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CARDOSO, Cristiane Wanderley. Efetividade da vacina meningocécica C conjugada e
caracterizacgdo da Neisseria meningitidis em Salvador, Bahia. 99 f. il. Tese (Doutorado)
— Fundacéo Oswaldo Cruz, Centro de Pesquisas Gongalo Moniz, Salvador, 2014.

RESUMO

Introducdo: A doenca meningocdcica (DM) é causada pela bactéria Neisseria
meningitidis, sendo um importante problema de salde publica no mundo. Atualmente, a
Neisseria meningitidis sorogrupo C (NmC) tem sido o principal agente da DM na Bahia.
Em 2010 ocorreu uma epidemia de DM pela NmC em Salvador, e a fim de conté-la, a
Secretaria Estadual de Sa(de introduziu em fevereiro de 2010, a vacina meningocécica C
conjugada (MenC) para criangas menores de cinco anos, incluindo campanhas de
vacinagdo para individuos de 10 a 24 anos. Objetivos: Descrever a incidéncia da DM,
avaliar a efetividade da vacina MenC e caracterizar os fenotipos e genotipos das cepas
circulantes da N. meningitidis nos periodos pré e pos-introducdo da vacina MenC.
Metodologia: Realizamos um estudo descritivo-analitico, comparando incidéncias nas
coortes de vacinados e ndo vacinados nos periodos pré e p6s-introdugdo da vacina MenC.
Analisamos a efetividade da vacina MenC utilizando o método “screening” e um estudo
tipo caso-controle. A efetividade da vacina MenC foi baseada no odds-ratio (IC 95%; p-
valor <0,05). Para caracterizagcdo molecular da NmC, utilizamos a técnica de Eletroforese
em Campo Pulsétil (PFGE) e da Tipagem de Sequéncias Multilocus (MLST). Resultados:
Entre criangas <5 anos, a incidéncia da DM (2,00 p/100.000 hab.) no periodo p6s-vacina
foi significativamente menor (RR 0,27; IC 95%, 0,09-0,75) do que as taxas médias (7,49
p/100.000 hab.) no periodo pré-vacina. Em ambos estudos, a efetividade de uma unica
dose da vacina MenC foi elevada, variando entre 79-100% e 89-100% (IC 95%),
respectivamente. O feno6tipo C:23:P1.14-6 foi o mais prevalente entre os isolados e 0s
casos atribuidos @ NmC foram associados ao tipo de sequéncias 3779 e 3780, ambas
pertencentes ao complexo clonal 103. Conclusdo: Os resultados dos estudos
demonstraram elevada efetividade (100%) da vacina MenC introduzida em Salvador
através de campanhas. No ano seguinte a introducdo da vacina MenC, houve reducéo de
50% na incidéncia da DM em Salvador. Em 2010, a epidemia da DM em Salvador deveu-
se a expansdo do fendtipo C:23:P1.14-6, pertencente ao complexo clonal ST103, o qual j&

circulava em Salvador desde 1996.

Palavras-chave: doenga meningocdcica, efetividade, vacina meningocécica C conjugada,
Neisseria meningitidis.



CARDOSO, Cristiane Wanderley. Effectiveness of meningococcal C conjugate vaccine
and characterization of Neisseria meningitidis in Salvador, Bahia. 99 f. il. Tese
(Doutorado) — Fundagdo Oswaldo Cruz, Centro de Pesquisas Gongalo Moniz, Salvador,
2014.

ABSTRACT

Introduction: Meningococcal disease (MD) is caused by bacterium Neisseria meningitidis
and is a major public health problem worldwide. Currently the Neisseria meningitidis
serogroup C (NmC) has been the main cause of MD in Bahia, Brazil. In order to contain the
2010 epidemic of MD caused by NmC that occurred in the city of Salvador, the State
Department of Health introduced in February 2010 the meningococcal C conjugate vaccine
(MenC) to <5 year-old children, including vaccination campaigns for individuals from 10-24
years. Objectives: Describe trends in incidence of MD, estimate the effectiveness of MenC
vaccine, and characterize the phenotypes and genotypes of the circulating strains of N.
meningitidis in the pre and post-introduction of the MenC vaccine. Methods: A descriptive-
analytical study was realized comparing incidences in cohorts vaccinated and unvaccinated
pre and post introduction of the MenC vaccine. We analyze the effectiveness of MenC
vaccine using the screening method and a case-control study. The effectiveness of MenC
vaccine was based on the odds-ratio (Cl 95%). We performed molecular analyses by pulsed
field gel electrophoresis (PFGE) and by multi-locus sequencing typing (MLST). Results:
Among children <5 years, the incidence of DM in the post-vaccine period (2.00 p/ 100,000
inhabitants) was significantly lower (RR 0.27, 95% CI 0.09 to 0.75) than the rates averages in
the pre-vaccine period (7.49 p/ 100,000 inhab.). In both studies the effectiveness of a single
dose of MenC vaccine was 100%, CI ranging from 79-100% and 89-100% (CI 95%),
respectively. The phenotype C:23:P1.14-6 was the most prevalent among isolates and cases
assigned to NmC were associated with the sequences types 3779 and 3780, both belonging to
the clonal complex 103 which has been circulating in Salvador since 1996. Conclusions: The
results of the studies showed high effectiveness (100%) of MenC vaccine introduced in
Salvador through campaigns. In following the introduction of the MenC vaccine, there was a
50% reduction in the incidence of DM in Salvador. In 2010, the epidemic of DM in Salvador
was due to the expansion of the phenotype C: 23: P1.14-6 belonging to the ST103 clonal

complex, which was circulating in Salvador since 1996.

Keywords: meningococcal disease, effectiveness, meningococcal C conjugate vaccine,
Neisseria meningitidis.
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1 INTRODUCAO

1.1 DOENGCA MENINGOCOCICA

A denominacdo Doenca Meningocdcica (DM) é adotada mundialmente (HART e
ROGERS, 1993) e foi descrita pela primeira vez por Vieusseux em 1805, depois de uma
epidemia em Genebra, Suica (VIEUSSEAUX, 1805). Trata-se de uma infeccdo
exclusivamente humana, causada pela bactéria Neisseria meningitidis, conhecida como
meningococo, e transmitida por meio de goticulas de secre¢éo oronasal. O contagio ocorre de
individuo infectado (doente ou portador) para individuo suscetivel, sem a intermediacdo do
ambiente (MORAES e BARATA, 2005).

Os sintomas mais comuns da doenca sdo febre alta, cefaléia, rigidez na nuca, vomitos,
confusdo mental, fotofobia e abaulamento da fontanela em lactentes. O meningococo causa
um amplo espectro de doengas humanas e outras manifestacbes da doenga meningococica
incluem artrite séptica, pericardite, pneumonia purulenta, otite, conjuntivite, sinusites, e
uretrites. A meningococcemia cronica, apesar de ser uma sindrome rara, pode se apresentar
como febre, erupgdo cuténea, dores articulares e dor de cabeca cursando durante Vvéarias
semanas (PERKINS et al., 1996).

Nem sempre todos 0s sintomas estdo presentes, especialmente em lactentes, o que faz da
doenca um grande desafio para a rea da assisténcia, tendo em vista que o diagnostico precoce
é fundamental para redugdo das taxas de letalidade. Entretanto, mesmo quando a doenca é
diagnosticada e o tratamento adequado e precoce € iniciado, 10-20% dos pacientes morrem,
tipicamente entre 24 e 48 horas ap0s o inicio dos sintomas (GILLESPIE e HAWKEY, 2005).

Além da elevada taxa de letalidade da DM, um igual percentual de sobreviventes pode
apresentar sequelas permanentes, incluindo surdez, retardo mental, e amputacdo (EDWARDS
e BAKER, 1981).

O espectro clinico da DM inclui as formas meningeas, septicémicas e mista (meningite e
septicemia), esta Gltima denominada de meningococcemia. Essas apresentacdes podem
ocorrer discretamente ou misturar-se com outra durante a evolugdo clinica. A
meningoccocemia pode ser anunciada através do desenvolvimento de erupgBes macopapular
arroseadas que formam petéquias. Rapidamente a doenca pode resultar em lesdes da pele
plrpuras ou equimaticas que sdo hemorragicas e necroticas. Choque fulminante pode ser o
quadro dominante da meningite meningocdcica assim como a sepse (MURRAY et al., 2007).

Gangrena pode ocorrer nas extremidades (membros superiores e inferiores) devido a
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constric¢do periférica e o 6bito pode ocorrer como resultado de uma coagulacéo intravascular
disseminada. Necrose hemorragica aguda das glandulas adrenais representam a marca da
sindrome de Waterhouse-Friderichsen (AGRAHARKAR et al., 2000).

Desde a introdugéo de vacinas conjugadas contra o Haemophilus influenzae tipo b (Hib) e
a consequente redugdo na incidéncia de infecgdes por este agente (ROSEINSTEIN et al.,
2001; RIBEIRO et al., 2003), S. pneumoniae e N. meningitidis tornaram-se as causas mais
comuns de meningite bacteriana no mundo, sendo esta Ultima a Unica bactéria capaz de gerar
epidemias de meningite (WHO, 2012).

Alguns estudos realizados em paises desenvolvidos, estimam que para controlar a DM em
epidemias, os custos podem chegar a mais de 3 milhdes de ddlares e em endemias oscilam
entre US$4.000-6.500 por paciente, variando de regido para regido (PAHO, 2012). O Brasil
carece de estudos que informem os custos com DM. Um estudo realizado em criangas que
foram hospitalizadas com DM confirmada por exames laboratoriais e/ou diagndstico médico,
no periodo de 2009 na cidade de Curitiba-PR, demonstrou que para os Planos de Saude
Complementar o custo médio diario de internamento por paciente € de R$1.175,00 e de
R$865,91 para os pacientes do Sistema Unico de Satde (SAKAGAMI, 2009).

Muito mais importante que os recursos financeiros dispendidos pelos governos através dos
seus 6rgdos de saude publica, sdo as reais consequéncias da DM através das suas altas taxas
de mortalidade e de sequelas permanentes nos individuos acometidos pela doenca.

O agente etiologico da DM, é responsavel por significativa morbidade e mortalidade em
lactentes e criangas jovens (BILUKHA e ROSENSTEIN, 2005). Os fatores de risco da DM
podem estar agrupados, dependendo do hospedeiro, do agente etioldgico e de fatores
ambientais. Nem sempre € muito facil estabelecer quais sdo os verdadeiros grupos de risco
para DM. O risco da doenca € alto entre o grupo de imunocomprometidos, individuos com
doencas cronicas, tais como faléncia hepatica, lupus eritematoso, mieloma multiplo e asplenia
(MURRAY et al., 2007), individuos com deficiéncia de complemento, portadores do virus
HIV, profissionais microbiologistas que atuam diretamente com a N. meningitidis
(STANWELL-SMITH et al., 1994; WALPORT, 2001; ROSENSTEIN et al., 2006; CDC,
2013), individuos com historia de infeccdo viral, aglomeragdo familiar, doenca subjacente
cronica e tabagismo ativo e passivo (FISHER et al., 1997; CARTWRIGHT et al., 1991).
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1.2 AGENTE ETIOLOGICO

Apobs 82 anos da descricdo da doenga por Vieusseux (1805), Anton Weichselbaum
observou a bactéria no liquido cefalorraquidiano e nomeou o microrganismo de Diplococcus
intracellularis (WEICHSELBAUM, 1887). O agente etiolégico da DM, Neisseria
meningitidis (meningococo), é uma bactéria Gram-negativa atualmente classificada no filo
Proteobacteria, classe Beta Proteobacteria, ordem Neisseriales, familia Neisseriaceae
(MURRAY et al., 2007). Apresentam-se em forma de cocos em pares (diplococo), sem
esporos, aerdbios, e possuem paredes adjacentes achatadas, dando-lhes aparéncia de “gréos de
café” e tamanhos entre 0,6-0,8um. Diferenciam-se das demais espécies de Neisseria por
utilizarem a glicose como fonte de energia. Exigem condi¢des especiais para 0 crescimento
em meio de agar chocolate, tais como temperatura entre 35-37°C, umidade aproximada de
50%, e atmosfera de 3 a 10% de CO, (VOLK et al., 1996).

A bactéria contém duas membranas, interna ou citoplasmatica e externa, que sdo
separadas por uma camada de peptidoglicano (MORLEY e POLLARD, 2002;
MACLENNAN et al., 2000) (FIGURA 1). A membrana externa composta por lipidios,
proteinas e lipo-oligossacarideos (VAN DEUREN et al., 2000), exerce importante papel na
patogénese da DM devido & capacidade de aderir-se as células do hospedeiro, causar lesdo
tecidual, inibir o transporte de proteinas, oferecer resisténcia contra a fagocitose e realizar lise
mediada por complemento (MORLEY e POLLARD, 2002). Os mecanismos patogénicos que
atuam ap6s a adesdo & mucosa, realizados pela N. meningitidis através dos pilli, séo
facilitados pela producgdo de enzimas que degradam a IgA.

O polissacarideo da capsula, em fungdo da sua especificidade imunoldgica, constitui o
principal antigeno da N. meningitidis e até recentemente, determinava a classificacdo da
bactéria em 13 sorogrupos: A, B, C, D, E, H, I, K, L, W, X, Y e Z, sendo 0S meningococos
dos sorogrupos A, B, C, W, X, e Y os de maior importancia para saide coletiva e 0s
principais agentes da DM, destacando-se por serem os mais freqtientes causadores de doenca
invasiva (VEDROS, 1987; MORLEY e POLLARD, 2002). Vale salientar que havia
controvérsias nas bibliografias consultadas quanto ao total de sorogrupos, dada pela incluséo
ou ndo do sorogrupo D, seja porque as caracteristicas da cepa ndo sdo suficientes para
classifica-la como grupo, seja por ser raro na populacdo ou pelo fato do polissacarideo deste
sorogrupo ndo estar bem definido quanto a sua composicdo quimica estrutural (VEDROS,

1984; ZOLLINGER, 1990). Atualmente, as novas recomendagfes classificam a bactéria em
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12 sorogrupos, ndo mais incluindo o sorogrupo D, e excluindo os nimeros 29 e 135 dos
sorogrupos E e W, respectivamente (HARRISON et al., 2013).

Estima-se que 90% dos casos endémicos e epidémicos sejam causados pelas bactérias dos
sorogrupos A, B e C (MACLENNAN et al., 2000). Os sorogrupos por sua vez Sao
subdivididos em sorotipos e sorosubtipos, de acordo com as diferencas imunoldgicas das
principais proteinas da membrana externa (outer membrane protein) ou OMP. O sorotipo da
cepa e determinado pela OMP das classes 2 e 3 e Porina B (PorB); a OMP de classe 1, Porina
A (PorA) estabelece o subtipo. O lipo-oligossacarideo da membrana é outro antigeno, que
determina o imunotipo (TZENG e STEPHENS, 2000) (FIGURA 1).

Por convencdo, sorogrupos sao representados por letras maiusculas e os sorotipos por
numerais arabicos (BRANHAM, 1953; 1958). Atualmente existem mais de 20 sorotipos de N.
meningitidis, pelo menos 10 subtipos e mais de 11 imunotipos (RIEDO et al., 1995). A
classificagdo completa de cada meningococo possui sorogrupo, sorotipo, sorosubtipo e
imunotipo.

Os seres humanos sdo os Unicos hospedeiros da N. meningitidis cujo nicho ecoldgico é a
mucosa nasofaringea (CAUGANT e MAIDEN, 2009). Tal coloniza¢do representa uma
relacdo comensal entre o hospedeiro e a bactéria, com o hospedeiro ndo apresentando
nenhuma patologia detectdvel. Em média, o portador sadio alberga 0 meningococo por cerca
de cinco a seis meses podendo ultrapassar este periodo (MACLENNAN et al., 2006), contudo
a duracdo depende das propriedades da bactéria e nem todas as cepas colonizadoras tem a
mesma propensdo para estabelecer um relacionamento comensal de longo prazo com um
determinado hospedeiro (CAUGANT e MAIDEN, 2009).

A bactéria est4 presente na nasofaringe de 8-25% da popula¢do humana (ROSENSTEIN
et al., 2001) sendo estimada entre 10-35% em adultos jovens na Europa e Estados Unidos
(CARTWRIGHT et al., 1987; SWARTLEY et al., 1997). Nos paises da América Latina,
observam-se poucos estudos de colonizagdo da N. meningitidis que indiquem dados
estimativos (SAFADI et al., 2013). No Brasil, um recente estudo longitudinal realizado em
Campinas, S&o Paulo resultou numa prevaléncia geral de 10% de portadores, sendo que em
adolescentes de 17 a 19 anos a prevaléncia foi de 12% (MORAES et al., 2013).

Durante epidemias, a prevaléncia de individuos colonizados pela N. meningitidis pode
chegar até 50% (RIEDO et al., 1995), sendo que as taxas de colonizagdo variam com a idade,
condicao sécio-econdmica e com a cepa bacteriana circulante, mas ndo variam sazonalmente

ou com a imunidade de grupo (WHO, 1998).
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Em ambientes fechados como residéncias estudantis, creches e campos militares, a
transmissdo do agente pode aumentar significativamente, de forma que a prevaléncia de
portadores pode alcangar 100% (CAUGANT et al., 1992). Contudo, estudos indicam que a
taxa de colonizagdo e um especifico sorogrupo ndo podem predizer epidemias, ndo existindo
modelos que expliquem associagOes entre elevadas prevaléncias em portadores, o complexo
clonal e propensdo de causar doenca (MOORE e OSTERHOLM, 1998; WHO, 1998;
CAUGANT e MAIDEN, 2009).

O modelo tradicional de transmissdo da doenca descreve que, usualmente, a bactéria é
introduzida no domicilio por um adulto e subsequentemente disseminada para uma crianga
(MUNFORD et al., 1974). Por razbes desconhecidas, 0 meningococo pode invadir a mucosa
faringeana e disseminar na corrente sanguinea, causando sepse. O estado de portador sadio
permite que a crianca adquira a imunidade natural, entretanto permanece responsavel pela

persisténcia da transmissédo na comunidade (LEPOW et al., 1999).

FIGURA 1. llustracdo esquematica dos componentes da membrana externa da capsula da

Neisseria meningitidis.
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1.3 EPIDEMIOLOGIA DA DOENCA MENINGOCOCICA

A DM continua sendo uma grave ameaca para a salde global e muitos casos resultam
em sequelas neuroldgicas, podendo ser 50% fatais quando néo tratados (WHO, 2014).

Endémica em muitos paises, a DM apresenta mundialmente uma incidéncia anual de 1
a 3 casos por 100.000 habitantes, com repetidas epidemias, principalmente em paises em
desenvolvimento, quando pode alcancgar incidéncias entre 100 e 800 por 100.000 habitantes
(CDC, 2014).

Globalmente, a maior incidéncia de DM ocorre entre lactentes (LEPOW et al., 1999;
ROSENSTEIN et al., 2000). Tanto na forma endémica, como na forma epidémica, 0 maior
nimero de casos de DM ocorre em criangas com idade inferior a 5 anos, particularmente,
entre 6 e 24 meses. Entretanto, ha situacbes em que durante as epidemias, observa-se um
deslocamento da faixa etaria acometida para criangas maiores, adolescentes e adultos jovens
(PELTOLA, 1998). De acordo com o0 sexo, a doenca apresenta um pequeno predominio em
pacientes do sexo masculino e com relagdo a variagdo sazonal, encontra-se maior percentual
de casos no inverno (WHO, 1995; MORAES e BARATA, 2005).

A epidemiologia da DM geralmente apresenta variagfes a depender da regido, do
periodo e do sorogrupo circulante (BEGG, 1995). Estas variagBes sdo reflexos das
propriedades patogénicas das cepas prevalentes de N. meningitidis, das condicGes
socioecondmicas, ambientais e da imunidade da populagdo (TZENG e STEPHENS, 2000).

Na Africa, por exemplo, na regifo que ficou conhecida como "cinturdo da meningite"
(MOLESWORTH et al., 2002; LAFORCE, 2009) que vai do Senegal a Etiopia, grandes
epidemias ocorrem em ciclos de 8 a 10 anos ao longo de um século com o predominio do
sorogrupo A. Este mesmo sorogrupo iniciou uma epidemia na China em 1960 e propagou-se
na RUssia e paises escandinavos, alcancando o Brasil em 1970 (CAUGANT, 1998).
Entretanto, na Europa e América do Norte, o sorogrupo A ndo circula desde a segunda guerra
mundial (SCHWARTZ et al., 1989).

Diferente das epidemias causadas pelo sorogrupo A, a transmissdo da DM causada por
isolados do sorogrupo B resulta em um aumento moderado da incidéncia, contudo 0s
prolongados surtos podem resultar em significativo impacto na mortalidade e morbidade
(GRIFFISS et al., 1987; LYSTAD e AASEN, 1991; TZENG e STEPHENS, 2000), a exemplo
das regibes onde predomina a circulagdo desse sorogrupo, como Estados Unidos e Europa
(HARRISON et al., 2009; COHN et al., 2010).
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Durante varias décadas, o sorogrupo W tem sido conhecido por estar associado a casos
clinicos, incluindo epidemias, de pequenas dimensfes. Em 2000 e 2001, dois surtos de DM
coincidentes com a estacdo de peregrinacdo islamica (Hajj) para Meca e Medina na Arabia
Saudita foram ocasionados pelo sorogrupo W, além de varios casos ocorridos na Asia,
Europa, Estados Unidos e Africa de individuos que viajaram para Arébia Saudita e tiveram
contato com os peregrinos (WILDER-SMITH et al., 2003). No final de 2011, o Chile
registrou uma mudanca no comportamento da DM, com o predominio do sorogrupo W
pertencente ao complexo clonal ST-11, confirmando laboratorialmente 117 casos de DM no
ano de 2012. Desses, 103 (88%) foram sorogrupados, dos quais 60 (58%) pertenciam ao
sorogrupo W (VALENZUELA et al., 2013). O surgimento do sorogrupo W como agente
responsavel por epidemias tem implicagdes para a salde publica, aumentando as
preocupacdes dos Orgdos de salde quanto a necessidade de racionalizar a utilizacdo dos
estoques globais disponiveis da vacina e adaptar as estratégias de resposta as epidemias
quanto aos perfis epidemioldgicos (WHO, 2014).

O Brasil apresenta registros de importantes epidemias da DM. Entre 1945 e 1952 ocorreu
no municipio de S&o Paulo um aumento acentuado da incidéncia da DM pelo sorogrupo A. A
taxa de incidéncia elevou-se de dois casos por 100.000 habitantes em 1944, para quase nove
casos por 100.000 habitantes em 1945. A epidemia atingiu o pico méximo em 1947 (24,2 por
100.000 habitantes) e a incidéncia voltou aos valores endémicos em 1952 (2,67 por 100.000
habitantes) (MORAES e BARATA, 2005). Uma segunda onda epidémica ocorreu em 1971
com uma incidéncia de 100 casos por 100.000 habitantes e predominancia do sorogrupo C
que até entdo ndo havia sido associado a surtos de grandes proporcdes (MORAIS et al.,
1974). Em 1974 iniciou-se uma nova onda provocada pelo sorogrupo A, sem que a incidéncia
pelo sorogrupo C tivesse interrompido ou retornado aos valores endémicos (MORAES e
BARATA, 2005).

Em Salvador, a doenca seguiu o mesmo perfil epidemiolégico da Bahia e do pais,
apresentando na década de 70 incidéncia anual de 4 casos por 100.000 habitantes, com
elevacdo no ano de 1975, quando atingiu o patamar de 39 casos por 100.000 habitantes, com
casos associados principalmente ao sorogrupo C (BRYAN et al., 1990). Uma segunda
epidemia ocorreu em 1978, devido ao sorogrupo A, atingindo uma incidéncia de
aproximadamente 18 casos por 100.000 habitantes e a partir desse ano, apresentou tendéncia
de declinio, registrando em 1982 uma incidéncia de 3,8 casos por 100.000 habitantes com

predominio do sorogrupo B, seguido do sorogrupo C (BRYAN et al., 1990).
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No inicio da década de 80, o pais registrou baixas incidéncias da DM, variando entre
1,0-1,3 por 100.000 habitantes (REQUEJO, 2005), porém em 1986, ocorreu elevacdo no
nimero de casos, com surtos identificados em diversas regides do pais, provocados pela
introducgdo da cepa cubana B4, 7: P1. 19,15 (SACCHI et al., 1992; BRASIL, 2001; LEMOS
et al., 2007). Entre os anos de 1990 a 2001 foram notificados 68.332 casos de DM no pais, e
uma incidéncia anual média estimada entre 1 e 3 casos por 100.000 habitantes apresentando
um pico epidémico em 1996 com incidéncia de 4,1 por 100.000 habitantes (REQUEJO,
2005). Na Bahia, a partir da década de 90, registrou-se 0 maior nimero de casos de DM em
Salvador causado pelo sorogrupo B (CORDEIRO et al., 2007); posteriormente, nesta mesma
década, ocorreu uma reducdo proporcional deste sorogrupo € um aumento progressivo do
sorogrupo C com significativa substituicdo do sorogrupo B pelo sorogrupo C a partir do ano
de 2007 (BRASIL, 2009).

No periodo de 2000 a 2009, observou-se que a maior incidéncia da DM no Brasil
ocorreu em menores de 5 anos, decrescendo & medida que aumenta a faixa etaria (FIGURA
2). Até o ano de 2005, o sorogrupo B predominava no pais e a partir desse ano, ocorreu a
inversdo dos sorogrupos circulantes, prevalecendo o sorogrupo C em todas as regides
brasileiras, com excecdo da regido Sul, onde o sorogrupo B continuou prevalecendo
(CORDEIRO et al., 2007; BRASIL, 2012).

FIGURA 2. Numero de casos e incidéncia (por 100.000 habitantes) da doenga meningocécica
por faixa etaria. Brasil, 2000 a 2009.
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Baseado em casos com sorogrupos identificados, a incidéncia acumulada da doenca
meningocdcica em Salvador pelo sorogrupo C foi de 0,1 casos por 100.000 habitantes no
periodo de 2000 a 2006 (CARDOSO et al., 2012).

No periodo de 2001 a 2010, foram registrados 37 surtos da DM pelo sorogrupo C no
Brasil, dos quais 06 (16%) ocorreram na Bahia. O maior nimero de surtos concentrou-se na
regido Sudeste (n=26, 70%), principalmente no Estado S&o Paulo (n=16, 43%) (BRASIL,
2012) (FIGURAS 3, 4 e 5).

Em 2011, segundo o Sistema de Informac&o de Agravos de Notificagcdo (SINAN), foram
confirmados 19.427 casos de meningites no Brasil, sendo que 7.196 (37%) corresponderam a
meningites bacterianas entre os quais, 3.382 (47%) ocorreram em crian¢as menores de dois
anos de idade (BRASIL, 2012). Do total de casos confirmados de meningites bacterianas,
2.736 (38%) corresponderam a DM dos quais 400 (33%) ocorreram em menores de dois anos.
Neste mesmo ano, no Estado da Bahia, foram confirmados 1.348 casos de meningites com
128 6bitos, sendo 447 (33%) de origem bacteriana, destacando-se a DM com 182 (41%) casos
e 60 Obitos (BRASIL, 2012).

FIGURA 3. Surtos de DM pelo sorogrupo C. Brasil, 2001 a 2006.
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FIGURA 4. Surtos de DM pelo sorogrupo C. Brasil, 2007 a 2008.
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FIGURA 5. Surtos de DM pelo sorogrupo C. Brasil, 2009 a 2010.
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1.4 PREVENGAO DA DOENGCA MENINGOCOCICA

A prevengdo de infeccbes em humanos devido a Neisseria meningitidis permanece um
desafio global, apesar dos antibidticos e vacinas (WHO, 2012).

Para a prevencdo da DM séo adotadas duas importantes medidas: a quimioprofilaxia e as
vacinas. A quimioprofilaxia é realizada ap6s a identificacdo de casos com o objetivo de evitar
a ocorréncia de casos secundarios devido a contatos intimos. E considerada uma medida de
controle eficaz, embora ndo assegure efeito protetor duradouro e absoluto. Consiste na
administracdo de antibiéticos, inclusive em gestantes, de acordo com o peso do individuo,
sendo analisados o prazo de infectividade e o periodo de incubacdo da doenga. No Brasil, a
droga de escolha para a quimioprofilaxia ¢ a Rifampicina®, de 12 em 12 horas, sendo a
dosagem recomendada 600 mg/dose para adultos, 10 mg/Kg/dose para criangas maiores de
um més até 10 anos e 5 mg/Kg/dose para criangas menores de um més, devendo ser
administrada preferencialmente até 48 horas da exposicéo ao caso indice (BRASIL, 2010).

Considera-se contato intimo os residentes do mesmo domicilio, pessoas que dividem o
mesmo dormitério, criangas que freqlientam a mesma creche e individuos expostos de forma
direta as secrec¢Ges do doente (BRASIL, 2010).

Outras medidas preventivas importantes sdo as vacinas, que podem ser polissacaridicas ou
polissacaridicas conjugadas. As vacinas sdo especificas para determinados sorogrupos, sendo
as mais disponiveis aquelas contra 0 meningococo dos sorogrupos A, C,We'Y.

As vacinas polissacaridicas que podem ser bivalentes (contra os sorogrupos A e C),
trivalentes (contra os sorogrupos A, C e W) ou quadrivalentes (contra os sorogrupos A, C, W
e Y) registram baixa eficicia no grupo de menores de 2 anos e produzem imunidade de curta
duragdo (12 a 24 meses) em adultos (WHO, 2011). Além disso, o uso repetido dessas vacinas
acarreta uma tolerdncia imunoldgica, onde cada dose aplicada reduz a eficicia da vacina.
Dessa forma, sdo recomendadas apenas aos viajantes para areas hiperendémicas e no controle
de surtos. Recentemente o Brasil mudou a estratégia e adotou a administragdo das vacinas
conjugadas para o controle de surtos (DANZING, 2004; BILUKHA et al., 2005; BRASIL,
2010; SAFADI, et al., 2014).

As vacinas polissacaridicas conjugadas podem ser monovalentes (contra o sorogrupo A ou
C) ou quadrivalente (contra sorogrupos A, C, W, Y), e também incluem uma composi¢éo de
vacina baseada no Haemophilus influenza tipo B e Neisseria meningitidis sorogrupo C
(HibMenC). Essas vacinas contém na sua composi¢do antigenos polissacarideos conjugados a

proteina diftérica (CRM197) ou do toxdide teténico (TT). Esta composi¢do induz memoria
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imunolégica mais duradoura, apresentando maior eficacia para criangas a partir dos dois
meses de idade (BRASIL, 2009; WHO, 2011; CDC 2012).

Outro importante aspecto preventivo resultante das vacinas polissacaridicas conjugadas €
a possibilidade da reducdo da colonizagdo nasofaringeana e, portanto, a inducéo da imunidade
de grupo, comumente conhecida como imunidade de rebanho (MATTHEW e POLLARD,
2005). Através de um estudo seccional de trés anos realizado no Reino Unido, observou-se
uma reducdo de 66% da colonizacdo pelo sorogrupo C em estudantes de 15 a 17 anos apés
um ano de introdugéo da vacina MenC (MAIDEN e STUART, 2002).

A vacina MenC foi introduzida no calendéario nacional basico de vacinacdo do Brasil a
partir do 2° semestre de 2010 para a faixa etéria de 2 meses até 23 meses e 29 dias. Em 2012,
0 esquema vacinal foi mantido em menores de um ano (2 doses e um reforgo) sendo
atualmente esta a Unica faixa etéria a ser contemplada pela referida vacina (BRASIL, 2012).

A vacina conjugada contra 0 meningococo A, MenAfriVac®, foi introduzida na Africa em
dezembro de 2010 nos paises de Burkina Faso, e regides selecionadas do Mali e Niger,
expandindo em 2011 para Camardes, Chade, Nigeria, Gana, Benin, Senegal e Sud&o. Desde o
periodo da introducéo, foram imunizadas mais de 100 milhGes de pessoas e a expectativa é de
eliminar as epidemias causadas pelo Neisseria meningitidis sorogrupo A no conhecido
“cinturdo da meningite” africano (WHO, 2014).

A vacina conjugada quadrivalente que protege simultaneamente dos meningococos A, C,
W e Y e contém na sua composi¢do antigenos polissacarideos conjugados a proteina diftérica
foi licenciada em 2005. Posteriormente, em 2010 uma segunda vacina quadrivalente
conjugada ao toxoide diftérico (CRM197) tornou-se disponivel. Em alguns paises, essa vacina
é licenciada para individuos da faixa etaria de 2-55 anos e em outros paises a partir de 11 anos
sem limite de idade. No Canada e Estados Unidos, ambas as vacinas quadrivalentes sao
amplamente utilizadas, sendo que neste ultimo pais, recomenda-se a aplicagdo em
adolescentes de 11 a 12 anos e uma dose de reforco para aqueles que ingressam na escola aos
16 anos (BILUKHA e ROSENSTEIN, 2005; WHO, 2011; CDC 2012). Em 2012, uma vacina
conjugada ao toxoide tetanico (MenACWY-TT; Nimenrix®) foi introduzida na Europa
inicialmente com o esquema de uma dose para criangas de um ano e no Canada para idades de
um a 55 anos. Em 2013, a vacina conjugada quadrivalente (MCV4-CRM; Menveo®) foi
licenciada nos Estados Unidos para uso em criangas de 2 a 23 meses (CDC, 2013; HEDARI
et al., 2014).

A fim de controlar a DM, algumas iniciativas foram tomadas por diversos paises, dentre

elas as estratégias de vacinagdo visando aplicar o maior nimero de doses por faixa etaria em
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um curto espago de tempo. O Reino Unido por exemplo, introduziu em 1999 a vacina MenC
alcancando um significativo sucesso, apresentando uma redugéo de 76% dos casos de DM
pelo sorogrupo C no grupo alvo de adolescentes no primeiro ano ap6s a introducdo da vacina
MenC (RAMSAY et al., 2001; TROTTER et al., 2004).

Apos a introducdo da vacina MenC em diversos paises, varios estudos foram realizados
em funcdo da resposta alcangcada. Observou-se que a protecdo conferida por essas vacinas
mostrou-se diretamente relacionada & idade nas criancas que a recebiam, sendo que naquelas
com mais de um ano de idade, a protecdo demonstrou-se maior e mais duradoura quando
comparada com as criangas que a receberam nos primeiros meses de idade (CANO et al.,
2004; MILLER etal., 2001; TROTTER etal., 2004).

Os resultados dos estudos de TROTTER et al. (2004) e de SALLERAS et al. (2004),
revelaram a importancia da introducéo de uma dose de refor¢o ap6s um ano de idade a fim de
garantir protecdo em longo prazo aos lactentes imunizados no primeiro ano de vida. Em
outros paises, onde ocorre grande nimero de casos de DM em criangas menores de um ano,
foi adotada a vacinagdo a partir dos trés meses de idade (duas doses no intervalo de dois
meses) sendo um reforgo entre 12 e 15 meses. Criangas com 12 meses devem receber dose
Unica. No Brasil, a vacina MenC foi introduzida em 2010 seguindo este esquema no
calendério nacional (BRASIL, 2010). Neste mesmo ano, antes da introducéo da vacina MenC
no calendario nacional, as Secretarias de Saude do Estado da Bahia e de Salvador adotaram a
estratégia de vacinacdo para criangas menores de cinco anos de idade e individuos de 10 a 24
anos através de campanhas de vacinacdo (BRASIL, 2012).

Nos locais onde as vacinas foram implantadas, tem havido uma queda significativa no
nimero de casos da doenca e uma grande redugdo no nimero de Obitos e incapacidades
causadas por DM e septicemia (TROTTER et al., 2004; CANO et al., 2004). No entanto, uma
parte da doenca meningocdcica e septicemia ndo sdo evitaveis por vacinagdo, pois nem todas
as vacinas cobrem todas as sub-linhagens de bactérias causadoras da doenca. Atualmente um
grande desafio é o desenvolvimento e introducdo de uma vacina contra 0 meningococo do
sorogrupo B (PELTOLA, 1998; TZENG e STEPHENS, 2000; SAFADI e BARROS, 2006).

O polissacarideo capsular do meningococo B tem sua estrutura antigénica (&cido a-2-8-N-
acetilneuroaminico) similar aquela encontrada em tecidos neurais embrionarios humanos.
Essa caracteristica, além de impossibilitar sua imunogenicidade, traz ainda o risco de que
reac0es de auto-imunidade possam advir com uso de vacinas baseadas nesta estrutura
antigénica (WYLE et al., 1972; FINNE et al., 1983; FRASCH, 1987).
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Em funcdo disso, os estudos se concentram no desenvolvimento de vacinas contra o
meningococo B que se mostrem imunogénicas e sem riscos. Uma alternativa foi o
desenvolvimento de vacinas que utilizassem os componentes ndo capsulares do meningococo
B. Um dos problemas enfrentados é que estas vacinas sao especificas para os sorosubtipos de
meningococo B incluidos na sua composicdo, e dessa forma, ndo oferecem protecéo
abrangente para outros sorosubtipos (BJUNE et al., 1991).

Uma alternativa para driblar esta caracteristica peculiar do meningococo B tem sido a
obtencéo de uma vacina através da chamada vacinologia reversa, que consiste em identificar
proteinas antigénicas a partir do sequenciamento do genoma da bactéria (RAPPUOLI, 2001).

Assim, nos ultimos anos, alguns progressos foram alcangados nesse sentido, levando a
testes em adultos, criangas e, mais recentemente em lactentes. Duas empresas farmacéuticas,
Novartis e Pfizer (anteriormente Wyeth), estudam a formulagdo de vacinas que possam
fornecer ampla protecéo contra o sorogrupo B (MRF, 2012), principal sorogrupo circulante na
Europa e Estados Unidos (CDC, 2012). Entretanto, ainda é preciso tempo para que de fato a
elaborag&o, producéo e introducdo de uma nova vacina contra 0 meningococo sorogrupo B

possa causar reducdo na incidéncia de casos pela doenga (ANDREWS el al., 2014).

15 EPIDEMIOLOGIA MOLECULAR

Para melhor entender a dindmica da transmissdo da N. meningitidis na populagdo, a
caracterizacdo molecular do patdégeno é fundamental. Os avancos na tipagem molecular
ofereceram melhor entendimento na epidemiologia e biologia dos meningococos cuja
diversidade genética, embora extensa, é altamente estruturada (TZENG e STEPHENS, 2000).

Estudos j& identificaram pelo menos 37 grupos de meningococos relacionados e
conhecidos como complexos clonais. Tais grupos tém sido a unidade predominante na analise
da biologia e epidemiologia da populacdo meningocdcica. Uma minoria de complexos
clonais, tais como ST-103, ST-11, ST-41-44, ST-32 entre outros, sdo conhecidos como
linhagens hiperinvasivas, e responsaveis por um desproporcional nimero de casos da doenga
em todo mundo (CAUGANT, 2008).

No que se refere aos métodos moleculares, algumas técnicas foram desenvolvidas para
caracterizar a N. meningitidis, auxiliar na determinagdo das tendéncias na epidemiologia do
meningococo e identificar os principais clones com potencial epidémico. Dentre as técnicas,
surgiu a que avalia as variagdes da eletroforese de enzima multilocus (MLEE). Esta técnica

determina a mobilidade eletroforética de uma selecdo de enzimas constitutivas em gel amido.
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As variacdes na mobilidade das enzimas sdo causadas por diferengas em fungdo da
substituicdo dos aminodcidos nas sequéncias polipeptidicas. O perfil alélico gerado a partir da
mobilidade das enzimas determina o tipo eletroforético (ET) e corresponde ao gendtipo da
bactéria (SELANDER et al., 1986). Os ETs relacionados formam um complexo clonal cujas
cepas que o constituem estdo associadas geneticamente, sendo provenientes de um ancestral
comum. No entanto, esta técnica requer bastante trabalho e tempo para sua execucdo além de
apresentar dificuldades quanto a reproducdo de resultados de uma mesma cepa entre
laboratorios (ENRIGHT e SPRATT, 1999).

Para superar as desvantagens da técnica da MLEE, outro método foi desenvolvido com
base nos principios do MLEE e a Tipagem de Sequencias de Multilocus (MLST) consiste no
sequenciamento direto de fragmentos internos de sete genes constitutivos (abcZ, adK, aroE,
fumC, gdh, pdhC e pgm) (MAIDEN et al., 1998) oferecendo resultados Unicos, distinguindo
mais alelos por locus e permitindo maior nivel discriminatorio dos isolados. Outra vantagem
desta técnica é permitir que os dados entre diversos laboratorios sejam comparados devido a
existéncia de um banco de dados global (http://pubmlst.org) que armazena informacdes de
milhares de seqliéncias de genes constitutivos de cepas de N. meningitidis, como também de
outras espécies bacterianas e permite o monitoramento de cepas relacionadas a endemias ou
epidemias de meningites meningocdécicas (JOLLEY et al., 2004).

O grau de robustez da técnica MLST em predizer o perfil antigénico carece de maior
analise, especialmente no contexto de vacinas baseadas em proteinas uma vez que este
meétodo utiliza sequéncias centrais conservadas. O problema € que estas ndo predizem
necessariamente associacfes entre muitos antigenos devido & falta de concordancia
introduzida pela recombinacdo (STEPHENS, 2009). Além disso, para a maioria dos paises em
desenvolvimento atingidos pela DM, esta técnica representa alto custo em equipamentos e
reagentes.

A tipagem de fragmentos de restricdo de multilocus (MLRFT) apresenta-se como
meétodo alternativo de tipagem ao MLST, onde os produtos de reacdo de polimerase em
cadeia (PCR) correspondentes aos fragmentos que deveriam ser sequenciados pelo MLST séo
cortados com enzimas de restricdo e o polimorfismo gerado determina um padréo alélico
especifico. E um método altamente discriminatorio, de excelente reprodutibilidade, além de
ser relativamente simples e barato (DIEP et al., 2003).

Outros metodos tém sido utilizados e exercem importante papel no monitoramento e
compreensdo da evolucdo da DM, a exemplo da técnica de eletroforese em campo pulsado

(PFGE), que possui a caracteristica de subdividir as diferentes cepas circulantes dentro de
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uma regido geografica (RAYMOND et al., 1997), o polimorfismo de fragmentos de restri¢do
(RFLP) (BJORVATN et al., 1992), métodos baseados em PCR e a ribotipagem (STULL et
al., 1988), sendo este Gltimo utilizado no Brasil em 1988-1989. A ribotipagem auxiliou na
conclusdo de que o clone ET-5 ainda era a cepa prevalente e responsével pelo aumento da
incidéncia de casos sete anos apds a campanha de vacinagdo na grande S&o Paulo (SACCHI
et al., 1988).

De uma maneira abrangente, as politicas publicas de saide para vigilancia e controle
da DM podem ser favorecidas com a utilizagéo da epidemiologia molecular uma vez que esta
oferece uma compreensdo avancada da dindmica da Neisseria meningitidis e permite a

identificacdo de determinantes de patogenicidade associados & transmisséo da doenca.

2 JUSTIFICATIVA

A doenga meningococica é um importante problema de salude publica, dado seu potencial
epidémico, sua letalidade e sequelas. A doengca é considerada endémica no Brasil,
apresentando surtos epidémicos como o ocorrido em Salvador, Bahia no ano de 2010. Em
resposta ao aumento da incidéncia da doenca, a vacina MenC foi introduzida em Salvador
antes da sua incluséo no calendério nacional de imunizacGes e abrangeu as faixas etarias mais
acometidas pela doenca. Diante deste cenério, estudos tornaram-se necessarios para
determinar o impacto desta intervencdo na incidéncia da doenga, caracterizar as cepas

circulantes da Neisseria meningitidis e avaliar a efetividade da vacina MenC.

3 OBJETIVOS

3.1  GERAL
Avaliar o impacto da Vacina MenC introduzida em Salvador no ano de 2010.
3.2  ESPECIFICOS

1. Descrever a incidéncia da DM nos periodos antes e ap6s a introducdo da vacina
MenC,;

2. Auvaliar a efetividade da vacina MenC introduzida em Salvador em 2010;

3. Descrever as caracteristicas fenotipicas e genotipicas das cepas circulantes nos

periodos pré e pés-introducédo da vacina MenC.
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4 ASPECTOSETICOS

Este projeto de pesquisa foi aprovado pelo Comité de Etica do Centro de Pesquisas Gongalo
Moniz (CPqGM) da Fundagéo Oswaldo Cruz (FIOCRUZ) conforme atribui¢es conferidas
pela CONEP/CNS/MS (carta Doc. 32-04/97), com base na resolucdo 196 e suas

complementares, através do parecer final n® 235/2011.

5 CAPITULO1

Os resultados dos estudos da incidéncia da DM e anélise da efetividade da vacina MenC
conjugada foram publicados em: Vaccine 30 (2012) 5541- 5546,
(http://dx.doi.org/10.1016/j.vaccine.2012.06.044).

O presente artigo visou atender aos objetivos da tese identificando o cenario epidemioldgico
da doenca meningococica (DM) em Salvador através do estudo da série historica das
incidéncias da doenga meningocdcica sorogrupo C no periodo de 2000 a 2011 bem como a
prevaléncia do sorogrupo da Neisseria meningitidis. Descrevemos toda estratégia de
vacinagdo adotada pelas Secretarias de Salde do Estado da Bahia e de Salvador para a
realizacdo das campanhas de vacinacdo. O estudo da efetividade da vacina foi realizado
através do método “screening” no qual identificamos que entre os individuos de 10-24 anos
de idade, uma dose Unica de vacina MenC foi 100% efetiva (IC 95%, 79-100%).
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To combat rising incidence of serogroup C meningococcal disease in the city of Salvador, Brazil, the Bahia
state immunization program initiated routine childhood immunization with meningococcal C conjugate
vaccine (MenC) in February 2010, followed by mass MenC vaccination of city residents 10-24 years of
age from May through August 2010. We analyzed trends in incidence of reported cases of meningococcal
disease and serogroup distribution among meningococcal isolates identified in hospital-based surveil-
lance in Salvador from January 2000 to December 2011 and estimated vaccine effectiveness using the
screening method. Annual incidence of serogroup C meningococcal disease increased from 0.1 cases per
100,000 population during 2000-2006 to 2.3 in 2009 and 4.1 in 2010, before falling to 2.0 per 100,000
in 2011. Estimated coverage of mass vaccination reached 80%, 67% and 41% among 10-14, 15-19 and
20-24 year olds, respectively. Incidence in 2011 was significantly lower than average rates in 2008-2009
among children <5 years, but reductions among 10-24 year olds were not significant. Among 10-24
year olds, a single dose of MenC vaccine was 100% effective (95% confidence interval, 79-100%) against
serogroup C meningococcal disease. Low coverage in the population targeted for mass vaccination may
have limited impact on ongoing transmission of serogroup C meningococcal disease despite high vaccine
effectiveness.
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1. Introduction meningococcal serogroup C polysaccharide-protein conjugate vac-

cines (MenC) for routine infant immunization or outbreak control

Epidemics of bacterial meningitis caused by Neisseria menin-
gitidis, the meningococcus, were first reported in Brazil in 1920
[1]. Meningococcal epidemics since the 1970s have been associ-
ated with serogroups B and C (the last meningococcal A epidemic
in Brazil occurred in 1974) [2]. Following the predominance of
meningococcal serogroup B during the 1990s, serogroup C out-
breaks emerged throughout Brazil after 2000, gradually replacing
B as the most prevalent serogroup [3,4]. With the rising incidence
and high associated case-fatality of meningococcal serogroup C
disease among young children and the availability of effective con-
jugate vaccines, several state and local governments purchased

* Corresponding author at: Centro de Pesquisas Gongalo Moniz, Fundagdo
Oswaldo Cruz, Ministério da Sadde, Rua Waldemar Falcdo, 121, Salvador, Bahia
40296-710, Brazil. Tel.: +5571 3176 2301; fax: +55 71 3176 2281.

E-mail addresses: joice@ufba.br, joice@conveniado.bahia.fiocruz.br (J.N. Reis).

0264-410X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.vaccine.2012.06.044

in targeted age groups.

From 2007 to 2009, meningococcal serogroup C disease
increased substantially in the state of Bahia, with a five-fold
increase in the number of cases reported in the capital, Salvador.
In 2009, 194 cases of meningococcal disease (1.5 cases per 100,000
population) with 50 deaths (39% case-fatality) were reported to
the Bahia state health department, with 50% of the cases and 48%
of the deaths occurring in Salvador [5]. Meningococcal serogroup
C conjugate vaccine was introduced into the routine childhood
immunization schedule of the state of Bahia in February 2010,
with a two-dose primary immunization series (at 2 and 4 months)
followed by a booster dose in the second year of life. All chil-
dren younger than five years in the state of Bahia were eligible to
receive atleast one dose of MenC conjugate vaccine. During the first
semester of 2010, unusually high numbers of meningococcal dis-
ease cases and deaths among persons older than 10 years occurred
in the city of Salvador, leading the state immunization program to
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conduct mass vaccination (a single dose) of city residents 10-24
years of age from May to August 2010. We analyzed data from
meningitis surveillance and immunization programs to evaluate
the impact of vaccination on rates of meningococcal disease among
vaccinated age groups and those not targeted for vaccination.

2. Methods
2.1. Surveillance for meningococcal disease

Reporting of suspected cases of meningitis is mandatory in
Brazil. Suspected cases of meningitis are reported by public and
private health facilities to municipal and state health depart-
ments using standardized case report forms from the national
Notifiable Diseases Information System [Sistema de Informagcde de
Agravos de Notificagdo (SINAN)]. Case report forms include patient
identification, age, gender, clinical signs and symptoms, sam-
ples collected, diagnostic tests performed, antibiotic susceptibility
and cerebrospinal fluid (CSF) evaluation. Suspected meningococcal
disease includes the presence of fever, intense headache, pro-
fuse vomiting, neck stiffness, clinical signs of meningeal irritation
(Kernig or Brudzinski), convulsions or petechial or purpural rash. In
infants, clinical signs may include irritability, persistant crying and
bulging fontanelle. Clinical presentation of meningococcal disease
is reported as meningitis, meningococcemia or meningitis with
meningococcemia based on physician diagnosis and laboratory
findings. Confirmed cases of meningocaccal disease are defined
by isolation of meningococci or positive antigen detection tests in
blood, CSF or normally sterile fluid specimens from suspected cases.
For surveillance purposes, suspected cases may also be classified as
confirmed based on epidemiologic link to a laboratory-confirmed
case, or by identification in Gram stain of gram-negative diplococcic
in a patient with suggestive symptoms and petechial or purpural
rash.

2.2. Vaccination against meningococcal serogroup C disease

Brazil's national immunization program provides vaccines
included in the recommended immunization schedule through the
Unified Health System [Sistema Unico de Satide (SUS)], Brazil's pub-
lic health system. State governments have autonomy to purchase
and provide vaccines not included in the national immunization
program through the state immunization program. Bahia, with
a population of 13.6 million inhabitants, ranks fourth most pop-
ulous among Brazil's 27 states (including the Federal District)
and had an annual estimated health budget of US$ 1.5 billion in
2010]6].InFebruary 2010, MenC-tetanus toxoid conjugate vaccine
(MenC-TT, Neisvac-C®, Baxter Vaccines) was introduced into the
routine infant immunization schedule in the state of Bahia, Brazil,
with financing from the state government. After August, 2010,
infants began receiving MenC-CRM;97 conjugate vaccine (Novar-
tis Vaccines), which was provided to all states for universal infant
immunization through Brazil's national immunization program.
The recommended schedule in all state immunization programs
was two doses in the first year of life (either at 2 and 4 months or
3 and 5 months of age), followed by one dose in the second year
of life (at 12 or 15 months). Catch-up vaccination was provided for
children younger than two years of age in most states. In the state
of Bahia, catch-up vaccination included children younger than five
years; one dose of MenC was recommended for those at least 12
months of age in February 2010.

In addition, the state of Bahia purchased 1,876,863 doses
of MenC-TT in 2010 to control the epidemic of meningococcal
serogroup Cdisease in Salvador, the state capital and most populous
city (estimated population 2,676,606, 21% of the state population).

MenC-TT vaccine was used for mass vaccination of persons 10-19
years old in May and June 2010. In August 2010, the state gov-
ernment received 447,983 doses of MenC-CRM;g7 from Brazil's
national immunization program, which were used for mass vac-
cination of persons 20-24 years with a single dose. Children 5-9
years of age were not vaccinated.

MenC vaccination was offered at 52 vaccination posts through-
out the city. Vaccination was offered on Saturday and Sunday at the
beginning of each phase to minimize disruption of normal vaccina-
tion services. Social mobilization focused on the first two days of
vaccination for each age group. Due to poor turnout among 20-24
year olds in 2010, vaccination was offered for persons in this age
group during the second weekend in February 2011, and at large
universities the following week.

MenC doses administered by age group at each vaccination post
were reported to the immunization unit of the Salvador munici-
pal health department. For children younger than five years, MenC
doses administered were also registered in the information sys-
tem of the national immunization program according to whether
the dose was the first, second or third dose for a child. We esti-
mated coverage with at least one dose of MenC vaccine among
children younger than five years using number of administered
doses registered as the first dose in the information system of the
national immunization program (http://pni.datasus.gov, accessed
May 24,2012). We estimated coverage with one dose of MenC vac-
cine among persons 10-24 years of age by dividing the number of
administered doses registered in summary sheets for MenC vacci-
nation campaigns by the estimated population of the target age
group in the city of Salvador. Population estimates for Salvador
from the 2010 census were obtained from the Brazilian Institute
of Geography and Statistics (IBGE), the Brazilian census bureau.

2.3. Laboratory methods

N. meningitidis isolated from patients with meningococcal dis-
ease were sent to the Central Public Health Laboratory for the
state of Bahia or the Molecular Biology Research Laboratory at the
Gongalo Moniz Research Center at the Oswaldo Cruz Foundation
in Salvador for characterization using serogroup-specific antisera
(Difco Laboratories, Detroit, MI, USA), as described previously [7,8].

2.4. Statistical analysis

For suspected meningitis cases, annual reporting rates for
2000-2011 were calculated by dividing the yearly number of sus-
pected meningitis cases among city residents reported to the state
health department by the estimated population of Salvador, Brazil.
Similarly, annual cumulative incidence of confirmed meningococ-
cal serogroup C disease was calculated by dividing the number of
serogroup C cases in each age group by the corresponding pop-
ulation of Salvador. Rates were not adjusted for the proportion
of confirmed meningococal disease of unknown serogroup. We
obtained population estimates for the city of Salvador from IBGE
and used 2000 census data and intercensus projections from the
census bureau to calculate rates for 2001 through 2007; for 2008
through 2011, we used the 2010 census estimate of the population.
For confirmed meningococcal serogroup C disease, we calculated
age-specific relative risk (RR) and corresponding 95% confidence
intervals contrasting incidence in 2011 to average pre-vaccine
incidence in 2008 and 2009. For 2011, we estimated vaccine effec-
tiveness (VE) of one dose of MenC vaccine among 10-24 year
olds using the screening method [9], as (1 - odds ratio [OR] of
vaccination among confirmed meningococcal C cases to the pop-
ulation) x 100. Exact confidence intervals for the OR were used to
estimate the lower 95% confidence limit for vaccine effectiveness.
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3. Results

Following seven years from 2000 to 2006 of declining report-
ing rates of suspected meningitis cases in the city of Salvador,
suspected meningitis rates increased substantially during 2007
through 2010, reaching 14.9 suspected meningitis cases per
100,000 population (Fig. 1). Confirmed cases of meningococcal dis-
ease followed a similar pattern, falling from 74 confirmed cases in
2000 to a low of 15 in 2004 and then increasing rapidly from 2008
through 2010. From 2000 through 2006, meningococcal serogroup
was identified for isolates from 127 (45%) of 281 confirmed cases
(Fig. 1); 105 (83%) were serogroup B, 20 (16%) were serogroup C
and 2 (1%) were other serogroups (A [n=1]and W135 [n=1]). From
2007 through 2011, serogroup was determined for 335 (77%) of 437
meningococcal cases, and serogroup Creplaced B as the most preva-
lent serogroup identified among confirmed cases of meningococcal
disease (Fig. 1).

Based on cases with known serogroup, cumulative incidence of
serogroup C meningococcal disease in the city of Salvador was 0.1
cases per 100,000 population per year from 2000 through 2006
(Fig. 2) with 1 death (case-fatality, 5%). In 2007, 13 cases (0.45
cases/100,000 population) of serogroup C meningococcal disease
were identified with 2 deaths (case-fatality, 15%); in 2008, 53 cases
(1.8 cases/100,000 population) were identified with 4 deaths (8%)
and in 2009, 69 cases (2.3 cases/100,000 population) with 10 deaths
(14.5%). From 2007 to 2009, children younger than five years old
accounted for 34 (25%) of 135 cases (incidence, 4.8 cases/100,000
children <5 per year; Fig. 3) and 4 (25%) of 16 deaths. Among 10-24
year olds, there were 43 (32%) cases (5.2 cases/100,000 popula-
tion/year) and 3 deaths.

MenC vaccine was introduced into the routine infant immu-
nization schedule in the city of Salvador in February 2010, with
a catch-up vaccination campaign for all children younger than 5
years. In the first month, 87,111 doses of MenC were administered
to children <5 years, reaching an estimated 44% coverage of the
target population with at least one dose. By December 2010, an
estimated 92% of children younger than 5 years had received at
least one dose of MenC vaccine (Table 1).

In the first six months of 2010, cases of meningococcal disease
continued to increase, with 93% of 63 cases among persons 10-24
years of age. The state health department purchased an additional
MenC vaccine and conducted mass vaccination in three phases
of persons 10-24 years of age. The first phase, targeting 10-14
year olds, began May 30; 160,554 (93%) of 172,624 MenC doses
administered in this age group were applied in the first weekend
of the campaign, reaching 75% of the target population. The second
phase, targeting those 15-19 years began June 12; 145,249 (96%) of
151,884 MenC doses administered in this age group were applied in
the first weekend. The third phase, targeting 20-24 year olds, was
delayed until August 14; only 68,362 (67%) of 102,565 MenC doses
administered in this age group were applied in the first weekend.
At the end of the third phase, coverage with at least one dose of
MenC had reached 80% among 10-14 year olds, 67% among 15-19
year olds, and 40% among 20-24 year olds (Table 1). An additional
opportunity for 20-24 year olds was provided on February 12-13,
2011, during which 28,647 MenC doses were administered in this
age group.

To evaluate the short-term effect of MenC vaccination, we
contrasted age-specific incidence of meningococcal serogroup C
diseasein 2011 to average incidence in 2008-2009 for targeted and
non-targeted age groups for MenC vaccination (Table 2). Among
children <5, incidence of serogroup C meningococcal disease fell
from 7.5 cases per 100,000 per year during 2008-2009, to 4.0 in
2010 and 2.0 per 100,000 in 2011, and was significantly lower in
2011 than during 2008-2009. Among 10-24 year olds, rates of
serogroup C disease were lower in 2011 than in 2010, but were

not significantly lower than during 2008-2009 before mass vacci-
nation. Similarly, rates of serogroup C disease among children 5-9
years and adults 25 years and older who were not targeted for vac-
cination fell in 2011 but were not significantly different from rates
during 2008 to 2009 (Table 2). During 2011, there were 55 con-
firmed cases of serogroup C meningococcal disease and 21 were
eligible for MenC vaccination; 4 case-patients were <5 years (2< 1
year of age) and 17 were 10-24 years old, none had received MenC
vaccine. Based on the surveillance data, the effectiveness of a single
dose of MenC vaccine for prevention of serogroup C meningococcal
disease was 100% (95% confidence interval, 79-100%).

4. Discussion

The introduction of MenC conjugate vaccine for infants in the
state of Bahia coincided with increasing incidence of meningococ-
cal serogroup C disease. The capital city of Salvador experienced
historic numbers of cases in older children and adults; the resulting
panic and demand for MenC vaccine quickly consumed available
supplies in the private sector, even at approximately US$ 100/dose.
In 2010, the Bahia state government invested US$ 30 million to
purchase MenC vaccines, including US$ 10 million to purchase
vaccine for the city of Salvador. MenC vaccine was offered at no
charge through the stateimmunization program; however, because
supplies were limited, vaccine was offered only to persons in age
groups that experienced the highest disease incidence.

A single dose of MenC vaccine after the first year of life has
been shown to be highly effective for preventing both epidemic
and sporadic meningococcal disease [10-13]. The decision to offer
asingle dose of MenC vaccine to children 1-4 years old and individ-
uals 10-24 years of age during the epidemic in Salvador was based
on local epidemiology, resource constraints and experience with
MenC vaccines during meningococcal serogroup C epidemics in the
United Kingdom and other countries [4,11,12,14]. For infants, the
state health department prioritized available MenC vaccine to pro-
vide two doses to prevent disease in the firstyear of life, followed by
a booster in the second year of life. Administrative data suggested
good uptake of MenC vaccine among young children, although sur-
veys were not conducted to determine what proportion of children
completed recommended schedules. However, cases of meningo-
coccal serogroup C disease continued to occur among persons who
were eligible for vaccination, prompting an investigation of vac-
cine effectiveness. The results of this study identified no confirmed
cases of meningococcal serogroup C disease in vaccinated or par-
tially vaccinated individuals through December 2011, consistent
with the high effectiveness of MenC conjugate vaccines observed in
the United Kingdom, Quebec, Spain and other settings [10,15-17].
Reasons for non-vaccination among case patients who were eligible
to receive MenC vaccine need to be investigated to inform future
vaccination strategies. Offering MenC vaccine over an extended
period of time might have helped achieve coverage targets; national
vaccination campaigns against influenza A(H1N1) and rubella in
Brazil achieved coverage targets among persons 20-29 years old by
providing multiple opportunities for vaccination over an extended
period [18,19].

The increase in serogroup C meningococcal disease in Salvador,
Brazil, was characterized by elevated attack rates among ado-
lescents and young adults, as well as young children, with high
case-fatality, similar to patterns of epidemic meningococcal dis-
ease described in other settings [10,15,16]. Data from surveillance
for meningococcal disease, especially the availability of population-
based data to compare disease incidence by age group in the city
of Salvador [7], helped prioritize limited vaccine supplies. The
increase of meningococcal serogroup C disease in Salvador fol-
lowed a shift from predominance of serogroup B to serogroup C
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Fig. 1. Reporting rates of suspected meningitis cases and frequency of confirmed meningococcal disease, according to serogroup of isolate, among residents of Salvador,
Brazil, 2000-2011.
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Fig. 2. Reported incidence of meningococcal serogroup C disease among residents of the city of Salvador, Brazil, according to age category, 2000-2011.

Table 1

Number of MenC vaccine doses administered and estimated coverage of target population for routine and catch-up immunization of children and mass vaccination of persons
10-24 years of age in the city of Salvador, Brazil, 2010.

Age group, years Population Time period Number of MenC doses administered % of target population
<5 200,272 February-December 2010 184,6002 922
10-14 214,814 May-August 2010 172,624 804
15-19 225,379 June-August 2010 151,884 67.4
20-24 252,066 August 2010 102,565" 40.7

2 Excludes doses registered as second or third doses.
b Excludes doses administered in February 2011,
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Fig. 3. Confirmed cases of meningococcal serogroup C disease among residents of the city of Salvador, Bahia, by age group of case patient, January 2008 through December

2011,

first described in Sdo Paulo in southeast Brazil [3], and spread-
ing throughout the country [4]. While the emergence of a virulent
serogroup C clone belonging to sequence type 103 complex may
have contributed to epidemics in Brazil, steadily increasing inci-
dence of serogroup C meningococcal disease has been reported
from the greater S3o Paulo metropolitan area since the late 1980s
[3]. Further, meningococcal epidemics may occur due to a variety
of factors; shifts of predominant serogroup have been identified
in other settings in Brazil without occurrence of epidemics [20].
For example, serogroup C meningococci belonging to the sequence
type 103 complex have been identified in Salvador since 1996 (].
Reis, unpublished data). This clone has been associated with epi-
demics of meningococcal disease in Europe and other regions since
2000 [3,21]. Natural cycles in meningococcal disease complicate

Table 2

efforts to document short-term impact of vaccination. Continuous
surveillance in Brazil for meningococcal disease and strain char-
acterization is needed to establish a baseline for vaccine impact
assessments.

This study is subject to a number of limitations. First, cases of
meningococcal disease may have been missed or not reported to
the health department, isolates were not obtained for all episodes
of meningococcal disease for serogrouping and MenC vaccina-
tion may not have been correctly recorded in case report forms.
Cases of serogroup C disease in vaccinated individuals may have
been missed, however, active case investigations did not identify
confirmed meningococcal disease (regardless of serotype) in vac-
cinated or partially vaccinated individuals. Second, improvements
in surveillance and determination of serogroup for confirmed cases

Cumulative incidence of confirmed meningococcal serogroup C disease by time period and age group, Salvador, Brazil, 2008-2011.

Age group, years Population Beginning of 2008-2009* 2010 2011 Relative riskP 2011 vs.
vaccination 2008-9 (95% CI)
Cases Incidence per Cases Incidence per Cases Incidence per
100,000 100,000 100,000
<5 200,272 February-10 30 749 8 3.99 4 2.00 0.27 (0.09-0.75)
5-9 161,475 N/A 13 4.03 18 1115 9 5:57 1.38(0.59-3.23)
10-14 214,814 May-10 20 4.66 15 6.98 5 233 0.5(0.18-1.33)
15-19 225,379 June-10 10 222 13 57 5 222 1(0.34-2.92)
20-24 252,066 August-10 10 1.98 15 595 7 278 1.4(0.53-3.67)
25-29 297,758 N/A 7 1.18 13 437 9 3.02 2.57 (0.95-6.90)
30-39 476,921 N/A 12 1.26 17 3.56 8 1.68 1.33(0.54-3.26)
40-49 392,966 N/A 15 1.91 9 2.58 4 115 0.6 (0.19-1.8)
50+ 445,694 N/A 5 0.56 2 0.45 4 0.90 1.6 (0.42-5.9)

2 Pre-vaccine comparison period defined as January 2008-December 2009. Average annual incidence during the pre-vaccine period was calculated as the total number of

cases divided by twice the estimated population in 2010.

b Relative risk (RR) compares cumulative incidence in 2011 versus annual incidence during pre-vaccine period (2008-2009).
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contributed to higher detection rates of serogroup C disease. How-
ever, the replacement of serogroup B and emergence of a dominant
serogroup C clone suggested a true increase in serogroup C disease
during the period. To control for improvements in surveillance,
we calculated relative risks over a short period with high detec-
tion rates. We analyzed unadjusted rates, without redistribution
of cases of unknown serotype; therefore, rates are minimum esti-
mates of serogroup C disease incidence during the period. Third,
meningococcal disease incidence was not stable during the pre-
vaccine period and comparisons of age-specific relative risk of
disease were based on few cases. For calculation of relative risk,
we chose a pre-vaccine period when rates of serogroup C disease
were increasing, potentially leading to an overestimation of vaccine
impact. In addition, declining incidence of serogroup C disease in
2011 among non-targeted groups suggested that factors other than
MenC vaccination may have contributed to lower rates. Differenti-
ating between vaccine impact and secular trends was complicated
by natural variability in meningococcal disease [20,22]. Finally, we
did not account for MenC vaccination in the private sector. If indi-
viduals at lower risk of disease were more likely to be vaccinated,
vaccine effectiveness (specifically, the lower confidence limit) may
have been overestimated. However, persons of lower socioeco-
nomic status may have been more likely to receive MenC vaccine
than persons of higher status during the campaign, when MenC
vaccine was offered at public clinics.

The state of Bahia was the second Brazilian state to introduce
MenC conjugate vaccine for infants; later the same year, MenC was
added to recommended infant immunizations provided by Brazil's
national immunization program. Nationally, catch-up vaccination
with a single dose of MenC was offered only for children <2 years
old. To date, mass vaccination of older children and young adults
to control epidemic disease has only been conducted in the city
of Salvador. Surveillance for meningococcal disease needs to be
improved. Ongoing surveillance will inform vaccination strategies
in other parts of the state and throughout Brazil, as well as to mon-
itor the long-term effectiveness of a single dose of MenC vaccine in
this population.
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6 CAPITULO?2
Artigo submetido para publicagéo na revista Plos One.

Visando atender aos objetivos previstos na tese, realizamos andlises da avaliagdo da
efetividade da vacina MenC através de um estudo caso-controle, o qual apresenta uma melhor
representacdo da estimativa da cobertura vacinal da populagédo de risco quando comparado
com o método “screening”, anteriormente descrito no capitulo 1. As informagfes sobre a
utilizagdo da vacina MenC foram obtidas a partir de casos e individuos da mesma idade a
partir dos mesmos bairros (controles) e a efetividade da vacina MenC foi estimada com base
no odds-ratio obtidos em analise de regressdo logistica condicional. Foram identificadas as
caracteristicas clinicas dos casos de DM incluidos no estudo, as coberturas vacinais por faixa
etéria nos periodos pré e pos introducdo da vacina MenC e as razbes de ndo vacinacdo. As
vacinas MenC administradas durante a epidemia de DM em Salvador foram altamente
efetivas, sugerindo que o alcance répido de boas coberturas vacinais contribuem para o

controle da DM em grandes centros urbanos.
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Abstract

Background: During a citywide epidemic of serogroup C meningococcal disease in
Salvador in 2010, Brazil, the state government initiated mass vaccination targeting two
age groups with high attack rates: individuals aged <5 years and 10-24 years. More than
600,000 doses of meningococcal serogroup C conjugate vaccines were administered.
We performed a case-control study to evaluate vaccine uptake, document vaccine
effectiveness and identify reasons for non-vaccination.

Methods and Findings: Population-based surveillance identified patients with
laboratory-confirmed invasive meningococcal C (MenC) disease during 2010.
Information on MenC vaccination was obtained from case patients and age-matched
individuals from the same neighborhoods. MenC vaccine effectiveness was estimated
based on the exact odds ratios obtained by conditional logistic regression analysis. Of
51 laboratory-confirmed cases of serogroup C meningococcal disease among patients
<5 and 10-24 years of age 50 were included in the study and matched with 240 controls.
Overall case-fatality was 25%. MenC vaccine coverage among controls increased from
7.1% to 70.2% after initiation of the vaccination campaign. None of the 50 case patients
but 70 (29.2%) of the 240 control individuals, including 59 (70.2%) of 84 matched with
cases from the period after MenC vaccination, had received at least one MenC vaccine
dose. Overall effectiveness of MenC was 98% with a lower 95% exact confidence limit
of 89%.

Conclusions: MenC vaccines administered during the meningococcal epidemic were
highly effective, suggesting that rapid vaccine uptake through campaigns contributed to

control of meningococcal disease.
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Introduction

Neisseria meningitidis causes severe and life-threatening invasive diseases, such as
meningitis and meningococcal sepsis. Despite timely antibiotic treatment, case-fatality
often exceeds 10% and one quarter of survivors develop significant neurological
disabilities or require limb amputation [1]. Meningococcal disease affects individuals of
all age groups, but incidence is highest among children under five years of age. During
epidemics and in outbreak situations, meningococcal disease incidence tends to increase
mainly among older children, adolescents and young adults [2].

An epidemic of serogroup C meningococcal meningitis occurred in 2010 in the city of
Salvador, the state capital and third most populous city of Brazil (estimated population
2,676,606, 21% of the state population). To combat the epidemic, the state government
introduced a conjugate vaccine against serogroup C meningococcal (MenC) disease for
children <5 years prior to national introduction of MenC vaccination in Brazil’s
National Immunization Program. However, incidence of meningococcal disease
continued to increase among older children and adolescents. Therefore, the MenC
vaccination campaign was gradually extended to also include those 10-24 years of age.
In total, more than 611,673 doses of MenC vaccine were administered during the
campaigns. A prior study has shown that mass vaccination of residents of Salvador was
associated with decreased MenC incidence in targeted age groups. Although MenC
cases continued to occur, no confirmed cases of serogroup C meningococcal disease
were reported among vaccinated individuals [3]. In order to estimate the effectiveness
of MenC vaccination in containing this citywide epidemic of serogroup C
meningococcal disease and to collect information on uptake of MenC vaccine among
targeted age groups and on reasons for non-vaccination in areas in which cases
occurred, we conducted a case-control study of confirmed cases of serogroup C

meningococcal disease identified before and after mass vaccination.

Materials and Methods

Mass vaccination against meningococcal serogroup C disease

MenC vaccine was introduced in four stages: vaccination of children <5 years of age
began in February, 2010; followed by mass vaccination of children 10-14 years of age

on 30-31 May; adolescents 15-19 years of age on 12-13 June; and adults 20-24 years on
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14-15 August, 2010. Children <12 months received two doses of MenC vaccine in the
first six months of life followed by a third dose at 12-15 months of age; all other age
groups received just one vaccine dose, including those 12-59 months of age in February
2010.

Surveillance for meningococcal disease cases

Cases of meningococcal disease were identified between January 1% and December 31
of 2010 as part of ongoing, population-based surveillance in Salvador, Brazil [4].
Reporting of suspected cases of meningococcal disease to health authorities is
mandatory in Brazil. During 2010, the state reference hospital for infectious diseases
(Couto Maia Hospital) reported 86% of the suspected cases of meningococcal disease in
the city of Salvador, Brazil. We used two methods to ascertain meningococcal disease
cases. First, we performed active hospital-based surveillance at Couto Maia Hospital by
reviewing laboratory records five days a week to identify patients with evidence of N.
meningitidis infection in blood or cerebrospinal fluid. In addition, we assessed the
national Notifiable Diseases Information System [Sistema de Informagdo de Agravos de
Notificagdo (SINAN)] to identify cases of meningococcal disease from other public or
private health facilities in Salvador. We included in this case-control study all cases of
laboratory confirmed serogroup C meningococcal disease among residents of Salvador,
Brazil in age groups targeted for MenC vaccination (<5 years of age or 10-24 years of
age). A laboratory-confirmed case of meningococcal disease was defined as isolation of
N. meningitidis from blood or cerebrospinal fluid (CSF) from a patient with clinical
signs and symptoms of meningococcal disease (fever, headache, vomiting, neck
stiffness, meningeal irritation, seizures, petechial or purpural rash). Patients with
laboratory-confirmed N. meningitidis disease caused by a non-C serogroup and those
for whom serogroup were not determined were excluded from the case-control study.
Patients with clinical signs and symptoms compatible with meningococcal disease

without laboratory confirmation were not included.

N. meningitidis isolation and serogrouping

N. meningitidis isolated from patients with meningococcal disease were sent to the
Central Public Health Laboratory for the state of Bahia and/or to the Molecular Biology

and Pathology Laboratory at the Gongalo Moniz Research Center, Oswaldo Cruz
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Foundation, in Salvador for characterization using serogroup-specific antisera (Difco
Laboratories, Detroit, M1, USA) [4,5].

Control selection

For each case we attempted to select four or eight community controls, matched with
cases by age and neighborhood of residence. Four controls were matched with cases that
occurred before public MenC vaccination for each targeted age group, while eight
controls were matched for cases that occurred after public MenC vaccination. We
increased the number of control individuals for the period after public MenC
vaccination because we expected fewer cases and higher vaccination coverage among
controls in that period. Eligible control individuals were identified by visiting the first
four households to the left of an index case household and looking for one age-matched
individual who accepted to participate in the study in each household. Age-matching
was performed according to targeted age groups for vaccination: <5, 10-14, 15-19 and
20-24 years of age. If the expected number of controls could not be completed after this
initial search, the same approach for searching age-matched controls was performed in
the first four households to the right of the index case household, followed by searching
in the household immediately in front of the index case household and in the first four
households to the left and to the right of that household.

Data collection

For the cases identified during active case finding at Couto Maia Hospital, we collected
data on demographics, clinical presentation and laboratory findings by interviewing the
patient or legal guardian and by medical chart review using standardized data entry
forms. For cases identified from the SINAN database, we collected data by interview to
complete the information obtained from SINAN. Data were collected by proxy from
family members of deceased case patients. Demographic data were also collected from
controls using the standardized questionnaire. For both cases and controls, data on prior
use of MenC vaccination, on number of MenC vaccine doses received and date of
vaccination were collected through review of personal vaccination cards, the official
document used by the Brazilian Ministry of Health to record vaccination history. If the
vaccination card was unavailable, we collected data on MenC vaccination by interview

of the study subject or legal guardian, to obtain verbal information on vaccine use. Self-
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report of MenC vaccination was accepted if respondents could provide information on
three of five questions about date, provider or injection site. This validation was adapted
from the verbal validation used in Brazil during a national rubella vaccination campaign
in 2008 [6]. Study participants were considered vaccinated if they had received one or
more dose of MenC conjugate vaccine at least 14 days before the date of the
corresponding case patient’s disease onset. Reasons for non-vaccination were collected
for individuals in targeted age groups who were not vaccinated in MenC vaccination

campaigns.
Ethics Statement

The study was approved by the Institutional Review Board of the Centro de Pesquisa
Gongalo Moniz/FIOCRUZ (IORG00002090/IRB000026120). Written informed consent

was obtained from all participants and/or their parents.

Statistical analysis

Case and control data were double entered and validated in Epi-Info version 3.5.1 (CDC
/USA). Clinical characteristics of cases were described by absolute and relative
frequencies or by means and standard deviations. Characteristics of case and control
subjects were compared using McNemar’s test for paired proportions or paired t test for
continuous data. We compared MenC conjugate vaccine coverage among controls from
the period before and after vaccine introduction for all control individuals combined and
stratified by age group, MenC vaccine source (public versus private) and documented
versus self-reported vaccination. Exact odds ratios (OR) for MenC vaccination and 95%
confidence intervals (95% CI) were estimated using exact conditional logistic regression
analysis, which provides a point estimate and 95% confidence limit in the absence of
cases among vaccinated persons. MenC vaccine effectiveness was calculated as (1 —
OR) x 100. Separate estimates of MenC vaccine effectiveness were calculated for the
period before and after public vaccination, and considering only documented vaccine
doses. Reasons for non-vaccination in MenC vaccination campaigns were contrasted for
cases and controls using McNemar’s test. For all comparisons, statistical significance
was set at p <0.05. Statistical analyses were performed in Epi Info version 3.5.1. or in
SAS 9.3 (SAS Institute Inc.; USA).
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Results

From January to December, 2010, 123 laboratory-confirmed cases of meningococcal
disease were reported to the notifiable diseases reporting system in Salvador, Brazil
(Figure 1). Serogroup was determined for 113 cases diagnosed by meningococcal
culture or latex agglutination reaction; 110 (97%) were serogroup C and 3 were
serogroup B. Serogroup was unknown for two cases confirmed by meningococcal
culture and 8 cases diagnosed based on microscopic examination of CSF. Of the 110
confirmed MenC cases, 88 (80%) were admitted to the public infectious diseases
reference hospital (Couto Maia Hospital). Clinical presentations included
meningococcemia (n= 43; 39%), meningitis (n= 32; 29%), and both meningococcemia
and meningitis (n= 35; 32%) (Table 1). Reported symptoms included fever in all cases;
headache, vomiting and other signs and symptoms of meningococcal infection were
common. Diarrhea was reported in 11 (10%) of 110 cases. Overall case-fatality was
25% (27 patients). Patients who died ranged in age from O to 68 years (median, 25
years). In addition, 19 (17%) were admitted to the intensive care unit and 11 (10%)
patients recovered with neurologic sequella (motor deficit [n=4], bilateral hearing loss
[n=2], visual impairment [n=2] and lower limb amputation [n=3]) (Table 1). Of the 110
confirmed cases of meningococcal serogroup C disease reported in Salvador in 2010, 11
cases occurred among children aged 5-9 years and 48 cases occurred among adults aged
25 years or older, age groups not targeted for MenC vaccination and not included in the
case-control study (Table 1). Of 51 MenC cases in 2010 aged <5 years or 10-24 years,
40 had symptom onset prior to MenC conjugate vaccine campaigns targeting their age
group. One case in a two year old child from the pre-campaign period was excluded
from the study because the case patient’s residence was not found and matched controls
could not be enrolled. Among the 11 confirmed MenC cases in the post-campaign
period, 4 occurred among children aged <5 years and 7 occurred among 10-24 year olds
eligible to receive MenC vaccine in targeted city-wide vaccination campaigns. A total
of 50 confirmed cases of MenC disease were included in the case-control evaluation,
including 12 (24%) of 27 fatal cases. Case patients were more likely to be male than
age-matched neighborhood control individuals (64% vs. 44%, p<0.01; Table 2). A total
of 70 (30%) of the 240 control individuals received at least one dose of MenC vaccine
at any time prior to enrollment in the study. Of these, 44 (63%) had documented record

of vaccination date. Among 39 cases included from the pre-campaign period, none had
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received MenC conjugate vaccine, versus 11 (7%) of 156 age-matched neighborhood
controls who received one or more doses of MenC conjugate vaccine at least 14 days
before the corresponding case patient’s illness onset; of these, 9 received MenC
conjugate vaccine in the private sector (Table 3). Exact odds ratio for vaccine
effectiveness in the pre-campaign period was not statistically significant (Table 4). In
the post-campaign period, 0 of 11 case patients and 59 (70%) of 84 matched control
individuals had received MenC conjugate vaccine at least 14 days before the case
patient’s symptom onset; 50 (85%) of 59 controls individuals received MenC vaccine in
public vaccination campaigns. Combining both periods, overall effectiveness of MenC
conjugate vaccines estimated from exact conditional logistic regression was 98% with a
lower 95% confidence limit of 89% (Table 4).

The main reasons given for case patients and control individuals for not being
vaccinated in MenC campaigns were lack of information about vaccination campaigns
and lack of time. Not wanting to be vaccinated was also mentioned for control
individuals (Table 5).

Discussion

We performed the first case-control study in Brazil to evaluate effectiveness of MenC
conjugate vaccine in containing a citywide epidemic of meningococcal disease. We also
assessed vaccine uptake and identified reasons for non-vaccination. The results of this
case-control study are consistent with a high effectiveness of meningococcal serogroup
C conjugate vaccines, which were demonstrated in a variety of settings using different
study designs [7-9]. Observational studies of MenC vaccine effectiveness are important
because meningococcal conjugate vaccines were licensed based on evidence of an
immune response in vaccinated subjects using serum bactericidal activity (SBA) as the
immunologic correlate of protection rather than efficacy trials [10]. However, trends in
disease incidence before and after vaccine introduction may not provide accurate
estimates of vaccine effectiveness because incidence of serogroup C meningococcal
disease may vary greatly in the absence of vaccination, especially during localized
epidemics [11-12]. Surveillance data from the city of Salvador showed declines in
serogroup C meningococcal disease incidence that were greatest in age groups targeted
for MenC vaccination [3]. Salvador was the only city in Brazil that conducted mass

vaccination of teenagers in response to meningococcal C disease outbreaks. This
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strategy was adopted to reduce attack rates in heavily affected age groups as well as to
reduce transmission by preventing meningococcal carriage among older children and
adolescents. One dose of MenC conjugate vaccine has been shown to reduce carriage
among older children [7,8,9,13,14]. This case-control study provided evidence that
publicly-funded vaccination campaigns increased vaccine coverage in the targeted
population residing in areas where meningococcal cases continued to occur. In addition,
detailed vaccine histories collected during case investigations confirmed the official
surveillance data that did not identify MenC vaccine use among confirmed cases of
serogroup C meningococcal disease.

The United Kingdom was the first country to introduce meningococcal C conjugate
vaccines and a number of vaccine effectiveness evaluations were conducted, including a
case-control study that reported vaccine effectiveness of 93% (95% CI 39-99%) among
adolescents aged 15-19 years [15]. Reductions in serogroup C meningococcal disease
incidence following MenC vaccination and mass campaigns have since been reported
from several settings [7,13,16]. Meningococcal serogroup C polysaccharide-protein
conjugate vaccines were found to be safe and immunogenic in young children and were
licensed in Brazil in 2003, but were only available in the public sector in Special
Vaccine Reference Centers (CRIES) for children with high risk conditions or other
indications (congenital or acquired asplenia, congenital immunodeficiencies, indication
for cochlear implant, bone marrow transplant recipients and deposit [17]. MenC
vaccines were introduced for universal infant vaccination in Brazil’s National
Immunization Program in the second half of 2010 [18], but the state government of
Bahia anticipated national introduction of routine childhood vaccination in response to
the meningococcal epidemic to prevent cases in children. Following the initial
introduction for children <5 years, serogroup C meningococcal disease continued to
occur in older age groups, prompting mass vaccination of broader age groups. During
the outbreak period, a total of 2,507 contacts of MenC cases were treated
prophylactically with rifampin (n=2,487) or ciprofloxicin (n=20); no cases of
meningococcal disease occurred among contacts.

Before publicly-funded MenC vaccination campaigns were conducted for targeted age
groups, the epidemic of meningococcal disease in Salvador led to high demand for
MenC vaccines in private clinics, where a vaccine dose cost approximately US$100. In
the case-control study, few control individuals from areas where cases had occurred had

purchased MenC vaccine in the private sector, while uptake of publicly-funded vaccine
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in targeted campaigns was much higher. The purchase of MenC vaccine by the state
government of Bahia for mass vaccination of 10 to 24 year olds represented an
investment of approximately US$ 30 million. The MenC vaccine was offered at no cost
in city-wide campaigns targeted to age groups with the highest attack rates. Lack of
information about these campaigns was one of the main reasons given for non-
vaccination. Better communication strategies are needed to reach higher levels of
vaccination coverage in emergency responses.

Neisseria meningitidis occasionally invades the bloodstream and cause serious invasive
disease, manifesting as meningitis or septicemia [19,20]. High case-fatality and severity
of meningococcal disease in affected individuals, including permanent sequelae,
motivated the state government to conduct mass vaccination targeting the most affected
age groups. In the present study, we observed a prevalence of 71% of cases who
progressed to septicemia, 25% case-fatality and permanent disabilities in 10% of
survivors, including motor deficit, bilateral hearing loss, diplopia and lower limb
amputation. Data from a recent meta-analysis of long term sequelae following
meningococcal meningitis showed that the most frequent complication is sensorineural
hearing loss which may be profound in 2.1% of affected individuals [21].

In United States, septicemia is the predominant presentation in about 30% of cases of
meningococcal disease and 10%-14% of cases are fatal. Of patients who recover 11%-
19% have permanent hearing loss, mental retardation, loss of limbs, or other serious
sequelae [22]. In Brazil, an analysis of clinical syndrome among meningococcal disease
cases reported to Brazil’s national notifiable diseases system (SINAN) from 2000-2011
identified meningococcemia in 29%, meningitis in 39% and meningitis with
meningococcemia in 32% [23]. Meningococcal disease particularly affects children
aged <5 years, especially infants. However during outbreaks and epidemics, increased
numbers of cases are often observed in adolescents and young adults [2,24]. During the
epidemic of serogroup C meningococcal disease in Salvador, Brazil, adolescents
experienced high attack rates.

This case-control investigation was subject to several limitations. Active investigations
for serogroup C meningococcal disease may have missed some cases as isolates were
not obtained for all episodes of meningococcal disease for serogrouping. In addition, we
cannot be certain that all recognized serogroup C meningococcal cases have been
reported to the health department. Documentation of vaccination was not available for

all individuals enrolled in the study and self-report may be biased; vaccination status
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was obtained by proxy for some case patients. Finally, the study area was limited to the
city of Salvador, Brazil, and did not include meningococcal cases or controls from other

parts of the state of Bahia.

Conclusions

This case-control study provided critical information about vaccine uptake among
targeted age groups in areas where meningococcal cases were occurring. Combating
meningococcal disease epidemics in large populations is challenging. Mass
immunization with MenC conjugate vaccine for target groups proved effective in
preventing serogroup C meningococcal disease in Salvador, Brazil. MenC vaccination

campaigns may be useful to prevent meningococcal C disease during epidemics.
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Figure Legends

Figure 1. Design of case-control study

Tables

Table 1. Clinical characteristics of laboratory-confirmed cases of invasive
meningococcal serogroup C disease, identified between 01/01/2010 and 31/12/2010

in Salvador, Brazil.

Age groups Age groups Total
Characteristics targeted for not targeted (n=110)
MenC for MenC
vaccination vaccination
(n=51) (n=59)
n (%) or mean + SD
Age groups
0-5 years 6 (12) - 6 (6)
6-9 years - 11 (19) 11 (10)
10-14 years 14 (28) - 14 (13)
15-19 years 13 (26) - 13 (12)
20-24 years 17 (36) - 17 (15)
> 25 years - 48 (81) 48 (44)
Male Sex 32 (64) 35 (59) 67 (61)
Clinical Presentation
Meningococemia 22 (43) 21 (36) 43 (39)
Meningitis 18 (35) 14 (24) 32 (29)
Meningococemia and 11 (22) 24 (40) 35(32)
meningitis

Signs and Symptoms

Fever 51 (100) 59 (100) 110 (100)
Headache 41 (82) 52 (88) 93 (85)
Vomiting 36 (71) 44 (75) 80 (73)

Skin lesions 31 (62) 36 (61) 67 (61)
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Neck stiffness 23 (46) 27 (46) 50 (45)
Abdominal pain 10 (20) 9 (15) 19 (17)
Lower limb pain 10 (20) 17 (29) 27 (24)
Seizures 7(14) 3(5) 10 (9)
Diarrhea 6 (12) 5(8) 11 (10)
Altered mental status 5(10) 19 (32) 24 (22)
Laboratory
CSF?* white cells (mm?) 7.770+4.014 8.040+3.323 8.187+3.473
CSF protein (mg/dL) 387+228 408+215 397+214
CSF glucose (mg/dL) 29+17 28+14 28+15
White blood cells 20+12 17+11 17+10
(X10¥mm?)
Platelets (X10¥mm®) 157495 184+82 2394237
Outcome
Death 12 (24) 15 (25) 27 (25)
ICU® admission 10 (20) 9 (15) 19 (17)
Permanent disabilities © 05 (10) 06 (10) 11 (10)

4CSF: Cerebrospinal fluid

®ICU: Intensive Care Unit

¢ Permanent disabilities included motor deficit (4), bilateral hearing loss (2), diplopia (2), lower

limb amputation (3).

Table 2. Characteristics of case patients with laboratory-confirmed serogroup C

meningococcal disease and age-matched residents of affected neighborhoods

included in case-control study, Salvador, Brazil, 2010

Characteristics

Cases Controls
(N=50) (N=240)

Age groups
0-5 years

10-14 years
15-19 years

20-24 years

N (%) or mean +SD

6(12) 36 (15)
14 (28) 68 (28)
13(26) 60 (25)

17 (36) 76 (32)
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Male sex * 32 (64) 106 (44)
Working, for those > 18 years of age 6 (26) 26 (27)
Student, for those 10-24 years of age ° 27 (61) 111 (54)
Exposed to secondhand smoke at house 17 (34) 70 (29)
Number of residents per household 5.0+2.1 52421

Ratio of number of residents at household per household room  1.2+0.6 1.2+0.6

#Conditional logistic regression P<0.01. No other characteristic were statistically different between cases
and controls.

® Frequencies calculated for 23 cases and 98 controls older than 18 years, respectively.

Frequencies calculated for 44 cases and 204 controls with 10 to 24 years old, respectively.

Table 3. MenC vaccination status among control individuals before and after

public MenC vaccination, according to age group and MenC vaccine provider.

Age group and vaccine ~ MenC vaccination MenC vaccination P value”
source among control among control
individuals before individuals after

public vaccination public vaccination

campaign campaign
(N=156) ® (N=84)2
no. vaccinated / total (%)
Overall 1/156 (7.1) 59/84 (70.2) <0.001
By age groups
0-5 years 1/8 (12.5) 20/28 (71.4) 0.005
10-14 years 2/44 (4.5) 19/24 (79.2) <0.001
15-19 years 4/44 (9.1) 8/16 (50.0) 0.001
20-24 years 4/60 (6.7) 12/16 (75.0) <0.001
By vaccine provider
Private provider 9/156 (5.8) 9/84 (10.7) 0.130
Public provider 2/156 (1.3) 50/84 (59.5) <0.001

Periods of MenC conjugate vaccine campaigns: February-December 2010 for <5 years old; May-August
2010 for 10-14 years old; June-August 2010 for 15-19 years old; and August 2010 for 20-24 years old.

® Fisher exact test.
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Table 4. MenC conjugate vaccine effectiveness and coverage among case and control subjects.

Subgroups Cases Controls Odds Ratio Effectivenessin % P value
(N=50) (N=240) (IC 95%) ® (95% CI)

Vaccine Coverage, n/N (%)

Overall 0/50 (0.0) 70/240 (29.2) 0.02 (0.00-0.10) 98.4 (89.8-100.0)  <0.001
By vaccination period "
Before vaccine introduction 0/39 (0.0) 11/156 (7.1) 0.23 (0.00-1.51) 77.5(0.0-100.0) ¢ 0.142
After vaccine introduction 0/11 (0.0) 59/84 (70.2) 0.02 (0.00-0.11) 98.3 (88.6-100.0)  <0.001
By vaccination status confirmed by 0/33 (0.0) 44/103 (42.7) 0.03 (0.00-0.21) 97.0 (78.7-100.0)  <0.001

immunization card verification

®Exact odds ratio estimated using exact conditional logistic regression analysis.
P Periods of MenC conjugate vaccine campaigns: February-December 2010 to < 05 years old; May-August 2010 to 10-14 years old; June-August 2010 to 15-19 years old; and
August 2010 to 20-24 years old.

“The minimum level for the effectiveness lower confidence interval limit was set as zero.
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Table 5. Reported reasons for non-vaccination among case patients with illness onset

after public MenC vaccination and matched individuals from affected neighborhoods

Reason for non-vaccination Cases Controls
patients individuals
(n=11)2° (n=17)"
n/N (%)
Lack of time 4/11 (36) 2/17 (12)
Lack of information about the campaign ~ 7/11 (64) 6/17 (35)
Did not want to be vaccinated 0/11 (0) 9/17 (53)

2 All 11 cases of

N. meningitidis serogroup C invasive disease that occurred after MenC conjugate vaccine campaign initiation
were unvaccinated.

® Cases and controls frequencies for all the reported reasons for not being vaccinated after MenC conjugate
vaccine campaign initiation were statistically different (Fisher exact P<0.01).

¢ Of the 25 controls from the period after MenC conjugate vaccine campaign initiation, 8 had received the MenC
conjugate vaccine within less than 14 days of occurrence of the matched case and, therefore, were not considered

as vaccinated.



Figure 1.

Cases of N. meningitidis
meningococcemia or
meningitis
(N=123)

59

Cases confirmed by
culture or latex
(N=115)

Cases confirmed by
bacterioscopy
(N=8)

Cases for which the isolates
were serogroupC
(N=110)

Cases for which the
isolates were non-C
serogroup
(N=5 [B: 3, unknown: 2])

Cases without eligible
age for study inclusion

(N=59)
Cases with eligible age
for study inclusion
(N=51)
\ \%
Cases from the pre- Cases from the post- Cases not included in the
vaccine campaign period vaccine campaign period study
included in the study included in the study (N=1)

(N= 39)

(N=11)

Controls selected in a 1:4
case:control ratio
(N= 156)

Controls selected in a 1:8
case:control ratio
(N=84)?

? For one case < 5y, only four
controls were selected




60

7 CAPITULO 3

Artigo a ser submetido para publicacdo.

Neste artigo, visamos atender aos objetivos da tese analisando as caracteristicas
epidemioldgicas dos casos de doenga meningocdcica confirmados laboratorialmente através
de vigilancia ativa no periodo de 1 de janeiro de 2001 a 31 dezembro de 2012 e descrevendo
as caracteristicas fenotipicas e genotipicas das cepas da Neisseria meningitidis. As
caracteristicas dos pacientes infectados pela N. meningitidis do sorogrupo B e sorogrupo C
foram comparadas e analisadas e as caracteristicas da Neisseria meningitidis foram
conduzidas através das técnicas de “Pulsed-field Gel Electrophoresis” (PFGE) e “Multilocus
Locus Sequence Typing” (MLST). A analise por PFGE demonstrou que 71,3% dos isolados
foram relacionados com o sorotipo:subtipo 23:P1.14-6 (60), 23: nt (7), e NT: nt (10) referente
ao tipo de sequencia (ST) 3779 e ST 3780, ambos pertencentes ao complexo clonal ST-103.
Desde 2007, observa-se uma predominéncia do fenétipo C:23:P1.14-6, o qual contribuiu com
a epidemia de doenga meningocdcica em Salvador em 2010, que resultou na introdugdo da

vacina MenC.
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Abstract

Meningococcal disease (MD) is caused by Neisseria meningitidis and is a major public health
problem worldwide. Currently the Neisseria meningitidis serogroup C (NmC) has been the
main cause of MD in the state of Bahia, Brazil. An epidemic of serogroup C MD occurred in
2010 in the city of Salvador. An active hospital-based surveillance for MD was performed
from 1 January 2001 to 31 December 2012. In this study we described and analyzed
characteristics of patients infected either with N. meningitidis serogroup B or serogroup C.
Statistical significance (p < 0.05) for comparison of proportions and means was assessed by x?
test or t-test. Analysis of serogroup:serotype:serosubtype were performed and Pulse-Field Gel
Electrophoresis (PFGE) and Multilocus Sequence-Typing (MLST) techniques were
conducted. A total of 108 isolates of serogroup C meningococcal were analyzed by PFGE and
36 by MLST. The analysis identified 8 PFGE patterns and the largest group, with 71.3% (77)
of the isolates, was related to serotype:serosubtype 23:P1.14-6 (60), 23:nt (7) and NT:nt (10)
related to ST 3779 and ST 3780, both belonging to clonal complex ST 103. The ST 3779 has
been identified in Salvador since 1996 and, together with ST 3780, became predominant after
2005. There was a predominance of C:23:P1.14-6 phenotype strain in Salvador from 2007 to
2012, which contributed to the local epidemic of MD in 2010. Our findings may improve
molecular epidemiology studies of N. meningitidis in Brazil as well as help understanding

meningococcal C disease during citywide epidemics.

Key words: meningococcal disease, Neisseria meningitidis, molecular epidemiology
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Introduction

Meningococcal disease (MD), an infection caused by the bacterium Neisseria
meningitidis, has become the leading cause of bacterial meningitis after dramatic reductions
in the incidence of Streptococcus pneumoniae and Haemophilus influenzae type b infections
by the use of conjugate vaccines [1-3]. The epidemiology of the disease varies widely around
the globe [4]. These variations are due to several factors, including the pathogenic properties
of the prevalent strains of N. meningitidis [5].

In Brazil, N. meningitidis serogroup B (NmB) was associated with the majority of
cases during the 1980s, with a peak in 1996. Since 2001, however, the number and proportion
of cases due to serogroup C have been increasing markedly, followed by a reduction in the
cases due to serogroup B [6, 7]. An epidemic of MD serogroup C occurred in 2010 in the city
of Salvador (estimated population 2,676,606, 21% of the state population), the state capital
and third most populous city of Brazil. To combat the epidemic, the state government
introduced meningococcal serogroup C conjugate vaccine (MenC) for children < 5 years and
also included mass vaccination for individuals 10-24 years old, prior to the national
introduction of MenC vaccination in Brazil’s National Immunization Program [8].

Few studies have been conducted in Brazil that assess the phenotype prevalence of N.
meningitidis isolates and sequence types (STs) in epidemics and in pre and post vaccines
introduction periods. In order to describe the epidemiological characteristics of cases of MD,
and to assess the molecular epidemiology of the bacterium we conducted an analysis of
serogroup:serotype:serosubtype and STs of N. meningitidis in disease-associated in pre and

post period of MenC vaccine introduction in Salvador.

Materials and methods

Surveillance

From 1 January 2001 to 31 December 2012, active hospital-based surveillance for MD
was performed in Couto Maia Hospital, the state reference hospital for infectious diseases in
Salvador [9]. Notification of meningitis cases to state health officials is mandatory and during
the study period, Couto Maia Hospital reports represented 86% to 90% of the cases among
residents of Salvador. Cases were defined by the isolation of N. meningitidis from
cerebrospinal fluid (CSF) specimens and/or by positive latex agglutination test result from a

patient with clinical signs and symptoms of meningitis. A study team of physicians and
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medical students reviewed laboratory records five days a week to identify new culture

isolations. Demographic and clinical presentations of the patients were collected during

interviews and/or medical chart review.

Laboratory methods

N. meningitidis isolated from patients with MD were sent to the Molecular Biology Research
Laboratory at the Gongalo Moniz Research Center at the Oswaldo Cruz Foundation in
Salvador for characterization using serogroup-specific antisera (Difco Laboratories, Detroit,
MI, USA), as described previously [7, 10].

Serotyping and serosubtyping for N. meningitidis isolates were performed in a Medical
Biology Division, Bacteriology Department at Adolfo Lutz Institute, Brazil, by dot blot

analyses using whole-cell suspension as previously described [7].

Pulsed-Field Gel Electrophoresis (PFGE)

N. meningitidis serogroup C (NmC) isolates were examined by pulsed-field gel
electrophoresis (PFGE) after digestion of bacterial DNA with Sma | (New England Biolabs),
as previously described [11]. The Sma | fingerprints were analyzed using GelCompar Il
software (Applied Maths, Belgium). A 1.5% band position tolerance was used for gel
comparisons. All patterns were visually inspected after computer analyses. Clustering of
patterns was performed by unweighted pair group with arithmetic averaging (UPGMA).
Patterns that were identified as indistinguishable by the computer and after visual inspection

were assigned a pattern designation.

Multilocus sequence typing (MLST)
MLST was performed according to the methods of Maiden et al. [12]. Primers, determination
of a sequence alleles, and designation of STs are described on the Multi Locus Sequence

Typing website (http://neisseria.org/nm/typing/mist).

Statistical analysis

We selected residents of the city of Salvador and patients with laboratory-confirmed
meningococcal invasive disease identified in Couto Maia Hospital. Cases were double entered
and validated in Epi-Info v.3.5.1 (CDC/USA). Clinical characteristics of cases were described
by absolute and relative frequencies or by means and standard deviations. Statistical

significance for comparison of proportions and means was assessed by x* test or t-test.
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Differences were considered statistically significant when the two-tailed P-value was < 0.05.

Statistical analyses were performed in Epi Info v.3.5.1 (CDC/USA) and in SPSS v.18.0 (IBM
Corp., Armonk, NY, USA).

Results
During the 10-year study, meningococcal serogroup was identified for isolates from 391
(53%) of 733 cases of MD admitted in the Bahia’s public infectious diseases reference
hospital (Couto Maia Hospital). There was a male predominance among all cases with
confirmed serogroup, but with no significant difference between cases infected with NmB and
cases infected with NmC (55% vs.58%, p < 0.5; Tablel). Patients infected with NmB were
younger than those infected with NmC (median 7 years vs. median 14 years, p < 0.01; Table
1). Deaths were more prevalent in patients infected with NmC than in patients infected with
NmB (8% vs. 13%, p < 0.04; Table 1). There was a significant difference between patients
infected with NmB and patients infected with NmC in terms of intensive care unit admissions
(10% vs.18%, p < 0.01; Table 1). There was also a difference in days of stay in hospital, with
patients infected with NmC having remained an average of four days longer at hospital than
patients infected with NmB (Table 1). A slight difference in the results of laboratory analyzes
was observed in patients infected with NmC, with lower glucose (27 = 18, p < 0.01) and
higher protein (369 + 295, p < 0.03) when compared to patients infected with NmB (Table 1).
Among 733 cases included in the study, the serogroup was determined for 391 (53%) N.
meningitidis cases diagnosed by culture: 184 (47%) serogroup B, 194 (50%) serogroup C, 8
(2%) serogroup W, and 5 (1%) serogroup Y. From 2001 to 2006, NmB was the prevalent
serogroup in the population. After this period, the proportion of cases due to NmC increased
markedly until 2012, followed by a reduction in cases due to NmB (Figure 1).
Of 391 N. meningitidis cases with determined serogroups, 371 (95%) serotypes and 254
(65%) serosubtypes were identified. The most frequent serogroup:serotype:serosubtype from
2001 to 2006 was B:4,7:P1.19,15 with a decrease in 2007, although it continued present in the
study population until 2009 (Figure 1). From 2005, an increase in the frequency of
serogroup:serotype:serosubtype C:23:P1.14-6 occurred, which became prevalent from 2007.
A total of 108 isolates of NmC were analyzed by PFGE and 36 by MLST. The
analysis identified 8 PFGE patterns: 3 with one isolate each, and 5 ranging in number of
isolates from 4 to 77. The PFGE group A was the largest one with 71.3% of the isolates (77 of
108 isolates) and related to serotype:serosubtype 23:P1.14-6 (n=60), 23:nt (n=7), and NT:nt
(n=10) which were related to ST 3779 and ST 3780. The ST 3779 has been identified since
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1996 and, together with ST 3780, became predominant after 2005. ST 3779 and ST 3780

were represented by clonal complex ST-103 (Figure 3). The second PFGE group (B) with 11
isolates serotype:serosubtype 4,7:P1.19,15 belonging to clonal complex ST-33. The PFGE
patterns C (9 isolates) and D (4 isolates) with phenotype 2a:P1.5 and 2a:P1.5, 2 shared the
same ST-11 and CC ET-37. The PFGE pattern E (4 isolates) shared the phenotype 2b:P1.3
and 2b:P1.5 with ST-8 and CC cluster A4.

Discussion

In this active hospital-based surveillance for MD we observed a male predominance among
patients which meningococcal serogrouping were identified, and no significant difference
among gender in patients infected by NmB and NmC. Some studies report that for unknown
reasons the risk of MD is higher among males until approximately age 45, at which time the
risk becomes higher among women [3].

NmB accounts for a substantial proportion of cases in U.S.A. and other parts of the world, and
for about half of invasive infections in infants [13-15]. In this study from 2001 to 2012, NmB
prevailed from 2001 to 2006 when the most affected age group was younger than the age
group whose cases were due to NmC. However, in Brazil, after a predominance of NmB, an
increase in number and proportion of MD cases caused by NmC has been observed since
2005 in different regions [16]. In Salvador, the replacement of NmB by NmC took place in
2007 [7, 8]. In contrast to countries in Europe and North America, an important feature
observed in Brazil is the absence of peak incidence of cases of MD in adolescents in endemic
periods [16, 17]. The high incidence of cases in teenagers due to NmC recorded in Salvador in
2010 could be attributed to the occurrence of epidemics. During epidemics and in outbreak
situations, MD incidence tends to increase mainly among older children, youngsters and
young adults [18, 19].

The results of this study showed that the frequency of deaths and days of stay in hospital were
higher in patients infected by NmC than in patients infected by NmB. Added to other risk
factors, these results may have been attributed to the fact that older individuals were
predominant among patients infected with NmC. Older individuals are at higher risk for MD
with regard to complications [20, 21]. We also observed differences between glucose and
protein averages in patients infected with NmB and patients infected with NmC. Despite these
results, most published studies report that we still do not know which strategies or
combination of strategies N. meningitidis uses to become more virulent, and if the answer

depends not only on N. meningitidis strategies, but also on the host, or on both [14, 22, 23].
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Alterations in the blood cerebrospinal fluid barrier and metabolism of glucose by neural cells

have been implicated in the genesis of hypoglycorrhachia [24, 25]. Diversity in bacterial cell
surface area and surface hydrophobicity within N. meningitidis could influence steps in
meningococcal pathogenesis [26].

The analysis by PFGE in this study showed that the largest group, with 71.3% of the isolates,
was related to serotype:serosubtype 23:P1.14-6 (61), 23:nt (7) and NT:nt (10) related to ST
3779 and ST 3780. ST 3779 and ST 3780 belong to clonal complex ST103. An important
increase has been observed in the proportion of cases attributed to NmC that is associated
with the ST 103 complex and this serogroup is currently responsible for most cases of the
disease in Brazil since 2002 [27].

In Salvador, since 2007 we observed a predominance of C:23:P1.14-6 phenotype strain,
which contributed to the epidemic of MD in the city in 2010. This epidemic motivated the
introduction of MenC conjugate vaccine in Salvador prior to the national introduction of
MenC vaccination in Brazil’s National Immunization Program [8]. The predominance of
C:23:P1.14-6 phenotype strain that we found in our analysis is in accordance with a finding
from a cross-sectional study during an outbreak of MD serogroup C occurred in 2010 in Sdo
Paulo, Brazil, where the C:23:P1.14-6 phenotype strain was dominant and the most prevalent
clonal complex was ST 103, represented by 3780 [25]. It reinforces the concept that the
dominance of a particular strain is an important marker of epidemic conditions [3, 28, 29].
This study is subject to a number of limitations. First, the study area was limited to the city of
Salvador. Second, active investigations for MD serogroup C may have been missed, and third,
some isolates were not obtained for all episodes of MD for serogrouping. However,
considering the fact that in most middle income countries where basic statistics on MD are
available, there is not much information on the molecular characteristics of the dominant
strains such as the multi-locus ST [30, 31], this study may assist to enhance the knowledge of
the molecular epidemiology of MD in Brazil, as well as better understand the epidemics of

MD in large citywide epidemics.
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Table 1. Characteristics of subjects included in the study, according to serogroups B and C, Salvador, Brazil, 2001-2012.

Characteristics B C p value®
(N=185) (N=193)
N (%) or mean + SD
Male sex 101(55) 112(58) 0.5
<5 years 74(40) 37(19) 0.01
5-9 years 35(19) 32(16) 0.2
10-14 years 25(13) 34(18) 0.8
15-24 years 33(18) 44(23) 0.2
> 25 years 18(10) 46(24) 0.01
Clinical evolution
ICU® admission 18(10) 35(18) 0.01
Days at ICU 9+94 11+114 0.01
Outcome
Days at hospital © 17+9.5 21+15.6 0.01
Deaths 14(8) 25(13) 0.04
Laboratory analysis (CSF)
WBC ¢ (cells/mm?) 6,901 + 3,854 7,029 £ 4,000 0.6
Glucose (mg/dL) 33+28.4 27 £17.9 0.01
Protein (mg/dL) 308 + 162 369 + 295 0.03

¥ x* and t-test

® ICU: Intensive Care Unit

¢ Days at hospital: Mean calculated for 176 cases serogroup B and 185 serogroup C, respectively.
dCSF: Cerebrospinal fluid

*WBC: White Blood Cells

Total of subjects according to serogroups: N=391. Others serogroups: N=13; W (N=8); Y (N=5)

71
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Figure 1. Frequency of prevalent phenotype strains of N. meningitidis, Salvador, Brazil, 2001-2012.

120 -

100 A — : — —

O Others

80 + — B C:NT:nt

— B C:4,7:P1.19,15

OcC:2a:P1,5

OC:2a:P1.14-6

60 1 B C:23:P1.14-6
B C:23:nt

B B:4,7:P1.19,15

W B:4,7:P1,3

0B:4,10:P1,9

40 EB:19:P1,4

O0B:19,1:P1,14

20 A

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012



Figure 2. PFGE of N. meningitidis serogroup C isolates, Salvador, Brazil.
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8 DISCUSSAO

A introducéo da vacina MenC para crian¢as na Bahia ocorreu devido ao aumento da
incidéncia da doenga meningocécica sorogrupo C. Em Salvador, este aumento foi
caracterizado por elevadas incidéncias entre os adolescentes e adultos jovens, bem como
criangas maiores que cinco anos e apresentou alta taxa de letalidade, similar aos padrdes de
epidemia de doenga meningococica descritos em outras localidades (PELTOLA, 1998;
LAURRARI et al., 2005; BEGG, 1995; SNAPE e POLLARD, 2005). A alta incidéncia de
casos em adolescentes devido a NmC registrados em Salvador em 2010 pode ser atribuida ao
periodo epidémico. Durante as epidemias e em situagdes de surto, a incidéncia da doenca
meningocodcica tende a aumentar entre as criangas mais velhas, adolescentes e adultos jovens
(PELTOLA etal., 1982; BILUKHA e ROSENSTEIN, 2005).

Antes da introducdo da vacina MenC na rede publica de saide, o elevado nimero de
casos da doenca meningocdcica motivou uma busca da vacina MenC por parte da populacéo
nas clinicas privadas, provocando aumento do seu consumo, apesar desta vacina ndo ser
acessivel a todos os segmentos da sociedade devido ao elevado custo (em torno de US$100).

A vacina MenC introduzida pelo Governo do Estado da Bahia representou um
investimento na &rea da satde publica equivalente a US$30 milhdes. Foi oferecida sem custos
a populacdo, entretanto, devido aos estoques e capacidade de producdo dos laboratorios, sua
oferta foi limitada para os grupos etarios mais acometidos pela doenca meningocdcica.

Em Salvador, a decisdo de oferecer uma Unica dose de vacina para os individuos de 1-
4 anos e 14-24 anos foi baseada na epidemiologia local, nas limitagcdes de recursos e nas
experiéncias com vacinas MenC durante epidemias do meningococo sorogrupo C no Reino
Unido e outros paises (CANO et al., 2004; DE GREEF et al., 2006; MILLER et al., 2001).

As campanhas publicas com a vacina MenC em Salvador, possibilitaram a
administracdo da vacina na populacdo de risco em faixas etarias especificas e foram eficazes
para a prevencdo da doenca meningocdcica sorogrupo C nas éreas afetadas.

Uma Gnica dose da vacina MenC apds o primeiro ano de vida tem sido altamente
efetiva, tanto para o controle da DM esporédica como para o controle de epidemias (SNAPE e
POLLARD, 2005; TROTTER et al., 2004). Para as criancas <1 ano, a Secretaria Estadual de
Saude disponibilizou duas doses da vacina MenC seguido de um refor¢o no primeiro ano de
vida. Os dados administrativos identificados neste estudo sugerem uma boa aceitagdo da

vacina MenC entre as criangas e reducéo significativa da doenga meningocdcica, apesar das
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pesquisas ndo terem sido conduzidas para determinar qual a proporcdo das criangas que

concluiram o esquema vacinal.

Os resultados deste estudo revelaram que nenhum paciente com doenga
meningocdcica tipo C havia sido vacinado e mostra-se consistente com a alta efetividade da
vacina MenC observada no Reino Unido, Canada, Espanha e outros paises (SNAPE e
POLLARD, 2005; TROTTER et al., 2004). A Bahia foi 0 segundo estado brasileiro a
introduzir a vacina MenC para criangas; posteriormente no segundo semestre do mesmo ano,
a vacina MenC foi incorporada no calendario de vacinas do Programa Nacional de
ImunizagBes. No Brasil, até 0 momento, a vacinagdo em massa para criangas <5 anos e
individuos de 10-24 anos foi realizada apenas em Salvador, Bahia.

A vigilancia continua da DM podera colaborar com as estratégias de vacinacdo a
serem adotadas em outras partes do Brasil, e favorecer o monitoramento da efetividade a
longo prazo de uma Unica dose da vacina MenC na populagéo.

Em ambos estudos, a efetividade de uma Unica dose da vacina MenC foi elevada, com
IC 95% variando entre 79-100% e 89-100%. O estudo de caso-controle ofereceu uma
estimativa mais representativa da cobertura vacinal da populacéo de risco. A oferta da vacina
MenC durante um periodo prolongado pode ter colaborado para um melhor alcance das metas
de cobertura vacinal; campanhas nacionais contra a influenza A (H1N1) e rubéola no Brasil
alcangaram as metas de cobertura vacinal entre as pessoas de 20-29 anos de idade por
proporcionar mdltiplas oportunidades para a vacinagdo durante um prolongado periodo
(TEIXEIRA et al., 2011; DOMINGUES e OLIVEIRA, 2012). O Reino Unido, primeiro pais
a introduzir a vacina MenC em 1999, obteve uma efetividade de 93% através de um estudo
caso-controle com adolescentes de 15-19 anos (BOSE et al., 2003).

O resultados da vigilancia ativa realizada durante 10 anos com pacientes com doenga
meningococica confirmada laboratorialmente, demonstraram que frequéncia de Obitos e a
média de dias de permanéncia dos pacientes infectados pela NmC foi maior que a dos
pacientes infectados pela NmB e diferencas entre as médias de glicose e proteina das amostras
do liquido cefalorraquidiano entre os pacientes infectados pela NmB e pacientes infectados
pela NmC. Apesar disso, ndo se pode atribuir aos sorogrupos B ou C as diferencas
encontradas devido a possibilidade da influéncia de outros fatores. A maioria dos estudos
publicados evidenciam a possibilidade de fatores multi-causais frente a resposta dos
individuos infectados pela bactéria, que vdo desde as estratégias ou combinacéo de estratégias

que a N. meningitidis utiliza para se tornar mais virulenta, até o fato de que a resposta néo
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dependa apenas das estratégias desta bactéria, mas também do hospedeiro e ambiente

(FEAVARS, 2000; HARRISON et al., 2005; MANCHANDA et al., 2006).

A andlise por PFGE neste estudo demonstrou que o maior grupo, com 71,3% dos
isolados, foram relacionados com o sorotipo:subtipo 23:P1.14-6 (60), 23: nt (7), e NT: nt (10)
referente ao tipo de sequencia (ST) 3779 e ST 3780, ambos pertencentes ao complexo clonal
ST-103. Desde 2002, foi observado um aumento importante na proporcao de casos atribuidos
a NmC associada com o complexo clonal ST 103, considerado hipervirulento (HARRISON et
al., 2009). Além de ter sido associado com as epidemias da doenga meningocdcica na Europa
e outras regides desde de 2000 (LEMOS et al., 2007; CAUGANT, 1998), o complexo clonal
ST 103 atualmente é responsavel pela maioria dos casos de doenca no Brasil (SAFADI et al.,
2014).

Desde 2007, observa-se uma predomindncia do fenétipo C:23:P1.14-6, o qual
contribuiu com a epidemia de doenga meningocdcica em Salvador em 2010, que resultou na
introducdo da vacina MenC. As andlises desse estudo corroboram com o estudo transversal
realizado em S&o Paulo, durante um surto de DM pelo sorogrupo C em 2010, no qual o
fendtipo C:23:P1.14-6 foi dominante e o complexo clonal ST 103 foi o mais prevalente,
representado por 3780 (SAFADI et al., 2014). Tais achados reforcam o conceito de que 0
dominio de uma cepa em particular € um importante marcador do desencadeamento de
epidemias (RAGHUNATHAN et al., 2002; HARRISON, 2006; TROTTER e
GREENWOOD, 2007).

O presente estudo esta sujeito a algumas limitag@es. Inicialmente, em virtude de uma
possivel subnotificacdo dos casos de DM por parte das unidades de salde; Segundo, devido
aos isolados da bactéria ndo terem sido obtidos para todos os episddios da DM e, terceiro,
frente a possibilidade dos dados de vacinacdo na rede publica ndo terem sido registrados
corretamente nos formulérios, além de ndo termos captado os dados provenientes das clinicas
privadas. Para o estudo caso-controle, acrescentamos como limitagdo, a auséncia da
apresentacdo do cartdo comprobatério de vacinagdo por parte de alguns entrevistados.

No que se refere as analises, identificamos inicialmente como um possivel viés, o fato
de que para o célculo do risco relativo, optamos pelo periodo pré-vacina, no qual as taxas de
incidéncia da DM sorogrupo C estavam aumentando, o que pode ter direcionado resultados
superestimados do impacto da vacina. Além disso, a reduc¢do da incidéncia da DM sorogrupo
C em 2011 entre os grupos ndo-alvo da vacina, sugere que outros fatores podem ter

contribuido para o alcance de incidéncias mais baixas.
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9 CONCLUSOES

e Os resultados dos estudos demonstraram que a efetividade de uma Unica dose da
vacina MenC introduzida em Salvador através das campanhas de vacinagdo foi
elevada, com IC 95% variando entre 79-100% e 89-100%;

e Entre criangas <5 anos, a incidéncia da DM no periodo pés-vacina (2,00 p/100.000
hab.) foi significativamente menor (RR 0,27; IC 95%, 0,09-0,75) do que as taxas
médias no periodo pré-vacina (7,49 p/100.000 hab.);

e No ano seguinte a introducdo da vacina MenC, houve uma reducdo de 50% na
incidéncia dos casos da doenga meningocdcica em Salvador (de 4,1 casos por 100.000

habitantes para 2,0 casos por 100.000 habitantes);

e A epidemia deveu-se a expansdo do complexo clonal ST103 que ja circulava em

Salvador desde 1996 com o predominio do fenétipo C:23:P1.14-6.
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1. ANEXO A - PARECER DO COMITE DE ETICA

Ministério da Saide

FIOCRUZ
Fundagiio O Ido Cruz
Centro de Pesquisas Gongalo Moniz

Comité de Etica em Pesquisa —~ CPqGM/FIOCRUZ 2|

PARECER FINAL N° 235/2011

Protocolo: 341

Projeto de Pesquisa: “Epidemiologia da doenga miningocdcica e estudo da efetividade da vacina
meningocdcica C em Salvador-Bahia”.

Pesquisador(a) Responsavel: Dr* Joice Neves Reis Pedreira
Instituicio ou Departamento: Centro de Pesquisa Gongalo Moniz — FIOCRUZ

Consideragoes:

Apds analise ética do projeto e realizagéo dos esclarecimentos solicitados ao responsavel, o CEP considera
que o projeto atende aos principios éticos de autonomia, beneficéncia, nao maleficéncia, equidade e justica.

Diante do exposto, o Comité de Etica em Pesquisas do Centro de Pesquisas Gongalo Moniz da Fundacao
Oswaldo Cruz (CEP-CPqGM/FIOCRUZ), conforme atribuicdes conferidas pela CONEP/CNS/MS (Carta
Doc.32-04/97), com base na Resolugdo 196/96 e suas complementares, julga aprovado o projeto
supracitado.

0O CEP/CPqGM-FIOCRUZ especifica, abaixo, o periodo de vigéncia, bem como, determina as datas para o
envio dos relatérios anual e final, referentes ao desenvolvimento do protocolo de pesquisa aprovado.

Vigéncia: 25/02/2011 a 31/07/2012
Envio de Relatério Anual em: 25/02/2012
Relatério Final: 31/07/2012

The present study, entitled “Epidemiologia da doenga miningocécica e estudo da efetividade da vacina
meningocécica C em Salvador-Bahia” has been approved by the Comité de Etica em Pesquisa do Centro
de Pesquisa Gongalo Moniz - FIOCRUZ (IORG00002090 / IRB000026120) in February 25 " 2011 meeting.
The protocol and procedures presented in the project are in accordance with the ethical standards of the
responsible committee on human subject (institutional) and with the Helsinki Declaration of 1964, as revised in
2008. In the present version, this project is licensed and valid until July 31" 2012.

Salvador, 25 de Fevereiro de 2011.

NI
Dr* Maria Fernanda Rios Grassi
Coordenadora do Comité de Etica em Pesquisa
CPqGM/FIOCRUZ
IORG-0002090 / IRB-00002612

Rua Waldemar Falcao, n° 121, Candeal, Salvador, Bahia, CEP 40.296-710, Brasil, Tel: (55)-(71) 3176-2285
Fax: (55)-(71) 3176-2327, e-mail: cep@bahia.fiocruz.br
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1. APENDICE A - QUESTIONARIO DO CASO

Governo do Estado da Bahia
Secretaria de Salde do Estado da Bahia

92

Prefeitura Municipal de Salvador
Secretaria Municipal de Salde

Estudo da Efetividade da Vacina Meningocécica C

DGEPI DDGEPI DG2EPI | DDG2EPI

| Data da Entrevista (DEEPI): /]

Iniciais do Entrevistador (EEPI): |

QUESTIONARIO DO CASO

| 1. IDENTIFICACAO:

meningococica no Ultimo més?

Sim Nao [0] N&o se aplica N&o sabe [ 9]

11 N° de Identificacdo no estudo: EVMN
I
1.2 Se internado no HCM, N° de registro no HCM: IDR
Obs. 99 999 (ndo sabe PA) e 88 888 (outro hospital) [
| 1I. HISTORIA EPIDEMIOLOGICA
2.1 | A) O Paciente esta empregado? (EMP) |__|
Se sim, qual a ocupagao? (QEMP) |__|__|_|__ ||| [ [ |||
B) O Paciente estuda? (ESC) |__|
Se sim, em que bairro ficaa escola? (BESC) |__ | | | | | | |11 1 L 1 1 11 1]
C) O Paciente vai para creche? (CRE) |__|
Se sim, em que bairro fica a creche? (BCRE) |__ | ||| | | | L 11 1 1 11|
D) Quantas pessoas moram na casa? (QP) |__|_|
E) Algum morador da casa fuma? (MCF) |__|
F) Quantos comodos tem a casa? (QC) |__|__|
G) O paciente fuma? (TAB) |__|
H) O paciente é imunodeprimido? (IMUNO) |__|
1) O paciente faz uso de corticdides? (CORT) |__|
J) Qual o bairro que reside? BAIR |__ ||| L L 1
L) Qual Distrito Sanitario? |__[_ | || ||| 1 1 ]| J 1|1 bS]
M) Idade (ID) |__| N)Sexo (SX)|_|
| 111. HISTORIA CLINICA:
3.1 | N®de dias com sintomas:
Obs. N&o sabe preencher 99 (PA); nado se aplica preencher 88 (outro QCD1 |
hospital)
3.2 | Sintomas apresentados pelo paciente:
A) Febre (FEB11) | Se sim, por quantos dias? (FEB21) |__|_ |
B) Cefaléia (DC11) | Se sim, por quantos dias? (DC21) |_|_ |
C) Convulsao (CV11) || Se sim, por quantos dias? (CV21) |_ ||
D) Rigidez de nuca (RN11) |_ | Se sim, por quantos dias? (RN21) |_|_ |
E) Nauseas (NA1l) || Se sim, por quantos dias? (NA21) | |_ |
F) Voémito (VO11) | Se sim, por quantos dias? (VO21) |_|_ |
G) LesOesde pele (LP11) |_ | Se sim, por quantos dias? (LO21) |__|_ |
H) Diarréia (DI11) || Se sim, por quantos dias? (DI21) |__|_|
1)  Dor MMIl (DM11): | Se sim, por quantos dias? (DM21) |__|_|
J) Dor abdominal (DAB11) |_ | Se sim, por quantos dias? (DA21) |_ ||
| IV. ANTECEDENTES MEDICOS:
4.1 | O paciente foi internado 0-3 dias antes do atual internamento? HAM
Sim N&o [0 ] N&o se aplica N&o sabe [9 ] ||
Se sim, qual a razéo do internamento? (RHAM)
) Y Y ) ) I
4.2 | O paciente esteve internado por mais de 24h devido a meningite PHP

Se sim, por quantos dias?

PHPD | __
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V. APRESENTACAO CLINICA:

5.1 | Dados vitais: TAS: | ||| TAD |__ |||

TAM |_|_|_|

5.2 | O paciente tinha lesdes na pele?

Sim Ndo [ 0 | N&o se aplica N&o sabe [ 9 ]

Sim Ndo [0]  N&o se aplica N&o sabe [ 9 | LPE ||
Se sim, que tipo de lesdo? (QLPE)
Y Y Y Y Y N N Y Y O O ) I
5.3 | O paciente apresentou sinais neurolégicos focais? SNE L
Sim N&o N&o se aplica N&o sabe [9 ] —
Se sim, qual? (QSNF)
Y Y Y Y Y O N N Y Y Y O ) I
5.4 | O Hemograma do paciente foi feito nas primeiras 24h? HEM ||
Sim N&o [0 ] N&o se aplica N&o sabe [9 ]
—
5.5 | Qual a data do hemograma inicial? HDIH I
5.6 | Eritrograma:
Hb|_|_| g/dL Plaquetas| | | | x10° Ht|_ | _|% Leu | | | | || N _|%
| VI. TRATAMENTO:
6.1 | Esquema inicial incluiu:
Penicilina [0 ]  Cloranfenicol Rocefin Ceftazidina Bl ||
|4 | Combinag&o: |__|_ ||| | | | | ||| || [ | || -
6.2 | O paciente foi tratado com esterdide IV? ESTER
Sim Ndo [0]  N&o se aplica N&o sabe [ 9 ] ||
6.3 | Se sim, por quantos dias? DESTER |_|_|__|
6.4 | Qual a data de inicio de terapia com esteroide: IESTER
)
| VII. EVOLUCAO CLINICA/ALTA:
7.1 | O paciente apresentou convulsdes durante o internamento? FCvD ||
Sim N&o N&o se aplica N&o sabe [ 9 ]
7.2 | O paciente evoluiu com abcesso cerebral? EABC | |
Sim N&o [0 ] N&o se aplica N&o sabe [9 ]
7.3 | Paciente evoluiu com sinais neuroldgicos focais: ESNF
Sim Ndao [0] N&o se aplica N&o sabe [ 9] L]
Qual? (QESNF)
Y Y Y Y Y N Y Y A Y I
7.4 | Paciente apresentou déficit neurolégico na alta:
N&o tem 0] Perda auditiva 1
e ~ . DEFCN
Déficit motor Alteragdes nervos cranianos | 3
Ataxia Alteracio estado mental 5 L
Outros ou ndo ﬂ N&o se aplica 8 —
especificado N&o sabe 9
7.5 | Sorogrupo da amostra do HCMaia SOROG
7.6 | Tipo de Alta .
) ) i FTAL ||
4 -
Curado Transfendo Outro dlagn. 6bito . NSA Sl
Data da Alta: Nao sabe S S —
7.7 | Quantos dias ficou internado: FDI ||
7.8 | Quantos dias internado na UTI? FUTI|__ ||
| VII11. INFORMACOES SOBRE VACINAS:
8.1 | Fez uso da vacina meningococica C: MENC ||
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8.2 | Por que ndo se vacinou na campanha?
N&o teve tempo N&o sabia >
Nao teve vontade N&o teve Transporte 3 NAOVAC ||
N&o se Aplica 8
8.3 | Apresentou o cartdo de vacina? oVAC |/
Sim N&o se aplica N&o [ 0 |
8.4 | Se apresentou cartdo: de 8.4 a 8.14
Data em que fez uso da vacina? Sem registro Nao se aplica Dise
8.5 | Qual o lote da vacina? Sem registro N&o se aplica LOTV
7
Y
8.6 | Qual o tipo de vacina?
Conjugada | 1 | Polissacaridea o | Sem registro 7 TIPV |
N&o se aplica 8
8.7 | Qual o laboratorio?
Baxter 1 | Novartis Wyeth/Pfizer 3 Sanofi- 4
Pasteur LAB |
Sem 7 | Outros N&o se aplica 8
registro
8.8 | Fez uso da l1a dose: ANT1 L
Sim . N&o El N&o sabe El N&o se aplica ANTL | L |
8.9 | Em que més e ano fez uso da 12 dose? MES L
Més I:I:' Ano|:|:| N&o sabelE‘ N4o se aplica AN i
8.10 | Fez uso da 2a dose: ANT2 |
Sim Ndo [ 0 | Nao sabe N&o se aplica [ 9 | ANT2I |||
8.11 | Em que més e ano fez uso da 22 dose? MES L
Més I:I:' Ano I:I:I N&o sabe IE' N4o se aplica AN T
8.12 | Fez uso da 3a dose: ANT3 |
Sim Ndo [ O N&o se aplica N&o sabe [ 9] ANT3l |||
8.13 | Em que més e ano fez uso da 32 dose? MES L
Més I:I:' Ano I:I:I N&o sabe IE' N&o se apllca ANO 1
8.14 | Fez uso da Vacina em que Iugar
Unidade 1 Clinica Trabalho Nao Nao se 8 LVAC |
de saude Privada sabe aplica
8.15 | NAO apresentou cartdo (verificagcéo verbal): de 8.16 a 8.20
A Vacina que vocé tomou protege contra que doenga?
Meningite 1 Outra o | Néo sabe g | Naose VACMEN ||
aplica
8.16 | Em que local do corpo recebeu a vacina?
Antero-lateral da 1 brago 2 N&o sabe 9 N&o se LOCVAC |_|
coxa aplica
8.17 | Em que més recebeu a vacina?
Més Niosabe | 9 N&o se aplica 8 QDOVAC |_|
8.18 | Onde recebeu vacina?
Unidade Clinica 2 Escola 3 N&o sabe 9
de sadde Privada ONDEVAC |_|
Local de Nao se 8
trabalho aplica
8.19 | Como era o comprovante de vacinagao?
Descreveu cartdo COMPVAC ||

N&o se aplica

Nao descreveu cartao Nao sabe El
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2. APENDICE B - QUESTIONARIO DO CONTROLE

Ministério da Sadde
FIOCRUZ
Fundagio Oswalde Cruz

Cantro de Pesquisas Gongalo Moniz

Governo do Estado da Bahia Prefeitura Municipal de Salvador
Secretaria de Salde do Estado da Bahia Secretaria Municipal de Saude

Estudo da Efetividade da Vacina Meningococica C

DGEPI DDGEPI DG2EPI | DDG2EPI

Data da Entrevista (DEEPI): [/ Iniciais do Entrevistador (EEPI): |__|__| | |

QUESTIONARIO DO CONTROLE

1. IDENTIFICACAO:

11 N° de Identificacdo no estudo: EVMN
|
1.2 Se internado no HCM, N° de registro no HCM: IDR
Obs. 99 999 (ndo sabe PA) e 88 888 (outro hospital) I I

1. HISTORIA EPIDEMIOLOGICA

2.1 | A) Oindividuo esta empregado? (EMP) |__|

Se sim, qual a ocupagao? (QEMP) |__|_|_ ||| | [ [ |||
B) O individuo estuda? (ESC) |__|

Se sim, em que bairro ficaa escola? (BESC) |__ | || | | L L 1 1 L 1 1 1111
C) O individuo vai para creche? (CRE) |__|

Se sim, em que bairro fica a creche? (BCRE) |__ | ||| | | | L 11 1 1 11|
D) Quantas pessoas moram na casa? (QP) |__|_|

E) Algum morador da casa fuma? (MCF) |__|

F) Quantos comodos tem a casa? (QC) |__|__|

G) O individuo fuma? TAB |__|

H) O Individuo é imunodeprimido? IMUNO |__|

1) O individuo faz uso de corticéides? CORT |__|

J) Qual o bairro que reside? BAIR ||| | L L b 1 b

L) Qual Distrito Sanitario? |_ | |_ | ||| ||| || ||| 1] bs|_]

M) Idade (ID) |__|

N) Sexo (SX) ||

111. INFORMACOES SOBRE VACINAS:

3.1 | Fez uso da vacina meningocoécica
! ~ 7 . N
Sim Ndo [ 0 | Nisde aplica Na_~ hbe MENC ||
3.2 Por que ndo se vacinou na campanha?
N&o teve tempo 1 Naq 2 | N&o teve transporte 3 NAOVAC ||
. sabia —
N&o teve vontade 4 x . 8
N&o se aplica
3.3 | Apresentou o cartdo de vacina? cVAC ||
Sim N&o se aplica N&o [ 0 | —
3.4 | Seapresentou cartdo: de 3.4 a 3.14 DVAC I
Data em que fez uso da vacina? Sem registro N&o se aplica ||
ual o lote da vacina? Sem registro N&o se aplica
Sem registro |__|
Nao se Aplica |__|
3.6 Qual o tipo de vacina?
Conjugada Polissacaridea Sem registro 7 TPV L
N&o se aplica 8 -
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3.7 | Qual o laboratorio?
Baxter Novartis | 5 | Wyeth/Pfizer Sanofi-Pasteur
' ° Sl s
Outros | 5 | S/ registro N&o se aplica | 8 |
3.8 | Fez uso da 1% dose: ANT1 |
Sim N&do [ 0 | N&osabe [9 | Néo se aplica ANTL | | |
3.9 | Em que més e ano fez uso da 12 dose?
N&o sabe 9 "X'Eg I_I_I
ves [ | | ano[ T ] 3 . Naosabe | |
Nao se aplica | 8 N&o se Aplica |__|
3.10 | Fez uso da 22 dose:
) 5 5 ) ANT2 |
Sim N&o @ N&o sabe |9 | N&o se aplica ANT?2 L
3.11 | Em que més e ano fez uso da 22 dose? MES |||
. ANO |_|_|
Més I:I:I Ano I:I:I N&o sabe EI N4o se aplica Ndosabe |_|
N&o se Aplica |__|
3.12 | Fez uso da 3% dose: ANT3 ||
Sim Ndo [0 | Ndosabe [9 ] Né&o se aplica ANT3I |||
Nao sabe ||
N&o se Aplica |__|
3.13 | Em que més e ano fez uso da 32 dose? MES |||
Mésl:l:l Ano I:I:I N&o sabe EI ANO |||
» . N&o sabe ||
N&o se aplica Nao se Aplica |_|
3.14 | Fez uso da Vacina em que lugar:
Unidade 1 Clinica 2 N b Nao se
de saude Privada Nao sabe aplica LVAC |
Trabalho |3
3.15 | NAO apres%u cartdo (verificacdo verbal): de 3.15 a 3.20
A Vacina que vocé tomou protege contra que doenca? VACMEN |_|
Meningite | 1 Outra | 2 | N&o sabe B Nao se
L aplica
3.16 | Em que local do corpo recebeu a vacina?
Antero-lateral da coxa braco Nao sabe
e : 9] s L
do se aplica
3.17 | Em que més recebeu a vacina?
~ . . QDOVAC |||
Més N&o sabe | g N&o se aplica | g I |
3.18 | Onde recebeu vacina?
Unidade | q Clinica Nao
. Escola | 3 9
de saude . Privada 2 sabe ONDEVAC |_ |
Localde |4 Nao se 8
trabalho aplica
3.19 | Como era o comprovante de vacinacao?
Descreveu 1 N&o descreveu 2 N&o 9
cartao cartao sabe COMPVAC |_|
N&o se aplica 8
3.20 | Verificagdo verbal considera vacinado?
VERVAC |_|

Sim N&o IZl Néo se Aplica
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3. APENDICE C - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

)

= 26 VAT
Governo do Estado da Bahia Prefeitura Municipal de Salvador
Secretaria de Salde do Estado da Bahia Secretaria Municipal de Sadude

EPIDEMIOLOGIA DA DOENCA MENINGOCOCICA EM SALVADOR E ESTUDO
DA EFETIVIDADE DA VACINA MENINGOCOCICA TIPO C

Consentimento informado

Finalidade e procedimentos

A Fundacéo Oswaldo Cruz/Centro de Pesquisas Gongalo Moniz esta apoiando a Secretaria
Estadual de Saude da Bahia (SESAB) na realizacdo de um projeto de pesquisa sobre uma
vacina que foi incluida em 2010 no Programa Estadual de vacinacdo a fim de reduzir o
nimero de casos de uma doenga. A vacina foi introduzida em 2010. Estamos monitorando 0s
casos da doenca em Salvador para saber se a infec¢do poderia ter sido prevenida pela vacina.
Os resultados do estudo poderdo trazer informacdes importantes para que 0S governos possam

avaliar o impacto do uso de vacinas e controle da doenca.

Sendo assim, estamos convidando pessoas pertencentes as faixas etarias elegiveis pela vacina
durante a estratégia de vacinacdo de 2010 dos programas estadual e municipal de vacinacdo
que ndo tiveram a doenca e se foram ou ndo vacinados e que residam proximo de um local
onde teve um caso da doengca. Compararemos as respostas e outras informagdes para

entendermos como a vacina esta funcionando.

Esclarecemos que o Senhor (a) poderd se recusar a participar, sem nenhum prejuizo ou
beneficio direto para o Senhor (a) ou crianca pela qual é responsavel. Todas as informacoes
obtidas serdo confidenciais, respeitando todos os principios que regem a Resolucdo do
Conselho Nacional de Satde n° 196/96 e seus resultados serdo utilizados estritamente para 0s

objetivos definidos nesta pesquisa.

Dessa forma, gostariamos de solicitar sua autorizacdo para realizarmos a coleta de
informacdes sobre o Senhor (a) e/ou a crianga pela qual é responsével, respondendo a um

questionério a ser aplicado por entrevistador treinado.
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Pediremos para ver seu registro de vacinagdo e/ou o registro de vacinagéo da crianga pela qual

é responsavel assim como documento de registro de nascimento. As perguntas levam
aproximadamente 10 minutos.

(confidencialidade): Tudo o que for falado serd mantido em segredo, conforme determinado
por lei. Para proteger sua privacidade e/ou da crianga pela qual é responsavel, os registros
serdo identificados com codigos numéricos e ndo com nomes. Eles ficardo guardados em
arquivos seguros e somente a equipe do projeto tera acesso. Seu nome e ou da crianca pela
qual é responsavel ndo aparecera quando os dados deste projeto forem divulgados.

(custo): N&o h& nenhum custo nem pagamento para vocé participar desta pesquisa.

(PESSOAS DE CONTATO): SE VOCE TIVER DUVIDA SOBRE A PESQUISA OU ACHA QUE SUA CRIANGA
FOI DE ALGUMA FORMA PREJUDICADA AO PARTICIPAR DO PROJETO, PODE FALAR COM DRe. JOICE
NEVES REIS PEDREIRA OU DRe CRISTIANE WANDERLEY CARDOSO ATRAVES DOS TELEFONES
(71) 3176-2200/ 3176.2302 E 2201.8643/8633 ou ENDEREGO: FIOCRUZ - CENTRO DE
PESQUISAS GONCALO MONIZ, RUA WALDEMAR FALCAO, 121, CANDEAL - SALVADOR/BA CEP:
40296-710.

Nome: Data

Nascimento: / /

Responsavel:

(quando crianga)

Concordo em participar desta pesquisa ou autorizo a participagdo de meu filho (a)* e dou
minha permissdo para 0s pesquisadores terem acesso a informacgfes necessarias para sua
realizag8o. Tive oportunidade de fazer perguntas e todas foram respondidas satisfatoriamente.
Sei que a participagdo nesta pesquisa é por minha propria escolha e que mesmo tendo
autorizado a minha participacdo e/ou do meu filho (a)*, posso sair e retird-lo (a) da pesquisa

quando quiser. Receberei uma cdpia deste termo de consentimento.

Local e data:

Assinatura:

neto (a), sobrinho (a), enteado (a), afilhado (a)
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Ministério da Saide
FIOCRUZ

Fundagiio Oswaldo Cruz i :
Ceniro de Pesquisas Gongalo Moniz 8.3

Governo do Estado da Bahia Prefeitura Municipal de Salvador
Secretaria de Saude do Estado da Bahia Secretaria Municipal de Salde

Titulo do Projeto:  Epidemiologia da doenga meningocdcica e estudo da efetividade da
vacina meningocécica C em Salvador, Bahia.

Paciente:

N° Projeto de Pesquisa:

Para ser lido para todos 0s pacientes menores de idade: As informagdes que seguem seréo

para um estudo que estamos realizando. Sera feita uma entrevista na qual vocé deverd
responder algumas perguntas. Por favor, escute cuidadosamente e pergunte sobre qualquer
davida que vocé tenha.

Nos estamos pedindo para vocé nos ajudar porque vocé tem uma infecgdo. Muitos sinais desta
infeccdo séo similares a doenca causada por uma inflamagédo nos tecidos circundantes do
cérebro que se chama meninges. NOs gostariamos de conseguir o méximo de informacoes
possiveis para determinar a melhor maneira que podemos tratar e prevenir essa doenga.
Gostariamos de Ihe informar que este ndo € um estudo sobre tratamento e que vocé ndo tera
beneficio direto ao participar dele. Embora, o beneficio desta informagdo poderd ajudar a
prevenir e tratar melhor esta doencga no futuro. Sua informacgdo ajudara outras pessoas com
esse problema no futuro.

Se vocé concordar em ajudar, nos faremos a vocé e a seus pais algumas perguntas. Nos s6
iremos te fazer algumas perguntas se VOCé e seus pais concordarem.

Consentimento: Eu ouvi e entendi este termo de consentimento. Minhas perguntas foram

respondidas. Eu, voluntariamente, concordo em participar:

Assinatura do Paciente Menores de Idade Data Hora

Impressdo Digital do Individuo

Assinatura da Testemunha Data Hora

Assinatura do Investigador Data Hora



