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RESUMO

Introducé@o: A prevaléncia de esclerose multipla na Ameérica Latina foi estimada em
muitas regides entre as taxas de 0,75 a 30/100.000 habitantes. As raz0es para a
variacdo das taxas de prevaléncia e incidéncia em todo o mundo néo séo claras,
mas existem fatores ambientais e genéticos envolvidos. O presente trabalho
consiste em um estudo de prevaléncia e incidéncia de esclerose mdltipla (EM) na
populacdo do municipio de Volta Redonda, estado do Rio de Janeiro, no ano de
2012, através de trés fontes: os neurologistas do municipio, 0os hospitais de
referéncia em esclerose multipla na cidade do Rio de Janeiro e o cadastro de
dispensacdo de medicamentos de alto custo da farmacia do municipio. Foi rastreado
0 numero de pacientes com EM no municipio, realizado o calculo das taxas brutas
de prevaléncia e incidéncia, analisado o perfil s6cio demogréafico e aplicado o
método de captura-recaptura no estudo da prevaléncia. Método: Foi realizado o
calculo da taxa bruta de prevaléncia e incidéncia e aplicado o método de captura-
recaptura no estudo da prevaléncia. Resultados: Foram encontrados 40 casos de
esclerose multipla excluindo as interse¢cfes entre as fontes resultando em uma taxa
bruta de prevaléncia de 15,3/100.000 habitantes e de incidéncia de 0,38/100.000
habitantes. Com a aplicagdo do método de captura-recaptura a prevaléncia
encontrada foi de 30,7/100.000 habitantes. Dos 40 casos de EM encontrados a
maioria eram mulheres (70%), brancas (72,5%) e com a forma clinica de surto e
remissdo (90%). Conclusédo: Concluiu-se enfatizando o quanto € importante o
conhecimento da frequéncia da EM para que haja um planejamento de saude
voltado para esses casos, com previsao de recursos direcionados a saude, incluindo
meétodos de investigacdo, disponibilidade de medicamentos e principalmente a
busca de novos métodos mais fidedignos de averiguacéo para o real conhecimento
do numero de casos.

Palavras-chave: Prevaléncia. Incidéncia. Esclerose Multipla. Captura-Recaptura.



ABSTRACT

Introduction: The prevalence of multiple sclerosis in Latin America was estimated in
many regions between rates from 0.75 to 30 / 100,000 inhabitants. The reasons for
the variation in prevalence and incidence rates in the world are not clear, but there
are environmental and genetic factors involved. This paper consists on a study of the
prevalence and incidence of multiple sclerosis (MS) in Volta Redonda, Rio de Janeiro
state, in 2012, by three sources: the neurologists of the city, the referral hospitals in
multiple sclerosis in Rio de Janeiro and the costly medicines dispensation records
from municipal pharmacy. It was investigated the number of MS patients in the city,
performed the calculation of crude rates of prevalence and incidence, analyzed the
socio-demographic profile and applied the capture-recapture method for the
prevalence study. Methods: It was conducted the calculation of crude prevalence
and incidence rates and applied the capture-recapture method to study the
prevalence. Results: There were found 40 cases of multiple sclerosis excluding the
intersections between the sources, resulting in a crude prevalence rate of
15.3/100,000 inhabitants and incidence rate of 0.38/100,000 inhabitants. With the
application of capture-recapture method the prevalence found was 30.7/100,000
inhabitants. From these 40 cases of MS found, the majority were women (70%),
white (72.5%) and with outbreak and remission clinical form (90%). Conclusion: The
conclusion is to emphasize how much is important the knowledge of the frequency of
MS. Thus, it's necessary a health - care planning for these cases with resources
addressed to health, including research methods and availability of drugs and
especially the search for new more reliable methods of investigation to the real
knowledge of the cases number.

Keywords: Prevalence. Incidence. Multiple Sclerosis. Capture-Recapture.
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1 INTRODUCAO

A Esclerose Multipla (EM) é wuma doenca cronica, inflamatéria
desmielinizante e imuno-mediada do sistema nervoso central que ocorre em
pessoas geneticamente susceptiveis (FROHMAN; RACKE; RAINE, 2006;
NOSEWORTHY et al.,, 2000). Aproximadamente 2,5 milhdes de pessoas em todo
mundo sao afetadas, a maioria adultos jovens e de meia idade (COMPSTON,;
COLES, 2008). Caracteriza-se pela infiltracdo de células imunes, perda da mielina e
axbnios e formacdo de placas multifocais do cérebro e da medula espinhal
(FROHMAN; RACKE; RAINE, 2006).

Mais de 100 anos se passaram desde que Charcot, Carswell, Cruveilhieir e
outros descreveram as caracteristicas clinicas e patolégicas da esclerose mdltipla.
(NOSEWORTHY et al.,, 2000). Porém foi Jean Martins Charcot quem trouxe a
sociedade cientifica a partir de 1868, por comunicacdes, aulas e publicacbes, 0s
elementos clinicos e histologicos fundamentais da EM (CHARCOT, 1892).

O estudo sistemético da EM no mundo iniciou-se em 1929 com Sydney
Allison (ALLISON, 1931).

A distribuicdo geografica de EM no mundo néo é aleatoria, a doenca é mais
comum nas regides temperadas do que nas regides tropicais (CRISTIANO;
PATRUCCO; ROJAS, 2008). Junto ao conceito de susceptibilidade da EM criou-se
também o de resisténcia a doenca, sendo citados como exemplos de populacfes de
grande susceptibilidade os caucasianos, e de resisténcia: 0s negros, crioulos,
ciganos e orientais (LOWIS, 1988). Kurtzke em 1980, analisando casos de esclerose
multipla em pacientes negros relatados em diversas séries americanas, concluiu que
a prevaléncia de EM tende a aumentar com a latitude geografica. Classificou as
regides do mundo geograficamente de acordo com a prevaléncia em trés zonas: alta
prevaléncia acima de 30 casos por 100.000 habitantes, que inclui a Europa entre as
latitudes norte de 65° a 45°, sul do Canada, norte dos Estados Unidos da América,
Nova Zelandia e sul da Australia. Média prevaléncia entre 5 e 30 casos por 100.000
habitantes que inclui o sul da Europa, sul dos Estados Unidos e parte da Australia e
baixa prevaléncia abaixo de 5 casos por 100.000 habitantes que inclui areas
conhecidas da Asia e Africa (KURTZKE, 1980).
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As diferencas geogréficas, populacionais e até mesmo da estrutura dos
servicos de saude tornam os estudos de prevaléncia realizados em todo mundo
dificeis de serem comparados (ROSATI, 2001).

Estudos sobre a epidemiologia da EM realizados na América Latina tem
revelado taxas de baixa a média prevaléncia da enfermidade nessa regiao
(CORONA; ROMAN, 2006; CRISTIANO et al., 2013; MELCON et al., 2012; RIVERA-
OLMOS; AVILA, 2007). Em um estudo realizado no Equador na cidade de Cuenca
foi encontrada a menor taxa de prevaléncia 0,75/100.000 habitantes e a cidade de
San Pedro Garza Garcia no México em 2003 apresentou a maior taxa de
prevaléncia, 30/100.000 habitantes (ABAD et al., 2010; DE LA MAZA; ARRAMBIDE,
2006).

Foi do Rio de Janeiro a primeira publicacéo brasileira com registro de casos
de EM. Em 1939 o professor Antdnio Austregésilo apresentou 20 relatos clinicos de
pacientes internados na clinica neuroldgica da Universidade do Brasil (dois deles
acompanhados de estudo anatomopatoldgico), ressaltando, entdo, ser sua opiniao
contrdria “a ideia corrente da raridade da esclerose multipla entre nos”
(AUSTREGESILO; PERNAMBUCO, 1939).

O Brasil € um pais de grande extenséo territorial, que diversifica aspectos
geograficos, demogréficos e historicos das regides e da populacdo brasileira.
Localiza-se entre as latitudes 5° 16’ 20”N e 33° 44’ 42" S (ARAUJO, 2013). Poucos
foram os estudos de prevaléncia realizados no nosso pais, em sua maioria na regido
sudeste.

O primeiro estudo de prevaléncia de EM no Brasil foi realizado na década de
90 e indicou na populacdo de S&o Paulo, cidade que se localiza na regiao sudeste
do pais, a taxa de 4,27/100.000 habitantes (CALLEGARO et al., 1992). Tendo como
base as revisdes sisteméaticas de EM na América Latina o Brasil foi considerado um
pais de baixa e média prevaléncia. Porém realizando uma revisao sistematica de EM
no Brasil, foi observado que a maioria dos estudos encontrou valores que se
engquadram na zona de média prevaléncia, segundo Kurtzke, utilizando para essas
estimativas o calculo do coeficiente de prevaléncia, ou seja, a prevaléncia bruta. Na
pesquisa sobre os estudos de incidéncia de EM no Brasil, nenhum estudo foi
encontrado.

Visando contribuir para a expansao do conhecimento da epidemiologia da

EM no Brasil a autora, que € neurologista na regidao Sul Fluminense do Estado do
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Rio de Janeiro, realizou um estudo para avaliacdo da prevaléncia e incidéncia desta
enfermidade na cidade de Volta Redonda que € a maior e mais populosa cidade
desta regido, calculando as taxas brutas de prevaléncia e a incidéncia e quanto ao
calculo da prevaléncia, também foi aplicado o método da captura e recaptura que
vem sendo utilizado em outros paises.

Tais estudos sdo importantes de serem realizados visto que as informacdes
globais sobre a epidemiologia e a disponibilidade de recursos e servigos para
pessoas com EM é escassa, fragmentada e relacionada principalmente a paises de
alta renda. E por ser essa enfermidade causa de incapacidade em adultos jovens
(WHO, 2013).

Esse trabalho de pesquisa foi iniciado com o estudo da prevaléncia de EM e
outras doencas desmielinizantes inflamatorias idiopaticas (DDII) na regido Sul
Fluminense, tendo sido apresentado no ano de 2012 no LACTRIMS (Comité Latino-
Americano de Tratamento e Pesquisa em Esclerose Mdltipla) que foi realizado na
cidade do Rio de Janeiro. Gerando entdo dados para um estudo mais amplo da
América Latina sob autoria principal da Professora Regina Alvarenga, especialista
em esclerose multipla e co-autoria de neurologistas de varias partes da América
Latina, inclusive a autora. Culminando no artigo “Central Nervous System Idiopathic
Inflammatory Demyelinating Disorders in South America: A Descriptive, Multicenter,
Cross-Sectional Study” que foi submetido e aceito para publicacdo pela revista
PLOS ONE neste ano de 2015 (APENDICE A).

Uma revisdo sistematica da prevaléncia de EM no Brasil foi realizada. Tal
estudo gerou um segundo artigo: “Prevalence of Multiple Sclerosis in Brazil: A
Systematic Review” o qual foi submetido a revista Multiple Sclerosis and Related
Disorders e aguarda a aceitacdo (APENDICE B).

Apoés a realizacdo destes trabalhos, veio entdo a ideia de concentrar os
estudos na cidade de Volta Redonda, que é a cidade mais populosa da regido Sul
Fluminense e em sua prevaléncia e incidéncia de esclerose mdltipla, avaliando suas
taxas brutas.

Com a visita do Professor Pierre-Marie Preux, da Universidade de Limoges
na Franca a UNIRIO em setembro de 2011 veio também a possibilidade da
aplicacdo do método de Captura-Recaptura para avaliacdo da prevaléncia de EM na
populacdo de Volta Redonda. O professor Preux, que é neurologista do Instituto de

Neuroepidemiologia e Neurologia Tropical da Universidade de Limoges na Franca,
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esteve com os alunos do PPGNEURO para auxiliar e passar seus conhecimentos
sobre epidemiologia. Tornando-se entdo co-orientador desta tese.

Tal estudo gerou o terceiro artigo intitulado: “Prevalence Of Multiple
Sclerosis In The City Of Volta Redonda - Rio de Janeiro, Brazil- Using The Capture-
Recapture Method”, o qual foi submetido a revista Neuroepidemiology, aguardando
aceitacdo (APENDICE C).

A cidade de Volta Redonda foi escolhida para o estudo de prevaléncia de
EM né&o apenas por ser a mais populosa da regido Sul Fluminense do estado do Rio
de Janeiro, mas também pelo fato de que desde 2008 virou um polo de atendimento
aos pacientes com esclerose multipla com profissionais habilitados ao atendimento
desses pacientes. Foi nesse mesmo ano criada a associa¢ao de pacientes com EM
a AVV (Amigos Voltando a Viver) que posteriormente foi denominada de APEEMA
abrangendo também os pacientes com doenca de Parkinson e Acidente Vascular
Cerebral.

E nesse contexto que esse trabalho foi desenvolvido.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

O objetivo geral deste trabalho € rastrear os casos de EM no municipio de

Volta Redonda, estado do Rio de Janeiro, para obter uma estimativa da prevaléncia

e incidéncia.

2.2 OBJETIVOS ESPECIFICOS

. Analisar o perfil sGcio-demogréafico dos pacientes com EM.

« Avaliar a distribuicdo dos casos segundo a forma clinica.

. Aplicar o método de Captura-Recaptura para o estudo da prevaléncia
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3 REVISAO DA LITERATURA

3.1 O ESTUDO DA NEUROEPIDEMIOLOGIA

“A Neuroepidemiologia estuda a histéria natural das doencas que afetam o
Sistema nervoso e a influéncia de fatores bioldgicos, demogréficos, geograficos e
sécio-culturais na sua génese e curso evolutivo. Os fatores bioldgicos incluem a
genética e a imunologia, os geograficos, o clima, o solo, a altitude, a latitude e a
topografia, os demograficos a educacdo, ocupacao, raca, idade, sexo, movimento
populacional, naturalidade, migracdo e residéncia e por fim os socioculturais que
estudam os relacionamentos inter-sociais, os padroes de vida, dieta, nutricdo,
higiene, contato com animais e analisam as consequéncias dos processos de
urbanizacdo e industrializacdo incluindo o desenvolvimento tecnolégico” (LOWIS,
1988, p. 14).

A Neuroepidemiologia é uma area de pesquisa muito importante, pois suas
investigacbes conseguem estimar a magnitude de doencas especificas permitindo
assim um planejamento efetivo no cuidado com a saude. Podem também ser
identificados os fatores de risco de doencas neuroldgicas e oferece base para
programas de controle e prevencao de doencgas.

Nos ultimos anos, a neuroepidemiologia tem se apresentado como um
campo unico de investigacdo devido ao significado do impacto social causado pelas
doencas neuroldgicas, as amplas variacdes geograficas de sua incidéncia e
prevaléncia e aos assuntos metodolégicos peculiares envolvidos no reconhecimento
das manifestacbes heterogenias das enfermidades do Sistema Nervoso
(TAKEUCHI; GUEVARA, 1999).

Estudos neuroepidemiolégicos tém a vantagem de nao necessitarem de
equipamentos caros ou técnicas elaboradas para sua realizagdo. As pesquisas
podem ser feitas com recursos normalmente disponiveis na maioria das &reas
mundiais.

Mesmo assim, estudo dos aspectos epidemiolégicos das desordens
neurolégicas raramente tem sido feito em paises em desenvolvimento. As
dificuldades principais para a realizagdo de tais estudos dentre outras séo a falta de
informacdes precisas do censo populacional e o nimero de médicos neurologistas

gue sao poucos.
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Uma estratégia especifica, que necessita de equipe de saude preparada, foi
desenvolvida pela OMS especificamente para populacdes pesquisadas em paises
em desenvolvimento. Foi criado entdo, pela Organizacdo Mundial de Saude, um
protocolo de pesquisa para rastreamento de doencas neurologicas, onde cada item
deste protocolo foi discutido detalhadamente. Tal protocolo ja serviu como
instrumento de pesquisa para varios paises da América Latina, dentre eles Equador,
Colémbia, Bolivia e Argentina (WHO, 1998).

3.2 ESCLEROSE MULTIPLA BREVE INTRODUCAO

A esclerose multipla € a doenca autoimune, inflamatéria, desmielinizante,
cronica do SNC, mais comum em adultos jovens. E uma condi¢cdo complexa e
heterogénea devido ao envolvimento de varios processos fisiopatologicos. Esta
heterogeneidade € impressionante e h4d uma auséncia de entendimento biologico
(KREMENCHUTZKY et al., 1999).

Apresenta uma evolucéo clinica imprevisivel podendo apresentar-se desde
uma forma mais benigna até uma forma mais agressiva. A etiologia da EM ainda néo
€ bem compreendida, mas muitas evidéncias sugerem que esteja relacionada tanto
a fatores genéticos como ambientais. Dentre os fatores ambientais destacam-se a
nutricdo, a exposicdo a luz solar, o estresse e fatores sociais (MACHADO et al.,
2012).

A classificagcéo dos diversos tipos ou categorias da EM tém sido amplamente
baseada nos fenébmenos clinicos (KREMENCHUTZKY et al., 1999).

Charcot também demonstrou claramente a alta proporcdo da substancia
branca envolvida pelas lesdes, que eram disseminadas no tempo e no espaco
(KURTZKE et al., 2008).

A etiopatogenia e fisiopatologia da EM ainda ndo estdo completamente
esclarecidas. Kurtzke em uma revisdo dos estudos de prevaléncia de EM, concluiu
que quer no hemisfério norte quer no hemisfério sul a frequéncia da doenca
aumentava independente da longitude, ao afastarmo-nos do Equador. Provando a
existéncia de um gradiente latitudinal (KURTZKE, 1980).
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A opinido é frequentemente expressa que a disseminacdo da EM é
relativamente comum em paises frios ou de clima temperado e considerada rara em
paises mais quentes de clima sub-tropical e tropical (ALLISON, 1931).

Outras hipo6teses recentes atribuidas a etiologia e que também teriam um
substrato ambiental seriam a exposicdo solar, a radiacdo ultravioleta e os
consequentes niveis de vitamina D (DIAZ et al., 2012).

Outra linha de investigacdo quanto a etipatogenia da doenca considera 0s
fatores genéticos como determinantes. Charles Poser em 1994 aventou uma
hipotese de que o risco para se desenvolver EM estaria relacionado com a
ancestralidade Escandinavia da populacdo. Segundo Poser esses genes teriam sido
disseminados ao longo da dinastia dos Vikings (POSER, 1994).

Na direcdo dessa linha investigativa, dados de peso sugerem que a
suscetibilidade a EM é hereditaria. Ha indicios que a EM ocorra em individuos
geneticamente suscetiveis (haplotipo DR15* 1501, DRB5* 0101, DQA1* 0102,
DQB1* 0602), apds o contato com um fator ambiental, em uma fase determinada da
vida (SOSPEDRA; MARTIN, 2005). Individuos brancos parecem ser mais
suscetiveis. Dentro desse grupo, ha tendéncias regionais; as frequéncias mais altas
associam-se a areas em que houve invasdo nordica. Por outro lado, a resisténcia
genética de EM em asiaticos e descendentes de negros africanos ajuda a explicar
as variacOes raciais na prevaléncia da EM. Estudos de familias e gémeos
proporcionam maior apoio a suscetibilidade genética. De modo geral, cerca de 15%
dos pacientes com EM apresentam um familiar afetado. Dados de estudos de
gémeos indicam uma concordancia de cerca de 25% em gémeos monozigéticos e
de apenas 2,4% para gémeos dizigéticos do mesmo sexo. Esses estudos sugerem
um consideravel componente genético (LEWEIS, 2002).

O curso clinico da EM pode seguir um padréao variavel ao longo do tempo,
mas geralmente pode ser caracterizado por episédios agudos ou periodos de piora,
também denominadas recidivas, exacerbacbes e ataques; gradual e progressivo
com deterioracédo da funcéo neuroldgica ou a combinacdo de ambas (LUBLIN et al.,
1996).

A EM apresenta-se sob varias formas clinicas, que segundo consenso de
especialistas da Sociedade de Esclerose Mdultipla Norte - Americana pode ser
classificada de acordo com a ocorréncia de surtos e progressao em: recorrente-

remitente, primariamente progressiva, secundariamente progressiva, progressiva
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com surtos, benigna e maligna. A diferenciacdo entre as varias formas clinicas &
importante para uma estimativa do prognostico, realizacdo de estudos e
programacdo do tratamento. Surtos, também denominados de ataques,
exacerbagBes ou recidivas, é a ocorréncia ou agravamento de sintomas de
disfuncéo neuroldgica com duracdo igual ou superior a 24 horas, na auséncia de
febre, aumento de temperatura ambiente e/ou infeccéo (incluindo dados de histéria
de carater subjetivo ou de anamnese) (BEJARANO et al., 2011). Apds 0 surto,
ocorre estabilizacdo do quadro clinico com recuperacdo completa ou parcial. Todas
as alteracdes neurologicas que ocorrem dentro de um més pos-surto pertencem ao
mesmo evento. Define-se como progressao da EM, o agravamento progressivo dos
sinais e sintomas neurolégicos que ocorre em periodo minimo de seis meses
(LUBLIN et al.,1996).

O diagnoéstico de EM é essencialmente clinico e baseia-se na capacidade de
se demonstrar, com base na histéria, exame neurolégico e testes laboratoriais, a
existéncia de lesdes comprometendo diferentes areas da substancia branca do SNC
(LEWEIS, 2002).

Atualmente os critérios diagnosticos de EM incluem achados clinicos e para-
clinicos, laboratoriais e radioldgicos enfatizando a necessidade de demonstrar a
disseminacdo das lesbes desmielinizantes no tempo (DIT) e no espaco (DIS).
Recente revisdo dos critérios de Mc Donald para o diagnéstico de EM foi feita em
2010, resultando em um diagnostico precoce de EM com alto grau de especificidade
e sensibilidade, permitindo uma melhor abordagem ao paciente e tratamento
precoce (POLMAN et al., 2011). O quadro abaixo resume a aplicagdo dos critérios
propostos a cada uma das situacdes clinicas possiveis (Quadro 1).
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Critérios de McDonald de 2010 para o diagnéstico da esclerose multipla

Apresentacgédo da Clinica Dados adicionais necessarios para diagnosticar
a EM

> 2 surtos: evidéncias clinicas objetivas de > 2
lesBes ou evidéncias clinicas de 1 lesdo, com | - Nenhum
histéria de surto pregresso

> 2 surtos; evidéncias clinicas objetivas de 1 | - Sinais de DIS: > 1 lesdo em T2 ou aguardar

leséo novo surto acometendo sitio diferente no SNC
1 surto, com sinais clinicos evidentes de > 2 | - Sinais de DIT: Caracterizado de 1 nova leséo
lesbes em T2 em exame subsequente,

independentemente do tempo decorrido desde o
primeiro exame, ou caracterizagdo simultanea de
lesdes assintométicas com impregnacao pelo
gadolinio e les6es sem impregnagao ou
aguardar novo surto clinico

1 surto, com sinais clinicos evidentes de 1 lesdo | Sinais de DIS e DIT

(sindrome clinica isolada, ou CIS) - Para DIS: > 1 lesdo em T2 ou aguardar novo
surto acometendo sitio diferente no SNC

- Para DIT: caracterizacdo de 1 nova lesédo em
T2 em exame subsequente, independentemente
do tempo decorrido do primeiro exame, ou
caracterizacdo simultanea de lesdes
assintomaticas com impregnacéo pelo gadolinio
e lesBes sem impregnacgdo ou aguardar novo
surto clinico

Quadro 1: Critérios Diagnosticos de McDonald 2010 (POLMAN et al., 2011)

3.3 EPIDEMIOLOGIA, PREVALENCIA E INCIDENCIA DE EM NO MUNDO

A esclerose multipla (EM) € uma das mais comuns enfermidades
neuroldgicas e causas de incapacidade em adultos jovens (WHO, 2008). A idade de
inicio tem uma distribuicdo unimodal, com um pico méximo de incidéncia entre os 20
e 30 anos de idade; os sintomas raramente se iniciam antes dos 10 anos ou depois
dos 60 anos. Em mulheres, a incidéncia de EM € 1,4 a 3,1 vezes mais alta que em
homens. Nos pacientes com inicio mais tardio, a razdo entre 0os sexos tende a ser
igual (LEWEIS, 2002).

Apesar da consciéncia do impacto consideravel que a EM causa na
populacdo, ainda ha uma falta de informacédos sobre a epidemiolgia da esclerose
multipla em varias regides do mundo. Na tentativa de sanar tal lacuna a Organizacgao
Mundial de Saude (OMS) e a Federacéao Internacional de Esclerose Mdltipla (FIEM)
elaboraram o “Atlas Multiple Sclerosis Resources In The World” que foi feito com o
intuito de determinar a epidemiologia da EM e o0s recursos para diagnosticar,

informar, tratar, reabilitar, apoiar e prestar servicos aos pacientes com esclerose
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multipla. O primeiro atlas foi realizado em 2008 e uma revisdo dos dados foi feita em
2013 pela OMS. Segundo resultados dessa pesquisa estimou-se que aumentou de
2,1 milhbes de pessoas afetadas pela EM no ano de 2008 para 2,3 milhdes de
pessoas no mundo no ano de 2013, sendo sua distribuicdo geografica variavel
guanto as diferentes regifes. Mundialmente a média estimada da prevaléncia é de
33/100.000 habitantes (5-80) (Figura 1) (WHO, 2013).

Adaptada do Atlas Multiple Sclerosis Resources in the World

Figura 1: Prevaléncia de Esclerose Mdltipla por 100.000 habitantes no Mundo

Regionalmente, a prevaléncia média estimada de EM ¢é
maior na Europa (80/100.000), seguido pela regido do Mediterraneo Oriental (14,9),
As Américas (8,3), o Pacifico Ocidental (5), o Sudeste da Asia (2,8) e Africa (0,3)
(WHO, 2008).
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Grafico 1: Prevaléncia de EM por 100.000 Habitantes nas regides analisadas da OMS e do
mundo

Por faixa de renda, a média estimada da prevaléncia de EM é maior em
paises de alta renda (89/100.000), seguido por paises de renda média alta (32),
média (10), média baixa e renda baixa (0,5) (Grafico 2) (WHO, 2008).
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Gréfico 2: Prevaléncia de EM /100.000 habitantes nos diferentes grupos de renda do mundo

Estudos epidemiolégicos mostram que 0s paises que apresentam as mais
altas prevaléncias de EM incluem: Hungria (176/100.000), Eslovénia (150),
Alemanha (149), EUA (135), Canada (132,5), Republica Tcheca (130), Noruega
(125), Dinamarca (122), Pol6nia (120), Chipre (110) (WHO, 2008).

Sua distribuicdo, entretanto, ndo é geograficamente uniforme, obedecendo
ao gradiente latitudinal. Em 1980, Kurtzke, em seu destacado estudo epidemioldgico
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de extensdo internacional, concluiu que a prevaléncia de EM tendia a aumentar com
a latitude geografica, mostrando maiores frequéncias ao norte e menores no sul.
Propds entdo que a EM ocorreria de forma estratificada, em trés zonas: alta, média e
baixa frequéncia. Definiu como zona de alta frequéncia o conjunto de regides com
prevaléncia acima de 30 casos por 100.000 habitantes, que inclui a Europa entre as
latitudes de 65° a 45°, sul do Canada, norte dos Estados Unidos da América, Nova
Zelandia e sul da Australia. Média prevaléncia entre 5 e 30 casos por 100.000
habitantes que inclui o sul da Europa, sul dos Estados Unidos e parte da Austrdlia e
baixa prevaléncia abaixo de 5 casos por 100.000 habitantes que inclui Asia, Africa e
a América Latina (KURTZKE, 1980).

O aumento da prevaléncia de esclerose multipla com a latitude tem algumas
excecdes. A EM ndo é observada nos Esquimés (Nativos do norte do Canada.
Latitude entre 60° e 75° N), indios das Américas do Norte e do Sul, os Aborigenes
Australianos, os Maoris da Nova Zelandia, os ciganos da Hungria (Europa Central,
latitude 47° N), Ilhas do Pacifico, lapdnios etnicamente puros (norte da Finlandia, no
Circulo Polar Artico, latitude 60° N), além disso, a doenga é muito rara no Japao
(latitude 32 e 42° N), com uma prevaléncia de 1- 4/100.000 habitantes, bem como a
China e a Coréia e na populacéo negra da Africa. Podemos assim, pensar em outros
fatore de risco que podem influenciar na prevaléncia da EM, afinal esses achados
sugerem que haja um componente étnico/racial na suscetibilidade da esclerose
multipla (DIAZ et al., 2012).

A populacdo da Asia e seus descendentes se caracterizam por suas taxas
de baixa prevaléncia e pelo seletivo e severo envolvimento do nervo oOptico e da
medula espinhal. Quinze a 40% dos casos de EM no Japado sdo do tipo Optico
espinhal e esta geneticamente associada com o HLA-DRB1 *0501 (KIRA, 2003).

As areas citadas por Kurtzke, de maior frequéncia também refletem a
influéncia de um componente genético por serem em sua maioria constituidos de
brancos. As areas de maior prevaléncia da EM pertencem a populagdo caucasiana
do norte da Europa e seus povos descendentes (Estados Unidos, Canada, Nova
Zelandia e Austrélia) (ROSATI, 2001).

Tal fato pode ser atribuido a disseminagédo da susceptibilidade e genética a
EM ao povo Viking que dominou toda a Europa, estabelecendo-se na Normandia,
Sicilia e Sul da Iltalia (POSER, 1994). Os Vikings, também conhecidos como

normandos, viviam na regido onde hoje se situam Dinamarca, Suécia e Noruega. A
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partir do século IX, provavelmente pressionados pelo aumento populacional, os
Vikings expandiram seus dominios e se estabeleceram na Islandia, na Groelandia e,
por volta do ano 1000, desembarcaram na costa da América do Norte. Mas foi na
Normandia, situada no Norte da Franga e na Inglaterra que os Vikings
estabeleceram dominios mais duradouros. Eles também foram responsaveis pela
descoberta de rotas maritimas e pela fundacédo de cidades nas atuais Gra-Bretanha,
Franca e Russia (APOLINARIO, 2014).

Na dltima década, resultados de novos estudos epidemiolégicos
encontraram um aumento global da prevaléncia e incidéncia de EM, questionando a
distribuicdo baseada no gradiente latitudinal (KOCH-HENRIKSEN; SORENSEN,
2010). Um grupo de pesquisadores sugeriu classificar a prevaléncia mundial de EM
de acordo com as seguintes categorias: paises com muito alta prevaléncia de EM (>
ou = 130 casos por 100.000 habitantes), alta prevaléncia (80-129 casos por 100.000
habitantes), a média prevaléncia (30-79 por 100.000), a baixa prevaléncia (5 - 29 por
100.000) e muito baixa prevaléncia (0-4 por 100.000) (ROMAN; CASTELLANO-
MATEUS, 2007).

Em uma recente revisdo, foram conceituadas cinco novas zonas de risco
para EM: muito alta (170-350), alta (70-170), média (38-70), baixa (13-38) e muito
baixa (0-13). Demonstrando as frequéncias mais elevadas entre as latitudes 45° e
65° ao norte, a prevaléncia semelhante para a mesma faixa longitudinal no
Hemisfério Sul e rara perto do equador (WADE, 2014) (Quadro 2).

Classificagao Taxa de Prevaléncia Paises
(por 100.000 habitantes)

Muito Alta 170-350 Canada, Suécia (Varmland), Finlandia (Seinajoki e Vaasa),

Escdcia e maior parte da Irlanda.

Alta

70-170

Maior parte dos Estados Unidos, Noruega, Suécia (Vasterbotten),
Dinamarca, Finlandia (Uusimaa), Islandia, Inglaterra, Irlanda,
Alemanha, Austria, Suica, Bélgica, Itdlia, Turquia, Eslovénia,
Croécia, Republica Tcheca, Luxemburgo e Holanda.

Média

38-70

Sul dos Estados Unidos, Russia, maior parte da Austrdlia, Sul da
Nova Zelandia, Ilhas Faroé, Polbnia, Estonia, Espanha, Grécia,
Hungria, Sérvia e Montenegro, Bulgaria, Bielorussia, Israel,
Letdnia, Litunia, Republica da Moldavia, Portugal e Ucrania.

Baixa

13-38

Austrélia (Queensland), Norte da Nova Zelandia, Casaquistéo,
Roménia, India, Jordania, Arabia Saudita, Martinica, Argentina,
Africa do Sul, Brasil, Baherin, Barbados, Libano, Malta, Marrocos,
Eslovaquia, Tunisia, Emirados Arabes Unidos e Uruguai.

Muito Baixa

0-13

Japdo, Meéxico, China, Taiwan, Malasia, Tailandia, Kuwalit,
Panama, Colébmbia, Afeganistdo, Algéria, Bahrein, Camardes,
Chile, Costa Rica, Cuba, Equador, Guatemala, Guiné, Honduras,
Iraque, Malawi, Mongolia, Nicaragua, Nigéria, Paraguai, Peru,
Catar, Republica da Coréia, Singapura, Benim e Senegal.

*Adaptado de Wade (2014)

Quadro 2: Escala Proposta de Prevaléncia Mundial de EM*
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Revisdes sistematicas sobre a epidemiologia da EM feitas na América Latina
revelaram taxas de prevaléncia de baixa a média da doenca nesta regido (MELCON
et al., 2012; CRISTIANO et al.,, 2013). Em um estudo realizado no Equador, na
cidade de Cuenca, verificou-se a menor taxa de prevaléncia de 0,75 / 100.000
habitantes; e a cidade de San Pedro Garza Garcia, no México, em 2003, apresentou
a maior taxa de prevaléncia, de 30 / 100.000 habitantes (Quadro 3) (ABAD et al.,

2010; DE LA MAZA; ARRAMBIDE, 2006).

Localidade Latitude Ano Prevaléncia/100,000
México, San Pedro G. Garcia 25° N 100°W | 31/12/2013 30
México, Monterrey, Sinaloa, 25° N 17°N 01/02 - /02 7.5
Guadalajara, DF, Puebla 96° W 15-13

106°W
México, Chihuahua, Aguas- calientes, 28° N 19° N 01/07/2007 7
Potosi, Jalisco, DF 98° W

106°W
Cuba, Cienfuegos 21° N 80° W 2008 10/25.5
French West Indies, 14° N 61° W 01/1/1998 14.8
Martinigue and Guadalupe 16° N 31/12/2004
Costa Rica 10° N 84° W 2010 6
Venezuela, Isla Margarita 10° N67° W 15/12/2009 5.26
Panama 8° N 25°W 2000-2005 5.24
Colombia, Antioquia, Caldas, 4° N 10° N 01/07/1995- 3.2
Santander, Risaralda y Bolivar 72°W 77°W | 01/06/2000 1.48-4.98
Colombia, Bogota 4° N 74° W 31/12/2002 4.41
Ecuador, Quito 0.15°S 78°W | 5/2- 6/30/06 5
Ecuador, Guayquil, on coast 2.15°S 79°W | 5/2- 6/30/06 2.2
Ecuador, Cuenca, in the south 2.53°S 79°W | 5/2- 6/30/06 0.75
Peru, Lima 12°S77°W | 01/08/2007 7.6
Peru, Lima 12°S77° W 2006-2007 7.4
Brazil, Cuiaba, Mato Grosso 15°S56°W | 01/07/2007 4.41
Bolivia, Cochabamba 17°S66°W | 01/07/2007 1.5
Paraguay, Asuncion 23° S58° W 2000-2005 5.7
Brazil, Sdo Paulo 23°S53°W | 01/07/1997 15
Brazil, Santos, SP 23°S46°W | 30/06/2005 15.5
Chile, whole country 17°S56°S 2001-2006 5.69
Uruguay, Montevideo 34°S56°W | 01/09/1997 20.5
Argentina, Buenos Aires 34°S58°W | 01/09/1996 25.6
Argentina, Buenos Aires 34°S58°W | 01/07/1996 18.5
ARGENTINA, junin 34°S60°W | 01/01/1991 12
Chile, Punta Arenas 53°S70° W 1998-2005 13-14
Argentina, Neuguén 39°S68°W | 01/03/2002 17.7
Argentina, Trelew 43° S 65°W | 01/03/2002 13.4
Argentina, Rio Gallegos 51°S69°W | 01/03/2002 21.5
Argentina, Ushuaia 55° S 68°W | 01/03/2002 15.3
Argentina, 4 Patagonian cities 55°S36°W | 01/03/2002 17.2

* Quadro adaptado da Reviséo Sistematica de Melcon e colaboradores (2012).

Quadro 3: Taxa de prevaléncia (por 100.000) de esclerose multipla em paises da América
Latina e Caribe, obtidas a partir de investigagcdes publicadas citando os mais recentes
levantamentos
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No Mundo, a incidéncia média estimada de EM €& de 2,5 por
100 000 habitantes (1,1-4). Regionalmente, a incidéncia média estimada de EM é
Maior na Europa (3,8/100.000 habitantes), seguido pelo Mediterraneo Oriental (2) as
Américas (1,5), o Pacifico Ocidental (0,9) e a Africa (0,1). Ndo existem dados
fornecidos por nenhum pais do Sudeste da Asia (WHO, 2008).

Por faixa de renda, a incidéncia média estimada de EM é maior em paises
de renda elevada (3,6/100.000 habitantes), seguido pelos de renda média alta (2,2),
os de renda média baixa (1,1) e os paises de baixa renda (0,1) (WHO, 2008).

Os paises que registraram uma maior incidéncia de EM foram a Croéacia
(29/100.000 habitantes), a Islandia (10), Hungria (9,8), Lituania (6), Dinamarca (5,9),
Noruega (5,5) e Suica (5) (WHO, 2008).

3.4 PREVALENCIA E INCIDENCIA DE EM NO BRASIL

A distribuicdo geografica da EM ndo ocorre ao acaso, a doenca € mais
comum nas regides temperadas do que nas regides tropicais (CRISTIANO;
PATRUCCO; ROJAS, 2008). Apresenta grande variacdo de sua incidéncia e
prevaléncia. Fato este que pode ser determinado por fatores genéticos e ambientais
das populacdes de origem. De modo geral a doenca aumenta em frequéncia com a
latitude tanto no hemisfério sul como no hemisfério norte, embora a frequéncia tenda
a diminuir acima de 65° ao norte e ao sul (LEWEIS, 2002). Sugerindo entdo a
relacdo da doenca com um gradiente latitudinal: menor prevaléncia quando as
populacdes se localizavam em paises proximos a linha do Equador e mais elevada
quando se distanciavam, habitando areas localizadas em latitudes extremas entre
44° e 64° N (MILO, 2010). Estima-se que entre 2 e 2,5 milhdes de pessoas no
mundo seja portadoras de EM (MILO, 2010). Em mulheres esta incidéncia é 1,4 a
3,1 vezes mais alta que em homens (LEWEIS, 2002). A maior incidéncia ocorre em
paises da Europa e América do Norte. A América do Sul é considerada uma regiao
de baixa prevaléncia (menor que 5 casos por 100.000 habitantes). No Brasil
aproximadamente 10.376 portadores de EM estdo em tratamento, dados da
Associacdo Brasileira de Esclerose Mdltipla registram mais de 30.000 individuos
com EM (MACHADO et al., 2012). O Brasil é considerado um pais de baixa

prevaléncia. Nao existe um estudo epidemiodgico nacional apenas estudos isolados,
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ainda sdo poucas as pesquisas epidemiologicas sobre a EM no pais. Visando um
melhor conhecimento a cerca da prevaléncia e incidéncia de EM no Brasil, a autora
realizou uma revisdo da literatura na busca dos estudos realizados nas diversas
regides brasileiras.

Foi realizada pesquisa sistematica nas bases de dados eletrénicos Cochrane
Collaboration Database, Pubmed, Medline, Scielo e Lilacs de artigos referentes a
prevaléncia e incidéncia de Esclerose Multipla no Brasil entre 1990 e 2014. Foram
utiizadas as seguintes palavras-chave em portugués e inglés: epidemiologia,
prevaléncia, incidéncia, esclerose multipla, Brasil. Foi também feita pesquisa manual
nos abstracts referentes ao European Comittee for Treatment and Research in
Multiple Sclerosis (ECTRIMS), Latin American Comittee for Treatment and Research
in MultipleSclerosis (LACTRIMS) e Congresso Brasileiro de Neurologia, de 2002 a
2012. Foram excluidos os artigos sobre epidemiologia da EM que ndo faziam
referéncia a taxa de prevaléncia.

Os dados extraidos dos estudos selecionados incluiram: cidade onde foi
realizado o estudo, populacdo estudada, periodo do estudo, autor e data da
publicacéo, fonte de dados, metodologia utilizada, delineamento do estudo, taxa de
prevaléncia, latitude e longitude.

Cinquenta e duas citagcdes foram encontradas na busca nos bancos de
dados eletrénicos. Apds a revisdo dos titulos e resumos, quinze artigos foram
selecionados para a leitura. Desses, quatro foram excluidos por ndo conterem dados
de incidéncia e/ou prevaléncia. Na busca manual foram encontrados oito estudos

gue continham dados de prevaléncia (Figura 2).
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Figura 2: Diagrama do Método
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Ao todo dezenove estudos foram selecionados para tabulacdo e andlise,
sendo que treze estudos foram realizados em cidades da regido sudeste, trés na
regido sul, dois na regido centro-oeste e um na regido nordeste. A tabela 1

demonstra os estudos realizados em ordem cronoldgica.
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Nenhum estudo de incidéncia foi encontrado. Os estudos apresentaram
metodologias heterogéneas quanto a selecdo das fontes de dados. Todos os
estudos incluidos relataram a utilizacdo, por neurologistas, dos critérios diagnosticos
de Poser e/ou McDonald para definicdo dos casos e a prevaléncia de EM por
100.000/habitantes. Quanto as taxas de prevaléncia, variaram de 1,36/100.000
habitantes em Recife - Pernambuco, a 27,2/100.000 habitantes em Santa Maria -
Rio Grande do Sul.

Analisando os estudos a partir das regides brasileiras, obtivemos a seguinte

distribuicdo (Figura 3):
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Figura 3: Divisdo Regional do Brasil e cidades onde foram realizados os estudos
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Regido Sudeste

A regido Sudeste do Brasil € a mais populosa e rica do pais. Sua populacdo
€ composta em sua maioria de brancos (56,7%) (IBGE, 2010). Ele apresenta um alto
indice de desenvolvimento humano (IDH), o segundo maior do Brasil, perdendo
apenas para o sul (http://regiao-sudeste.info/, 2015). Estende-se entre 15° e 25° de
latitude sul, cobrindo uma vasta area de aproximadamente 1.000.000 km2 e, quase
que inteiramente, tem um clima tropical (SANT'ANNA-NETO, 2005).

Foram realizados nesta regido treze estudos. No Estado de S&o Paulo sete
estudos de prevaléncia da EM foram identificados, sendo dois na cidade de Sao
Paulo. No primeiro estudo realizado em 1990, os casos de EM foram definidos
segundo os critérios de Poser e colaboradores e a taxa de prevaléncia encontrada
foi de 4,27/100.000 habitantes (CALLEGARO et al., 1992). Este mesmo grupo
realizou um novo estudo sete anos depois, obtendo uma prevaléncia de 15/100.000
habitantes (CALLEGARO et al., 2001).

Outros cinco estudos foram encontrados em cidades do interior do Estado de
Sao Paulo. Na cidade de Sorocaba encontrou-se, em 2003, uma taxa de prevaléncia
de 16,2/100.000 habitantes (GAMA et al., 2004). A cidade de Marilia apresentou
uma taxa de prevaléncia de 6,04/100.000 habitantes (DIAS; MELGES, 2006). Na
cidade de Santos, a taxa de prevaléncia encontrada no primeiro estudo, em junho de
2005, foi de 15,54/100.000 habitantes. Utilizando os mesmos critérios de busca e
selecdo, um novo trabalho foi realizado cinco anos apds, onde foi encontrada taxa
de 15/100.000 habitantes, ou seja, praticamente sem variacdo (FRAGOSO,;
BROOKS, 2012; FRAGOSO; PERS, 2007). Na cidade de Botucatu, o estudo de
prevaléncia evidenciou uma taxa de 17/100.000 habitantes (ROCHA; HERRERA,
MORALES, 2002).

No Estado do Rio de Janeiro, o primeiro estudo realizado em um servigo de
doencas desmielinizantes de um Hospital Federal, em 1999, encontrou uma taxa de
prevaléncia de 5/100.000 habitantes (ALVARENGA et al., 2000). Um novo estudo foi
realizado em 2011, em trés hospitais publicos federais, e encontrou uma taxa de
prevaléncia de 20/100.000 habitantes. Na cidade de Vassouras encontrou-se uma
prevaléncia de 3,18/100.000 habitantes em 2002 (BORGO et al., 2004). Ainda nesta
regido do estado, foi realizado um estudo mais recente, em 2011, no qual foi
encontrada uma prevaléncia de 5,1/100.000 habitantes (PEREIRA et al., 2012).
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No Estado de Minas Gerais, foram encontrados dois estudos de prevaléncia;
o primeiro em 2001, realizado na capital mineira, Belo Horizonte, que encontrou uma
taxa de prevaléncia de 18,1/100.000 habitantes e o segundo, realizado na cidade de
Uberaba, em 2008, que apresentou uma taxa de 12,5/100.000 habitantes (LANA-
PEIXOTO et al., 2012; RIBEIRO et al., 2011).

Regido Centro-Oeste

A regido Centro-Oeste abrange uma area de 1.606.371,5 Km2, a segunda
maior do Brasil. Ela tem um IDH elevado. De acordo com dados do Instituto
Brasileiro de Geografia e Estatistica (IBGE), o Centro-Oeste tem a menor populacéo
que vive em todo o pais, com 14.050.340 habitantes. Destes 50,6% sao pardos. A
regido Centro-Oeste esta localizada em uma latitude média de 15,77°S com um
clima tropical Brasil Central em quase toda sua totalidade (IBGE, 2010).

Nesta regido foram encontrados dois estudos de prevaléncia, um realizado
no Distrito Federal, em 2003, encontrou uma taxa de prevaléncia de 5,85/100.000
habitantes (PORTELA et al., 2004). Outro estudo, realizado na cidade de Cuiaba, no
Estado de Mato Grosso, descreveu uma taxa de prevaléncia de 4,41/100.000
habitantes (GRZESIUK et al., 2008).

Regido Sul

O Sul, em extensdo, ¢ a menor do pais. Sua populacdo total € de
27.386.891 habitantes e 78,5% € composta de brancos (IBGE, 2010). Uma das
principais caracteristicas da populacdo do Sul é a forte influéncia dos europeus. A
regido recebeu muitos imigrantes da Alemanha, Italia, Poldnia, entre outros. Esta
regido apresenta os melhores indicadores sécio-econémicos do pais, com baixas
taxas de mortalidade infantil e analfabetismo; alta expectativa de vida (75 anos) e
alta renda per capita. Assim, ele tem o maior IDH do Brasil. Excetuando-se as partes
Norte do Parana, o territério da Regido Sul pertence a zona climatica temperada do
Sul. Ela esté localizada entre o Tropico de Capricornio e o Circulo Artico. Assim, o

clima é temperado, registrando baixas temperaturas durante o inverno.
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A regido Sul é a menor regido do pais; nela foram encontrados trés estudos
de prevaléncia de EM. Em Floriandpolis, cidade do estado de Santa Catarina, em
2004, foi descrita uma taxa de prevaléncia de 12,2/100.000 habitantes (PERUCHI et
al., 2004). Outro estudo foi realizado em Londrina, cidade do Estado do Paran4, e
apresentou uma taxa de prevaléncia de 14,84/100.000 habitantes (LOPES et al.,
2005). O ultimo estudo, realizado na cidade de Santa Maria, no Rio Grande do Sul,
encontrou a maior taxa de prevaléncia dentre todos os outros estudos publicados, de
27,2/100.000 habitantes (FINKELSZTEJN et al., 2014).

Regido Nordeste

O Nordeste € a terceira maior regido do Brasil e a maior em numero de
estados. Tem uma populacdo de 53.081.950 habitantes, em sua maioria composta
de pardos (62,7%) (IBGE, 2010). O Nordeste brasileiro € a regido que tem o menor
indice de Desenvolvimento Humano (IDH) do pais
(http://www.alunosonline.com.br/geografia/regiaonordeste.html). O clima € tropical
zona equatorial (IBGE, 2010).

Nesta regido, apenas um estudo de prevaléncia de EM foi encontrado, na
cidade de Recife, capital do Estado de Pernambuco, realizado em 2002; no estudo,
uma taxa de 1,36/100.000 habitantes foi encontrada (FERREIRA et al., 2004).

Regido Norte

A regidao Norte € a maior das cinco regides brasileiras, com uma area de
3.853.676,948 km?, cobrindo uma &rea de 45,25% do territério nacional (Resolucéo
n° 1 da Presidéncia do IBGE, de 15/01/2013 Instituto Brasileiro de Geografia e
Estatistica (15 de janeiro de 2013). Visitado em 11 de setembro de 2014. Area
Territorial Brasileira). Segundo o ultimo censo possui uma populacao de 15.864.454
habitantes. Sendo que 71,2% da populacédo € constituida de pardos (IBGE, 2010).
Apresenta um IDH médio (segundo menor do pais) (Programa das Nac¢fes Unidas
para o Desenvolvimento - PNUD - 18 de setembro de 2014) e o menor PIB (IBGE,
2014). O clima predominante é o Equatorial (Revista de Geografia, IBGE).

Nenhum estudo foi encontrado nesta regiao.
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3.5 ESTUDOS DE CAPTURA-RECAPTURA

3.5.1 Breve Introducéo e Historico

Quantificar ou medir a frequéncia com que os problemas de saude ocorrem
em populacdes humanas é um dos objetivos da epidemiologia (MEDRONHO, 2002).
Para se estimar e ter o controle de uma determinada doenga e gerar 0S recursos
para tal, os responsaveis pela salde publica precisam conhecer o tamanho e a
composicdo da populacdo alvo (LASKA, 2002). As medidas de frequéncia sao
definidas a partir de dois conceitos epidemiolégicos fundamentais denominados
prevaléncia e incidéncia. A prevaléncia expressa o numero de casos existentes de
uma doenca, em um dado momento. Ja& o0 conceito de incidéncia refere-se a
frequéncia com que surgem novos casos de uma doenca, num intervalo de tempo
(MEDRONHO, 2002). As estimativas de prevaléncia e incidéncia fornecem a base
para o design e a avaliagdo dos programas de saude, porém, essas abordagens tém
seus limites na préatica (LASKA, 2002). Muitos epidemiologistas e cientistas que
estudam populacbes lancam méao cada vez mais de registros de casos, banco de
dados, censos populacionais e etc. Como se qualquer outro método que nao
envolva a enumeracdo dos casos nao fosse perfeito (DUNN; ANDREOLLI, 1994).

Na EM a metodologia de estudos epidemioldgicos realizados sdo em sua
grande maioria descritivos e tem tido como objetivo calcular a taxa bruta de
prevaléncia numa determinada populacdo. Varios tém sido os métodos utilizados
para a averiguacdo dos casos. Até a década de oitenta muitos autores estudavam
exclusivamente séries hospitalares, mas nas Ultimas décadas as informacgfes sao
obtidas baseadas em estudos populacionais.

Uma terceira alternativa, um censo de captura e recaptura, pode fornecer
uma abordagem mais confiavel. Essa técnica foi primeiramente usada em 1662 para
estimar a populacdo de Londres (LASKA, 2002).

Foi em 1783 que Pierre Simon Laplace, um matematico, astrénomo e fisico
francés, o mais influente dentre os cientistas franceses em toda a historia, externou
seus fundamentos matematicos e estimou a populacdo da Franca (DE SA, 2014).

Em 1896, Petersen utilizou tal abordagem para estimar o resultado total da
populacdo de peixes de Danish e em 1930, Lincoln utilizou o método para estimar o

namero de quedas d’agua em cursos fluviais nos Estados Unidos. Desde entdo esta
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férmula conhecida como “estimador Petersen - Lincoln” tem sido a base do calculo
utilizada na metodologia de captura-recaptura. Nos ultimos 75 anos, esse método
tem sido aprimorado e bem mais utilizado em pesquisas ecoldgicas (LASKA, 2002).

Na forma original desse método, uma amostra de individuos de uma
populacdo alvo é capturada, marcada e solta, uma segunda amostra é capturada
mais tarde. O numero de individuos observados em cada amostra, bem como o
namero observado em ambas, é anotado. Os dados obtidos possibilitam estimar a
probabilidade de ser capturado e o tamanho da populacdo. Modelos log-lineares
fornecem uma representacdo conveniente desse censo basico e sua extensao para
ocasifes de captura e recaptura multiplas (LASKA, 2002).

Porém o método tem sido mais desenvolvido e aprimorado por ecologistas.
A metodologia de captura-recaptura é utilizada na area da ecologia para a estimativa
do tamanho de populacbes de animais selvagens (COELI; VERAS; COUTINHO,
2000). Por conta disso em um editorial de La Porte (1994) foi considerado que sdo
mais conhecidos 0s numeros de aguias, baleias e bisdes do que sobre o numero de
pessoas desempregadas, doentes ou com fome em nossa sociedade (DUNN;
ANDREOLI, 1994). Esta técnica pode ser empregada no ambito da epidemiologia
para a obtencdo de estimativas de doencas transmissiveis e nao transmissiveis em
uma forma relativamente barata e rapida. Sistemas de vigilancia baseados na
utiizacdo desta metodologia representam uma alternativa potencial para o
monitoramento de doencas nao transmissiveis em nosso meio (COELI; VERAS;
COUTINHO, 2000). Métodos de captura-recaptura sado tentativas de estimar ou
ajustar a extensédo da averiguagao incompleta usando informacéao a partir de listas
sobrepostas de casos de fontes distintas (HOOK; REGAL, 1995). Este método tem
demonstrado acuracia nas estimativas demonstradas (SUDMAN et al., 1988). O fato
das amostras ndo serem compostas por todos os individuos doentes nao preocupa,
pois as estimativas sao feitas com base no nimero de pacientes que aparecem nas
intersecbes das amostras, ou seja, é feita pelo grau de concomitancia entre os casos
e suas fontes (MCCARTY et al., 1993).

O método envolve a contagem de casos de doencas, comuns a duas ou
mais fontes de dados, capturados em uma fonte e recapturados em outras fontes, a
contagem de casos capturados em cada fonte individualmente e a estimativa de
casos nao capturados por nenhuma fonte (COELI; VERAS; COUTINHO, 2000).
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Na epidemiologia este método pode ser utilizado para a avaliacdo de
prevaléncia e incidéncia de doencas comuns ou raras. Tradicionalmente as
estimativas de incidéncia e prevaléncia tém sido derivadas da combinacdo de
informacdes de varias fontes onde se somam os casos ndo duplicados, tém sido
utilizados para esses estudos os registros de casos, as listas de altas hospitalares e
outras formas de registros, onde sdo contados os niameros de individuos registrados
em um periodo determinado. Porém esses métodos podem subestimar a verdadeira
prevaléncia e incidéncia em 20%. O método de captura-recaptura pode entdo,
solucionar este grau de subestimacdo do método tradicional (DUNN; ANDREOLLI,
1994). Outras vantagens do método de captura-recaptura, além do potencial de
gerar estimativas mais fidedignas de prevaléncia e incidéncia das doencas, seriam:
consumir menos tempo para a realizagcdo e ser mais barato. Isto porque nao existe
necessidade de contar todos os casos de uma determinada condicdo dentro da
populacao geral (DUNN; ANDREOLLI, 1994).

No entanto a precisdo da analise de captura-recaptura depende do rigor
dado a suas premissas basicas, sdo elas: populacdo fechada, validade do
diagnéstico, relacionamento de registros eficiente, independéncia entre fontes e
capturabilidade homogénea, devendo, neste caso, serem empregadas solucdes
metodoldgicas (utilizacdo de modelos loglineares) que viabilizem a obtencdo de
estimativas véalidas (COELI; VERAS; COUTINHO, 2000).

Quanto a premissa que se refere a independéncia entre as fontes é
importante salientar que as fontes utilizadas nas pesquisas clinicas mostram
frequentemente algum grau de dependéncia positiva. Isto ocorre quando um
individuo encontrado na fonte A tem chance maior de ser capturado pela fonte B do
que um individuo que néo tenha sido capturado pela fonte A (HOOK, 1995; WITTES,
1974). O grau de dependéncia das fontes pode ser estimado através de analise log-
linear, mas somente nos casos de multiplas fontes, ou seja, mais de duas fontes
(DUNN; ANDREOLI, 1994).

3.5.2 Aplicacdo do Método de Captura-Recaptura

Para tentarmos compreender melhor esse método e sua aplicabilidade vamos

imaginar uma floresta (Figura 4) com um numero de esquilos que se pretende
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conhecer e que designaremos por T. Esses esquilos estdo livremente misturados,
sdo do mesmo tamanho, da mesma espécie e igualmente ageis, ndo moribundos e
sem reproducdo. O investigador captura um determinado nimero de esquilos que ira
contar e “marcar” para posterior identificacdo e lanca-os de novo a floresta. Este
namero de esquilos “marcados” ira ser designado por X. O investigador espera que
estes esquilos se misturem e se distribuam de forma homogénea na floresta e
procede a uma segunda captura. Esta nova captura (recaptura) apurara uma nova
amostra com um numero total de esquilos E, dos quais um nuamero Y sera
“marcado”. Tanto o numero total de esquilos capturados na segunda amostragem
guanto o numero de esquilos marcados recontados sao registrados. A pergunta

principal é: quantos esquilos existem na floresta?

** Adaptado do artigo de Coeli, Veras e Coutinho (2000) e de De Sa (2014).

Figura 4: Floresta de esquilos exemplificando o método de captura-recaptura
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A formula de Petersen-Lincoln (Equacdo 1) estabelece que a proporcédo de
esquilos “marcados” na amostra recapturada € igual a proporcdo do numero total de

esquilos “marcados” face a totalidade de esquilos existentes na floresta.

£ 20 1 r _ E
uagao l: — =— =
E, portanto:

. o E
Equagdo 2: T = v »® X

Chapman criou em 1951 uma modificacdo da férmula de Petersen-Lincoln,
que se destina a corrigir as estimativas, quando as amostras sao pequenas
(Equacéo 3).

De uma maneira geral é preferivel usar a formula com a correcéo introduzida
por Chapman:

—_ (X + DxI{E + 1) _

1
Equacéo 3: Yy + 1

Utilizando o Diagrama de Venn relativo ao processo de Captura - recaptura

envolvendo duas fontes poderiam ter (Figura 5):

Figura 5: Diagrama de Venn

A - Esquilos capturados apenas na fonte A.
B - Esquilos capturados apenas na fonte B.
C - Esquilos capturados nas fontes A e B.

D - Esquilos nédo capturados em nenhuma fonte.
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3.5.3 Consideracdes Finais

Este modelo pode ser utilizado para estimar o tamanho de uma populacao
quando esta € constituida por elementos individualmente identificaveis (WITTES et
al., 1974). Estudos de doencas com baixa prevaléncia devem ser feitos utilizando-se
a metodologia de Captura-recaptura, sugerindo-se, além disso, que futuros estudos
devam ser feitos com este método (DONNAN et al., 2005; INTERNATIONAL
WORKING GROUP FOR DISEASE MONITORING AND FORECASTING, 1999).

Além da captura-recaptura, outros meétodos tém sido utilizados para a
estimativa da prevaléncia, como o0 Back-calculation, o Bayesiano (ACHCAR,;
RUFFINO-NETO, 2003), a Maxima verossimilhanca e a Regressdo log-linear
(BLANXART et al., 2000).

Este método foi utilizado por estudos internacionais, incluindo estudos da
América Latina, como é o caso da Argentina, Uruguai e Colédmbia, quanto a
estimativa de prevaléncia de EM (CRISTIANO et al.,, 1999; KETZOIAN, 1999;
MELCON et al., 2002; SANCHEZ et al., 2000). Nessa Tese esse método foi
utilizado, tal fato permitira que os niumeros encontrados sejam comparados aos da

literatura internacional.

3.6 ASPECTOS SOCIO-DEMOGRAFICOS DA CIDADE DE VOLTA REDONDA

Volta Redonda é uma cidade pertencente a regido Sul Fluminense do
Estado do Rio de Janeiro. Localiza-se nas coordenadas latitude 22° 29’ 00” S e
longitude 44° 05’ 00” O, a uma altitude de 390 metros, com clima mesotérmico.
Possui uma area de 182,483 km? densidade demogréfica de 1.412,75 hab/km?.
Apresentando uma populagdo de 257.803 habitantes (IBGE, 2010). E um municipio
brasileiro situado na microrregido do Vale do Paraiba dentro da mesorregido Sul
Fluminense, no estado do Rio de Janeiro. Também é conhecida como a "Cidade do
Aco". E cortada pelo Rio Paraiba do Sul, que corre de Oeste para Leste, sendo a
principal fonte de abastecimento do municipio e também responsavel pelo seu
nome, devido a um acidente geogréfico no seu curso. Em Volta Redonda, situa-se a
Companhia Siderurgica Nacional (CSN), maior siderdrgica da América Latina (Figura

6). Atualmente, sua economia, apesar de ainda estar ancorada na industria, &
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bastante diversificada, voltada em grande parte para as areas de prestacdo de
servicos e comércio. A cidade é limitada pelos municipios de Barra Mansa (Norte,
Noroeste, Oeste e Sudoeste), Barra do Pirai (Nordeste), Pinheiral e Pirai (Sudeste e
Leste), e Rio Claro (Sul). Ocupa uma area de 182,483 km2, sendo 54 km2 na regido
urbana e 128 km2 na zona rural. A populacdo estimada em 2012 foi de 260.180
habitantes, o que a torna a maior cidade da regidao Sul Fluminense e a terceira maior
do interior do estado. Centro econémico do Sul Fluminense Volta Redonda esta
numa area estratégica, a 310 km da cidade de S&o Paulo, a maior metrépole do
Brasil e de todo o Hemisfério Sul, e a 125 km da cidade do Rio de Janeiro, segunda
maior metrépole nacional e capital fluminense. Também estd proxima de cidades-
polo regionais de outros estados, como Juiz de Fora (180 km) e S&o José dos
Campos (220 km), e outras cidades importantes como Angra dos Reis (85 km),
Taubaté (180 km), Petrépolis (170 km), Resende (47 km), Cabo Frio (280 km),
dentre outras exibe ainda um indice de Desenvolvimento Humano (IDH) de 0,815
(dados de 2000), considerado "elevado" de acordo com os critérios do Programa das
Nag¢des Unidas para o Desenvolvimento - PNUD (IBGE, 2010).

Segundo dados do CNES DATASUS 2015 a cidade de Volta Redonda
possui 606 estabelecimentos de saude dentre eles dois Postos de Saude, 49
Centros de Saude, 5 Policlinicas, 7 Hospitais Gerais e 136 Centros Especializados
(Quadro 4).



Cabdigo Descrigcéo Total
01 POSTO DE SAUDE 2
02 | CENTRO DE SAUDE/UNIDADE BASICA 49
04 | POLICLINICA 5
05 |HOSPITAL GERAL 7
07 HOSPITAL ESPECIALIZADO 2
21 |PRONTO SOCORRO ESPECIALIZADO 1
22 |CONSULTORIO ISOLADO 338
36 | CLINICA/CENTRO DE ESPECIALIDADE 136
39 UNIDADE DE APOIO DIAGNOSE E TERAPIA (SADT ISOLADO) 43
42 UNIDADE MOVEL DE NIVEL PRE-HOSPITALAR NA AREA DE URGENCIA 3
43 FARMACIA 2
50 |UNIDADE DE VIGILANCIA EM SAUDE 1
60 | COOPERATIVA 1
64 |CENTRAL DE REGULACAO DE SERVICOS DE SAUDE 1
68 |SECRETARIA DE SAUDE 1
69 |CENTRO DE ATENCAO HEMOTERAPIA E OU HEMATOLOGICA 1
70 |CENTRO DE ATENCAO PSICOSSOCIAL 5
71 |CENTRO DE APOIO A SAUDE DA FAMILIA 1
73 |PRONTO ATENDIMENTO 2
74 |POLO ACADEMIA DA SAUDE 1
75 |TELESSAUDE 1
76 |CENTRAL DE REGULACAO MEDICA DAS URGENCIAS 1
77 |SERVICO DE ATENCAO DOMICILIAR ISOLADO(HOME CARE) 1
81 |CENTRAL DE REGULACAQO DO ACESSO 1

TOTAL 606

Quadro 4: Estabelecimentos de saude de Volta Redonda (DATASUS, 2015)

E neste cenario que foi desenvolvido este estudo (Figura 6).

Figura 6: Companhia Siderurgica Nacional (CSN) - Cidade de Volta Redonda - RJ
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http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=01&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=02&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=04&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=05&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=07&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=21&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=22&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=36&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=39&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=42&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=43&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=50&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=60&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=64&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=68&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=69&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=70&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=71&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=73&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=74&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=75&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=76&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=77&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
http://cnes.datasus.gov.br/Mod_Ind_Unidade_Listar.asp?VTipo=81&VListar=1&VEstado=33&VMun=330630&VSubUni=&VComp=
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4 MATERIAL E METODO

4.1 DESENHO DE ESTUDO

Este estudo visou rastrear as pessoas com diagnéstico de Esclerose
Multipla, residentes no municipio de Volta Redonda. Para isso, definiu-se um estudo
epidemioldgico observacional - transversal, o rastreamento dos casos foi realizado
em novembro de 2012, através da analise de trés fontes de informagdo. Foram
coletados dados clinicos e demograficos de pacientes com diagndéstico de EM vivos
tendo sido definido como dia da prevaléncia o dia 30 de novembro de 2012. Foi
avaliada, primeiramente, a prevaléncia com os dados brutos. Posteriormente foi
utilizado o método de captura-recaptura para estimar o numero de individuos com
esclerose multipla na cidade de Volta Redonda, segundo os critérios descritos em
1995 (HOOK; REGAL, 1995) por meio de trés fontes de informacdo. Para a
avaliagdo da incidéncia realizou-se um estudo retrospectivo através da informacéo

da data do primeiro surto da paciente tendo como base o0 ano de 2012.

4.2 LOCAL DE PESQUISA

Este estudo foi realizado na cidade de Volta Redonda, que € um municipio
brasileiro situado na microrregido do Vale do Paraiba dentro da mesorregidao Sul
Fluminense, no estado do Rio de Janeiro. Também é conhecida como a "Cidade do
Aco". Localiza-se a 22°29'00” de latitude sul e 44°05’00” de longitude oeste, a uma
altitude de 390 metros. E cortada pelo Rio Paraiba do Sul, que corre de Oeste para
Leste, sendo a principal fonte de abastecimento do municipio. Atualmente, sua
economia, apesar de ainda estar ancorada na industria, € bastante diversificada,
voltada em grande parte para as areas de prestacao de servicos e comeércio.

A cidade é limitada pelos municipios de Barra Mansa (Norte, Noroeste,
Oeste e Sudoeste), Barra do Pirai (Nordeste), Pinheiral e Pirai (Sudeste e Leste), e
Rio Claro (Sul).

Ocupa uma éarea de 182,483 km?, sendo 54 km? na regido urbana e 128 km?

na zona rural.
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A populacdo estimada em 2012 foi de 260.180 habitantes, o que a torna a
maior cidade da regido Sul Fluminense e a terceira maior do interior do estado
(IBGE, 2010).

4.3 AVERIGUACAO DOS CASOS

O rastreamento foi realizado através de trés fontes de coleta.

A primeira fonte, F1, informacfes dos neurologistas do municipio de Volta
Redonda.

A segunda fonte, F2, foi o banco de dados do ambiente clinico, centros de
referencia em esclerose multipla da cidade do Rio de Janeiro, coordenados por
especialistas em Neuroimunologia, capacitados a diagnosticar e tratar doencas
desmielinizantes como a esclerose multipla, distribuidos entre instituicbes publicas,
universitarias e assistenciais e filantropicas.

A terceira fonte, F3, foi o cadastro de dispensacédo de medicamentos de alto
custo para o tratamento da esclerose multipla, da Secretaria Municipal de Saude de

Volta Redonda, aonde deveria constar o CID 10: G35 (Figura 7).

Figura 7: O diagrama de Venn relativo ao processo de Captura-recaptura envolvendo trés
fontes

Legenda:
A - pacientes capturados apenas na fonte 1.

B - pacientes capturados nas fontes 1 e 2.
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C - pacientes capturados nas fontes 1 e 3.
D - pacientes capturados nas fontes 1, 2 e 3.
E - pacientes capturados apenas na fonte 2.
F - pacientes capturados nas fontes 2 e 3.
G - pacientes capturados apenas na fonte 3.

H - pacientes ndo capturados.

4.4 CLASSIFICACOES E DEFINICOES

Os casos ja haviam sido previamente diagnosticados pelos médicos
assistentes de cada paciente ou se encontravam registrados em banco de dados
dos servicos de doencas desmielinizantes dos hospitais de referéncia na cidade do
Rio de Janeiro. Para serem incluidos no estudo todos os casos obrigatoriamente
foram definidos através dos critérios diagnosticos de Poser e/ou McDonald e
deveriam residir na cidade de Volta Redonda. A estimativa da incidéncia foi baseada

no ano do primeiro surto.

4.5 ETICA

O projeto faz parte de um estudo de Prevaléncia e Incidéncia de Esclerose
Multipla no Estado do Rio de Janeiro, tendo sido enviado ao Comité de Etica e
Pesquisa do HUGG e aprovado - CAAE: 08822513.9.0000.5258 (ANEXO A).

4.6 COLETA DOS DADOS

Os dados primeiramente foram registrados em um formulario preenchido
manualmente pelo autor (ANEXO B). Para cada caso foram coletados dados clinicos
e demogréficos, incluindo: nome completo, data de nascimento, fonte, sexo, etnia,
ano de inicio (primeiro surto), forma clinica, idade de inicio, EDSS, tempo de
doenca. Esses dados foram digitados em planilha do Excel. Posteriormente, para a
aplicacdo do método de captura-recaptura, foi digitado em outra planilha do Excel a

identificacdo do sujeito em uma coluna e depois em colunas subsequentes, cada
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fonte com apenas 0 ou 1 (0O se o paciente nao tivesse sido identificado para esta

fonte, 1 se identificado).

4.7 ANALISE DOS DADOS

Primeiramente foi calculado o coeficiente de Prevaléncia e Incidéncia
através das férmulas abaixo (Equacdes 4 e 5) (MEDRONHO et al.,2002).

Equacéao 4: Coeficiente de Prevaléncia (CP)

CP = n° de casos de determinada doenca em dado local e periodo x 10"
populagéo do mesmo local e periodo

Equacéo 5: Coeficiente de Incidéncia (CI)

Cl = n° de casos novos de determinada doenca em dado local e periodo x 10"
populacéo do mesmo local e periodo

Um método de Captura-recaptura também foi utilizado para avaliar a
exaustividade da apuracdo do caso (HOOK; REGAL, 1995). O numero total de
casos de EM e a independéncia das fontes diferentes foram estimados por analises
do modelo log-linear sob a distribuicdo de Poisson usando proc GENMOD (ORTON,;
RICKARD, GABELLA, 1999). O numero estimado de EM néao identificado pelas trés
fontes foi estimado e intervalos de confianca de 95% das estimativas foram
calculados utilizando o método da razdo de verossimilhanca. Em relagdo as trés
fontes, o modelo considerado melhor foi aquele com menor termo de interagcédo e
aguele que melhor se adequou aos dados observados (a estatistica da razéo de log-
verossimilhanca mais baixa: G2, o Critério de Informacdo Akaike - Akaike Information
Criterion (AIC) (SAKAMOTO; ISHIGURO; KITIGAWA, 1986), o Critério de
Informacdo Bayesiano - Bayesian Information Criterion (BIC)) (SCHWARZ;
SCHWARZ, 1978). Também calculamos o BIC ponderado, em que a estimativa de
cada modelo é ponderada usando correspondente BIC (DRAPER, 1995).

Foram analisadas as variaveis: sexo, idade, idade de inicio, etnia, e forma

clinica.
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5 RESULTADOS

5.1 DADOS SECUNDARIOS

Segundo o ultimo censo demografico realizado no Brasil, no ano de 2010, a
populacdo de Volta Redonda foi de 257.803 habitantes. Destes 134.884 eram
mulheres e 122.919 eram homens. Em 2012, na projecao intercensitaria realizada
pelo IBGE, a contagem estimada da populacdo de Volta Redonda foi de 260.180
habitantes (IBGE, 2010; IBGE, 2012).

5.2 DADOS SOCIO-DEMOGRAFICOS

No rastreamento utilizando-se trés fontes, avaliando-se os dados brutos,
foram encontrados 40 casos de pessoas com EM residindo em Volta Redonda no
ano de 2012. A distribuicdo dos pacientes com esclerose multipla, segundo os
fatores sdcio demograficos, esta descrita na tabela 2.

Dos 40 casos, 28 eram do sexo feminino (70%) e 12 do sexo masculino
(30%); 29 (72,5%) eram brancos e 11 (27,5%), eram afros. Na distribuicdo da faixa
etaria, verificou-se que 55% tinham idade entre 31 e 50 anos. Ao observar a idade
de inicio da doenca 70% tiveram o primeiro surto até os 40 anos de idade. No que
diz respeito a forma clinica 36 pacientes, ou seja, 90% dos casos apresentou a
forma de Surto-Remisséo.

Quanto a distribuicdo de sexo e idade abaixo dos 50 anos a proporcao
homem e mulheres foram mais evidentes com um predominio do sexo feminino
(Gréfico 3). Ja na distribuicdo de sexo e forma clinica, a forma surto-remisséo foi
predominante no sexo feminino enquanto que as forma Priméaria Progressiva e
Progressiva Secundaria foram exclusivas do sexo masculino nessa amostragem
(Gréfico 4).

Baseando-se no calculo do coeficiente de prevaléncia e incidéncia foi
encontrada na populacéo geral do municipio de Volta Redonda no ano de 2012 uma
prevaléncia de esclerose multipla de 15,3/100.000 habitantes e a incidéncia de
0,38/100.000 habitante.



Tabela 2: Distribuicdo dos pacientes com EM segundo seus fatores socios demograficos

Variaveis n-40 %
Faixa Etéaria

10-20 anos 03 7,5
21-30 anos 00 00
31-40 anos 13 30,0
41-50 anos 11 25,0
Acima de 50 anos 13 32,5
Sexo

Feminino 28 70
Masculino 12 30
Etnia

Brancos 29 72,5
Afros-Brasileiros 11 27,5
Idade de Inicio

0-20 anos 04 10
21-30 anos 10 25
31-40 anos 14 35
41-50 anos 06 15
Acima de 50 anos 03 7,5
Forma Clinica

Surto-Remisséao 36 90
Progressiva Primaria 03 7,5
Progressiva Secundéria 01 25

B Masculino B Feminino
100
76,9
72,7
53,8
46,2
27,3

23,1
0 0 0
10-20 21-30 31-40 A41-50 Acima de 50

Faixa etaria

Grafico 3: Sexo e faixa etaria
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B Masculino MEFeminino

100 100

RR PP PS

Grafico 4: Forma clinica e sexo

5.3 METODO DE CAPTURA-RECAPTURA

5.3.1 Exaustividade na Apuracado dos Casos

Foram encontrados os seguintes resultados: na fonte 1 (neurologistas da
regido) 10 neurologistas foram consultados, tendo sido encontrados 23 casos, na
fonte 2 (centros de referéncia na cidade do Rio de Janeiro) 5 centros foram
consultados: HL, HUGG, HSE, SCMRJ e HUCFF, tendo sido relatados 16 casos e
na fonte 3 (cadastro de dispensacdo de medicamentos de alto custo para o
tratamento da EM da Secretaria Municipal de Saude de Volta Redonda) 15 casos
foram computados. Na averiguacdo apenas 1 caso foi relatado simultaneamente por
todas as fontes de informacgédo (Figura 8). Os registros dos 40 pacientes e suas
sobreposicdes foram usados para aplicacdo do método de captura e recaptura a fim
de calcular o nimero de casos estimados que nao foram identificados por qualquer
fonte (n estimado). A qualidade do ajuste de diferentes modelos log-linear e
estimativas do numero total de casos esta resumida na tabela 3. O melhor modelo
log-linear foi 0 modelo tendo em conta o termo de interacdo entre F1 (neurologistas)
e F3 (dispensacdo de medicamentos de alto custo). O numero estimado de
individuos nao identificados por qualquer fonte era (IC 95%: 13,5-118,8) 40. Assim, 0
namero total de casos de EM corrigidos pela captura e recaptura foi de 80, 95% IC
(53,5-158,8). Tendo como base que para se calcular a prevaléncia estimada é
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necessario que se some primeiro o numero de casos identificados com a estimativa
do numero dos casos perdidos, e sabendo que a populacdo de Volta Redonda no
ano de 2012 era de 260.180 habitantes, entdo podemos dizer que a estimativa
pontual de prevaléncia de EM em Volta Redonda, em 2012, corrigido pelo método

de captura e recaptura foi de 30,7/100.000 habitantes.

Source 2: Clinical
environment database

ava

Source 3: Municipal
health secretariat
n=15

Source 1: Neurologists
n=23

Figura 8: Diagrama de Venn com os dados das fontes

Tabela 3: Modelos log-linear das fontes

Modelo G? AIC BIC Df n 95% IC
Estimado

3 modelos Fontes

F1F2 F3 F1IF2 F2F3 F1F3 0 37.1 36.8 0 23.6 (0.9 - 608.2)
F1F2 F3 F2F3 F1F3 0.01 35.1 34.8 1 27.5 (7.5 - 101.0)
F1F2 F3 F1F2 F1F3 0.66 35.8 35.5 1 60.0 (6.6 - 544.7)
F1F2 F3 F1F2 F2F3 0.35 35.5 35.2 1 9.43 (2.7 - 32.6)
F1F2 F3 F1F2 3.5 36.7 36.4 2 16.7 (5.5 - 50.31)
F1F2 F3 F1F3* 0.9 34.0 33.7 2 40.0 (13.5 - 118.8)
F1F2 F3 F2F3 1.9 35.0 34.7 2 15.6 (6.0 - 40.1)
F1F2 F3 4.1 35.2 35.0 3 21.7 (9.4 - 499

n Weigthed BIC 28.3

* Melhor modelo baseado no AIC, interacdo F1-F3 valor de p = 0.073

G% Deviance, AIC: Critério Akaike Information , BIC: Critério Bayesian Information, df: Grau de Liberdade, n
Estimado: NUmero estimado dos sujeitos ndo identificados pelas 3 fontes, 95% IC: 95% Intervalo de
Confianga, F: Fonte, F1: Neurologistas, F2: Database hospitais de Referéncia, F3: Departamento de
medicacao de alto custo da Secretaria Municipal de Saude.
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6 DISCUSSAO

A epidemiologia da esclerose multipla tem sido amplamente estudada em
paises desenvolvidos, particularmente em areas conhecidas por sua alta
prevaléncia; estas areas se localizam nas latitudes norte e sul do equador, com uma
prevaléncia que varia de 80 a 300/100.000 habitantes. Entretanto, existe uma
caréncia de informag@es epidemioldgicas em grande parte do mundo, especialmente
na América do Sul. Contrapondo-se a esses dados, estdo crescendo as evidéncias
epidemioldgicas que indicam um aumento da prevaléncia de esclerose multipla em
areas previamente consideradas como de baixo risco na América Latina (CORONA,;
ROMAN, 2006), justificando-se, assim, a busca do real conhecimento das taxas de
prevaléncia e incidéncia nessas regides, consideradas anteriormente como baixas,
como é o caso do Brasil.

Nas duas ultimas décadas assistimos a importantes melhorias na qualidade
das pesquisas na América Latina. No entanto, estimar as taxas de prevaléncia e
incidéncia de EM nesses paises ainda é uma tarefa desafiadora. Muitas limitacées
metodolégicas ainda existem, tais como: auséncia de uniformidade nos
delineamentos de estudo, populacdo mal definida e heterogénea, critérios
diagnosticos, participacdo escassa de neurologistas e métodos de imagem muitas
vezes indisponiveis, o que pode causar importantes distorcdes dos resultados
(MELCON et al., 2012).

As diferencas geograficas, populacionais e, até mesmo, da estrutura dos
servicos de saude tornam os estudos de prevaléncia realizados em todo mundo
dificeis de serem comparados (ROSATI, 2001).

O conhecimento sobre a epidemiologia da esclerose multipla no Brasil vem
aumentando nos ultimos tempos, porém conforme visto na revisdo da literatura,
apos realizar uma busca sistematica a fim de encontrar estudos nas diferentes
regides do pais referentes a prevaléncia e incidéncia de EM, observou-se que o
namero ainda é reduzido se comparado com a literatura mundial.

O primeiro estudo de prevaléncia de EM no Brasil foi realizado na década de
1990, na cidade de S&o Paulo, onde foi encontrada uma taxa de 4,2/100.000
habitantes. Este resultado foi considerado baixo, especialmente por haver, nesta
populacdo especifica, uma grande proporcdo de descendentes de imigrantes do

norte da Europa, onde a prevaléncia de EM é considerada alta (CALLEGARO et al.,
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1992). Um novo estudo realizado pelo mesmo grupo sete anos depois, utilizando-se
0S mesmos critérios diagndsticos, obteve uma prevaléncia de 15/100.000 habitantes,
valor trés vezes maior do que o obtido no primeiro estudo. Tal aumento foi atribuido
ao fato de ter sido utilizada uma metodologia mais detalhada para a aquisicdo dos
casos e a uma melhoria das condi¢des de diagnostico e tratamento (CALLEGARO et
al., 2001). Tal fato ndo ocorreu na cidade de Santos, onde dois estudos, com um
intervalo de cinco anos, foram realizados encontrando-se taxas de prevaléncia
semelhantes: 15,54/100.000 habitantes em 2005 e 15,50/100.000 habitantes em
2010. Este resultado foi atribuido ao uso de uma mesma metodologia (FRAGOSO,;
PERS, 2007; FRAGOSO; BROOKS, 2012). Ainda no Estado de Sao Paulo, mais
trés trabalhos foram encontrados com taxas de prevaléncia que variaram de
6.04/100.000 habitantes a 17/100.000 habitantes (DIAS; MELGES, 2006; GAMA et
al., 2004; ROCHA; HERRERA; MORALES, 2002).

No Estado do Rio de Janeiro, a primeira pesquisa foi feita em um hospital de
referéncia, onde foi encontrada uma taxa de prevaléncia de 5/100.000 habitantes
(ALVARENGA et al., 2000). Doze anos ap0s este primeiro registro na cidade do Rio
de Janeiro, outro estudo foi realizado, desta vez ampliando-se as fontes, que
consistiram ndo s6 de um hospital de referéncia, mas de mais dois outros Hospitais
Federais de referéncia para EM na cidade, encontrando, desta vez, uma taxa de
prevaléncia de 20/100.000 habitantes. Esse aumento quarto vezes maior do nimero
de pacientes diagnosticados com Esclerose Multipla no Rio de Janeiro, na ultima
década, pode ser atribuido, certamente, a implantacdo de outros centros de
referéncia de Esclerose Mdltipla em outros hospitais publicos, onde drogas de alto
custo para o tratamento da EM séo fornecidas pelo Ministério da Saude (LACATIVA
et al., 2012).

O Brasil apresenta uma grande extensao territorial, que diversifica aspectos
geograficos, demograficos e historicos das regibes e da populacdo brasileira
(ARAUJO, 2013). Tal fato pode justificar esta grande variabilidade nos valores
encontrados nas taxas de prevaléncia maxima e minima referentes aos estudos de
prevaléncia realizados no pais, onde a taxa minima foi de 1,36/100.000 habitantes,
encontrada na regido nordeste (FERREIRA et al. 2004), e a maior foi de
27,2/100.000 habitantes, encontrada na regiao sul (FINKELSZTEJN et al., 2014).

Fazendo uma andlise estatistica, a prevaléncia bruta de EM no Brasil,
reunindo todos os estudos ja citados, foi de 8,69 (IC 95%: 6,0 A 12,6) por 100.000
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habitantes. Este numero encontra concordancia com a prevaléncia média
encontrada no continente Americano que foi de 8,3/100.000 habitantes (WHO,
2008). Porém abaixo da prevaléncia mundial que segundo estudo da OMS 2013 foi
de 33/100.000 habitantes (WHO, 2013).

Foi da regido sudeste a maior parte dos estudos de prevaléncia
encontrados. Volta Redonda € uma cidade que faz parte da regido Sulfluminense do
estado do Rio de Janeiro, pertencente a regido sudeste. Portanto com esse trabalho
acrescentamos mais um estudo de prevaléncia no sudeste. Nesse estudo, com o
calculo das taxas de prevaléncia e incidéncia através dos dados brutos,
encontramos uma taxa de prevaléncia de 15,3/100.000 habitantes e incidéncia de
0,38/100.000 habitantes.

Além da analise dos dados brutos, que também foi utilizada pelos estudos
brasileiros, foi aplicado o método de captura-recaptura com trés fontes de dados. A
primeira fonte foi a dos dados referentes aos pacientes dos neurologistas da cidade
de Volta Redonda, a segunda fonte foi retirada de bancos de dados dos Hospitais da
cidade do Rio de Janeiro que sdo referéncia em doencas desmielinizantes e a
terceira fonte foi o cadastro de dispensacédo de medicacdo de alto custo fornecida
pela secretaria de saude de Volta Redonda.

Nenhum estudo anterior, brasileiro, utilizou o método de captura-recaptura
para estimar a taxa de prevaléncia, o qual ja foi utilizado em varios paises do
mundo, incluindo muitos estudos na Ameérica Latina, como é o caso do Uruguai
(KETZOIAN et al., 1999), da Argentina (CRISTIANO et al., 1999; MELCON et al.,
2008), da Colémbia (SANCHEZ et al., 2000) e do Peru (VIZCARRA-ESCOBAR et
al., 2009).

Tal método é eficiente em estudos de doencas com baixa prevaléncia, cujo
objetivo é estimar o tamanho de uma populacao utilizando-se informacdes de listas
sobrepostas. Neste método, o tamanho da lista constituido por fontes separadas e a
sobreposicdo de pacientes com esclerose mdultipla em mais de uma lista séo
importantes para estimar o tamanho total de pacientes. A mais importante limitagao
deste método é o efeito da dependéncia entre as fontes, que produz viés (HOOK;
REGAL, 1995).

Utilizando o método de captura-recaptura encontramos uma prevaléncia de
30,7/100.000 habitantes, sendo esta, at¢ o momento, a maior prevaléncia

encontrada no Brasil. Esse valor assemelha-se a maior prevaléncia encontrada na
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América Latina, em San Pedro Garza Garcia, no México, que foi de 30/100.000
habitantes (DE LA MAZA; ARRAMBIDE, 2006).

Comparando o presente estudo com mais dois estudos realizados também
na regiao sulfluminense observamos que nossa taxa de prevaléncia foi
significativamente superior aos demais que foram de 3,18 e 5,1/100.000 habitantes
respectivamente (BORGO et al., 2004; PEREIRA et al., 2012). Este aumento da
prevaléncia pode ser atribuido a criacdo de nucleos especializados ao atendimento
desses pacientes com EM, composto por especialistas com formacdo em
neuroimunologia e com a introducdo de servicos de ressonancia magnética na
regido e especificamente na cidade de Volta Redonda e por uma busca mais
minuciosa dos casos. Outra explicacdo para esse significativo valor encontrado da
prevaléncia € sem dulvida a utilizagdo do método de captura-recaptura e seu alto
nivel de exaustividade na apuracdo. Sua estimativa € feita pelo grau de
concomitancia entre os casos (MCCARTY et al., 1993). Podendo com esse método
elucidar o grau de subestimacdo de casos que ocorre quando utilizamos apenas 0s
estudos de prevaléncia e incidéncia com o calculo das taxas brutas.

O método de captura-recaptura além de gerar estimativas mais corretas de
incidéncia e prevaléncia das doencas, tem outras vantagens, como: consumir menos
tempo de pesquisa e ser mais barato. Isto porque ndo tem a necessidade de contar
todos os casos de uma determinada condicdo clinica dentro de uma populagéo pré-
determinada. Quanto ao fato da necessidade da independéncia entre as fontes, que
poderia causar viés nos estudos de captura-recaptura, podemos dizer que as fontes
nas pesquisas clinicas frequentemente demonstram algum grau de dependéncia
positiva. Isto ocorre quando um caso encontrado na fonte A tem uma chance maior
de ser capturado na fonte B, do que um caso que ndo tenha sido capturado na fonte
A. O grau de dependéncia entre as fontes pode ser medido através de analise log-
linear, mas somente nos casos que existam mais de duas fontes, como é o caso do
nosso estudo, assim é possivel que se determine a dependéncia entre elas. Estas
analises podem ser realizadas através de programas estatisticos de computador
(DUNN; ANDREOLI, 1994).

Portanto, 0 aumento significativo das taxas de prevaléncia quando aplicado
0 método da captura-recaptura pode refletir tais premissas. Com base na literatura
encontra-se descrito que o ajuste dos dados por tal método pode ser maior que 45%

do que as taxas encontradas por outro método (HOOK; REGAL, 1995).
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Se nos basearmos na recente revisdo das zonas de risco para EM
estratificadas por Wade: muito alta (170-350), alta (38-70), baixa (13-38) e muito
baixa (0-13) Volta Redonda estara na faixa de baixo risco para EM, tanto com a taxa
de prevaléncia bruta (15,3/100.000 hab) quanto com a taxa calculada pelo método
de captura-recaptura (30,7/100.000 hab) (WADE, 2014).

Quanto aos dados socio-demograficos dos pacientes analisados nesse
estudo 70% dos casos eram do sexo feminino, corroborando com a literatura que
indica uma proporgao de 2-3:1 entre mulheres e homens. Mais de setenta por cento
foi constituida de brancos e 90% apresentavam a forma Surto-Remissédo dados da
literatura mundial fazem referéncia ha 85% dos pacientes diagnosticados
inicialmente com a forma de surto-remissdo (WHO, 2013). Houve, portanto, uma
semelhanca com a literatura mundial onde a maioria da casuistica € composta por
mulheres, brancas, na faixa etaria de 20 a 40 anos. Sendo a forma clinica em surto-
remissao a mais frequente (LEWEIS, 2002).

Quanto aos estudos de incidéncia de EM no Brasil, nenhum foi encontrado.
Em nosso estudo observamos um coeficiente de incidéncia de 0,7/100.000
habitantes tomando por base o ano de 2012. Apresentando uma taxa menor do que
a incidéncia mundial que é de 2,5/100.000 habitantes e nas Américas que é de
1,5/100.000 habitantes e encontrando-se entre as taxas de incidéncia por faixa de
distribuicdo de renda entre os paises de renda média baixa, 1,1/100.000 habitantes
e de renda baixa, 0,1/100.000 habitantes (WHO, 2008).
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7 CONCLUSAO

Concluimos com esse estudo que a taxa bruta de prevaléncia de esclerose
multipla na cidade de Volta Redonda foi de 15,3/100.000 habitantes e sua taxa de
incidéncia foi de 0,38/100.000 habitantes no ano de 2012. Quando aplicado o
método de captura-recaptura para a avaliagdo da prevaléncia a taxa encontrada foi
de 30,7/100.000 habitantes. Dos pacientes encontrados a maioria foi de mulheres,
brancas e com a forma surto-remissao.

Este estudo vem complementar os estudos epidemiolégicos sobre EM que
tém sido realizados em todo 0 mundo para estimar a magnitude e o peso desta
doenca. O conhecimento da real prevaléncia e incidéncia da EM continua sendo
uma importante tarefa para os neurologistas, visto ser uma doenca que atinge
principalmente adultos jovens e por seu potencial fator incapacitante. Além disso,
demanda tratamentos de alto custo, onde cada vez mais, novas drogas estao sendo
testadas e aprovadas para utilizagdo. Portanto € uma enfermidade que tem um
grande impacto tanto econémico quanto social para o individuo e a localidade a qual
ele pertence.

Faz-se necessario que se conheca quantos pacientes sdo portadores de
esclerose multipla em uma determinada localidade, municipio, estado e pais para
que sejam gerados recursos publicos incluindo métodos de investigacdo e
disponibilidade de medicamentos.

Pela primeira vez no Brasil é realizado um estudo de prevaléncia de EM com
0 método de captura-recaptura e de incidéncia.

Futuros estudos epidemiologicos de prevaléncia e incidéncia, utilizando-se o
método de captura-recaptura devem ser realizados em mais cidades de todo pais e
abrangendo todas as regibes brasileiras podendo assim permitir um melhor
entendimento da prevaléncia de EM e o esclarecimento do perfil desta enfermidade
no Brasil.
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Abstract

The idiopathic inflammatory demyelinating disease (1IDD) spectrum has been investigated
among different populations, and the results have indicated a low relative frequency of
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neuromyelitis optica (NMO) among multiple sclerosis (MS) cases in whites (1.2%-1.5%),
increasing in Mestizos (8%) and Africans (15.4%-27.5%) living in areas of low MS preva-
lence. South America (SA) was colonized by Europeans from the Iberian Peninsula, and
their miscegenation with natives and Africans slaves resulted in significant racial mixing.
The current study analyzed the 1IDD spectrum in SA after accounting for the ethnic hetero-
geneity of its population. A cross-sectional multicenter study was performed. Only individu-
als followed in 2011 with a confirmed diagnosis of 1IDD using new diagnostic criteria were
considered eligible. Patients’ demographic, clinical and laboratory data were collected. In
all, 1,917 individuals from 22 MS centers were included (73.7% female, 63.0% white, 28.0%
African, 7.0% Mestizo, and 0.2% Asian). The main disease categories and their associated
frequencies were MS (76.9%), NMO (11.8%), other NMO syndromes (6.5%), CIS (3.5%),
ADEM (1.0%), and acute encephalopathy (0.4%). Females predominated in all main cate-
gories. The white ethnicity also predominated, except in NMO. Except in ADEM, the dis-
ease onset occurred between 20 and 39 years old, early onset in 8.2% of all cases, and late
onset occurred in 8.9%. The long-term morbidity after a mean disease time of 9.28+7.7
years was characterized by mild disability in all categories except in NMO, which was
scored as moderate. Disease time among those with MS was positively correlated with the
expanded disability status scale (EDSS) score (r=0.374; p=<0.001). This correlation was
not observed in people with NMO or those with other NMO spectrum disorders (NMOSDs).
Among patients with NMO, 83.2% showed a relapsing-remitting course, and 16.8% showed
a monophasic course. The NMO-IgG antibody tested using indirect immunofluorescence
(IIF) with a composite substrate of mouse tissues in 200 NMOSD cases was positive in peo-
ple with NMO (95/162; 58.6%), longitudinally extensive transverse myelitis (10/30; 33.3%)
and bilateral or recurrent optic neuritis (8/8; 100%). No association of NMO-IgG antibody
positivity was found with gender, age at onset, ethnicity, early or late onset forms, disease
course, or long-term severe disability. The relative frequency of NMO among relapsing-
remitting MS (RRMS) + NMO cases in SA was 14.0%. Despite the high degree of miscege-
nation found in SA, MS affects three quarters of all patients with [IDD, mainly white young
women who share similar clinical characteristics to those in Western populations in the
northern hemisphere, with the exception of ethnicity; approximately one-third of all cases
occur among non-white individuals. At the last assessment, the majority of RRMS patients
showed mild disability, and the risk for secondary progression was significantly superior
among those of African ethnicity. NMO comprises 11.8% of all IIDD cases in SA, affecting
mostly young African-Brazilian women, evolving with a recurrent course and causing mod-
erate or severe disability in both ethnic groups. The South-North gradient with increasing
NMO and non-white individuals from Argentina, Paraguay, Brazil and Venezuela confirmed
previous studies showing a higher frequency of NMO among non-white populations.

Introduction

Multiple sclerosis (MS) has been considered a rare disease in South America (SA). The envi-
ronmental and genetic factors of its extensive tropical territory and significant racial heteroge-
neity might protect SA against the disease. Moreover, the lack of scientific publications
regarding MS in SA prior to the 1990s led to the misconception that a low prevalence of MS
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(<5/100,000) existed throughout the region compared with the distribution of MS worldwide
[1] Thus, all of the information regarding the natural history of MS was based on studies of
white people in the northern hemisphere, where the prevalence of MS is high [2,3]. Over the
past 20 years, the knowledge regarding the prevalence, clinical course, and risk factors associ-
ated with the development of MS in SA has widely expanded [4]. The major factors that pro-
moted this scientific growth were the incorporation of magnetic resonance imagining (MRI) as
a tool to diagnose idiopathic inflammatory demyelinating diseases (IIDDs), the availability of
the Internet (which has connected health science professionals and investigators across the
world), and the Food and Drug Administration (FDA) approval of immunomodulatory drugs
(expensive medications that began to be distributed free of charge by public health systems
through MS treatment reference centers organized across various SA countries) [5].

A major development over the past two decades was the recognition of neuromyelitis optica
(NMO; i.e., Devic’s syndrome) as a special form of neuro inflammatory disorder of the central
nervous system (CNS). NMO has unique clinical, imaging, laboratory, and pathologic charac-
teristics as well as a pathogenic mechanism that distinguishes it from MS. Mandler et al. [6]
demonstrated normal cranial MRI scans, the absence of IgG oligoclonal bands (OCBs), and
(most importantly) a characteristic and distinct neuropathology in a seminal study of eight
women of different ethnicities (four whites, three Latinas, and one African) in New Mexico,
USA. These women presented with severe and selective involvement of the optic nerve and spi-
nal cord with a poor prognosis. No lesions were observed in the brain MRI scans, whereas the
spinal cord MRI scans demonstrated long, cavitated, and enhanced lesions of more than three
segments. Characteristic thick blood vessels with perivascular necrosis were found in the CNS,
with long necrotic lesions in the spinal cord. These findings led to the hypothesis that this auto-
immune disease was mediated by a soluble antibody. Those features were identified, confirmed,
and expanded; moreover, they were included in the NMO diagnostic criteria to distinguish it
from MS [7].

The identification of an autoantibody, NMO-IgG, with high specificity for NMO that was
also present in partial NMO syndromes represented a milestone in the study of IIDD. In the
original study applied indirect immunofluorescence (IIF) with a composite substrate of mouse
tissues and observed a high frequency of antibody positivity in patients with NMO; less anti-
body positivity was observed in patients with partial syndromes with a high risk of conversion
to NMO: longitudinally extensive transverse myelitis (LETM) and bilateral or recurrent optic
neuritis (BRON). The antibody was also found in patients with optic spinal multiple sclerosis
(OS-MS) Asian type and in rare cases of MS; it was not detected in other neurological diseases.
This antibody was the first biological marker found in patients with IIDD [8]. Later, NMO-IgG
was shown to bind selectively to the aquaporin 4 (AQP4) water channel, a transmembrane pro-
tein located in the astrocytic foot processes at the blood-brain barrier [9]. Brain MRI scans of
NMO-IgG-positive individuals with NMO demonstrated lesions in the brainstem periaque-
ductal area, diencephalon, and periventricular areas that are characterized by high AQP4
expression [10]. Thus, the presence of neurological signs outside of the optic nerve and spinal
cord, particularly those in the brainstem and brain, was verified. Positivity to the anti-AQP4
IgG antibody was included among the laboratory criteria for NMO in 2006 [11]. The term
"NMO spectrum disorders” (NMOSDs) was coined to encompass NMO and other CNS
inflammatory diseases in which the NMO-IgG antibody was identified. The clinical and labo-
ratory features of NMOSD differ from those found in MS [12].

The distribution of IIDD according to the new NMO and MS criteria has been investigated
with regard to different populations. The results indicated the following relative frequencies of
NMO cases among patients with MS: 1.2% in Australia [13], 1.5% in Italy [14], 8% in Mexico
[15], 15.2% in southeastern Brazil [16], and 27% in Central America [17]. The highest
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frequency of cases featuring the selective involvement of the optic nerve and spinal cord s
found in Japan, where 33% of patients with MS have Asian-type OSMS [18]. The analysis of
these studies suggests that many people have NMO in non-white populations who live in geo-
graphic areas with low rates of MS.

SA was colonized by Europeans from the Iberian Peninsula (Spain and Portugal), and their
miscegenation with natives and African slaves resulted in significant racial heterogeneity. More
than 50% of Brazil is of African descent [19]. In the SA countries along the Pacific Coast, the
admixture of whites and natives gave rise to the so-called Mestizos. This study analyzed the
IIDD spectrum in SA after accounting for the ethnic heterogeneity of its population.

Material and Methods

This descriptive, multicenter, and cross-sectional study was approved by the Human Research
Ethics Committee of the Hospital Universitario Gaffrée e Guinle at the Universidade Federal
do Estado do Rio de Janeiro (number # 243.375, April 9, 2013)

We collected data from 21 SA MS centers, and all of the data were handled anonymously
(no individual could be identified). Individual information was stored and treated in accor-
dance with ethical regulations (S1 File). This study design did not require informed patient
consent. We included data from individuals with IIDD who were followed regularly from Janu-
ary to December 2011. Coordinators (LCST, RMPA) invited neurologists from reference cen-
ters for the treatment of demyelinating diseases in SA to participate in the study in July 2012.

Inclusion of patients

Only individuals followed at the participating centers in 2011 (either old or new cases) with a
confirmed diagnosis of IIDD based on the current criteria were considered eligible. The

tests required for an IIDD diagnosis included the following: brain and spinal cord MRI, cere-
brospinal fluid (CSF) analysis including measurement of the IgG index or OCB analysis and
NMO-IgG antibody testing [20].

[IDD phenotypes

Patients with IIDD were classified and analyzed with regard to the following six major catego-
ries and their subcategories.

[1] Acute IIDD with encephalopathy: [1.1] pseudotumoral-acute and monophasic forms of
IIDD with extensive focal lesions based on brain MRI (unrelated to MS or NMO); [1.2] Mar-
burg-acute and monophasic forms of IIDD associated with extensive multifocal lesions based
on brain MRI; [1.3] Balo’s concentric sclerosis-acute monophasic or relapsing IIDD associated
with extensive concentric brain lesions based on MRI [20]

[2] ADEM: [2.1] monophasic-acute episode possibly preceded by infection or vaccination
characterized by multifocal cerebral manifestations accompanied by a change in consciousness
and or mental confusion associated with acute inflammatory lesions based on MRI, diffuse and
symmetrical; [2.2] recurrence of typical symptoms of ADEM after 3 months of the initial epi-
sode without new lesions based on MRI [20]

[3] Clinically isolated syndrome (CIS): suggestive of an MS diagnosis not meeting the fol-
lowing radiological criteria for MS: [3.1] monofocal (unilateral optic neuritis, internuclear
ophthalmoplegia, or other brainstem isolated syndromes, partial myelopathy) or [3.2] multifo-
cal CIS [21]

[4] MS and its clinical course patterns: [4.1] relapsing remitting (RR) at onset and [4.2] pri-
mary progression (PP), fulfilling the McDonald criteria revision [22]
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[5] NMO: [5.1] monophasic or [5.2] recurrent, with selective (but not exclusive) focal
involvement of the optic nerve and spinal cord; diagnosis requires ON plus TM and two of the
following three laboratorial criteria: normal brain MRI or no suggestion of MS, extensive spinal
cord MRI lesion (>3 vertebral segments), and positive NMO-IgG antibody [11]

[6] Other NMO syndromes: [6.1] limited NMO syndromes [12] including [6.1.1] mono-
phasic transverse myelitis with LETM (>3 vertebral segment spinal cord lesion observed on
MRI scan); [6.1.2] recurrent LETM [6.1.3]; LETM associated with brain lesions typical of
NMO (hypothalamic, corpus callosal, periventricular, or brainstem); [6.1.4] ON associated
with brain lesions typical of NMO (hypothalamic, corpus callosal, periventricular, or brain-
stem); [6.1.5] BRON; [6.2] Asian OS-MS [18], recurrent ON and TM not meeting NMO crite-
ria (2006) [11]

Exclusion criteria

Patients still under investigation, those not meeting the criteria for diagnosis, those who
attended the neurology service solely to obtain a second opinion, and those who lived in cities
outside the location of the treatment center were excluded. Registries without a specific diagno-
sis were also excluded from the analysis.

Data collection

The information collected included the following: identification (name of participating
neurologists, type of unit, town, and country); patient demographic and clinical data (name,
initials, birth date, town/country of residence, year and age at onset of IIDD [early onset, i.e.,
pediatric MS: <18 years; late onset: >50 years], gender, ethnicity/skin color [white and non-
white, i.e., Mestizo (mixed white and American Indian ancestry) African (including mixed
white and black ancestry) Asian (including mixed white and Asian ancestry)]), and score on
the Expanded Disability Status Scale (EDSS) [23]. The disability classification according to the
EDSS is 0-2.5 = mild, 3.0-5.5 = moderate, and >6 = severe. The multiple sclerosis severity
score (MSSS) recorded at the last assessment was only applied in patients with MS. The MSSS
is an index that adjusts the EDSS score based on the time of the disease (1-30 years). The MSSS
varies from 0.01 to 9.99. [24] The severity of disease according to the MSSS was classified into
four categories: benign<0.45, mild-moderate = 0.46-5.00, advanced-accelerated = 5.00-8.23),
and aggressive-malignant>8.24 [25]. Information was collected using the laboratory method
applied to detect the NMO-IgG antibody and seropositivity data for each IIDD subcategory.

Statistical analyses

The data were forwarded through the Internet and entered in an ad hoc Excel spreadsheet;
analyses were performed using the Statistical Package for Social Science (SPSS), version 14.
Characteristics were compared between categories and subcategories of IIDD using > (or Fish-
er’s exact) tests for categorical data and two-sample t-tests for continuous data. When categori-
cal variables were compared with continuous variables the Mann-Whitney U test was applied.
Regression logistic models were applied to analyze association and risk. Geoprocessing
resources were used to geographically visualize the information produced.

Results

After 35 registries from patients without specific diagnoses were excluded, the data from 1,917
individuals with IIDD followed during 2011 across 22 reference centers for MS treatment, dis-
tributed across 17 cities in SA were analyzed. The reference centers that provided these data
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Table 1. The IIDD spectrum in SA: The frequency of all categories and subcategories. 1IDD = inflammatory idiopathic demyelinating disease;
ADEM = acute disseminated encephalomyelitis; CIS = clinical isolated syndrome; MS = multiple sclerosis; RRMS = relapsing remitting at onset;
PPMS = primary progressive; NMO = neuromyelitis optica; NMOSDs = NMO spectrum disorders; LETM = longitudinally extensive transverse myelitis.

Major diagnostic category Diagnostic subcategory N % (95% Cls)
Acute IIDD with encephalopathy Pseudotumor 4 0.21 (0.19-0.21)
N =7 (0.37%; 95% Cls = 0.34-0.39) Monophasic Balo’s concentric sclerosis 3 0.16 (0.14-0.17)
Acute Disseminated Encephalomyelitis (ADEM) ADEM Monophasic 14 0.73 (0.71-0.75)
N =19 (0.99%; 95% Cls = 0.99-0.99) ADEM Polyphasic 5 0.26 (0.24-0.28)
CIS CIS Optic Neuritis (ON) 33 1.7 (1.6-1.9)
N =67 (3.5%; 95% Cls = 3.3-3.7) CIS Brainstem (BS) 6 0.31 (0.29-0.33)
CIS Transverse Myelitis 18 0.94 (0.93-0.95)
CIS multifocal 10 0.52 (0.50-0.54)
Multiple sclerosis (MS) RRMS 1,384 72.2 (70.2-74.2)
N = 1,474 (76.9%; 95% Cls = 75.0-78.7) PPMS 90 4.7 (4.5-4.9)
Neuromyelitis optica (NMO) NMO Monophasic 38 2.0(1.8-2.2)
N =226 (11.8%; 95% Cls = 10.4-13.3) NMO Recurrent 188 9.8 (9.7-9.9)
Other NMOSDs LETM monophasic 25 1.3 (1.2-1.5)
N =226 (11.8%; 95% Cls = 10.4-13.3) LETM recurrent 39 2.0 (1.9-2.2)
LETM + BS 6 0.31 (2.9-3.3)
Bilateral recurrent ON (BRON) 15 0.78 (0.76-0.80)
ON + BS 1 0.05 (0.04-0.06)
Optic spinal Asian type MS (OS-MS) 38 2.0 (1.8-2.2)
Total 1,917 100

doi:10.1371/journal.pone.0127757.t001

were located in four Spanish-speaking cities in SA and thirteen cities located across five Brazil-
ian regions.

The IIDD spectrum in SA

Based on the current diagnostic criteria, the following major categories and their frequencies
were recorded with regard to the 1,917 patients with IIDD: MS (76.9%; 95% Cls = 75.0%-
78.7%), NMO (11.8%; 95% CIs = 10.4-13.3), other NMOSDs (6.5%; 95% Cls = 5.5-7.7), CIS
(3.5%; 95% CIs = 3.3-3.7), ADEM (0.99%; 95% CIs = 0.99-0.99), and acute IIDD with enceph-
alopathy (0.37; 95% CIs = 0.34-0.39).

The frequency of all CNS IIDDs is described in Table 1.

The demographic data and the clinical evolution of the patients with IIDD are analyzed in
Table 2.

Females predominated all six major categories, ranging from 58.0% of the ADEM group to
84.5% of the NMO group. Whites also predominated the six categories, except for the NMO
group in which 53.1% of the affected individuals were non-white. Only four cases of IIDD (two
cases of MS, one case of NMO, and one case of other NMOSDs) were reported in Asians; these
patients lived in S3o Paulo (two cases), Brasilia, or Buenos Aires (one case each). No native
Indians were affected. The mean age at disease onset was 32.7+11.8 years. The majority of the
patients in all of the major categories, except ADEM, started exhibiting symptoms between 20
and 39 years old (ranging from 51.1% of those with NMO to 86.0% of those with acute IIDD
with encephalopathy). Early onset occurred in 8.2% of all patients (0% of those with acute
IIDD with encephalopathy, 7.0% of those with MS, 7.3% of those with NMOSD, 10.4% of
those with CIS, 15.0% of those with NMO, and 21.1% of those with ADEM); late onset
occurred in 8.9% (0% of those with acute IIDD with encephalopathy, 7.5% of those with CIS,
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Table 2. Demographic and clinical features of patients according to the major IIDD categories. MS = multiple sclerosis; NMO = neuromyelitis optica;
NMOSD = NMO syndrome; CIS = clinical isolated syndrome; ADEM = acute disseminated encephalomyelitis; acute 1IDD with encephalopathy;
1IDD = inflammatory idiopathic demyelinating disease; EDSS = expanded disability status scale; MSSS = MS severity score

Variables MS NMO Other NMO CIS ADEM Acute IIDD with All IDD
syndromes encephalopathy
n = 1,474 n =226 n=124 n =67 n=19 n=7 n=1,917
Gender, N(%) Female (F) 1,068 (72.5) 191 (84.5) 84 (67.7) 55 (82.0) 11(58.0) 5(71.4) 1,414
(73.8)
Male (M) 406 (27.5) 35 (15.5) 40 (32.3) 12 (18.0) 8 (42.9) 2 (28.6) 503 (26.2)
Ratio F/M 2.6:1 5.4:1 2.1:1 4.6:1 1.4:1 2.5:1 2.8:1
Skin color, N White (W) 983 (66.7) 103 (45.6) 68 (54.8) 34 (50.7) 13(68.0) 4 (57.0) 1,205
(%) (63.0)
Non-white 473 (32.1) 120 (53.1) 51 (41.12) 29 (43.3) 6 (32.0) 3 (43.0) 682 (35.2)
(Nw)
Afro 387 (26.3) 89 (39.4) 42 (34.0) 21 (31.3) 3(16) 2 (28.6) 544 (28.0)
Mestizo 84 (5.7) 30 (13.3) 8 (6.5) 8(11.9) 3(16) 1(14.3) 134 (7.0)
Asian 2(0.1) 1(0.4) 1(0.8) 0 0 0 4(0.2)
Ratio W/NW 2.1:1 0.86:1 1.3:1 1.2:1 2.1:1 1.3:1 1.7:1
Missing 18 (1.2%) 3 (1.3%) 5 (4%) 4 (6%) 0 0 30 (1.6%)
Age of onset, 09 years 11 (0.7) 10 (4.4) 0 1(1.5) 0 0 22 (1.1)
N(%)
10-19 years 155 (10.5) 36 (16.0) 17 (13.7) 12 (18.0) 5(26.3) 1(14.0) 226 (11.8)
2029 years 445 (30.2) 69 (30.5) 33 (26.6) 16 (24.0) 6 (31.6) 3 (43.0) 572 (29.8)
30-39 years 441 (29.9) 48 (21.2) 33 (26.6) 20 (30.0) 2(10.5) 3 (43.0) 547 (28.5)
40-49 years 279 (18.9) 38 (16.8) 24 (19.4) 13 (19.0) 2(10.5) 0 356 (18.6)
50-59 years 111 (7.5) 22 (9.7) 13 (10.5) 0 1(.3) 0 151 (7.9)
60-69 years 16 (1.1) 3(1.3) 3(2.4) 4(6.0) 3(15.8) 0 26(1.4)
70-79 years 2(0.1) 0 0 0 0 0 2(0.1)
Missing 14 (0.9%) 0 1(0.8%) 0 0 0 15(0.8%)
Mean+SD 32.9+11.3 31.2£13.56 34.1+12.7 31.4+12.1 32.5+0.81 27.447.0 32.7+11.8
Clinical RR: 1,384 M: 38 (16.8) M:67 M: 14 M: 7
course (93.9) (74.0)
PP: 90 (6.1) R: 188 0:5 (26.0)
(83.2)
Time of Mean+SD 9.78+786 891+6.89 7.42+7.60 3.54 +3.51 9.11 4.43 £6.02 9.28+7.76
disease +11.92
Missing 5(0.3%) 0 1(0.8%) 0 0 0 6 (0.3%)
EDSS Median (min- 25 (0-0.5) 4 (0-9.5) 3 (0-8,5) 1(0-7) 3(0-9) 1(1-3)
max)
EDSS mild 814 (55.2%) 58 (25.7%) 47 (37.9%) 51(77.3%) 9(47.4%) 6 (85.7%)
EDSS 369 (25.0%) 93 (41.2%) 39 (31.5%) 12 (18.2%) 2(10.5%) 1 (14.3%) 516
moderate (26.9%)
EDSS severe 283 (19.2%) 73 (32.3%) 38 (30.6%) 3 (4.5%) 8(421%) O 404
(21.1%)
Missing 8 (0.5%) 2 (0.9%) 1(1.5%) 1 (1.5%) 0 0 12 (0.6"%)

doi:10.1371/journal.pone.0127757.t002

9.4% of those with MS, 11.5% of those with NMO, 12.9% of those with other NMOSDs, and
21.1% of those with ADEM). The long-term morbidity after a mean disease time of 9.28+7.7
years (as analyzed by the EDSS) was characterized by mild disability in the total population. All
categories except for NMO were scored as moderate. In the MS category, disease time was posi-
tively correlated with the EDSS score (r = 0.374; p = <0.001). This correlation was not observed
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among those with NMO (r = 0.129; p = 0.054) or NMOSDs (r = 0.22; p = 0.812). With respect
to the diagnostic tests, more than 98% of the individuals with IIDDs underwent brain and
spinal cord MRIs; CSF analyses were performed in more than 90%, and VEP was performed

in more than 80%. NMO-IgG antibody was tested for in 324 patients (acute IIDD with
encephalopathy [n = 2], ADEM [n = 2], CIS [n = 17], MS [n = 87], NMO [n = 162], and other
NMOSDs [n = 54]). All but one neurological center used the IIF to test the NMO-IgG antibody
(95%); the Elisa method was applied in the remaining center.

[IDD phenotypes

[1] Rare and acute forms—Acute forms of IIDD with encephalopathy were diagnosed using
brain MRI and confirmed by brain biopsy in seven patients. Unique pseudotumoral brain
lesions were identified in three white patients and one white Mestizo (two cases in Rio de
Janeiro, one case in Maracaibo, and another in Asuncion); the mean age of these patients at
onset was 29+6.9 years. The follow-up assessments of these patients, which lasted from 1 to

18 years (mean = 5.75+8.18 years), did not reveal other neurological manifestations, maintain-
ing a mild disability score according to the EDSS. The diagnosis of Balo in vivo was established
in one white and two Africans individuals (mean age = 25.33+7.76 years; Sdo Paulo) who
showed mild disability after 2.67+0.57 years of follow up.

[2] ADEM (monophasic and recurrent)—ADEM monophasic was recorded in 14 patients
among whom the only acute event occurred at a mean age of 36.64+19.87 years, ranging from
younger than 18 (21.4%) to older than 50 years old (28.7%). Most of these patients showed
mild disability according to the EDSS. Only five cases of recurrent ADEM were recorded; these
cases had earlier onsets and worse long-term disability.

[3] CIS—Acute forms of demyelinating inflammatory syndromes suggestive of MS were
recorded in 67 patients, mostly women, with an age of onset between 20 and 39 years old
(54.0%). Onset before 18 years old occurred in 10.4% of cases and after 50 years old occurred
in 7.5% of cases.

Four classes of CIS were defined. The most frequent was optic neuritis (49.3%), followed by
transverse myelitis (26.9%), multifocal CIS (14.9%), and brainstem syndrome (BS) (9.0%). At
the last follow up, after a mean disease time of 3.54+3.51 years (minimum 1 year, maximum
18 years), the disability was mild for all clinical presentations.

[4] MS—Data from 1,474 patients with MS, of whom 1,384 (93.9%) had RRMS and 90
(6.1%) had PPMS since onset, were analyzed. Approximately 73.0% of the patients with RRMS
were women, and 66.6% white. The disease onset occurred between 20 and 39 years old in
60.7% of patients; 7.2% included pediatric forms (0.8% up to 9 years old), and 8.5% included
cases of late onset. The majority of the patients had mild long-term disability (58.3%). The oth-
ers showed moderate (24.9%) or severe disability (16.3%). Secondary progression was observed
in 14.6% (203/1,384) of cases. Approximately 63.0% of the patients with PPMS were women,
and 67.8% white. The disease onset occurred between 30 and 49 years old (57.7%), and 22.2%
of the cases were late onset. At the last follow up, the majority of patients with PPMS showed
severe disability (64.4%); the others showed moderate (26.7%) or mild disability (7.8%).

To test the possible factors associated with disease severity (i.e., EDSS scores >6), a multino-
mial model was applied that considered the following variables: clinical course at onset (PP vs.
RR), gender, age at onset (> or < the median), ethnicity (non-white vs. white), early onset
forms, late onset forms, latitude of the reference center in SA (> or < the median), and disease
time (> or < the mean). The PP clinical course and longer times of disease were associated
with greater disability. Applying the same model to the RRMS and PPMS groups separately,
disease duration remained significant in both subcategories. The risk for secondary progression
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was significantly higher in Africans (HR = 1.46, p = 0.021). Because the time of MS influences
the severity of the disability, we applied the MSSS score. Using this index with regard to the
RRMS group, long-term severity was classified as mild-moderate for the majority of patients
(56.4%), followed by advanced-accelerated (25.5%), benign (9.4%), and aggressive-malignant
(8.7%). Most of the patients with PPMS were included in the aggressive-malignant (48.0%) or
advanced-accelerated (34.8%) groups; the others had the mild-moderate form (16.9%).

[5] NMO—A total of 226 patients met the criteria for definite NMO (2006), of whom 188
(83.2%) had the relapsing-remitting course, and 38 (16.8%) had the monophasic course.
Women and Africans predominated the recurrent NMO group. The majority (55.8%) pre-
sented with their first acute event between 20 and 39 years old; pediatric forms of NMO (early
onset) occurred in 14.9%, late onset occurred in 8.0%, and the long-term disability was moder-
ate (44.1%) or severe (34.0%). Women and whites predominated the monophasic NMO group;
pediatric forms (early onset) comprised 15.8% of this group; 31.6% of patients stated that the
disease began between 20 and 39 years old, 23.7% stated that the disease began between 40 and
49 years old, and 26.3% stated that the disease began after 50 years old. The long-term disability
was moderate (26.3%) or severe (23.7%). Comparing these variables with regard to clinical
course, recurring NMO differs from monophasic NMO by the greater frequency of Africans
(p = 0.022), earlier age of onset (p = 0.009), and higher disability (p = 0.014).

[6] NMOSDs—/[6.1] Limited NMO syndromes (n = 86): LETM was documented in 70 of
86 cases (81.4%). The recurrent LETM (n = 39) was predominated by women and Africans.
The first TM acute event occurred between 30 and 49 years old (46.2%); 17.9% had late onset,
and 7.7% had early onset. Most patients developed moderate or severe disability (69.2%). The
monophasic LETM group (n = 25) was predominated by white men who had an episode of
myelitis between 30 and 49 years old (60.0%) and developed severe disability (64.0%). Compar-
ing these variables with regard to the clinical course, more women had recurring LETM
(p =0.004), and neurological disability was more likely in monophasic LETM (p = 0.011). Six
patients, most of them women and African, had LETM an associated BS event with mild
(42.9%) or severe (42.9%) disability at the last follow up. BRON occurred in 15 patients; most
were white women for whom the disease began at 10 to 19 years old (20.0%), 20 to 29 years old
(26.7%), or 30 to 39 years old (20.0%). The long-term disability assessed by the EDSS was mild
(66.7%). Only one patient had bilateral ON with a BS event.

The demographic, clinical, and laboratorial data of the patients with NMO and limited syn-
dromes are shown in Table 3.

[6.2] OS-MS (Asian-type) in SA- A total of 38 patients were classified as OS-MS with acute
and recurrent events restricted to the optic nerve and spinal cord with a mean disease time of
10.84+8.10 years old. Whites (68.4%) and females (73.3%) predominated. The first event was
diagnosed at 20 to 39 years old (71.1%); 5.3% showed early onset, and the same frequency
showed late onset. Long-term disability assessed using the EDSS was mild (55.3%), moderate
(31.6%) or severe (13.2%).

NMO-IgG antibody positivity with regard to the subcategories

The NMO-IgG antibody was tested in 324 patients with IIDD. Seronegativity was found in
one patient with a large cerebral lesion, one case of Balo disease, two cases of ADEM, 17 cases
of CIS, 16 cases of OS-MS, and all but one case of RRMS (86/87). The antibody was positive in
patients with recurrent NMO (81/137; 59.1%), monophasic NMO (14/25; 56.0%), recurrent
LETM (6/17; 35.3%), monophasic LETM (3/9; 33.3%), LETM or ON with BS (1/4; 25%), and
in all cases of BRON (8/8; 100%).

We analyzed the influence of NMO-IgG antibody positivity on the 200 patients with
NMOSDs (NMO: n = 162; LETM: n = 30; BRON: n = 8). NMO-IgG was positive in 56.5% of
all cases. No associations were found with regard to gender, age at onset (< or > the median),
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Table 3. Demographic, clinical, and laboratory characteristics with regard to NMOSD subcategories. Differences in totals are due to missing values.
Legend. LETM, Longitudinally extensive transverse myelitis; BRON, bilateral recurrent optic neuritis; BS, brainstem syndrome; NMOSD, NMO syndrome;

MSRR, relapsing-remitting multiple sclerosis; MSSP, multiple sclerosis secondary progressive

Variables

Gender, N(%)

Skin color, N(%)

Age at onset, N
(%)

Age of onset
Time of disease

AQP4+

Female (F)
Male (M)
White (W)
Afro
Mestizo
Asian
Missing
0-9 years

10-19 years
20-29 years
30-39 years
40-49 years
50-59 years
60-69 years
Missing

Age <17
Age >50
Mean+SD
Mean+SD

Median (min-
max)

EDSS mild

EDSS
moderate

EDSS severe
Missing

doi:10.1371/journal.pone.0127757.1003

NMO

NOM M
(n=38)
30 (78.9%)
8 (21.1%)
22 (57.9%)
8 (21.1%)
8 (21.1%)
0

0

1(2.6%)

15.8%)
13.2%)
18.4%)
23.7%)
23.7%)

(
(
(
(
(
(2.6%)

6
5
7
9
©
1
0

6 (15.8%)
10 (26.3%)
37.02+15.33
8.47+6.97

3 (0-8)

18 (47.4%)
10 (26.3%)

9 (23.7%)
1 (2.6%)
14/25 (56.0%)

NMOR
n=188

161 (85.6%)
27 (14.4%)
81 (43.1%)
81 (43.1%)
22 (11.7%)
1(0.5%)

3 (1.6%)

9 (4.8%)

30 (16%)
64 (34%)
41 (21.8%)
29 (15.4%)
13 (6.9%)
2 (1.1%)

0

28 (14.9%)
15 (8%)
30.06+12.9
9+6.89

4 (0-9.5)

40 (21.3%)
83 (44.1%)

64 (34%)
1 (0.5%)

81/137
(59.1%)

Limited NMOSD
syndromes

ONRB n=15

12 (80%)
3 (20%)
10 (66.7%)
2 (13%)

3 (20%)

0

0

0

3 (20%)

4 (26.7%)
3 (20%)

3 (20%)

2 (13.3%)
0

0

2 (13.3%)
2 (13.3%)
32.73+13.05
4.53+6.25
2.5 (1-4)

10 (66.7%)
5 (33.3%)

1(6.7%)
0
0

LETMM
n=25
9(36%)
16(64%)
15(60%)
7 (28%)
1 (4%)

1 (4%)

1 (4%)
0

3 (12%
5 (20%
7 (28%
8 (32%
1 (4%)
1 (4%)
0

2 (8%)
2(8%)
36.16+11.68
4.88+6.88

6 (0-8.5)

)
)
)
)

2 (8.0%)
7 (28%)

16 (64%)
0
1 (4%)

LETMR

n=39

29 (74.4%)
0 (25.6%)
4 (35.9%)

17 (43.6%)

4 (10.3%)

0

4 (10.3%)

0

5 (12.8%)
8 (20.5%)
9 (23.1%)
9 (23.1%)
5 (12.8%)
2 (5.1%)

1 (2.6%)
3(7.7%)
7 (17.9%)
36.47 +14.24
6.89+7.42
4 (0-8)

1 (28.2%)
4 (35.9%)

13 (33.3%)
1 (2.6%)
4 (10.3%)

LETM or ON +BS

n=7

5 (71.4%)

2 (28.6%)

3 (42.9%)
4 (57.1%)

0
0
0
0

1 (14.3%)
1(14.3%)
2 (28.6%)
0

3 (42.9%)
0

0

0

3 (42.9%)
37.14 +14.42
7+5.16

4 (0-7)

3 (42.9%)
1(14.3%)

3 (42.9%)
0
0

ethnicity, early or late onset, disease course (monophasic or recurrent), reference center
latitude (< or > the median [-22°S]), and long-term severe disability (i.e., EDSS = 6).

The frequencies of IIDDs in SA by ethnicity

Fig 1 shows the distribution of the six major categories of IIDD by ethnicity.

MS was the most common IIDD, followed by NMO among whites, Mestizos, and Africans.
However, a significant difference was observed when comparing the distribution of those six
categories among whites versus mestizos (p<0.001) and white versus Africans (p<0.001). A
difference was not found between Mestizos and Africans (p = 0.12).

NMO versus RRMS

Diagnoses of NMO differed from those of RRMS at onset by demographic, clinical, and lab-
oratory characteristics (see Table 4).
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Fig 1. The IIDD spectrum in SA by ethnicity. IIDD = inflammatory idiopathic demyelinating disease, MS = multiple sclerosis; NMO = neuromyelitis optica;

NMOSD = NMO syndrome; CIS = clinical isolated syndrome; ADEM = acute disseminated encephalomyelitis; acute [IDD with encephalopathy;

doi:10.1371/journal.pone.0127757.g001

Approximately 1.0% of patients with NMO+RRMS in Argentina were non-white (Asian =
1); 30.4% of these patients in Paraguay were non-white (Mestizos = 42); 36.8% of these patients
in Brazil were non-white (Mestizos = 13 and Africans = 483), and 79.1% of these patients in

Table 4. NMO versus RRMS. MSRR = multiple sclerosis relapsing remitting; MSPS—multiple sclerosis secondary progressive; NMO = neuromyelitis optica.

Variables MSRR+PS, n = 1384 NMO, n = 226 p-value

Gender, N(%) Female (F) 1,011 (73,0%) 191 (84.5%) <0.001
Male (M) 373 (27.0%) 35 (15.5%)

Skin color, N(%) White (W) 922 (66.6%) 103 (45.6%) <0.001
Afro 362 (26.2%) 89 (39.4%) <0.001
Mestizo 82 (5.9%) 30 (13.3%) <0.001
Asian 2 (0.1%) 1 (0.4%)
Missing 16 (1.2%) 3 (1.3%)

Age at onset, N (%) 1st decade 11 (0.8%) 10 (4.4%) <0.001
2nd decade 152 (11.0%) 36 (15.9%) 0.038
3rd decade 430 (31.1%) 69 (30.5%) 0.33
4th decade 410 (29.6%) 48 (21.2%) 0.010
5th decade 258 (18.6%) 38 (16.8%) 0.26
6th decade 99 (7.2%) 22 (9.7%) 0.10
7th decade 11 (0.8%) 3(1.3%) 0.25
8th decade 0 10 (4.4%) 0.23
Missing 13 (0.9%) 0

Age at onset (years) Mean % SD 32 + 11 (4.0-66.0) 31.2+13.5 (2.0-68.0) 0.14

Disease time (years) Mean % SD 9.6 £ 7,7 (1-47) 8.9 + 6.89 (1-38) 0.19

Disability Median (min-max) 1.0 (1.0-4.0) 4.0 (0-9.5) <0.001
EDSS mild 807 (58.3%) 58 (25.7%) <0.001
EDSS moderate 345 (24.9%) 93 (41.2%) <0.001
EDSS severe 225 (16.3%) 73 (32.3%) <0.001
Missing 7 (0.5%) 2 (0.9%)

doi:10.1371/journal.pone.0127757.1004
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Table 5. The relative frequencies of NMO among patients with NMO+RRMS at onset by latitude. RRMS = relapsing remitting multiple sclerosis at
onset; NMO = neuromyelitis optica.

MS location center

Caracas

Belém (1)
Belém (2)
Recife

Brasilia
Cuiaba (1)
Cuiaba (2)
Goiania

Belo Horizonte

Rio Janeiro (1)
Rio Janeiro (2)
Rio Janeiro (3)

Rio de Janeiro-Sul
Fluminense

Santos

Séo Paulo
Curitiba
Joinville
Floriandpolis
Assuncion (1)
Assuncion (2)
Buenos Aires

doi:10.1371/journal.pone.0127757.t005

Latitude Ethnicity

10°N

1°S
1°S
8°S
15°S
15°S
15°S
16°S
19°S

22°S
22°S
22°S
22°S

23°S
23°S
25°S
26°S
27°S
25°S
25°S
34°S

Frequency of NMO among

NMO + RRMS
Frequency of non- Brazilian Country
whites regions
79.1% 43.3% _ Venezuela
(43.3%)
41.6% 12.5% North (15.2%) Brazil (14.0%)
66.7% 16.6%
96.8% 3.2% Northeast (3.2%)
37.1.% 18.8%
50.0% 37.5% Midwest (11.6%)
30.4% 8.9%
39.0% 1.3%
56.0% 20.5% Southeast
(17.9%)

38.3% 10.4%
11.9% 4.4%
27.9% 16.3%
30.6% 18.3%
16.1% 8.9%
41.7% 38.1%

4.2% 4.1% South (5.1%)

1.3% 7.7%
17.9% 3.1%
12.5% 25.0% _ Paraguay (8.7%)
32.8% 6.5% _

1.0% 2.1% _ Argentina (2.1%)

Venezuela were non-white (Mestizos = 50 and Africans = 10). These frequencies were 9.6%,
37.5% 36.5%, 96.8%, and 60.9% in the southern, southeastern, midwestern, northeastern, and
northern regions of Brazil. The relative frequency of NMO among NMO+RRMS cases in SA
was 14.0%: 43.3% in Venezuela, 14.0% in Brazil, 8.7% in Paraguay, and 2.1% in Argentina.
Table 5 displays the relative frequency of NMO cases across the 22 MS centers located in 18
cities in SA. The most southern latitudes were generally associated with fewer NMO cases.

Discussion

Epidemiological studies have found low to medium rates of MS (1.48 a 17.1/100.000) in SA,
with values increasing along a north-south gradient below the equator. Conversely, these rates
vary from medium to high along a south-north gradient in North America (NA). These differ-
ences can be explained by the genetic composition of the population and by geographical posi-
tion, which might favor environmental factors such as sun exposure [26-28]. Although the
prevalence of MS in SA is less than that in NA and Europe, the results presented in this multi-
center study demonstrate that demographic and clinical characteristics have comparable pat-
terns to those in high-prevalence areas. MS was the most frequent IIDD, primarily affecting
white women. The most common age at onset occurred between the second and fourth
decades. The clinical course was relapsing-remitting at onset in approximately 94% of all
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cases; this course was associated with less disability than the primary progressive course over
time [29-31]. Optic neuritis, transverse myelitis, and BS were the main CISs, as recently
described [21]. Early onset (i.e., pediatric) MS cases were slightly more frequent in SA (7.3%)
than Europe and the US (3%-5.5%) [32]; all of these cases showed an initial relapsing-remitting
presentation, and most patients were white females who had their first relapse after 10 years
old (90%). Disease onset before 10 years old was rare (0.8%).

Knowledge of the epidemiology and natural history of MS is crucial for physicians and
patients to make informed decisions regarding their care [2]. The mild disability according to
the EDSS among 58.3% of the patients with RRMS after an average of almost 10 years (and the
fact that only 14.6% of those cases showed secondary progression) suggests the presence of a
more benign course of MS in SA. However, this suggestion can only be confirmed via a pro-
spective follow up of this cohort that accounts for confounds such as the use of disease-modify-
ing therapy (DMT). Despite the social contrast in SA, DMT was available for patients with
MS at public healthcare centers in Brazil, Argentina, and Venezuela over the last 15 years.
Prognostic studies of MS in SA are rare; only three longitudinal studies [33-35] have investi-
gated the prognostic factors associated with disability and progression in Brazil, concluding
that the number of relapses in the early years, the time interval between the first and the second
relapses, an older age at onset, and the male gender influenced disease progression. These find-
ings are similar to those of studies conducted in NA and Europe [36-37]. Population studies
on the progression of MS disability are difficult to perform because the relationship between
the EDSS and disease duration is not linear because of the considerable individual variation in
the clinical course of this disease. In the present study, the severity of disability at last assess-
ment was associated with disease time and a progressive clinical course. When we applied the
MSSS index [24] (a proposed epidemiological method featuring a single evaluation of EDSS
adjusted by disease time), we observed that the pattern of disease progression in MS was
broader than the disability measured using the EDSS. The long-term severe disability observed
in patients with RRMS was classified as mild-moderate (56.4%), whereas most patients with
PPMS were categorized as aggressive-malignant (48.0%) [25]. We found that Africans were at
major risk for secondary progression, a link previously described among African-Americans
[38] and African-Brazilians [34-35].

Unlike MS, NMO is a rare disease worldwide with estimated prevalence of 0.52/100,000 in
Cuba (according to a 2009 nationwide, non-laboratory survey that analyzed 11.2 million peo-
ple, featuring a mixture of African-Cubans and Spanish; two specialists performed the clinical
testing at one center); 4.2/100,000 in the French Antilles (i.e., Martinique and Guadalupe,
according to a 2009 population study that examined 645,000 people, of whom 73% had African
ancestry; the serum AQP4 antibody was not tested); 4.4/100,000 in the southern region of Den-
mark (according to a 2011 study of 952,000 adults, of whom 94.1% were ethnic Danes; the
serum AQP4 antibody was tested); 1.9/100,000 in southeast Wales (according to a 2012 study
of 712,572 people, of whom 95.6% were white; the serum AQP4 antibody was tested); 0.72/
100,000 in Merseyside, United Kingdom (according to a 2013 study of 1.1 million adults; the
AQP4 antibody was tested in a central lab); and 0.71/100,000 in Austria (according to a 2013
nationwide survey of 8.4 million people, all white; the AQP4 antibody was tested in a central
lab) [39-43].

NMO comprised 11.8% of all cases of IIDD in SA, affecting mostly young African-Brazilian
women, evolving with a recurrent course after the index events (ON/TM) and causing
moderate or severe disability. Except for ethnicity, these data are similar to the NMO series
diagnosed among whites using the 2006 criteria. [44-45] Early onset (i.e., pediatric forms)
occurred in 15.0% of patients, and more than a quarter of these patients had their first acute
event when they were younger than 10 years old. No differences in gender, ethnicity/skin color,
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or morbidity were found between patients younger and older than 18 years old. NMO differs sig-
nificantly from MS with respect to gender, ethnicity, and disability as previous studies in south-
eastern Brazil have demonstrated [15,46]. Ethnicity did not affect NMO-related long-term
disability. NMO-positive antibodies were associated with worse prognoses in African-Caribbean
[47]; however, the presence of this antibody was not associated with higher morbidity (EDSS
score <6), regardless of the ethnic background among patients with NMO from SA.

In SA, the NMO-IgG antibody positivity in patients with NMO tested using the IIF method
[8] was slightly higher among Africans (44/71; 62.0%) than whites (40/71; 56.3%) or Mestizos
(7/16; 40.3%). These results did not confirm those of a prior study that described a lower posi-
tivity rate (16/48; 33%) in the Caribbean where the population was predominantly of African
descent [47]. Approximately 73% (33/45) of American patients were positive in Lennon's [8]
original report; however, other NMO series that applying the IIF found frequencies of 61.1%
(22/36), 62.5% (18/28), 54% (14/26 and 60/111), and 39.4% (13/33) in Germany [48], Spain
[49], France [45, 50], and Italy [51], respectively. The NMO-IgG positivity observed in patients
with NMO from Sao Paulo was similar to that in those from Europe: 64.3% (18/28) [52] and
41% (7/17) [53].

Other methods of NMO-IgG detection were developed to increase test sensitivity. Takaha-
shi and colleagues [54] identified human cell lines that expressed AQP4 after being transfected
and used them as a substrate of IIF to detect anti-AQP4 antibody. Paul et al. and Waters et al.
used tests with recombinant human AQP4 (RIPA/FIPA) [55, 56]. Hayakawa and colleagues
developed the method for detecting anti-AQP4 enzyme-linked immunosorbent assay (ELISA)
using AQP4 antigen extracted from mice [57]. An international, collaborative comparison of
the sensitivities of those assay methodologies confirmed that the IIF assay was less sensitive
than the second-generation recombinant antigen-based assays [58]. These studies opened the
discussion regarding NMO-IgG and AQP4-serum autoantibody detection methods and the
inclusion criteria of epidemiological studies. Assay insensitivity might overestimate the fre-
quency of seronegativity. Jarius and colleagues [59] analyzed the influence of antibodies on the
clinical course of NMOSDs in whites (119 with NMO, 49 with isolated LETM, and 7 with
recurrent ON). The majority of the cases (78.3%) tested AQP4-antibody positive using a cell-
based assay. Seropositive patients were predominantly female, and the disease course was more
often monophasic in seronegative patients; seropositive and seronegative patients did not sig-
nificantly differ with regard to age at onset or annual EDSS increase. Jiao and colleagues [60]
tested the available stored sera of 49 NMO “seronegative” patients at the Mayo Clinic using
new recombinant antigen-based assays and reclassified 30 patients (61%) as seropositive. Sero-
negative patients differed from seropositive patients by sex ratio (> male) and onset attack
(simultaneous ON and TM). Relapse rate, disability outcomes, and other characteristics did
not differ between groups. Marignier and colleagues performed a similar study in France [61]
using the ITF method and cell-based assays. They demonstrated a direct relationship between
the increasing sensitivity of the antibody detection method and identified the characteristics
of the seronegative group, such as a lower female:male ratio, fewer whites, and an overrepresen-
tation of simultaneous optic neuritis and transverse myelitis at onset. The current study
compared gender, ethnicity, age at disease onset, disease course, and disability according to
NMO-IgG status in 200 NMOSD patients, and no significant differences were found. The pres-
ent study was limited by the use of ITF in 95% of the MS centers in SA. IIF is inferior to highly
sensitive and specific cell-based immunoassays.

Monophasic and recurrent acute transverse myelitis (ATM) [62] and chronic recurrent
idiopathic optic neuritis (CRION) [63] were recognized as IIDDs prior to the identification of
NMO IgG by Lennon et al. (2004) [8]. These conditions were included as NMOSDs, consider-
ing their clinical and neuroimaging similarities with NMO and their (albeit less frequent)
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positivity for anti-IgG NMO [22]. The presence of NMO-IgG in patients with limited NMO
syndromes such as LETM and BRON was associated with an increased risk of conversion to
NMO (8] and recurrence [64].

LETM represents the second most frequent phenotype of NMOSD in SA. In its monophasic
presentation, men most likely to be affected, and they developed severe and rapid disability
after a single myelitis, whereas women were more likely to be affected by recurrent LETM with
moderate disability (according to the EDSS) after multiple events of myelitis. NMO-IgG anti-
body was positive in approximately one-third of the cases tested. No association was found
between the presence of the antibody and disability severity. In the original study, the fre-
quency of NMO-IgG antibody in patients with LETM was 52% (14/27) [8]; other series of
white participants with fewer of cases varied including rates of 80% (4/5) [48], 54% (7/13) [50],
50% (5/11) [49] and 15.4%-38.5% (12 LETM + 1 BRON) in a study that analyzed the positivity
of the antibody using five different assays [51]. One Brazilian study found an antibody positiv-
ity of 41.2% (7/17) in patients with recurrent MTA and extensive spinal cord lesions among
whom the presence of the antibody was not associated with greater disability [65]. The current
study recorded only 15 patients with BRON; NMO-IgG positivity was found in all of the tested
cases (100%; 8/8); conversely, a previous series found a much smaller antibody frequency in
patients with recurrent optic neuritis than those with LETM, ranging from 25% (2/8) [8] to
14.3% (1/7) [49].

Asian type OS-MS is a common phenotype among the Japanese, and similarities between
this syndrome and neuromyelitis had already been recognized by the early 2000s [17]. OS-MS
was included as an NMOSD [22] after the NMO-IgG antibody was identified in the serum of
Japanese patients (54%; 6/11) diagnosed with OS-MS [8]. Subsequent research conducted in
Japan showed that NMO-IgG antibody positivity was only confirmed in OS-MS patients with
LETM (61.5%; 16/26); patients with OS-MS without LETM and patients with Western-type
MS were negative for this antibody, suggesting that Japanese patients with OS-MS and exten-
sive spinal cord lesions have an underlying pathogenesis common to NMO [66,67]. In SA, the
OS-MS phenotype differs from the other NMOSDs including NMO-IgG antibody negativity
for all of the cases tested; young white women were most affected and exhibited mild disability
after 11 years of disease. These clinical and laboratory features indicate that OS-MS is an
RRMS phenotype in our population. If the 38 OS-MS cases were included in the MS group,
then they would represent 2.6% of all RRMS cases (38/1,422). These results differ from one
American study that found that OS-MS comprised 8.8% of 1,290 MS cases (125/1290), with a
higher frequency among African-Americans; 8.8% (11/125) tested positive for the NMO-IgG
antibody. Certain limitations of this study include the recruitment of patients with MS after
excluding NMO cases that applied older NMO criteria (1999) and the arbitrary OS-MS defini-
tion based on the signs and symptoms restricted to the optic nerves and spinal cords of patients
with at least 5 years of living with the disease [38].

The results of this study, which was conducted across different regions of SA, confirmed
the influence of ethnicity on the frequency of NMO. The relative frequency of NMO among
patients with NMO+RRMS was 14.0%, rising in a south-north gradient, from 2.1% at 34°S to
43.3% at 10°N (just above the Equator; see Table 5). Similarly, we observed the same gradient
for the proportion of non-white patients. Argentina, which received significant European colo-
nization and which has few African inhabitants, showed a relative NMO frequency of 2.1%
among patients with MS. This rate is close to the frequency reported in studies conducted
among whites living in Australia and Italy [12-13]. In Paraguay, where 30% of the patients
were Mestizos, the relative frequency of NMO was higher (8.7%), which is similar to Mexico
City (8%) where 60% of population is Mestizo [14].
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Starting in south Brazil (which has a strong history of German and Italian colonization)
with 5.1% of all NMO cases and moving north toward the equator, this territory corresponded
to a fairly large area inhabited by individuals of both European and African ancestry as well as
natives; furthermore, an increasing frequency of NMO was found. These results confirmed the
south-north gradient in which Caracas and Maracaibo exhibited the highest frequency of
NMO cases (43.3%). The exception to this pattern was found in the northeast, where only two
cases of NMO were diagnosed despite the higher frequency in non-white patients (96%). A
study will be required in Salvador (Bahia), Sdo Luiz (Maranhéo), and Fortaleza (Ceara) to
determine the real frequency of NMO in this region.

The ethnic and socioeconomic characteristics of individuals with NMO, most of whom
have African ancestry and low incomes, and the type of medical care provided at the investi-
gated reference centers, might also be associated with differences in the frequency of NMO
found within a single geographical area. For instance, striking differences were found in Rio de
Janeiro between a public and a private MS reference center, even though both were operated by
the same neurological staff. As another example, the frequency of NMO cases was 41.0% at
Santa Marcelina Hospital, a large public hospital in Sdo Paulo that admits underprivileged
patients, whereas the average frequency of NMO found by a previous study at three MS refer-
ence centers in Sio Paulo was 6%. [16]

This study is limited by the lack of a method regarding ethnicity/skin color classification.
Although the terms white, African, and Latino are used in epidemiological studies worldwide,
the large miscegenation that characterizes the SA population suggests that ethnic and skin
color groups are not homogeneous. A Brazilian study investigated the genetic contribution of
European, African, and Amerindian ancestry among patients with MS or NMO, most of
whom were from Sdo Paulo, and it found that the contribution of European ancestry was
higher in patients with MS than those with NMO, whereas African ancestry was higher in
patients with NMO than those with MS. Moreover, a principal component analysis showed
that patients with NMO from the south Brazil were clustered close to the European ancestral
population [68].

Another relevant issue concerns the locations where the patients were selected (i.e., exclu-
sively in treatment MS centers), which might underestimate the frequency of monophasic
cases in which, after a single initial acute event, remission occurs with mild disability or even
without disability and no indication for regular medical treatment. The monophasic ADEM
represented in this study comprised less than 1% of all IIDDs; it affected patients during differ-
ent decades of life, none of whom were younger than 10 years old, even though this syndrome
is more frequent in childhood.

The identification of a high frequency of NMOSD cases has many implications for health-
care services in SA. NMO and LETM are severe conditions characterized by high morbidity in
the short term; thus, they demand early diagnosis and the immediate institution of specific
treatments for acute attacks (e.g., intravenous corticosteroids, plasmapheresis, or human
immunoglobulin IV). Individuals with NMOSD are frequently admitted to neurological or
intensive care units because of the risk of respiratory failure and the severity of their neurologi-
cal abnormalities. The NMO-IgG testing applied to all suspected cases of IIDD will certainly
help the early diagnosis of NMOSD. Finally, the rights endowed to patients with MS should
also be extended to patients with NMO, including access to off-label drug use. Although the
FDA has not yet approved medication for this condition, certain drugs have been potentially
beneficial in case series [69]; however, healthcare services usually refuse to provide them.
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Conclusions

Despite the ethnic diversity of its population, all IIDD phenotypes in SA were found. Three-
quarters of these patients had MS, which primarily affects white women and young people,
showing similar clinical features to those in Western populations in the northern hemisphere.
NMO primarily affects Africans, 58.6% of whom tested positive for NMO-IgG antibody (95%
of whom were tested using ITF). NMO causes moderate/severe disability in both whites and
Africans. The antibody positivity shown with regard to NMO was slightly higher among Afri-
can descendants than whites. The presence of this antibody was not associated with higher
long-term disability, regardless of ethnic background. Asian-type OS-MS presents demo-
graphic, clinical, and laboratory characteristics of MS in SA, including a predominance in
whites, a favorable long-term prognosis, and the absence of NMO-IgG antibody, which sug-
gests that this condition is a phenotypic subcategory of MS and not an NMOSD. The south-
north gradient that shows increasing NMO among non-white individuals from Argentina,
Paraguay, Brazil, and Venezuela confirmed the results of previous studies showing a higher
frequency of NMO among non-white populations living in areas with a low prevalence of MS.
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Abstract. Epidemiological studies of multiple sclerosis (MS) conducted in Latin
America have revealed prevalence rates of this disease from low to medium. The aim
of this study was to gather and analyze surveys on prevalence conducted in Brazil,
noting its variability in different regions. Systematic review was held in electronic
databases and manual search in abstracts concerning ECTRIMS, LACTRIMS and
Brazilian Congress of Neurology. Nineteen studies made reference to prevalence
rates that ranged from 1.36/100,000 to 27.2/100.000 inhabitants. More studies on the
epidemiology of MS in Brazil will be needed for a better assessment of its prevalence
and profile.

Keywords: Multiple Sclerosis, Prevalence, Incidence, Epidemiology, Brazil.

1. INTRODUCTION

Multiple Sclerosis (MS) is a chronic, inflammatory and immune-mediated
demyelinating disease from the central nervous system that occurs in genetically
susceptible people (Frohman et al., 2006; Noseworthy et al., 2000). Approximately
2.5 million people worldwide are affected, most young adults and middle-aged
(Compston and Coles, 2008). The MS is characterized by infiltration of immune cells,
loss of myelin and axons and formation of multifocal plaques in the brain and spinal
cord (Frohman et al., 2006).

Regarding the geographical distribution of MS in the world, the disease is
more common in temperate regions than in tropical ones (Cristiano et al., 2008).
Moreover, the occurrence of the disease is related to the concept of susceptibility
and also by disease resistance. Being cited the Caucasians, as examples of large
susceptibility population and blacks, Creoles, gypsies and eastern as resistance
(Lowis, 1988).
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In 1980, Kurtzke, analyzing cases of multiple sclerosis in black patients,
reported in several american series, concluded that the prevalence of MS tends to
increase with the geographical latitude, showing higher frequencies in the North and
lower in the South. Kurtzke ranked world regions geographically according to the
prevalence in three zones: high prevalence - over 30 cases per 100,000 inhabitants,
which includes Europe between north latitudes from 65° to 45°, Southern Canada,
Northern The United States of America, New Zealand and Southern Australia;
medium prevalence - between 5 and 30 cases per 100,000 inhabitants, which
includes Southern Europe, South The United States and part of Australia; and low
prevalence - below 5 cases per 100,000 inhabitants, which includes Japan, China,
Latin America and South America (Kurtzke, 1980).

In the last decade, results of new epidemiological studies have found an
overall increase in the MS prevalence and incidence, questioning the distribution
based on latitudinal gradient (Koch-Henriksen, 2010). A research group suggested
classifying the worldwide prevalence of MS according to the following categories:
countries with very high prevalence of MS (>or = 130 cases per 100,000), high
prevalence (80 — 129 cases per 100.000), medium prevalence (30 — 79 per 100,000),
low prevalence (5 — 29 per 100.000) and very low prevalence (0 — 4 per 100,000)
(Roman, 2007).

In a recent review, there were conceptualized five new risk areas for MS: very
high (170-350), high (70-170), medium (38-70), low (13-38), very low (0-13).
Demonstrating the highest frequencies between latitudes 45° and 65° north, similar
prevalence for the same longitudinal band in the Southern Hemisphere and rare near
the equator (Wade, 2014).

Systematic Revisions on the epidemiology of MS made in Latin America have
revealed prevalence rates from low to medium of the disease in this region (Melcon
et al., 2012; Cristiano et al., 2012). In a study conducted in Equator, in the city of
Cuenca, it was found the lowest prevalence rate of 0.75/100,000 inhabitants; and the
city of San Pedro Garza Garcia, in Mexico, in 2003, presented the highest
prevalence rate, 30/100,000 inhabitants (Abad et al, 2010; De La Maza and
Arrambide, 2006).

The first study on MS prevalence in Brazil was carried out in early 1990, in the

city of Sao Paulo (Callegaro et al., 1992).
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The aim of this systematic review is to gather and analyze surveys on

prevalence conducted in Brazil, noting its variability in different regions.

2. METHODOLOGY
2.1 Search Strategy and Selection Criteria.

Systematic research was held in electronic databases from Cochrane
Collaboration Database, Pubmed, Medline, Scielo and Lilacs of articles regarding the
prevalence and incidence of multiple sclerosis in Brazil between 1990 and 2014. We
used the following keywords in Portuguese and English: epidemiology, prevalence,
incidence, multiple sclerosis, Brazil. It was also made manual research in abstracts
relating to the European Committee for Treatment and Research in Multiple Sclerosis
(ECTRIMS), Latin American Committee for Treatment and Research in Multiple
Sclerosis (LACTRIMS) and Brazilian Congress of Neurology, from 2002 to 2012.
Articles on the epidemiology of MS that did not refer to the prevalence rate were

excluded.

2.2 Evaluation of the data and the quality of the studies.
The data extracted from selected studies included: city where the study was
conducted, the study population, study period, author and date of publication, data

source, methodology, study design, prevalence, latitude and longitude.

2.3 Geographic, Demographic and Historical Aspects of Brazil.

Brazil is one of the largest countries in the world in territorial extension, with
8,515,767.049 Km? It is located on the American continent, bordering several
countries in South America, being bathed by the Atlantic Ocean to the East. It is cut
by Equator and Tropic of Capricorn. Most of its territory lies in the tropical climate. It
is divided into five regions: North, Northeast, Southeast, South and Midwest, with a
total number of 26 States. (Figure1). It features large climate variability. There are
three types of climate in the country: equatorial, tropical and temperate. In the South
of the country is cold and it's very warm in the North and Northeast. But, in General,
the temperature is high in almost the entire territory (IBGE, 2012).

In the history of Brazil, the occurrence of mestizaje is quite pronounced. This

fact has generated a singular national identity and a distinctly mixed people in
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appearance and culture. The mixture of people in Brazil has a different composition
according to the region (Araujo, 2013).

According to data from the 2010 census (IBGE, 2012), Brazil has a total
population of 190,755,799 inhabitants. From these, 97,348,809 are women and
93,406,990 are men. As for the distribution of ethnicities, 91,051,646 are white,
82,277,333 are brown, 14,517,961 are black, 2,084,288 are yellow and 817,963 are
indigenous. The largest population of white is located in the South and the largest
population of black is located in the Northeast. Data for skin color are provided by
auto-denomination (IBGE, 2010).

2.4 Data Analysis

A meta-analysis of MS prevalence in Brazil was conducted using mixed-
effects models, often called poisson-normal models (Stijnen et al, 2010).

Given the heterogeneity of the studies, we investigated the variables
associated with the prevalence of MS by multiple meta-regression models. When the
value of variance accounted for (VAF) by the model was greater than 5%, the
variable was included in the multiple model. The value of variance accounted for
(VAF) indicates the percentage of total heterogeneity that is explained by each
moderator. The goodness of fit of the multiple model were evaluated by the likelihood
ratio test (LRT).

We analyzed the following variables: latitude of the study location, ethnic
composition (% White) and climate. The analyses were performed using the metafor

(Viechtbauer, 2010) library of R software (R Core Team).

3. RESULTS

Fifty- two references were found in the search from electronic databases. After
reviewing the titles and abstracts, fifteen articles were selected for reading. From
these, four were excluded because they did not contain data of incidence and/or
prevalence. By manual search were found eight studies containing data of

prevalence (Figure 1).
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Altogether nineteen studies were selected for tabulation and analysis, with

thirteen studies carried out in cities in the Southeast region, three in the Southern

region, two in the Midwest and one in the Northeast. Table 1 demonstrates the

studies carried out in chronological order.

No incidence studies were found. The studies presented heterogeneous

methodologies regarding the selection of data sources. All of the included studies

reported, by neurologists, the use of the diagnostic criteria of Poser and/or McDonald

for case definitions and MS prevalence by 100,000/inhabitants. With regard to

prevalence rate, they ranged from 1.36/100,000 inhabitants in Recife-Pernambuco,
to 27.2/100,000 inhabitants in Santa Maria, Rio Grande do Sul.

Analyzing the studies from the Brazilian regions, we obtained the following

distribution:

Table 1: Articles about Prevalence of Multiple Sclerosis in Brazil

Year Number | Prevalence of o ] q
Author-Year of City-State Data Source of cases MS (10%50/005 ilnh) ERICE Il:grt]mijt?ﬁjé
Study (100.000 inh) : 9
Neurologists; 486
Callegaro et al Sédo Paulo Neuroradiologists, 23°31'S
1992 1990 -SP Patients Association 421 39-417 80.353.724 46°31'W
with MS
Rio de 240
Alvarenga et 1986 - " . 22°57'S
al 2000 1999 Ja_nngo Lagoa Hospital 5.0 44-57 6.323.037 43°12' W
x 3 University Hospitals, 1483 0 1
Callegaroetal | ;qq; | SdoPaulo | =/ \yp o vices and 15.0 142-158 | 80353724 | 23°3L'S
2001 -SP 46°31'W
ABEM records
17 .
Rocha et al Botucatu ; 22°53'S
2002 2001 _sp Neurologists 17.0 9.9-27.2 127.328 489 26' W
L . 1
Borgo et al Vassouras University Hospital 22024'S
2004 2002 -RJ South Fluminense 3.18 0.1-177 34410 1 43039'w
. . 118 '
Ferreira et al 1987 - Recife 8°04'S
2004 2002 -PE CRAPPDD-HR Data 1.36 11-16 3.688.428 349 55' W
Hospital School of o
Gama et al 1989 - | Sorocaba Sorocaba — PUC RM 16.2 586.625 23°19'S
2004 2003 -SP Services, Neurologists, ' — ’ 47°27'W
Patients Association
AN 44
. Florianop \
Peruchi et al 1990 - - . 27°30'S
2004 2004 -OISIé MRI Services 12,2 8.9-16.4 6.248.436 48°30' W
Portela et al 1999 - Distrito Unknown 128 585 49-70 14.058.094 15°46'S
2004 2003 Federal ' ' ' R 47°55'W
: 178 f
Lopes et al Londrina 23°20'S
2005 2005 -PR Unknown 14,84 12.7-17.2 506.701 51010' W
72
Dias and Marilia Clinics Hospital of 22012'S
Melges 2006 | 2006 -sP Marflia 6,04 47-16 216.745 | 49056'W
65 0
Fragoso and Santos Reference Center of 23°56'S
Pers 2007 Aol - SP MS, APEMBS R 1200=1 ALEEDY 45°20' W
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. L . . 23 ,
Grzesiuket al Cuiaba Neurologists / High- 5035'S
2008 2007 -MT cost pharmacy 441 28-656 530.308 56° 06' W

L 35 {
Ribeiro et al Uberaba GEPEM / UFTM / 19°45'S
2011 2008 -MG AUAPEM 12,5 87-174 295.988 47955' W
Fragoso and Santos Reference Center of — 23°56'S
Brooks 2012 | 2010 -sP MS, APEMBS 155 — 419.400 | 450 001w

Medical records from 409
CIEM (UFMG),
neurologists; NL
Department from
Belo UGMG, NL
Lana-Peixoto A Department from 19°55'S
et al 2012 2001 Horizonte UFMG, largest general 18,1 16.4-19.9 19.597.330 43956' W
- MG o
hospital in the area,
MRI services, Patients
Association,Pharmacy
Registration from the
Department of Health
Regido 51
. Sul :
Pereira et al - Neurologists from the 22°31’S
2012 2012 Flumemens region, Lagoa Hospital 51 3.8-6.7 1.000.000 44 6' W
-RJ
Lagoa Federal 1026
Rio de Hospital, Federal
Lacativa et al > Hospital State Servers, 22°57'S
2012 2012 Janeiro Clementino Fraga 20,0 18.8-21.2 6.323.037 43912' W
-RJ - Il
Filho University
Hospital
. 71
Medical Records,
Finkelsztejn et Santa General Hospitals, 0 Aqs
al 2013 Maria MRI clinics, MS 27,2 21.2-343 261.031 5%% 421 V\S/
2014 -RS Patients Association
from Santa Maria

3.1 Southeast Region.

Its population consists mostly of whites, 56.7%. It extends between 15° and
25° south latitude, covering a vast area of approximately 1.000.000 km? and, almost
entirely, it has a tropical climate (Sant’‘Anna Neto, 2005).

Thirteen studies were carried out in this region. In the State of Sdo Paulo
seven MS prevalence studies were identified, being two in the city of Sdo Paulo. In
the first study in 1990, MS cases were defined according to the criteria of Poser et al
and the prevalence rate was 4.27/100,000 inhabitants (Callegaro et al., 1992). This
same group conducted a new study seven years later, getting a prevalence of
15/100,000 inhabitants (Callegaro et al., 2001).

Five other studies were found in cities in the interior of Sdo Paulo State in
Southeastern Brazil. In the city of Sorocaba was found a prevalence rate of
16.2/100,000 inhabitants in 2003 (Gama et al., 2004). The city of Marilia presented a
prevalence rate of 6.04/100,000 inhabitants (Dias and Melges, 2006). In the city of

Santos, the prevalence rate found in the first study was 15.54/100,000 inhabitants in
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June 2005.Using the same search criteria and selection, a new work was performed
five years after, where it was found the rate of 15 /100,000 inhabitants, in other
words, virtually no variation (Fragoso and Pers, 2007; Fragoso and Brooks, 2012). In
the city of Botucatu, the study showed a prevalence rate of 17/100,000 inhabitants
(Rocha et al., 2002).

In the State of Rio de Janeiro, the first study conducted in a service of
demyelinating diseases of a Federal Hospital found a prevalence rate of 5/100,000
inhabitants in 1999 (Alvarenga et al., 2000). A new study was conducted in three
federal public hospitals in 2011, and found a prevalence rate of 20/100,000
inhabitants. In the city of Vassouras a prevalence of 3.18/100,000 inhabitants was
found in 2002 (Borgo et al., 2004). Still in this region of the State, it was conducted a
more recent study which was found a prevalence of 5.1/100,000 inhabitants in 2011
(Pereira et al., 2012).

In the State of Minas Gerais were found two studies of prevalence; the first
held in the State capital, Belo Horizonte found a prevalence rate of 18.1/100,000
inhabitants in 2001 and the second, held in the city of Uberaba showed a rate of
12.5/100,000 inhabitants in 2008(Lana-Peixoto et al., 2012; Ribeiro et al., 2011).

3.2 The Midwest.

The Midwest region covers an area of 1.606.371, 5 Km?. According to data
from the Brazilian Institute of Geography and Statistics (IBGE, 2010), the Midwest
has 14,050,340 inhabitants. From these 50.6% are brown. It has a Tropical Brazil
Central climate (IBGE, 2010).

In this region were found three prevalence studies, one conducted in the
Federal District found a prevalence rate of 5.85/100,000 inhabitants in 2003 (Portela
et al., 2004). Another study, conducted in the city of Cuiabd, in Mato Grosso state,
described a prevalence rate of 4.41/100,000 inhabitants (Grezsiuk et al., 2008).

3.3 The Southern Region.

Its total population is 27,386,891 inhabitants and 78.5% consists of whites
(IBGE, 2010). Excepting Parana north parts, the territory of the South Region
belongs to Climate Zone Temperate of South. It is located between the Tropic of

Capricorn and the Arctic Circle.
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In the southern region were found three studies on MS prevalence. In
Florianopolis, Santa Catarina State was described a prevalence rate of 12.2/100,000
inhabitants in 2004 (Peruchi et al., 2004). Another study was conducted in the city of
Londrina, Parana State, and presented a prevalence rate of 14.84/100,000
inhabitants (Lopes et al. 2005). The latest study, conducted in the city of Santa
Maria, Rio Grande do Sul, found the highest prevalence rate among all other
published studies, a prevalence of 27.2/100,000 inhabitants. (Finkelsztejna et. al.,
2014).

3.4 The Northeastern Region.

It has a population of 53,081,950 inhabitants, mostly made up of brown,
62.7%. The climate is tropical equatorial zone (IBGE, 2010).

In this region, only one study on prevalence was found in the city of Recife,
capital of Pernambuco State, held in 2002; in the study, a rate of 1.36/100,000

inhabitants was found.(Ferreira et al., 2004)

3.5 Northern Region:

No study was found in this region.
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Figure 2: Brazil Regional Division and cities where the studies were carried out
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The Studies of prevalence of MS in Brazil show considerable heterogeneity (I
=09.2; 2= 0.61; p < 0.001). A positive correlation was found between the latitude of

study location and prevalence of MS (r2= 0.54; p= 0.02).
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Figure 3 shows the upward trend in the prevalence of MS. The dotted line
indicates the linear regression and continuous line is a smooth spline indicates a
upward trend in the prevalence rate. The diameters of the circles of each study are
proportional to the inverse of the corresponding standard errors in the meta-

regression. The larger circles are more influential in the meta-regression.

Figure 3: Correlation prevalence of MS versus latitude of study location.
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Figure 4 shows the prevalence of MS in Brazil with corresponding 95% confidence
intervals in the individual studies and based on a random-effects model. The results

showed an overall prevalence of 8.69 (95% CI: 6.0 - 12.6) per 100,000 inhabitants.
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Figure 4. MS prevalence in Brazil with 95% confidence interval
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The simple meta-regression showed association between the prevalence of
MS and latitude of study location (OR = 1.09; 95% CI: 1.04 — 1.14), ethnic
composition (% White) (OR = 1.03; 95% CI: 1.01 — 1.05) and climate. The analysis
shows residual heterogeneity ™ = 0.25 (p < 0.001) for the prevalence of MS,
suggesting that 57.4% of total heterogeneity can be accounted for by including the
latitude of the study location, ethnic composition (% White) and climate (Table 2).

The test for residual heterogeneity is significant (LRT = 1,354.8, df = 12, p <
0.01), possibly indicating that other moderators not considered in the model are

influencing the prevalence of MS in Brazil.
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Table 1: Univariate and multiple meta-regression models

Variables VAF Univariate meta- Multiple meta-regression models
regression models
OR  95% Cl p VAF =57.4%
OR 95% CI p

Latitude of study location 43.6% 1.09 104-114 0.00 1.04 0.96-1.12 0.38
Ethnic Composition (% White) 34.6% 1.03 1.01-1.05 0.00 1.00 0.97-1.04 0.83
Climate (base line: Central Temperate 52.2% 1.94 0.98-3.83 0.06 141 0.59-3.40 0.44
tropical)

Tropical 0.55 0.05-0.46 0.00 0.26 0.07-0.88 0.03

Equatorial

VAF = variance accounted for; OR = odds ratio; Cl = confidence interval

4. DISCUSSION

It is estimated that MS affects 2.5 million people worldwide, with an estimated
average prevalence of 30 / 100,000 inhabitants (range 5-80) (WHO, 2008).

The epidemiology of multiple sclerosis has been widely studied in developed
countries, particularly in areas known for their high prevalence. These areas are
located in the northern and southern latitudes of Ecuador (Corona, 2006). This fact
leads us to the hypothesis of a latitudinal gradient and also, that environmental
factors are related to the disease (Diaz et al, 2012).

There is also the fact that these areas of greatest frequency of MS reflect the
ethnic influence on the risk of the disease, because they are made mostly by white
and rarely they involve Amerindians, Chinese, Japanese and African blacks. Thus,
reinforcing the hypothesis that there is a genetic component to justify the observed
frequency of default (Rosati, 2001).

The areas with the highest prevalence of MS owned by North European
Caucasian populations and their descendants peoples (USA, Canada, Australia and
New Zealand). This fact can be attributed to the spread of genetic susceptibility to
MS by the Vikings, who have spread across Europe, settling in Normandy, Sicily and
Southern ltaly (Poser, 1994).

Other factors may also have influenced such distribution are: the correlation
between MS and UV radiation, vitamin D levels and the daylight duration (Diaz et al,
2012).

However, there is a lack of epidemiological information in much of the world,

especially in South America (Corona and Roman, 2006). Opposed to these data,
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there are growing epidemiological evidence indicating an increased prevalence of
multiple sclerosis in areas previously considered as low risk in Latin America (Corona
and Roman, 2006), thus justifying the pursuit of real knowledge prevalence rates in
these regions, previously considered as a low prevalence, as is the case of Brazil.

In the last two decades we have witnessed significant improvements in the
quality of research in Latin America (Melcon et al., 2012).

This is the first systematic national review which aims to gather and analyze
the work of prevalence of multiple sclerosis made in Brazil. The Brazil features a
large territorial extension, which diversifies geographical, demographic and historical
aspects of regions and of Brazilian population. It was observed, with this
heterogeneity, a great variability in the values found at maximum and minimum
prevalence rates relating to studies conducted in the country, where the minimum
rate was 1.36/100,000 inhabitants, found in the Northeastern region, and the largest
was 27.2/100,000 inhabitants, found in the Southern region. Then we observed an
average prevalence of 8,69/100.000 inhabitants (95% CI: 6,0 — 12,6). From the
Southeast region came the most contributed studies of prevalence; from nineteen
studies found, 13 were from this region.

With regard to the methodologies employed, the studies adopted a sectional
drawing, using data from sources such as: hospitals, information from neurologists,
MRI services, patients associations, reference centers and high-cost pharmacy. What
varied in these studies was the number of sources used by each author. Most
authors used more than one source for data collection. No study used the capture-
recapture method, which has already been used in several countries in Latin
America, such as Uruguay (Ketzoian et al., 1999), Argentina (Cristiano et al., 1999;
Melcon et al., 2008), Colombia (Sanchez et al., 2000) and Peru (Vizcarra-Escobar et
al., 2009).This method is effective in studies of diseases with low prevalence, whose
goal is to estimate the size of a population using information from overlapping lists. In
this method, the size of the list consisting of separate sources and overlapping
patients with MS in more than one list, are important to estimate the total number of
patients. The most important limitation of this method is the effect of dependency
between the sources, which produces bias (Hook and Regal, 1995).

The first study on MS prevalence in Brazil was carried out in early 1990, in the
city of Sdo Paulo, where it was found a rate of 4.2/100,000 inhabitants. This result

was considered low, especially because there is, in this specific population, a large
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proportion of descendants of immigrants from Northern Europe, where the
prevalence of it is considered high (Callegaro et al., 1992). A new study by the same
group seven years later, using the same diagnostic criteria, obtained a prevalence of
15/100,000 inhabitants, a figure three times higher than that obtained in the first
study. Such increase was attributed to the fact that it was used a more detailed
methodology for the acquisition of cases and to an improvement of diagnosis and
treatment (Callegaro et al., 2001). This fact did not occur in the city of Santos, where
two studies, in a five-year interval, were carried out and found similar prevalence
rates: 15.54/100,000 inhabitants in 2005 and 15.50/100,000 inhabitants in 2010. This
result was attributable to the use of the same methodology (Fragoso and Pers, 2007;
Fragoso and Brooks, 2012). Still in the State of Sdo Paulo, three more works were
found with prevalence rates that ranged from 6.04/100,000 inhabitants to 17/100,000
inhabitants (Gama et al., 2004; Dias and Melges, 2006; Rocha et al., 2002).

In the State of Rio de Janeiro, the first research was done in a referral
hospital, where it was found a prevalence rate of 5/100,000 inhabitants (Alvarenga et
al., 2000). Twelve years after this first record in Rio de Janeiro, another study was
conducted, this time extending the sources, which consisted not only of a referral
hospital, but two other Federal Hospitals for reference in the city, finding, that time, a
prevalence rate of 20/100,000 inhabitants. This increase four times larger in the
number of patients diagnosed with multiple sclerosis in Rio de Janeiro, in the last
decade, must be assigned to the deployment of other reference centers of multiple
sclerosis in other public hospitals, where high-cost drugs for the treatment of MS are
provided by the Ministry of Health (Lacativa et al., 2012). Two surveys in South
Fluminense region of the State of Rio de Janeiro were performed; the first, held in
2002, a rate of 3.18 / 100,000 inhabitants was found and the second, held in 2011, a
rate of 5.1 / 100,000 was found, also demonstrating an increased prevalence
attributed to the creation of specialized centers to treat these patients with MS,
composed of specialists with training in neuroimmunology and the introduction of
MRI services. Furthermore, the study was expanded to other cities in the region,
allowing increased sampling (Borgo et al, 2004; Pereira et al, 2012.).

The Midwest region and the southern region contributed with two and three
studies, respectively, being the southern region the highest prevalence rate found.

Referring to the Northeast region only one study was included, this with the

lowest prevalence rate observed among the other works. This may be related to the
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geographical location of the region, presenting at latitude of 8 © 04' S, being the
region closer to the Equator and having the largest population of blacks and browns
of the country, as well as the Northern region. The Southeast and the South have a
higher concentration of whites, which follows the historical pattern of occupation of
the country (IBGE, 2010). But we have to take into account the information to classify
the ethnic/racial component and skin color of the population provided by the IBGE
census are given for each Brazilian the census: they call themselves white, black,
brown, yellow. Although the term caucasian, african descent and Latin are used in
epidemiological studies worldwide, the broad mixture which is characteristic of the
Brazilian population, makes us think that these race / skin color groups are not
homogeneous.

Analyzing the variables prevalence, latitude, climate and race / color of the
different regions population, we can see that the lowest prevalence rates recorded by
this systematic review were found in Recife, a city belonging to the northeastern
region. This region has low latitude due to its proximity to the equator, the climate is
Tropical Equatorial Zone, its population is made up of most of brown. Opposing to
this, the largest prevalence region was the southern region, in the city of Santa Maria
which is located in the largest latitude among the other cities studied. It has a
temperate climate, made mostly of white. In other words, for increase one degree in
the latitude we expect a 9% increase in the odds of the prevalence rate of MS. For
one degree in the proportion of white people we expect a 3% increase in the odds of
the prevalence of MS.

Estimating the MS prevalence is still a challenging task (Melcon et al., 2012).
Many methodological limitations still exist, such as: absence of uniformity in study
designs, poorly defined and heterogeneous population, diagnostic criteria, scant
participation of neurologists and often unavailable image methods, which can cause
important distortions of the results (Melcon et al., 2012). These limitations were also
observed in Brazilian studies gathered here in this review.

This study complements the epidemiological studies about MS which have
been conducted worldwide to estimate the magnitude and burden of this disease.
The data of this publication demonstrated the geographical distribution of MS in
Brazil. Prospective epidemiological studies, with more reliable methodologies, in

more cities across country and covering all Brazilian regions may permit a better
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understanding of the prevalence of MS and the clarification of the profile of this

disease in Brazil.

5. REFERENCIAS

Abad, P.; Perz, M.; Castro, E. et al. Prevalence of multiple sclerosis in Ecuador.
Neurologia, 25:309-313, 2010.

Alvarenga, R. M. P.; Santos, C. M. M.; Vasconcelos, C. C. F. et al. Multiple Sclerosis
in Rio de Janeiro. Rev.Neurol.,156:159-160, 2000.

Araujo, P. M. Available at:http://www.historia-do-brasil-os-povos-no-brasil-
miscigenacao. Accessed on: 7 jan 2013.

Borgo, E. P.;Renna Junior, N.; Tavares, L. M.; Alves, L.; Tavares, H. M.; Papais-
Alvarenga, R. M.; Alvarenga, H. Prevalence of Multiple Sclerosis in Vassouras — RJ —
Brazil. Arg.Neuropsiquiatr., 62(supl.2):90, 2004.

Callegaro,D.; DeLolio, C. A.;Radvany, J.;Tilbery, C. P.;Mendonga, R. A.;Melo, A. C.
Prevalence of multiple sclerosis in the city of Sdo Paulo, Brazil, in 1990.
Neuroepidemiology, 11:11-14,1992.

Callegaro, D.;Goldbaum, M.;Morais, L.et al.The prevalence of multiple sclerosis in
the city of S&o Paulo, Brazil, 1997.Acta Neurol.Scand.,104:208-213, 2001.

Compston, A.; Coles, A. Multiple Sclerosis. Lancet, 25, 372(9648):1502-17,0ct.
2008.

Cristiano, E.; Patrucco, R.; Garcea, O.et al. Prevalence of multiple sclerosis in
Argentina, using the capture-recapture method. Neurology, 52:438,1999.

Cristiano, E.;Patrucco, L.; Rojas, J.A Systematic review of the Epidemiology of
Multiple Sclerosis in South America.European Journal of Neurology, 15, 12:1273-
1278, Dec 2008.

Corona, T.;Roman, G. C. Multiple Sclerosis in Latin America.Neuroepidemiology,
26:1-3,2006.

De laMaza, F. M.; Arrambide, G. G. Prevalencia de sclerosismultiple em El Municipio
de San Pedro Garza Garcia, Nuevo Ledén. Avances, 3:7-10, 2006.

Dias, E.;Melges, L. D. M. Multiple Sclerosis: A prevalence study in the Sado Paulo
Midwestern state. Arq.Neuropsquiatr., 64(supl.1):132,2006.

Diaz V., Barahoana J. ,Antinao J. , Quezeda R., Delgado I. , Silva C. , Guiloff R.
Incidence of Multiple Sclerosis in Chile. A hospital registry study. Acta Neurol
Scand: 2012: 125: 71-75.

Ferreira, M. L. B.; Machado, M. |. M.; Vilela, M. L.; Guedes, M. J.; Ataide Jr., L.;
Santos, S.; Laurentino, S. G. Epidemiologia de 118 casos de esclerose multipla com


http://www.historia-do-brasil-os-povos-no-brasil-miscigena%C3%A7ao/
http://www.historia-do-brasil-os-povos-no-brasil-miscigena%C3%A7ao/

109

seguimento de 15 anos no Centro de Referéncia de do Hospital da Restauracao de
Pernambuco. Arq. Neuropsiquiatr., 62:1027-1032, 2004.

Finkelsztejn, A; Lopes J. S.; Noal J; Finkelsztejn J.M. The prevalence of multiple
sclerosis in Santa Maria, Rio Grande do Sul, Brazil. Arq. Neuropsiquiatr.72, 2014.

Fragoso, Y. D.; Brooks, J. B. B. The prevalence of Multiple Sclerosis in the city of
Santos has remained unaltered for five years. Arq. Neuropsiquiatr.,Sao Paulo,70:7,
Jul 2012.

Fragoso, Y. D.;Pers, M. Prevalence of Multiple Sclerosis in the city of Santos, SP.
Rev Bras Epidemiol., 10:479-482,2007.

Frohman, E.;Racke, M.;Raine, C. Multiple Sclerosis — The Plaque and the
pathogenesis.N. Engl. J. Med., 354:942-55, 2006.

Gama, P. D.;Trigo, L. X.; Andrade, C. R. R.; Sala, C. R. Epidemiological study of
multiple sclerosis in the city of Sorocaba, Brazil. Arq.Neuropsiquiatr., 62(supl.1):13,
2004.

Grzesiuk,A. K.;Siqueira, H. F.; Da Silva, N. M.et al. Prevaléncia de esclerose multipla
na cidade de Cuiaba — 2007. O Dendrito, 3:35-37, 2008.

Hook, E. B.; Regal, R. R. Capture-recapture methods in epidemiology: methods and
limitations. Epidemiologic Reviews,17:243-264, 1995.

IBGE. Instituto Brasileiro de Geografia e Estatistica. Censo Demografico de 2010.
Resultados do Universo. 2012. Available at: http://www.ibge.gov.br.Accessed on: 25
jan 2013.

IBGE. Instituto Brasileiro de Geografia e Estatistica. Brasil Clima e Relevo, 2012.
Accessed on: 20 jan 2015.

Ketzoian, C.;Oehninger, C.;Alcantara, J.et al. Estudio de la prevaléncia de La
esclerosis multiple em Uruguay. Acta Neurol.Coloma, 15:6,1999.

Koch-Henriksen, N. Sorensen, P.S. The changing demographic pattern of multiple
sclerosis epidemiology. Lancet Neurol, 9(5): 520-32, may 2010.

Kurtzke, J. Epidemiologic contribution to Multiple Sclerosis. Neurology, 30,7(2):61-
79, Jul 1980.

Lacativa, C. M. S.; Naylor, R.et al. Multiple Sclerosis in the city of Rio de Janeiro.
LACTRIMS 2012. Abstracts of the Latin American Committee for Treatment and
Research in Multiple Sclerosis. Rio de Janeiro, Brazil: November 2012. Multiple
Sclerosis Journal, 18(S5):1850,2012.

Lana-Peixoto, M. A.;Frota, E. R.; Campos, G. B.; Monteiro, L. P. Brazilian Committee
for Treatment and Research in Multiple Sclerosis. The Prevalence of Multiple
Sclerosis in Belo Horizonte, Brazil. Arq.Neuropsiquiatr.,70(2):102-7, Feb 2012.


http://www.ibge.gov.br.accessed/

110

Lopes,L.;Kaimen-Maciel, D. R.; Lavado, E. L.; Medeiros, M.; Rocha, F. H. B.; Prado,
G. A. R, Oba, L. Perfil epidemiolégico dos pacientes com esclerose multipla
atendidos no Hospital das clinicas da Universidade Estadual de Londrina: analise de
178 casos. Arg.Neuropsiquiatr.,(supl. 1):19-20,2005.

Lowis, G. W. Etnic factors in multiple sclerosis: a review and critique of the
epidemiological literature. Intern.J.Epid., 17:14-20, 1988.

Melcon, M.; Gold, L.;Carra, A.et al. Argentine Patagonia: prevalence and clinical
features of multiple sclerosis. Multiple Sclerosis,14:656-662,2008.

Melcon, M. O.;Melcon, C. M.; Bartoloni, L.; Cristiano, E.; Duran, J. C.et al. Towards
establishing MS prevalence in Latin America and Caribbean. Multiple Sclerosis
Journal, 19:145-152,Apr 2012.

Noseworthy, J.;Lucchhnetti, C.; Rodriguez, M.;Weinshenker, B. Multiple
Sclerosis.N.Engl. J. Med., 343:938-52, 2000.

Pereira, A. B. C. N. G.; Costa, F. F. C.et al. Epidemiological Study on Multiple
Sclerosis and NeuromyelittisOptica in SulFluminense Region in Rio de Janeiro State
— Brazil. LACTRIMS 2012. Abstracts of the Latin American Committee for Treatment
and Research in Multiple Sclerosis. Rio de Janeiro, Brazil: November 2012. Multiple
Sclerosis Journal,18(S5):1837, 2012.

Peruchi, M. M.; Lin, K.;Eckeli, A. L.;Dach, F.et al. Clinical and Demographic
Characteristics of Multiple Sclerosis in Floriandpolis, SC, Brazil. Abstracts XXI
Brazilian Congress of Neurology, p.171, 2004.

Portela, L. B. B. B.; Andrade, T. V. F.;Borralho, W. M.;Ximenes, W. N.; Dias-Tosta, E.
Epidemiologic study of the multiple sclerosis in the Distrito Federal, Brazil.
ArgNeuropsiquiatr, 62(supl.2):170, 2004.

Poser, C. The dissemination of multiple sclerosis: a Viking saga? A historical essay.
Ann. Neurol, 36 Suppl 2:5S231-43, dez. 1994.

Programme Of The United Nations For Development (UNDP). Available at:
http://www.pnud.org.br Accessed on: 20 Fev 2015.
R Core Team. R: A Language and Environment for Statistical Computing [Internet].

Vienna, Austria: R Foundation for Statistical Computing; 2012.

Ribeiro SBF, Maia DF, Ribeiro JB, et al. Clinical and Epidemiological Profile of
Patients with  Multiple Sclerosis in  Uberaba, Minas Gerais, Brazil.
Arq.Neuropsiquiatr., 69(2-A):184-187, 2011.

Rivera-Olmos, M.; Avila, M. C. EsclerosisMultiple em Latinoamérica. Sonlos critérios
de McDonald realmente aplicables? Revista Mexicana de Neurociencias, 2007.

Rocha, F. C.; Herrera, L. C.; Morales, R. R. Multiple Sclerosis in Botucatu, Brazil; a
population study.Multiple Sclerosis, 8:541, 2002.


http://www.pnud.org.br/

111

Roman, G., Castellano-Mateus, P.: Multiple sclerosis. In Feifin, VL, Bennett, DA
(eds): Handbook of Clinical Neuroepidemiology. New York, Nova Science
Publishers, 2007, pp 557-572.

Rosati, G. The prevalence of multiple sclerosis in the world: an update. Neurol
Sci.,22:117-139, 2001.

Sanchez, J. L.; Aguirre, C.; Arcos-Burgos, O. M.et al. Prevalencia de La esclerosis
multiple em Colombia. Rev.Neurologia,31:1101-1103, 2000.

SantAnna Neto J.L. Decalogo da Climatologia do Sudeste Brasileiro. Revista
Brasileira de Climatologia, v1, 2005.
Stijnen, T., Hamza, T. H., & Ozdemir, P. (2010). Random effects meta-analysis of

event outcome in the framework of the generalized linear mixed model with
applications in sparse data. Statistics in Medicine, 29(29), 3046—3067.
Viechtbauer W. Conducting Meta-Analyses in R with the metaphor Package. J Stat
Softw [Internet]. August 2010;36(3).

Vizcarra-Escobar,D.;Kawano, C. J.;Castafneda, B. C.et al. Prevalencia de esclerosis
multiple em Lima, Peru. Rev.Med.Hered., 2:146-150,2009.

Wade, B. J. Spatial analysis of global prevalence of multiple sclerosis suggests need
for an updated prevalence scale. Mult Scler Int., 2014:124578. doi:
10.1155/2014/124578. Epub 2014 Feb 16.

World Health Organization, Multiple Scleroses International Federation. Atlas —
Multiple Sclerosis resources in the world, 2008.



112

APENDICE C - Prevalence of multiple sclerosis in the city of Volta Redonda -
Rio de janeiro, Brazil - using the capture recapture method (Artigo submetido a
revista Neuroepidemiology)



113

PREVALENCE OF MULTIPLE SCLEROSIS IN THE CITY OF VOLTA REDONDA -

RIO DE JANEIRO, BRAZIL- USING THE CAPTURE-RECAPTURE METHOD

Ana Beatriz CALMON'?, Fernanda PEREIRA'® Benoit MARIN*>®, Pierre-Marrie
PREUX**® Regina Papais ALVARENGA™’
Affiliations:
(1) Department of Neurology - Programa de Pds —Graduagdo em Neurologia da
Universidade Federal do Estado do Rio de Janeiro (PPGNEURO), Rio de
Janeiro, Brazil
(2) Department of Neurology - Univ. Severino Sombra, Vassouras, Brazil
(3) Department of Neurology - Neuroclinica, Volta Redonda, Brazil
(4) INSERM, U1094, Tropical Neuroepidemiology, Limoges, France
(5) Univ. Limoges, UMR_S 1094, Tropical Neuroepidemiology, Institute of
Neuroepidemiology and Tropical Neurology -, CNRS FR 3503 GEIST, F-
87000 Limoges, France
(6) CHU Limoges, Centre d’Epidémiologie de Biostatistique et de Méthodologie
de la Recherche, F-87000 Limoges, France.
(7) Department of Neurology — Hospital Federal da Lagoa, Rio de Janeiro,

Brazil



114

Corresponding author: Ana Beatriz Calmon
Department of Neurology - Programa de Pés —Graduagao em Neurologia da
Universidade Federal do Estado do Rio de Janeiro (PPGNEURO), Rio de

Janeiro, Brazil

Address: Rua Mariz e Barros no 775 Tijuca — Rio de Janeiro — Brazil
Phone Number: +552122642123
e-mail address: anacalmon @uol.com.br

Number of figures: 2
Number of tables: 3

Keywords: - Prevalence; Multiple Sclerosis; Capture-Recapture; Brazil



115

ABSTRACT

Background: Multiple Sclerosis prevalence in Latin America was estimated in some
regions ranging from 0.75 to 30/100000. The reasons for variation in rates of
prevalence around the world still are not clear, but there are environmental and
genetic explanations for this fact. This study aim was to estimate MS prevalence in
Volta Redonda, Brazil.

Method: Three sources of cases ascertainment were used and the method of
capture-recapture was applied for assessing corrected prevalence in the city of Volta
Redonda in November, 2012. Capture-Recapture method uses data from incomplete
lists and allows calculating the number of unregistered cases. Data were analyzed
using a log-linear model.

Results: It was found a total of 40 MS cases by withdrawing overlaps of sources and
it was estimated a number of 40 cases (95% CI 13.5-118.8) not detected by the
sources. The corrected prevalence of MS was, then, 30.7/100,000.

Conclusion: Our study was the first in Brazil using the capture-recapture method to
assess the prevalence of MS, demonstrating the highest prevalence rate so far in
Brazil. It is necessary to perform other similar studies and in other regions of the
country using the same method for a better evaluation of the true prevalence of MS

our country.
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INTRODUCTION

Kurtzke, in his publication in 1975, ranked world regions according to
prevalence of Multiple Sclerosis (MS) in areas of low prevalence below 5 cases,
medium prevalence 5-30 cases and high prevalence over 30 cases per 100,000
inhabitants, respectively. This way, he demonstrated that MS presents a
heterogeneous prevalence, having been evidenced a latitudinal gradient [1]. The
prevalence is higher in Northern Europe, in South Australia and in the central part of
North America [2]. The lowest prevalence was observed in Asia and Africa [3].The
reasons for the variation in both prevalence and incidence around the world are not
yet well understood [4]. There are environmental and genetic explanations that are
described and both factors may play a role in these changes [3,5]. Other factors are,
for example, the different methods used in the studies, better awareness of the
disease by general public over time and improving the tools used for diagnosis. They
allowed an early diagnosis, increase in quality of life and patient care, providing them
an increase in their life expectancy. This led to an increase in the number of cases
alive [6] and then of prevalence.

Geographical and population differences, and even the structure of health
services make prevalence studies conducted worldwide hard to be compared [7].

Studies on epidemiology of MS performed in Latin America have revealed low
to average prevalence of the disease in this region [8-11]. Brazil is a country of great
territorial extension, with diversified geographical, demographic and historical
aspects of the regions and Brazilian population.

It is located between latitudes 5° 16 ' 20 " N and 33° 44 ' 42 '' S. [12]. The
prevalence rates found in studies conducted in the country [13-31] ranged from
1.36/100,000 inhabitants in Recife [18] to 27.2/100,000 inhabitants in the city of
Santa Maria, Rio Grande do Sul [31]. In all these studies only crude data were used
for the calculation of prevalence and no data of incidence was calculated.

The objective of this study was to determine the prevalence of MS in Volta
Redonda, which belongs to South Fluminense Region of Rio de Janeiro State, Brazil,

using multiple sources of case ascertainment and capture-recapture method.
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METHODS
Search location

Volta Redonda is a Brazilian municipality located in Paraiba Valley
microregion within the South Fluminense mesoregion in the state of Rio de Janeiro
(Figure 1). It is also known as the "Steel City". It is located at 22° 29 ' 00" South
latitude and 44° 05 ' 00" West longitude, at an altitude of 390 meters. It is cut by the
Paraiba do Sul River, which flows from West to East, being the main source of supply
of the municipality and also responsible for its name, due to a geographical feature in
its course. In Volta Redonda there is the Companhia Siderurgica Nacional (CSN),
Latin America's biggest steelmaker. Currently, its economy, despite still being
anchored in the industry, is diversified focusing largely in the areas of trade and

services.

FIGURE 1

BRASIL - politico

Volta Redonda located in South Region of Rio de Janeiro and Brazil

The city is bounded by the municipalities of Barra Mansa (North, Northwest,
West and Southwest), Barra do Pirai (Northeast), Pinheiral and Pirai (South and
East), and Rio Claro (South).

It occupies an area of 182.483 km?, being 54 km? in urban region and 128 km?
in countryside. The population estimating by inter-census held in 2012 the population
was of 260,180 inhabitants, making it the largest city in Southern Region of Rio de

Janeiro and the third largest in the State.
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Economic center of South Fluminense, Volta Redonda is a strategic area
standing 310 km from S&o Paulo (the largest metropolis in Brazil and throughout the
Southern hemisphere) and 125 km from Rio de Janeiro (the second largest national
metropolis and capital of Rio de Janeiro). It is also close to cities-pole of other
regional States, such as Juiz de Fora (180 km) and S&o José dos Campos (220 km),
and other important cities like Angra dos Reis (85 km), Taubaté (180 km), Petropolis
(170 km), Resende (47 km), Cabo Frio (280 km), among others.

It displays a Human development Index (HDI) of 0.815 (2000 data),
considered "high" in accordance to the criteria of the United Nations Development
Program — UNDP [32].

The study was conducted having November 2012 as prevalence month.

Ascertainment of cases

The tracking was conducted through three sources.

The first source, S1, information from neurologists from Volta Redonda.

The second source, S2, was the “clinical environment database”, of the
reference centers in Multiple Sclerosis from Rio de Janeiro city, this database is
coordinated by experts in Neuroimmunology, able to diagnose and treat
demyelinating diseases such as Multiple Sclerosis, distributed among public
institutions, universities and charities and philanthropic. Five hospitals contributed to
this source: Hospital Federal da Lagoa, Hospital Universitario Garfreé Guinle,
Hospital Universitario Clementino Fraga Filho, Santa Casa de Misericordia do Rio de
Janeiro e Hospital dos Servidores do Estado do Rio de Janeiro. Such database is
maintained by reference centers, continuously recording data service, progress and
outcome of cases including deaths.

The third source, S3, was registered as a dispensation of costly medicines for
the treatment of Multiple Sclerosis, from Municipal Health Secretariat of Volta

Redonda, where should be included the ICD 10: G35.
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For the study purpose, all MS patients were reviewed and they were still living
in Volta Redonda and alive on the date of the study prevalence in November 2012.

All cases were confirmed by at least one of the authors.

Classifications and definitions
The cases had been previously diagnosed by attending physicians of each
patient. To be included in the study all cases must have been defined through the

Poser diagnostic criteria and/or McDonald and should reside in the city.

Ethics

The study is part of a Prevalence and Incidence of Multiple Sclerosis project in
Rio de Janeiro State, having been sent to the Ethics Committee and Research and
approved. CAAE: 08822513.9.0000.5258.

Data collection

The first data were recorded on a form filled out manually by the author. For
each case, clinical and demographic data were collected, including: full name, date of
birth, source, sex, ethnicity, start year (first outbreak), clinical form, age of onset. The

data relating to the history of the patients were avaiable from the sources 1 and 2.

Data analysis

Crude prevalence was calculated as the number of MS cases divided by the
total number of subjects living in the area of interest for the date of prevalence study.
It was calculated the MS incidence in 2012 based on the date of the disease first
outbreak. 95% confidence interval were calculated based on exact method.

A capture-recapture method was used to assess the exhaustiveness of case
ascertainment [33].The total number of MS cases and the independence of different
sources were estimated by log-linear model analysis under the Poisson distribution
using proc GENMOD [34]. Estimated number of MS not identified by the 3 sources

was estimated and 95% confidence intervals (95%CIl) of the estimates were
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calculated using the likelihood ratio method. Regarding the three sources, the model

considered best was that with the fewest interaction terms and that best fit the

observed data (the lowest log-likelihood-ratio statistic: Gz, Akaike Information
Criterion (AIC), Bayesian Information Criterion (BIC)) [35]. We also calculated the
weighted BIC in which the estimate of each model is weighted using corresponding

BIC [36].

RESULTS
Number of prevalent and incident MS cases

The multiple sources system for case ascertainment allowed us to identify 40
cases of people living in Volta Redonda in 2012. Source 1 (neurologists of the
region) involving 10 neurologists, identified 23 cases; Source 2 (reference centers in
Rio de Janeiro) involving following 5 centers: Hospital Federal da Lagoa (HFL),
Hospital Universitario Garfree Guinle (HUGG), Hospital dos Servidores do Estado do
Rio de Janeiro (HSERJ), Santa Casa de Misericordia do Rio de Janeiro (SCMRJ)
and Hospital Universitario Clementino Fraga Filho Hospital (HUCFF) identified 16
cases. Source 3 (registration of dispensation of costly medicines for the treatment of
Multiple Sclerosis from Municipal Health Secretariat of Volta Redonda) identified 15
cases. The final number of patients was 40 after the exclusion of overlaps (patients

who appear in more than one list, Figure 2).
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FIGURE 2

Source 2: Clinical
environment database

S
ava

Source 3: Municipal
health secretariat
n=15

Source 1: Neurologists
n=23

Venn Diagram with Three Sources

Socio-demographic data

The distribution of prevalent Multiple Sclerosis cases according to the social
and demographic factors are described in Table 1.

From 40 cases, 28 were female (70%) and 12 male (30%); 29 (72.5%) were
white and 11 (27.5%) were afros. According to the distribution of age, it was found
that 55% were between 31 and 50 years old. By observing the age at onset of the
disease, 65% had their first relapse before the age of 40. Regarding the clinical form,
36 patients, accounting 90% of cases presented the Relapsing-Remitting form.

Table 1: Distribution of MS patients according to their socio-demographic factors
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Variables n=40 %

AGE GROUP

10 - 20 years old 04 10.0
21 — 30 years old 00 00.0
31 -40 years old 12 30.0
41 - 50 years old 10 25.0
Over 50 years old 13 32.5
GENDER

Female 28 70

Male 12 30

ETHNICITY

Whites 29 72.5
Afros 11 27.5
ONSET AGE

0-20years old 04 10.0
21 — 30 years old 09 22.5
31 - 40 years old 13 32.5
41 — 50 years old 07 175
Over 50 years old 03 7.5

CLINICAL FORM

Relapsing - Remitting 36 90

Primary Progressive 03 7.5

Secondary Progressive 01 2.5

Prevalence

The observed crude prevalence and incidence rate were 15.3/100,000

inhabitants (95% CI 11, 1 - 21, 2).



123

Prevalence corrected by capture-recapture method

As shown in the cross matching of sources in Figure 2, only one case was
reported simultaneously by all sources of information. Four cases were common to
source 1 and source 2; 1 cases was common to source 2 and 3 and 7 cases were
common to source 1 and 3. The records of 40 patients and their overlaps were used
to thanks to capture-recapture method to compute the number of cases estimated as
not identified by any source (Estimated n).The different log-linear models and the
estimated n are summarized in Table 2. The best log-linear model was the model
taking into account the interaction term between S1 (neurologists) and S3
(dispensation of costly medicines). The estimated number of individuals not identified
by any source was 40 (95% CI: 13.5-118.8). Hence, the total number of MS cases
corrected by Capture-Recapture was 80, 95% CI (53.5-158.8). The point estimate of
MS prevalence in Volta Redonda in 2012 corrected by capture-recapture method
was at 30.7/100,000 inhabitants (95% CI using capture-recapture estimates; 20, 4 —
61, 1). In Table 3 there are the results of prevalence studies with crude data and with

the capture-recapture method from other locations compared to our study.
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Estimation of the number of subjects of Multiple Sclerosis in VVolta Redonda not identified by

the three sources, log-linear models of capture-recapture

Models G*> AIC BIC Df  Estimated n 95%Cl
3 sources models
S1S2 S3 S1S2 S2S3 S1S3 0 371 368 0 23.6 (0.9-608.2)
S1S2 S3 5253 S1S3 0.01 351 348 1 27.5 (7.5-101.0)
S1 S2 S3 S1S2 S1S3 0.66 358 355 1 60.0 (6.6-544.7)
S1 S2 S3 S1S2 S2S3 035 355 352 1 9.43 (2.7-32.6)
S1 52 S3 5152 35 36.7 364 2 16.7 (5.5-50.31)
S1S2 S3 S1S3* 09 340 337 2 40.0 (13.5-118.8)
S1S2 S3 S2S3 19 350 347 2 15.6 (6.0-40.1)
S152S3 41 352 350 3 21.7 (9.4-49.9)
n Weighted BIC 28.3

G*: deviance, AIC: Akaike information criterion, BIC: Bayesian information criterion, df:

degree of freedom, Estimated n: estimated number of subjects not identified by the 3 sources,

95%CI: 95% confidence interval, S: source, S1: neurologists, S2: clinical environment

database, S3: municipal health secretariat. * Best model based on AIC, interaction S1S3. P

value = 0.073.

TABLE 3

Comparison of the current study with the study from Latin America

Observed Estimated
prevalence prevalence by
Latitude/ /100000 capture-

Location Longitude inhabitants recapture/100000 Ref.
Mexico
San Pedro Garza
Garcia 25°N 100°W 30 8
Guadalajara, DF, 96°N 106°W 1.5-13
Puebla
Cuba 21°N 80°W 10-25.5 8
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Costa Rica
Panama
Colombia
Antioqua,
Caldas
Santander,
Risaralda
Bogota
Ecuador
Quito
Guayaquil
Cuenca

Peru

Lima

Brazil

Recife

Cuiaba
Distrito Federal
Belo Horizonte
Uberaba

Rio de Janeiro
Vassouras /
Sulfluminense
Marilia
Botucatu
Sorocaba
Santos

Sao Paulo
Londrina
Florianopolis

Santa Maria

Chile

10°N 84°W
8°N 25° W

4°N 10°N

72°W 77°W

4°N 74°W

0,15°S 78°W
2.15°S 79°W
2.53°S 79°W

12°S 77°W

8°S 34°W
5°S 56°W
15°S 45°W
19°S 43°W
19°S 45°W
23°S 46°W
22°S 43°W

22°S 49°W
22°S 48°W
23°S 47°W
23°S 45°W
23°W 46°W
23°W 47°W
27°W 48°W
29°W 53°W

17°S 56°W

5.24

3.2

1.48 - 4.98

01-221
441

2.2 5
0.75

7.6

1.36
441
5.85
18.1
12.5
4.27-15
3.18-51

6.04
17.0
16.2
1554 -15.5
4.27-15.0
14.84
12.2
27.2

11.7

18
26
21
27
29
15-30
17 -28

23
16
19
24 -25
13-14
22
20
31
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Uruguay 34°S 56°W 20.9 8
Argentina

Buenos Aires 34°S 58°W 18.5 8
Patagonia 55°S 36°W 7 17.2

*Volta Redonda 22°S 44°W 15.3 30.7

DISCUSSION

The epidemiology of Multiple Sclerosis has been widely studied in developed
countries, particularly in areas known for their high prevalence. These areas are
located in latitudes North and South of the Ecuador, with a prevalence ranging from
80 to 300/100,000 inhabitants. However, there is a lack of epidemiological
information in a large part of the world, especially in South America. Opposing to
such data, epidemiological evidence are growing and they indicate an increase in
the prevalence of Multiple Sclerosis in areas previously considered at low-risk, such
as Latin America justifying therefore the pursuit of knowledge of prevalence data in
these regions, previously considered as low prevalence ones, as is the case of
Brazil.

In the last two decades there have been significant improvements in the
quality of research in Latin America. However, estimating prevalence rates in these
countries is still considered a challenging task. In the review of the studies there are
still many methodological limitations, such as: absence of uniformity in study designs,
poorly defined and heterogeneous population, diagnostic criteria, neurologists scarce
participation and often unavailable image methods, which can cause important

distortions of the results [8].
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Brazil features a large territorial extension, which diversifies geographical,
demographic and historical aspects of the regions and Brazilian population. In a
literature review evaluating the MS prevalence of studies in Brazil there were found
nineteen studies [13-31], being thirteen studies carried out in cities in the Southeast
[13-17,19,23-25,27-30] three in the Southern Region [20,22,31], two in the Midwest
[21,26] and one in the Northeast [18]. There was great variability in the values found
at maximum and minimum prevalence rates related to the prevalence studies
conducted in the country, where the minimum rate was 1.36/100,000 inhabitants,
found in the Northeast Region [18], and the largest was 27.2/100,000 inhabitants,
found in the Southern Region [31]. It showed an overall prevalence of 8.69 (95% CI:
6.0 — 12.6) per 100,000 inhabitants. The reasons for the variability in prevalence
observed in Brazil might be related to (i) under diagnosis in poor rural areas, (ii) rates
that are not adjusted for age or sex for example, (iii) wrong diagnosis and (iv) scarce
skilled labor. Nevertheless we think that a major source of heterogeneity is related to
variations in latitude, climate and ethnicity in the wide territory of Brazil [37].

Regarding to the methodologies employed, all Brazilian studies evaluated
adopted a cross-sectional design, using raw data from sources such as: hospitals,
information from neurologists, MRI services, patients associations, reference centers
and high-cost pharmacy. What varied in these studies was the number of sources
used by each author. Most authors used more than one source for the data
collection. No previous study used the capture-recapture method, which has already
been used in other Latin America countries, such as in Uruguay [38], Argentina
[39,40], Colombia [41] and Peru [42]. Our study used the capture-recapture method

with three sources of data.
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The method of capture-recapture allows us to control the omitted cases, the
theory behind the method is based on the degree of overlap between the different
sources [43].This technique can be employed in the field of epidemiology to obtain
estimates of transmissible diseases and non-transmissible diseases in a relatively
inexpensive and quick manner. Surveillance systems based on the use of this
methodology represents a potential alternative to the monitoring of non-transmissible
diseases in our country [44]. Capture-recapture methods are attempts to estimate or
adjust the extent of incomplete investigation using information from overlapping lists
of cases from different sources [33].This method has demonstrated accuracy in
estimates shown [45].

However the accuracy of capture-recapture analysis depends on the respect
of the 6 hypothesis, they are: (i) Validity of diagnosis (all cases are true cases); (ii)
clear geographical and time-scale coverage; (iii) absence of duplicates; (iv)
population stability; (v) sources independence, (vi) homogeneous catchability.

As the premise that refers to independence between the sources it is
important to highlight that the sources used in the clinical research often show some
degree of positive dependence. This occurs when an individual found in the source A
has greater chance to be captured by the source B than an individual that has not
been captured by the source A. Positive dependence results in a greater degree of
intersection and can lead to an underestimate of the population. There are also
cases of negative dependence between sources. This occurs when an individual
captured at source A has a great chance of not being captured at source B. Thus,
resulting in a lesser degree of intersection, potentially leading to an overestimate
[33,46]. In our study there was a positive dependency between sources 1

(neurologists) and the source 3 (dispensing register of high-cost drugs). This fact was
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expected as the use of prescription drugs for MS is related to involvement of
neurologists. The degree of dependence of the sources can be estimated and taken
into account by log-linear analysis (as is the case here between Source 1 and Source
3) to obtain accurate estimates [44], but only in cases of multiple sources, if more
than two sources [47].

Studies of diseases with low prevalence should be made using capture-
recapture methodology, beyond that, suggesting that future studies should be
made with this method [43,48].

In addition to the capture-recapture, other methods have been used for the
estimation of prevalence, as the Back-calculation, the Bayesian [49], the maximum
likelihood and the log-linear Regression [50].

Using the capture-recapture method we found a prevalence rate in 2012 of
30.7/100,000 inhabitants, being, then, the highest prevalence found in Brazil,
resembling the highest prevalence found in Latin America, in San Pedro Garza
Garcia in Mexico that was 30/100,000 inhabitants [51]. The method of capture-
recapture indicated through these three sources of data that there was loss of 50% of
the cases in the population. It may be possible because even having become a
reference pole for the past four years preceding this study, there is still a lack of
information and trained professionals to diagnose and treat this disease in the city of
Volta Redonda. Comparing our study with two more studies also in South
Fluminense Region we observed that our prevalence rate was significantly higher
than the others. The first one held in 2002 in the city of Vassouras that found a
prevalence of 3.18/100,000 inhabitants and the second held in 2011,which one has
spread to other cities in the region, found a prevalence rate of 5.18/100,000

inhabitants.This increased prevalence can be attributed to the creation of specialized
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nucleus to the MS patients’ care, composed of specialists with training in
neuroimmunology and the introduction of MRI services in the region and specifically
in the city of Volta Redonda [17,28]. Another explanation for this highest value of
prevalence found is undoubtedly the use of capture-recapture method and this
correction of under ascertainment.

This fact is not unique to our study and it can be enjoyed in the literature
where other studies which also used this method had higher results on the
prevalence, such as the review of the prevalence of Huntington's Disease, held in
Maryland (USA) in April 1980 (HOOK, 1992) where initially the investigation of non-
duplicate cases found a total of 217 sick individuals. When the evaluation was made
by the capture-recapture method it was observed that 24 to 41% of cases had not
been identified [46]. Another example is from Malaga in Spain, where it was found a
gross rate of MS prevalence of 53 cases per 100,000 inhabitants in 1994 and
carrying out a new case search in 2008, but that time using the capture-recapture

method, It found a prevalence rate of 125/ 100,000 [6].

CONCLUSION

This study complements the epidemiological studies about MS which have
been conducted worldwide to estimate the magnitude and burden of this disease. For
the first time in Brazil, it is conducted a study in prevalence with the capture-
recapture method. The data submitted demonstrated the geographical distribution of
MS in Brazil. Future epidemiologic studies of prevalence, using the capture-recapture
method, must be carried out in more cities across country and covering all Brazilian
regions and thus, allow a better understanding of the prevalence of MS and the

clarification of this disease profile in Brazil.
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ANEXO A - Aprovacéo do Comité de Etica e Pesquisa do HUGG
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ANEXO B - Instrumento de Coleta de Dados

Instrumento de Coleta de Dados

ESCLEROSE MULTIPLA

No da Ficha: - Data preenchimento: / /-
Nome:
Data de nascimento: / / Sexo:[JF [ M

Cor: [ ]Branca [ |Preta [ |Parda

Endereco:

Cidade onde mora:

Telefone:

Centro de Referéncia: [ |[HFSE [ JH.Lagoa [ JUFRJ [JUERJ [JUNIRIO

[ JINDC []Ordem3® []SantaCasa [ ]JSES [ JAPEM

Data do primeiro surto: / /

Clinica do primeiro surto: [ |Motora [ ] Sensitiva [ ] Neurite éptica [ ] Outros:

Diagnostico: / /

Forma clinica:[ JRR [ JPP []SP
EDSS:
Critérios: [ JPoser [ ] Mc Donald

Exames Complementares:

[JRM:

[JLCR:

[] VEP:

[ ] Outros:
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