (0.58-1.15) 0.2562 0.75 (0.51-1.11) 0.1536
(Continued)
5/13

PLOS Neglected Tropical Diseases | httns:/doi.org/10.1371/journal pnid 0008247 May 20, 2020



PLOS NEGLECTED TROPICAL DISEASES

62

Association of NODZ2and IFNG in the Amazon ethnic admixed population

Table 2. (Continued)

SNP G

ypeN (%)

ControlsN (%)

LeprosyN (%)

OR(95% CI)

Adjusted OR*(95% CI)

HWE

0.7331

52069845 GG 94 (10.0) 38 (2.0) 1.03 (0.68-1.55) 0.8994 101 (0.63-1.60) 09751
ILs AG 400 (41.0) 182 (45.0) 1.16 (0.91-1.48) 0.2448 111 (0.84-147) 04676
AAP 470(49.0) 185 (46.0)
Total 964 405
Allele G 0.30 0.32 1.06 (0.83-1.37) 0.6208 1404 (0.78-1.38) 0.7806
AR 0.70 .68
Carriers GGIAG 494(510) 220) (54.0) 1.13 (0.90-1.43) 0.2985 109 (0.83-142) 05284
HWE 05600

7298930 AA 125(13.0) 52 (13.0) 1.00 (0.69-1.46) 0.9830 107 (0.70-163) 0.7589
LRRE2 AC 418(45.0) 195 (48.0) 1.13 (0.88-1,45) 0.3521 1.14 (0.86-152) 03564
cct 391 (42.0) 162 (40.0)
Total 934 209
Allele A 0.36 0.37 1.03 (0.81-1.32) 0.7807 106 (0.81-140) 06604
[ 0.64 0.63
Carriers AAJAC 543(580) 247 (61.0) 1.10 (0.87-1,39) 0.4399 113 (0.86-147) 03863

55882956 AG 2(021) 2 (0.49) 236 (0.33 16.8) 0.3903 471 (0.61-363) 0.1366
TYK2 GG® 960 (99.79) 406 (99.51)
Total 962 108
Allele A 2001 0.002 2.36 (0.15-37.8) 0.5439 469 (0.26-83.5) 02932
G° 0,999 0.998
Carrlers AAJAG 2(021) 2 (0.49) 2.36 (0.33-6.84) 0.3903 471 (0.61-363) 0.1366
{Continued )
6/13
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Table 2. (Continued )

SNP GenotypeN(%) | ControlsN (%) | LeprosyN (%) ORE5% C1) Povalue | Adjusted OR*OS%CD) | Povalue
HWE 1

Abbreviations: HWE, Hardy - Weinberg equilibrium: OR. odds ratio; SNP, single- nudeotide polymorphism. Bold values express statistic ally significant resudts.
“Resdts of logistic regression analyses adjusted for the covariates gender, age and ancestry.
“Bascline. 95% C1, 95% confidence interval

Iips/d0l o/10.137 Vigueral potd 0008247 1002

power attained 0.80 for the tested values, except for TNF SNP that was lower (0.52). The TYK2
and IL23R SNPs had a rare frequency that resulted in power of less than 10%. Since no statisti-
cally significant associations were found for clinical forms comparison (PB vs MB and Con-
trols vs MB) we did not include this power analysis.

The genotype, allele and carrier frequencies of NOD2 rs8057341 confirmed association
with protection from leprosy. The rs8057341 polymorphism was identified as significant for
the AA genotype (OR = 0.56; 95% CI, 0.37-0.84; P = 0.005) and borderline for the A allele
(OR = 0.76; 95% CI, 0.58-1.00; P = 0.053) and AA/GA carriers (OR = 0.76;95% CI, 0.58-1.00;
P =0.051). The rs751271 polymorphism was identified as borderline for the TT genotype
(OR = 0.67; 95% CI, 044-1.01; P = 0.056) (Table 2). High LD (r2 = 0.83) revealed dependent
association for these two SNPs. Analysis of NOD2 SNPs haplotypes (rs751271-rs8057341)
were statistically significant for the T-A combination (OR = 0.79; 95% CI, 0.64-0.97;

P = 0.0226), T-G combination (OR = 1.91; 95% CI, 1.21-3.01; P = 0.0055) and G-A
(OR = 3.88; 95% CI, 1.50-10.04; P = 0.0052) (53 Table).

SNP rs2430561 in the IFNG gene was associated with disease susceptibility in AT heterozy-
gotes (OR = 1.40; 95% CI, 1.06-1.85; P = 0.018) and TT/AT carriers (OR = 1.44; 95% CI, 1.10-
1.88; P = 0.008) (Table 2).

SNPsin the LRRK2 gene showed aweak LD (r = 0.18). Analysis of LRRK2 SNPs haplotypes
was not statistically significant. The C-T combination (rs7298930—rs3761863) was shown to
be borderline (P = 0.07), but lost association when adjusted for co-variates (OR = 0.78; 95%
C1,0.58-1.06; P = 0.1095) (54 Table). Also, we tested 159356058 in the PACCRG/ PRKN genes
and observed association when TC/CC carriers were evaluated, however, this was not sus-
tained following co-variate adjustment (OR = 1.29; 95% CI, 0.99-1.68; P = 0.0603) ( Table 2).

Discussion

Genetic association studies in population designs, such as case-control, can lead to spurious
associations, especially in admixed populations [31], which may confer false-positive results
and the risk of developing a disease [32,33]. In our study, to reduce the chance of bias, we per-
formed data adjustment by age, gender as well as ancestry. The current profile of the genetic
ancestry of the Amazonas population began to form during the Portuguese colonization in the
mid-16th century [34] and continued with the exploration of natural resources, primarily rub-
ber [35). Construction of the Transamazon Highway and the establishment of an Industrial
Park (Manaus Duty Free Zone) in the 1960s also contributed to a huge migratory flow of
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Brazilians from different regions of the country [36]. The populations analyzed in our study
had similar ancestral contributions in both case and control groups, which is ideal in genetic

association studics. Nevertheless, the data was highly impacted by age adjustment since cases
and controls had very different mean ages.

We validated NOD2 and IFNG associations with resistance and risk of leprosy, respectively,
in the Amazon ethnic admixed population. The NOD2 gene encodes an intracellular sensing
molecule, which, along with NODI, recruits ATGI6LI to the plasma membrane to initiate
autophagy of bacteria entering the host cell [ 37). Similarly, Sales-Marques and coauthors
(2014) [7], in a meta-analysis with population samples from different Brazilian regions com-
bining case-control and family-based studies, confirmed that the A allele of NOD2 (rs8057341)
is a genetic resistance factor for leprosy. On the other hand, in the first GWAS in the Chinese
population [4], the G allele (MAF = 0.22) of SNP rs8057 341 was associated with discase risk.
However, two other studies failed to validate this SNP in three populations: Indian, African
and Vietnamese [5,38].

The SNP rs9356058 in PACRG/PRKN, for the T allele, points to protection, although statis-
tical significance did not reach the threshold level. Although the specific function of the
PACRG gene has not been ducidated [9], together with PRKN, they share a regulatory region
and participate in the proteolytic system mediated by ubiquitin for the clearance of damaged
biomolecules (lipids and proteins) and organelles [9,39). The PRKN gene encodes the Parkin
protein, an E3 Ubiquitin Ligase, the last sequential enzyme in the ubiquitination process [40].
Recently, the relationship of this protein with the innate immune response of the host, known
as xenophagy, which is the degradation of intracellular pathogens [41], as described for M.
tuberculosis [42), Chlamydia [43] and M. leprae [44] has been identified. Polymorphic variants
in the PRKN gene were initially associated with the autosomal recessive form of Parkinson's
disease (AR-JP) [45]. In 2004, Mira and coauthors [1] identified polymorphisms in the pro-
maoter region shared by PACRG/PRKN genes associated with leprosy per se in Southern Brazi-
lians and Vietnamese. In this same study, the common T allele of rs9356058 was associated
with the risk of leprosy. Later, Alter and coauthors confirmed that this variant (T allele of
rs9356058) is a risk factor for the disease in the Vietnamese and Indian populations [46). In
this study, PRKN analysis suggested that genetic association is higher in children/youths, when
data is stratified for age. Since our population was older (40 years old) and the mean age of the
control group varied, statistical adjustments might explain different results. The lack of con-
sensus among ours and previous studies for the PRKN region is probably due to distinct pat-
terns of LD in the analyzed populations, even within the same country, leading to differences
in allele and haplotype frequencies of the studied SN Ps, as previously observed for lympho-
toxin-alpha [47]. Itis likely that NAM ancestry could explain this pattern. Noteworthy, studies
in Indian and Chinese populations failed to replicate the association of these PRKN polymor-
phisms with leprosy [48, 49].

Interferon gamma (IFNG) is one of the most significant cytokines involved in the protective
immune response against mycobacterial infection and is secreted mainly by CD4+ Th1,CD8
+ T cytotoxic and natural killer cells [50]. In synergy with TNF, it activates microbicide effector
mechanisms in human macrophages [51]. IFNy expression may be influenced by the polymor-
phism present in the first intron of IFNG +874 T >A rs2430561, probably since this locus coin-
cides with the binding site of the NF-kB transcription factor [52]. This polymorphism has
been associated in meta-analysis studies with leprosy [ 24), tuberculosis 53] and Hepatitis [50].
Our results indicated T allele carriers have an increased risk of leprosy (P = 0.0083). A new
meta-analysis would indicate a consensus estimate for this SNP. In studies that show an associ-
ation, the presence of the T allele correlates with high IFNG expression and increased resis-
tance to infection whereas the A allele correlates with low expression [54-56]. On the other
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hand, in vitro clinical trials showed that interferon levels were not statistically different
between T carriers and AA genotype, in the presence of M. leprae antigens [57).

We did not validate associations for SNPs in TLRI, TNF, PACRG/PRKN, IL10, CCDC122/
LACCI, IL6, LRRK2, IL23R, and TYK2 genes. Nevertheless, some of these SNPs, such as
rs3761863 in LRRK2 had been associated with a type-1 reaction, which is considered an endo-
phenotype of keprosy [58). These SNPs could possibly play a role in the uncontrolled inflam-
matory phenotype throughout the natural course of the disease. Recently, rare LRRK2 SNPs
were confirmed as associated with either leprosy type-1 reactions or Parkinson ‘s Disease [59].
Hence, we also tested SNPs from TYK2and /1.23R, both low-frequency variants that were
described in the Chinese population [6]. In the present Amazon population sample, these vari-
ants were rare leading to a low detection power of association with leprosy. Although signifi-
cance was not found, TYK2 heterozygote frequency was two times higher among patients.
However, we cannot rule out the possibility of other rare or common variants of IL23R or
TYK2being related to leprosy susceptibility in the Amazon population.

The few common SNPs that showed association with leprosy and the modest odds ratios
values presented demonstrate the difficulty of unraveling the major genes involved in leprosy.
Genome-wide association studies and exome analysis could possibly improve the ability to
describe novel rare SNPs and call on a combination of different genotypes to explain one com-
plex phenotype. It is likely that this can help define genetic variants and understand their role
in the pathophysiology of leprosy, contributing to either diagnosis or treatment [39].
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5 LIMITACOES DA PESQUISA E PERSPECTIVAS

As limitagGes da pesquisa ocorreram no estudo molecular (Coorte), com a
reduzida captagdo de contatos. No inicio do estudo, em 2015, projetavamos a coleta
de aproximadamente 1200 contatos nos primeiros anos da pesquisa. No entanto,
nos dois anos seguintes, 0 pais passou por uma recessao econdmica que teve
impacto no desemprego e reducéo de recursos financeiros, levando a diminuicao da

demanda espontanea e a reducao da busca ativa nesse grupo de risco.

Devido ao longo tempo de incubacao do bacilo (média de 3 a 5 anos) e a
coleta dos ultimos contatos ter finalizado em abril de 2018, faremos uma consulta no
SINAN em abril de 2021 para verificar se houve algum contato que adoeceu com
hanseniase. Somente apds esse periodo em que todos os contatos passardo com o
minimo de trés anos de acompanhamento, é que teremos a capacidade de avaliar
se o marcador molecular (16S rRNA) do M. leprae sera um bom marcador de

adoecimento.

Com o estudo genético serd dado seguimento, com a aprovacdo de um
recente projeto (Edital do Pré-estado - 2019, FAPEAM), coordenado pela Dra
Carolina Talhari. A investigacao de novos polimorfismos de base Unica (SNPs), em
genes candidatos, tera inicio durante o ano de 2021. Serdo avaliados SNPs de
genes, isoladamente ou em haplétipos, de importantes vias metabdlicas associadas
com a resposta imune do hospedeiro. Os achados significativos desse estudo farédo
parte do painel de marcadores genéticos de suscetibilidade a hanseniase, com o
objetivo de ser utilizado na identificacdo dos provaveis candidatos ao adoecimento,

como nos contatos domiciliares, por exemplo.
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6 CONCLUSAO

a) Os testes rapidos mostraram limitada capacidade no diagndéstico da
doencga, contudo apresentaram alto valor preditivo negativo favorecendo a
exclusdo de hanseniase. Esta caracteristica dos testes € importante no
auxilio ao diagnéstico clinico, especialmente em uma regido endémica para

a doenca e com outras dermatoses confundidoras;

b) A concordancia entre os testes rapidos (PGL1 e NDO-LID) foi excelente,
tanto para os pacientes, paucibacilares e multibacilares, quanto para o

grupo controle;

c) A positividade do teste rapido NDO-LID foi estatisticamente significativa
com a classificacdo operacional, formas clinicas, indice baciloscopio e

numero de lesdes;

d) Somente os SNPs dos genes NOD2 e IFNG apresentaram associacao
estatisticamente significativa com a protecdo e risco a hanseniase,

respectivamente, no estudo de caso x controle;

e) Nao houve associacao estatistica dos polimorfismos de base Unica (SNPs),
dos genes TLR1, NOD2, PACRG/PRKN, IL6, IL10, TNF, IFNG e
CCDC122/LACC1, com as formas operacionais (PB x MB) e entre

controles x MB.
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APENDICE B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(ADULTO)

Vocé esta sendo convidado (a) a participar da pesquisa “MARCADORES MOLECULARES,
GENETICOS E SOROLOGICOS NA HANSENIASE: SUPORTE AO DIAGNOSTICO CLINICO DE
PACIENTES E VIGILANCIA DOS CONTATOS” em pessoas com idade igual ou superior a 10 anos,
desenvolvida pela Fundagdo de Dermatologia Tropical e Venereologia “Alfredo da Matta” — FUAM.
Este estudo tem como objetivo identificar qual o melhor teste laboratorial que sera capaz de identificar
0 contato domiciliar (pessoa que vive na mesma casa do doente) com maior risco de desenvolver a
hanseniase ou as reaces inflamatérias. Os resultados servirdo para possivel implantacao do teste
no Servico Unico de Saude (SUS), contribuindo para uma vigilancia mais eficaz da doenga. Com isso
pode-se tracgar alternativas de prevencdo da hanseniase, tratamento medicamentoso e diagndstico
precoce, com grande impacto na diminuicdo de novos casos de hanseniase e diminui¢do de sequelas

causadas pelo bacilo.

Nesta pesquisa, havera um questionario a ser respondido por vocé ou o fornecimento de
informacdes minimas as quais serdo importantes para analises deste estudo. Apds esta fase, vocé
sera examinado por um profissional treinado que colherd da sua orelha (I6bulo auricular) uma
pequena quantidade de linfa (liquido transparente) e 5 Ml de sangue. Com este material seréo
realizados testes laboratoriais que ndo sdo feitos na rotina de atendimento e que servem para
identificar uma doenca que pode afetar a sua salde: a Hanseniase. Todo material coletado sera
armazenado no Laboratério de Biologia Molecular da Fundacgao “Alfredo da Matta”, com identificagéo
para a confirmacao de algum resultado duvidoso. N6s prestaremos todas as orientagdes necessarias
caso queira conhecer o resultado. Se vocé ndo quiser conhecer o resultado n6s o manteremos em

sigilo. Todas as informacdes fornecidas seréo confidenciais.

Vocé tera disponibilidade de novas consultas nesta unidade ou, se necessério, em outra de
maior complexidade. O tratamento, quando indicado, seguird as recomendacfes do Ministério da
Saude e os medicamentos |lhe serdo entregues gratuitamente. A sua participagdo neste estudo é
voluntéaria e livre para recusar ou se retirar em qualquer momento da pesquisa, sem que isto possa

prejudicar o seu atendimento.

Declaro ter entendido as explicacdes referentes ao estudo:

Assinatura do voluntario da pesquisa
Manaus, de de 20

Assinatura do profissional responséavel pelo atendimento

Qualquer duvida referente ao estudo, favor entrar em contato com o Pesquisador Responséavel pela
Pesquisa: André Luiz Leturiondo /Fone: (92) 9123-7625.
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APENDICE C - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(RESPONSAVEL DO MENOR)

O menor , Sob sua responsabilidade,

estd sendo convidado (a) como voluntario (a) a participar da pesquisa “MARCADORES
MOLECULARES, GENETICOS E SOROLOGICOS NA HANSENIASE: SUPORTE AO
DIAGNOSTICO CLINICO DE PACIENTES E VIGILANCIA DOS CONTATOS”. Este estudo tem
como objetivo avaliar testes laboratoriais capazes de identificar o contato domiciliar (pessoa que vive
na mesma casa do doente) com maior risco de desenvolver a hanseniase ou o paciente com
hanseniase com maior risco em desenvolver as reacfes inflamatérias. Os resultados servirdo para
possivel implantagdo do teste no Servico Unico de Salde (SUS), contribuindo para uma vigilancia
mais eficaz da doenca. Com isso pode-se tracar alternativas de prevencéo da hanseniase, tratamento
medicamentoso e diagndstico precoce, com grande impacto na diminuicdo de novos casos de

hanseniase e diminuicdo de sequelas causadas pelo bacilo.

Para esta pesquisa adotaremos os seguintes procedimentos: havera um questionario a ser
respondido pelo menor, com o fornecimento de informag8es minimas as quais serdo importantes para
analises deste estudo. Apés esta fase, ele (a) sera examinado (a) por um profissional treinado que
colhera da sua orelha (I6bulo auricular) uma pequena quantidade de linfa (liquido transparente), uma
gota de sangue por puncéo digital (ponta do dedo) e 5 mL de sangue. Com este material serédo
realizados testes laboratoriais que ndo sdo feitos na rotina de atendimento e que servem para
identificar uma doenca que pode afetar a sua salde: a Hanseniase. Todo material coletado sera
armazenado no Laboratério de Biologia Molecular da Fundacao “Alfredo da Matta”, com identificacéo
para a confirmacao de algum resultado duvidoso. NOs prestaremos todas as orientagfes necessarias
caso queira conhecer o resultado. Se vocé ndo quiser conhecer o resultado nés o manteremos em

sigilo. Todas as informacdes fornecidas seréo confidenciais.

Riscos e Desconfortos: E minimo o risco associado a sua participacdo neste estudo. O
Unico desconforto sera uma leve dor durante o raspado dérmico no I6bulo auricular, discreta dor na

puncéo digital ou durante a coleta de sangue.

Beneficios: A participagdo neste estudo trard beneficios indiretos ao individuo, pois caso os
resultados forem satisfatdrios, sera implantado na rotina da Fundacdo os testes diagnésticos em
estudo, beneficiando todos os clientes atendidos pelo SUS com suspeita de estarem com hanseniase

€ seus respectivos contatos.

Para participar desta pesquisa, 0 menor sob sua responsabilidade nao tera nenhum custo,
nem recebera qualquer vantagem financeira. Ele (a) serd esclarecido (a) em qualquer aspecto que
desejar e estara livre para participar ou recusar-se a entrar no estudo. Vocé como responsavel pelo
menor, poderd retirar seu consentimento ou interromper a participacdo dele (a) a qualquer momento.
A participacdo dele (a) € voluntaria e a recusa em participar ndo acarretara qualquer penalidade ou

modificacdo na forma como serd atendido (a) na sua consulta de rotina. O menor nao sera
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identificado em nenhuma publicacdo. O menor tem assegurado o direito a ressarcimento ou

indenizacéo no caso de quaisquer danos eventualmente produzidos pela pesquisa.

Os resultados estardo a sua disposicao quando finalizada. O nome ou o material que indique
a participacao do menor nédo sera liberado sem a sua permissdo. Os dados e instrumentos utilizados
na pesquisa ficardo arquivados com o pesquisador responsavel por um periodo de 5 (cinco) anos, e
apos esse tempo serdo destruidos. Este termo de consentimento encontra-se impresso em duas vias,

sendo que uma cépia sera arquivada pelo pesquisador responsavel, e a outra sera fornecida a voceé.

Solicito a sua autorizacdo para que o material colhido seja armazenado e utilizado
futuramente em outros estudos, respeitando sempre a resolucao vigente e com a devida aprovacgao

pelo Comité de Etica em Pesquisa.

Eu, , portador (a) do documento de Identidade

, responséavel pelo menor , fui

informado (a) dos objetivos do presente estudo de maneira clara e detalhada e esclareci minhas
davidas. Sei que a qualquer momento poderei solicitar novas informag6es e modificar a decisdo do
menor sob minha responsabilidade de participar, se assim o desejar. Recebi uma cOpia deste termo
de consentimento livre e esclarecido e me foi dada a oportunidade de ler e esclarecer as minhas

duvidas.

Manaus, de de 20 .

Assinatura do (a) responsavel

Assinatura do (a) Pesquisador (a)
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APENDICE D - TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO (MENOR)

Vocé esta sendo convidado (a) como voluntario (a) a participar da pesquisa “MARCADORES
MOLECULARES, GENETICOS E SOROLOGICOS NA HANSENIASE: SUPORTE AO
DIAGNOSTICO CLINICO DE PACIENTES E VIGILANCIA DOS CONTATOS”. Este estudo tem
como objetivo avaliar testes laboratoriais capazes de identificar o contato domiciliar (pessoa que vive
na mesma casa do doente) com maior risco de desenvolver a hanseniase ou o paciente com
hanseniase com maior risco em desenvolver as reacfes inflamatérias. Os resultados servirdo para
possivel implanta¢do dos testes no Servico Unico de Satde (SUS), contribuindo para uma vigilancia
mais eficaz da doenca ou seus processos inflamatérios. Com isso pode-se tracar alternativas de
prevencdo da hanseniase, tratamento medicamentoso e diagnéstico precoce, com grande impacto na

diminuicdo de novos casos de hanseniase e diminuigdo de sequelas causadas pelo bacilo.

Para esta pesquisa adotaremos 0s seguintes procedimentos: havera um questionario a ser
respondido por vocé, com o fornecimento de informagbes minimas as quais serdo importantes para
analises deste estudo. Apoés esta fase, vocé sera examinado por um profissional treinado que colhera
da sua orelha (I6bulo auricular) uma pequena quantidade de linfa (liquido transparente), uma gota de
sangue por punc¢éo digital (ponta do dedo) e 5 mL de sangue. Com este material serdo realizados
testes laboratoriais que ndo sdo feitos na rotina de atendimento e que servem para identificar uma
doenca que pode afetar a sua saude: a Hanseniase. Todo material coletado sera armazenado no
Laboratério de Biologia Molecular da Fundagdo “Alfredo da Matta”, com identificagdo para a
confirmacgédo de algum resultado duvidoso. Nés prestaremos todas as orientacdes necessdrias caso
queira conhecer o resultado. Se vocé nao quiser conhecer o resultado nés o manteremos em sigilo.

Todas as informacdes fornecidas seréo confidenciais.

Riscos e Desconfortos: E minimo o risco associado a sua participacdo neste estudo. O
Unico desconforto sera uma leve dor durante o raspado dérmico no I6bulo auricular, discreta dor na

puncéo digital ou durante a coleta de sangue.

Beneficios: A participagdo neste estudo trard beneficios indiretos ao individuo, pois caso 0s
resultados forem satisfatdrios, sera implantado na rotina da Fundacdo os testes diagnésticos em
estudo, beneficiando todos os clientes atendidos pelo SUS com suspeita de estarem com hanseniase

€ seus respectivos contatos.

Vocé podera retirar o consentimento ou interromper a sua participacdo a qualquer momento.
A sua participacdo € voluntaria e a recusa em participar ndo acarretara qualquer penalidade ou
modificacdo na forma como sera atendido (a) na sua consulta de rotina. Vocé néo sera identificado
em nenhuma publicacdo e tem assegurado o direito a ressarcimento ou indeniza¢cdo no caso de

guaisquer danos eventualmente produzidos pela pesquisa.

Os resultados estardo a sua disposicao quando finalizada. Seu nome ou o material que

indique sua participacdo néo serd liberado sem a permissdo do responsavel por vocé. Os dados e
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instrumentos utilizados na pesquisa ficardo arquivados com o pesquisador responsavel por um
periodo de 5 anos, e ap6s esse tempo serdo destruidos. Este termo de consentimento encontra-se
impresso em duas vias, sendo que uma copia sera arquivada pelo pesquisador responsavel, e a outra

sera fornecida a vocé.

Solicito a sua autorizacdo para que o material colhido seja armazenado e utilizado
futuramente em outros estudos, respeitando sempre a resolucao vigente e com a devida aprovacgao

pelo Comité de Etica em Pesquisa.

Eu, , portador (a) do documento de

Identidade (se ja tiver documento), fui informado (a) dos objetivos da

presente pesquisa, de maneira clara e detalhada e esclareci minhas davidas. Sei que a qualquer
momento poderei solicitar novas informacdes, e 0 meu responsavel poderd modificar a deciséo de
participar se assim o desejar. Tendo o consentimento do meu responsavel ja assinado, declaro que
concordo em participar dessa pesquisa. Recebi uma cépia deste termo de assentimento e me foi

dada a oportunidade de ler e esclarecer as minhas duvidas.

Manaus, de de 20 _.

Assinatura do (a) menor

Assinatura do (a) pesquisador (a)
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APENDICE E - PRODUCAO CIENTIFICA EM OUTROS ESTUDOS NO PERIODO
DO DOUTORADO (ARTIGO 1)

ARTIGD ARTICLE 1

Evaluation of screening for Chiamydia
trachomatis among young women in primary
health care services in Manauws, Amazonas

State, Brazil
Avaliacdo de rastreamento de Chiamydia
- - . Deirks Neves 1

trachomatis em mulhares jovens am servigos de M iETall Sahids 2
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Introduction

Chilamydia trachomatis is the most commonly
diagnosed sexually transmitted bacterial infec-
tion (STT) worldwide 2. Several countries such
as The Netherlands and the United Kingdom
have witnessed an increase in C. trachomatis
case reports over the last decade 3, athough the
overall burden has decreased in other countries
including the United States >,

Genital infection with C trachomatis is a-
symptomatic in 50-88% of Colombian women ¢
and is most common in young women 7. Untreat-
ed infections can cause pelvic inflammatory dis-
case (PID) », ectopic pregnancy ¥, and subfertility
10 Risk factors for C trachomatis infection include
young age, having more than one sexual partnes,
and recent change of partner 1112

Given the frequent asymptomatic nature of
the infection and the importance of carly treat-
ment to reduce transmission and prevent C.
trachomatis-related morbidity, many developed
countries are offering opportunistic screening
to all sexually active people under the age of 25
years 113 except the US where screening focuses
only on women younger than 25 years 4, Eni-
is effective in reducing the incidence of PID while
2 large nonrandomized cohort found no ben-
efit of offering screening in reducing sequelae
inwomen 5.

1 — 2 »
be hampered by operational and technical diffi-
culties 1%, Basriers to health practitioners offering
& test include lack of time and reductance to raise
sexual health issues within general practice 17,
Young people are willing to accept screening al-
though low risk perception, poor health secking
behavior mainly due to the asymptomatic nature
of the infection, poor understnding of what test-
tant obstacles for screening uptake 15013,

In Brazil although data on C. trachomatis
population prevalence is scarce, a study con-
ducted in six cities estimated that 9.4% of women
in the general population were infected ™ and
nationwide, parturient women under 25 years of
age showed a prevalence of infection at 9.8% 17,
€ trachomatis screening is not systematically of -
fered at health services. The Digene Hybrid Cap-
ture [1 DNA test (Qiagen, Missssauga, Canada) to
wdentify C trachamatis (HCI CT-1D) is the only
molecular test approved system for C trachoma-
tis screening in the Brzilian public health sys-
tem. This nucleic acid hybridization assay is no
longer recommencded by the US Centers for Dis-
ease Control and Prevention (CDC) for routine
use based on performance 21 This test has shown

Cad Suade Fiblea, Bo de Javesrs, I 00101075, oue, 201

ficity ranging from 95.9%-100.0% compared to
those of culture 223242, Cell culture was consid-
ered the pold standard for detection of Chismyd-
ia due to specificity as high as 100% ', However,
culture presents disadvantages such as high-
cost, technical complexity, labour intensity, and
low sensitivity (50%) when compered to nucleic
acid amplification testing (NAAT) *. Compared
to culture, polymerase chain reaction (PCR) on
cervical swab has shown very high specificty,
usually x 99% 23, while a meta-analysis reported
a pooled sensitivity of 80.6% .,

The aims of this study were to evaluate, in pri-
mary health care clinics in Manaus, Amazonas
State, Brazil, the performance of the HCII CT-1D
test using cervical specimens against the real-
time PCR (q-PCR) assay as a gold standard: its
usefulness to detect C trachomatis cases among
women under 25 years; and its operational suit-
ability when used as an opportunistic screen-
women's perspectives.

Material and methods
Study setting and population

Manaus is the capital city of Amazonas State
(1,802,014 inhabitants) and has the second high-
est prevalence of C trachomatis infection in
EBrazil 20, The study was conducted in the Cen-
tral-West Health District of the municipal pub-
lic health system from the city of Manaus. This
area, with two polickinics and 22 primary health
care (PHC) services covering 14.1% of Manaus
population, was selected because it presented
a good health infrastructure system, PHC with
equipped rooms for endocervical sample collec-
tion, and the health staff offered cervical cancer
screening. Throughout the implementation of
C. trachomatis screening, coordination between
the Secretariat of Health in Manaus, the Central-
West Health District, and its PHC services was
established through regular meetings.

Between October 2012 and December 2013,
we recruited women presenting at the two poli-
chnics and 21 PHC services. Screening was of-
fered during patient visits or when cytology to
screen for cervical cancer was collected. We in-
cluded asymptomatic women aged 14 to 25 years
who agreed to sign the consent form. We exclud-
ed pregnant women and those who had used an-
tibiotics during the previous 15 days.
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same number of those samples that tested nega-
tive. Negative samples were randomly selected
from 15 storage boxes (ten per box) by another

A nurse or doctor collected a single cervi-
cal specimen during the collection of cytology
for cervical ing. For C. trach
um'eudlmwumidwh
brush (Qiagen, Mississaugs, Canada) that was
placed into a tube contining 1.0ml. of Digene
sample transport medium (STM). Samples were
stored at room temperature until the end of the
week, when they were transferred to the Funda-
gilo Aliredo da Matta (FUAM) laboratory and
stored at -20°C until processed.

Digene Hybrid Capturs I DNA
test procedurs

A lak chnici i d Digene HCIL
Gmmuﬁgbt&m‘lm
tions as described previously 22 Samples were
processed in batches of up to 88 along with 8
control samples (4 positive, 4 negative). Test re-
suits were calculated by using assay-specific soft-
ware accompanying the DML 2000 luminom-
mﬂdwwhﬂwm&)huum

lak> chnician. A 300pl. aliquot was trans-
hledﬁnm-cbndsndmm.l!nl.
tube before HOI CT-1D was performed. DNA was
extracted using QlAamp DNA Mini Kit (Qiagen,
Hilden, Germany) and the q-PCR performed on
the Rotor-Gene 3000 instrument (Corbett Re-
search, A lia). The interp ion of all g-PCR
results followed the algorithms in the manufac-
turer’s package insert. The only sample sdenti-
fiers were specimen numbers.

Evaluation of operational characteristics

bhﬁlﬂmh#ﬂmru&

ceptability and op | 52
wm&mumm
es and all partics were i d. Infor-

-+

mu”ﬁmmm
opinions about Chlamydia screening, experi-
ence reganding ST1, financial resources, time and

other p ial barriers to ing, and test's
bility to particip For p sartici

Mewmmmdt&nﬁm

and fi d an for C. trach i

ing, STI knowleds g sy e

its barriers.

Statistical anabysi

Data were analyzed using Stata/SE version 11.2
(StataCorp LE, College Seation, USA). Descrip-
tive analyses were used to summarize partici-

pants’ ch istics and the operstional char-
mdmgwhﬁmmﬂ
health professi The p char-

mdﬂmmleﬂwmhd
q-PCR (sensitivity, specificity, and positive and

and negative controls were used to caloul gative p ) were calculated by
run-specific cutoff (CD). Spec ‘*m dard methods and are p d with 85%
md-mmmmmw confidence intervals (95%CT).

ered positive for RLU/CO values > 25. Samples

mhlu.llmﬂuu—“imlnwl!n\ne
ivocal and were i Test re-

ujhmnulncdmlhem

Evalustion of the HCH CT.ID test
sgainet 9-PCR

Anﬁmdmmm_uedw
L the perfi of HOIT CT-ID against
IMKBM.CTMEQKI%CE(M
Hihncmy)mmh—ypd
age i v A lab ¥

wmmamuﬂamm
were positive by HQII CT test (n = 153) and the

Ethical statement

The study protocol was approved by the Ethics
Research Committee of FUAM (approval num-
bﬂ'mll)-ﬂbylh&hnmd
the Health S iatin M All p

w-mmmuuw

FUAM (approval number: 742.410). This study
component had a waver for consent form be-
cause all samples were completely anonymized
before being processed.

Cad. Saicle Fiblas, Bz de Jasaes, TN 00101018, oue, 2014
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Results
Subjects’ characteristics

Atwtalof 1,187 ing were included
in this study The characteristics of study partici-
pants by age group are shown in Table 1. Mean
qe—lzolya-smz_‘l) Mﬂm
{B2%) had at least compl h
mﬁeudﬂmi&vmﬁ-mﬂ&ﬁl
Almost half (47.4%) were evangedical christians,
20.2% carned less than minimum wage (< USS
230 84/ month), 35.4% had had an ST1, 47.8% had
been tested for HIV, and 57 4% had no or low risk
perception for $Tls. The majority (63.2%) had
their first sexual intercourse at 15 years or older,
25.5% had had more than one partner during the

ding six months, 78.7% ly had & reg-
uhm-dl&l%hdlmmh
ing the preceding 6
‘ﬂwﬂymh@dmhnwl!
Iv used a conds 5 sexual i

279% ved ing inf during the
dmmmnhlyuhl’lﬁm
vice (318.6%). Only 40.6% were aware that test-
ing for HIV and syphilis was offered ot the PHC
screening was offered during the campaign or at
the PHC in 58.7% of the women. Overall, 80.8%
mﬂmmwﬁhﬂuﬁm
although 17.9% rey i o g en-
dnar\inla.lﬂemm!amm
tance was high (90.9%) and 98.1% were willing
to test again. Overall, knowledge about STis was
high, with 92 5% of the women correctly identify-
ing that condoms should be used before sexual
intercourse starts, and 95.9% reporting that part-
ners need treatment when someons has an STL

The health professionals interviewed (n -
52) were 7 doctors (13.5%), 32 nurses or nurse
technicians (61.5%), 8§ community health agents
(15.4%), and 5 social workers (9.7%). Health pro-
fessionals (n = 52} found that screening for C tra-

nhp&uﬁgimﬂlﬁ;&uﬂh preceding
6 months, recreational drug use was low (0.2%),
26.5% consumed alcohol, and 57.1% practised

homatis is a priority (87 8%) and would support
maintenance of the screening program (91.8%),
although 30.8% believed that it would increase
MMMMM)W-M

binge drinking which was defined as having at
Jeast 4 drinks in one occasion.
Parformance of HCII CTID test

Amang the 1,167 d, 10 were not

tested with the HCH CT-1D test and were exclud-
ed from the analysis. Fight women had an inde-
terminate result and were also excduded from

to d to STI patients, and
m&hw&nqm sexual
health. Health professionals identified time pres-
sure (27.4%), lack of human resources (28.5%),
Tnck of privacy (55.8%), lack of sample collection
material (26%), the existence of positive cases
who did not return for their results (56.4%), lack
of resources to perform active case finding of
Chlamydia positive cases (53.9%), delays in de-

analysis. Therefore, 1,169 participants had a HCIl
CT-ID test result. Among those 13.1% (153/1,169)
tested positive for C trachomatis, including 16%
(B2/512) of women aged 14-19 years and 10.8%
(T1/657) of those aged 20-25 years. Overall, 292
specimens were tested by g-PCR. Of those, one
mﬁ!dnunmpﬂiuﬁou-adwum
fram the evaluation of the perf

livery of testing results (46.8%), and lack of sup-
port from administrative staff (9.6%) as obstacles
for offering C. trachomatis screening. Almost
three-fourths (74.5%) correctly identified that
screening was opportunistic (ie. offered regard-
less of the women's reason for attending the PCH
M WOW(&I%WMM
with no appos

Thnmydilﬂl(.‘f-ﬂ)mwudtnq-m
was 72.3% (95%C1: 65.4-T4.6) (136/188), speci

ficity 91.3% (95%CI: 84.1-95.9) (94/103), posi
tive predictive values 93.8% (95%C1: 88.5-97.1)
(136/145), and negative predictive values 64.4%
(95%Cl: 56.0-72.1) (94/146). The HCIH CT-1D test
detected 72.3% (136/188) of C. trachomatis cases

with a positive ¢-PCR result.
Oporational charactoristics
Table 2 ¢ and p ial barri-
ers for C. k i ening g young

women. The mean time for patients to reach
the PHC service was 15 minutes (IQR: 5-20), and
most women (77.7%) reached it by walking. Only

Cad. Saide Fiblcs, @io de Jevesrs, IX10e001010%, oue, 2014

Discussion

This is the largest C trachomatis screening
study to date providing an evaluation of the in-
troduction of HOI CT-1D test in PHC clinics in
Mmmm:mhbnmﬁe

dation of using HCII CT-1D,
which is the only test available to detect C tra-
chomatis in the Brazilian public health system.
mmmmwmmmam
lntlnd d mod vul‘ ik
C
melhdsﬂkuupuﬁ:ly.m
sensitivity was lower than that of q-PCR due in
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part to differences regarding the hmit of detec-
tion for these assays (> 100 C trachomatis copies
for the HQIl CT test compared to > 1 copy for
q-PCR) '. Previous studies that compared the
performance of HCII CT and Amplicor PCR for
the diagnosis of genital C. trachomatis infection
reported higher sensitivity, mmm
to 95.4%, and specificity, mnging from 99% to
100% 224 Interestingly, the HGICTIDM

EWALLATION OF Ohemgrs

SORINNG

screenings together might be mare convenient
for both the patient and the health professional.

Ho icting C erachomatis ing to
only women who seek cytology would miss op-

ities to test that d the PHC
lwolbum

This study had a few Emitations, The detec-
tion of C. trachomatis by use of the HCIl CTDNA-
test is dependent on the ber of organisms

identified a high proportion of C hy
cases among young women in the 14-19 years
of age group.

The majority of women attending PHC ser-
vices accepted the test offered as a screening
wd-:dmwiqhuwmh

ST risk percep low
lngmdothalll\!lmtanmndemdm
PHC, and di: fi d by ple collec-

tion were identified as barmiers to engage young
puq*iunamﬁ:g,hﬁ:g“mud
beeauehmcﬂued.w&u

the & of g across all
PHC may age testing wmong who
would otherwise not seck it, mainly b they

are asymptomatic.

From a health professionals’ perspective, C
o R - ol prienity
and was offered by staff with sufficient working
experience to deal with ST cases and who felt
comfortable ing sexual health. However,
the fact that less than half of health profession-
als interviewed would test without appointment

wwhdlmoﬁ:dmlomn—
trol C trach ges ~ is cause for
The i in warkload reported by

wmmmmm
as a barnier to g delivery, is of addin

17. Other barriers identified were poor
supply chain management that leads to short-

P in the specimen and may be affected by
patient factors, such as the presence of symp-
toms 27. Although the g-PCR assay is highly sensi-
tive and specific 7, it can be affected by contami-
nation or inhibitors 23,

In conclusion, our results suggest that HCII
CT-ID is not an appropriate test to identify chla-
wmhmmm
to its ! pared to that of
q-PCR. S i btf"“ ydia in PHC ser-
mwﬁﬂr-ﬂwﬂlwwm
pants and health professi
n.mhiﬂ!dhmnm
mend offering C trach
hmmnﬂhn“h&uﬁ‘
a test with better performance, such as q-PCIL
Evidence on cost-effecti will be ded
to guide the decision on test selection and reg-
istration in the Brazilian public health system.
High levels of age will be needed to
an effective screening programme. In fact, most
culties in achieving the 30-50% coverage among
young peopl ded to reduce C trachomat

Weidentified | operational barriers that
may lmit ing uptake. Health professonal
Wud&mm&nhnm
in their workioad and problems with supply
dﬂnml’hqmmhﬁﬂlooﬁ
C g without appoi

age of speculum and gloves to coll .+
by the municipality. Given that the objective of a
Cn-:.h-l-:mmun&a_e
transmission and p the

ndpﬂmdmd’smmﬂham&q
tology for cervical cancer screening instead. Eardy

. )

ollaymudepaﬂmnuonlynd&
ability to screen women but also on the abality
to ensure treatment of those who test positive.
In our study, early treatment of infection faced
challenges, including infected cases who &d not
return for thedr results, delays in delivering test
results to patients, and shortage of health profes
sionals to perform active case Bnding. In most of
the PHCs (18/22, 85.7%), service providers ook

dpudm:-nﬁuddﬂla‘nthu
might Emit hlamydi

Mmmahm&mol
$Tls, which was a risk factor for C trachomatis
infection, was also found to be a barrier to engag-

advantage of routine cytological examination
1o offer C. rachomatis screening. Offering both

Cad Sasde Riblea, Bio de Javess, IAI000101015, ace, 20%4
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Resumo

O rastreamento de Chlamydta trachomatis ndo ¢ fetto
de rottma em mulheres josens asstnmmdticas no Brasid.
ommou—mwuﬁ.

¢o operacional do teste de DNA Digene Hybeid Cap-
tunw il (HCIT) CT-11) como ferramenta de m

Resumen

um&m*mm-
5 of rec
WQﬂ.M.ﬂﬁ-Hhm
utlidad ¢ tdoneidad operativa del test Digene Hybrid
apnnnmcmcrmnm:- wna herramienta

oportunista para detectar C. teach
pduudnddvnm mm

entre 14 ¢ 25 anos de idade que frequentavam servipos
b-qb&t-ﬁ-nm_aahb

O rastre@meTiio
mabpn O teste HOI CT fot avaliado em relaglo &
dade de detectar a presenga de C. (rachomatis, ¢

m‘mm-ﬂuﬁn@nmn&

para detectar la C. trachomatis
adrb— bnuﬂhobl_nm
Las mujeres con una edad i, los 14.25

m"maumb“’m
antresistadas, y se moogio una muaestra cervical

Juerom
durante el examen citoidgico. Se evalud ol test HCII CT.

debido a su habdidad para detectar la presencia de
[+ mﬁ-&d—h-u:lmﬂ:m-n
J de El resultad fue

d-.kr-u.-l-hl.:ﬂ*-.h-t
1.169 ttveram um resultado de teste HOIH CT-ID (des-
tasz, 292 foram testadas tambem com §-PCR). Um tosal
de 153 mulheres (13,1%) para C.
MAmmcdnm
prditivos posttivo ¢ negativo do HCII CT foram 72.3%
(ICOS%: 65,4-78.6), 91,7% (PC95%. 84,1-95.9), 93.8%
(ICS5%: BI5.97,1) € 64.4% (ICH5%: 56,0.72.1), respec-

d wads di mm-duayn—
ctemtes. Globaim, a 1.187 muy

yi Isbﬂ-mnhmnhhbhn
ba HCH CTID (a 292 de las cuales tambion se les aplt-
o0 el test g-PCR). Entre dilas, wn 13,1% (n = 153) eran
pestitio. La sensibiidad, espectficidad. los valores pre.
dictioos positivos y negativos del HCIT CT fueron 72.3%
(IC9S%: 65,4- 70,5, 91 3K (JC95%: 84,1-95.5), 93.8%
(CSS% 88.5.57,1), y 64.4% JCSN: 56,0.72,1), mespec-

tisgmente. A coieta de P f
em 19.7% das mulh Asp b rela-
cﬁpilmwhnlku 52} eram ca-

s0s positives que ndo retornacam para os resultados
Mj.ﬂ.kwtmom
mento sem comsulta (45,1%) ¢ aumemito da
carga de trabalho (38,8%). O HCI CT-ID tdentificou
alta prevalincia de C. irachomatts em mubherss jovens
de Manaus. Fntretanto, a sensibliidade moderada li-

La toma de maestras resulto incdmoda en
ul’.ﬂhhmmh’pupmbbh
saiud (n = 52), las b -
zhpumm-;-unln-awlu
resultados (36, el

mmmt&lnrmu-u’hﬁ
ral (38.8%). El HCHI CT-ID identifico un alto porcen-
qn&max‘ﬂ. lndnomulammm
o No - sensihtlidad {1

mita o uso como ferramenta de rastreamento oportu-
mmmhmm-’ﬂﬂ“o

Mmmmpw&-&

« a5 ini-

mita su wso como una herramienta (dones en los con-
tras de atencidn primaria en Manaus. B examen fue
bien aceptado, pese a que identtficamos abstdculos.
especialmente entre los profestonales de salud, lo que

¥

m&m

Chlamydta trachomatis: Programas de Rastmamento:
Saide da Mulher

Cad Saide Fibles, o de Jssers, IX10e00101015, =, 201

Submteed on 26/jun/2015

inal version nesubmitted on 14/Decr 2005
Approved on 05/an/2016

110



111

APENDICE F - PRODUCAO CIENTIFICA EM OUTROS ESTUDOS NO PERIODO
DO DOUTORADO (ARTIGO 2)

JCURNAL RESEARCH ARTICLE W
07 MEDICAL Santos ef ol aunal of Medical Mirobology o
MICROBIOLOGY DO 10.1099/mm 0. 00048 3

Development, validation and testing costs of an in-house real-
time PCR assay for the detection of Chlamydia trachomatis
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Abstract

Purpose: To improve the screening of Qrlamydia rachomatis (C Fachomatis) in Brazil an accurale and allordable method
is neaded. The abjective of this study was 10 develop and assess the performance and costs af 3 new in-house resi-lime
PCR QPCR) assay for the diagnosis of C irachamatis infection. Methodology: Asymplomatic women aged 14-25 years who
attended primary health services in Manaus, Brazil were screened for C lrachamalis using the Digene Hybrid Capture Il
CT-ID (HCH CT-10) DNA test. A subset of cervical specimens were tested using an in-house gPCR and a commercial gPCR,
Artus C trachamatis Plus RG PCR 96 CE (Artus gPCR) kit, as a reference test. A primer /probe based on the sequence of
cryptic plasmid iCP) was designed. An economic evaluation was conducied from the provider's perspeciive. Results: The
primers were considered specific for O trachomats because they did not amplily any product from non-sexually
transmitted bacterial species tested. Overall 292 specimens were tested by both the commercial kit (Artus qPCR) and the
in-house qPCR. Of thase, ane resdled in no amplification and was excluded from the analysis The sensitivity, specificity,
and pasitive and negative predictive values of the in-house gPCR were 995 % [95% confidence interval IC0 97.1-1040)
951 % (95% CL 89-98.4)L 974% (95% Cr %-99.1) and 99.0% (95% CL 945-100) respectively. The cost per case of C
trachomatis was £0.44 ($0.55) for HON CT-10, E1.14 ($1.45) for Artus qPCR and £1.04 {31.33) for in-house qPCR. Conclusion:
We have standardized an in-house qPCR b detect cervical £ vachamalis largeting CP. The in-house gPCR showed
excellent accuracy and was more affordable than the commercial QPCR kit

INTRODUCTION

Chilamydia trachomatis is the most commanly disgnosed cur-

able sexually transmitted infection worddwide [1, 2], In Brazi,
it is estimated that 94% of women in the general population
[3] and 9.8% of parturient women under 25 vears of age [1]
are infectal by C trachomats. Genital C. radomatss infec-
tion remains unnoticed in 50-883% of women [5]. Given the
frequent asymptomatic nature of the infection, and the impor-
tance of eady trestment 1o reducee transmission and prevent C
trachomatis-relsted morbidity, many developed wuntries are
offering opportunistic 1o all sexually active people
under the age of 25 years [1, 6, 7). Screening has been shown
10 be effective for the identification of asymptomatic infected
wormen, although there is some controversy about it impaa
to redice the incidence of pelvk inflammatory disease [8].
Importantly, although the cost-effectiveness of screening is

largely determined by the rates of complications prevented,
studies indicate that shares in tota] savings and in quality-
adjusted Iife-years (QALY) gains due to prevented cases of
tubal infertlity are 6-24 and 33 %, respectively [9].

In Brazdl, the Digene Hybrid Capture I CT-ID (HCH CT-ID)
DNA st (Qiagen) for identifying C trudhomats is the only
molecular test approved in the pubiic health system for C tra-
dwomatss screening, This nucdek add hybrdization asay s no
longer recommended by the USA Centers for Disease Control
and Prevention for routine use based on performance [10].
This test bas shown sensitivity ranging from 93.8-977% and
specificity ranging from 95.9-100.0% compared to that of cul-
ture [11-14]. However, up 10 27.7 % of negative results gener-
ated by this test were reported to be false among

asymptomatic young women in Manaus when compared with
acommercial real-time PCR (gPCR) kit [15].
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GPCR bas been developed, and offers both high sensitivity and
specificity when compated to traditional culture based, com-
merdal and in-bhouse amplification methods [16, 17]. How-
ever, gPCR assays present disadvantages such as being
relatively time consuming, baving a high cost, and requiting
specialized equipment and trained hiboratory staff [18]
Therelore, a rdisble and affordable new disgnostic method
would be extremely valusble for dinidans and for the
public health system. Importantly, the devdopment of new in-
bmuq?@wund:adnldlmlhzmﬂmh&noﬁk
need for reagenss, time and costs can help the scaling up of
national C tracdhomutis screening in resource-
constrained countries. Severs! studies have employed a com-
posite reference standard, which cmbines the result of a
more sensitive test with aulture as a standard test in onder to
define a better standard st which a new test can be com-
pared [19]. Culture of Chlamydia is not available routinely in
diagnostic laboratories in Brazil and its we cardes a high
lsbour cost. Therefore, the Artus C radwmatss Plus RG
gPCR 9 CE (Antus gPCR) kit which has shown high sensi-
tivity and specificity [20], was wed slone as a standand for
evaluating the accuracy of the new in-house gPCR assay The
objective of this study was to describe the development, and
assess the pefformance and costs, of a new in-house gPCR

sssay for the diagnanis of genital chlamydial in fection.

Study population

The specimens were collected from 1187 women presenting
at primary care services in Manas for cervikal cancer
screening, between October 2012 and December 2013, We
incdluded asymptomatic women aged 14 to 25 years who
agreed 1o sign the consent form. We excluded pregnam
women and those who had used antibiotics during the pre-
vious 15 days.

For C truchomatis screening, a single cervical specimen per
panticipant was collected wsing the Digene cervical sampler
brush (Qiagen) and was placed into a tube containing 1.0 ml
Digene sample transport medium. Samples were stored at
room temperature until the end of the week, when they
were transferred to the Fundagio Alfredo da Matta
(FUAM) lsboratory and stored at —20°C untd processed.

Specimens were tested using the HCI CT-1D according to
the manufacturer’s instructions [11]. Of the total 1187
women screened, 1169 participants had a HQI CT-1D test
result (10 were not ested and 8 were excluded because they
had an indeterminate test result). Among those, 153 teged
positive for C trachomats [15]

Validation study

A subset of stored cervical specimens was wsed 10 evaluate
the performance of the in-house gPCR asay against the
Artus gPCR kit (Qiagen) according to the asay padag
instructions. A hborstory technician, blind to the HQII CT-
1D results, tested that were positive by HCII CT1-
ID and a randomly selected equal number of samples that

tested negative. A total of 292 gecimens were tested, glven
that 7 out of 153 HCI CT-ID specimens with a positive
result could not be identified.

Artus gPCR

A 300ul aliquot was transferred from each selected speci-
men 10 2 1.5 ml tube before the HCH CT-ID test was per-
formed. DNA was extrscted using a QlAamp DNA mini kit
{Qiagen) and the Artus gPCR performed on the Rotor-
Gene 3000 instrument (Corbett Research). The interpreta-
tion of all Artus gPCR results fdlowed the algotithms in the
manufsc turer's package insert [21]. The only sample identi-
fiers were specimen numbers.

In-house gPCR primer and probe design

Based on gene alignment of omp I (all genotypes) and cryp-
tic plasmid (CP) conserved sequences avallable in the Gen-
Bank database (www,nchinlm. nibh gov/GenBank/), specific
primers and probes were using the Applications of
Integrated DNA Technologies tool (IDT took - www.
dtdnacom/scitooly Ap plications/Real TimePCR/) (Table 1).
OligoAnalyzer 31 (IDT tooks - www.idtdna com//cak/ana-
lyzer) was used to evaluate primer and probe parameters,
including the melting temperature (7,,), difference in melt-
ing temperatures for primer pairs (AT.), G+C content (G
+C mol%), self-dimers, hairpins, hetero-dimer structures,
repetitive sequence and Gibbs free energy (AG). Primers
with acceptable parameters were selected and aligned with
the sequences from the National Center for Bi
Information dstabase the Basic Local Alignment
Search Tod (81AST) 10 test for possible nonspecific interac-
tions. The primers and probes selected did not have nonspe-
cific interactions with the B present in the
vaginal cavity or human genes. The designed primer set was
2 combination of two primer pairs that amplify CP target
regions of C. trachomutis. The same methods described
were wsed to design the primers and probe for the ompl
gene. The names and sequences of all primers are shown in
Table 2.

In-house gPCR assay
The in-house gPCR reaction was performed in a 10 pl vol-
ume, using 200 uM each primer and probe (Invitrogen), 1 x

Table 1. Species identfcation and Geng. dert for
e strains used for pnmer and probe design for the OF target in this
2udy
Swrain e motype Cenlusk 1D
IBCEYE 126 NZ_Croonsl
WCSIN0ME ) NZ_ Crowsi2L
Sweder) E FAESO91
Sweden) E FMiI&S 401
Swadend ¥ FMES M1
woderS F FMESMLI
“Sequence submission 1D
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Table 2. In-house g°CR pnmer and probe sequences for the (P region

Prisner/ prdbe Seguence
Forward CP S CTAGCOGTTTGTACTOOGTC Y
Pabe CP 5 FAM-TTGCAGCTTGTAGTOCTGCTTGAGA- 3"
Revese (P S TICTCTTAO TAACTOGCTOC-Y
F AN &-Carboetuorescen

TagMan Universal PCR Master Mix NO UNG (Applied
Biosysterns) and 1yl purified DNA [the same samples that
were tested with Artus gPCR, which were extracted wsing a
QlAamp DNA mini kit (Qiagen)]. The cyding conditions
were 2min ot 50°C, 10min at 95°C, followed by 40 cycles
of 15521 95°Cand at & °C . This reaction was performed
with the StepOneMus real-time PCR system (Applied Bio-
systems). This reaction was used with the CP primer set and
the omp1 target.

All samples that showed no amplification for C. tradhomats
were tested for the human S-actin constitutive gene to verify
that DNA extraction had been satisfac torily and
the presence of viable DNA. The reaction for S-actin was
performed in a 5yl vdume, using 1x TagMan Universal
PCR Master Mix NO UNG (Applied Biosystems), 300 uM
each primer (Invitrogen), 100uM probe (lnvitrogen) and
1yl DNA. The cyding conditions were 2min &t 50°C,
10 min at 95°C, followed by 40 cycles of 155 at 95 ‘Cand 1
min at 60°C. This rextion was performed with the
StepOnePlus real-time PCR system (Applied Biosystems).
This reaction was alw optimized in arder to reduce an
excessive waste of since the normal reaction was
pedormed in 254l fimal volume, but was standardized for
this project ina 5 pl volume. Both reaction volumes resulted
in the sume results. Specificity of the in-bouse gPCR was
tested using DNA extracted from Cardida sp. and Neiseria
gonorrhoede, as well as human DNA. All reactions were

tested in triplicate, alongside positive and negative controls.
Economic analysis

We compared the costs of screening and managing C tri-
chomatis using the different tests. Incremental recurrent
costs only were estimated, assuming all other costs would be
equal Conts of infrastructure, training and supervision were
not incduded. Direct costs were hibour, diagnostic supplies
and drugs, which were estimated wsing the ingredients
approach in which the total quantities of goods and services
used were estimated and multiplied by their respective unit
prices [22]. Cost of hbour was determined through an
observational time allocation study and time units were
multiplied by the relevant sslary units of staff (aborstory
technicians) performing vatous tasks The costing exercise
was conducted from the provider’s perspective, considering
FUAM as the sole provider. Financial and economic costs
were the same because there were no donated goods or serv-
ices. With regards to HCII CT-ID, costs of tests included
the costs when procured by the public Unified Health

Syster (SUS) in Brazil for the year 2015, and convented into
US dollars () wsing the fixed exchange rate of 3.49 reais per
$ All research-related conts were excluded. Costs of diag-
nostic inputs, as well & formulas for economic evaluation
can be found in Table 3. To cakulste the cost per person
wreened, the retetting cost of indeterminate results was
considered zero becavse in standard care such women are
asumed 10 be positive and therefore treated. Total testing
costs were divided by the number of people tested to obtain
the cost per case ientified by test Cost values in the text
are shown in pounds Steding (€), using the exchange rate
$1=608.

Statistical analysis

Data were analysed vsing sTATA/SE version 112 (Stata). The
performance characteristics of the in-house gPCR test com-
pared to that of Artus gPCR (sensitivity, specificity, and
positive and negative predictive values) were calculated by
standard methods, and are presented with the 95% confi-
dence intervals (CI). To cakeulate the sample size of the vali-
dation study, we assumed a sensitivity of the in-house gPCR
10 be equal to that of the Artus gPCR (98 %) and a precision
of 10 %. The number of infections needed to test the accu-
racy of the inhouse QPCR was eight. Glven that the preva-
lence of C truchomatis in young women is approximately
96 %, the number of specimens 10 be tested was 83, How-
ever, #t was further increased to obtain more precise
estimates.

Ethical approval

The study pratocol was approved by the Research Ethics
Commitee of FUAM (approval number 028/2011) and by
the Ethics Committee of the Health Secretariat in Manaus
All panticipants signed a written consent form that was

Tabie 3. tconomc ot tr g testng using
e HCH CT40 azzay the Artuz gPCR assay or the in-house gPCR in an
aympomate young {14-25 years) femaie populaton in Manaus,
&rard

HCI CTID Artas gFCR In dowse gPCR

Tes cokt (A Sssvegis srissian EI1VMS

Tesing S cok BLYTIE QHERB1N REVEE 1B
®)

Towml tot and $I033WERs RTINS RIDIVRN D
ety cout) (C)

Cint per peson $034829 LR VAV
wmesad (D)

Cest per cme LR R ) Slavél e NIVE DS
dencifiad by W=t

Test ozt (A « unt price of purchazing tests Testing time coxt (B =
(0. tme untsixicast per Sme unid itme unit monily lab statt <3l
ary expressad hourly, dvided by 40minl Testng cost (O « unit prce
of purchasing test {4) + testing time cost (). Cast per person screened
D « tezing cost of entire * g co of el

& W + nrewsy/N. Cost per case idomtfied by st & D dvided by
number of tests positve
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approved by the Ethics Committee. Testing with gPCR was
approved by the Research Ethis Committee of FUAM
(approval number 742.410).

RESULTS
Primers and probes

Primers and probes for the CP and ompl tagets were
desdgned. The were tested ot different concentra-
tions (0.2, 05 and 09 uM) to ientify the best candidate
with the same probe concentration (02pM). The best
primer concentration was 0.2 uM, which was tested with CP
and ompl gene primers and probes in separate reactions
Amplifications were only obtained with the CP primers and
probe. Because ompl & a very pdymorphic gene, we
selected its most conserved part in order to detect all differ-
ent C trachomatis genotypes and used degenerste primers
With these amp] primers we achieved amplification in half
of the specimens only, probably because of the presence of
mutation(s) or a variable area in the remaining ones or,
alternatively, a resction inhibitor present in the inhouse
GPCR mix. Our reaction results are only using the CP target.
The primers and probe designed for the CP target showed
. becatse 10 cross- reaction was observed for other
sexually transmitted  species tested or with the human
DNA We were able to standandize this reaction in 10 and
Sl wlumes for the CP and factin primer sets
respectively.
Performance of the in-house qPCR

Overall, 292 specimens were ested by Artus gPCR. Of
those, one resulted in no amplification and was excluded
from the evaluation of the performance analysis. The spedi-
mens were tested by the in-bouse QPCR. When compared
1o the commercial test, e sensitivity of the in-house gPCR
was 995% (95% CL 97.1-100) (187/188), the specificity
was 95.1 % (95% CL 89-98.4) (98/103), the positive predic-
tive value was 97.4% (95% CLE 94-99.1) (187/192) and the
negative predictive value was 990% (95% CLE $1.5-100)
(98/99). The in-house gPCR test detected 99.5 % (187/188)
of C truchomatis cases with 3 positive Artus gPCR result.
The in-house gPCR retrieved one out of 103 false-negative
results and five out of 103 (4.9%) false-positive results (98/
103).

Costs of C. trachomatis screening methods

Table 3 shows the costs of C tradomats detection using
the three avallable screening tests. The cost per case of C
tradhomatis was £0.44 (80.55) for the HCIl CT-ID, £1.16
($1.45) for the Antus gPCR and £1.06 ($1.33) for the in-
house gFCR.

Our evalsation of the in-house gPCR for C. tradomass
screening usng cervical samples showed an excellent send-
tivity and specificity compared to the commercial Artus
GgPCR kit in young women from the general population in
Manaus. These results are consistent with previous studies

in which inhowse gPCR showed higher sensitivity and
specificity versus Roche Cobas Amplicor [17, 23, 24]. Inter-
estingly, the in-house gPCR identified almost all C tricho-
muitis cases among assymptomatic womsen, missing only one
positive sample. A possible explanation for this false-nega-
tive result was a very small quantity of C. truchomats DNA
in that sample and/or some degree of degradation of the
DNA during storage and freezing In our study, 49% of the
in-bouse gPCR samples had a false-positive result. This
finding was lower than that reported in previous studies, in
which between 5.3 and 8% of the in-house gPCR positive
results were reported as filse [23, 24]. The accuracy of a
positive result is esential in order 10 awoid psychosexual
issues, overtreatment and unnecessary partner notification.
The HCI CT-ID described here showed a sensitivity of
723 % and specificity of 913% compared to that of Artus
GPCR[15)

Testing by gPCR allows simultineous achievement of
amplification, specific hybridization and detection. Specific
and sensitive gene quantification occurs with a minimal
contamimation risk. A drawback of the study was that we
were not able to standardize a resction for the ompl gene
and we could amplify half of the samples that were tested.
This target was used by Jalal and colleagues [25], resulting
in 96 % of positive samples detected. However, six samples
that were positive did not amplify empl. They justified the
absence of a positive result because the ompl gene needs at
least there copies to be amplified C truchomatis DNA. On
the contrary, when CP is targeted, only one copy i needed
to achieve amplification, which could reduce the sensitivity
of the test. In our in-house gPCR, only the C trachomatis-
specific CP target was amplified in the reaction. However,
all C. trachomatss strains are known 1o harbour a species-
specific CP, and their DNA sequences are highly conserved,
even between different strains [26]. By wsing a species
specific C trachomatis sequencing primer and validating it,
we could confirm the molecular diagnosis of C. truchomars
in the endocervical samples that showed a positive result in
the in-house gPCR.

C trachomatis screening is not routinely availsble in the pri-
mary health care system in Brazd, although the prevalence
of C tachomats in the general population & high and
swreening bas been claimed 1o be crucial for decreasing the
burden of the infection. One of the main reasons is budget
constraints. With a caloulated cost of £1.38 ($1.72), the in-
house gPCR test may represent a more affordable solution
for C trachomatis infection detection in Brazil than a com-
mercial gPCR. Compared with the HCII CT-ID DNA test,
it showed a better performance and cost effectiveness. In
addition, one distinct advantage of the in-house gPCR ver-
sus the commercial gPCR from the lsboratory technician
pesspective i a much simpler preparation step before
amplification, as well as 2 shorter time needed thereafter.
This difference becomes important for laboratories that
need 10 process a large number of ssmples.
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This study had a few imitations. The detection of C. tracho-
matis by use of the HCII CT-ID DNA test is dependent on
the number of crganisms present in the specimen and may
be affected by patient factors, such as the presence of symp-
toms [27]. Although the gPCR asay is highly sensitive and
specific [28], it can be affected by contamination or inhibi-
tors [29]. Bath Artus gPCR and the in-house gPCR were
performed on the sune source of stored DNA. The justifica-
tion was 1o save costs and bbour incurred to collect sam-
ples. As all samples were coded before the HCII CT-ID
DN A test, the use of data and samples collected for a previ-
ous study was justified.

In condusion, we have developed an in-house gPCR to
derect cervical C truchomats CP. The in-house
GPCR showed excellent sccuracy the commercial gPCR. An
important additional advantage of the in-bouse gPCR
method was its lower cost. Findings from this study can
help to revise the mational recommendation of wsing the
HCOICT-ID test, which is the only test available to detect C
frachomats in the Brazilian public bealth system. The in-
hause gPCR should be considered as a good candidate for a
preferred disgnostic method Br screening programmes in
Brazil towands reducing the burden of C trachomatis infec-
tion and its secondary transmission.
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Leprosy among schoolchildren in the Amazon
region: A cross-sectional study of active
search and possible source of infection by
contact tracing

Valderiza Lourenco Pedrosa’ *, Lulz Clsudio Diss', Enrique Galban®, André Leturiondo’,
Jamile Peiheta Jr', Monics Santos™, Milton Ozorio Morses”®, Carolina Talhar

1 Depar do Ensino 0 Pasquisa, Fundag o Alfredo da Masa, Maraus, Baiual, 2 Depasamerto do
Epdemoiog, Facutad do Medicina Calan Gamia, La Habene, Cuba, 3 Escdla do Céncis da Sadde,
Universidade do Estado do Amazonas, Manaus, Brazil 4 Laborasdro de Hensenisse, Fundag o Oswald
Cruz, Mo do Janoro, Brani

The high rate of leprosy cases among children under 15 years of age in Brazil indicates
ongoing transmission within the community. The identifica Son of the new leprosy cases
among contacts can help identify the source of infection and interrupt the ransmission
chain. This study aims fo determine the detaction rate of previously undiagnosed cases of
leprosy among schooichildren who are under 15 years of age Iving in Manaus, Amazonas,
Brazll, and their possbie source of infection by contact tracing.

Methodology/Principal findings

This was a school-based, cross-sectional study in which the idantification of active leprosy
cases was conducted in 277 out of 622 randomly selectad publc schools in Manaus, Amazo-
nas, Brazl. Suspected cases of leprosy were referred to the Alfredo da Matta Foundation, &
reference center for Bprosy in Manaus. A 1otal of 34,547 schoolchildren were examined, and
40 new leprosy cases were diagnosed. Among new cases, 57 5% were males, and 80.0%
demonstrated paucbacillary leprosy. A total of 196 of 206 registered contacts were screened,
and 52.5% of the newly diagnosed children’s cases had at least one positive household con-
tact In these contacts, grandparents (52.4%) were the most common co-prevalent cases,
while 14.3% were undes, 9.5% wers parents and 9.5% were granduncies. Seven contacts
(5.0%), including four siblings of child patients were newly diagnosed. Our data indicate that
the prevalence is 11.58 par 10,000, which is 17 imes higher than the registerad rate.

Conclusions/Significance
This study suggests that the dataction rate of lep rosy among schoolchildren may have
remained unchanged over the past thinly years. Italso indicates that that active case finding
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is necessary for reaching the World Health Organ ization’s goals of zero detaction among
childran, especially in @ ndemic areas where the prevalence of leprosy is obscure. Moreover,
we assert that all children must have their housahold contacts examined in arder to identify
the possible source of infection and interrupt the disease’s transmission. Novel strategies 1o
reinforce contact raaing assocated with large-scale strategies of chemo- and immune-pro-
phytaxis should be expandad to prevent the pampatuation of the disease cycle.

Author summary

Leprosy is a disease that has long since been eradicated in the developed word, but it sull
affects poor people in developing countries, such as India, Brazil, and Indonesia. Because
the causative agent of the disease may involve the skin and peripheral nerves, fhe disease
can cause physical disbilities and deformities. Although leprosy affects all ages, children
under 15 yearsof age are an important epidemiological marker because infection in that
age group indicates active transmission within the community. In our work, we examined
34,547 children from public schools in Manaus, a city in the north of Brazil In this popu-
lation, we found 40 new cases of leprosy that were further confirmed by clinical and lsbor-
awrialtests We alio examined 196 people who had familiar or close non-familiar contact
with the affected children. Among them, we identified the possible source of infection of
21 affected children and found seven new cases of keprosy. Overall, our findings revealed a
detection mate of leprosy cases that was 17 times higher than the registered number. This
indicates the necessity of identifying active cases of keprosy in order b improve case detec-
tion and effectively control the disease.

Introd uction

Mycobacterium leprae, the causative sgent of leprasy, i primarily transmitted person-to-per-
son and through the air. People living in leprosy -endemic regionsare at greater risk of being
exposed to the infection. The rskof develaping the disease among paucibacillary (PB) contacts
is 2- 3times higher than that of the general population, while the risk increases 1o 5-10times
among multibacillary (MB) contacts{1-3]. Therefore, contact tracing not only results in the
detection of sdditional cases but further offers several indirect advantages such as early disggno-
dsand reduced sk oftransmission [4).

Familial keprosy distribution indicatesa relationsh ip between the clinical forms of the dis-
ease and kinship degree. Consanguineous relatives belonging to families whose fathers or
mothers had lepromatous kprosy showed a higher risk of developing the same type of disease.
On the other hand, non-consanguineous relatives were at a higher ridk of contrac ting other
clinical forms of e disease (3. A study conducted in the Philippines showed that the risk of
developing lepromatous leprosy was three times higher when one of the parents presented
with this clinical form of the disease [8]. In keprosy hyperendemic aress, the risk of developing
the disease may be elevated not only for household contacts but also for the residents in neigh-
baring homes [7, 8] Recently, a survey conducted in a hyperende mic Brazilian region demon-
strated no sgnificant difference in detection rtes between household contacts and neighbors
8

According © the World Health Organizstion (WHO), Brazil accounss for more than
80% of leprosy cases diagnosed in the Americas[9]. In 2016, 25,218 newleprasy cases were
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diagnosed in Brazil and 1,69 (6.7%) of those individuals were children, which corresponds to
adiagnosis rate of 363 per 10,000 people. In the same year, Amazonas State reported #43 new
cases of leprosy; the diagnosis rate was 1.10/10,000 inhabitants, and this was conside red highly
endemic by the Brazilian Ministry of Health (BMH) [10]. Although the introduction of muli-
drug therapy (MDT) in the beginning of the 1980s drastically influenced the total number of
cases, there has been stagnation and a slight decrease in incidence over the past 10 years. This
diata suggests that it is likely that MDT has little impact on incidence because transmission
occurs prior 1o diagnosds. Thus, strategies to prevent leprosy transmission indicate that contact
tracing and post-exposure prophylactic protocols using rfampicin and/or BCG11-13] should
be successful In this regard, the diagnosis of leprosy cases among child ren under 15 years of
age can help provide estimates of ongoing transmission [14, 15] and the presence of active dis-
ease fociin the community{ 16]. In the early 19805, an active case finding in Mana us indicated
adetection rate of 10.6 cases of leprosy per 10,000 children [17].

This study was carried out to identify previously undiagnosed cases of leprosy among
schoolchildren and their possible source of infection by contact tracing Patterns of imily con-
tact with leprasy are demonstrated through genograms.

Methods

Population and study design

This was aschool-based, cross- seconal study. Active case finding of leprosy in children under
15 years of age was conducted from March 2014 to December 2016 in 277 of the 626 puliic
schools in Manaus, Amazonas, Brazil. Manaus is one of the ma jor cities in the north of Braed
and has approximately 2,800,000 inhabitants [18]. The metropolitan area of Manaus has 626
public schools that enroll approximately 250,000 children [19]. Tanget schools were randomly
chosen through alottery method using Open Saurce Epidemiologic Statistics for Public Health
software © dbtain the smudy population. The probabilistic sample of 30,352 students was calcu-
lated based on the target populstion of students; the sumpling error was 0.03%, and the confi-
dence interval was 95%.

Higible participants and recruitment process

Children from randomly selected public schools in Manaus, Amazonas, were eligible o partic-
ipate in the study. The recruitment process started with an open seminar on ke prosy and the
purpose of the study. Afier written informed consent was obtained from parents or legal
guardians, children received an initial physical examination conducted by trained and experi-
enced leprosy and skin nunsing technicians The initial physical examination took place at
school. Suspected cases of keprosy and ofser skin diseases, along with their legal guardiang,
were referred 1o the Alfredo da Matta Foundation (AMF), a referral center for leprosy and
other skin diseases in Manaus.

Three dermawlogists and laboratory tests confirmed the diagnosis of ke prosy, which was
initially based on the prese nce of leprosy's cardinal signs, ie, if the patient had one or more
lesions with a definite loss of sensation and/or peripheral nerve thickening [f these signs were
evident, diagnosis was confirmed by histopathdogical changes and analysis of bac llary loads
in aslit kin smear test (85S). Classification was performed according to Ridley and Jopling
[20, 211 Incases in which there was no confirmation $irough the previously mentioned rou-
tine tests, a polymerase chain reaction (PCR) was performed © detect M. leprae DNA, as
previously described [22]. This technique has been used in patients who have clinical signs of
leprosy but no confirmation through routine tests and histopathology, in diffic ult-to-diagnose
cases, and in early detection in bousehold contacts [22].

Vaglacted Tropical Diseases | st o g /101 30V oyl ored OOOB261 February 26, 2018 a2



120

@‘ Pl.os I NEGLECTED
~Z 3 TROPICAL DISEASES Lopmsy smang schoothidren

For confirmed cases of leprosy, a standardized questionmaire was administered to gather
past medical history and social and demographic information, such as BCG scarstatus, data
on household and dwelling contacts, race—white, black, yellow, brown or indigenous -, etc)
wasapplied For treatment purposes, keprosy cases were dasified as PB or MB, as recom-
mended by the Brazilian Ministry of Health (BMZ) [14] and the WHO [23].

Household contacts were defined as a group of people who lives or have lived with a keprosy
patient within the past ve years. Direct and next-door neighbors, when indicated by legal
guardians, were also considered contacts. All contacts were initially examined by the nursing
technicians for dinical evidence of leprosy; the diagnosis of leprosy was ako confirmed by
three dermatologists and the aforementioned bboratory teste

Statistical analysis

Data were analyzed using Epi lnfo 7 software. [ nitial descriptive studies were perfarmed
through frequency tables, poasiion measurements and variability. Pearson’s chi-square test or
Fisher's exact tests were used © analyze the categorical varisbles. The dgnificance level was
005, and the confidence interval was 95%. The GenoPro version 3.0.0.7 software was used to
create genograms in order © identify the probable source of infection of new leprosy cases.

Fthical statement

Ethical approval was granted by the AMF Research and Ethics Committee. Written informed
consent was obtained from parents or guardians of children enrolled in the study. Parents or
guardians disclosed the diagnosis of leprosy to the respective contacts.

Results

School epidemiological survey

This study was conducted in 277 randomly selected public schools loc ated in various districts
of Manaus. In total, 34,547 children under 15 years of age were enrolled in the study. Overall,
18,770 (54.3% ) were females and 15,777 (45.7%) were males. The mean age was 9.6 years (stan-
dard deviation [SD] = 2.58). Regarding the distribution by self-reported ethnicity, the majority
(90.0%) of schoolchildren e xamined we re brown with similar results obtained for both sexes.
According 1o the Brazilian Institute of Geography and Census, 69% of the Amazonas State's
populstion is brown [ 191 The analysis for different proporfions between sex and ethnicity did
not show a statistical significanc e between browns and whites (p =0.16).

Overall, 8.2% of the 34,547 schookhildren examined had skin diseases. The most common
skin disease was fungal (1= 955; 33.8%), followed by eczema/de rmatitis (1 = 725, 25.6%), viral
disexses (n=153,5.4%), and leprosy (n= 40, L4%). A total of 40 lep rosy cases were identified
out of the total number of schoolchildren that were examined, resulting in a prevalence of
11.58 per 10,000 people. Among thein, 23 (57.5%) patients were males, and 17 (42.5%) were
£males. Regarding keprosy classification, 32 (80%) and 8 (20%) patients had PB and MB forms
of leprosy, respectively; among the PB patients, 24 (60%) presented with one lesion. The analy-
sis for different proportions between sex and leprosy clasification did not show a statistical
significance between PBand MB keprosy (p= 0.43). The mean age was 10.6 years (range 4-13)
(Lable 1),

Among the total cases of leprosy, 23 (59.0%) were 11 © 14 years of age; a similar pattem
was found in both genders. According to data from the Municipal and State Education Depart-
ments of the State of Amazanas, 334,228 (68%) of the students are within thisage range [19].
The analysis of the distribution among these three age groups showed statistically significant
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Table L Qlinical and epidemiological aspects of the 9 nevdy diagnosed cases of ke prosy among & hookh Bdren in
Musuis, Anerons, Bradl
Quracteristics Pauch aci Bary wn_—l Toml r
n=32 - n=8 k) 0~ 40 b3

S

Make 17 538 6 75.0 23 373

Female 15 465 2 350 17 425
Agc Ry

5-7 1 3l 2 250 3 75

£-i0 b 28,1 5 625 4 330

11-14 22 648 i 125 23 575 0004
Race obor

Brown 24 £7.5 s 00.0 36 Q0

Whate 4 125 0 00 4 Q0 @38
Namber of Lesions

1 24 75.0 o 00 4 a0

2.5 L 250 o 0.0 L] 20

>5 0 0.0 a2 1W00.0 . 200
Disability gade
Grade o 2 wopl & 758 3 | s

Girade 1 o 0.0 125 2 50

Grade 1 L] 00 1 125 o op
Thistable displays sex, e, race, number of kedoms and disability grade of S 40 newly diggnoned Caes of leprosy
opiia a0 17 Viourmipond (OGRS 001

differences (p < 0.01). Notably, the majority of MB leprosy cases (1 =7) were less than 11
years of age. There was a predominance of fhe brown race among the cases (90.0%), and a sm-
flar result was obtained for both genders.

Laboratory confirmation of clinically diagnosed cases

An overview of the tests performed © support diagnosis is presented in Fig 1 Of the 4 kprosy
cases, 32 (80.0% ) were PB, and 8 (20.0%) were MB. A SSS was performed in 37 (92.5% ) of the
leprosy cases, histopathologic al e xamination was performed in 34 (84.6% ) cases, and PCR was
performed in 26 (65.0%) cases. Six had a negative SSS test, but did not have either a skin biopsy
not PCR eamination. Because these patients had skin lesons that fulfilled WHO clinical crite-
ria for leprosy (four had up to five lesions and two had more than five lesions), they were diag-
nosed and treated for PB and MB ke prosy, respectively.

Of the 37 patients who received a SSS, 33(89.2%) were negative, and four (10.8%) were pos-
itive. Three patients did not undergo SSS, but these patients had a skin biopsy taken and pre-
sented a negative result for PCR. Histopathological features of le prosy were seen in two cases,
and the result was inconclusive in one case. Because the latter patient had one lesion in which
keprosy wasclinically confirmed, he was given PB treatment.

Leprosy was confinned by hiswopathological examination in 14 children from the 34histo-
pathological slides analyzed. The results were as follows: inde e rminate (three cases), tubercu-
loid-tuberculoid (ur cases), borderline-tuberc uloid (three cases), borderline-kepromatous
(two cases) and lepromatous- kepromatous (two cases). [n 20 patients, the histopathological
examination ielded results that were incondusive but did not exclude the diagnosis of keprosy.
In this group, nine patients had a positive PCR result, as they exhibited fewer than five lesions
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that were being treated for PBleprosy, and 11 patients were negative for PCR examination.
One cut of the 11 had a positive skin smear, and 10 were dinically diagnosed asleprosy cases.
The patient with the positive skin smear was treated for MB leprosy, and the other 10 who
presented with fewer than three lesions, received PB treatment. In total, M. leprae DNA was
detected in 12 (46.2%) out of 26 patients.

BOG scar status was recorded as positive in the majority (i = 37, 92.5%) of the patients.
Thirty-eight (95.0%) children demonstrated a zero incapacity grade; one case of paresthesia
(grade one disability) and one case of ulnar claw (grade two dissbility) were detected. Both

patients had MB leprosy.

Contact tracing and diagnosis

Atotal of 206 people were registered as housebold contacts of the schookhildren diagnosed
with keprosy; only two direct neighbors, both with a past medical history of MBleprosy, were
indicated as contacts by the legal guardians Overall, 196 (95.1%) of the contacts were dinically
examined. Among these contacts, we diagnosed seven new leprosy cases: five siblings, an
uncle, and an aunt were detected as index case patients. Two of these contacts were also under
15 years of age. Three contacts had PBleprosy, and four, including the two children who were
under 15 years of age, presented with MB leprosy.

Regarding the bouseholds, 21 (52.5% ) patients lived with three 1o four people, whereas nine
(225%) lived with more than seven people. More than 50% of the children lived with their
GBmilies in households with up to four rooms, whereas 10 (25.0% ) children lived in bousebolds
with five or more rooms.

Among 40 schoolchildren diagnosed with leprosy, we were alie to identify 21 (525%) who
had or continued to have contact with patients within the ir household, familiar or not, who
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bad previously been treated for keprosy or were still under leprosy trestment. Of these, six
(286%) children had contact with grandparents with a past medical history of keprosy. Three
(143%) had contact with uncles two (9.5% ) had contact with parents; two (9.5% ) had contact
with their granduncles one (4.8%) had contact with an sunt; one (4.8%) had contact with a
grest-grandfather; ane (4.8%) had contact with a grandmother and two cousing and one
(4.5%) bad dose contact with a neighbor who was receiving leprosy treatment. Notably, the
fither of four sibling schookhlldren (19.0%) was recelving leprosy treatment, while a grand-
mother and a great-grandfather had already been trested for leprosy. All of them, indluding
the recently diagnosed siblings, presented with MB leprosy. Nevertheless, we understand that
we did not design the study to test fhe familialgenetic nature of the susceptibility. However,
we were sble to observe impartant clusters where the physical distance and familial distance
were deected. This description reinforces the need for contact tracing to stop leprosy trans-
mission. As for the other 19 schoolchildren diagnosed with leprosy during this survey, we were
not able to identify the possible source of infection.

Eig 2 shows genograms of nine out of 40 schookchdldren with leprosy and their possible
sources of infection. Children #1,#2, #3and #4 belonged to the same family; during the inves-
tigation, it was found that the father, the maternal grandmother and the grest-grandfather had
been treated for leprosy, and the first two relstives were MB. Children 5,96, #7, and #21 hada
bistory of grandfsthers treated for MBleprosy (Eig2). The parents of chikdren #8 and #220 were
recelving treastment for MB and PB keprosy, respectively (Fig2).

Discussion

This school-based, cross-sectional study found a higher leprosy prevalence among children
than that registered in the official data This result suggests that contact tracing is an important
epidemiological wol in disgnosing new cases of the disease and possible sources of leprosy
infection. In 2013, one year before we began enrolling children in our study, the prevalence of
leprosy in this population in Manaus was 0.68 cases per 10,000 children (0.68/ 100,000 in Ama-
zonas State and 0.50/100,000 in Brazil)[10 24]. Our study cannot estimate prevalence exacty.
However, our data cleardy indicate a hidden prevalence, since our data suggests that 11.58 per
10,000, which would be 17 times higher than that in the registered data. We detected 40 new
cssesof leprosy out of a total of 34,547 examined schoolchildren. New cases of keprosy diag-
nosed among screened contacts under 15 years of age were notincluded in the sforementioned
prevalence. Overall, this data suggests the existence, in the city of Manaus, of 3 hidden preva-
lence of significant magnitude.

From 1979 to 1982, Talhar and co-authors performed an active case finding in Manaus
and found a prevalence of 106 cases of lkeprosy per 10,000 children [17]. From 1991 10 2016,
the birth rate decreased in Amazonas State, from 32.4 10 19.7 per 1,000, respectively [25 261
Accardingly, official data from BMH show that the leprosy prevalence among children has
been declining for the past 25 years in Amazonas State and also in Brazdl [10]. However, our
diata, if confirmed in a design to estimate the prevalence, it would likely to be even higher than
that found over 30 yearsago.

Recently, high mtes of dinical(27] and subcdlinical leprosy have been reported in Brazi [28].
Inboth studies, the diagnosis of leprosy was based an dlinical and serological results. In our
study, the vast majority (85.0% ) of new cates of leprosy were confirmed by at least one disg-
nostic method that combines chssical and novel tools: S§Sand/or skin biopsy and/or PCR
test. Accurate diagnosts and careful description of previously und isgnosed leprosy cases are
important to address the true prevalence of the disease in endemic countries
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I this study, 543% of screened schoolchildren were female, but the leprosy cases were
male (57.5%); this data isin acconfance 10 the official data from the BMZ [19, 24]. The nujor-
ity of the leprosy cases were diagnosed in older chikiren. This reinforces the need for active
case finding and suggests that instituting an approach to contact tracing is probably a vahsable

The majority (80.0% ) of the newly disgnosed cases of kep rosy were PB with the presentation
of a single lesion; this is similar  the mte found in otherstudies [27, 29, 30]. However, eight
schoolchildren in addiion © Bur contacts who were less than 15 years of age demonstrated
MB keprosy. In endemic areas, the eady exposure to M. leprae and the presence of Bmilial
cases of the dsease facilitate the greater frequency of rination of children [12, 31-33].

Of the 21 schoolchildren with leprosy whase possible source of infection was identified
among bousehold contacts, 95.2% had contact with family members who previously had or
were still receiving treatment for the disease. Contact with infected grandparents was found ©
be the most probable source of infecion in our study. Notably, we found a duster in which
three generations had been disgnosed and treated for keprosy. High rates of consanguinity
were found in other studies [0, 3], wherein parents and grandparents were the most likely
source of infection [35-37]. Although bousebold contact with an MB case is the strangest
lnown determinant of leprosy nisk, the vast majority of such contacts never manifest disease,
which indicates the crucial rde of genetic and/or environmental factors in the transmission of
the M. leprae infection and/or the pathoge nesis of clinical leprosy[31].

It is worth highlighting that patients and families are frequently not aware of any contact
they have had with the disease, and they are often unaware of lep rosy patients in the family or
in the nearby neighborbood. Patients with active disease and higher bacillary loads are consid-
ered the most important actors in transmitting and perpetuating the disease ina way that
household contacts exhibit the highest risk of developing the disease. The refore, screening
family and non-family members in leprosy-affected households is mandatory. Abo, chemo or
immuno-prophylaxis bas been shown to reduce the risk among the household contact populs-
tion [11- 13].

In addition to current leprosy cases in the family, housing in endemic areas, agglomenations
of people living in a single bousehold, family and social aggregation habits, bousehold features,
unfavarable conditions in the population and low educationallevel [33] are known risk factors
for leprosy. In our study, conducted in an endemic area, more than 70% of the families lived
in bouse bolds with up to Burrooms, and approximately 18 (45%) of the cases cohabited with
more than five people.

Altbough controversial [ 13, 34], the administration of an additional dose of BCG to all
bealthy contacts is still recommended [11, 14]. Besides reducing dinical kprosy among vacel-
nees, mainly of the MB type, recent data suggested that BOG vaccination of household contacts
of MB leprosy patients may induce activation of T cell clones that recognize M. leprae specific
antigens not shared with BOG [33]. The majority (92.5%) of schoolchildren diagnosed with
leprosy in this study bad one positive BOG scar and the PBform of the disease (80.0%). Per-
haps, if these children had been examined and vaccinated when their relatives were diagnased
with keprosy, we would not have bad them as patients. Furthermore, early diagnosis could
have prevented the occurrence of disability as found in two of the newly diagnosed cases of
leprosy in this study.

The frequency of leprosy occurrence in children is an im portant epidemiological indica-
tor in determining the level of transmission of the disease. Recently, the WHO bas published
goals for the year 2020 suggesting that, among bealth control isues, leprosy should have
zero cases in children and zero cases with incapacities [ 40]. Officially, a trend towards the
decrease of keprosy among children under 15 years of age has been suggested. However, our
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data indicates that the true prevalence of leprosy in this particular population may be slightly
higher than that found over 30 years ago in the city of Manaus. To stop transmission, pro-
grams for the screening of household contacts should be improved and expanded, as screen-
ing has proven to be efficient for detecting early cases of leprosy [4]. These approaches
associated with BCG vaccination and/ or single dose rifam picin (SDR) reduce new cases in
this household contact group [LL 41]. However, complementary approaches to improve sur-
veillance and, thus, uncover hidden undisgnosed infectious cases that are actively transmit-
ting leprosy are crucial to break the chain of transmission. Here, we provide evidence that
screening of schoolchildren could be a valuable strategy to support leprosy control and
achieve the goal of zero transmission.

This study shows that living with or in close proximity to leprosy patients and large fmiy
agglomerations in bouseholds with few rooms may be important risk factors for leprosy trans-
mission among children. Moreover, this study highlights the value of contact s reening of lep-
rosy patients. There is 3 high level of family contact with keprosy in these cases, which gives
support to the strate gy of screening children in leprosy-afected housebolds.
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Abstract

Background: Human immunodefcency vrus (HVi-postive women have a high prevalence of human papillomavirus
(HM), and a= infectad with 3 broader range of HPV types than HIV-nagative women We aimed to determine the
p=vaknce of cenvical ytologic abnomalities, high-fisk (HR)-HPV prevalence, type distribution according to the ssveriy
of cervical lesions and CD4 celi count and identiy factors associated with HR-HPY infecton among women Iving with
HV in Manaus, Amazonas

Methods: We anralied 325 women Iving with HV that attended an infactous diseases refenal hospiral Fach woman
underwent a gynacolog ical exam, cervical aytology, HR-HPV dataction by Polymerase chain Reaction (PCR) using the
BD Onclarity™ HPV Assay, colposcopy and Diopsy, whan nacessary. We assessad the associations betweaen potential risk
factors and HR-HPV infection.

Results: Overall, 295 (920%) women had a RCR result The pravalence of HR-HPV- infection was 31.1%. The mast
pevalent HR-HPV types were S6/5966 (322%), 353568 (28.0%), 52 0159, 16 (194%) and 45 (129%). Among the
women with HR-HPV infection (n =93] 4310% had multiple | nflections. Wamen with HPV infecton showed hgher
pevaknce of cenvical abnormalities than that HPV-negative (LSIL: 22.6%6 vs. 1.5% HSIL: 108% vs 0.0%). The pevalence
of HR-HPV amang women with cytological abnormalities was 875% for 1SIL and 100.0% for HSL. Women with
CD4 < 200 celymm? showed the highest HRHPY prevalence (59.3%) aithough this trend was nat statistically
signficant (pralue = Q&) The mean (D4 cel count deceased with no=asing severity of cenical lssions (paalue =0001)
The muithariable aralyss showed hat Inceasing ag=s was associated with a dareased nisk of HRHIV infection with an
adjsed pewalence odds ato of 09 ©50% CL 09-1.Q paalue 003 for sach additional year. The only Bactor satistically
signficant associatad with HRHPV infection was CD4 csll count.

Conclusions: HR-HPV and abnomal cyiology pravaknce are high among women in the Amazonas. The low CD4 call
count was an imporant deeminant of HPV infection and abnormal cybilogical findings HPV quadrivalent vaccination
used in Brazl might not offer potecton for an impotant fracton of HPV-related disease burden in women Iving with
HNV. This s partly explained by the high presence of non targeted vaccine HR-HPVS, such as the HV
genotype groups S&/59/66 35/3968 and individually HPV-52 and HIV-45 some of which contribute 1o high-grade
leson

Keywords: Human papillomayires, Human immunodefioency wius, Pravalence, Cytology, Polymease chain =action
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Background

Infection with human papilloma virus (HPV) & the main
cawse of cervical cancer [1]. In Brazil it is estimated that
spproximately 10.7% of women in the geneml popula-
tion with normal cytdogy have cervical HPV infection
[2]. In the state of Amazonas, HPV has been shown to
be the most prevalent sexually transmitted infection
(ST1) in the population [3.

Young women are the mast aflected by HPV and by
multiple infections The prevalence tends to decresse
with increasing age [4]. A high viral load and the persist-
ence of oncogenic HPV types are progression factors for
precancerous ksions and cervical cancer [5. Additional
factors might influence the development of pr
lesions or cancer, such as thos relsted to immunity,
genetics and sexual behaviour. In women over 3 years,
HPV infection tends to be more persistent than in youn-
ger women [6].

Women living with HIV have a higher prevalence
of HPV infection with high-risk oncogenic (HR-HPV)
multiple infections. Immunosuppression resulting

Page2 of 12

Study participants
Women who had a confirmed HIV diagnosis and con-
secutively sought a gynecological visit to pedform routine
cytology in the HIV outpatient service of the FMT-HVD
hospital were eligible for the study. Women were in-
duded if older than 18 years of age, agreed to sign the
consent form, were not pregnant and did not have a
contrindication for Pap smear examination (Le. cumrent
wse of vaginal ovules, menstruation, vagimal dean-up
during the hat 24 h In case of contmindication they
were rescheduled after conditions were resolved, Hyster-
ectomized women were excluded.

In this study, we aimed to include 323 women living
with HIV, based on a prevalence of HPV infection in
women living with HIV/AIDS of 65.2% [12] with 80.0%

power and asuming a 50% level of significance.

Data and sample collection
After signing the consent form, a nurse interviewed
women using a structured questionnaire. The quedion-

from HIV increases the risk of dewveloping squ
intraepithelial lesions when compared with the gen-
eral populstion [7-10]. Patients more severely im-
munocompromised as a result of HIV infection
might have a higher incidence and pemsistence of le-
sions caused by HPV [8]

It is also possible that adherence to highly active anti-
retroviral thempy (HAART) is associated with decreased
development of precumor lesions of cervical cancer and
improved clearance of HPV infection, increasing survival
of women living with HIV with a consequent decrease
in cases of cervical cancer [11].

In Amazonas, Beazil there are few data on the epi-
demiology of HPV and related cancers and the impact of
HIV on these conditions. The objective of this study was
to estimate the prevalence of cervical HPV infection and
the frequency of genotypes, according to the severity of
cervical lesions and (M cell counts and identify fctors
associated with HPV infection in women living with
HIV/AIDS that attended a reference hospital for HIV/
AIDS in Manaus, Amazonas.

Methods

Study design

A crosssectional study was conducted for HR-HPV
screening in women living with HIV/AIDS that attended
an outpatient HIV reference service within a terfiary care
bospital (PMT-HVD). This teaching hospital attends most
of the HIV/AIDS cases in the Amazon state (95.0%). This
reference haspital is the unique ART provider in the Ama-
zomas state. The study was performed from May 2014 to
February 2015,

naire included items on sociodemographic, clinical, behav-
joursl, reproductive health and HIV history, induding
current antiretroviral therapy (ART) use and previous
change in ART regimen, and current STI signs and symp-
toms. Data on CD4 cell counts (celly' mnt’) and detectable
viral load (copies/mL), and nadir CD4 cell count (cells/
mm”) were obtained from electronical medical records of
the hospital However when the hat determination had
been undertaken more than three months before enrd-
ment, a blood ssmple was collected.

The participants underwent a gynecological evahsation
and two samples of cervical cells were collected. The
first sample was taken for conventional cytology using a
long Ayreds spatuls for subsquent processing at the
hospital The second sample was cdlected with a cer-
vical brush (Rovers Cavex-Brnuh Combf’, Rovers Med-
ical Devices B.V. Oss, the Nethedands) and introd uced
into SUREPATH® Preservative Fiuid (TriPath Imaging
Burlington, NC). Samples were transported on the same
day ot room tempemture to the Fundagio Centro de
Contrde de Oncologia (FCECON) laboratory, where
1 mL of each sample was stored at - 80 "C until they
were shipped br HPV determination.

Cervical cytology

Cervical cytology were pr ed at the Depart-
mld?uuqyoﬂh FMT-HVD. The smears were
stained with the Papanicolaou stains and the 2001
Bethesda system was used for chsification of cytology
results [13]. Cytology examination was carried out under
blinded conditions and independently of HPV detection

results in PCR by two cytopathologists. A third
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cytopathologist evaluated discordant results, and if dis-
cordancy persisted, agreement was reached between the
three

HPV detection and typing

Samples for HR-HPV determination were shipped to the
Instituto de Cancer do Estado do Sio Paulo (ICESP).
They were processed using the BD Ondarity™ HPV
Assmy (BD Diagnostics, Sparks, MD), which can detect
14 HR-HPV genotypes by simultaneous identification of
the HR types 16, 18, 31, 45, 51, 52, and due to the limits
of this test, other HR genotypes reported by genatype
group (33/58; %6/596& 35/39/68). The BD Onclarity™
HPV Asay has shown good pedormance when com-
pared with Hybrid Capture 2, with specificity ranging
from 503 to 952% and sersithvity from 952 to 98.0%
[14, 15]. Molecular testing was pedomed using the au-
tomated BD Viper™ LT System (BD Diagnostics, Sparks,
MD). HR-HPV detection was carried out under blinded
conditions with regard to subjects’ characteristics and
cytology results.

Data analysis

Data were analyzed wsing Stata 100 (SataCorp LP, Col-
lege Station, TX). Data were described using percentages
and medians with interquartile ranges (IQR), as appro-
priste. Prevalence and 95.0% confidence interval (CI)
were calculated. The results were categorized according
to CD4 cell counts (<200; 200-49% =500 cells/mm®).
Comparisons between HR-HPV infected and non-
infected women were formally carded out wdng for
categorical variables the X test, and for continuous vari-
ables, the student-t test or the Fisher exact test (when
expected frequencies were less than 5), or the U-Mann
Whitney test (for non-parametric variables). To ascer-
tain associstions between potential dsk factors and
HR-HPV infection, prevalence odds ratios (pOR) were
calkeulsted with their corresponding 95.0% CL For the
multivariste analysis, pOR were calculated by multiple
logistic regression modelling that induded covariates
for potential confounders, and for factors that were
statistically significant (p <0.1) at univariate analysis.
All tests were two-tailed and the p-value less than
005 was considered statistically significant.

The agreement for the blinded and independently cy-
tology reading was measured through the percentage of
overall agreement, the percentage of positive agreement,
percentage of negative agreement, and the prevalence-
adjusted bias-adjusted (PABA)-kappa coefficient, by le-
sion severity.

Ethics
The study was approved by the Ethical Institutional Review
Board of IMT-HVD (number: 466/2012). Patients gave their
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signed consent to participate. All women were informed
about conventianal cytdogy and HR-HPV detection results
Colposcopy and blopsy were perfarmed ollowing recom-
mendations of the Brazilan Ministry of Health [16]. The
study is reported Dllowing the STROBE statement and
using its checklist for cross-sectional studies [17]

Results

Study population description

A total of 331 women were pre-screened and all agreed
to participate in the study. Among these, six were ex-
duded because no HIV positive resull could be docu-
mented in the medical recard. Thus, the total number of
participants avaibible for analysis was 325 Their median
age was 407 years (IQR: 311-462). A total of 299
women living with HIV had a valid PCR result and 324
a valid result in conventional cytology. The median CD4
cell count with IQR among ART users and ART-maive
when HIV was diagnosed was 321 (173-487) and 620
(422-739). The median (IQR) CD#+ cell count among
ART users and patients not on ART was 257 (133-2%3)
and 1975 (88-314.5), respectively.

Table 1 shows the sodio- ¢, risk behaviour,
reproductive health and HIV higtory, and current sexu-
ally transmitted infections signs and symptoms. Women
living with HIV with an HR-HPV-positive result were
younger than those with HR-HPV-negative results (me-
dian in years: 388 vs. 41.1, palue= 03). A higher pro-
portion of those with an HR-HPV-positive result had
not pedformed previously cervical cytologies than those
with an HR-HPV-negative result (750% vs. 250%
p-value= 002), and most Fequently had CDb cells with
counts< 200 cells/mm® than women with HP-HPV-
negative result (407% w. 593 pvalue<0001). In
general, in each age group, women with a (D4 cell
count <200 cells/mm” had a higher HR-HPV prevalence
than women with higher CD4 cell counts, although
95.0% (1 was large, suggesting a small number In the
CD4 cell count < 20 cells/mm” category.

HR-HPV prevalence, asocisted factors, and genotype
distribution by age and CD4 cell count category

The results of the PCR screening showed that 93 out of
299 women were infected with HR-HPV, resulting in a
prevalence of 311% (95.0% Cl: 25.8-36.4). The distribu-
tion of age pecific HR-HPV prevalence ranged from
254% in the age group 31-35 years to B.5% in those
aged > 50 years. The proportion seemed to increase from
36 years onwards, peaking at older women (Fig 1)
although this pattern was not satistically significamt
(p-value =0.07). HR-HPV prevalence by CD4 cell group
was 238% in those with CD4 > 500 cell/mm’®, 342% in
200499 cell/mm3 and 59.3% in <200 cell/mm”. The
proportion increased with decreasing CD4 cell count,
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although this pattem was not statistically significant
(p-value = 062).

The most prevalent HR-HPV types among 9 HR-
HPV-positive and HIV positive women were HPV pool-
56/59/66 (323%), HPV-35/39/68 (28.0%) and isolated
HPV-52 (215%), HPV-58 (204%), HPV-16 (19.4%),
HPV-45 (129%), HPV-31 (11.8%), and HPV-18 (2.2%)
(Fig 2). Multiple infections (range: 24 types) were iden-
tifed in 40 of 93 women (43.0%). The prevalence of
women with multiple HR-HPV infections was 13.4%
(40/299) (95.0% C1: 95%-17.3). Among cases of mul-
tipke infection (N =40), the prevalence of HPV-16
was Z75% (n =11), of HPV-18 was 50% (n =2) and
of HPV-52 was 350% (n =14). Multiple infections

had a higher HR-HPV prevalence in older age groups
(41-45 years: 18.9%; 46-50 years: 18.9%; > 30 yearx:
17.4%) than in younger age groups (< 26 years: 7.3%
26-30 years: 13.2% 31-35 years: 11.9%) but no trend
with age was found (p-value =0.10).

When compared with HR-HPV-negative women, thase
with a HR-HPV-positive result were younger, a lower pro-
portion had undertaken a cervical cytology ever, had a
lower median CDM cell count at kst determination, and a
higher proportion had CDé cell count <200 cell/mm’
(Table 1). Results from the multivarisble analyss showed
that increasing age was associated with a decreased rsk of
HR-HPV infection with an adjusted pOR of 0.9 (95.0% CE:
09-1.0, pvalue= 0.03) for each additional year. The only
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<0.0001). The same pattern was observed by decreasing
CD4 cell count groups (Table 2).

HPV- 56/59/66 (either 56 59, 66 or any combination
of these three types) was the most prevalent genotype
(523% among 21 HR-HPV-positive women with LSIL
and the most prevalent one (60.0%) among 10 HR-HPV-
positive women with HSIL in a total of 93 women coin-
fected with HR-HPV and HIV (Table 3). The second
most common genotypes for LSIL were HPV-16 (23.8%)
and HPV-35/39/68 (238%), whereas for HSIL HPV-16
was bund in half (50.0%) of these women. None of the
women with LSIL and HSIL were infected with HPV-18

factor statistically significant associated with HR-HPV in-
fection was CD4 cell count: women with CID4 cell count
<200 cell/mm® had an pOR of having HR-HPV that was
47 (B50% Q: 20-113, pvalue <Q001) times greater
than that of women with CD4 cell count 2500 cells/mm™.

Relationship between HR-HPV infection, conventional
cytology results, and CD4 cell counts

Overall 842% (275) of women had a nomnal cytology,
27% (9) ASCUS, 17% (35) ASC-H, 8.1% (25) LIL 34%
(10) HSIL, and no cancer cases The proportion of cyto-
logical sbnormalities was higher in women with
HR-HPV-positive than in women with a negative HR-
HPV-result. (Additional file 1: Table S1).

By cytological grade, the prevalence of HR-HPV was
37.5% in ASC-US, 80.0% in ASC-H, 8 .5% in LSIL, and
1000% in HSIL The prevalence of HR-HPV increased
with the degree of cytological sbnormalities, ranging
from 219% among women with nomal cytology to
1000% among women with HSIL (pvalue fbr trend

The preval of HR HPV genotype increased by cyto-
logical grade in HPV-16, HPV-31, HPV-45, HPV-33/58
and HPV- single infection and multiple infection
(p-value for trend <0.001), and in HPV-52 (pvalue for
trend = 0.08).

Compared to those with single infections, women with
multiple HR-HPV infections had a higher prevalence of
LSL (£229% w. 57.1%, p <0001) and HSIL (0.0% vs
80.0% p <0001). In women with multiple HR-HPV in-
fections, the degree of severity of cytological lesions was
strongly correlated with a decreased CD4 cell count
(Additional file 1: Table 52).

Figure 3 shows that in the HSIL category, women
with CD4 counts =500 cell/mm™ had a lower propor-
tion of multiple HR-HPV-inkctions (500%) than
those with CD4 200-499 cell/mm’ (80.0%) and those
with CD4 <200 cell/mm™ (100.0%).

The ovenall agreement for conventional cytology ob-
served between the blinded fist and second evaluators
was 89.0%. By type of kedon, it was >90.0% and the
PABA-kappa statistic ranged from 0.82-0.97 (Additional
file 1: Table §3).
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Discussion information biax Indeed, the study design used does not

This study provides evidence about the prevalence of
HR-PV infection, their associations, and cervical lesions

among women living with HIV, an area of research with
scarce literature from the Amazonas.

The prevalence of HR-HPV infection found, 31.1%, is
approximately half of that found in another study in HIV
positive women in Amazonas (61.6%) [18]. This discrep-
ancy could be explained because in the litter study
women were younger (median age: 32 years [IQR]: Z7-38
vs. 40.7 years [IQR]: 331-462) and a pesk among youn-
ger women has been described in a number of countries
[19. In the same study, women had a lower median CD4
cell count at enrolment (3385 [IQR 211.5-5133] cells/
mm® vs. 504.0 [IQR: 321.0-6765), which can limit the
dearance of the vins, and 16.0% of wamen were commer-
cial sex workers, which is a highly HPV exposed populas-
tion [X0]. Other studies in Braxil involving HIV positive
women have found higher prevalence of HR-HPV from
357% to 980% [12, 21-M]. The differences with the re-
sults from other studes might be pardy explained by

allow to differentiate between prevalent, incident and per-
sistent HR-HPV infection leading to mischsification of
the infection status and limiting comparability of our esti-
mates with those from other tudies.

We found that 43.0% of HR-HPV-infected women had
multiple infections, which & in agreement with other
Brazilian, ranging from 322% (o 648% [24-27] and
ranged fom 520% to 64.3% in intemational studies [28
29]. Women living with HIV are mlbiylow
multiple HPV infection than |
[Jo)whichismhedvthmhcmsdrbko{hme-

pithelial neoplasia and of cancer [31, 32]. This probably
immunosuppression

reflects the effect of HIV-induced
[33] rather than sexual risk behaviour [34].

In the present study, we found a wide diversity regard-
ing HR-HPV types and their distribution, with HPV-52
HPV-16 and HPV 45 being the most frequent individual
types. However, this needs to be talen with cution
because the PCR method wsed did not allow the meas-
urement for all individual genotypes and the various

women in Menar, Amaons

L]
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groupings of HPV types difficult the interpretation. As an
ple, the high preval of HPV-35/39/68 might be
driven by HPV-35 alone and this type has been implicated
in HSIL and invasive cervical cancer in women living with
HIV [35 36]. Women living with HIV are chamcterized
by a wide variation of HPV genotypes, probably related to
their sexual behaviour and the reactivation of latent infec-
tions, which can facllitate infection by diferent HPV geno-
types. Contrary to what most studies sugges,[10, 12, 21,
28, 30, 37-39] HPV-16 was not the most cammon HPV
type. This is in line with the results from other studies
among indigenous populstions in the Amuzonas, [40f
women living with HIV in Brazil, [26] in the USA
[29] and in Africa, [41] that corroborate our findings and
place HPV-16 as not the most canmon type detected. It
has been suggested that the contribution of HPV-16 car-
relates inversely with the overall HPV prevalence [42].
This pattern is explained by a higher prevalence of other
HPV types in areas where HPV & extremely common,
and the increase is not explained by the contribution of
any other single type. Nevertheless, HPV-16 was the most
prevalent individual HPV type among HSLL lesions, which
is consistent with the results of a meta-analysis that in-
duded 19883 women living with HIV from 86 studies
worldwide [36]. This meta-analysis reported that HPV-16
positivity tended to increase with severity of cervical le-
sions. In Africa, HPV-16 accounts or 311% of HSIL and
466% of imvasdve cervical cancers In Latin Amedca,
HPV-16 accounts for 37.5% of HSIL with no data available
for invasive cervical cancers [36].

A low number of cases of HPV-18 were detected al-
though it ranks amongst the top positions in most re-
glons [37, 39]. In addition, HPV-18 accounts for a high
proportion of HPV-positive in HSIL and invasive cer-
vical cancers among women living with HIV [36]. Like-
wise, in other studies involving women living with HIV
the HPV-18 contribution has been low [21, 24, 43-45].
It has either not been commonly detected in Beazilian
studies [46 47] or has shown a prevalence below 1.0% in
asymptomatic women [48-50]. In two studies conducted
in the Amazon region HPV-18 was not detected [37,
391 It is unlikely that the low prevalence of HPV-18
found is related with the PCR method used The BD
Ondarity asay used showed good pedormance when
compared with standard genotyping test [14, 15]. For
HPV-18 (single or multiple infection), the agreement
with the GP5+/6+ LMNX assay was high, with a kappa
of 0.98 (95.0% CL 057-0.99) [51].

Age-specific HR-HPV distribution presented as a
unimodal distribution skewed to the keft although this
pattem was not statistically significant. Although there
are studies that indicate a higher prevalence of HPV in
younger women,[4, 52-55] we observed a higher
prevalence of HR-HPV prevalence among older
women (> 50 years) which has also been described in
some other studies [10, 19, 32, 56-58]. It has been sug-
gested that the increase in the perimenopause pedod
may be due to higher mtes of HPV persistence and re-
currence at okler ages rather than new HPV acquisition,
[59] and that viral characteristics such as HPV type and
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variants, [60] weakened immune system, changes in sexual
behaviour during middle age (both for men and women
[61]), or previous individual screening practices, may play
a role [56]. The associastion between younger age and
higher prevalence of HR-HPV is prabally due to the pres-
ence of treansient infections in this group of womer; how-
ever, this association is generally observed in non-HIV
infected women but & not consstent in women living
with HIV/AIDS [62].

In multivariable analysis, increasing age presented only
borderine association with an increasing risk of presenting
HR-HPV. We dd not dbserve a peak of prevalence among
young women (<26 years) which might be explained be-
cause only 13.0% in our smple were < 26 years and among
them, only 11 (27.0%) were infected with HR-HPV.

In the present study we found a dear association be-
tween weakened immune status and infection by HR-
HPV. In most studies of HIV and HPV, the magnitude
of increased HPV prevalence was proportional to the s-
verity of immunosuppression [10, 18, 38, 63-65]. While
many HPV infections are transent, women living with
HIV are more likely to have persistent HPV infections,
[66] and in other studies the frequency of persistence
varied inversely with CD4 cell count [62 65]. These re-
sults suggest that HIV induced immunosuppression
might cytological findings was 21.9% higher than the
global estimate of 16.1% reported a meta-analysis for
women in the general populstion from Latin America
[42]. We found a high prevalence of LSIL (8.1%) and
HSIL (3.4%) that reflects longtenmn persistent infections,
in concordance with the high mtes of multiple infections
observed among HPV infected with these lesions [10,
25, 55]. Our results are consistent with other studies in
which the presence of HPV in cytology with abnormal
results mnged from 71.0% to 90.0% fr LSIL 10, &7,
and between 806% to 100.0% for HSIL [10, 30, &)
Worsening of immune status was correlated with sever-
ity of lesions, as previoudy described [68].

We found high diversity of HR-HPV types in women
with abnormal cytology results. In our study, most cyto-
logical alterations were related to types 16, 31 and 45
HPV-16 was the most common type in HSIL, which has
been reported in a meta-analysis of HIV positive women
with HSIL, [30] and in women from the general popula-
tion [32]. Half of the HSIL cases presented HPV-16 which
has high oncogenic potential and its pr is affected
by the immunology status of the patient. The high preva-
lence of HR-HPV non-targeted by current vaccines does
not reduce the importance of vaccination agsing HPV-16
and -18, proven genotypes with the highest cardinogenic
potential Furthermore, cross has been de-
scribed for HPV45 and HPV-31 [69. However, newer
vaccines such as the lent HPV vaccine p t the
possibility of better coverage for women [70-72].

Page9 of 12

This study has some limitations. It did not include a
truly population-based design, as study participants were
recruited from a reference hospital. However, this hos-
pital attends to 9%5.0% of HIV patients from the Amazo-
nmas Our sample inclhsded women who had a prolonged
history of HIV infection (median 6 years), most were
taking HAART (87.9%), had previously eytology (97.2%),
had a relatively immune competence status (median CD4
cell count 5040 cellmm®), and median age was 407 years.
These women could have a higher self-care standard,
higher accessibility to health care and better health, which
would result in underettimating the true HR-HPV preva-
lence in the In sddition, we did not measure
variables such as nutrition and behaviour of male partners
that can influence HPV DNA detection [73-75]. The BD
Ondarity = HPV Asay used br PCR does not allow a
measurement for all individual genotypes The various
groupings of HPV types are difficult to interpret. It was nat
possible 1o investigate associstions of duration of ART and
the results of HR-HPV and cervical lesion, since the dur-
ation of ART would nat be accumie given that treatment
inemuptions was nat collected. Regarding the study size,
the background estimate used was based on Brazilian stud-
fes [12, 22, 23] (mnging from 63.0% to 98.0%) but was
higher than those reported in intemational studiex In
addition, the statistical power was low at 800% Thes rea-
sons might have influenced the accumcy of the estimates
measured and the strength of the asodiation in the multi-
varisble model. This study has a cross sectional design
which allows only br presentation of baseline information.

Condusions

In conclusion, we found a high prevalence of HR-HPV infec-
tion and cervical ledons among women living with HIV in
Amuzonas. We found a wide diversity of HR-HPV genatypes,
being the most common ones individually HPV-52, HPV-16
and HPV-85, although the highest prevalence was found in
the genatype graups 56/59/66 and 35/3%68 HPV-16 and
HPV-18 were less common than ather HPV types but 500%
of women with HSIL had HPV-16 The mast important de-
termisant of HPV infction was a low CD4 cell count. Most
abnormal eyblogial Sndings were observed in women with
poor immunological statss. HPV quadrivalent vaccination
wed in Bl might ot offer protecion for an important
fraction of HP V-related disease burden in women living with
HIV given the high prevalence of non-targeted vaccine HR-
HPV, some of which (eg 35, 39, 45, 56) contribute to high-
grade lesions. Newer vaccines such as the nomavalent HPV
vaccine [70-72] present the possibility of better coverage for
women and will need to be evahsatal. Strengthening prevent -
ive efforts is necessary to improve early detection through in-
creasing accessibility to screening programs, adherence
fallow-up amorg those with lesions, and intensifying health
education for women living with HIV.
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ANEXO A - PROTOCOLO DE EXTRACAO DNA (RASPADO DERMICO), KIT
QIAGEN DNeasy Blood & Tissue

Preparo da amostra:

1- Centrifugar a amostra de Raspado Dérmico por 10 minutos a 13.300 RPM. Caso nédo apareca o
pellet, centrifugar mais 5 minutos a 13.300 RPM,;

2- Descartar 0 sobrenadante com cuidado para n&o perder o pellet. Deixar o tubo invertido por 10
minutos ou banho seco a 38°C por 15 minutos. Se permanecer resto de alcool, deixar secando até
sua COMPLETA EVAPORACAO;

Reacéo de lise:

3- Pipetar 200 pl de buffer de lise (buffer AL, QIAGEN). Vortexar 15 segundos para soltar o pellet;
4- Pipetar 10 pl de Proteinase K;

5- Incubar a 56° C durante 3 a 5 horas. Vortexar a cada 30 minutos;

6- Pipetar 200 ul de etanol absoluto (96-100%) e fazer um spin;

Extracdo de DNA:

7- Pipetar (P1000) a mistura na coluna de extracdo QIAGEN e adicionar um tubo coletor.
8- Centrifugar a coluna com o tudo coletor a 8000 RPM por 1 minuto;

9- Descartar o tubo coletor com seu conteldo;

10- Colocar a coluna em um novo tubo coletor e adicionar 500 pl de buffer AW1,;

11- Centrifugar por 1 minuto a 8000 RPM;

12- Descartar o tubo coletor com seu contelido;

13- Colocar a coluna em um novo tubo e adicionar 500 ul de buffer AW2 (QIAGEN);

14- Centrifugar a 14000 RPM por 3 minutos para secar a membrana;

15- Descartar o tubo coletor.

Eluicdo do DNA:

16- Colocar a coluna em tubo coletor de 1,5 ml;

17- Adicionar 50 ul de buffer AE na membrana;

18- Incubar 2 minutos a temperatura ambiente;

19- Centrifugar por 2 minutos a 8000 RPM para eluir 0 DNA;
20- Armazenar o DNA extraido a -20° C
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ANEXO B - PROTOCOLO DE EXTRACAO DNA (SANGUE TOTAL), KIT QIAGEN
DNeasy Blood & Tissue

Reacdo de lise:

1.Pipetar 200 pL de sangue anticoagulado + 10 uL proteinase K dentro de um tubo de 1.5 mL. Ajustar
o volume para 210 yl com PBS;

2. Adicionar 200 uL de tampao AL, misturar completamente por vortexacao e incubar a 56°C por 10
min.

3. Adicionar 200 yL etanol (96—100%) na amostra e misturar completamente por vortexacao.

Extracdo de DNA:

4. Pipetar a mistura da etapa 3 para a coluna Mini Spin DNeasy e encaixar um tubo coletor de 2 mL.
Centrifugar a 8000 RPM por 1 min. Descartar o liquido drenado e o tubo coletor.

5. Colocar um novo tubo coletor de 2 mL na coluna Mini Spin DNeasy, adicionar 500 yL tampao AW1,
e centrifugar por 1 min a 8.000 rpm. Descartar o liquido drenado e o tubo coletor.

6. Colocar um novo tubo coletor de 2 mL na coluna Mini Spin DNeasy, adicionar 500 pL tampao AW2,
e centrifugar por 3 min a 14000 rpm para secar a membrana. Descartar o liquido drenado e o tubo
coletor. Caso verifigue que a membrana ndo esteja bem seca, faca outra centrifugagcéo por 1 min a
14.000 rpm.

Eluicdo do DNA:

7. Coloqgue um microtubo limpo de 1.5 mL ou 2 mL na coluna de DNeasy Mini spin e pipete 75 pl
Tampédo AE diretamente na membrana do DNeasy. Incubar a temperatura ambiente por 1 min, e
entéo centrifugar por 1 min a 8.000 rpm para eluir.

8. Recomendacédo: Para uma maxima concentracdo de DNA, repetir a eluigdo uma vez mais como
descrito na etapa 7, isto €, eluindo mais 75 pL Tampao AE diretamente na membrana do DNeasy no
mesmo tubo.



ANEXO C - PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM

PESQUISA

FUNDAGAO ALFREDO DA
MATTA - FUAM W

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: MARCADORES MOLECULARES, GENETICOS E SOROLOGICOS NA HANSENIASE:
SUPORTE AO DIAGNOSTICO CLINICO DE PACIENTES E VIGILANCIA DOS

CONTATOS.
Pesquisador: André Luiz Leturiondo
Area Tematica:
Versdo: 2

CAAE: 27219514.3.0000.0002
Instituicdo Proponente: Fundagao Alfredo da Matta
Patrocinador Principal: Fundago de Amparo a Pesquisa do Estado do Amazonas - FAPEAM

DADOS DO PARECER

Numero do Parecer: 555620
Data da Relatoria: 13/03/2014

Apresentagido do Projeto:

Trata-se de Estudo de Coorte com seguimento de 2 anos, utilizando marcadores genéticos em casos novos
de hanseniase para avaliar o risco de desenvolver episodios reacionais e seus contatos (estimativa de 1200)
utilizando marcadores moleculares, genéticos e sorolégicos para verificar o risco de adoecer.

O estudo incluira 150 pacientes em tratamento para servirem como controle positivo das reagdes de g-PCR
e LID-1 para validag8o dos testes.

Objetivo da Pesquisa:
Objetivos Primarios e Secundarios:

1. Avaliar a introdugao da tecnologia de gPCR para a identificagdo de DNA de Mycobacterium leprae em
contatos, como ferramenta de atengéo basica em salde, visando a detecgao precoce de hanseniase, bem
como a suscetibilidade para a doenga com o uso de marcadores soroldgicos e genéticos (SNPs) que sejam
capazes de definir estimativas de risco de adoecimento;

1.1- Adequar os métodos baseados na extragio de DNA de amostras clinicas de pacientes e contatos
domiciliares (raspado dérmico) destes, para sistemas comerciais implementando na rotina ambulatorial para
monitoramento, vigildncia de pacientes e seus contatos domiciliares;

1.2- Avaliar em uma populagao de pelo menos 600 contatos por ano (1200 individuos em 24

Enderego: Rua Codajas 24

Bairro: Cachoeinnha CEP: £9.085-130 r
UF: AM Municipio: MANAUS (|
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meses) a positividade de DNA de M. leprae por PCR em tempo real a partir do alvo 16S na tentativa de
incrementar o diagnéstico precoce de hanseniase; Um grupo de pacientes paucibacilares e multibacilares
sera arrolado como controles positivos visando a validagéo do teste;

1.3- Relacionar a carga bacilar dos contatos de primeira vez pela técnica molecular
(qQPCR) com a evolugdo ou ndo para a doenca apds dois anos de acompanhamento;

1.4- Validar o teste sorolégico LID-1 com os pacientespaucibacilares e multibacilares de primeira vez;

1.5- Verificar a soropositividade do teste sorolégico (LID-1) entre os contatos. Um grupo de pacientes
paucibacilares e multibacilares sera arrolado como controles positivos visando & validagao do teste;

1.6- Associar os resultados dos testes QPCR e soropositividade da LID-1 com dados clinico-laboratoriais
(forma clinica do caso indice), status vacinal (BCG) e indicadores
sociodemograficos apés dois anos da primeira consulta;

Continuacso do Parecer: 555 620

2. Avaliar marcadores genéticos (SNPs) em um grupo de pacientes acompanhados por 2 anos para estimar
risco de desenvolvimento de episodios reacionais.

2.2- Relacionar os polimorfismos de base Unica (SNPs) nos genes TLR1, NOD2 e PARK2/PACRG com os
estados reacionais da hanseniase;

Avaliagdo dos Riscos e Beneficios:

- Riscos: E minimo o risco associado a sua participago neste estudo. O Unico desconforto sera uma leve
dor durante o raspado dérmico no Iébulo auricular, discreta dor no dedo indicador(pungao digital) ou durante
a coleta de sangue.

- Beneficios: A participag8o neste estudo trara beneficios indiretos ao individuo, pois caso os resultados
forem satisfatérios, sera implantado os testes diagnosticos em estudo, na rotina da Fundagao, beneficiando
todos os clientes atendidos pelo SUS com suspeita de estarem com hanseniase e seus respectivos
contatos,

Comentarios e Consideragdes sobre a Pesquisa:

Consideragdes sobre algumas questdes metodoldgicas:

- Formulario "Informagdes Basicas" refere 200 pacientes e 1000 contatos, mas o Projeto Basico cita e
justifica 1200 contatos, sendo 600 por ano (calculando 4 contatos para cada caso), que eh o que esta sendo
considerado, tendo previsto, entdo cerca de 150 casos novos de hanseniase por ano (detecgdo anual na
Fundagao Alfredo da Matta) ou 300 no estudo.

- Coleta de material biolégico do 20. ao 240. més do cronograma do projeto que sera executado

Enderego: Rua Codajas 24

Bairro: Cachoeirinha CEP: 69.065-130 .
UF: AM Municipio: MANAUS
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no periodo de margo de 2014 a dezembro de 2017.

- O armazenamento de material bioldgico esta sendo solicitado nos TCLEs para futuros estudos mediante
aprovagao do CEP, estando previsto armazenamento em Biobanco, contudo, na Fundagao Alfredo da Matta
(FUAM)até o presente ndo existe um Biobanco credenciado.

- Os dados e instrumentos utilizados na pesquisa ficardo arquivados com o pesquisador responsavel por
um periodo de 5 anos

Consideragdes sobre os Termos de apresentagao obrigatéria:

- Foi atendida a pendéncia da assinatura do patrocinador, FAPEAM, na Folha de Rosto e apresentado
documento da mesma instituigdo que aprova o projeto para chamada puablica no. 00112013 PPSUS com o
orgamento total de R$ 133.806,00, em anexo.

Continuagiio do Parecer: 555 620

Recomendagdes:

- Apresentar relatorios parciais, a cada seis meses, ao CEP-FUAM conforme previsto na resolugao 466/2012
de diretrizes e normas regulamentadoras das pesquisas envolvendo seres humanos

- As amostras de material biologico coletadas deverdo ser desprezadas caso, ao término da pesquisa, a
FUAM néo tenha constituido um BIOBANCO, devidamente regulamentado e credenciado de acordo com as
normas vigentes.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Projeto APROVADO devera seguir as orientagdes de envio de relatorios parciais e constituigdo de Biobanco.

Situagdo do Parecer:
Aprovado

Necessita Apreciagdo da CONEP:

Nao

Consideragdes Finais a critério do CEP:

- Enviar relatérios semestrais ao CEP_FUAM demonstrando fatos relevantes e resultados parciais do
desenvolvimento da pesquisa.

- Desprezar as amostras biolégicas ao término da pesquisa caso a FUAM n&o tenha constituido e
cadastrado um Biobanco.

Enderego: Rua Codajas .24

Bairro: Cachoeirinha CEP: 69.065-130
UF: AM Municipio: MANAUS
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Continuacao do Parecer. 555 620

i MANAUS, 13 de Margo de 2014
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ANEXO D - DECISAO DO CONSELHO DIRETOR DA FAPEAM DO PROJETO
APROVADO

GOVERNO DO ESTADO DO AMAZONAS i
CONSELHO DIRETOR - DECISAQ 287/2013 - ANEXO UNICO
Programa Pesquisa para o SUS: Gestio Compartilhada em Sadde - PPSUS, Chamada Pablica FAPEAM/SUSAM-SES-AMMS/CNPq n.® 001/2013

[Pigina 1]
" . [DURAGAD BOLSAS AUXILIO-PESQUISA P
TTUIG PROJETD
PROPONENTE | pE yiNGULO REG.0O prostro| MOD. |vALORUNIT.| omD. [MEses| TomAL GUSTEIO | GAPITAL TOTAL  |(AuxPsaqtBolsas)
Felipe A2y Costa Mansonelose em drea urbana do municipio de 530 Gabriel da Cachoeira,
1 [Pssear FIOCRLE  [yorsmeiss = P meses |DCTAC| R§123400 | 1 | 24 | RS 2069600 | R$109.30200 | R$5I50000 | R$ 16280200 | RS 18241800
2 |Aneié Luiz Letwionso® | FLAM Geneficos @ Sorokogioas ra | - SURONEI0) 04 eces [DCTAIC| RE123800 | 1 | 2 |R$295400 | RSBu0s00 | R$24.41000 | R$10449000 | RS 43380500
3 |Felipe Gomes Navesa 24meses |DCTAC| R§123400 | 1 | 24 | RS 2961600 | R$109.93950 | RIGL.00O00 | RY 16990950 | RS 19955550
4 |Alex Panizza Jalkh® FUT-HVD :‘T_“ '393“.”: um Programa ro SUS de Diagnéstioo Rigido para Cotole oy oo | perac| Re 123800 | 1 | 2 | RS 261600 | R 6692500 | R§ 2925000 | RS 9619500 | 75 125811,00
[P— Testes rapeos par valagee 83 s sEne 8e Myschaderm beuoss 3
5|0 NP |lsorizzida e Rifampicng, @ partr de amostras de escarcs mulbadiares de| 24 meses |DCTAIC| R§ 123400 | 1 | 24 | RS 2069600 | RS 110.38400 | R$GL.00000 | R$170.33400 | RS 200.000,00
i entes com Tubercuiose puimenar.
Celsa da Siva Mowra Suplementacdo de Caico em baixa dose para prevengdo de Pré-Eciampsia
6 : [T i st 2 meses |DCTAC| R§ 123400 | 1 | 17 | RS me7mo0 | R§215380 | A& 000 | R 1ALTIRO | RS 4354580
Ivermecting para reduzit a transmissao de malafiac avaliagio de uma -
FTAD | metore e s Ameirs Besciara (VERVALL P meses |DCTAC| RE123400 | 1 | 24 | RS 2969600 | R$ 12410000 | R$17.850,00 | R$ 14195000 | RS 171.566,00
Estwo das Hemoglokinopatias Estutwais e de Sintese na Regio gy pocer | _ . _ R$117.31100 | R$Z7.770,00 | R$ 14508100 | RS 145081,00
UFAM MS"':;“;'E"“‘ para Hantavings em humancs e animas do Estado do) oy oo poTaic| RE122400 | 1 | 24 | RS 295900 | R$133.8000 | R$27.000,00 | R5 16082000 | RS 190456,00
Busca o biomarcadorss para Belegan 92 ressiEna3 4o 3 coroquna =m
LEA poirral P4meses |DCTAC| R§123400 | 1 | 24 |R$269600 | R§TEO0000 | REZ50000 | RES0S0000 | R$ HOMED
UEa  [Andlise on gene PARY e ooomencia da Soome oo K-hig! oM pessoxs cOM| 24 meses DCTAIC| R§123400 | 1 | 24 | RS269600 [ RSEA85200 | R$3578000 | RS 26200 | RS 14825800
Transiomo do Espectro Autista.
FIOCRLZ MS, Wicrianas: Produdo, Propriedades e Apicagdo Biotecnoligioa 3| 5 mecee [petaic| R§123400 | 1 | 20 | RS 969600 | REST30155 | R$60.00000 | RS 730165 | RS ME87ES
O impacio das mortes prematuras por viokencia sokre 3 expectativa de vida|
UEA [ e ekt it 24meses |DCTAC| R§123400 | 1 | 24 | RS 206600 | R§68.33000 | R$Z1.00000 | RES0INW0 | RS 118946100
Hmﬁﬁm;ani o Fares de Viinoa sssociodos 3 Shigelnse severs e
FIOCRLZ | ST o 24meses |DCTAC| R§123400 | 1 | 24 | RS 290696500 | RE9.1049 | RISILI00.00 | RE1S2Z1049 | RS 18182649
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