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RESUMO

Ramos, Antbnio Carlos Vieira. Estudo epidemiologico da hanseniase em dois cenarios
brasileiros: abordagem espacial, temporal e dos determinantes sociais. 2021. 213f. Tese
(Doutorado) — Escola de Enfermagem de Ribeirdo, Universidade de Sao Paulo, 2021

No ano de 2019, dos 23 paises de prioridade global da hanseniase, a India, o Brasil e a Indonésia
foram responsaveis por mais de 80% dos casos reportados da doenca no mundo, com o Brasil
ocupando a segunda posi¢do no ranking dos paises de maior carga da doenga. A hanseniase
apresenta distribuicdo espacial heterogénea, possuindo forte relagdo com as desigualdades sociais,
em que as regides com piores indicadores socioecondmicos sdo espagos de manutencéo da doenca.
Assim, considerando esse contexto, buscou-se analisar a associacdo da hanseniase com
determinantes sociais em Imperatriz/MA e Ribeirdo Preto/SP. Trata-se de um estudo ecolégico,
realizado no periodo de 2006 a 2016 considerando os casos de hanseniase notificados nos dois
municipios. Em relacdo aos determinantes sociais, foram exploradas as dimensbes do Censo
Demogréfico referentes a Aglomeracdo, Alfabetizacdo, CondicGes de ocupacdo do domicilio,
Condicoes sanitarias, Renda do domicilio, Raca/Etnia e Idade. Em Imperatriz, identificou-se areas
de risco de hanseniase com aplicacdo da Estatistica de Varredura, e em seguida, verificou-se a
associacdo com determinantes sociais atraves da regressdo logistica binaria. Em Ribeirdo Preto,
foram computados a quantidade de casos de hanseniase de acordo com setores censitéarios e a
associacdo com determinantes sociais foi verificada através da aplicacdo de modelos aditivos
generalizados para localizagdo, escala de forma (generalized additive model for location, scale and
shape — GAMLSS). Como resultados, em Imperatriz, a estatistica de varredura identificou areas de
alto risco da doenca (RR>1), e 0 modelo logistico evidenciou que as dimensGes compostas pelos
determinantes: sexo, escolaridade, alto numero de moradores por domicilio e baixa renda foram
associados a areas de alto risco (OR = 1,25; IC 95% = 1,07-1,49; ROC = 0,65). Em Ribeirdo Preto,
os resultados do melhor modelo indicaram que homens e mulheres sem escolaridade e pessoas com
renda de 1 a 2 salarios minimos estavam associados a um aumento relativo no nimero de casos de
hanseniase (7,37% [p=0,0086], 7,10% [p=0,0057] e 2,44% [p=0,0268], respectivamente). Homens
negros e mulheres pardas sem escolaridade tiveram associagdo com um aumento relativo do
namero de casos da doenca (10,77% [p=0,0162] e 4,02% [p=0,0081], respectivamente). O estudo
permitiu evidenciar a relacdo dos determinantes sociais ao risco de hanseniase em dois cenarios
distintos. Pessoas sem escolaridade e niveis reduzidos de renda foram associados a doenca em
ambos os cenarios. Esses resultados reforcam que situacdes de vulnerabilidade sdo uma das
principais responsaveis pela manutencdo do quadro de endemicidade da hanseniase nesses
cenarios, e consequentemente, no Brasil.

Palavras-chave: Hanseniase, Determinantes Sociais da Salude, Estudos Ecoldgicos, Anélise
Espacial, Analise de Séries Temporais.



ABSTRACT

Ramos, Antonio Carlos Vieira. Epidemiological study of leprosy in two Brazilian scenarios:
spatial, temporal and social determinants approach. 2021. 213f. Thesis (Doctorate) — Ribeiréo
Preto College of Nursing, University of Sdo Paulo, 2021.

In 2019, of the 23 countries with global priority for leprosy, India, Brazil and Indonesia were
responsible for more than 80% of the reported cases of the disease in the world, with Brazil
occupying the second position in the ranking of countries with the highest burden of disease.
Leprosy has a heterogeneous spatial distribution, presenting a strong relationship with social
inequalities, in which regions with the worst socioeconomic indicators are areas for the
maintenance of the disease. Thus, considering this context, we aimed to analyze the association of
leprosy with social determinants in ImperatrizZMA and Ribeirdo Preto/SP. This is an ecological
study, carried out from 2006 to 2016, considering the cases of leprosy reported in the two
municipalities. Regarding social determinants, the dimensions of the Demographic Census
referring to Agglomeration, Literacy, Conditions of occupation of the household, Sanitary
conditions, Income of the household, Race/Ethnic group and Age were explored. In Imperatriz,
risk areas for leprosy were identified through the Scan Statistics, and then the association with
social determinants was verified through binary logistic regression. In Ribeirdo Preto, the number
of leprosy cases was computed according to census tracts and the association with social
determinants was verified by applying generalized additive model for location, scale and shape
(GAMLSS). As a result, in Imperatriz, the scanning statistic identified areas of high risk for the
disease (RR>1), and the logistic model showed that the dimensions composed by the determinants:
gender, education, high number of residents per household and low income were associated to
high-risk areas (OR = 1.25; 95% CI = 1.07-1.49; ROC = 0.65). In Ribeirdo Preto, the results of the
best model indicated that men and women with no education and people with an income of 1 to 2
minimum wages were associated with a relative increase in the number of leprosy cases (7.37%
[p=0.0086], 7.10% [p=0.0057] and 2.44% [p=0.0268], respectively). Black men and uneducated
brown women were associated with a relative increase in the number of cases of the disease
(10.77% [p=0.0162] and 4.02% [p=0.0081], respectively). The study made it possible to evidence
the relationship of social determinants to the risk of leprosy in two different scenarios. People with
no education and low-income levels were associated with illness in both scenarios. These results
reinforce that situations of vulnerability are one of the main factors responsible for maintaining the
endemicity of leprosy in these scenarios, and consequently, in Brazil.

Key words: Leprosy, Social Determinants of Health, Ecological Studies, Spatial Analysis, Time
Series Analysis.



RESUMEN

Ramos, Antonio Carlos Vieira. Estudio epidemioldgico de la lepra en dos escenarios brasilefios:
enfoque espacial, temporal y determinantes sociales. 2021. 213f. Tesis (Doctorado) — Escuela
de Enfermeria de Ribeirdo Preto, Universidad de S&o Paulo, 2021.

En 2019, de los 23 paises con prioridad mundial para la lepra, India, Brasil e Indonesia fueron
responsables de méas del 80% de los casos notificados de la enfermedad en el mundo, ocupando
Brasil la segunda posicion en el ranking de paises con mayor carga de enfermedad. La lepra tiene
una distribucion espacial heterogénea, teniendo una fuerte relacion con las desigualdades sociales,
en las que las regiones con peores indicadores socioeconémicos son areas para el mantenimiento
de la enfermedad. Asi, considerando este contexto, buscamos analizar la asociacion de la lepra con
determinantes sociales en Imperatriz / MA y Ribeirdo Preto / SP. Se trata de un estudio ecoldgico,
realizado de 2006 a 2016, considerando los casos de lepra reportados en los dos municipios. En
relacién a los determinantes sociales, se exploraron las dimensiones del Censo Demogréafico
referentes a Aglomeracion, Alfabetizacion, Condiciones de ocupacion del hogar, Condiciones
sanitarias, Ingresos del hogar, Raza / Grupo étnico y Edad. En Imperatriz se identificaron las areas
de riesgo de lepra a través de la Estadistica de Escaneo y luego se verificd la asociacion con los
determinantes sociales mediante regresién logistica binaria. En Ribeirdo Preto, se calcul6 el
namero de casos de lepra segin las secciones censales y se verificd la asociacion con los
determinantes sociales mediante la aplicacion del modelo aditivo generalizado de ubicacion, escala
y forma (GAMLSS). Como resultado, en Imperatriz, la estadistica de barrido identificd areas de
alto riesgo de la enfermedad (RR> 1), y el modelo logistico mostr6 que las dimensiones compuestas
por los determinantes: género, educacion, alto niamero de residentes por hogar y bajos ingresos se
asociaron a areas de alto riesgo (OR = 1,25; IC 95% = 1,07-1,49; ROC = 0,65). En Ribeirdo Preto,
los resultados del mejor modelo indicaron que hombres y mujeres sin educacién y personas con un
ingreso de 1 a 2 salarios minimos se asociaron con un aumento relativo en el nimero de casos de
lepra (7,37% [p=0,0086], 7,10% [p=0,0057] y 2,44% [p=0,0268], respectivamente). Los hombres
negros y las mujeres marrones sin educacion se asociaron con un aumento relativo en el namero
de casos de la enfermedad (10,77% [p=0,0162] y 4,02% [p=0,0081], respectivamente). El estudio
permitio evidenciar la relacion de los determinantes sociales con el riesgo de lepra en dos
escenarios diferentes. Las personas sin educacion y con bajos niveles de ingresos se asociaron con
enfermedades en ambos escenarios. Estos resultados refuerzan que las situaciones de
vulnerabilidad son uno de los principales factores responsables de mantener la endemicidad de la
lepra en estos escenarios y, en consecuencia, en Brasil.

Palabras claves: Lepra, Determinantes Sociales de la Salud, Estudios Ecologicos, Anélisis
Espacial, Analisis de Series Temporales.
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Minha aproximac&o e interesse com a hanseniase ocorreu no ano de 2013 na disciplina
Estégio Curricular Supervisionado na Atengdo Basica, da grade curricular do curso de Bacharelado
em Enfermagem da Escola de Enfermagem de Ribeirdo Preto da Universidade de S&o Paulo
(EERP/USP). Nessa disciplina, o campo de estagio era a unidade Centro Salde Escola da
Faculdade de Medicina de Ribeirdo Preto da USP (CSE FMRP/USP), cujo docente responsavel
pela disciplina era o Prof. Dr. Ricardo Alexandre Arcéncio e a supervisora de campo a Enfermeira
Ivana Astolphi Gandra Passeri.

Nesse estagio, fiquei responsavel pelo ambulatorio de hanseniase, e devo dizer que foi um
momento muito importante em minha formacgé&o enquanto estudante de enfermagem, pois o contato
com essa tematica me possibilitou varias reflexdes e indagagdes que, até os dias de hoje, ndo foram
totalmente respondidas. Como uma doenca infectocontagiosa, curavel, com tratamento gratuito
disponibilizado pelo Sistema Unico de Satde (SUS) ser um grave problema de satde publica no
Brasil? Sendo o Brasil o segundo pais com maior quantidade de casos da doenca no mundo, porque
a hanseniase é pouco divulgada, pouco debatida e ndo é incluida nas principais agendas de
prioridade em saude?

Ainda no estagio pude me deparar com dois conceitos intrinsecos a doenca: 0 estigma e 0
fato de ser uma Doenca Tropical Negligenciada. O estigma pude perceber em pacientes que, em
pleno verdo, frequentavam o servico de salde para receber a Poliquimioterapia (PQT) com
agasalhos ou camisas de manga longa, com medo de que suas lesdes/manchas fossem percebidas
por terceiros; também em pacientes que tinham preferéncia por se consultar e buscar a PQT
préximo ao horario de fechamento da unidade, em que a circulacdo de pessoas era menor, com
medo de que fossem vistas em tratamento da hanseniase. A questdo de ser uma doenca
negligenciada pude perceber, sobretudo, pelas escassas campanhas na grande midia sobre a doenca
(lembrando que o Brasil é o segundo pais em nimero de casos da doenga), 0 pouco investimento
em novos tratamentos e medicamentos, e acima de tudo, que as pessoas em vulnerabilidade social
eram as que estavam em maior risco de acometimento pela doenca. Essas questdes e a rotina de
atendimentos no ambulatério foram despertando cada vez mais meu interesse na hanseniase.

Nessa época, semanalmente me reunia com o Prof. Ricardo em campo de estégio tratando
sobre as atividades do ambulatorio, e em um desses momentos, manifestei meu interesse em
desenvolver um Trabalho de Conclusdo de Curso (TCC) na tematica hanseniase e que ele me

orientasse, o qual prontamente aceitou. Nesse momento, o Prof. Ricardo estava orientando a tese
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de doutorado da Profa. Flavia Meneguetti Pieri, cujo tema de investigagdo era hanseniase, ficando
acordado entre n6s que meu TCC fosse oriundo de um objetivo especifico da tese da Profa. Flavia.
Com a orientacdo do TCC passei a frequentar o grupo de pesquisa, participando de discussoes e
convivendo com os alunos de Pos-Graduacéo orientados pelo Prof. Ricardo.

Desde o inicio da construcdo do TCC e participacdo no grupo fui me identificando com as
atividades de pesquisa, e mesmo sem ter finalizado esse trabalho (e a propria graduacéo) ja estava
pensando na possibilidade de uma Pds-Graduacao, especificamente o mestrado, cujo objeto de
investigacdo fosse a hanseniase. Devo destacar que o estagio no ambulatério me incentivou a
querer compreender cada vez mais a hanseniase no municipio de Ribeirdo Preto, uma vez que,
apesar do municipio ser de baixa prevaléncia e média deteccdo da doenca, era perceptivel que
grande parcela dos pacientes atendidos eram oriundos de determinados bairros, que a hanseniase
era “localizada” no municipio.

Essa minha indagagdo sobre a distribuicdo da hanseniase em Ribeirdo Preto se alinhou
perfeitamente com as metodologias que o grupo de pesquisa estava se aprimorando, os estudos
ecologicos e a utilizacao da analise espacial, que inicialmente, estavam sendo aplicados no contexto
da tuberculose, principal tema de investigacdo do Prof. Ricardo. Assim, em 2014, com a orientagédo
do Prof. Ricardo e a colaboragéo dos colegas de grupo, especialmente Mellina Yamamura, Juliane
de Almeida Crispim, Michele Mosna Touso e Luiz Henrique Arroyo, construi meu projeto e
concorri auma vaga no mestrado pelo Programa de Pés-Graduacdo Enfermagem em Saude Publica
da EERP/USP, com o projeto intitulado: “Areas de Risco para ocorréncia de hanseniase no
municipio de Ribeirdo Preto/SP”, sendo aprovado, com a concessdo de uma bolsa de mestrado do
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPQ).

O periodo do mestrado foi muito importante em minha formacéo, especialmente pela
oportunidade de cursar disciplinas que contribuiram com meu aprimoramento tedrico-
metodoldgico e por assumir as responsabilidades no grupo de pesquisa destinadas aos Pds-
Graduandos, em que pude contribuir com orientages de TCC e iniciagdo cientifica de alunos de
graduacdo, participacdo na construcdo de projetos e relatérios cientificos, participacdo em
disciplinas de graduag&o e no processo de escrita e submisséo de artigos cientificos.

Um ponto que devo destacar no mestrado diz respeito & minha participacdo enquanto
Representante Discente (RD) junto a Comissdo Coordenadora do Programa de Pds-Graduacao

Enfermagem em Salde Publica. Nessa comissdo, como RD, meu papel era trazer as
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demandas/reinvindica¢cBes dos pds-graduandos junto a Comissdo, bem como participar das
decisOes, avaliagdes e gestdo do Programa. A participagdo nessa comissao foi fundamental para
minha formacdo enquanto pos-graduando, onde pude ver, na pratica, a gestdo de um Programa de
Pds-Graduacdo Strictu Sensu, e nesse processo devo destacar as figuras do Prof. Dr. Pedro
Fredemir Palha, Profa. Dra. lone Carvalho Pinto, Profa. Dra. Flavia Azevedo Gomes-Sponholz,
Profa. Dra. Susana Segura Mundz e a Secretaria Shirley Ferreira de Figueiredo, que sempre,
prontamente e pacientemente, me auxiliaram no entendimento dos processos e atividades, sanando
minhas duvidas.

Quanto ao meu projeto de mestrado, os resultados demonstraram que a hanseniase
apresentava um comportamento heterogéneo em Ribeirdo Preto, sendo os bairros com maiores
vulnerabilidades sociais os locais com maior quantidade de casos e aglomerados de risco da
doenca, respondendo até entdo minha hipétese levantada desde o periodo de estagio no ambulatorio
de hanseniase. Destaca-se também que os resultados de minha dissertagdo foram publicados no
importante periodico PLOS Neglected Tropical Diseases (RAMOS et al., 2017) em 2017. Apesar
da publicacdo em um importante periddico cientifico e a defesa da dissertacdo, os resultados da
pesquisa ainda me despertam alguns questionamentos. Sendo os aglomerados de risco localizados
em bairros com maiores vulnerabilidades sociais, quais seriam 0s principais determinantes sociais
que estavam relacionados com a hanseniase no municipio de Ribeirdo Preto?

Baseado nessa pergunta de pesquisa, e considerando a incipiente quantidade de estudos
relacionados a hanseniase com condi¢des socioecondmicas em cenarios de baixa endemicidade da
doenca, ap6s minha defesa de mestrado, comecei a elaborar meu projeto de doutorado cujo objetivo
de investigacdo era verificar a associacdo da hanseniase com determinantes sociais no municipio
de Ribeiréo Preto.

A0 passo que estava na elaboracdo de meu projeto de doutorado, frequentemente me reunia
com o Prof. Dr. Marcelino Santos Neto, docente da Universidade Federal do Maranhdo (UFMA) e
egresso de doutorado do Prof. Ricardo. Nessas reunides, discutiamos e compartilhdvamos as
metodologias de andlise utilizadas pelo grupo, bem como, questdes relacionadas a epidemiologia
da tuberculose e hanseniase nos cenarios de Ribeirdo Preto e Imperatriz — Maranhdo, local de
insercdo do Prof. Marcelino. O Prof. Marcelino esbocgava interesse em realizar um estudo sobre a
distribuicdo espacial da hanseniase e determinantes sociais em Imperatriz, municipio

hiperendémico da doenca, utilizando as técnicas analiticas empregadas pelo grupo de pesquisa.
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A partir de vérias reunides e discussdes, e conjuntamente com o Prof. Ricardo, firmamos
uma parceria de que meu projeto de doutorado, além de Ribeirdo Preto, incluisse 0 municipio de
Imperatriz, objetivando para os dois cenarios a verificacdo da associacdo entre hanseniase e
determinantes sociais.

Em um primeiro momento parecia estranho, e pouco comum, investigar dois cenarios com
perfil epidemioldgico tdo distinto e geograficamente tdo distantes, contudo, essa proposta também
poderia responder a uma lacuna de conhecimento: Sera que os determinantes sociais da hanseniase
de um municipio hiperendémico e um municipio de baixa endemicidade seriam semelhantes?
Outro aspecto, poucos estudos se propdem a analisar a hanseniase em dois cenarios distintos, além
do fato de serem escassas as investigacdes sobre a epidemiologia da hanseniase a nivel municipal,
e a proposta de uma tese com esses dois cenarios e essa unidade de analise responderia essas
lacunas. A partir disso, ao final do ano de 2017, me inscrevi no processo seletivo de doutorado com
0 projeto, até entdo, intitulado: “Marcadores de desigualdade social e sua associa¢do ao risco de
hanseniase: uma abordagem geo-epidemioldgica”, obtendo aprovacdo em novembro desse ano,
com a concessdo de uma bolsa de doutorado da Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES) ao inicio de 2018.

O periodo do doutorado foi essencial para meu aprimoramento nas atividades de pesquisa
e docéncia, participando da elaboragdo projetos de pesquisa, na construcéo de artigos cientificos e
atividades junto a disciplinas de graduacéo. Ocupei por uma segunda vez o cargo de RD junto a
Comissdo Coordenadora do Programa de PoOs-Graduacdo Enfermagem em Saude Publica,
participando do momento em que o Programa alcangou a nota 7 da CAPES.

No ano de 2019, devo destacar um aspecto muito importante que ocorreu no grupo de
pesquisa e que impactou diretamente em minha formacao, a visita da Profa. Dra. Dulce Gomes da
Universidade de Evora — Portugal, em Ribeirdo Preto, para ministrar uma série de palestras e
minicursos sobre a aplicacdo da analise de séries temporais na area da saude. As discussdes com a
Profa. Dulce no grupo de pesquisa possibilitou uma ampliacdo do nosso horizonte investigativo,
uma vez que o grupo de pesquisa se debrucava na compreensdo dos agravos (tuberculose e
hanseniase) de acordo com o “espaco”, e a Profa. Dulce nos trouxe a importancia do “tempo” na
epidemiologia dessas doengas. Inicialmente, em meu projeto, ndo estava previsto a utilizacdo de

séries temporais, contudo, com o0s conhecimentos e participacdo da Profa. Dulce, percebemos a
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importancia de ser mensurar a evolugdo da hanseniase ao longo do tempo, bem como, seu potencial
de aplicagdo na epidemiologia e pesquisa cientifica.

Como outro acontecimento marcante, contudo negativo, devo destacar a pandemia da
COVID-19, declarada em marco de 2020, que trouxe impactos nas atividades académico-
cientificas da pds-graduacédo. Até entdo, tinhamos uma rotina presencial no grupo de pesquisa e na
EERP/USP, bruscamente interrompida devido as medidas de isolamento social adotadas para a
contencdo da COVID-19. As atividades de pesquisam se mantiveram atraves de recursos virtuais,
contudo, a interrupcdo da rotina presencial e o distanciamento fisico de colegas, professores e
parceiros de pesquisa trouxe prejuizos no aprendizado e compartilhamento de conhecimentos.

Em relacdo ao projeto, destaco que até o presente momento publiquei trés artigos cientificos
em importantes periodicos. Sobre o cenario de Imperatriz, tenho uma publicacdo no periodico
Leprosy Review (RAMOS et al., 2020a) e outra na PLOS ONE (RAMOS et al., 2020b), ambas em
2020; em Ribeirdo Preto, obtive uma publicagdo no periddico Acta Tropica (RAMOS et al., 2021)
em 2021, e a submissdo de um manuscrito na Revista Epidemiologia e Servicos de Salde, também
em 2021. Dessas publicacdes, como principais conclusdes, destaca-se que a hanseniase apresenta
associacdo com determinantes sociais em ambos 0s cenarios, e que independentemente de se tratar
de um local hiperendémico e outro de baixa endemicidade, a nivel municipal, os determinantes
encontrados se assemelham.

Esta tese foi elaborada conforme as normas do Programa de P6s-Graduacéo Enfermagem e
Saude Publica, apresentada em formato de artigo. Das publica¢des oriundas, sou o primeiro autor

em todas, juntamente com meu orientador. Foi definido como formato de apresentacao desta tese:
1.  Introducéo delimitando o objeto de estudo;

2. Revisdo de literatura acerca da temética estudada;

3. Obijetivos gerais do projeto de pesquisa e objetivos especificos dos artigos apresentados;

4.  Marco Tedrico do projeto de pesquisa;

5. Materiais e Métodos;

6.  Apresentacdo dos trés artigos que compde a tese de doutorado, que estdo no formato

requerido pelas revistas em que foram publicados;

7. Concluséo.
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Os trés artigos publicados durante o percurso de doutoramento e apresentados nesta tese séo:

o Artigo 1 - Publicado na Leprosy Review no ano de 2020, intitulado: “Magnitude of social
determinants in high risk areas of leprosy in a hyperendemic city of northeastern Brazil: an

ecological study”.

. Artigo 2 - Publicado na PLOS ONE no ano de 2020, intitulado “Trends and forecasts of
leprosy for a hyperendemic city from Brazil’s northeast: Evidence from an eleven-year time-series

analysis”.

o Artigo 3 — Publicado na Acta Tropica no ano de 2021, intitulado: “Social inequalities and

their association with the leprosy burden in a Brazilian city of low endemicity: an ecological study”.

Ressalta-se que, de acordo com normas citadas anteriormente, os artigos publicados podem
ser apresentados nos idiomas portugués, inglés ou espanhol.

No mais, a presente tese finaliza uma importante etapa de minha formacéo académica,
iniciada a partir de indagac6es de um aluno de graduacédo de enfermagem, que, ap6s alguns anos,
se transformaram em uma tese de doutorado. Espero, a partir desse trabalho, trazer contribuigdes

para a tematica da hanseniase, doenca tdo presente e a0 mesmo tempo tdo invisivel no Brasil.
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Breve caracterizacdo da hanseniase

A hanseniase, conhecida desde os tempos biblicos como lepra, é uma doenca
infectocontagiosa de evolucdo cronica que se manifesta, principalmente, por lesdes cutaneas com
diminuicdo da sensibilidade (EICHELMANN, 2013; EIDT, 2004). A terminologia hanseniase é
uma iniciativa brasileira para minimizar o preconceito atribuido as pessoas acometidas pela doenca,
adotada pelo Ministério da Saude em 1976, e com isso, 0 nome Lepra e seus adjetivos passam a
ser proibidos no Pais (BRASIL, 2019a, EIDT, 2004).

O agente etiolégico da hanseniase é o Mycobacterium leprae, um bacilo parasita
intracelular alcool-acido resistente. E a (nica espécie de micobactéria que infecta nervos
periféricos, especificamente as células de Schwann, possuindo a capacidade de infectar grande
namero de individuos (alta infectividade), embora poucos adoecam (baixa patogenicidade). O
periodo de incubacéo é longo, em média, de dois a sete anos, podendo variar de periodos inferiores
a dois e superior a dez anos (BRASIL, 2019a; WHO, 2018; EICHELMANN, 2013).

Em decorréncia do acometimento do sistema nervoso periférico (terminacfes nervosas
livres e troncos nervosos) surgem a perda de sensibilidade, as atrofias, paresias e paralisias
musculares que, se ndo diagnosticadas e tratadas adequadamente, podem evoluir para
incapacidades fisicas permanentes. As manifestacdes clinicas da hanseniase dependem mais da
resposta imunocelular do hospedeiro ao Mycobacterium leprae que da capacidade de multiplicacao
bacilar (EICHELMANN, 2013; BRASIL, 2002).

Considera-se um caso de hanseniase quando um ou mais dos seguintes achados encontram-
se presentes: lesdo de pele com alteracdo de sensibilidade térmica e/ou dolorosa e/ou tatil,
espessamento de tronco nervoso associado a alteragfes sensitivas e/ou motoras e/ou autondémicas
ou presenca de bacilos Mycobacterium leprae confirmada na baciloscopia de esfregago
intradérmico ou na biopsia de pele (WHO, 2018; BRASIL, 2016). A hanseniase é uma doenca de
notificacdo compulsdria em todo o territorio nacional e de investigacdo obrigatoria, devendo as
Fichas de Notificacdo/Investigacdo serem preenchidas pelas unidades assistenciais para cada
paciente quando da suspeita da ocorréncia da doenca e registradas no Sistema de Informacédo de
Agravos de Notificagcdo (SINAN) (SINAN, 2020).

O diagnostico da hanseniase € essencialmente clinico e epidemiologico, baseado na historia
clinica, nas condic@es de vida do individuo e no exame dermatoldgico e neurologico. Estes dois

ultimos tem o objetivo de identificar lesbes ou &reas da pele com diminuicdo ou perda de
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sensibilidade, comprometimento de nervos periféricos, além de alteragdes sensitivas, motoras ou
autondmicas. A baciloscopia de esfregaco intradérmico e o exame histopatolégico (bidpsia de pele)
também devem ser utilizados como exames complementares para o diagndstico da doenca
(BRASIL, 2002).

O homem é reconhecido como a Unica fonte de infeccdo da hanseniase, e estima-se que
90% da populacéo tenha defesa natural que confere imunidade contra o Mycobacterium leprae, e
sabe-se que a suscetibilidade ao bacilo tem influéncia genética (BRASIL, 2002). A transmissdo
ocorre por meio de contato intimo (préximo) e prolongado de um doente sem tratamento que
elimina o bacilo para 0 meio exterior através das vias aéreas superiores (goticulas), infectando
pessoas suscetiveis. Destaca-se que o domicilio € um dos mais importantes espacos para a
propagacdo da infeccdo, sendo que o maior risco € observado em contatos intradomiciliares que
residem ou tenham residido com o doente nos ultimos cinco anos (BRASIL, 2019a).

De acordo com a Organizacdo Mundial da Saude (OMS), para fins operacionais de
tratamento, os doentes séo classificados em paucibacilares (PB — presenca de até cinco lesbes de
pele com baciloscopia de raspado intradérmico negativo, quando disponivel) ou multibacilares
(MB — presenca de seis ou mais lesBes de pele ou baciloscopia de raspado intradérmico positiva)
(WHO, 2018). Além dessa classificacdo, o Brasil também utiliza a classificacdo de Madri (1953),
agrupando a doenca de acordo com as manifestacdes clinicas relacionadas ao tipo de resposta
imunolégica ao Mycobacterium leprae: hanseniase indeterminada (PB), tuberculoide (PB),
dimorfa ou borderline (MB) e virchowiana (MB) (BRASIL, 2002). As caracteristicas das formas

clinicas estdo apresentadas no Quadro 1.
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Quadro 1 — Formas clinicas da hanseniase de acordo com a classificacdo de Madri.

Forma inicial, evolui espontaneamente para a cura na maioria dos casos ou
para as formas polarizadas em cerca de 25% dos casos, 0 que pode ocorrer
Hanseniase no prazo de trés a cinco anos. Geralmente, encontra-se apenas uma leséo, de
indeterminada cor mais clara que a pele normal, com distlrbio da sensibilidade, ou areas
circunscritas de pele com aspecto normal e com distdrbio de sensibilidade,
podendo ser acompanhadas de alopecia e/ou anidrose.
Forma mais benigna e localizada que aparece em pessoas com alta
resisténcia ao bacilo. As lesdes sdo poucas (ou Unica), de limites bem
definidos e pouco elevados, e com auséncia de sensibilidade. Ocorre
comprometimento simétrico de troncos nervosos, podendo causar dor,
fraqueza e atrofia muscular. Proximos as lesbes em placa, podem ser
encontrados filetes nervosos espessados. Nas lesGes e/ou trajetos de nervos,
pode haver perda total da sensibilidade térmica, tatil e dolorosa, auséncia de
sudorese e/ou alopecia. A clinica € caracterizada por lesGes papulosas ou
nodulares, Unicas ou em pequeno numero, principalmente na face.
Forma intermediaria, resultante de uma imunidade também intermediaria,
com caracteristicas clinicas e laboratoriais que podem se aproximar do polo
tuberculoide ou virchowiano. A variedade de lesdes cutaneas € maior e estas
apresentam-se como placas, nddulos eritémato-acastanhados, em grande
ndmero, com tendéncia a simetria. As lesdes mais caracteristicas dessa forma
clinica sdo denominadas lesGes pré-faveolares ou faveolares, sobrelevadas
ou ndo, com areas centrais deprimidas e aspecto de pele normal, com limites
internos nitidos e externos difusos. O acometimento dos nervos é mais
extenso, podendo ocorrer neurites agudas de grave prognostico.
Nesse caso, a imunidade celular é nula e o bacilo se multiplica com mais
facilidade, levando a uma maior gravidade, com anestesia dos pés e maos.
Esse quadro favorece os traumatismos e feridas, que por sua vez podem
causar deformidades, atrofia muscular, inchaco das pernas e surgimento de
lesBes elevadas na pele (n6dulos). As lesBes cutdneas caracterizam-se por
placas infiltradas e nddulos (hansenomas), de coloragdo eritémato-
Hanseniase virchowiana | acastanhada ou ferruginosa, que podem se instalar também na mucosa oral.
(ou lepromatosa) Podem ocorrer infiltracdo facial com madarose superciliar e ciliar,
hansenomas nos pavilhdes auriculares, espessamento acentuagdo dos sulcos
cutaneos. Pode, ainda, ocorrer acometimento da laringe, com quadro de
rouquidao, e de érgdo internos (figado, baco, suprarrenais e testiculos), bem
como a hanseniase histoide, com predominancia de hansenomas com aspecto
de queloides ou fibromas, com grande nimero de bacilos. Ocorre
comprometimento de maior nimero de troncos nervosos de forma simétrica.
Fonte: Ministério da Salde, 2019.

Hanseniase
tuberculoide

Hanseniase dimorfa (ou
borderline)

Uma carateristica clinica da hanseniase que dificulta o tratamento e seguimento dos casos
sdo 0s estados reacionais ou reagdes hansénicas, caracterizados por alteracbes do sistema

imunoldgico que se exteriorizam como manifestagdes inflamatdrias agudas e subagudas, mais
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frequentes nos casos MB. Essas reacdes podem ocorrer antes do diagndstico da doenca, durante ou
depois do tratamento, e caracterizam-se por:

* Reagio tipo 1 ou reagio reversa — Aparecimento de novas lesdes dermatoldgicas (manchas ou
placas), infiltracdo, alteracdes de cor e edema nas lesdes antigas, com ou sem espessamento e

neurite;

* Reacio tipo 2 ou reacdo de eritema nodoso hansénico — E a expresséo clinica mais frequente,
cujo quadro inclui néddulos subcutaneos dolorosos, acompanhados ou nao de febre, dores articulares

e mal-estar generalizado, com ou sem espessamento e neurite.

Destaca-se que 0s estados reacionais sdo a principal causa de lesbes dos nervos e de
incapacidades provocadas pela hanseniase.

No Brasil, o tratamento do doente com hanseniase € realizado no ambito do Sistema Unico
de Saude (SUS), em regime ambulatorial, por meio de esquemas terapéuticos padronizados
internacionalmente pela OMS, a poliquimioterapia (PQT), disponivel gratuitamente. A PQT ¢é
composta pela associagdo dos medicamentos Rifampicina, Dapsona e Clofazimina, o que evita a
resisténcia medicamentosa do bacilo, que pode ocorrer com a administracdo de apenas um
medicamento. A PQT provoca a morte do bacilo e evita a evolucdo da doenca, interrompendo a
transmissao apds a administracdo das primeiras doses (WHO, 2018; BRASIL, 2016).

Recentemente uma nova abordagem para o tratamento da hanseniase esta sendo implantada,
a Poliquimioterapia Unica (PQT-U), que compreende a administragio dos trés medicamentos para
todos os pacientes (adultos e criangas) e ambas as classificacbes (PB e MB), com duracao de seis
meses para casos PB, e no caso de MB, esse tempo de administracdo deve durar 12 meses
(BRASIL, 2021a). Para ambos os esquemas, o tratamento estard concluido com o término das doses
(alta por cura)

Além do tratamento PQT, os servi¢os de salde devem concentrar atencdo especial na
prevencdo e manejo das incapacidades e deformidades fisicas decorrentes da doenca, que podem
ser classificadas em grau 0, 1 ou 2, 0 que varia de acordo com o0 comprometimento neural. Para o
grau 0, classifica-se 0s casos que ndo tém qualquer tipo de incapacidade funcional; o grau 1 abrange
aqueles que apresentam perda da sensibilidade protetora e o grau 2 os pacientes que, além da perda
da sensibilidade, apresentam complicacGes tais como: Ulceras tréficas, garras, reabsorcdes 0sseas

em maos e/ou pés ou, ainda, lesdes oculares diversas (LANA et al, 2008).
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As incapacidades e deformidades acarretam a diminuicdo da capacidade de trabalho,
limitacdo da vida social, além de serem os principais responsaveis pelo estigma e preconceito que
recaem sobre seus portadores. Por essa razdo, além da sua magnitude, a hanseniase deve ser
pensada também pela sua transcendéncia, em funcao do sofrimento humano, discriminacéo social
e prejuizos econbémicos que vém sempre associados a doenga, principalmente se nao for
oportunamente diagnosticada e tratada (BRASIL, 2008).

As principais medidas para reducdo da carga da hanseniase estdo sustentadas na educacgéo
em saude, dirigida as equipes de saude, aos casos suspeitos e doentes, aos contatos de casos indices,
aos lideres da comunidade e ao publico em geral, visando prioritariamente incentivar a demanda
espontdnea de doentes; investigacdo epidemioldgica para o diagnoéstico oportuno de casos;
tratamento com a PQT até a cura, prevencdo e tratamento de incapacidades; vigilancia
epidemioldgica, exame de contatos, orientacdes e aplicacdo da vacina do bacilo de Calmette-
Guérin (BCG), que demonstra um efeito preventivo contra a hanseniase, reduzindo a morbidade e
a observancia de formas contagiosas entre os contatos (BRASIL, 2019a; BRASIL, 2016).

Juntamente com essas medidas, acdes e politicas publicas que combatam o estigma devem
ser elaboradas. Aspectos relacionados ao estigma e a discriminacdo promovem a excluséo social e,
ao mesmo tempo, podem produzir consequéncias negativas que resultam em interagdes sociais
desconfortaveis, limitando o convivio social, sofrimento psiquico e, consequentemente, pode
interferir no diagndstico e adesdo ao tratamento da hanseniase, perpetuando um ciclo de exclusao
social e econdmica (BRASIL, 2021b).

A hanseniase esta inserida no grupo de doencas tropicais negligenciadas, prevalecendo em
areas em que a populacdo é submetida a situacbes de vulnerabilidade socioeconémica, com
dificuldades de acesso aos servicos de saide (BRASIL, 2010; MOREL, 2006). Em vérias partes
do mundo, a doenca assumiu o carater de problema de salde publica, trazendo consigo transtornos
sociais, politicos e econdmicos e sua eliminagcdo a nivel nacional mostra-se, ainda hoje, mais
complexa do que se supunha (CASTRO, 2019).
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Principais estratégias para a eliminagdo da hanseniase como problema de saude
publica

Em 1991, durante a 442 Assembleia Mundial de Saide da OMS, estabeleceu-se como
estratégia a eliminacdo da hanseniase como problema de saude pablica até o final do ano 2000,
definindo como indicador de eliminacdo um coeficiente de prevaléncia de menos de um caso por
10.000 habitantes (WHO, 1991). Passados 30 anos da 44% Assembleia e dos continuos esforgcos
globais para o alcance dessa meta, em nivel global, considera-se que a eliminagdo da hanseniase
foi alcangada, porém, a niveis nacional e subnacional, muitos paises, incluindo o Brasil, ndo
alcancaram a eliminagdo da hanseniase como problema de satde publica.

Para auxiliar os paises signatarios das metas estabelecidas, a OMS publica quinquenalmente
planos estratégicos para combate a hanseniase, que além de revisbes das metas e indicadores,
trazem orientacdes para 0s servicos de salde e organizacOes sociais parceiras no combate a doenca
(CASTRO, 2019).

Como primeira grande estratégia, destaca-se o “Plano Estratégico para Eliminagdo da
Hanseniase 2000-2005” publicado pela OMS, gue incentivava os paises endémicos a assumir o
compromisso de assegurar que as principais atividades de controle da hanseniase, que incluem o
diagndstico, tratamento PQT, aconselhamento ao paciente e sua familia, educacdo comunitéria,
prevencdo e manejo de incapacidades/deficiéncias e sua reabilitacdo estariam disponiveis e
acessiveis a todo individuo no servigo de saude mais proximo (WHO, 2000).

A implementacdo em grande escala do Plano Estratégico aumentou a cobertura das
atividades de controle da doenca e levou muitos casos ndo detectados aos servicos de saude para
tratamento, entretanto, em muitos paises, a implementacdo do Plano foi vagarosa. Além disso, a
dependéncia continuada de profissionais e instituicbes especializados inibiu o processo de
desenvolvimento da capacidade e competéncia dos profissionais da salde para assumir a
responsabilidade pelo controle da hanseniase nas suas areas. Em suma, a meta do Plano Estratégico
2000-2005 era a eliminacdo da hanseniase como problema de satde publica, definida como a
reducdo da prevaléncia a menos de um caso em cada 10.000 habitantes, em nivel nacional (OMS,
2005; WHO, 2000).

Posteriormente a primeira estratégia, destaca-se a publicacdo da “Estratégia global para
aliviar a carga da hanseniase e manter as atividades de controle da hanseniase (Periodo do Plano:

2006-2010) ” que manteve a maioria dos principios basicos de controle da estratégia anterior,
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baseados na detec¢do oportuna de novos casos e seu tratamento com a PQT, além da atencdo de
qualidade aos pacientes equitativamente distribuida, financeiramente exequivel e facilmente
acessivel (OMS, 2005).

As mudancas trazidas por esse plano focalizam na organizacdo do controle da hanseniase,
na atitude dos profissionais e beneficiarios de atencdo a salde e em acordo entre 0s parceiros nos

niveis global, nacional e regional. Os principais elementos dessa estratégia foram:

o Sustentar as atividades de controle da hanseniase em todos os paises endémicos;
o Usar a deteccdo de casos como principal indicador para monitorar 0 progresso;
o Assegurar diagnostico de qualidade, gestdo de casos, registro e notificagdo em todas as

comunidades endémicas;

o Fortalecer os servicos rotineiros e de encaminhamento;
o Descontinuar a abordagem baseada exclusivamente em campanhas;
o Desenvolver ferramentas e procedimentos baseados na atencdo domiciliar/comunitéria,

integrados e localmente apropriados para a prevencdo de incapacidades/deficiéncias e para a

provisdo de servicos de reabilitacdo;

o Promover pesquisa operacional a fim de melhorar a implementacdo de uma estratégia
sustentavel;
o Incentivar o apoio mutuo dos parceiros, em todos 0s niveis.

Dentre os elementos dessa nova estratégia, salienta-se o estimulo para que as a¢Ges nao
ocorressem apenas no ambito de “Campanhas” e sim de forma continua, a longo prazo, orientando
a sustentacdo de servicos integrados e de alta qualidade de controle da hanseniase.

Outro ponto que merece ser destacado é a utilizacdo da detec¢do de casos como indicador
de monitoramento de progresso da doenca. Com a inclusdo desse indicador, a OMS passou a
reconhecer que a reducdo da doenca € algo complexo, que requer diminuicdo ndo apenas na
prevaléncia, mas também no coeficiente geral de deteccdo, pois a andlise cruzada de tais
coeficientes oferece informacgdes sobre a eficiéncia operacional dos servigos envolvidos no
controle da hanseniase. Individuos diagnosticados e ndo curados inflam a prevaléncia e indicam
que os servicos de saude ndo estdo seguindo adequadamente o protocolo terapéutico, ou ainda que
ha uma dificuldade de adesdo ao tratamento (RIBEIRO; SILVA; OLIVEIRA, 2018).
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No Brasil, as estratégias globais contribuiram com o surgimento do Programa Nacional de
Eliminagdo da Hanseniase (PNEH) em 2004, e a publicagdo, pelo Ministério da Saude, do “Plano
Nacional de Eliminacdo da Hanseniase em nivel municipal 2006 —2010” no ano de 2006. O Plano
brasileiro era orientado pelos mesmos principios norteadores da estratégia global 2006-2010, com
adaptacOes a estrutura de satde do pais (BRASIL, 2006). Dentre essas adaptacoes, foi a partir desse
plano que se iniciou a descentralizacdo das a¢fes de diagndstico e de tratamento em grande escala
para a atencdo basica, objetivando o aumento da cobertura das atividades de eliminacdo da
hanseniase.

Em 2010 a OMS publicou a “Estratégia Global Aprimorada para Reducdo Adicional da
Carga da Hanseniase (2011-2015) ”, que manteve os principios fundamentais de controle da
hanseniase das estratégias anteriores, baseados na deteccdo oportuna de casos novos e no
tratamento com a PQT, além da manutencdo de condi¢des que garantiriam o atendimento de
qualidade aos pacientes, com servigos equitativamente distribuidos (OMS, 2010a; OMS, 2010b).

Como principais mudancas, destaca-se a recomendacéo da utilizacdo da taxa de detecgéo
de casos com grau 2 de incapacidade entre os casos novos, por 100.000 habitantes, como indicador
chave para monitorar o progresso de eliminacdo da doenca, em acréscimo a atual lista de
indicadores (deteccdo e prevaléncia), e a aplicacdo de estratégias inovadoras para deteccao de casos
novos a fim de reduzir o atraso no diagndstico e a ocorréncia de incapacidades, incluindo o exame
de contatos intradomiciliares no momento do diagndstico (ou pouco tempo depois). Cita-se ainda
a recomendacdo para a inclusdo de estratégias especiais para melhorar as atividades de controle
entre populacdes que vivem em areas de dificil acesso e em periferias urbanas.

Essa estratégia, pautada na reducao da “carga da hanseniase” e suas consequéncias fisicas,
sociais e econémicas, reforcou aspectos como a detecgdo precoce, atengdo ao numero de casos
novos que sdo diagnosticados com incapacidades, o0 aprimoramento do tratamento de complicacdes
agudas e cronicas causadas pelas rea¢fes hansénicas, a reabilitacdo de pessoas com incapacidades,
e a luta contra o estigma e a discriminacao, cujo slogan era “um mundo sem hanseniase” (OMS,
2010a, OMS, 2010b).

A nivel nacional, no ano de 2011, a Secretaria de Vigilancia em Saude do Ministério da
Satde criou a “Coordenagao Geral de Hanseniase ¢ Doengas em Eliminacao — CGHDE” (Decreto
n°7.530, de 21 de julho de 2011) com o objetivo de fortalecer a resposta para um grupo de doencas

em que os resultados dos programas nacionais foram considerados insuficientes e incompativeis
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com a capacidade do SUS de resolucdo dos problemas de salde da populagdo (BRASIL, 2011).
Neste grupo, além da hanseniase, foram incluidas a esquistossomose, filariose linfatica,
geohelmintiases, oncocercose e tracoma. Com a criacdo da CGHDE, o governo brasileiro assume
um compromisso publico de eliminar esses agravos ou reduzir drasticamente a carga dessas
doencgas (BRASIL, 2013; BRASIL, 2011).

Em 2013, foi editado o “Plano integrado de agdes estratégicas de eliminacao da hanseniase,
filariose, esquistossomose e oncocercose como problema de saude publica, tracoma como causa de
cegueira e controle das geohelmintiases: Plano de acdo 2011-2015”, que propunha a eliminacédo da
hanseniase como problema de saude publica até 2015 (BRASIL, 2013).

A estratégia para o alcance da eliminacdo e reducdo da carga da doenca continuava baseada
no aumento da deteccdo precoce e na cura dos casos diagnosticados. Seus objetivos especificos
eram:

o Buscar novas estratégias técnico-politicas que promovam impacto na endemia, com
destagque aos 253 municipios prioritarios;

o Promover o desenvolvimento de a¢6es que favorecam o diagnostico precoce na faixa etaria
de menores de 15 anos;

o Assegurar que a atencdo ao doente de hanseniase na rede basica de salde seja respaldada
por uma rede de referéncia e contra referéncia;

o Manter a vigilancia dos servicos de saude nos municipios com diferentes niveis de
endemicidade;

o Garantir a logistica de abastecimento de medicamentos em todo o pais;

o Articular com a Secretaria de Assisténcia a Saude a garantia de treinamento dos
profissionais do SUS nas acGes de diagndstico e tratamento de casos e de educacdo em salde, com
énfase no autocuidado, para o atendimento sistematico e continuo dos doentes na rede basica de
salde;

o Desenvolver parcerias eficazes baseadas em confianca mutua, igualdade e unidade de
proposito com organiza¢Bes ndo governamentais, entidades civis e religiosas;

o Mobilizar organizagdes ndo governamentais, entidades civis e religiosas para a reducéo do
estigma e discriminagdo contra as pessoas com hanseniase e suas familias;

o Assegurar o financiamento para o desenvolvimento de agdes especificas pelo CGHDE.



39

Para essa estratégia, dentre os principais objetivos, foram identificadas as areas geograficas
de maior endemicidade da doencga, composta por um conjunto de 253 municipios que concentravam
56% dos casos novos diagnosticados e 67% dos casos novos em criangas no ano de 2010. Com a
identificacdo desses municipios, a estratéegia promoveu uma articulagdo com o Programa de Saude
Escolar (PSE), com o intuito de promover ac¢des educativas voltadas a identificacdo de sinais e
sintomas da doenca, busca ativa de casos em escolares e seus contatos intradomiciliares.

Para a operacionalizagdo desse objetivo, foram organizadas as “Campanhas Nacionais de
Hanseniase, Verminoses, Tracoma e Esquistossomose”, entre 0s anos de 2013 a 2018 (BRASIL,
2017). Essas campanhas, destinadas a escolares na faixa etaria de 5 a 14 anos, matriculados em
escolas publicas e pertencentes a municipios endémicos da doenga, com maior vulnerabilidade
social, tinha como objetivo identificar casos de hanseniase nessa populacdo, uma vez que a
existéncia de casos nesta faixa etaria sinaliza focos de transmisséo ativos e infeccao recente. Além
dos 253 municipios altamente endémicos, era permitido aos demais municipios brasileiros
aderirem & campanha de maneira espontanea (BRASIL, 2017).

No ano de 2016, foi publicado a “Estratégia Global para Hanseniase 2016—2020” baseada
nas estratégias quinquenais anteriores de reducao da carga de hanseniase no ambito global e local
(WHO, 2016). Essa estratégia estava pautada na visao de “um mundo sem hanseniase” (a leprosy
free-world): zero doenca, zero transmissdo, zero incapacidade, zero estigma e discriminacao,
estando sustentada em trés pilares: 1) Fortalecer o controle, a coordenacao e a parceria do governo
e organizacdes sociais, (2) Combater a hanseniase e suas complicacBes, (3) Combater a
discriminacdo e promover a incluséo.

A partir dessa estratégia, a hanseniase foi inserida no objetivo 3 dos Objetivos de
Desenvolvimento Sustentavel (ODS) da Organizacdo das NacBes Unidas (ONU), que visa
promover o bem-estar e uma vida saudavel, com a meta proposta de combater as epidemias de aids,
tuberculose, maléria e outras doencas transmissiveis e tropicais negligenciadas até o ano de 2030

(ONU, 2015). As metas a serem alcangadas ate 2020 estavam pautadas em trés indicadores:

o Zero criangas com diagndstico de hanseniase e deformidades visiveis;
o Taxa de novos casos de hanseniase com deformidades visiveis menor do que um caso por
1 milhdo de habitantes;

o Zero paises com leis que permitam a discriminacao por hanseniase.
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Com o pilar de combate a discriminacdo e aumento da inclusdo social das pessoas
acometidas, essa estratégia intencionava dar maior visibilidade e peso aos aspectos humanos e
sociais que afetam o controle da hanseniase, pois a reducdo do estigma e a promocdo da
inclusividade contribuem sobremaneira para o diagnostico precoce (WHO, 2016).

Em 2016, no Brasil, o Ministério da Satide publicou as “Diretrizes para vigilancia, aten¢ao
e eliminacdo da hanseniase como problema de salde publica”, documento de orientacdes aos
gestores, técnicos e profissionais atuantes na Vigilancia em Saude, na Atencdo Primaria e demais
niveis de atencdo no que se refere as diretrizes para vigilancia, a assisténcia e a eliminagdo da
hanseniase no Brasil (BRASIL, 2016). Esse documento trouxe atualiza¢Ges quanto ao diagnostico,
manejo clinico, prevencdo e tratamento das incapacidades, além da apresentacdo dos principais
indicadores de monitoramento do progresso da eliminacdo da hanseniase enquanto problema de

salde publica (Quadro 2).

Quadro 2 — Indicadores de monitoramento do progresso da eliminacdo da
Hanseniase enquanto problema de saude publica.

Nome do indicador

Construcéo

Utilidade

Parametros

Taxa de prevaléncia
anual de hanseniase por
10 mil habitantes

Numerador: casos em
curso de tratamento em
determinado local em

31/12 do ano de
avaliacéo
Denominador:
populagdo total no
mesmo local de
tratamento e ano de
avaliacdo

Fator de multiplicac&o:
10 mil.

Medir a magnitude da
endemia

Hiperendémico: >20,0
por 10 mil hab.

Muito alto: 10,0 a 19,9
por 10 mil hab.

Alto: 5,0 a 9,9 por 10
mil hab.

Médio: 1,0 a 4,9 por 10
mil hab.

Baixo: <1,0 por 10 mil
hab.

Taxa de detecgdo anual
de casos novos de
hanseniase por 100 mil
habitantes

Numerador: €asos
novos residentes em
determinado local e

diagnosticados no ano

da avaliacdo
Denominador:

populacdo total
residente, no mesmo

local e periodo Fator de
multiplica¢do: 100 mil

Medir forca de
morbidade, magnitude
e tendéncia da endemia

Hiperendémico:
>40,0/100 mil hab.
Muito alto: 20,00 a
39,99/100 mil hab.
Alto: 10,00 a 19,99
/100 mil hab.

Médio: 2,00 a 9,99/100
mil hab.
Baixo:
mil hab.

<2,00/100

Continua




Continuacéo

Nome do indicador Construcéo Utilidade Parametros
Taxa de deteccdo | Numerador: casos | Medir forca da | Hiperendémico: >10,00
anual de casos novos de | novos em menores de | transmissdo recente da | por 100 mil hab.
hanseniase, na| 15 anos de idade | endemia e sua | Muito alto: 5,00 a 9,99

populacdo de  zero
a 14 anos, por 100 mil
habitantes

residentes em
determinado local e
diagnosticados no ano
da avaliacéo
Denominador:
populacéo de zero a 14
anos de idade, no
mesmo local e periodo
Fator de multiplicacéo:
100 mil

tendéncia

por 100 mil hab.

Alto: 2,50 a 4,99 por
100 mil hab.

Médio: 0,50 a 2,49 por
100 mil hab.

Baixo: <0,50 por 100
mil hab.

Taxa de casos novos de
hanseniase com grau 2
de incapacidade fisica
no momento do
diagndstico por 100 mil
hab. (1)

Numerador: €asos
novos com grau 2 de
incapacidade fisica no
diagnostico, residentes
em determinado local e
detectados no ano da
avaliagéo
Denominador:
populacdo residente no
mesmo local e periodo.
Fator de multiplicacéo:
100 mil.

Avaliar as
deformidades causadas
pela hanseniase na
populacdo geral e
compara-las com outras
doencas incapacitantes.
Utilizado em conjunto
com a taxa de detecgéo
para monitoramento da
tendéncia de deteccdo
oportuna dos casos
novos de hanseniase

A tendéncia de reducéo
da taxa de deteccdo,
acompanhada da queda
deste indicador,
caracteriza reducdo da
magnitude da endemia.

Proporcdo de casos
de hanseniase com grau
2 de incapacidade fisica
no momento do
diagndstico entre  0s
casos novos detectados
e avaliados no ano (1)

Numerador: €asos
novos com grau 2 de
incapacidade fisica no
diagndstico, residentes
em determinado local e
detectados no ano da
avaliacéo
Denominador: €asos
novos com grau de
incapacidade fisica
avaliado, residentes no
mesmo local e periodo.
Fator de multiplicac&o:
100

Avaliar a efetividade
das atividades da
deteccdo oportuna e/ou
precoce de casos

Alto: >10%
Médio: 5 a 9,9%
Baixo: <5%

Continua
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respectivas ragas/cor

populacdo da respectiva
raca/cor
Fator de multiplicac&o:
100 mil

Nome do indicador Construcéo Utilidade Parametros
Proporcéo de casos de | Numerador: Umero de | Avaliar a | Alto: >10%
hanseniase curados | casos de hanseniase | transcendéncia da | Médio: 5a9,9%
com grau 2 de | residentes e curados | doenca e subsidiar a | Baixo: <5%
incapacidade fisica | com incapacidade fisica | programacdo de acdes
entre os casos avaliados | grau 2 no ano da | de prevencao e
no momento da alta por | avaliagdo tratamento de
curano ano (1) Denominador: total de | incapacidades pds-alta

casos de hanseniase

residentes e que foram

encerrados por cura

com grau de

incapacidade fisica

avaliados no ano da

avaliagéo

Fator de multiplicacéo:

100
Proporcdo de casos de | Casos de hanseniase do | Avaliar a capacidade | Nao especifica
hanseniase,  segundo | sexo feminino/Total de | dos servicos em assistir | parametro
género entre o total de | casos novos aos casos de hanseniase
Casos Novos Fator de multiplicagéo:

100
Proporcdo de casos | Casos de hanseniase | Avaliar os casos em | Nédo especifica
segundo classificacdo | multibacilares/Total de | risco de desenvolver | parametro
operacional entre 0 | casos novos complicacBes e para o
total de casos novos Fator de multiplicacdo: | correto

100 reabastecimento de

PQT

Taxa de deteccdo de | Numerador: casos de | Medir a magnitude da | N&o especifica
casos novos, segundo | hanseniase segundo | endemia segundo | parametro
raca/cor entre | raca/cor raca/cor
populacéo das | Denominador:

Fonte: Coordenacdo-Geral de Hanseniase e Doencas em Eliminacdo — CGHDE/DEVIT/SVS/MS (2016)
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Essas diretrizes nacionais trouxeram dois novos indicadores de monitoramento da doenga,

a proporcao de casos de hanseniase segundo género e a taxa de deteccdo de casos novos segundo

raga/cor. A finalidade da inclusdo desses indicadores € mensurar a magnitude da doenca no género

feminino, de maior vulnerabilidade para o desenvolvimento de incapacidades, e na populagdo negra

(preta e parda), submetida a maiores niveis de desigualdades, sobretudo no acesso a servicos de
saude e diagnostico oportuno (BRASIL, 2016).
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Em 2019, ocorreu a criagdo da Coordenagdo-Geral de Vigilancia das Doengas em
Eliminagdo (CGDE), subordinada ao Departamento de Doencas de Condicdes Cronicas e Infeccbes
Sexualmente Transmissiveis do Ministério da Saude (BRASIL, 2019b), que publicou em 2020 a
“Estratégia Nacional para Enfrentamento da hanseniase 2019-2022” (BRASIL, 2020a). Essa
estratégia configura-se como a mais atual em vigéncia no cenério brasileiro, estando alicer¢ada na
estratégia global 2016-2020. A estratégia nacional tem como objetivo reduzir a carga da doenga no

pais, estando ancorado nas seguintes metas:

1) Reduzir em 23% — de 39 em 2018 para 30 em 2022 — o nimero total de criancas com grau
2 de incapacidade fisica;

2) Reduzir em 12% — de 10,08/1 milhdo de habitantes em 2018 para 8,83/1 milh&o de
habitantes em 2022 — a taxa de pessoas com grau 2 de incapacidade fisica;

3) Implantar em todas as unidades federativas canais para registro de préaticas discriminatorias

as pessoas acometidas pela hanseniase e seus familiares.

Diferente das estratégias anteriores, a Estratégia Nacional 2019-2022 traz a proposta de
trabalhar com todos os municipios brasileiros, e ndo apenas com 0S municipios prioritarios,
alocando-os em grupos, considerando suas caracteristicas epidemioldgicas e operacionais. Para a
distribuicéo e agrupamento dos municipios, foi utilizado como critério a taxa media de deteccdo
da hanseniase, calculada no periodo de 2013 a 2017, utilizando como denominador a popula¢éo de

2015 (meio do periodo), sendo estabelecidos trés grupos de acordo com as seguintes caracteristicas:

o Grupo 1 — Municipios sem casos novos de hanseniase no periodo de 2013 a 2017,
o Grupo 2 — Municipios que apresentaram taxa de deteccdo < 10 casos/100.000 habitantes;
o Grupo 3 — Municipios que apresentaram taxa de detecgcdo > 10 casos/100.000 habitantes;

Nesse contexto, com o objetivo geral de reduzir a carga de hanseniase no Brasil, a Estratégia
Nacional 2019-2022 propde subsidiar gestores, técnicos e profissionais de saude quanto a
elaboracdo dos planos estaduais, regionais e municipais, bem como das agdes estratégicas a serem
desenvolvidas. Devem-se considerar as peculiaridades locais, com vistas & organizagdo do servico

e qualificacdo da atencdo integral ofertada a pessoa acometida pela doenca e suas complicacdes,
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no &mbito da Atencdo Priméria e nos servicos especializados (ambulatoriais e/ou hospitalares)
(BRASIL, 2020a).

A nivel global, recentemente, a OMS publicou a “Estratégia Global de Hanseniase 2021—
2030 — ‘Rumo a zero hanseniase’ ” (OMS, 2021). Diferente das estratégias anteriores que se
concentravam na “elimina¢do da hanseniase como problema de satide publica”, a atual estratégia
objetiva a interrupgdo da transmissdo e a obtencdo de zero casos autdctones. Essa estratégia é

estruturada em quatro pilares:

1) Implementar, em todos os paises endémicos, um roteiro “zero hanseniase” elaborado pelo

préprio pais;

2) Ampliar a prevencdo da hanseniase integrada com a deteccédo de casos ativos;
3) Controlar a hanseniase e suas complicac@es e prevenir novas incapacidades;
4) Combater o estigma e garantir que os direitos humanos sejam respeitados.

Essa estratégia da OMS tem como meta a eliminagdo da hanseniase considerando a
interrupcao da transmissao e “Rumo a zero Hanseniase” (zero infec¢do e doenga, zero
incapacidade, zero estigma e discriminacao). Como principais indicadores a serem alcancados até
2030 destaca-se: Zero novos casos autdctones nos 120 paises que reportam a doenca, reducdo em
70% do namero anual de novos casos detectados, reducdo de 90% da taxa por 1 milhdo de
habitantes de novos casos com incapacidade grau 2, reducdo de 90% da taxa de casos novos de
hanseniase em criancas (OMS, 2021).

A estratégia 2021-2030 foi elaborada no momento em que o mundo estava vivenciando a
pandemia da COVID-19, de forma que além das recomendac6es padrdo para o controle da doenca,
0s servicgos de saude locais devem incluir novas tecnologias na sua rotina, como a telemedicina, m-
health, e-learning e a outras abordagens para impulsionar melhorias nos servigos, protegendo
trabalhadores da satde e pacientes contra riscos (OMS, 2021).

Todos esses esfor¢os nacionais e internacionais para o controle da hanseniase trouxeram
importantes conquistas, notadamente na reducdo de indicadores epidemioldgicos (incidéncia,
prevaléncia e incapacidades fisicas), elaboracdo de politicas nacionais de controle da doenca e
iniciativas e leis para o enfrentamento do estigma e discriminacéo, além de campanhas de utilidade

publica, como o “Dia Mundial de combate a Hanseniase” e¢ o “Dia Nacional de Combate e
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Prevengdo da Hanseniase” (celebrados no ultimo domingo do més de janeiro) (OPAS, 2021,
BRASIL, 2009; Ministério da Salde, 2021).

Apesar dessas conquistas, muito desafios precisam ser superados visando a “zero
hanseniase”, especialmente no que diz respeito ao rapido diagnostico e tratamento oportuno,
prevencdo de incapacidades e reabilitagdo fisica, legislacbes que advoguem pela cidadania e
direitos humanos dos portadores da doenca, mobilizacdo social, integracdo entre servicos de
Atencdo Primaria e de referéncia, constante capacitacao de profissionais de saude e incentivo a
pesquisas em hanseniase (ALVES; FERREIRA; FERREIRA, 2014).

Epidemiologia da hanseniase no Brasil

No mundo, em 2019, foram detectados 202.185 casos novos de hanseniase, dos quais,
10.813 apresentaram grau 2 de incapacidade fisica no momento do diagnostico e 14.981 eram
menores de 15 anos (WHO, 2020). As regides da OMS que mais reportaram casos foram o Sudeste
da Asia (143.787 casos) e a regido das Américas (29.936 casos), que juntas, foram responsaveis
por 85,92% do total.

Ainda nesse periodo, os 23 paises de prioridade global da hanseniase (Angola, Bangladesh,
Brasil, Unido das Comores, Costa do Marfim, Republica Democréatica do Congo, Egito, Etiopia,
india, Indonésia, Kiribati, Madagascar, Estados Federados da Micronésia, Mogambique, Myanmar,
Nepal, Nigéria, Filipinas, Somalia, Suddo do Sul, Sri Lanka, Suddo, Republica Unida da Tanzénia)
foram responsaveis por 95,90% dos casos reportados (193.840 casos), com destaque para a india,
o Brasil e a Indonésia, que isoladamente, reportaram 159.753 casos novos da doenca, sendo
responsaveis por 79,01% da carga global da hanseniase (WHO, 2020).

O Brasil, segundo pais que mais registra a doenca no mundo, ainda no ano de 2019,
registrou 27.864 casos novos de hanseniase, o que equivale a uma taxa de deteccdo de 13,23 casos
por 100.000 habitantes, correspondendo a um parametro de “alta endemicidade” (BRASIL, 2021c;
BRASIL, 2016). Em relacdo aos casos novos diagnosticados com grau de incapacidade fisica 2,
foram registrados 2.351 casos, correspondendo a uma taxa de 11,16 casos por 1 milhdo de
habitantes. A prevaléncia da doenga foi de 1,50 casos por 10.000 habitantes no Brasil (BRASIL,
2020Db).
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Um aspecto que merece ser destacado e que representa um marco negativo no controle da
hanseniase em nivel mundial é a pandemia de COVID-19, declarada em marco de 2020, que esta
impactando negativamente nos indicadores epidemioldgicos da doenca.

Segundo dados da OMS, em 2020, foram reportados 127.396 casos novos de hanseniase, 0
que comparativamente com 2019, representou uma reducdo de 36,99% na quantidade de casos
registrados (WHO, 2021). A OMS relaciona essa reducdo com uma provavel menor deteccao de
casos e diminuicdo da producdo de relatérios/boletins durante a pandemia da COVID-19 pelos
paises, pois, em 2020, apenas 127 paises forneceram dados sobre hanseniase, em comparag¢éo com
160 em 2019. No Brasil, em 2020, foram reportados 17.979 casos novos da doenca, representando
uma reducéo de 35,47% comparado com o0 ano de 2019 (BRASIL, 2021d).

Estima-se que os impactos da COVID-19 na detec¢édo da hanseniase poderdo repercutir nos
préximos anos, com um aumento da subnotificacdo de casos, decorrentes da reestrurturacdo dos
servicos de saude locais para a contencdo da pandemia. Um estudo realizado com profissionais de
salde que trabalham em centros de referéncia para hanseniase no Brasil, Bangladesh, India,
Nigeéria, Etiopia, Indonésia e Sri Lanka identificou uma reducdo de aproximadamente 80% nos
servicos de diagnostico de hanseniase, de modo que as atividades mais prejudicadas foram a busca
ativa junto a comunidade (77% interrompidas) e as cirurgias reparadoras/reconstrutivas (87% dos
agendamentos interrompidos), além da dificuldade de acesso a PQT pelos pacientes (de BARROS
etal., 2021).

Outro aspecto, as recomendacdes de distanciamento social existentes para o enfrentamento
da pandemia podem trazer repercusdes negativas na hanseniase. O isolamento social pode
contribuir com o aumento do estigma e dicriminacédo social, além de uma maior vulnerabilidade,
uma vez que grande parcela das pessoas acometidas pela hanseniase pertencem a grupos
socioeconémicos desfavoraveis, em que o distanciamento social para contencao da infeccdo por
COVID-19 é, por vezes, impraticavel (RATHOD et al., 2020).

A discussdo dos impactos da COVID-19 na hanseniase é ampla, complexa e cheia de
incertezas, e ndo fara parte da presente tese, uma vez que o periodo de estudo considerado é anterior
a pandemia.

De acordo com dados da CGDE (BRASIL, 2021c, BRASIL 2021d) considerando a série
historica de 2001 a 2019, a taxa de prevaléncia da hanseniase diminuiu 62%, passando de 3,99
casos por 10.000 habitantes em 2001 para 1,50 em 2019, porém, apesar dessa acentuada diminicéo,
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0 Brasil ndo atingiu a meta de prevaléncia de menos de 1 caso por 10.000 habitantes. Sobre a
detecgéo de casos novos, verifica-se uma redugéo de 50%, de 26,61 em 2001 para 13,23 casos por
100 mil habitantes em 20109.

Em relacdo aos demais indicadores de reducdo da carga da hanseniase, ao inicio da série, a
taxa de grau 2 de incapacidade era de 14,00 casos por 1 millh&o de habitantes, reduzindo para 11,16
em 2019, enquanto que para 0s menores de 15 anos, a taxa de deteccdo era de 6,96 por 100.000
habitantes em 2001 e 3,44 em 2019 (BRASIL, 2021c; BRASIL 2021d).

A reducéo dos indicadores epidemiologicos a nivel nacional deve ser analisada com cautela,
uma vez que no periodo, o Brasil se manteve no parametro de “alta endemicidade” considerando a
deteccdo. Um dos fatores que explicam a manutencdo desse quadro de alta endemicidade da
hanseniase é a distribuicdo heterogénea da doenca no pais. Embora o Brasil registre decréscimos
continuos nos coeficientes de prevaléncia e de deteccao, as regides Norte, Nordeste e Centro-Oeste
sdo consideradas as mais endémicas, com areas de importante manutencdo da transmissao
(BRASIL, 2013).

A regido Centro-Oeste ¢ “hiperendémica”, apresentando as maiores detecgdes da
hanseniase em 2019, com uma taxa de 39,93 casos por 100.000 habitantes, com destaque para o
estado de Mato Grosso, cuja taxa foi de 129,38 casos por 100.000 habitantes, configurando como
0 estado de maior carga da hanseniase (BRASIL, 2021c; BRASIL 2021d).

O Norte e Nordeste sdo de “endemicidade muito alta”, apresentando 28,63 e 19,97 casos
por 100.000 habitantes, respectivamente, em 2019. Dentre os estados dessas regides, destaca-se no
Norte o Tocantins (96,44 casos por 100.000 habitantes) e no Nordeste o estado do Maranhdo (45,02
casos por 100.000 habitantes).

Pesquisa realizada nessas regides destaca que a proximidade geografica entre os estados
hiperendémicos e a presenca de fluxo migratério interestadual, motivado por questdes econémicas,
contribui com o aumento da circulacdo do Mycobacterium Leprae, especialmente no estado do
Tocantins, que faz fronteira com Maranh&o e Mato Grosso (MONTEIRO et al., 2015).

Em oposicgdo as regides de maior endemicidade, o Sul e Sudeste apresentam as menores
detec¢des do pais, com 1,85 e 2,90 casos por 100.000 habitantes, respectivamente, em 2019, sendo
o0 estado do Espirito Santo (12,39 casos por 100.000 habitantes) e Parana (4,98 casos por 100.000
habitantes) os que apresentam maior deteccéo da doenca (BRASIL, 2021c; BRASIL 2021d).
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Blok et al (2015) em um estudo multicéntrico realizando previsdes quanto a eliminagédo da
hanseniase na India, Brasil e Indonésia, identificou que, mesmo se os paises atingissem a meta de
eliminacdo da doenca a nivel nacional, as regifes altamente endémicas, responsaveis pela maioria
dos casos, continuariam sendo um problema de satde publica. Os autores discutem que, para a real
compreensdo da hanseniase a nivel nacional nos paises endémicos, € necessario se investigar e

conhecer as distintas regides dentro desses cenarios.

Estudos ecologicos na hanseniase

A hanseniase caracteriza-se por apresentar uma distribuicdo heterogénea (ndo aleatdria), se
diferenciando de acordo com regides, estados, provincias, municipios e mesmo em unidades
geogréficas menores, como bairros (FUJISHIMA; DE OLIVEIRA; DE MATOS, 2020; FREITAS;
DUARTE; GARCIA, 2014). O conhecimento da situacdo epidemioldgica a nivel local é
demasiadamente importante para a definicdo de agdes prioritarias em salde considerando as
especificidades de cada cenario (OPROMOLLA; DALBEN; CARDIM, 2005).

Na epidemiologia, dentre os estudos observacionais analiticos, o mais apropriado (e usual)
para o levantamento de hipdteses e compreensédo dessa distribuicao ndo-aleatoria da hanseniase sdo
os estudos ecoldgicos. Segundo Medronho (2009) e Morgenstern (1995), estudos ecoldgicos (ou
estudos de agregados de individuos) séo estudos em que a unidade de analise é uma populacdo ou
um grupo de pessoas, pertencentes a uma area geogréafica definida (um pais, um estado, uma cidade,
um municipio ou um setor censitario). Os estudos ecoldgicos permitem avaliar como o contexto
social e ambiental podem a afetar a salde de grupos populacionais.

Os estudos ecologicos abordam areas geograficas e estudam aglomerados, analisando
comparativamente variaveis globais, quase sempre por meio de correlacdo de indicadores de
condicGes de vida e situacdo de salde. Seu objetivo é compreender como um contexto afeta a satde
de grupos populacionais através da mensuracéo de efeitos em nivel de grupo (MORGENSTERN,
1995), e para sua execucdo, destaca-se a utilizacdo de dois métodos estatisticos: a analise espacial
e analise de séries temporais.

A andlise espacial refere-se ao uso de métodos quantitativos em estudos no qual o objetivo
de interesse é definido geograficamente, cujo campo especifico envolve a analise de dados
observacionais que representam resultados de processos estocasticos operando no espaco,

utilizados para descrever e explicar padrdes de ocorréncia de eventos. Seu uso na epidemiologia
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visa identificar padrdes espaciais de morbimortalidade e fatores associados, descrever processos
de difusdo de doencas e gerar conhecimentos sobre etiologia de doencas, visando a sua predicao e
controle (MEDRONHO, 2009).

De acordo com Druk et al (2004), a analise da distribuicédo espacial de um evento constitui-
se como uma ferramenta para a compreensdo e mensuracao de um fendémeno, seja de satde ou n&o,
subsidiando a tomada de decisdes. Para Carvalho e Souza-Santos (2005) o objetivo da analise
espacial ndo é responder sobre as causas dos casos de uma doenca, mas sobre as causas da
incidéncia da doenca em grupos populacionais.

Desde finais da década de 80 que a area da satde vem discutindo e utilizando abordagens
onde a localizagdo espacial e os Sistemas de InformacGes Geogréaficas (SIG) tém papel destacado.
Ainda gue nos momentos iniciais estes estudos estivessem na contramdo dos modelos analiticos
vigentes na epidemiologia, baseado em abordagens estritamente individuais na busca por fatores
de risco para doencas crbnicas, em poucos anos operou-se um importante resgate do papel do
ambiente sociocultural na determinacgéo das doencas (CARVALHO; SOUZA-SANTOS, 2005).

Como segundo principal método empregado nos estudos ecoldgicos destaca-se a analise de
séries temporais. Por definicdo, uma série temporal, também denominada série histérica, € uma
sequéncia de dados obtidos em intervalos regulares de tempo durante um periodo especifico
(LATORRE; CARDOSO, 2001). Na andlise de uma série temporal, primeiramente, deseja-se
modelar o fenbmeno estudado para, a partir dai, descrever seu comportamento, fazer estimativas e,
por ultimo, avaliar quais os fatores que influenciaram seu comportamento, buscando definir
relacBes de causa e efeito entre duas ou mais séries (LATORRE; CARDOSO, 2001).

Ao se analisar uma ou mais séries temporais, a representacdo grafica dos dados
sequencialmente ao longo do tempo é fundamental e pode revelar padrGes de comportamento
importantes, tendéncias de crescimento (ou decrescimento), padrdes ciclicos, alteracdes estruturais,
observagoOes aberrantes e etc. (EHLERS, 2007).

Na epidemiologia, frequentemente os dados sdo compostos de séries temporais, e sua
aplicacdo nesse campo de conhecimento preocupa-se em produzir conhecimentos sobre a
movimentacdo de medidas de interesse em salde, prever resultados e reconhecer fatores que
interferem sobre eles (ANTUNES; CARDOSO, 2015).

No contexto da hanseniase no Brasil, para compreender as variacdes na distribuicdo da

doencga, estudos ecologicos que empregam a analise espacial e séries temporais vem sendo
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desenvolvidos recorrentemente. Estudos desenvolvidos em ambito nacional, como Magalhdes &
Rojas (2007), Freitas et al. (2014) e Martins-Melo et al. (2015) identificaram aglomerados de risco
para acometimento da hanseniase contemplando principalmente os estados do Amazonas, Par3,
Sergipe, Piaui, Maranhdo e Mato Grosso.

Duas pesquisas investigando a distribuicdo espacial da hanseniase no Brasil também devem
ser destacadas, 0 estudo de Penna et al (2009) considerando o periodo de 2005 a 2007, e o trabalho
de Rodrigues et al (2020) considerando o periodo de 2001 a 2015, que empregaram técnicas de
analise espaco-temporal para identificacdo de aglomerados de risco da doenca.

Essas pesquisas identificaram que as maiores taxas de deteccOes estdo situadas nas regides
Norte, Nordeste e Centro-Oeste do pais, e que a maioria dos aglomerados de alto risco estdo
situados na regido da Amazonia Legal. Essas evidéncias confirmam que a hanseniase apresenta
comportamento heterogéneo no Brasil.

A alta deteccéo da doenca e a presenca de aglomerados de risco nas regides Norte, Nordeste
e Centro-Oeste vem estimulando vérias investigacdes epidemioldgicas ao longo dos anos. Destaca-
se algumas pesquisas de carater multicéntrico, como a conduzida por Ferreira et al (2020) realizada
nas regides Norte e Nordeste, Alencar et al (2012), realizada nos estados do Maranhdo, Para e
Piaui, além de Freitas et al (2017), conduzida em Mato Grosso, Tocantins, Rondbnia, Para e
Maranhéo.

Muitos estados dessas regides também apresentam investigacbes de delineamento
ecologico, como em Alagoas (DAMASCENO et al, 2021, ALBUQUERQUE, 2020, SOUZA et al,
2019a), Tocantins (MONTEIRO et al, 2019), Ceara (MONTENEGRO et al 2004), Bahia (SOUZA
et al, 2020; SOUZA et al, 2020; SOUZA et al, 2019b), Pernambuco (BARBOSA et al, 2020;
BARBOSA et al, 2018, LAPA et al. 2001), Rio Grande do Norte (MOURA et al. 2013), Maranhéo
(LOPES etal, 2021; BARRETO etal, 2015), Amazonas (IMBIRIBA et al. 2009), Para (BARRETO
et al. 2014), Mato Grosso (MARCIANO et al, 2018; FREITAS et al, 2017) e Goias (SILVA et al,
2020).

Como denominador em comum, essas investigacdes evidenciam diminuicdo dos
indicadores de prevaléncia e detec¢do ao longo dos anos, contudo, registram aumento do nimero
de casos em menores de 15 anos, bem como, de casos diagnosticados com grau 2 de incapacidade
fisica, indicativos de alta transmissdo e diagnostico tardio, respectivamente. Outro resultado

frequente dos estudos realizados nessas regides € de que a hanseniase apresenta distribuicdo
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espacial heterogénea, se localizando maioritariamente em ambientes urbanos cujas populagdes
estédo expostas a baixas condig¢des socioeconémicas e desigualdades sociais.

As regides Sul e Sudeste, apesar de apresentarem menores taxas de deteccdo, também séo
cenarios onde estudos ecoldgicos sdo realizados, com destaque para as investigacoes realizadas no
estado de S&o Paulo (RAMOS et al, 2017; PASCHOAL et al 2013; RODRIGUES-JUNIOR et al
2008; CURY etal 2012; GAUY et al 2007; OPROMOLLA et al 2005; MENCARONI et al, 2004),
Rio de Janeiro (DUARTE-CUNHA et al, 2016; DUARTE-CUNHA et al 2015), Minas Gerais
(NICCHIO et al, 2016; AMARAL; LANA, 2008), Espirito Santo (SAMPAIO et 2013, SAMPAIO
et al 2012) e Parana (ASSIS et al, 2020; SIMIONATO de ASSIS et al, 2018).

Essas investigacOes apontam que, mesmo nas regides brasileiras com menores taxas de
prevaléncia e deteccdo da doenca, a hanseniase ainda permanece com um problema de saude,
especialmente em municipios menores, localizados no interior de cada estado. Um fenémeno
presente diz respeito ao quadro de “endemia oculta” da hanseniase nessas regioes, uma vez que
apesar da maioria desses estados apresentar baixa incidéncia e prevaléncia, muitos de seus
municipios tém altas e médias taxas de deteccdo em menores de 15 anos e casos com incapacidades
no momento do diagnéstico. Semelhante ao relatado nas regiGes Norte, Nordeste e Centro-Oeste,
a desigualdade social também esta relacionada com a hanseniase nas regifes Sul e Sudeste
brasileiras.

As investigacOes de delineamento ecolégico, com emprego da analise espacial e de séries
temporais da hanseniase reforcam uma discussao classicamente conhecida, de que a distribuicdo e
propagacdo da endemia hansénica tém estreita relacdo com determinantes sociais.

A salde ndo pode ser entendida apenas como uma questao restrita a fatores bioldgicos, mas
sim, um fenbmeno complexo e com multiplas determinacdes, que tem suas bases na forma como
as pessoas vivem e se organizam. A pobreza, precarias condi¢des de moradia, 0 ambiente urbano
inadequado e condicdes de trabalho insalubres sdo fatores que afetam negativamente as condig0es
de satde de uma populagéo, sendo determinantes sociais geradores de desigualdades (BARRETO,
2017).

No contexto da hanseniase, considerando os multiplos determinantes que impactam o
controle da doenga, Chaptini e Marshman (2015), em uma revisdo sobre as perspectivas de
eliminacdo, reducdo da doenca e o0 panorama de pesquisas futuras, elencaram o0s principais

determinantes da hanseniase, distribuidos em trés grupos (Quadro 3).



Quadro 3 — Determinantes da salde com impacto na hanseniase.

Determinantes
socioecondmicos
e emocionais

Pobreza e
baixa renda

A hanseniase esta associada a pobreza devido a uma série
de fatores, incluindo menor escolaridade, menor acesso a
servigos de saude, menor renda para os medicamentos
necessarios, moradia precaria e aumento da superlotacéo

Status social

A hanseniase esta associada a um nivel socioeconémico
mais baixo por razdes como renda mais baixa, educacao
mais pobre e acesso reduzido a servi¢os de saude

Educacéo Baixos niveis de alfabetizacdo e falta de educacédo estéo
associados a uma taxa mais elevada de hanseniase devido
a reducdo da educacdo em torno de questbes médicas e
uma associacao com reducéo de renda.
Estigma A hanseniase esta associada a um alto estigma social, que
social causa atraso no diagndstico e tratamento, e aumento de
deficiéncias
Migracéo A migracdo de pessoas (refugiados, ndmades,

trabalhadores migrantes e reassentados) de areas
endémicas de hanseniase para areas de baixa endemia
pode causar o ressurgimento da doenca

Determinantes
ambientais

Alojamento e
aglomeracéo

A hanseniase é transmitida de pessoa para pessoa por
contato  proximo  (supostamente  por  goticulas
respiratorias), e a transmissdo da hanseniase esta
altamente associada & superlotacdo e aglomeracdo de
pessoas

Aguae Agua inadequada e saneamento e higiene deficientes
saneamento | podem aumentar a transmissdo da hanseniase
Acesso aos | O acesso deficiente aos servigos de salde causa atraso no
servicos de | tratamento e pode dificultar a adesdo ao tratamento
salde

Desastres e

Aumenta a taxa de hanseniase devido ao aumento da

conflitos migracao e ao colapso dos sistemas de salde
Emprego e | Més condicdes de trabalho podem aumentar a transmisséo
condigdes de | da hanseniase se houver superlotacdo e falta de higiene
trabalho

Continua
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Continuacéo
Género H& um risco aumentado de hanseniase em homens, no
entanto, ha uma taxa maior de morbidade e complicacdes
em mulheres (possivelmente devido ao aumento da
estigmatizacao)

Determinantes
bioldgicos Genética Ha evidéncias de que nem todas as pessoas infectadas

pelo Mycobacterium leprae desenvolvem hanseniase.
Fatores genéticos sdo considerados influentes, com base
na observacdo de grupos de hanseniase em torno de certas
familias.

Fonte: Adaptado de Chaptini e Marshman, 2015.

Embora a associacdo entre a transmissdo da hanseniase e as condi¢fes sociais nas quais as
pessoas vivem nao seja um tema recente, mas dada a complexidade da doenca e os distintos
cenarios socioecondmicos em que esta inserida, a verificacdo de sua associagdo com determinantes
sociais continua sendo umas das principais estratégias de compreensdo e mapeamento da doenca.

Perante a importancia desse objeto de investigacdo e a necessidade de evidéncias que
possam embasar a aplicacdo de medidas de controle e prevencdo da hanseniase, foi proposto
analisar o cenéario epidemiol6gico da doenca e seus principais determinantes sociais na perspectiva
dos estudos ecoldgicos, através de um mapeamento da literatura, objetivando identificar quais sdo

os principais determinantes associados a hanseniase e a relevancia da presente investigacao.
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MAPEAMENTO SISTEMATICO DA LITERATURA
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Estudos secundérios visam revisar estudos primarios relativos a certas questdes de pesquisa,
com o objetivo especifico de integrar e sintetizar evidéncias relacionadas a essas questfes. De
maneira geral, o objetivo de um estudo secundario é prover a pesquisadores uma visao geral de
uma area de pesquisa e ajudar a identificar lacunas de conhecimento nessa area (de ALMEIDA
FALBO, 2018). Revisdo Sisteméatica e Mapeamento Sistematico sdo tipos de estudos secundarios
que seguem um processo de pesquisa metodologicamente bem definido para identificar, analisar e
interpretar as evidéncias disponiveis relacionadas a um particular conjunto de questfes de pesquisa,
topico ou fenbmeno de interesse, de uma maneira nao tendenciosa e, até certo grau, repetivel (de
ALMEIDA FALBO, 2018).

Um Mapeamento Sistematico é uma revisao ampla dos estudos primarios existentes em um
topico de pesquisa especifico, que visa identificar a evidéncia disponivel nesse tdépico. Assim, um
Mapeamento Sistematico € um estudo secundario que tem como objetivo identificar e classificar a
pesquisa relacionada a um topico amplo (de ALMEIDA FALBO, 2018).

Revisdes Sisteméticas convencionais agregam resultados relacionados a uma questdo de
pesquisa especifica, enquanto Mapeamentos Sistematicos visam encontrar e classificar os estudos
primarios em um tdépico de interesse, e assim construir uma estrutura e esquema de classificacéo.
A andlise dos resultados enfoca frequéncias de publicacdes por categorias dentro desse esquema,
ainda que diferentes facetas possam ser combinadas para responder questdes de pesquisa mais
especificas. Resultados de um Mapeamento Sistematico ajudam a identificar lacunas, sugerir
pesquisas futuras e prover um guia para posicionar adequadamente novas atividades de
investigacdo (de ALMEIDA FALBO, 2018).

Para subsidiar a hip6tese e evidenciar a lacuna de conhecimento deste estudo, optou-se pelo
desenvolvimento de um Mapeamento Sistematico da literatura, objetivando obter ampla literatura
das publicacdes cientificas em ambito mundial referente a associacdo entre hanseniase e 0s

determinantes sociais da saude, considerando os estudos com delineamento ecolégico.

Processo de Conduc¢do do Mapeamento Sistematico

O processo de Mapeamento Sistematico envolve trés fases principais: Planejamento da
Revisdo, Conducdo da Revisdo e Resultados. Essas fases, bem como suas atividades, sdo
conduzidas de modo iterativo. A Figura 1 apresenta as fases e atividades do processo de

Mapeamento Sistematico.



Figura 1 - Fases e Atividades do Processo do Mapeamento Sistematico.

Planejamento

Condugao

Publicag¢ao dos Resultados

—> Definir objetivo

!

Definir Protocolo

* Definiras Questdes de Pesquisa

® Definira Estratégia de Busca

—p»| *Definir Fontes de Pesquisa

* Definira String de Busca

* Definir Critérios de Selegdo
(Inclusdo e Exclusdo)

* Definir Critérios de Qualidade

v

— Avaliar protocolo

Identificar estudos primarios
(utilizagdo da estratégia de
busca)

Descrever e diwilgar os
resultados

}

Selecionar estudos primarios
(utilizagéo dos critérios de
sele¢do e qualidade)

Awaliar os resultados
relatados

A 4

Extrair os dados

Sintetizar os dados

Legenda: [ Fase

[ Atividade
= Fluxo de condugdo

Fonte: de ALMEIDA, FALBO, 2018.
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Foram seguidas as orientacGes de Mendes, Silveira e Galvao (2008) para elaboracdo da

presente revisao:

1) Elaboracgéo da questdo da pesquisa;

2) Critérios de inclusdo, exclusdo e busca naliteratura;

3) Extracdo das informacdes dos estudos;

4) Anédlise dos estudos incluidos;
5) Interpretacdo dos resultados;
6) Apresentacdo da revisdo.
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ETAPA 1 - Elaboracédo da questdo de pesquisa

A questdo de pesquisa principal foi estabelecida de acordo com a estratégia ‘PIO’
(Paciente/Populacgéo, Intervencdo e “Outcomes” desfecho), a qual foi adaptada para este estudo
(SANTOS, PIMENTA, NOBRE, 2007).

Foram utilizadas como Populacao: Populacdo com Hanseniase; Intervencdo: Determinantes
Sociais e Desfecho: Estudos ecologicos. Os componentes da questdo de pesquisa, segundo o

acronimo “PIO”, estdo descritos no Quadro 4.

Quadro 4 - Componentes da questdo de pesquisa, segundo acrémio PICO.

Acrdmio/Estratégia Descricdo Componentes da pesquisa
P Populacéo Populagdo com Hanseniase
I Intervengéo Determinantes sociais
@] Outcomes (desfecho) Estudos ecolégicos

Fonte: Elaborado pelo autor

A questdo de pesquisa principal que norteou o mapeamento foi a seguinte: Quais as
evidéncias cientificas relacionadas a associacdo entre hanseniase e 0s determinantes sociais da

satde considerando estudos com delineamento ecol6gico?

ETAPA 2 — Critérios de inclusao, exclusdo e a busca na literatura

Foram incluidos nesta revisdo de literatura estudos que tenham evidéncias cientificas
relacionadas a associagdo entre hanseniase e 0s determinantes sociais da satide com delineamento
ecoldgico.

Foram adotados os seguintes critérios de inclusdo: idioma inglés, portugués ou espanhol;
estar disponivel na integra e ser artigo cientifico. Os critérios de exclusdo foram: ndo estar escrito

nos idiomas inglés, portugués ou espanhol; o artigo ndo estar disponivel na integra e
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teses/dissertacOes, revisdes de literatura e/ou literatura cinza. Ndo foram aplicados critérios
relativos a tempo ou periodo de publicacao.

Os termos pesquisados foram: Leprosy, Social Determinants of Health, Socioeconomic
Factors, Structural Determinants of Health, Ecological Studies, Spatial Analysis, Time Series
Studies, Epidemiology. Os descritores utilizados foram encontrados nos Descritores em Ciéncias
da Saude (DeCS) ou Medical Subject Heading (MeSH), e combinados atraves do operador
booleano “OR” dentro de cada grupo e “AND” entre 0s grupos. Quando possivel, foram restringidos
os resultados aos termos contidos apenas nos titulos ou titulo e resumo, para melhores resultados.

A busca foi realizada no més de outubro de 2021, nas seguintes bases de dados: Literatura
Latino-Americana e do Caribe em Ciéncias da Saude (Lilacs), Medical Literature Analysis and
Retrieval System Online (MEDLINE) via National Library of Medicine and the National Institutes
of Health (PubMed), EMBASE e Current Nursing and Allied Health Literature (CINAHL). Vale
ressaltar que as bases de dados eletronicas utilizadas foram disponibilizadas pela Coordenacéo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES), acessadas por meio dos servigos de
conteddo (Proxy) da USP - Campus Ribeirdo Preto. O Quadro 5 apresenta as estratégias de busca

utilizadas em cada base de dados inserida na revisao.



Quadro 5 - Estratégias de busca utilizadas nas bases de dados.

Base de Dados Cruzamento dos Descritores Quantidade de
Artigos

Lilacs Leprosy AND "Social Determinants of Health" 29
PubMed Leprosy AND (*"Social Determinants of Health" 18

OR "Socioeconomic Factors” OR “Structural

Determinants of Health”) AND ("Ecological

Studies"” OR "Spatial Analysis™ OR "Time Series
Studies™) AND Epidemiology

EMBASE Leprosy AND "Social Determinants of Health" 40
CINAHL Leprosy AND "Social Determinants of Health" 415
TOTAL 502

Fonte: Elaborado pelo autor.
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As buscas foram realizadas no mesmo dia e a selecdo dos artigos foram realizadas pelo

pesquisador. O fluxograma do processo de selecdo dos artigos seguiu o Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA), descrito conforme a Figura 2.



Figura 2 - Fluxograma de sele¢do dos artigos segundo Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).
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LILACS FUEMED EMBASE CINAHL
2 n=29 n=18 n=40 n=415
2l |
-
:
[ Total de artigos Artigos duplicados
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53 Artizos apos eimmar _-‘-.;tigos = clgifigs '::;m
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:
g Artizos apos critérios
= de selegiio
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ﬂ Artigos excluidos apos
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= mapeam ento
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=

Adaptado de: The PRISMA, 2009.

ETAPA 3 - Extracdo das informacdes dos estudos

Nesta etapa ocorreu a estruturacdo do banco de dados, que contempla as informagdes
essenciais extraidas dos estudos selecionados. Os dados coletados devem conter a metodologia
proposta, resultados e conclusdes do material analisado (MENDES; SILVEIRA; GALVAO, 2008).
Foi utilizado um roteiro de extracdo de informagdes com 0s seguintes itens: titulo, autor, ano,
periddico de publicacdo, objetivos, técnica de andlise utilizada, local do estudo e principais

conclusoes.
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ETAPA 4 - Anélise dos estudos incluidos

Ocorreu a analise critica e detalhada dos estudos. Nesta fase, a experiéncia e competéncia
clinica do revisor influenciam na decisdo sobre a analise dos métodos e resultados dos estudos que
serdo utilizados (MENDES; SILVEIRA; GALVAO, 2008). A anélise dos estudos encontrados foi

realizada de forma descritiva, que apontam aspectos importantes dos estudos incluidos.

ETAPA 5 - Interpretagdo dos resultados

Refere-se a etapa de discussdo e comparacao dos resultados, identificando as conclusoes e
implicacdes resultantes da revisdo da literatura, além de encontrar possiveis lacunas que podem
conduzir ao desenvolvimento de novas pesquisas, a fim de melhorar a assisténcia a salde
(MENDES; SILVEIRA; GALVAO, 2008).

ETAPA 6 — Apresentacdo da Revisdo

Trata-se da apresentacdo da sintese do conhecimento conforme a leitura dos estudos
incluidos. As iniciativas dos revisores terdo impacto no resultado final; as conclusdes podem ser
questionadas, caso a revisdo seja produzida com base em uma metodologia questionavel
(MENDES; SILVEIRA; GALVAO, 2008). O Quadro 6 apresenta a caracterizacio dos estudos que

foram incluidos na revisao.



Quadro 6- Caracterizacdo das publica¢des dos artigos incluidos na reviséo.
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TECNICA

LOCAL

ESTUDO | TIiTULO AUTORES  |ANO PERIODICO OBJETIVO DE ANALISE DE gg,‘ﬁ'ﬁé'&
UTILIZADA ESTUDO
Hanseniase e | SOUZA CDF, 2020 |Revista Brasileira | Analisar a associacdo | Modelagem Brasil A hanseniase  apresentou
caréncia social: | MAGALHAES de Epidemiologia entre a caréncia social | bayesiana empirica distribuicdo heterogénea no
El definicdo de | MAF; dos municipios baianos | local e estatistica de estado, com concentracdo no
areas FIGUEIREDO M; e a deteccdo de casos | Moran global e eixo  norte-oeste e  sul.
prioritarias em | LUNA CF novos de hanseniase na | local. Observou-se associa¢do entre
estado populacéo, como as condicBes de vida e a
endémico  do instrumento  para a deteccdo da hanseniase.
Nordeste definicho de  éreas
brasileiro prioritarias para
intervencéo.
Spatial GRANTZ KH; | 2018 |Infectious Diseases | Avaliar os fatores | Correlacdo e | India Encontramos apenas
distribution of | CHABAARI W, of Poverty sociais e econdmicos | regressdes lineares evidéncias fracas de uma
E2 leprosy in India: | SAMUEL RK et al. como preditores das | de efeito misto associacdo entre a pobreza e as
an  ecological taxas anuais de taxas anuais de deteccdo de
study. deteccdo de novos novos casos no nivel distrital,

casos de hanseniase na
india, onde ocorre a
maioria dos casos de
hanseniase.

embora o analfabetismo e a
radiancia do satélite sejam
indicadores  estatisticamente
significativos de hanseniase no
nivel distrital.

Continua
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Continuagao

) ) TECN!CA LOCAL PRINCIPAIS
ESTUDO TITULO AUTORES ANO | PERIODICO OBJETIVO DE ANALISE DE CONCLUBES
UTILIZADA ESTUDO
Spatial FERREIRA FR; 2019 |Anais Brasileiros | Identificar a | Analise  espacial | Brasil No total, foram registrados
approach of | NASCIMENTO LFC de Dermatologia distribuicdo e | (Moran, Kernel e 7.163 novos casos de
E3 leprosy in the quantificar a | Bayesianos hanseniase em todo o estado.
State of Séo dependéncia  espacial | empiricos) N&o houve correlacdo entre as
Paulo,  2009- das taxas de deteccédo de taxas com o indice de Gini e
2012. €asos novos de baixa renda.
hanseniase no Estado
de Séo Paulo,
correlacionando  com
variaveis
socioeconbmicas.
Hot spots of | DE SOUSA DB. et | 2020 Journal of Infection | Analisar o  padrdo | Analise  espacial | Brasil Foi encontrada correlagdo
leprosy in the | al. and Public Health espacial da hanseniase | (Kernel) positiva entre 0s casos de
E4 endemic area of em Séo Luis, capital do hanseniase e 0 nimero médio

Sdo Luis,
Maranhéao
State,
Northeastern

Brazil.

Estado do Maranhao,
Nordeste do Brasil.

de moradores por domicilio, e
domicilios com esgoto a céu
aberto, lixo acumulado, com
identificacdo de rua, pessoas
sem renda, dependentes e
pobres. A doenca apresenta um
padrdo espacial heterogéneo,
com aglomerados
hiperendémicos.

Continua
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Continuacéo

) ) TECN[CA LOCAL PRINCIPAIS
ESTUDO TITULO AUTORES ANO | PERIODICO OBJETIVO DE ANALISE DE CONCLUGES
UTILIZADA ESTUDO

Desempenho da| SOUZA EA. 2019 (Cadernos de saude | Analisar a tendéncia | Regressdo de | Brasil A distribuicdo espacial

vigilancia de| etal. pUblica espaco-temporal da | Poisson e analise do demonstrou que a maioria dos
E5 contatos de propor¢do de contatos | indice Moran Local municipios apresentou

€casos de examinados, com base desempenho com parametro

hanseniase: uma no perfil demogréfico precario, com aglomerados

analise espago- dos casos novos de identificados nas regides norte

temporal no hanseniase e extremo-sul.

Estado da Bahia, diagnosticados no

Regido Nordeste Estado da Bahia nos

do Brasil. anos da coorte de 2003

a 2014.

Spatial analysiss CURY MRCO. et | 2012 |Revista de Salde | Identificar aglomerados | Analise  espacial | Brasil Areas com alta incidéncia de

of leprosy| al. Publica de grandes ocorréncias | (Kernel) hanseniase foram associadas a
E6 incidence  and de hanseniase, bem niveis socioecondmicos mais

associated como aspectos baixos. Foram identificados

socioeconomic
factors.

socioeconémicos e
demograficos. fatores
associados a doenca.

agrupamentos de casos de
hanseniase, porém nao houve
associacdo entre a incidéncia
da doenca e a densidade
demografica.

Continua
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i ) TECNICA LOCAL PRINCIPAIS

ESTUDO TITULO AUTORES ANO | PERIODICO OBJETIVO DE ANALISE DE CONCLUBES

UTILIZADA ESTUDO
. SIMIONATO DE | 2018 [PLoS neglected | Avaliar os | Bivariate Moran | e | Brasil Os resultados obtidos na
Social ; . . . o -

E7 determinants ASSIS 1. tropical diseases. determinantes sociais e | Prais-Winsten analise revelaram que as
their ' etal. sua relagdo com o risco proporcoes de domicilios com
relationship de hanseniase, bem rendimento nominal mensal

. como  examinar a domiciliar per capita superior a
with leprosy o PR
risk and tendéncia temporal de 1 salério mlnm)o_ede cor parda
sua ocorréncia em um foram  estatisticamente -
temporal trends g - e .
. . municipio  brasileiro significativamente  associado
in a tri-border . P . NN
S . localizado na triplice ao risco de doenca devido a
region in Latin . - P
. fronteira entre Brasil, hanseniase. Esses resultados
/America. . - i -

Paraguai e Argentina. também confirmaram que os
determinantes sociais e o risco
de hanseniase foram
significativamente
espacialmente néo
estacionarios.

Leprosy in | FREITAS RS; | 2014 [Tropical Medicine | Analisar a associa¢do |Estimativa local | Brasil A taxa de incidéncia foi
Brazil and its | DUARTE LC; & International | ecoldgica entre  as | empirico de Bayes significativamente associada a

ES8 association with | ELISABETH  P; Health, caracteristicas e Regresséo municipios com baixo nivel
characteristics GARCIA L. demograficas e | hierdrquica log- socioeconémico
of socioeconbmicas  dos | linear negativa
municipalities: municipios brasileiros e | binomial
ecological a taxa média de
study,  2009- incidéncia de
2011. hanseniase no periodo

de 2009-2011.

Continua




66

Continuacéo

TECNICA

LOCAL

ESTUDO TiTULO AUTORES ANO | PERIODICO OBJETIVO DE ANALISE DE gORII\:\(I:CI:_ISg‘:ESS
UTILIZADA ESTUDO
Spatial SAMPAIO PB. et | 2013 |Revista da | Analisar a distribuicdo | Modelo local | Brasil A distribuicdo dos casos de
E9 distribution  of| al. Sociedade espacial dos casos | empirico bayesiano hansnise ocorreu de forma
leprosy in areas Brasileira de | novos de hanseniase e | (LEBayes), heterogénea entre os bairros,
of risk in Vitoria, Medicina Tropical. | detectar areas de maior | coeficiente de identificando é&reas de alto
State of Espirito risco da doenga no | correlacdo de risco para a doenga. O
Santo,  Brazil, Municipio de Vitoria. Pearson e indice de coeficiente de correlacdo de
2005 to 2009. Moran local Pearson para o Método Local
(LISA) indicou coeficientes altamente
correlacionados.
Correlati SAMPAIO PB. 2013 |Leprosy review Identificar as relacbes [Modelo  Bayesiano| Brasil /A distribuicdo espacial da
E10 borrealon etal. entre a situacdo [completo hanseniase no distrito ndo é
etween the COL .
spatial epldem,lologlca da un_lforme. Obs«_arvoq—se_ que
distribution  of han.senlase e balrrt_)s com baixo Indice de
leprosy and |nd|_cadore§ . nglldade Urbana apres~entam
: : socioecondmicos  no maior taxa de detecgdo de
socioeconomic . .
indicators in the periodo de 2005 a 2009. casos de hanserJlas_e do que
city of Vitoria, bairros com alto indice.
State of ES,
Brazil.
Modelagem SOUZA CDF. etal. | 2020 [Ciéncia & Saude | Analisar a distribuicdo [Modelo Bayesiano | Brasil Observou-se distribuicdo
espacial da Coletiva espacial da hanseniase [Empirico Local. heterogénea no estado, com
E11 hanseniase no no estado da Bahia Moran Global e concentracdo no eixo norte-
estado da Bahia, relacionando-a com |Local e Regressdo oeste e regido sul. Ndo foram

Brasil, (2001-
2015) e
determinantes

sociais da saude

indicadores
socioecondmicos.

linear multivariada

identificados determinantes da
ocorréncia da doenca em
menores de 15 anos.

Continua
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: ) TECNICA LOCAL PRINCIPAIS
ESTUDO TITULO AUTORES ANO | PERIODICO OBJETIVO DE ANALISE DE CONCLUGES
UTILIZADA ESTUDO
Spatial SOUZA CDF 2019 |Anais brasileiros de | Analisar a distribuicdo [Modelo  bayesiano | Brasil A hanseniase  apresenta
E12 modeling of etal. dermatologia espacial da hanseniase [local e indice de padrdo espacial heterogéneo
leprosy i the no estado da BAHIA, [Moran local no estado da BAHIA, sendo o
state of Bahia Brasil, e a associa¢do Indice de Desempenho Social
and its social entre sua ocorréncia e e Econdémico (IPESE) o Gnico
determinants: a 0s indicadores com potencial explicativo da
study of heailth sintéticos de doenga.
inequities desempenho
socioeconémico
municipal,
vulnerabilidade social e
desigualdade de renda.
Geoprocessame RIBEIRO MA; et | 2017 | Revista Baiana de | Analisar a distribuicdo Geonrocessamento Brasil Os  resultados  mostraram
E13 P al. Saude Publica espacial da hanseniase P aglomerados de casos de

nto em salde
como
tecnologia de
analise e
monitoramento
da hanseniase
no municipio de
Sobral-Ceara.
2017.

no Sistema Municipal
de Salde de Sobral,

Cearg, utilizando
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Dos 22 artigos incluidos na revisao, 5 foram publicados no idioma portugués (22,72%) e 17
exclusivamente em inglés (77,28%). Quanto ao local de estudo, 20 (90,9 %) ocorreram no Brasil e
apenas dois (9,1%) foram realizados em outros paises, india (E2) e Uganda (E22), nimeros estes
que corroboram com os relatorios da OMS, onde o Brasil, por ser o segundo pais com maior carga
da hanseniase, € um dos que produz maior quantidade de investigacGes sobre a doenca (WHO,
2020).

Dos estudos realizados no Brasil, cinco foram conduzidos no estado da Bahia (E1, E5, E11,
E12 e E18), dois em Vitoria/ES (E9 e E10), dois em Foz do Iguacu/PR (E7 e E17), no estado de
Sao Paulo (E3), Sdo José do Rio Preto/SP (E6), Imperatriz/MA (E15), Sdo LuissMA (E4),
Sobral/CE (E13), estado do Tocantins (E14), Juiz de Fora/MG (E16), estado de Pernambuco (E19),
Siméo Dias/SE (E21), um estudo multicéntrico ralizado em Mato Grosso, Tocantins, Rondonia,
Pard e Maranhdo (E20) e um estudo realizado no Brasil (todos os municipios brasileiros) (E8).

A maior parte dos estudos objetivou analisar a distribuicdo da doenga, identificar padrbes
espaciais e temporais, além de verificar a correlagdo espacial da ocorréncia dos casos de
hanseniase. Observou-se nas bases de dados um grande nimero de publicacdes que abordam a
analise espacial e temporal da hanseniase com producéo de graficos e mapas. A maioria dos estudos
correlaciona a hanseniase com determinantes sociais através da comparacao de areas (analise de
padrBes de pontos ou em areas) e/ou utilizando medidas de associacao espacial (global e local) (E1,
E3, E4, E5, E6, E7, E9, E10, E12 e E13), sendo em menor quantidade os estudos que testaram a
relacdo da doenca com determinantes sociais utilizando técnicas de modelagem estatistica (ES8,
El14, E15, E16, E18 e E22).

Das técnicas geoestatisticas utilizadas nos estudos, destaca-se a estatistica de varredura
(scan statistic), desenvolvida por Kulldorf e Nargarwalla (1995), utilizada para mensuracéo de
risco e/ou aglomerados de risco (clusters) no espaco e no espagco-tempo, e a técnica do Estimador
de Densidade de Kernel, em que ha estimag&o da distribui¢do de densidade de um evento no espaco
(OLIVEIRA; BRESCOVIT; SANTOS, 2015). Seis estudos utilizaram algumas dessas técnicas
(E3, E4, E6, E15, E17 e E21).

A utilizacdo desses tipos de técnicas objetivam a compreesdo da dindmica de um agravo
no espacgo e 0 seu impacto em determinado cenario, fornecendo subsidios para o monitoramento,
planejamento e implementacdo de a¢c6es de controle da doenca nos territorios (RAMOS et al., 2017;
OLIVEIRA; BRESCOVIT; SANTOS, 2015; CURY et al., 2012).
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Outras técnicas bastante utilizadas foram aquelas baseadas na dependéncia e autocorrelacéo
espacial, como o Indice de Moran Global e o Indice de Moran Local, usados como medidas para
mensurar o grau de associacdo espacial, utilizada em oito estudos (E1, E2, E3, E5, E7, E11, E12 e
E19). Associacdo espacial é entendida como a tendéncia a que o valor de uma variavel associada a
uma determinada localizagdo assemelha-se mais ao valor das suas amostras vizinhas do que ao
restante das localizacdes do conjunto amostral (CAMARA, 2004).

Destaca-se também estudos que utilizaram analises de séries temporais para verificar o
comportamento da hanseniase ao longo do tempo, utilizando as técnicas de Prais-Winsten (E7) e
regressdo de Joinpoint (E20). Essas técnicas, baseadas em modelos de regressdo linear, estimam
se 0 comportamento de uma série temporal é crescente, estacionario ou decrescente, verificado
através do célculo da Variacdo Anual Percentual (Annual percentage change —~APC) e intervalos
de confianca de 95% (ANTUNES; CARDOSO, 2015).

Em relacdo aos estudos de modelagem estatistica, dois estudos utilizaram Regressdo
hierarquica log-linear negativa binomial (E8 e E14), trés estudos técnicas de regressao logistica
(E15, E16 e E22) e um estudo analise de regressdo multivariada (E18).

Modelos de regressdo com resposta binomial negativa séo utilizados para dados cuja variavel
resposta (dependente) apresenta assimetria (distribui¢do assimétrica), em que o modelo identifica
quais os parametros determinam significativamente a variacdo da variavel dependente. Modelos de
regressao logistica sdo utilizados quando a variavel dependente é binaria (0, 1), fornecendo como
medidas de associacdo o Odds ratio, intervalos de confianc¢a, sendo possivel avaliar a acuracia do
modelo através da utilizacdo de curvas ROC (Receiver Operating Characteristic Curve) (HAIR,
2009). Modelos de regressdo multivariada sdo uma colecéo de técnicas estatisticas que descrevam
relacfes entre varias variaveis explicativas de um determinado processo, podendo inseri-las no
modelo de acordo com seu nivel de importancia (variaveis de nivel distal, medial e proximal), com
aplicacdo do método de minimos quadrados (HAIR, 2009).

As evidéncias encontradas sobre a associacdo entre hanseniase e determinantes sociais
indicam que a doenca apresenta comportamento focal, presente maioritariamente em espacos
urbanos, se concentrando em locais cujas populagdes sdo expostas a vulnerabilidades sociais, que
incluem condi¢6es insalubres de moradia, alto nimero de moradores por domicilio, déficits de
saneamento basico, baixa renda domiciliar per capita, baixa escolaridade e escassez alimentar, esta

ultima comprovada como fator de risco socioecondmico para a manifestacao clinica da doenga em
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diferentes areas endémicas. O rapido e desgovernado crescimento urbano, somado a fluxos
migratorios de pessoas oriundas de areas endémicas contribui para a manutencdo da endemia,
especialmente em estados do Centro-oeste, Norte e Nordeste (E14).

Ressalta-se que moradias com alto nimero de moradores e compartilhando 0 mesmo espaco
(alto nimero de moradores por cdmodo) sdo uma das principais fontes de manutencdo da cadeia
de transmisséo da hanseniase, dada a vulnerabilidade dos contatos intradomiciliares (E4, E8, E15
e E18).

Um indicador social correlacionado a hansenise é o indice de Gini, utilizado para medir o
grau de concentracdo de renda em determinado grupo (na escala, 0 indica total igualdade e 1 total
desigualdade), cuja interpretacdo indica o grau de desigualdade de uma unidade de observagéo
(pais, estado, municipio). Municipios com maior valor do indice de Gini foram classificados como
locais de maior risco para hanseniase (E8 e E18).

As iniquidades sociais determinam a persisténcia e as dificuldades de controle das doencas
tropicais negligenciadas, grupo a qual a hanseniase é uma de suas expoentes, causando maior
vulnerabilidade e risco de adoecimento. As evidéncias descrevem que, como uma das principais
medidas de reducdo das desigualdades sociais que impactam na hanseniase, destacam-se as
politicas de transferéncia de renda destinadas a familias pobres e extremamente pobres (E14).

Essas politicas atuam diretamente nos determinantes da hanseniase por proporcionar reducéo
da inseguranga alimentar e melhorando condigdes nutricionais, aumento da matricula e frequéncia
escolar, com a diminuicdo de sua evasdo, e, especialmente, reduzindo barreiras no acesso aos
servicos de saude, notadamente servicos de Atencdo Primaria a Saude (APS), contribuindo com o
aumento da deteccédo de casos e reducdo de incapacidades (MONTEIRO et al., 2017). Populagdes
beneficiadas pelo programa brasileiro de transferéncia de renda Programa Bolsa Familia (PBF)
apresentam significativamente menor risco para hanseniase e desenvolvimento de incapacidades,
uma vez que, devido as caracteristica das condicionalidades do programa, as populacoes
beneficiadas acessam com maior frequéncia os servigos de saude (NERY, 2014).

A transmissdo da hanseniase ndo deve ser compreendida apenas em termos clinicos e
bioldgicos, e sim um entrelacamento destes com estressores sociais, requerendo uma abordagem
mais complexa e dindmica para a quebra dessa cadeia de transmissdo (ASSIS et al., 2018).

Assim, a partir da presente revisao, respondeu-se a questdo de pesquisa sobre a associa¢ao

entre hanseniase e 0s determinantes sociais da saude, em que estes se compdem (juntamente com
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aspectos bioldgicos) como fatores causais para a transmissdo da doenga, evidenciando o carater
social da hanseniase. A revisdo mostrou que investigacdes sobre a associa¢do da hanseniase com
determinantes sociais utilizando estudos ecologicos é recorrentemente utilizado na literatura,
entretanto, a verificacdo dessa associacdo utilizando técnicas de modelagem estatistica, que
fornecem maiores niveis de evidéncia, ainda € incipiente, evidenciando uma lacuna de
conhecimento.

Outro aspecto, no processo de revisdo nao foram encontrados estudos realizados no
municipio de Ribeirdo/SP (um dos cenarios da presente tese), bem como, cita-se o fato de que um
dos estudos que utilizou técnicas de modelagem é parte da presente tese (E15) realizado no cenario
de Imperatriz/MA.

Do exposto, considerando a revisao de literatura, a presente tese avanca no conhecimento por
utilizar, na associacao entre hanseniase e determinantes sociais, métodos estatisticos baseados em

modelos de regressao, fornecendo maiores niveis de evidéncia na explicacdo dessa associagao.
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Objetivo geral
Analisar a associa¢do da hanseniase com determinantes sociais em Imperatriz/MA e Ribeirdo

Preto/SP.

Obijetivos especificos

Artigo 1
- Caracterizar os casos de hanseniase em relacdo as suas caracteristicas clinicas, operacionais e

socioeconémicas em Imperatriz/MA,;

- Investigar a associacdo dos determinantes sociais com areas de alto risco para hanseniase no

municipio.

Artigo 2
- Estimar as tendéncias temporais da hanseniase segundo sexo e grupos etarios em Imperatriz/MA;

- Estimar e predizer a progressdo da doenga de acordo com a taxa de deteccdo geral, taxa de
deteccdo em homens e taxa de deteccdo em mulheres.

Artigo 3
- Caracterizar os casos de hanseniase em relacdo as suas caracteristicas clinicas, operacionais e

socioecondmicas em Ribeirdo Preto/SP;

- Analisar a associacgdo entre desigualdades sociais e a carga de hanseniase no municipio.
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Para a presente tese, assume-se a definicdo de Determinantes Sociais da Saude de acordo
com o modelo conceitual da OMS (WHO, 2010), que a concebe como condic¢des sociais em que
as pessoas vivem e trabalham.

De acordo com a Comissdo Nacional sobre os Determinantes Sociais da Saude (CNDSS),
0s determinantes sdo entendidos como fatores sociais, econdmicos, culturais, étnicos/raciais,
psicologicos e comportamentais que influenciam a ocorréncia de problemas de saude e seus fatores
de risco na populacéo (CNDSS, 2008).

O modelo de determinantes sociais da saude foi inicialmente definido por Dahlgren e
Whitehead (1991), que esquematiza a trama de relagdes entre os varios niveis de determinantes
sociais e a situacao de salde (DAHLGREN; WHITEHEAD, 1991; WHO, 2010) (Figura 3).

Figura 3- Determinantes sociais da saude: Modelo de Dahlgren e Whitehead, 1991.
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Fonte: CNDSS (2008).

O modelo de Dahlgren e Whitehead dispde os determinantes sociais da satde em diferentes

camadas que vao desde uma primeira camada proximal, na qual estdo localizados determinantes
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individuais, até uma camada mais distal, onde se encontram os macrodeterminantes. Os individuos
compdem a primeira camada no centro do modelo, que representa determinantes tais como idade,
sexo e fatores hereditarios.

Na segunda camada estdo 0 comportamento e o estilo de vida que podem ser dependentes
das opgdes feitas por cada pessoa, mas tal comportamento pode ao mesmo tempo ser influenciado
por outros determinantes, como acesso a informagdes, pressdo de pares, acesso a alimentacao, entre
outros. Na terceira camada encontram-se as redes comunitarias e de apoio que sdo fundamentais
para a saude da sociedade de modo geral.

Na camada seguinte estdo representados os fatores relacionados a condi¢do de vida e
trabalho, disponibilidade de alimentos e acesso a ambientes e servigos essenciais, como salde e
educacdo. Os individuos que ndo possuem acesso a estes bens e servi¢os se encontram em maior
desvantagem social e maior vulnerabilidade aos riscos a saude. Por fim, no ultimo nivel estdo
localizados os macrodeterminantes, que representam as condigdes econdmicas, culturais e
ambientais da sociedade, os quais podem influenciar os fatores das demais camadas (CNDSS,
2008; BUSS; PELLEGRINI FILHO, 2007).

Destaca-se que um dos principais objetivos dos modelos teérico-conceituais € subsidiar
explicacGes de como os determinantes sociais geram iniquidades em satide (CNDSS, 2008). Para
compreensdo das iniquidades, torna-se necessario inicialmente compreender o surgimento das
desigualdades em saude.

A desigualdade é um termo comumente utilizado em alguns paises para indicar diferencas
sistematicas, evitaveis e importantes. Muitas diferencas nos niveis de desenvolvimento e de
riqueza, bem como as fenotipicas e culturais, sdo frutos de processos adaptativos, geograficos e
climaticos, algumas de fendbmenos eventuais e outras de processos historicos, sociais, econdmicos
e culturais complexos (BUSS; PELLEGRINI FILHO, 2007).

Algumas delas, que poderiam ser apenas diferengas (por exemplo, homens e mulheres),
transformam-se em desigualdades e, com muita frequéncia, em iniquidades, na medida em que por
relagdes essencialmente de poder, 0 acesso e a posse aos bens, servigos e riqueza sao desigualmente
distribuidos (BARRETO, 2017; WHITEHEAD, 2000). Assim, as iniquidades sociais surgem de
diferengas consideradas desnecessarias e evitiveis, a0 mesmo tempo em que também s&o
consideradas injustas e indesejaveis. O termo iniquidade tem, assim, uma dimenséo ética e social
(WHITEHEAD, 2000).
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Neste contexto, as desigualdades em saude sdo diferencas percebiveis e mensuraveis
existentes nas condigdes de salde, quer sejam relacionadas as diferencas no acesso aos servicos de
prevencdo, cura ou reabilitacdo da saude. Assim, a iniquidade em salde consiste em uma injusta
desigualdade em salde.

A equidade em saude implica que, idealmente, todos os individuos devam ter uma
oportunidade justa de atingir o seu potencial de saude e, de forma pragmatica, ninguém deveria
estar em desvantagem para alcanca-lo (WHITEHEAD, 2000).

No ano de 2010, a OMS propds um novo marco conceitual de acao sobre os determinantes
sociais de saude, cujo objetivo é destacar as diferencas existentes entre os niveis de causalidade,
distinguir os mecanismos pelos quais as hierarquias sociais séo criadas e as condic¢fes da vida

cotidiana que entdo resultam (Figura 4).

Figura 4- Modelo proposto no marco conceitual da Comissdo de Determinantes
Sociais da Saude, 2010.
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Fonte: World Health Organization (2010).

A estrutura deste modelo enfatiza fortemente o conceito de “posi¢do social”, que
desempenha um papel central nos determinantes sociais das iniquidades em satde. A compreenséo

dos caminhos e mecanismos sociais significa que enfrentar os determinantes sociais das



82

iniquidades em salde é um processo politico, que envolve tanto a agéncia de comunidades
desfavorecidas como a responsabilidade do Estado (WHO, 2010).

De modo geral, o modelo conceitual da OMS esta fundamentado em dois tipos de
Determinantes Sociais da Salde: os determinantes estruturais e os determinantes intermediarios.
Os determinantes estruturais impactam na equidade em salde e no bem-estar, por meio da sua agao
sobre os determinantes intermediarios. A partir disso surge a diferenciagdo entre “determinantes
estruturais das iniquidades em saude” e “determinantes intermedidrios da satde”, que em conjunto
constituem os “Determinantes Sociais da Saude” (BORDE; HERNANDEZ-ALVAREZ; PORTO,
2015; WHO, 2010).

Os determinantes estruturais incluem todos 0s mecanismos sociais e politicos que geram,
configuram e mantém as hierarquias sociais, incluindo: o mercado de trabalho, o sistema
educacional, instituicbes politicas e outros valores culturais e sociais. Estes determinantes
ocasionam divisbes de estratificacdo e classe social na sociedade, definindo a posigéo
socioecondmica individual dentro das hierarquias de poder, prestigio e acesso a recursos. Os
mecanismos estruturais estdo enraizados nas principais instituicbes e processos do contexto
socioeconémico e politico (WHO, 2010).

Ja os determinantes intermediarios sdo representados por elementos categorizados em
fatores comportamentais e fatores bioldgicos, circunstancias materiais (condi¢cdes de vida, de
trabalho, disponibilidade de alimentos, moradia e etc.) e fatores psicossociais. Incluem-se ainda
neste conjunto de determinantes o sistema de salide e a coesdo social.

As condic¢des de moradia referem-se principalmente a superlotacdo, a qualidade do ar, o
acesso a agua e as caracteristicas da vizinhanca. Quanto as condi¢des de trabalho, estas estdo
relacionadas as diferencas sociais quanto a exposicdo a agressores fisicos, mentais, quimicos e
ergondmicos no local de trabalho e a vulnerabilidade de trabalhadores em economias informais. Ja
0s comportamentos e estilos de vida podem incluir o consumo de tabaco, alcool, falta de atividade
fisica, entre outros.

Deve-se destacar ainda a importancia dos estressores psicossociais € a falta de apoio social
como determinantes intermediarios da salde. Pelo contexto, o sistema de saude também
desempenha um papel importante, principalmente por sua influéncia nas barreiras de acesso. Por

fim, a coesdo social é proposta como determinante transcendental e é entendida como uma forma
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de dar conta do impacto das relacOes estabelecidas entre as comunidades e instituicOes,
particularmente o Estado, sobre a qualidade de vida das comunidades (WHO, 2010).
Considerando o exposto e a complexidade envolvida na hanseniase, pode-se dizer que a
reducdo das desigualdades € um dos principais desafios para as politicas publicas em saude,
sobretudo, no atual momento brasileiro de crise econémica, politica e social. Por fim, destaca-se
que o marco tedrico apresentado nesta secdo foi relevante por subsidiar as discussées que sao

sucedidas na presente tese.
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Delineamento da Pesquisa

Trata-se de estudo ecolégico (MORGENSTERN, 1995).

Cenarios da Pesquisa

A pesquisa foi desenvolvida em dois cenarios:

Imperatriz
Imperatriz, municipio do estado do Maranhdo, localizado na Regido Metropolitana do

Sudoeste Maranhense, situado a 05° 31' 35" S de latitude e 47° 29" 30" W de longitude, localizado
a 626 km da capital do estado, Séo Luis, sendo o segundo maior centro populacional, econémico,
politico e cultural do Maranh&o. Segundo o Censo demogréafico de 2010, possui uma populacao de
247.505 habitantes, com densidade demografica de 180,79 habitantes/lkm? e area territorial de
1.368,988 km? (IBGE, 2010a).

Com relacdo aos indicadores socioecondémicos, a cidade possui taxa de analfabetismo de
9,7%, esperanca de vida ao nascer de 73,2 anos, indice de Desenvolvimento Humano (IDH) de
0,73, indice de excluséo social de 0,6, incidéncia de pobreza de 55,28% e indice de Gini de 0,53.
Sobre saneamento basico, 23% da cidade conta com rede de esgoto e 86% de abastecimento de
agua potavel (GORDON et al., 2017, IBGE, 2010a).

Em relacdo a Rede de Atencédo a Saude, possui 102 estabelecimentos de saude cadastrados
no SUS, sendo 29 Unidades Basicas de Saude (UBS), distribuidos em quatro Distritos de Saude:
1. VilaNova, 2. Vila Lobéo, 3. Bacuri e 4. Santa Rita, em que cada distrito é composto por nimero
variavel de bairros (GORDON et al, 2017).

No ano de 2019, a taxa de deteccdo de casos novos de hanseniase no estado do Maranh&o
foi de 45,02 casos por 100.000 habitantes, enquadrando o estado como o0 mais endémico da regido
Nordeste do Brasil (BRASIL, 2021d). Em Imperatriz, a prevaléncia da hanseniase em 2018 foi de
15,6 casos por 10.000 habitantes, com uma taxa de deteccdo de 45,43 casos por 100.000 habitantes,
configurando como um municipio “hiperendémico”, além de apresentar uma proporgdo de casos
novos com grau 2 de incapacidade fisica no momento do diagnéstico de 11,32% (MINISTERIO

DA SAUDE, 2018). A figura 5 apresenta a localizagdo geografica de Imperatriz.
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Figura 5 - Mapa de localizacdo do municipio de Imperatriz/MA, Brasil (2006 —

2016).
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Legenda: (A) Brasil, (B) Estado do Maranhéo, (C) Municipio de Imperatriz

Fonte: Elaborado pelo autor.

Ribeirdo Preto

Ribeirdo Preto, municipio do interior de Sdo Paulo, localizado na regido nordeste do estado,
situado a 21° 10” 42"S de latitude e 47° 48’ 24"W de longitude, a 314 km da capital do estado, Sao

Paulo, e a 697 km de Brasilia. Ocupa uma area de 650 kmz?, sendo que 157,50 km? estdo em

perimetro urbano, 172,18 kmz2 constituem area de expansdo urbana e 320,32 kmz2 constituem zona

rural (IBGE, 2010b). De acordo com dados do Censo Demografico de 2010, Ribeirdo Preto possui

alta densidade demografica, de 995,3 habitantes por km? e populagdo de 647.862 habitantes, sendo

0 oitavo municipio mais populoso de S&o Paulo (IBGE, 2010b).
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Segundo a Fundacdo Sistema Estadual de Andlises de Dados (SEADE), o municipio
apresenta como principais indicadores sociais taxa de esperanca de vida ao nascer de 74,8 anos,
indice de Desenvolvimento Humano municipal de 0,80, indice de exclusdo social de 0,67,
incidéncia de pobreza de 11,75% e indice de Gini de 0,45, contando com aproximadamente 98,27%
de domicilios com rede de esgoto e 98,50 com abastecimento de &gua (SEADE, 2016).

O municipio de Ribeirdo Preto apresenta cinco Distritos de Salde que estdo divididos em
Norte, Sul, Leste, Oeste e Central, que abrangem 49 estabelecimentos de saide municipais, sendo
cinco Unidades Basicas Distritais de Saude (UBDS), 18 Unidades Saude da Familia (USF) e 26
UBS (RIBEIRAO PRETO, 2017a).

Em relacdo a demanda de casos de hanseniase pelos servicos de saude, o atendimento é
concentrado em dois Centros de Referéncia municipais: Centro de Referéncia em Especialidades
Central (referéncia para pacientes dos Distritos de Salde Central, Norte, Leste e Oeste) e Centro
de Referéncia José Roberto Campi (referéncia para os pacientes do Distrito de Saude Sul)
(RIBEIRAO PRETO, 2017b).

O Estado de Sdo Paulo apresentou, no ano de 2019, taxa de deteccao de hanseniase de 2,59
casos por 100.000, caracterizando como um estado de “média” detec¢do da doenca (BRASIL,
2021d). No ano de 2018, a taxa de prevaléncia em Ribeirdo Preto foi de 0,75 casos por 10.000
habitantes (parametro de baixa endemicidade considerando a prevaléncia), enquanto a taxa de
deteccdo foi de 7,71 casos por 100.000 habitantes (parametro de média endemicidade considerando
a detecc¢do), apresentando ainda uma proporcao de 5,84% casos com grau 2 de incapacidade fisica
no momento do diagnéstico (MINISTERIO DA SAUDE, 2018). A figura 6 apresenta a localizagéo
geogréfica de Ribeirdo Preto.
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Figura 6 — Mapa de localizagdo do municipio de Ribeirdo Preto/SP, Brasil (2006 -
2016).
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Fonte: Elaborado pelo autor.

Unidade de anélise
A unidade de analise utilizada para o estudo foram os setores censitarios urbanos de

Imperatriz e Ribeirdo Preto, disponibilizados pelo portal do Instituto Brasileiro de Geografia e
Estatistica (IBGE) (IBGE, 2016). Imperatriz possui 246 setores censitarios, dos quais, 218 sdo
urbanos e 28 rurais. Ribeirdo Preto apresenta 1004 setores censitarios, e destes, 988 sdo urbanos e
16 rurais.

A opcao pelo setor censitario se deve ao fato deste se constituir com uma unidade territorial
homogénea, que respeita os limites fisicos municipais e ainda a divisdo politico-administrativa do
Brasil, tendo areas continuas e muito bem delimitadas em termos de zona urbana e rural (IBGE,
2016).
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Foram considerados o0s casos novos de hanseniase (CID 10 da A30.0 a A30.9) (Quadro 7)

notificados no SINAN em Imperatriz e Ribeir&o Preto no periodo de 2006 a 2016.

Quadro 7 - Descri¢do das formas clinicas da hanseniase, segundo Classificacdo Internacional de

Doencas (CID).

Cddigo CID Descri¢do das formas clinicas
CID 10 - A30 Hanseniase (doenca de Hansen) (lepra)
CID 10 - A30.0 Hanseniase indeterminada
CID 10 - A30.1 Hanseniase tuberculdide
CID 10 - A30.2 Hanseniase tubercul6ide borderline
CID 10 - A30.3 Hanseniase dimorfa
CID 10 - A30.4 Hanseniase lepromatosa borderline
CID 10 - A30.5 Hanseniase lepromatosa
CID 10 - A30.8 Outras formas de hanseniase (lepra)
CID 10 - A30.9 Hanseniase ndo especificada

Adaptado de: International Classification of Diseases (ICD), 2019

Fontes de dados e variaveis do estudo
Em Imperatriz, os dados foram coletados junto ao Servigco de Vigilancia em Salde da

Unidade Gestora Regional de Saude de Imperatriz (UGRSI), do governo do estado do Maranh&o

no més de maio de 2018. Em Ribeirdo Preto, os dados foram coletados na Secretaria Municipal de

Salde de Ribeirdo Preto — Divisdo de Vigilancia Epidemiolégica, no més de junho de 2018. Na

ocasido da coleta de dados, foram considerados todos os casos de hanseniase cujas variaveis

estivessem contidas na Ficha de Notificacdo/Investigacdo de Hanseniase e registrados no SINAN.

As variaveis selecionadas foram: data de notificacdo, data de nascimento, sexo (masculino

e feminino), escolaridade (ensino fundamental incompleto, ensino fundamental completo, ensino

médio incompleto, ensino médio completo, educacdo superior incompleta, educacdo superior

completa) classificagdo operacional (PB e MB), forma clinica (indeterminada, tuberculdide,
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dimorfa e virchowiana), avaliacdo do grau de incapacidade fisica no diagndstico (grau 0, grau 1,
grau 2 e ndo avaliado) e endereco de residéncia. No processo de coleta, as informacdes foram
tabuladas em planilhas do Microsoft® Office Excel 2013, passando por processo de validacdo do
banco de dados e removendo notificagdes duplicadas.

As varidveis proximais dos Determinantes Sociais s&o oriundas do Censo Demografico de
2010, obtidas por meio do portal do IBGE, considerando como agregado os setores censitarios
(IBGE, 2016). Dentre as varias abordagens que contemplam o Censo Demogréafico, para o estudo,
foram exploradas as seguintes dimensfes: Aglomeracdo, Alfabetizacdo, Condicbes de ocupacéo
do domicilio, Condigdes sanitérias, Renda do domicilio, Raga/Etnia e Idade. O quadro 8 apresenta

as variaveis utilizadas, conforme o referencial tedrico do estudo.

Quadro 8 — Variaveis selecionadas do Censo Demografico 2010 (IBGE).

Variaveis selecionadas

Dimenséo

Proporcdo de domicilios com 1 a 3 moradores
Proporcéo de domicilios com 4 a 6 moradores
Aglomeracdo Proporcdo de domicilios com 7 a 9 moradores

Proporcdo de domicilios com 10 ou mais

moradores
o Proporcdo de homens sem escolaridade
Alfabetizacdo pore

Proporcdo de mulheres sem escolaridade
Proporcdo de domicilios proprios e quitados
Propor¢do de domicilios alugados
Proporc¢do de domicilios em outra condi¢do de
ocupacdo (ndo sdo préprios, alugados e nem
concedidos)

Proporcao de domicilios com banheiro de uso
exclusivo dos moradores ou sanitario e
esgotamento sanitario via rede geral de esgoto ou
pluvial
Proporcao de domicilios sem banheiro de uso
exclusivo dos moradores e nem sanitario

Condicg0es de ocupacéo do
domicilio

Condicdes sanitarias

Continua



Continuacdo

Dimensao

Variaveis selecionadas

Renda do domicilio

Proporc¢éo de domicilios sem rendimento
nominal mensal domiciliar per capita

Proporcdo de domicilios com renda mensal
nominal per capta de até 1/8 salario minimo

Proporcdo de domicilios com renda mensal
nominal per capta de mais de 1/8 a 1/2 salario
minimo

Propor¢do de domicilios com renda mensal
nominal per capta de mais de 1/2 a 1 salario
minimo

Proporcéo de domicilios com renda mensal
nominal per capta de mais de 1 a 2 salarios
minimos

Proporcdo de domicilios com renda mensal
nominal per capta de mais de 2 a 3 salarios
minimos

Proporcéo de domicilios com renda mensal
nominal per capta de mais de 3 a 5 salarios
minimos

Proporcdo de domicilios com renda mensal
nominal per capta de mais de 5 a 10 salérios
minimos

Raca/Etnia

Proporgéo de pessoas residentes de raca ou etnia
branca

Proporgéo de pessoas residentes de raca ou etnia
preta

Proporcéo de pessoas residentes de raga ou etnia
amarela

Proporcdo de pessoas residentes de raca ou etnia
parda

Proporcdo de pessoas residentes de raca ou etnia
indigena

Idade

Proporcdo de pessoas com menos de 15 anos de
idade

Proporcdo de pessoas com 15 a 29 anos de idade

Proporcdo de pessoas com 30 a 59 anos de idade

Proporgéo de pessoas com idade igual ou
superior a 60 anos

Fonte: IBGE, 2016.

Plano de analise

O plano de analise esta apresentado na se¢cdo metodos de cada artigo.
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Aspectos éticos

O estudo foi aprovado pelo Comité de Etica em Pesquisa da Escola de Enfermagem de
Ribeirdo Preto da Universidade de S&o Paulo (EERP/USP) sob Certificado de Apresentacdo para
Apreciacio Etica (CAAE) 44637215.0.0000.5393, em 23 de marco de 2018 (ANEXO 1).
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Abstract

Obijective: To investigate the magnitude of social determinants with high-risk areas of leprosy in a
hyperendemic city in northeastern Brazil. Methods: An ecological study has been carried out in
Imperatriz, a hyperendemic municipality of northeastern Brazil. The units of analysis were urban
census tracts, in which variables related to the number of dwellers per domicile, literacy and per
capita monthly income were selected for the construction of the social determinants dimensions,
by means of the Principal Components Analysis (PCA) technique. Spatial scan statistics were
applied to identify areas of elevated leprosy risk and binary logistic regression was performed,
considering the high-risk areas as the dependent variable and the social determinants dimensions
as the independent variable. The Odds Ratios (ORs) were calculated with its 95% Confidence
Intervals (Cls). The Receiver Operating Characteristic (ROC) Curve was applied to verify the
discriminative power of the model. Type | error was set at 5% (p < 0.05). Results: 2,552 leprosy
cases were georeferenced and the scan statistic identified high-risk areas. The logistic model
showed that social determinants were associated with high-risk areas (OR = 1.25, 95% CI = 1.07-
1.49, p = 0.006). The area under the ROC curve value confirmed the discriminatory capacity for
the model at 65%, which was considered sufficient. Conclusions: The high-risk areas of leprosy
are associated with social determinants of low household per capita income, low educational levels

and high numbers of residents per household.

Introduction

Leprosy is a chronic infectious disease caused by Mycobacterium leprae, which
predominantly affects the skin and the peripheral nervous system, resulting in neuropathies and

long-term associated consequences, including deformities and physical disabilities.
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Despite the elimination of the disease in some countries of the world (prevalence <1 case
per 10,000 inhabitants) leprosy persists in developing countries as a public health issue, it is a part
of the Neglected Tropical Diseases group.3#

The World Health Organization (WHO) published the Global Leprosy Strategy 2016-2020:
Accelerating towards a leprosy-free world,® the goals of which are to reduce the global and local
burden of leprosy, with the reduction of cases of children with deformities, reduction of new cases
diagnosed with degrees of physical disability to less than one case per 1 million inhabitants and
revision of all laws that lead to discrimination of patients with leprosy.®

In the world, a global detection rate of 2.77 cases per 100,000 inhabitants was estimated in
2017, the countries with the highest number of cases are India, Brazil and Indonesia, with 80.2%
of reported cases.® Brazil presented a rate of detection of new cases of 12.94 cases per 100,000
inhabitants, in which it was responsible for 92.3% of the cases reported in the Americas,®’ also
showing a grade 2 of physical disability detection rate of 8.30 cases per 1 million inhabitants and
detection in children under 15 of 3.72 cases per 100,000 inhabitants. Some Brazilian states have
already achieved the goal of eliminating leprosy; however, the northern, central-western and
northeast regions of the country still have high rates of leprosy.

A spatial analysis study carried out in 2009 in Brazil identified that the states of Mato
Grosso, Tocantins, Rondénia, Pard and Maranhdo comprise high-risk areas for the persistent
transmission of the disease.® Maranhdo, defined as hyperendemic for leprosy, had a detection rate
of 44.34 new cases per 100,000 inhabitants in 2017, well above the global and Brazilian means.®

Considering that the treatment for leprosy is available and free of charge worldwide, it is
assumed that the main barrier to elimination of the disease is related to the social determinants,
such as situations of poverty, unhealthy environments and difficulties of leprosy patients in

accessing to the health care services.
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Spatial analysis studies conducted in Indonesia,**!! India,*? Nigeria,*** Bangladesh®® and
Brazil'®® present evidence that leprosy presents focal behavior, with the formation of clusters, and
that the disease has a association with social determinants, such as precarious housing conditions,
high numbers of residents per household, low levels of education, rural exodus and difficulties in
access and accessibility to health services.

Among the studies reporting association of the disease with social determinants, the authors
did not identify any that studied the association of high-risk areas of leprosy with social
determinants as well that developed a predictive model of this association. Such predictive studies
may be helpful in the planning of actions in health and in prioritizing areas for the equity in access
and elimination of the disease. Therefore, the study aimed to investigate the magnitude of social

determinants with high-risk areas of leprosy in a hyperendemic city in northeastern Brazil.

Methods
Study design and research scenario

This was an ecological study,?® conducted in the city of Imperatriz, Maranh&o state, which
is located in the northeastern region of Brazil (Fig 1), 626 km from the state capital, Sdo Luis, being
the second largest population, economic, political and cultural center of Maranh&o. Imperatriz has
a population of 247,505 inhabitants, with a population density of 180.79 inhabitants/lkm? and a
territorial area of 1,368,988 km?2.2” Regarding the Health Care Network, it has 102 health facilities
registered in the Brazilian Nation Health System (Sistema Unico de Satde - SUS) and is divided
into four health districts: 1. Vila Nova, 2. Vila Lob&o, 3. Bacuri and 4. Santa Rita, with each district
being composed of a variable number of neighborhoods, according to their populations.?®

Concerning socioeconomic indicators, the city has an illiteracy rate of 9.7%, life expectancy at
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birth of 73.2 years, Human Development Index (HDI) of 0.73, social exclusion index of 0.6,
incidence of poverty of 55.28% and Gini Index of 0.46. Considering basic sanitation, 23% of the
city has a sewage network and 86% a supply of drinking water.2"?® From 2006 to 2016, the rate of
detection of new cases of leprosy in the state of Maranh&o was 59.03 cases per 100,000 inhabitants,
with it being the third most endemic disease in Brazil.” In Imperatriz, in the same period, the
detection rate was 109.03 cases per 100,000 inhabitants, which places it in a situation of

hyperendemicity.’

Fig 1. Map of the location of the Imperatriz, Maranhdao, Brazil.
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Source: Brazilian Institute of Geography and Statistics.

Study population and information sources
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All cases of leprosy (ICD 10 - A30.0 to A30.8) reported in the Notifiable Disease
Information System (SINAN) between 2006 and 2016 were considered. The SINAN is the
Brazilian information system responsible for registering and processing information on notifiable
diseases throughout Brazil, providing information, bulletins and reports on morbidity, making it an
important Brazilian epidemiological database.?® The selected variables were: date of notification,
date of diagnosis, date of birth, sex, education, operational classification (Paucibacillary and
Multibacillary leprosy), clinical form, assessment of the degree of physical disability at diagnosis,
and residence address. Data were collected from the Health Surveillance Service of the Imperatriz
Regional Health Management Unit, of the state government of Maranhdo in May 2018. In the
collection process, the information was tabulated in spreadsheets using the Microsoft Excel® 2013
software, performing the process of validating the database and removing duplicate notifications.

The ecological analysis units of the study were the 218 urban census tracts of Imperatriz.
The digital map of census tracts was acquired free of charge through the Brazilian Institute of
Geography and Statistics (Instituto Brasileiro de Geografia e Estatistica - IBGE). The census tract
is the smallest territorial unit formed by a continuous area, located in an urban or rural area, with
size, number of households and number of residents defined, and is used for the main Brazilian
statistical enquires and surveys.*

The socioeconomic variables were: number of residents of the household, literacy and
household income, collected from the results of the IBGE Demographic Census, aggregated by
census tracts.3! The selection of variables was based on the leprosy determinants framework of
Chapitini and Marshman (2015),%> which considers socio-economic/behavioral, location and
environmental dimensions. Table 1 presents the variables considered for the construction of the

social determinants.
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Table 1. Variables selected from the 2010 Demographic Census (IBGE) for the
construction of the social determinants, Imperatriz, Maranhéo, Brazil.

per capita of between 2 to 3 minimum

wages

Dimension Variables Variable
code
Proportion ~ of  permanent private Vol
households with 1 to 3 residents
Proportion  of  permanent  private
People per household ) ) V02
households with 4 to 5 residents
Proportion ~ of  permanent private
) ) V03
households with 6 to 8 residents
) Proportion of men without schooling V04
Literacy i i i
Proportion of women without schooling V05
Proportion of households with permanent
residents with nominal monthly income 05
per capita of between 1/2 to 1 minimum
wage
Proportion of households with permanent
) residents with nominal monthly income
Household income ) o V07
per capita of between 1 to 2 minimum
wages
Proportion of households with permanent
residents with nominal monthly income
V08

Source: Brazilian Institute of Geography and Statistics

Statistical analysis

A descriptive analysis of the clinical and sociodemographic variables of the cases was

carried out, with the calculation of absolute frequencies, relative frequencies and rates according

to the subgroups of each variable. In the calculation of the rates, for the age and sex variables, the
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denominator was the municipal population for each subgroup. For the education, operational
classification, clinical form and evaluation of the degree of physical disability at diagnosis
variables, the denominator was the total population of the municipality. The values were divided
by the number of years of study (11 years) and multiplied by 100,000. For the age variable, the
measures of position (mean and median) and dispersion (Standard Deviation) were calculated using
the R version 3.3.2 software (https://www.r-project.org/). Proportions for the proximal
socioeconomic variables of the social determinants were calculated, taking into account the number
of households or people with a certain characteristic in each census tract, divided by the total
number of households or total number of people in each area, multiplied by 100.

The cases of leprosy were georeferenced from the geographical coordinates (latitude and
longitude) of the residential addresses of each case. The Google Earth® free access software
(https://www.google.com/earth/) and the Google Maps® tool (https://www.google.com/maps/)
were used to identify geographical coordinates and the ArcGis® 10.6 software
(https://www.esri.com/en-us/arcgis/about-arcgis/overview) for georeferencing, with the
construction of a file containing the geographical coordinates of each case (represented by points)
in SIRGAS 2000 projection. Cases of leprosy were spatially distributed at the digital map of urban
census tracts, available from the IBGE website (https://www.ibge.gov.br/geociencias-
novoportal/downloads-geociencias.html).>® Cases with the address in a rural area (84 cases),
without an address (316 cases) and/or with an incomplete address (260 cases) were excluded. It
was opted to exclude the cases originating from the rural zone due to the impossibility of locating
the geographical coordinates in these areas, considering the programs used.

After georeferencing, clusters of leprosy were identified using the scan statistic technique
proposed by Kulldorff and Nagarwalla.®® This technique is based on the maximum likelihood ratio

statistic, based on a Poisson probability distribution (for discrete quantitative variables), adopting
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the geographical non-overlap of the clusters, circular shaped clusters, and Monte Carlo replication
with 999 replications as the parameters.

The scan statistic technique requires a maximum spatial window size defined based on the
size of the population or the geographic area of the study. The maximum spatial window size is
often defined to be less than or equal to 50 % of the total population at risk. When using a large
maximum window size, the maximum likelihood is obtained for a large cluster that contains several
smaller clusters, and it is not always clear whether it is better to report one large cluster or several
smaller ones.®*

Therefore, to reduce the formation of excessively large clusters with small Relative Risk
(RR), Gini Cluster is a methodological option to evaluate the degree of the heterogeneity of the
collection of clusters, explaining how well the cluster collection reveal the underlying true cluster
patterns. This way, the population at risk indicated by this technique was 8%, which is considered
the specification to identify the most important cluster to be reported in the scenario studied.3* For
this analysis, SaTScan software version 9.6 (https://www.satscan.org/). We defined high-risk areas
as those included in clusters with RR greater than 1.

For the construction of the social determinants from the sociodemographic variables, the
Principal Component Analysis (PCA) technique was applied using the Statistica® version 10.0
software (http://www.statsoft.com/products/statistica-features). Principal Component Analysis is a
statistical approach used to analyze interrelations between a set of variables and explain these
variables around their common inherent dimensions, aiming to condense the information contained
in the original variables into a smaller set of statistical variables (components) with a minimum
loss of information.®

In the first stage of the technique, the data were standardized, so that each attribute

contributed with the same weight in the calculation of the coefficient of similarity among the
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objects. After this step, the variables had zero mean and unit variance. Next, the components with
total explained variance > 70% that met the Kaiser criterion, with eigenvalues above 1, were
selected.® Then, the scores for each census tract were calculated by multiplying the eigenvectors
by the value of the variables of each census tract.

Following this, binary logistic regression was performed, considering the risk areas of
leprosy identified from the spatial scan statistic as the dependent variable, classified as 1 when RR
higher than 1 (RR>1) and 0 when RR is lower than 1 (RR<1), and the dimensions of the social
determinants constructed through the PCA technique as the independent variable. The Odds Ratios
(ORs) were calculated along with their respective 95% Confidence Intervals (95% Cls) for each
PCA covariate. The Hosmer-Lemershow test was applied to estimate the quality of fit of the model
and the Receiver Operating Characteristic (ROC) Curve was applied to verify the discriminative
power of the model, and its result was classified according to the criterion of Simundi¢.® Type |
error was set at 5% (p < 0.05). The analyses were performed using the R version 3.3.2 software.

The study was approved by the Research Ethics Committee of the University of Sdo Paulo
at Ribeirdo Preto College of Nursing (EERP/USP) under Certificate of Presentation for Ethical
Assessment (CAAE) No. 44637215.0.0000.5393. Signing of a consent form was not necessary as
secondary data were used and the participants were not identified. The data were analyzed

anonymously.

Results

A total of 3,212 cases of leprosy were reported in Imperatriz during the period investigated.
Table 2 shows the descriptive statistics of the cases, where it is possible to observe that highest
numbers were observed for age range 30 and 59 years (1,566; 48.76%; rate = 166.46 per 100,000

inhabitants), males (1,850; 57.60%; rate = 141.06 per 100,000 inhabitants) and subjects with
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incomplete elementary education (1,687; 52.52%; rate = 61.96 per 100,000 inhabitants). Regarding
the clinical variables, the main operational classification was multibacillary (1,966; 61.21%; rate =
72.21 per 100,000 inhabitants), with the dimorphic clinical form (1,331; 41.44%; rate = 48.88 per
100,000 inhabitants), and grade 1 of physical disability (515; 16.03%; rate = 18.91 per 100,000)

and grade 2 of physical disability (205; 6.38%; rate = 7.52 per 100,000 inhabitants) at diagnosis.

Table 2. Main characteristics of the leprosy cases and respective rates per
100,000 inhabitants, Imperatriz, Maranhéo, Brazil (2006-2016).

Absolute frequency Relative frequency Rates (100,000

Variable

(n=3,212) (%) inhabitants)
Age
Under 15 years 296 9.21 40.26
15 to 29 years 773 24.07 93.98
30 to 59 years 1,566 48.76 166.46
> 60 years 577 17.96 257.42
Minimum value 3 years -
Maximum value 95 years -
Mean 40.4 years -
Median 39 years -
Gender
Male 1,850 57.60 141.06
Female 1,362 42.40 96.52
Education
No schooling 356 11.08 13.07
Incomplete 61.96
elementary education 1687 2252
Complete elementary 6.75

184 5.73

education



Incomplete high
school education
Complete high
school education
Incomplete higher
education
Complete higher
education
Declined to answer
Not applicable
Did not answer
Clinical form
Undetermined
Tuberculoid
Dimorphic
Lepromatous

Not classified

Did not answer
Operational
classification
Paucibacillary
Multibacillary
Did not answer
Assessment of the
degree of physical
disability at
diagnosis

Grade 0

Grade 1

Grade 2

Not evaluated

295

379

40

88

29
46
108

556
696
1,331
609
13

1,245
1,966

2,087
515
205
381

9.19

11.80

1.25

2.74

0.90
1.43
3.36

17.31
21.67
41.44
18.96
0.40
0.22

38.76
61.21
0.03

64.97
16.03
6.38
11.87

10.83

13.92

1.46

3.23

20.42
25.56
48.88
22.36

45.72
72.21

76.65
18.91
7.52

105



106

Did not answer 24 0.75 -

Regarding the spatial distribution of the leprosy cases, of the total number of cases (3,212),
84 cases were from the rural area of the municipality and were therefore excluded, according to the
study criteria. Of the remaining total (3,128), a further 316 were excluded because the address was
blank and 260 because the address was incomplete, leaving 2,552 (81.59%) for georeferencing.

Through the scan statistic it was possible to identify three high-risk clusters statistically
significant for leprosy cases (Fig 2). The high-risk areas included the census tracts located in
districts 2. Vila Lob&o, 3. Bacuri and 4. Santa Rita, located in the northeast and southwest regions

of the city of Imperatriz.
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Fig 2. Leprosy high risk areas, Imperatriz, Maranhé&o, Brazil (2006 - 2016).
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Source: Brazilian Institute of Geography and Statistics.

Table 3 shows the dimensions of the social determinants identified from the PCA, according
to the criteria described in the methods. Dimension 1 presented an eigenvalue of 4.47, with a total
explained variance of 55.92%. Dimension 2 presented an eigenvalue of 1.23, with a total explained

variance of 15.45%. Together, the two dimensions explained 71.38% of the variability of the data.
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Table 3. Matrix of the original variables and the dimensions of the social
determinants, Imperatriz, Maranhd&o, Brazil.

Social Determinants

Variable code Variables Dimension Dimension
1 2

Proportion of permanent private
V01 _ _ -0.401 0.179
households with 1 to 3 residents

Proportion of permanent private
V02 _ _ 0.281 -0.439
households with 4 to 5 residents

Proportion of permanent private

V03 _ _ 0.359 0.253
households with 6 to 8 residents

V04 Proportion of Men without schooling 0.393 0.295

V05 Proportion of women without schooling 0.378 0.209

Proportion of permanent private
households with nominal monthly
V06 ) ] 0.075 -0.725
income per capita of between 1/2 to 1
minimum wage
Proportion of permanent private
households with nominal monthly
V07 ) _ -0.409 -0.108
income per capita of between 1 to 2
minimum wages
Proportion permanent private
households with nominal monthly
V08 ) _ -0.398 0.201
income per capita of between 2 to 3

minimum wages

The variables that contributed positively in dimension 1, in order of importance, were:
Proportion of men without schooling, Proportion of women without schooling, Proportion of

private permanent households with 6 to 8 residents, Proportion of permanent private households
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with 4 to 5 residents, and Proportion of permanent private households with nominal monthly
income per capita between 1/2 to 1 minimum wage.

In dimension 2, the variables that contributed positively in order of importance were:
Proportion of men without schooling, Proportion of private permanent households with 6 to 8
residents, Proportion of women without schooling, Proportion of permanent private households
with nominal monthly income per capita between 2 to 3 minimum wages, and Proportion of
permanent private households with 1 to 3 residents.

The dimensions of the social determinants were tested for the high-risk areas of leprosy,
observing the results of the statistics in Table 4. The final model showed that dimension 1 (greater
number of residents, education deficits and low income) was associated with high-risk areas (OR

=1.25; 95% CI = 1.07-1.49; p =0.006).

Table 4. Predictive analysis of the social determinants associated with the areas
at risk of leprosy, Imperatriz, Maranhéo, Brazil (2006-2016).

Social N Odds
_ Coefficient (95% CI) p ROC
Determinants Ratio
Model 1 Dimension 1 0.23 1.25 1.07-1.49 0.006 0.65
Model 2 Dimension 2 -0.08 0.97 0.72-1.30 0.876 -

The area under the ROC curve value for dimension 1 showed that its discriminatory
capacity for the high-risk areas of leprosy was 65%, the discriminatory power of the model was
classified as sufficient.®® The value of Nagelkerke’s R? coefficient was 0.05, the model can explain

about 5% of the variations registered in the dependent variable. The Hosmer-Lemeshow test
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showed a value of p = 0.529, showing a good model fitness. The diagnosis of the logistic regression

model indicated its adequacy and the non-violation of assumptions.

Discussion

The results of the study indicated that high-risk areas of leprosy are associated with social
determinants in a hyperendemic city of northeastern Brazil. The ROC demonstrated the sufficient
prediction capacity of the model to explain the high-risk areas in Imperatriz.® The findings also
show an overall detection rate of 108.76 cases per 100,000 inhabitants, confirming the
hyperendemic profile according to the parameters of the Brazilian Ministry of Health.® The
municipality has shown rapid demographic growth, being the second economic center of the state
of Maranhao, receiving a large number of migrants from northern and northeastern Brazilian states
due to its influence in the local economy, which may be causing an increase of the bacillus
circulating in the studied region.®"38

The age group most affected in the period investigated was that of 30 to 59 years, an age
group that includes the economically active Brazilian population. The involvement of people in
this age group can hinder the development of work activities, which can lead to its interruption,
early retirements and a decrease in the quality of life of workers.17:3940

There was a high rate of cases in males, corroborating the literature, 6172441 with the higher
incidence in this sex possibly being related to longer exposure to the bacillus and less care for the
health, leading to late diagnosis and increased risk for the development of physical disabilities.*?
Regarding the educational level, the majority of cases had incomplete primary education,
corresponding to less than five years of schooling (incidence of 61.96 cases per 100,000
inhabitants), with low educational levels having been described in the literature as a risk factor for

leprosy.1®%2 According to some authors, people with low levels of education have difficulty
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understanding the pathophysiological mechanisms and clinical manifestations of the disease and
also tend to present greater difficulty in seeking health services and access to them, 2162343

Regarding the clinical profile of the disease, there were high rates among the multibacillary
patients with a dimorphic clinical form (incidence of 48.88 cases per 100,000 inhabitants). High
rates of grades 1 and 2 of physical disability cases at diagnosis were also observed, being 18.91
and 7.52 cases per 100,000 inhabitants, respectively, which may have occurred as a result of the
delayed diagnosis. In the literature, the predominance of the dimorphic and lepromatous clinical
forms and degrees of physical disability in the general distribution of cases suggests the occurrence
of active transmission of the disease and late diagnosis, since, given the long latency period of
Mycobacterium leprae, the immune system of the individuals is already compromised, with the
development of more severe forms.44

The study suggests that the high-risk areas of leprosy are associated with the social
determinants of low income, low schooling and high number of residents per household. The areas
of leprosy high risk include census tracts located in districts 2. Vila Lobdo, 3. Bacuri and 4. Santa
Rita, located in the northeast and southwest of the municipality. A common characteristic of these
three districts is that they are peripheral regions, far from the urban center of the city, and due to
the rapid occupation of these regions, some pockets of poverty have been formed, with a
consequent increase in situations of social inequality.®

A study carried out in the city, evaluating the incidence of leprosy in children under 15
years of age, found that the highest occurrence of cases was located in health district 4. Santa Rita,
in the northeast of the city. This district is characterized by a high population density, low
socioeconomic level and deficits in basic sanitation,?® which corroborates the present investigation,

in which the areas of risk included this district.
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In Brazil, previous analyses identify 10 clusters with the highest-transmission of leprosy,
of which the highest relative risk was located in the municipalities from north and northeast of the
country, including the states of Maranh&o, Para, Tocantins and Piaui.*® According to the authors,
social determinants that include high number of residents per household, low income may be
associated with the high transmission of leprosy, aspects identified in the present study.

Penna et al.,% in 2009, analyzed the spatial distribution of leprosy in Brazil and verified an
increase in detection rates in some areas, with the formation of clusters. According to the authors,
this can be explained by two causes. First, the improvement of access to health services may be
favoring the increase of this detection. Second, local context factors may be contributing to the
delimitation, maintenance and circulation of the bacillus in these clusters, due to the occupation of
urban space, housing characteristics, family aggregation habits, and increased flow of people
(migration) motivated by economic conditions.

The literature highlights that municipalities with high rates of people with low levels of
education, greater population size, higher proportions of households with inadequate sanitation,
higher rates of urbanization, higher average number of people per household and per room, and
higher income inequality present higher rates of leprosy.2%:2346

Social determinants that include lack of education and low income were favorable to the
high incidence of the disease in the municipality of Imperatriz. The degree of economic inequality
was the variable most associated with the incidence of leprosy in Imperatriz, demonstrating that
the more heterogeneous the income distribution of a municipality, the greater the probability of
this disease being an important public health problem 24’

Another variable that is associated with the increased risk of transmission of leprosy is
related to the interregional migratory flow present in Brazil. The state of Maranh&o is one of the

states of the northeast with greater emigration and immigration, especially with the neighboring
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states, which may explain the maintenance of high detection rates of leprosy.®’ In addition,
Maranhdo is one of the states with the largest rural exodus, where rural migration to urban centers,
such as the municipality of Imperatriz, is a common solution to reduce poverty. This process of
urbanization, however, is accompanied by precarious housing and living conditions, with the
formation of pockets of poverty, which maintains the circulation of the bacillus.®” Thus,
explanations for the persistence of leprosy in clusters described in the study and by other authors
may be a consequence of the persistence of pockets of poverty and the precarious living conditions
of these populations. Accordingly, coping strategies should include measures of income
distribution, social inclusion and improvements in general living conditions, in particular, the
implementation of social protection measures.*

One measure to reduce social inequalities adopted in Brazil concerns the Brazilian
conditional monetary transfer program, called the Programa Bolsa Familia (PBF). The PBF is
intended for extremely poor families and poor families, with children or adolescents up to the age
of 17 or for pregnant or breast feeding women.*®-® A study that verified the association between
leprosy detection rate and PBF coverage evidenced an increasing tendency in the mean coverage
of the PBF and a reduction in the detection rates of leprosy in children under 15 years of age in
municipalities with high risk of transmission of the disease, revealing a protective effect of this
program.®! Although the present study did not measure PBF coverage, it should be emphasized that
income transfer and social protection policies in general are strategic and important for reducing
social inequalities, and such actions should be valued, especially in the risk areas identified in the
study. Based on the present study and the literature evidence found, the main measures for the
elimination of leprosy as a public health problem in Brazil should be directed toward reducing

social inequalities (in which Brazil is one of the world leaders) and strengthening health systems
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and services in relation to early diagnosis, prevention of physical disabilities, active case search,
intradomiciliary contact evaluation and stigma reduction.

Among the limitations of the study, the use of secondary information sources, with the
presence of unavailable and incomplete data, should be highlighted. Another limitation was the
difficulty in selecting the variables of the IBGE related to social determinants, due to the lack of
information from some census tracts.

In conclusion, the study provided evidence that the high-risk areas of leprosy are associated
with social determinants of low household per capita income, low educational levels and high
numbers of residents per household. Considering the results of the ROC curve, which the
discriminatory capacity of the final model was classified as sufficient, it is worth mention that there
is others determinant factors for the occurrence of the leprosy that need different methodological
approach to be identified. However, the verification of the association of the disease with social
determinants, as showed in this study, is useful for the planning of actions addressed to the
reduction in these inequalities, and may contribute to the reduction of leprosy transmission in

municipality with high endemicity due to leprosy.
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Abstract

This study’s objective was to estimate the temporal trends of leprosy according to sex and
age groups, as well as to estimate and predict the progression of the disease in a hyperendemic city
located in the northeast of Brazil. This ecological time-series study was conducted in Imperatriz,
Maranh&o, Brazil. Leprosy cases diagnosed between 2006 and 2016 were included. Detection rates
stratified by sex and age groups were estimated. The study of temporal trends was accomplished
using the Seasonal-Trend Decomposition method and temporal modeling of detection rates using
linear seasonal autoregressive integrated moving average model according to Box and Jenkins
method. Trend forecasts were performed for the 2017-2020 period. A total of 3,212 cases of leprosy
were identified, the average incidence among men aged between 30 and 59 years old was
201.55/100,000 inhabitants and among women in the same age group was 135.28/100,000
inhabitants. Detection rates in total and by sex presented a downward trend, though rates stratified
according to sex and age presented a growing trend among men aged less than 15 years old and
among women aged 60 years old or over. The final models selected in the time-series analysis
show the forecasts of total detection rates and rates for men and women presented a downward
trend for the 2017-2020 period. Even though the forecasts show a downward trend in Imperatriz,

the city is unlikely to meet a significant decrease of the disease burden by 2020.
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Introduction

Leprosy is an infectious disease caused by Mycobacterium leprae, which mainly affects the
skin and peripheral nervous system, resulting in neuropathies and associated problems over the
long term, including physical deformities and disabilities [1].

Even though leprosy has been eliminated as public health problem in many countries in the
world (prevalence <1 case every 10,000 inhabitants) since the year 2000, leprosy still persists in
developing countries as a serious public health problem [2,3]. After the introduction of Multidrug
Therapy (MDT) and the high vaccination coverage of the Bacillus Calmette-Guérin (BCG),
especially in children, the burden of leprosy has decreased considerably worldwide. However, in
some nations the elimination of the disease (zero transmission) and decreased detection of new
cases continue to be important challenges for a world without leprosy [4].

In 2016, the World Health Organization (WHO) published the Global Leprosy Strategy
2016—2020: Accelerating towards a leprosy-free world, the objectives are to decrease the disease’s
global and local burden, decrease the cases of children with deformities, decrease the new cases
diagnosed with grade 2 physical disabilities to less than one case per 1 million inhabitants, and
review all laws that somehow lead to the discrimination against people with leprosy [4].

The global detection rate for leprosy in 2018 was 1.93 cases/100,000 inhabitants and the
countries that presented the highest rates were India, Brazil and Indonesia, responsible for 79.6%
of the cases reported [5]. In the same year, Brazil presented a detection rate of new cases of 12.94
cases/100,000 inhabitants, accounting for 93% of the total cases reported in the Americas [5,6].
Brazil has presented a downward trend in the number of cases in recent years, from 37,610 cases
in 2009 to 28,660 in 2018 [5]; some regions, though, like the north, midwest and northeast still

present high rates of the disease [7].
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An ecological study using time-series analysis conducted in cities with a high risk for
transmission of the disease located in Mato Grosso (midwest), Tocantins, Rondo6nia, Para (north)
and Maranhdo (northeast), reports a decrease in the total detection rate from 89.10 to 56.98
cases/100,000 inhabitant between 2001 and 2012 [8]. According to the authors, there was a
significant decrease in overall detection rates and among individuals younger than 15 years old in
the study regions. However, the rate of new cases with grade 2 physical disability per 100,000
inhabitants remained stable over the period, suggesting late diagnosis and possibly underreporting
of cases.

Following the WHO recommendations and the need to reduce the burden of the disease in
Brazil, in 2016 the “Diretrizes para vigilancia, atencdo e eliminacdo da hanseniase como
problema de salde publica” [Guidelines for leprosy surveillance, care and elimination as a public
health problem] was published, which discussed health promotion and health education actions,
active case-finding for early detection and treatment, prevention and rehabilitation, and
surveillance of those who had contact with the disease. These guidelines reaffirm the importance
of adopting epidemiological indicators to monitor the progression of the disease, operational
indicators to assess the quality of services and to include an indicator to verify the proportion of
cases according to sex, reinforcing the importance of gender in the causality of the disease [9].

In addition to the fact that leprosy is a tropical disease that has been neglected, its
association with poverty and social inequality, the disease presents a sex-specific distribution in
terms of morbidity [10-12]; that is, men are more frequently affected than women in most regions
of the world (including Brazil) [13]. However, in many countries, women are late diagnosed and
have a higher proportion of degrees of physical disability, in addition to the fact that the stigma of

the disease is greater in women [14]. Leprosy is a disease known for leading to different
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representations and effects between men and women, in different social contexts, and as a
consequence, it accentuates gender inequalities from the Brazilian sociocultural point of view [15].

Studies addressing the temporal trend of leprosy cases were found in the literature [8,10,16],
but few studies discuss the disease’s temporal behavior according to sex. A study carried out in the
state of Bahia (Northeast region of Brazil) by Souza et al. (2018) analyzed temporal trends in terms
of sex and verified that the disease behaves differently according to sex: there is a tendency for
decreased detection coefficients among women, but detection coefficients remain stable among
men, though the results were not statistically significant [15].

No study was found among time-series studies that included future predictions of leprosy
detection rates and that also considered these according to sex. Considering the previous
discussion, this study’s objective was to estimate the temporal trends of leprosy according to sex
and age groups, as well as to estimate and predict the progression of the disease in a hyperendemic

city located in the northeast of Brazil.

Materials and methods
Study setting and design

This ecological time-series study [17] was conducted in the city of Imperatriz, in the state

of Maranhdo, located in the Northeast of Brazil (Fig 1).
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Fig 1. Location map of the study setting, Imperatriz, MA, Brazil.
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(A) Brazil; (B) State of Maranhdo; (C) City of Imperatriz. Source: Authors.

Imperatriz is located 626 km from the capital of Maranhdo, Séo Luis, and is the second
largest city in the state and the 23™ largest city in the Brazilian northeast. According to the
Demographic Census of the Brazilian Institute of Geography and Statistics (IBGE), in 2010,
Imperatriz has a population of 247,505 inhabitants, with a demographic density of 180.79
inhabitants/km? with a territorial area of 1,368,988 km? [18]. In the same year, the main social

indicators are: an illiteracy rate of 9.7%, Human Development Index (HDI) of 0.73 and Gini Index
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of 0.46. In terms of basic sanitation, 23% of the city has a sewage system and 86% has a drinking
water supply [18,19].

In 2016, the detection rate of new cases of leprosy in the state of Maranhdo was 47.30
cases/100,000 inhabitants, classifying the state as the third most endemic in Brazil. In the same
year, Imperatriz presented a detection rate of 62.23 cases/100,000 inhabitants, marking it as a

Brazilian city with hyperendemicity levels [6,9,20].

Study population and sources of information

All new leprosy cases reported to SINAN (Notifiable Diseases Information System)
between 2006 and 2016 were selected. SINAN is the Brazilian information system responsible for
recording and processing information regarding reportable diseases in the entire country, providing
morbidity bulletins and reports. It is one of the main surveillance systems in Brazil [21].

The variables adopted in this study include date when leprosy cases were reported in the
SINAN (notification date), age and sex. Data were collected at the health surveillance service from
the city’s regional management unit, state government of Maranh&o in May 2018. During the
collection process, data were tabulated in spreadsheets in Microsoft Office Excel® 2013, a process
in which the database was validated and duplicated reports were removed.

After validating the database, detection rates were calculated per month (per 100,000
inhabitants). The calendar adjustment technique was applied in the calculation considering the
number of days of each month in order to improve the representation of rates in the study period.
After adjusting for the calendar effect, both the total detection rate and the detection rate stratified
per sex (male and female) was calculated for four age groups (<15 years old; 15 to 29 years old;
30 to 59 years old; and >60 years old). The city’s total population was considered in the

computation of the total detection rate, while the population of men and women, with their
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respective age groups, was considered for the stratified detection rates. The size of the resident
populations used as the denominator was based on the 2010 Census and the intercensal estimates
(2006-2016) elaborated by the IBGE.

Leprosy detection rates were smoothed by the moving average technique, considering the
average of three months (prior, current and posterior), in order to remove noise and better reveal

the underlying causal process.

Statistical Analysis

An exploratory analysis of monthly leprosy detection rates (smoothed and with calendar
adjustment correction) was performed according to sex and age group. Additionally, the Average
Monthly Percentage Change (AMPC) of detection rates was calculated according to sex and age
groups, identifying, in terms of average percentage, the rates of increase or decrease over the study
period.

Afterwards, the progression of the disease trend was characterized according to sex and age
using the robust Seasonal-Trend using Loess (STL) decomposition method by Cleveland et al.
(1990) [22]. For that, at each point in time t, the time series X; is given by the sum of three
components: seasonality (St), trend (Tt) and noise (Zi). This decomposition is based on locally
weighted regression (Loess) of the seasonality and trend components.

To model the monthly rates of total detection and detection by sex, as well as the forecast
of respective trends, we used the linear seasonal autoregressive integrated moving average
(ARIMA Seasonal) model and the usual Box and Jenkins method to choose the appropriate models

based on the data structure itself [23].
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The ARIMA Seasonal model — SARIMA (p, d, q) (P, D, Q)s — enables describing the
variability of time-related, linear, stationary (d=D=0) or non-stationary (otherwise) processes and
are written as follow:

A(BH)®(B)(1 - B)*(1 — B*)’T(X,) = ¥(B*)O(B)Z,
Where:
®(B) =1-¢B— ¢,B2—--—¢,BP, O(B) =1—6,B—6,B% —---— ,B7
respectively, the autoregressive and moving average polynomials of the non-seasonal part and,
AB®) =1—&,B—®,B* — - —®,B " e ¥(B°) =1 - 0,;B—0,B* — - — 9,B?
respectively, autoregressive polynomials and moving average polynomials of the seasonal part of
period S. T is the transformation to stabilize, if necessary, the variance (usually called Box-Cox
transformation), while Z; represents the white noise process (uncorrelated process, null mean, and
constant variance).

Letters p and g represent, respectively, the number of parameters of autoregressive parts
and moving average parts, with the seasonal period of length S, and letters P and Q are the
equivalent number of these parameters between the seasonal periods. Letters d and D, respectively,
represent degrees of simple differentiation and the seasonal differentiation necessary to transform
a non-stationary into a stationary series [24].

The maximum likelihood method was used to estimate the model’s parameters. The usual
tests of absence of autocorrelation (Portmanteau tests: Ljung-Box and Box-Pierce), randomness
(Rank and Turning Point tests), and normality (Kolmogorov-Smirnov test) were used to validate

the model, in the analysis of the residuals, along with a t-test for zero mean.
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Whenever more than one model was appropriate, the best model was chosen considering
the parsimony principle and the lowest values of Akaike information criterion (AIC) and Bayesian
information criterion (BIC).

A set of tests was performed with data concerning the last two years (2015 and 2016) to
assess the models’ predictive performance. The following measures were considered to assess this
predictive performance: Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and Mean
Absolute Percentage Error (MAPE), which allow assessing the precision of estimates or forecasts.
According to a model’s criteria, the most appropriate model will always be the one with the fewest
errors [24]. Afterwards, data and tendency forecasts were performed for the four-year period (2017
to 2020).

The method proposed by Box and Jenkins consists of an interactive process composed of
five stages: time series stationarization (through Box-Cox transformations followed by simple
and/or seasonal differentiations); identification of the model and respective orders; estimation of
parameters; model validation and prediction of future values [22-24].

All the analyses were performed using the RStudio® version 3.5.2 (https://rstudio.com).

Ethical aspects

The study project was approved by the Institutional Review Board at the University of S&o
Paulo, College of Nursing (EERP/USP) under Certificate of Presentation for Ethical Appreciation
(CAAE) No. 44637215.0.0000.5393. No consent forms were signed because only secondary data
were used and the participants were not identified, as the data were analyzed anonymously.

Results

A total of 3,212 leprosy cases were reported between 2006 and 2016 in Imperatriz. Table 1

presents the descriptive statistics of cases according to sex, age groups and AMPC, showing in
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absolute numbers, that the group aged between 30 and 59 years old predominated among total of
cases (1566; rate=166.46/100,000 inhabitants), men (892; rate=201.55/100,000 inhabitants) and
women (674; rate=135.28/100,000 inhabitants). High rates were found among individuals aged 60
years old or over for total of cases (rate=257.42/100,000 inhabitants), men (rate=357.58/100,000
inhabitants) and women (rate=173.70/100.000 inhabitants). The group of individuals younger than
15 years old also presented a large number of cases, with a rate of 40.26 cases/100,000 inhabitants
among total of cases, a rate of 44.14 cases/100,000 inhabitants among men and 36.29/100,000
among women.

There is a continuous increase in the rates of case detection as the age groups increase, with
the lowest rates being for children under 15 years old and the highest for those aged 60 years old
or over.

In regard to AMPC trends, the male group younger than 15 years old (0.41%) and the female

group aged 60 years old or over (0.09%) presented moderate growth in the study period.

Table 1. Profile of leprosy cases according to sex, age group, and average
percentage of rates, Imperatriz, MA, Brazil (2006 — 2016)

Total cases

Age groups Absolute Rates (100,000 AMPC (%)
(years) frequency (3212) inhabitants)

<15 296 40.26 -0.39
1510 29 773 93.98 -1.29

30 to 59 1566 166.46 -0.59
>60 577 257.42 -0.66
Men

Age groups Absolute Rates (100,000 AMPC (%)
(years) frequency (1850) inhabitants)

<15 164 44.14 0.41
1510 29 429 108.51 -1.26

30 to 59 892 201.55 -0.32
>60 365 357.58 -1.16

Women




132

Age groups Absolute Rates (100,000 AMPC (%)
(years) frequency (1362) inhabitants)

<15 132 36.29 -0.52
15t0 29 344 80.53 -1.04
30to 59 674 135.28 -0.78
>60 212 173.70 0.09

AMPC, Average Monthly Percentage Change.
Source: Authors.

Fig 2 presents the time trend for total detection (in black), among men (in red), and among
women (in blue) distributed over the study period. In general terms, the three detection rates present
the same decreasing behavior for the study period. Analyzing the comparison between the three

trends, it is possible to observe stability in the period from 2014 to 2016.

Fig 2. Trend of leprosy total detection rates and detection rates among men and
women, Imperatriz, MA, Brazil (2006-2016).
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The time series of the ratio between the detection rates of men and women is shown in Fig
3. The red line indicates the situation in which both rates would be equal (numerator equal to the
denominator), and the blue line indicates the time period in that the ratio shows a change in
behavior. Over time, the rate of men is generally higher than that of women, noting that, in the
period from January 2006 to approximately September 2010, the rate of men reached, at most,
double that of women; in January 2011 this difference exceeded the triple, and the quadruple in
2016.

Women showed slightly higher rates than men between September and December 2006,

September 2013, between October 2014 and January 2015 and, finally, in July 2015.

Fig 3. Ratio between detection rates for men and women, Imperatriz, MA,
Brazil (2006-2016).
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Tendency toward leprosy according to sex and age (Fig 4) shows a decreasing trend for all
age groups and sex, except for men younger than 15 years old and women aged 60 years old or
over, reflecting specifically the AMPC by age and sex. Men under 15 years old showed decreasing
trends from 2006 to 2014, after which they showed an increasing trend until the end of the study
period. Women aged 60 years old or over showed a peak of detection between the years 2008 and
2009, with a decrease until 2011, and subsequently a continuous growth trend until the year 2016.

For women younger than 15 years old and aged between 15 to 29 years old there was a
slight increase in the last year.

Despite the downward trend seen in the age group between 30 and 59 years old, both among

women and men, high rates of disease were found in the entire study period.
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Fig 4. Trends of leprosy according to sex and age groups, Imperatriz, MA,
Brazil (2006-2016).
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(A) Men younger than 15 years old; (B) Men aged between 15 and 29 years old; (C) Men aged
between 30 and 59 years old; (D) Men aged 60 years old or over; (E) Women younger than 15
years old; (F) Women aged between 15 and 29 years old; (G) Women aged between 30 and 59

years old; (H) Women aged 60 years old or over.

As previously mentioned, the temporal modeling of leprosy detection rates, total and
separated by sex, shows a downward trend, revealing that the series are not stationary. Thus, we
performed Box-Cox transformations to stabilize variance and simple differentiations to stabilize
the mean, transforming non-stationary series into stationary series. Some candidate models were
chosen and their parameters were estimated when analyzing the autocorrelation and partial
autocorrelation functions. After verifying the significance of the models’ parameters, and
considering the smallest AIC and BIC, the models that appear to be the most adequate in terms of

ability to describe variability of data over time, as well as the forecasts’ good performance, were:
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ARIMA (3,1,0) for the total detection rate, SARIMA (9,1,0) (1,0,0)12 for detection rate among
men, and ARIMA (0,1,3) for women.

The analysis the residual of the estimated models (Table 2) shows that all models are
consistent with the models’ assumptions (i.e., are independent and identically distributed, with

normal distribution of zero mean, and constant variance).

Table 2. Analysis of residuals of temporal modeling of detection rates,
Imperatriz, MA, Brazil (2006-2016).

Total detection rate Detection rate for Detection rate for
men women
Tests Test P-value Test P-value Test P-value
statistics statistics statistics
Ljung-Box  0.34 0.55 0.09 0.75 0.01 0.94
Box-Pierce  0.33 0.56 0.09 0.75 0.01 0.94
Rank test 0.33 0.74 0.57 0.56 0.96 0.33
Turning -1.38 0.16 -0,55 0,57 0.27 0.78
Point
Kolmogorov 0.06 0.64 0,05 0,88 0.08 0.29
— Smirnov
T test for -0.01 0.29 -0,00 0,98 -0.00 0.91
the means

Source: Authors.

The quality of forecasts was analyzed by comparing the set of tests (2015-2016), revealing
very low precision measures (RMSE, MAE and MAPE), meaning that, on average, only 10.46%

of the total detection rate of leprosy are incorrect (Table 3).
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Table 3. Predictive analysis of the detection rates models, Imperatriz, MA,
Brazil (2006-2016)

Total detection Detection rate for Detection rate for

rate men women
Test
RMSE 1.23 1.34 1.25
MAE 0.95 1.06 0.94
MAPE 10.46 10.00 13.78
RMSE, Root Mean Square Error; MAE, Mean Absolute Error; MAPE, Mean Absolute Percentage
Error (MAPE).

Source: Authors.

The modes’ final adjustment, data forecasts, trends, and trend forecasts are presented in
Figs 5-7. The figures show the adequate adjustment of three models, as well as its forecasts.
Forecasts for total detection rates and rates for women and men indicate a downward trend for

leprosy in the 2017-2020 period, with behavior very similar between sexes.
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Fig 5. ARIMA model (3,1,0) adjusted for leprosy total detection rates (2006-
2016) and forecast of leprosy detection rates (2017-2020), Imperatriz, MA,
Brazil (2006-2016).
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Fig 6. SARIMA model (9,1,0) (1,0,0)12 adjusted for leprosy detection rates
among men (2006-2016) and forecast of leprosy detection rates among men
(2017-2020), Imperatriz, MA, Brazil (2006-2016).
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Fig 7. ARIMA model (0,1,3) adjusted for leprosy detection rates among women
(2006-2016) and forecast of leprosy detection rates among women (2017-2020),
Imperatriz, MA, Brazil (2006-2016).
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(A) Observed data; (B) Adjusted data; (C) Estimated trend; (D) Expected trend; (E) Data forecasts;
(F) 95% Confidence intervals.

Discussion

The present study identified a downward trend in the rate of detection of leprosy in the
period from 2006 to 2016 indicating that such behavior will be maintained in the future, according
to the models and time forecasts. Despite the decrease in the detection of the disease, Imperatriz
will continue to present a high leprosy burden in the year 2020.

In 2016, Imperatriz presented a total detection rate of 62.23 cases/100,000 inhabitants,
which, according to parameters provided by the Ministry of Health, classifies the city as
hyperendemic. Considering the demographic and social characteristics of the study context, the

city is presenting rapid demographic growth, attracting immigrants from the north and northeast of
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the country due to its local economy, which may be influencing the hyperendemicity of the region
under study [25,26].

In this context, largest proportion of cases were male, which is in agreement with data
provided in the literature, in which those affected by the disease in most world regions are
predominately male, including in Brazil [27-29]. The time series of the ratio between the detection
rates of men and women showed, over time, the detection rates in men are higher than that of
women, reaching, at the end of the study period, a ratio of about 4: 1. In a few periods of the time
series, women had slightly higher detection rates than men.

According to the literature, the occurrence of leprosy is higher in men, with a ratio of 2: 1
compared to women, also presenting a high risk of transmission [30,31]. This greater occurrence
of leprosy among men may be related to biological aspects, such as the role of the hormone
testosterone, which may be involved in creating an environment favorable to the growth of
Mycobacterium leprae causing a greater burden of the disease and the appearance of severe forms
in the male’s population [32,33,34].

Other factors may also explain the higher occurrence of the disease in men, as individual
determinants, such as not seeking medical assistance or only later seeking health services, when
compared to the practices of women. There are also operational issues concerning difficulties
accessing health services in a timely manner due to an incompatibility between the men’s and the
units’ working hours, a lack of a health policies directed to men, and restricted access to health
information [15,16].

The higher detection rates in men compared to women, in the research scenario, especially
in the period from 2011 to 2016, are strong indications that transmission is higher in men. Such a

finding may be an indication that the male sex is responsible for a large part of the hyperendemicity
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of the study region, reinforcing the need to recognize and value men's health on the part of
managers and health providers in the control of leprosy.

The discussion on gender issues allows the strengthening of professional health care
practices aimed at men and women, aiming to achieve greater equity in public policies, especially
in the context of neglected diseases, such as leprosy [10].

In terms of age, most of the individuals affected are aged between 30 and 59 years old,
followed by the 15 to 29 year old group, though the population over 59 years old presents the
highest detection rates.

Despite the high rates in the 30 to 59 year age group, it should be noted that the temporal
trends in these intervals were decreasing in the study period. And the 15 to 29 year old interval also
showed the highest average percentage decrease in the period from 2006 to 2016, which points to
an indication of a reduction in bacillus transmission in the studied region [32,35].

The group aged between 30 and 59 years old includes the Brazilian economically active
population, interval that the disease hinders labor activities, forcing individuals to stop working or
retire early, decreasing the quality of life of workers [28,36,37]. In this sense, health services should
focus on preventive measures by actively seeking individuals in this age group, in addition to
diagnosis of cases, providing timely treatment, and early identification of lesions, the purpose of
which is also to prevent physical disability. Early interventions prevent or minimize the high social
costs leprosy imposes from removing this population from productive activities and social
relationships [28,36-38].

According to the IBGE, in 2000, the Brazilian population aged over 60 years old amounted
to 14.5 million people and this number currently surpasses 29 million and is expected to reach 73
million by 2060 [39]. In Imperatriz, in 2006, the estimated population aged 60 years old or over

was 16,055 inhabitants, and in 2015 it increased to 21,0731 inhabitants, representing an increase
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of 31.25% in the period [40]. Considering the rapid aging process of the Brazilian and Imperatriz
population, when leprosy is diagnosed and treated late, it leads to the functional loss of peripheral
nerves and physical impairment, which, combined with the aging process and other comorbidities,
contribute to elderly individuals’ greater vulnerability and loss of autonomy [41].

Countries that registered a decrease in leprosy transmission, with subsequent elimination,
observed a change in the profile of the disease, with a drop in detection in younger age groups and
an increase in detection of elderly people [35,42]. In Imperatriz, the high detection rates in the
population aged 60 years old or over may be an indicative of a change in the epidemiological profile
of the disease, despite the municipality still showing levels of hyperendemicity.

A decreasing tendency was found in the total detection rates of both men and women from
2006 to 2016, however, considering the age groups, women aged 60 years old or over and men
aged less than 15 years old showed an increasing trend.

The downward trend in total detection, of men and women, possibly reflects the
intensification of leprosy control actions in Maranh&o in recent years. A study carried out in the
municipalities of Maranh&o (including Imperatriz) found that the decreasing trend in general
detection are caused by actions to expand MDT, early detection of new cases, BCG vaccination of
patient contacts, training of health professionals for diagnosis and active case-finding campaigns
[43].

This study’s findings show total and by-sex downward trends. More specifically, the figures
reveal that the burden of the disease remains, considering that detection rates are systematically
and persistently high for all the age groups addressed. Note the high occurrence of the disease
among individuals below 15 years of age, with hyperendemicity parameters [9], confirming that

the disease remains active in the community.
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The occurrence of leprosy among individuals younger than 15 years old confirms that active
foci of transmission remain with early exposure to Mycobacterium leprae [44]. Potential
explanations include difficulty establishing a clinical diagnosis, disease-related stigma, and the
weak health promotion and education process, needing improvements in leprosy control actions in
these areas [15,45,46].

For example, studies conducted in two Brazilian regions in which leprosy is endemic an
assessment of health services identified that the local primary health units did not present
satisfactory performance in diagnosing individuals younger than 15 years old. The reason for this
is that the services health diagnosis was conducted on request, however active case detection in the
community is not being conducted. [46,47].

Anchieta et al. (2019) [43] identified that Imperatriz showed a decreasing trend in the
detection rate of children under 15 years old in the period from 2001 to 2015, a phenomenon
explained by active case-finding national campaigns in the school-aged population in the years
2013 and 2016. Despite this decrease, the authors reaffirm that detection in children under 15 years
old remains high in the municipality.

Brazil, since 2013, promotes the “Campanha Nacional de Hanseniase, Verminoses
Tracoma e Esquistossomose” [National Campaign for Leprosy, Vermin, Trachoma and
Schistosomiasis], which aims to identify cases of leprosy and provide timely treatment for the
population that resides in municipalities in Brazil's endemic states, such as Maranhdo. The
campaign is aimed at students aged 5 to 14 years old, involving approximately 6 million students
[48,49].

Although the present study does not measure the impact of this action, the hypothesis arises
that the National Campaign for Leprosy may be influencing the detection of cases under the age of

15 years old in the municipality, especially due to the rates found in the investigated period. It
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should be noted that the beginning of the campaign (2013) is concomitant with the beginning of
the growth trend in men under 15 years old (2014).

Similar to other Brazilian studies, higher detection rates were found among male elderly
individuals; however, the growing detection rates found among women aged 60 years old or over
differ from other studies conducted in Brazil. According to Monteiro et al. (2013) [36], 60.3% of
the leprosy patients located in the north of Brazil were male individuals aged over 60 years old,
while Nobre et al. (2017) [32] determined that 15.11% more men than women were affected by the
disease.

Studies conducted in India [50], China[51] and Colombia [52] report that women seek
treatment later than men, a phenomenon that is mainly related to the stigma having a stronger affect
for women than men in these countries, leading to late diagnoses and treatment. A literature review
intended to identify the factors that prevent the early detection of leprosy among women shows
that in some countries, the diagnosis and onset of the first symptoms take double the time among
women, on average, compared to men, in addition to suggesting that women are more likely to
initiate treatment late [53].

In Imperatriz, during the study period, no specific actions were found for women aged 60
years old or over that could explain the growing trend in this age group. The Enhanced Global
Strategy for Further Reducing the Disease Burden Due to Leprosy (2011-2015) from WHO
proposed the inclusion of female leprosy cases indicator among the total number of new cases, in
order to assess and ensure that women are having adequate access to leprosy diagnostic services
[54].

The implementation of this strategy and the creation of this indicator may have impacted

the detection among women in the studied scenario, especially in women over 59 years old,
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considering that from 2011 onwards, the trend of this range shows an increasing behavior until
2016, concurrent with the period of validity of the strategy (2011-2015).

This study’s findings lead to a discussion regarding the profile of the disease in the context
of the studied scenario, revealing that the trends found in this study period indicate that males under
15 years old and women aged 60 years old or over showed an increasing trend in the detection rate
from 2006 to 2016. These findings indicate that health services should direct efforts to detect cases
of leprosy actively, considering that having individuals younger 15 years old affected by the disease
indicates active transmission within a household and/or social group. The results also indicate the
need to maintain actions to diagnose the disease earlier in the population aged 60 years old or over
especially because this age group presents the highest detections rates in the investigated scenario.
Future studies should be carried out in order to understand why women have an increasing trend in
detection in the age group above 59 years.

In regard to the temporal modeling step, the SARIMA models selected for the total
detection rates and rates according to sex presented adequate adjustments, providing efficacious
models to capture the data’s dependence structure; that is, the models effectively describe the
variability of detection rates over time. Additionally, the models show downward trends for the
three detection rates (total, men and women) in the predictive model for the 2017-2020 period.

The leprosy detection rates trends over the years in both the Brazilian and international
contexts have depended considerably on operational factors, especially before 2000, due to the
intensification of active search for cases to meet the elimination goal proposed by the WHO.
Starting in 2001, a decline in the detection rates of new cases was observed, and since 2005 a
stability of this indicator, caused mainly by a decrease in the intensive search for cases in many
countries [55,56]. The decreasing and stationary trends may indicate unchanged operational

circumstances, indicating that transmission by Mycobacterium leprae is in progress [55].
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Another aspect possibly related to the stability and decrease of leprosy concerns the
estimated large number of non-detected cases. More than four million undetected cases are
estimated from 2000 to 2020 worldwide, which implies a large number of people will remain
undiagnosed and untreated [56].

In Norway, where leprosy was a serious public health problem in the 19th century, the
reduction in transmission was accompanied by a change in the epidemiological profile of the
disease, with a decrease in cases in young age groups and an increase in the proportion of elderly
people among the new cases [35]. In our study, trends and forecasts of decreasing of total and by
sex detection, accompanied by high detection rates in the age groups of 60 years old or older, may
be indicative that leprosy transmission is decreasing. Despite this possible scenario of decreased
leprosy and changes in the profile of patients, the state of Maranh&o and the city of Imperatriz are
hyperendemic for the disease.

A study conducted in India, Brazil and Indonesia identified that the incidence of leprosy up
to 2020 will decrease and meet the elimination goal at a national level, though its elimination will
not be possible for the highly endemic regions in these countries [57]. According to the authors,
leprosy will likely remain a problem in endemic regions (states, districts, provinces, cities, with
large populations), accounting for most of a country’s cases.

The national forecasts of leprosy detection rates may provide a biased view of the disease
situation, considering that these rates are masked by the large population size of each country [57].
Focusing on the regions of a country with high endemicity, such as the one addressed in this study,
will give a more realistic representation of the current situation of a country, more accurately
reflecting that the distribution of leprosy is becoming increasingly localized [57].

The results of the adjusted models and trends show a decrease in the total detection rates,

as well as in detection rates of men and women separately in the study period. However,
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considering the forecasts and trends, leprosy will remain endemic and the WHO global goals to
decrease the disease’s burden and eliminate the transmission of leprosy by 2020 may not be met.

This study’s limitations include the fact a secondary database was used, with inconsistent
quality and gquantity of information, with the potential presence of ignored or incomplete data.

In conclusion, the results show downward trends of detection rates, in total and by sex.
Despite decreasing trends, growing trends were found in terms of age; men aged below 15 years
old and women aged 60 years old or over presented increasing detection rates, which is relevant in
terms of public policies and strategic actions.

The models and forecasts for total detection rates, as well as detection rates for men and
women, revealed downward trends in the study period. Leprosy, however, remains very frequent
with hyperendemicity levels, making it difficult to decrease the disease’s burden and eliminate of

transmission by 2020.
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SOCIAL INEQUALITIES AND THEIR ASSOCIATION WITH THE LEPROSY
BURDEN IN A BRAZILIAN CITY OF LOW ENDEMICITY: AN ECOLOGICAL
STUDY

ABSTRACT

Objective: To analyse the association between social inequalities and the leprosy burden in a low
endemicity scenario in the state of Sdo Paulo, Brazil. Methods: This ecological study was carried
out in the city of Ribeirdo Preto, state of Sdo Paulo, Brazil, considering leprosy cases notified from
2006 to 2016. Regarding social inequalities, dimensions related to high household density, literacy,
home occupation conditions, health conditions, household income, ethnicity and age were
considered. The generalised additive model for location, scale and shape (GAMLSS) was used to
verify the association between the social inequalities and leprosy burden. Results: The increase in
men and women with no education and people with an income of 1 to 2 minimum wages was
associated with a relative increase in the number of leprosy cases (7.37%, 7.10% and 2.44%,
respectively). Regarding the ethnicity variables, the increase in the proportion of men (black) and
women (mixed race) with no schooling was associated with a relative increase in the number of
cases of the disease (10.77% and 4.02%, respectively). Finally, for people of mixed race or
ethnicity, the increase in the proportion of households with 1/2 to 1 minimum wage was related to
a relative decrease in the total number of cases (-4.90%). Conclusion: The results show that the
determinants associated with the increase in leprosy cases are similar to those in Brazilian
hyperendemic regions, and that even in cities with low endemicity, social inequality is one of the

main determinants of the disease.

Keywords: Leprosy; Epidemiology; Ecological Studies; Social Determinants of Health;

Educational Status; Ethnicity and Health; Per Capita Income



158

1. INTRODUCTION

The resolution for the elimination of leprosy as a public health problem, defined as a
prevalence level below one case per 10,000 population by the year 2000 at a global level, was
adopted by the 44th World Health Assembly in 1991. Despite elimination of the disease as a public
health problem at a global level and the continuous reduction in detection rates since 2000, leprosy
still persists as a public health problem in developing countries (Barbosa et al., 2018; Mitja et al.,
2017).

According to the World Health Organization (WHO) in 2019, 202,185 new cases of leprosy
were detected worldwide, and the countries that most commonly reported the disease were India,
Brazil and Indonesia, with 159,753 cases, corresponding to 79.01% of the total reported (WHO,
2020a). In the same period, Brazil registered 27,863 new cases, making it the country that
registered the second highest number of cases worldwide.

In Brazil, there have been significant improvements in the control of leprosy in recent
decades, with reflections in the reduction of the detection rate of new cases, from 26.22 cases per
100,000 inhabitants in 2001 to 11.23 cases per 100,000 inhabitants in 2019 (SINAN, 2020). This
reduction in detection can be attributed to public policies directed toward the elimination of the
disease as a public health problem, which include the realisation of national campaigns to actively
search for cases, officially recognising multidrug therapy (MDT) for treatment, emphasising early
diagnosis and the prevention of physical disabilities, and recently, the decentralisation of control
activities to Primary Health Care (Ribeiro et al., 2018). Despite the improvements, the disease still
persists as an important public health problem at the national level (Freitas et al., 2014).

The distribution and spread of the leprosy endemic is closely related to social determinants

of health that generate inequalities, which include poor housing conditions, low education, low
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income, gender inequalities and ethnic-racial inequalities (Asis et al., 2018; Chaptini & Marshman,
2015). In endemic countries, there are differences in the incidence and prevalence of the disease
between regions, states and especially in the case of cities, where differences are manifested among
intraurban spaces, being focused on the places of greatest social inequality (Chaves et al., 2017).

It should be noted that the highest coefficients of detection and prevalence of leprosy in
Brazil are observed in the Northeast, North and Central-West regions, with the lowest in the
Southeast and South regions of the country (Ministério da Salde, 2020a). Loco-regional
inequalities in economic and social development in Brazil are historically related to the
epidemiology of infectious diseases. The Southeast and South regions are in the so-called
“favourable” socioeconomic extreme of the country, while the Northeast, North and Central-West
are traditionally considered to be socioeconomically backward (Ribeiro et al., 2018).

In recent decades, with discussion about the influence of social determinants on the
population’s morbidity and mortality profile, studies addressing the leprosy theme and social
inequality have gained relevance in the Brazilian (Asis et al., 2018; Freitas et al., 2014; Sampaio
et al., 2013; Cury et al., 2012; Kerr-Pontes et al., 2004) and international (Grantz et al., 2018;
Heidinger et al., 2018; Fischer et al., 2008; Bakker et al., 2006, 2004) scientific universes.

Although the association between leprosy transmission and the social conditions in which
people live is not a recent issue, and considering the complexity of the disease and the different
socioeconomic scenarios in which it is found, the verification of its association with social
inequalities remains one of the main strategies for understanding and mapping the disease (de
Souza et al., 2020a).

Another aspect to be considered, in Brazil, is that most investigations occur in regions with
high leprosy endemicity, meaning that regions with lower detection rates, in which the endemicity

is in the process of being eliminated, are poorly explored. Low-detection areas need to be
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investigated with the same concern as hyperendemic areas, as they can become neglected spaces
that contribute to maintaining the transmission chain (Ribeiro et al., 2019).
Considering the above, the aim of this study was to analyse the association between social

inequalities and the leprosy burden in a low endemicity scenario in the state of Sdo Paulo, Brazil.

2. METHODS
2.1.  Study design and location

This was an ecological study (Kleinbaum et al., 1982) conducted in the city of Ribeirdo
Preto, state of Sdo Paulo, in the southeastern region of Brazil (Fig. 1). Ribeirdo Preto has a
population of 604,682 inhabitants, with a demographic density of 928.92 inhabitants per km?,
making it the 8" most populous city in S&o Paulo and the 29" in Brazil (IBGE, 2020a).

The ecological analysis units of the study were the 988 urban census tracts of Ribeiréo
Preto. A census tract is the smallest territorial unit formed by a continuous area, located in an urban
or rural area, with a defined size, number of households and number of residents, which is used for

the main Brazilian statistical studies and surveys (IBGE, 2011).
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Figure 1. Map of the location of the city of Ribeirdo Preto, Sdo Paulo, Brazil.
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In 2016, Ribeirdo Preto had a leprosy prevalence rate of 0.79 cases per 10,000 inhabitants
and a new case detection rate of 7.71 cases per 100,000 inhabitants (Ministério da Saude, 2020b;
SINAN, 2020). According to the Ministry of Health of Brazil, the city has a low magnitude of the
endemic disease considering the prevalence values (<1.0 case per 10,000 inhabitants) and an
average strength of morbidity according to the parameters of detection for new cases (2.00 to 9.99

cases per 100,000 inhabitants) (Ministério da Saude, 2016).

2.2.  Study population and information sources
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All new leprosy cases reported in the Notifiable Disease Information System (SINAN) from
2006 to 2016 were selected. SINAN is the Brazilian information system responsible for recording
and processing information on diseases that must be reported throughout the country.

The data obtained from SINAN included clinical information: WHO operational
classification (Paucibacillary, Multibacillary), clinical form based on Madrid classification
(indeterminate, tuberculoid, borderline and lepromatous) and Grade of disability among new cases
(Grade 0 disability [GOD], Grade 1 disability [G1D] and Grade 2 disability [G2D]); as well as
sociodemographic data: date of notification of the case, date of birth, sex (male, female), self-
identified ethnicity (White, Black, Mixed race, Asian and Indigenous), education (Low education
[no schooling and incomplete elementary education], Complete elementary education, High school
education [incomplete and complete] and Higher education [incomplete and complete]) and home
address.

Regarding ethnicity, the definition of the Brazilian Institute of Geography and Statistics
(IBGE) was adopted, which establishes that the Brazilian population is composed of the categories:
“branco” (i.e., white), “preto” (i.e., black), “pardo” (i.e., mixed race or brown), “amarelo” (i.e.,
Asian) and “indigena” (i.e., Indigenous/Amerindian). Mixed race refers to miscegenation between
white and black people. It should be emphasised that racial characteristics are obtained through
self-reports, so that it is the population itself that attributes their racial identity according to the
IBGE classification (IBGE, 2020b).

Access to the SINAN database was obtained through the Epidemiological Surveillance
Division of the Municipal Health Department of Ribeir&o Preto, in June 2018. Cases that presented
“diagnostic error” as the exit criteria were excluded, and duplicate notifications were removed.

Regarding social inequalities, variables that encompassed the following dimensions were

considered: Household density, Literacy, Home occupation conditions, Sanitary conditions, Access
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to drinking water, Household income, Self-identified ethnicity and Age. The selection of these
dimensions was based on the Social Determinants of Health framework (Solar and Irwin, 2010)
and health determinants with an impact on leprosy (Chaptini and Marshman, 2015).

Table 1 presents the variables considered, collected from the results of the Brazilian

Demographic Census and aggregated according to census tracts.

Table 1. Variables selected from the Demographic Census, Ribeirdo Preto, Sao

Paulo, Brazil.
. . Variables selected Code
Dimension
Household density Proportion of households with 1 to 3 residents vl
Proportion of households with 4 to 6 residents v2
Proportion of households with 7 to 9 residents V3
Proportion of households with 10 or more residents va4
Literacy Proportion of men with no schooling Vo
Proportion of women with no schooling V6
Homg occupation Proportion of owned and mortgaged households V7
conditions
Proportion of rented households v8
Proportion of households in another occupation situation (not v9

owned, rented or mortgaged)
Proportion of households with a bathroom for the exclusive use
Sanitary conditions of the residents or sanitary and sewage connected to the general v10
sewage or pluvial network
Proportion of households without a bathroom for the exclusive vil
use of the residents and without a toilet

@;ﬁgis to drinking Proportion of households with drinking water supply v12
Proportion of households with well water supply, rainwater v13
stored in cistern or other form of supply

. Proportion of households with no nominal monthly household vi1d

Household income income per capita
Proportion of households with nominal monthly income per vi5

capita of 1/8 of a minimum wage

Proportion of households with nominal monthly income per v16

capita of 1/8 to 1/2 of a minimum wage



Self-identified

Proportion of households with nominal monthly income per
capita of 1/2 to 1 minimum wage

Proportion of households with nominal monthly income per
capita of 1 to 2 minimum wages

Proportion of households with nominal monthly income per
capita of 2 to 3 minimum wages

Proportion of households with nominal monthly income per
capita of 3 to 5 minimum wages

Proportion of households with nominal monthly income per
capita of 5 to 10 minimum wages

Proportion of residents of white ethnicity

ethnicity
Proportion of residents of black ethnicity
Proportion of residents of yellow ethnicity
Proportion of residents of brown ethnicity
Proportion of residents of indigenous ethnicity
Age Proportion of people under 15 years of age

Proportion of people 15 to 29 years of age
Proportion of people 30 to 59 years of age

Proportion of people 60 years of age or over

v17

v18

v19

v20

v21

V22

v23
v24
v25
v26
v27
v28
v29
v30
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Source: Brazilian Institute of Geography and Statistics.

2.3.  Statistical analysis

The cases of leprosy were georeferenced from the geographical coordinates (latitude and

longitude) of the residential addresses of each case. The computer program Google Earth® was

used to identify geographic coordinates and the Esri® ArcGis Desktop 10.6 software for

georeferencing, with the construction of a file containing the geographical coordinates of each case

(represented by points).

It should be highlighted that cases with addresses in the rural area, without addresses or

with incomplete addresses were excluded. We opted to exclude cases originating from the rural

area due to the impossibility of locating the geographical coordinates in these areas, considering

the programs used.



165

After georeferencing, the leprosy cases were spatially distributed on the digital map of the
urban census tracts, making it possible to calculate the number of cases according to each census
tract. The digital map of the census tracts was acquired free of charge through the IBGE portal
(IBGE, 2011).

To verify the spatial distribution of leprosy cases according to the census tracts, the Kernel
density estimation was adopted. Through statistical smoothing, this estimator generated an
intensity surface for visual detection of hotspots, indicating clustering in a spatial distribution and
continuous surface. The point distribution was transformed into a smoothed surface and presented
as a continuous map, representing different levels of intensity of cases. The default search radius
(bandwidth) of the Esri® ArcGis Desktop 10.6 software was used, based on Silverman's Rule-of-
thumb bandwidth estimation formula (ArcGIS Desktop, 2021).

The generalised additive model for location, scale and shape (GAMLSS) was used to verify
the association between the social inequalities and leprosy burden. The GAMLSS class of models
is especially suitable for modelling the dependent variable when it does not follow an exponential
family distribution (Florencio, 2010).

Accordingly, yT = (y4, ..., ) is a vector of size n of the dependent variable with density
function f(y;]60%), where 0! = (0;;,6,; 05; 64;) = (Wi 0; v; 7;), and k = 1,2,3,4 and g,(.) is a
monotonic link function that relates the parameters with the independent variables from the

following equations:

J1
gl(w) =ny =X1B1 + Z hjq (le)
j=1

J2
g2(0) =1, =X;B; + z hj, (%52)
j=1
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Ja
g3(v) =13 =X3B3 + z hjs (Xj3)
=1

Ja
g4(t) = ny = X4y + z hj4 (Xja)
j=1

Where p, 6, v and T are vectors of length n, By = (Blk, Boks - Bjk) is a vector of length j¥, and X, is

the n order design matrix x j*. The function hy is a non-additive non-parametric function of the
explanatory variable Xy evaluated in x;y.

The selection of the distribution of the dependent variable was carried out using the
Generalised Akaike information criterion, defined by GAIC = —21(8) + bdf, where 1(8) is the
likelihood function, b is a penalty parameter and df denotes the degrees of freedom of the model.
For b = 2 we have the original Akaike criterion (AIC) (Akaike, 1974).

The adequacy of the model can be verified through the model’s diagnostic graphs: Adjusted
Values x Residuals, Order of Observations x Residuals, Distribution of Residuals and the Quantile-
Quantile Plot (Q-Q plot). Additionally, the Shapiro-Wilk normality test was applied to the residuals
of the model to verify their adequacy with the standard Normal distribution.

The Poisson-inverse Gaussian distribution, denoted by PIG(l, o) (Stasinopoulos et al.,

2008) was selected and presents the following probability density function:

1
2072 uYel\dg —1
pY(y \‘U, O-) = (?a)z e (ao-)yJ’y!Z(a)
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Where y >0, u>0,0>0, a? = % + %” and K3 = [~ x’1‘1exp{_71 t(x + x~1)}dx is the modified
third-order Bessel function. The link function between parameters and independent variables is the
log function, that is, g, (W) = log(p) and g, (o) = log(o).

The number of leprosy cases occurring in each census tract in Ribeir&o Preto was considered
to be the dependent variable of the study (discrete variable); the independent variables considered
were described previously in Table 1 (continuous variables). In addition to the variables selected,
the study also aimed to evaluate the effects of the interactions between some variables. Interaction
effects occur when a “confounding” variable (associated with a variable of interest) can modify the
effect of one (or more) variables of interest (Szklo and Nieto, 2006). The following interactions
were chosen: v5 with v23, v6 with v23, v17 with v23, v5 with v25, v6 with v25, v17 with v25, v4
with v9, v4 with v11, and v9 with v11.

We opted to maintain the variables v2-v6, v9, v11, v13, v14-v18, v23, v25 and v30 in the
model, regardless of their statistical significance. The others were selected according to the lowest
AIC value criterion. The evaluation of the interaction effects and the option to maintain some
variables regardless of their significance was based on the social inequality references adopted in
the study (Chaptini and Marshman, 2015; Solar and Irwin, 2010).

From the model selected (PIG), the Relative Increase was calculated, expressed as a
percentage, from the mean number of leprosy cases using the expression AR(B) = [exp(B) — 1] *
100%.

To perform the data analysis of this stage of the work, the R Studio program version 3.5.2

was used through the GAMLSS library (Stasinopoulos and Rigby, 2007).

2.4.  Ethical aspects
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The study was approved by the Research Ethics Committee of the University of Sdo Paulo
at Ribeirdo Preto College of Nursing (CAAE No. 44637215.0.0000.5393). The study required
ethical approval because it used variables that could identify the participants (home address) that

are not publicly available. As these are secondary data, signing the consent form was not necessary.

3. RESULTS

In Ribeirdo Preto, 890 leprosy cases were reported from 2006 to 2016. Of these cases, 206
were excluded because the home address was not in Ribeirdo Preto (these were reported in health
services in Ribeirdo Preto, but did not reside in the city) and 29 because they were in the rural area
of the city, with 655 cases remaining to be standardised for georeferencing. Of this total, 47 had a
blank or incomplete address, resulting in 608 georeferenced cases.

Figure 2 shows the spatial distribution and density of leprosy cases that occurred in the
urban census tracts in Ribeirdo Preto. The kernel density estimation indicated large differences in
the number of cases in different census tracts, ranging from 0 to 16.67 per square kilometre (km?),

identifying that the spatial distribution of leprosy in Ribeirdo Preto is heterogeneous.



Figure 2. Spatial distribution and density of leprosy cases according to census
tracts, Ribeirdo Preto, S&o Paulo, Brazil (2006 - 2016).
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Legend: (A) Spatial distribution of leprosy cases; (B) Map of the density distribution of leprosy

Cases

Table 2 shows the descriptive statistics of the georeferenced cases, in which it is possible

to observe the predominance of multibacillary cases (482; 79.28%), with a borderline classification

(314; 51.64%) and the presence of G1D among new cases (237; 38.98%). Regarding the

sociodemographic variables, the predominant age range was 30 to 59 years (314; 51.64%), gender

was male (351; 57.73%), self-identified ethnicity was white (332; 54.61%) and education level was

low (186; 30.59%).
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Table 2. Main characteristics of the georeferenced leprosy cases, Ribeirdo Preto, Sdo Paulo, Brazil

(2006 - 2016).

Variable n (608) %
Operational classification

Paucibacillary 126 20.72
Multibacillary 482 79.28
Clinical form

Indeterminate 53 8.72
Tuberculoid 85 13.98
Borderline 314 51.64
Lepromatous 133 21.88
Missing 23 3.78
Grade of disability among new cases

Grade 0 disability 207 34.05
Grade 1 disability 237 38.98
Grade 2 disability 77 12.66
Not evaluated 54 8.88
Missing 33 5.43
Age

Under 15 years 31 5.10
15 to 29 years 96 15.79
30 to 59 years 314 51.64
> 60 years 167 27.47
Sex

Male 351 57.73
Female 257 42.27
Self-identified ethnicity

White 332 54.61
Mixed race 146 24.01
Black 55 9.05
Others (Asian and indigenous) 16 2.63
Missing 59 9.70
Education

Low education 186 30.59
Complete elementary education 144 23.68
High school education 78 12.83
Higher education 49 8.06
Missing 151 24.84

To select the most appropriate probability distribution for the total number of leprosy cases,

the AIC criterion was applied, with the PIG distribution presenting the best result. The application

of the Shapiro-Wilk normality test on the model residuals showed the adequacy of the fit (W =

0.9992, p = 0.9747).
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Table 3 shows the result of the fit of the GAMLSS model with PIG distribution obtained

by selecting the lowest AIC value. Given the restriction that the variables from v2-v6, v9, v11, v13,

v14 to v18, v23, v25 and v30 should remain in the model, the variables v5, v6 and v18 showed

statistical significance. No variables other than the mandatory ones entered the model.

In the case of v5, for each 1% increase in the proportion of men with no schooling, a relative

increase of 7.37% in the total number of cases can be expected. In the case of v6, for each 1%

increase in the proportion of women with no schooling, a relative increase of 7.10% can be

expected in the total number of cases. Finally, for v18, for each 1% increase in the proportion of

residents with an income of 1 to 2 minimum wages, a relative increase of 2.44% in the total number

of cases can be expected.

Table 3. Fit of the final model for comprehending the association of social inequalities and the
leprosy burden in a scenario of low endemicity, Ribeiréo Preto, Sdo Paulo, Brazil (2006 - 2016).

n Estimate  Std. Error tvalue Pr(>|t]) Relative increase (%)
(Intercept) -2.9626 0.7592 -3.9024  0.0001 -
V2 -0.0004 0.0075 -0.0514  0.9590 -
v3 -0.0351 0.0358 -0.9802  0.3272 -
v4 -0.0374 0.0953 -0.3922  0.6950 -
v5 0.0711 0.0270 2.6327  0.0086* 7.37%
V6 0.0686 0.0248 2.7688  0.0057* 7.10%
V9 -0.0022 0.0088 -0.2462  0.8056 -
v10 0.0128 0.0075 1.7012  0.0892 -
vil 0.1690 0.0956 1.7685  0.0773 -
v13 0.0003 0.0100 0.0251  0.9800 -
v14 0.0159 0.0135 1.1805  0.2381 -
v15 0.0578 0.0664 0.8695  0.3848 -
v16 0.0278 0.0161 1.7301  0.0839 -
v17 -0.0245 0.0175 -1.3949  0.1634 -
v18 0.0242 0.0109 2.2186  0.0268* 2.44%
v23 0.0383 0.0236 1.6202  0.1055 -
v25 -0.0274 0.0205 -1.3340  0.1825 -
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v30 0.0043 0.0088 0.4889  0.6250 -
v5:v23 -0.0071 0.0030 -2.4095  0.0162* 10.77%
v6:v25 -0.0018 0.0007 -2.6542  0.0081* 4.02%
v17:v25 0.0015 0.0006 2.5668  0.0104* -4.90%
*p <0.05.

Among the interaction effects, v5 with v23, v6 with v25, and v17 with v25 presented
statistical significance. In the interaction of v5 with v23 for people of black ethnicity, for each
increase of 1% in the proportion of men without schooling, a 10.77% increase the total number of
cases can be expected. In the case of v6 with v25 for people of mixed race, for each 1% increase
in the proportion of women with no schooling, a relative increase of 4.02% can be expected in the
total number of cases. In relation to v17 with v25, for people of mixed race, for each increase of
1% in the proportion of households with 1/2 to 1 minimum wage, a relative decrease of 4.90% in
the total number of cases can be expected.

In Figure 3, the graphs indicate that the assumptions about residuals were satisfied. The
application of the Shapiro-Wilk normality test on the model residuals showed the adequacy of the

fit (W = 0.9978, p = 0.2652).
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Figure 3. Diagnostic graphs of the adjusted model.
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4. DISCUSSION

From the results of the study, it was clear that leprosy in Ribeirdo Preto is associated with
social inequalities related to income, education and ethnic-racial differences. The results led to the
discussion that, even in a low magnitude endemic scenario (prevalence of 0.79 cases per 10,000
inhabitants), social inequalities are one of the main determinants for the occurrence of this disease.

The spatial distribution of leprosy in Ribeirdo Preto demonstrated that the disease is not
homogeneous (random), with areas showing a high concentration of cases (16.67 cases per km?).
The urban census tracts with the highest density of cases make up a cluster of disease risk

(hotspots), with the possible presence of active transmission of Mycobacterium leprae. This
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indicates that the low endemicity of Ribeirdo Preto needs to be analysed with caution, as “non-
endemic” scenarios may have a high prevalence of the disease (Frade et al., 2017).

A study carried out in a scenario of low leprosy endemicity in Brazil, showed that, following
active surveillance and the training of health professionals to recognise the signs and symptoms of
the disease, a large number of cases were diagnosed, reflecting on the detection rate of new cases,
from 2.62 per 100,000 inhabitants before the study, to 42.8 per 100,000 inhabitants after the study
(Filho et al., 2017).

The spatial behaviour identified in Ribeirdo Preto, with the presence of areas with a high
density of cases and the formation of clusters, is similar to that of scenarios with high endemicity
of leprosy in Brazil (Barreto et al., 2014). Active surveillance actions and constant training of health
professionals should be encouraged, as the low endemicity may be hiding a “hidden prevalence”
of the disease.

When analysing the clinical characteristics of the disease, the highest percentages and rates
corresponded to multibacillary cases, with borderline and lepromatous classifications, also
observing a higher proportion of G1D among new cases.

The predominance of multibacillary cases, with the most severe clinical forms (especially
lepromatous cases), together with the grade of disability in the general distribution of cases,
suggests the occurrence of active disease transmission (Cury et al., 2012), considering that more
than half of the reported new cases presented G1D or G2D (51.64%).

Analysing only G2D, the proportion of G2D among new cases in 2016 was 5.8% in the
world and 6.9% in Brazil (WHO, 2020a), while in Ribeirdo Preto it was 12.66%, practically twice
as high as in Brazil, indicating the severity of the disease in the research scenario. G2D is the main
indicator of late diagnosis of disease and hidden endemic disease, highlighting the failure of the

health services to diagnose the disease early, in addition to raising reflections about the lack of
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awareness or knowledge of the community about the signs and symptoms of the disease and the
need to seek assistance (WHO, 2020a; Raposo et al., 2018).

The reduction of leprosy cases with grades of disability is directly influenced by early
detection, because the sooner the disease is diagnosed, the lower the chances of injury and sequelae.
Monitoring the assessment of grades of disability at the time of diagnosis serves to evaluate the
ability of health services to perform early diagnoses, and treat and cure diagnosed cases (Ribeiro
et al., 2018; Ministério da Saude, 2016).

The age group most affected by leprosy was 30 to 59 years. This age range includes the
economically active Brazilian population, in which the disease may impair the performance of
work activities, causing limitations and interruptions, with early retirement and a decreased quality
of life for workers (Ramos et al., 2020a; Nicchio et al., 2016). In this sense, health services must
focus efforts on preventive measures through active searches in this age group, in addition to early
diagnosis, timely treatment and the identification of injuries, preventing physical disabilities.

Also in relation to age groups, high proportions of cases were found in the population aged
60 years or over, making this the age group that was second most affected by the disease.
Epidemiologically, older adults are an important group for the control of leprosy, since the
deficiencies and disabilities resulting from the disease are more frequent in this age group, which,
together with the aging process and other comorbidities, contribute to greater vulnerability and loss
of autonomy (Oliveira et al., 2019).

The actions of the early diagnosis and prevention of disabilities should be carried out for
all age groups and reinforced in the most affected groups, aiming to reduce the transmission of the
disease in the entire population.

There was a predominance of leprosy cases in males, a result that is similar to that found in

other publications (Ramos et al., 2020b; Asis et al., 2018; Marciano et al., 2018). The occurrence
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of leprosy is higher in men, with a 2:1 ratio in relation to women, with males also presenting a
higher risk of transmission (WHO, 2020b; Nery et al., 2019).

This higher detection in men is related to a greater exposure to Mycobacterium leprae due
to individual vulnerabilities, such as a low demand for medical services compared to women, and
related to difficulties in accessing health services in a timely manner, especially due to the
incompatibility of schedules considering the functioning of health units and the availability of
schedules for men, thereby increasing the risk for the development of physical disabilities (Nobre
et al., 2017; Britton and Lockwood, 2004).

The identification that men are more affected by leprosy in Ribeirdo Preto makes it possible
to understand the municipal epidemiological situation, contributing to the planning of health
practices that minimise the risk of transmission in the male population, such as public campaigns
and increased opening hours in services which will contribute to the reduction of bacillus
circulation and disease transmission.

Regarding the results of self-identified ethnicity, some considerations should be mentioned.
In Brazil, the census is the main source of information on the ethnic composition of the population;
however, there are limitations to the information generated by self-identification. These limitations
are mainly due to the number of terms that Brazilians use to identify skin colour variations between
the two extremes (white and black), and the influence of other variables on ethnic classification,
such as social position, subjective colour perception, education, sex, age of respondents and
regional and cultural variations (Cardena et al., 2013). Despite these characteristics, the use of the
self-identified ethnicity variable is fundamental in research.

The highest percentage of new cases was in individuals self-identified as being white,
followed by individuals self-identified as being of mixed race. This variable is still little considered

in the context of leprosy and in studies where it is evaluated, it is more related to the characteristics
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of the study region than to the disease itself (Costa et al., 2017). In Ribeirdo Preto, individuals self-
identified as being white correspond to 70% of the total population, a characteristic that may
explain the predominance of new cases in white people during the period analysed (PNUD, 2021).

Biologically, there is no evidence that ethnicity is an individual risk determinant for the
development of leprosy; however, in Brazil these characteristics are more related to the social
inequalities of the context in which this population is inserted. The populations of mixed race and
black people, historically subjected to higher levels of social inequality, are more vulnerable to
being affected by the disease (Nery et al., 2019; Souza et al., 2019).

Our results indicated that, individually, leprosy affects mostly white people; however,
considering the results of the modelling (which will be discussed later), it appears that the
populations of mixed race and black people are important determinants for the increase in leprosy
cases.

Regarding education, the descriptive results and those of the modelling indicated its
relationship with the increase in leprosy cases, being one of the main social determinants of the
disease in Ribeirdo Preto.

The majority of the notified cases had low education, corresponding to less than ten years
of study. These results are complementary to the findings of the association analysis, which showed
that a lack of education in men and women was associated with a relative increase in the number
of cases of the disease. Education was also associated with the self-identified ethnicity variable
and, according to the interactions of the variables in the model, it is clear that for people of mixed
and black ethnicity, for each increase in women (mixed race) and men (black) with no schooling,
a relative increase in the total number of cases can be expected.

The association between education and leprosy is described in the literature (Leano, 2019;

Kerr-pontes et al., 2006), indicating that low levels of education are related to an increase in disease
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transmission, as well as an increase in physical disabilities at diagnosis. Populations with little (or
no) education have greater difficulty in accessing health services and a lower understanding of
disease prevention actions (Grantz et al., 2018; Freitas et al., 2014).

A cohort study conducted in Brazil (Nery et al., 2019), verifying the association between
the detection of leprosy and social determinants, indicated that the variables self-identified
ethnicity and education are associated with an increasing risk of being affected by the disease.
According to this study, reduced levels of education and a lack of education were associated with
an up to two-fold increase in the incidence of leprosy, and belonging to self-identified ethnicities
of black and brown was associated with an increase of up to 40% in disease risk.

Other studies have shown an association between black ethnicity and the abandonment of
leprosy treatment (Andrade et al., 2019), in addition to indicating that areas with a predominance
of brown people are at an increased risk of being affected by the disease (Castro et al., 2016). For
historical reasons, the populations of mixed race and black people have less access to education, a
lower income compared to white people and fewer opportunities to participate in formal work
(Marteleto, 2013).

According to data from the latest Brazilian Demographic Census (2010), Ribeirdo Preto
had an illiteracy rate of 3% in the general population; however, when stratified according to self-
identified ethnicity, the illiteracy rate for white people is 1.9%, while for the mixed race and black
population it is 4.8% (IBGE, 2010a). These data referring to the illiteracy rate reinforce the social
vulnerability faced by the mixed race and black populations.

The association found between an increase in leprosy cases and deficits in education (men
and women with no schooling) and ethnic minorities (brown and black peoples), in addition to the
higher percentage of cases having low schooling, provide strong evidences of the relationship

between the disease and the socially vulnerable and excluded populations in the municipality.
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These findings led to the reflection that even in a scenario of low endemicity, in which the main
operational indicators suggest control of the endemic disease (low prevalence), leprosy has a strong
relationship with social inequalities, similar to the Brazilian hyperendemic scenarios (Nery et al.,
2019; de Souza et al., 2018; Monteiro et al., 2017).

An association that did not present statistical significance but that needs to be discussed is
related to the dimensions of sanitary conditions and access to drinking water, which classically are
two social determinants of leprosy.

Populations with poor sanitation and contaminated water are vulnerable to infection by
helminths, which up-regulate the Th2 immune response (defence against helminths and
extracellular bacteria) and down-regulate the Thl immune response (defence against protozoa,
viruses and intracellular bacteria), meaning that the diminished Th1l response may lead to a lesser
likelihood of controlling Mycobacterium leprae infection (Emerson et al., 2020).

An investigation carried out in Brazil indicated that populations which use open water
bodies (creek, river and/or lake) for hygiene and recreation activities are associated with an
increased risk of being affected by leprosy, in addition to strengthening the hypothesis that water
or wet soil can be natural reservoirs of Mycobacterium leprae (Kerr-Pontes et al., 2006).

In 2010, 99.39% of the Ribeirdo Preto population lived in households with access to drink
water and 98.27% of the population lived in households connected to the general sewage network
(PNUD, 2021). The non-association of leprosy with sanitary conditions and access to drinking
water can be explained by the good sanitation rates in Ribeirdo Preto, highlighting the importance
of public policies on basic sanitation and housing in preventing disease.

Regarding the variables of the income dimension selected for the study and included in the
model, two associations were found. The increase in the proportion of residents with 1 to 2

minimum wages was associated with a relative increase in the number of leprosy cases, while for
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people of mixed race, the increase in the proportion of households with 1/2 to 1 minimum wage
was associated with a relative decrease in the number of cases.

Income inequalities are associated with an increased risk of being affected by leprosy.
Vulnerable populations due to income (in situations of unemployment or informal jobs), have
deficits in housing, inadequate food and reduced access to health services, factors which all
contribute to an increase in disease transmission (Patil, 2013; Feenstra et al., 2011).

Municipalities with higher per capita income also have the highest detection rates for new
leprosy cases (de Souza et al., 2020b). Characteristics such as having a formal job and having a
fixed monthly income increase the likelihood of seeking health care (de Souza et al., 2019). The
relationship between municipalities with higher incomes and higher detection rates for new cases
is also explained by the fact that they have a better network of health services, which can expand
the population’s access (de Souza et al., 2020b).

The association found between an increase in the proportion of households with 1 to 2
minimum wages and an increase in the number of cases in Ribeirdo Preto are indicative that actions
and policies that provide an increase in income will have a direct impact on the detection of new
leprosy cases.

Actions and policies based on income transfer provide a reduction in the population’s
condition of vulnerability, with better access to goods and services, including education, food,
adequate housing and better access to health services, that is, they act on the individual and social
determinants of leprosy. In the short term, these actions can promote an increase in the detection
of new cases, while in the long-term, they can contribute substantially to achieving the elimination

of the disease as a public health problem (Nery et al., 2019).
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The association between an increase in the proportion of households with 1/2 to 1 minimum
wage and a relative decrease in the total number of cases in people of mixed race, found in Ribeiréo
Preto, was different from most of the studies reviewed for the present study.

In Ribeirdo Preto, according to the latest Demographic Census (2010), the mean household
income per capita of the general population was R$1,283.15, which is twice the Brazilian minimum
wage at the time (R$510.00). However, when verifying the values only for the mixed race
population, the mean income was R$693.38, which is practically half that of the general population
(IBGE, 2010b). This income profile, similar to that of most Brazilian municipalities, shows the
economic disparities faced by the mixed race and black populations.

In Brazil, Conditional Cash Transfer Programs, notably the Bolsa Familia Program (BFP),
and affirmative actions aimed at groups that have historically been segregated and discriminated
against through social exclusion, which include brown and black people, are fundamental for
reducing social inequalities and improving health conditions (Campello and Neri, 2013).

Studies evaluating the role of the BFP in reducing social inequalities and its effect on the
detection of leprosy indicate that the mixed race population most benefited from the program,
suggesting that the BFP is associated with a decrease in the detection of new cases of leprosy
(Pescarini et al., 2020; Nery et al., 2014).

The results reported, together with the municipal panorama of income inequality faced by
the mixed race population, led to the discussion of social and ethnic issues related to the
involvement of leprosy. The increase in income related to the relative decrease in the number of
cases in mixed race people can be explained by the high vulnerability faced by this population, in
which any slight increase in income (1/2 to 1 minimum wage) can have an impact, with a relative
improvement in life conditions and access to goods and services for this population, consequently

decreasing the number of cases of disease.
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With regard to the limitations of the study, the acquisition of information through secondary
data can lead to errors that are inherent in the notification or entry of the data, with possible bias in
the investigation, such as underreporting for example.

The option to use census tracts as units of analysis (homogeneous and more realistic units)
and the application of generalised additive models, selecting the best distribution according to the
characteristics of the data, can be a methodological option for investigations into scenarios of low
disease endemicity.

5. CONCLUSION

The findings of this study showed the problem of leprosy in a municipality of low
endemicity, highlighting evidence of a hidden endemic and the association of the disease with
social inequalities. The high proportions of G2D among new cases and social inequalities identified
are important characteristics of the disease, indicating failures in the capacity of health services to
carry out the early diagnosis of cases and confirming the premise that leprosy is associated with
social inequalities, even in a low prevalence municipality with good socioeconomic indexes.

Accordingly, the evidence produced via this investigation can contribute to public policies
and strategic actions aimed at preventing the disease and promoting health, in addition to
highlighting social issues that transcend the health sector. Inter-sectoral actions to tackle the
epidemiological situation, such as advancing public health and social policies for vulnerable
groups, may be effective in breaking the chain of disease transmission. Investigations in regions
with low leprosy endemicity are essential, since the mapping and understanding of the endemic
character of the disease contribute to these spaces not being neglected and to continuing to advance

towards the goal of eliminating the disease.
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O estudo, ao qual composto pelos trés artigos publicados e apresentados nesta tese avangam
no conhecimento acerca da hanseniase e seus principais determinantes no municipio de
Imperatriz/MA e Ribeirdo Preto/SP, e indiretamente no Brasil. A opcdo pela escolha de dois
cenarios teve como objetivo avaliar a hanseniase considerando seus principais determinantes em
distintos contextos, proposta até entdo incipiente na literatura. Outro aspecto, a presente pesquisa
estd de acordo com as recomendagfes da OMS no que diz respeito ao incentivo de investigacoes
em hanseniase a nivel subnacional (estados, provincias, e no caso do presente estudo, municipios),
uma vez que investigacdes a nivel nacional podem nao refletir a real magnitude da endemia.

Imperatriz e Ribeirdo Preto, localizados respectivamente nas regides Nordeste e Sudeste do
Brasil, apresentam grandes diferencas no perfil sociodemogréafico, de ocupacéo do territério, rede
de servicos de salde e, especialmente, na epidemiologia da hanseniase, sendo o primeiro municipio
classificado como “hiperendémico”, enquanto o segundo ¢ de “baixa endemicidade”, contudo,
apresentam similaridades no perfil da doenca e principais determinantes sociais.

A anélise do perfil epidemioldgico permitiu identificar que em ambos 0s cenarios 0s
homens sdo mais acometidos pela doenca, e que a maioria dos casos notificados durante o periodo
de investigacdo foram multibacilares, além da presenca de altas propor¢des de casos com graus de
incapacidade fisica no momento do diagndstico, trazendo indicios de subnotificacdo de casos da
doencga. Duas outras evidéncias devem ser destacadas, a tendéncia crescente na deteccéo de casos
de mulheres com 60 anos ou mais no municipio de Imperatriz, e a possibilidade de “endemia
oculta” no cenario de Ribeirao Preto.

Pessoas sem escolaridade e niveis reduzidos de renda foram associados a doenca em ambos
0s cenarios, o alto nimero de moradores foi um determinante social em Imperatriz, a0 passo que
pessoas cuja raca/etnia era preta e parda foram associadas ao maior risco da doenca em Ribeirdo
Preto. Esses resultados reforcam que quadros de vulnerabilidade sdo um dos principais
responsaveis pela manutencdo do quadro de endemicidade da hanseniase nesses cenarios, e
consequentemente, no Brasil.

O estudo permitiu evidenciar a relacdo dos determinantes sociais ao risco de hanseniase,
proporcionando reflex6es sobre o0s investimentos necessarios para o enfrentamento dessa
problematica, o qual deve transcender o setor saude, buscando-se medidas mais abrangentes para
reducdo da pobreza, distribuicdo de renda, melhoria da escolaridade e condi¢6es de moradia. Os

determinantes sociais identificados neste estudo explicam parte do risco de casos de hanseniase,
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todavia, h& outros que nao foram captados, o que sugere a necessidade de estudos futuros e
abordagens complementares.

O estudo se utilizou de duas abordagens analiticas para confirmar a relacdo dos
determinantes sociais as areas de risco de hanseniase, considerando as especificidades de cada
cenario. Em Imperatriz, devido a maior quantidade de casos, a aplicacdo da estatistica de varredura
permitiu identificar as areas de risco, além de testar, por meio de um modelo de regressao logistico,
a associacdo entre esses fendbmenos. Em Ribeirdo Preto, devido a menor quantidade de casos e
excesso de setores censitarios com zero eventos (inflado de zero), mostrou-se adequado a utilizacéo
de modelos aditivos generalizados, que identificou a associacdo da hanseniase com o0s
determinantes sociais.

Esta pesquisa avanca no conhecimento ao apresentar a realidade epidemioldgica da
hanseniase em dois cenarios, havendo poucos estudos com esse objeto, e inova ao trazer diferentes
abordagens que melhor se adequaram aos cendrios investigados. Ao trazer os principais
determinantes sociais da hanseniase, 0 estudo pode contribuir para a orientacdo de politicas

publicas e para organizacdo e fortalecimento dos servicos de saude nos dois municipios.
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