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RESUMO

No Brasil, a dengue tem se apresentado como um dos principais problemas de
saude publica, e apesar dos investimentos e esforcos das autoridades de satde, a doenca
ainda permanece com alta incidéncia, sendo considerada um dos agravos com
limitagdes no seu controle. Atualmente os quatro sorotipos do virus circulam em todas
as regides do pais, e essa circulagdo simultinea caracteriza um cendrio de
hiperendemicidade da doenca, responséavel pelo incremento dos casos graves e 6bitos na
ultima década.

O primeiro artigo € um estudo descritivo realizado a partir dos dados coletados
pela vigilancia da dengue no pais, abordando os principais aspectos da epidemiologia e
tendéncias da doenga no Brasil.Foram analisados os casos de dengue registrados no
Sistema de Informacdo de Agravos de Notificagdo (SINAN) e do Sistema de
Informacdes Hospitalares (SIH/SUS) no periodo de outubro de 2001 a agosto de 2014.

No periodo analisado, foram registrados aproximadamente 6,9 milhdes de casos
provaveis com mais de dois milhdes nos anos de 2010 e 2013. A segunda metade da
década de 2000 marca um periodo de maior ocorréncia de casos de dengue com
complicagdes (DCC) e Febre Hemorrdgica da Dengue (FHD), acompanhados pelo
aumento no numero de 6bitos pela doenga. Nos periodos de 2008 a 2013 ocorreram
aproximadamente 61.000 casos de DCC, 16.000 de FHD incluindo 3237 6bitos. Os
resultados evidenciaram diferentes padrdes das taxas de incidéncia e de hospitalizacao
pela doenga nas regides ao longo do periodo do estudo. Em todas as regides do pais as
maiores taxas sao observadas na faixa etdria que compreende o intervalo de 15 a 59
anos de idade. No entanto, algumas diferencas nesse padrdo de ocorréncia sao
observadas com o acometimento das faixas etdrias extremas, criancas e idosos, com
diferentes dinAmicas por regido.

Foi feita uma andlise das caracteristicas clinicas dos casos que foram
classificados como DCC para o periodo de 2011 a 2013, de acordo com a faixa etéria.
Dentre as caracteristicas clinicas consideradas de maior gravidade, no periodo de 2011 a
2013, destaca-se o grupo que foi classificado como DCC que ndo atendeu os critérios de
FHD que representaram, em 2011 e 2012, cerca de 50% do total dos casos em todos 0s
grupos etdrios. Outras caracteristicas clinicas de destaque foram a ocorréncia de

extravasamento plasmatico em criancas (13% em 2011 e 2012), insuficiéncia
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respiratéria em maiores de 60 anos (4.8% em 2011 e 10.4% em 2013) e sangramento
gastrointestinal na faixa etdria de 15 a 59 anos (7.3% em 2011 e 18.8% in 2012).

O segundo artigo € uma avaliagdo da sensibilidade do sistema de vigilancia de
dengue na deteccio de casos hospitalizados no Sistema Unico de Sadde (SUS). Para
esse estudo foi realizado um linkage probabilistico dos dados do SINAN e SIH dos
municipios do Rio de Janeiro (RJ), Belo Horizonte(MG), Fortaleza(CE), Natal(RN),
Sao Luis(MA), Teresina(PI), Goiania(GO), Campo Grande(MS), Manaus(AM) e Boa
Vista(RR) referente ao periodo de 2008 a 2013.

A combinagdo dos dois sistemas permitiu identificar 69.935 hospitalizagdes o
que representou aumentos de 50,3% e 31,1 % nas hospitalizacdes quando comparados
com o SINAN (34.756 hospitalizacdes) e SIH/SUS (48.174 hospitalizagdes).

A sensibilidade do SINAN na deteccao de casos hospitalizados, com a varidvel
hospitalizacdo preenchida, foi de 26,7% variando de 8,3% em 2009 a 41,9% em 2013.
Entre os municipios as maiores variagdes foram observadas no municipio de Goidnia
(14,7%) e Campo Grande (53,2%). O cdlculo da sensibilidade incluindo todos os
registros foi quase duas vezes maior quando comparado com o uso da varidvel
hospitalizagao preenchida. Com essa abordagem a sensibilidade acumulada foi de
49,8% variando de 41,2% em 2009 a 76,5% em 2013. As maiores variagdes foram
observadas em Teresina (30,7%) e Campo Grande (89,9%).

Os resultados dos estudos representam uma avaliacdo robusta da epidemiologia
da dengue no Brasil. Foi possivel estimar a carga da doenga de forma estratificada por
regido e estimar a sensibilidade do sistema de vigilancia em dez importantes &dreas
urbanas endémicas e representativas de suas regioes.

Confirmou-se o potencial do uso de diferentes bases de dados, usando métodos

probabilisticos, como uma alternativa para aprimorar os sistemas de vigilancia.



ABSTRACT

In Brazil, dengue has emerged as a major public health problem, and despite the
investments and efforts of health authorities, the disease still remains a high incidence.
Currently the four dengue virus serotypes circulating in all regions of the country, and
this simultaneous movement features a scenario hyperendemicity disease, responsible

for the increase of severe cases and deaths in the last decade.

The first article is a descriptive study based on data collected for surveillance of dengue
in the country, covering the main aspects of epidemiology and disease trends in Brazil

during October 2001 until August 2014.

During the analyzed period, there were approximately 6.9 million probable cases with
more than two million in the years 2010 and 2013. The second half of the 2000s marked
a period of more cases of dengue with complications (DCC) and Fever Dengue
hemorrhagic (DHF), accompanied by an increase in the number of deaths from the
disease. The results showed different patterns of incidence and hospitalization for the

disease in regions throughout the study period.

An analysis of clinical cases that were classified as DCC for the period 2011 to 2013
features was made, according to age group. Among the clinical characteristics
considered more severe, there is the group that was classified as DCC not met the
criteria for DHF which represented in 2011 and 2012, about 50% of the total cases in all

age groups.

The second article is an assessment of the sensitivity of the surveillance system to detect
dengue cases hospitalized in the Unified Health System (SUS). For this study, a
probabilistic linkage data from SINAN and SIH and the municipalities of Rio de
Janeiro (RJ), Belo Horizonte (MG), Fortaleza (CE), Natal (RN), Sao Luis (MA),
Teresina (PI), Goiania (GO), Campo Grande (MS), Manaus (AM) and Boa Vista (RR)
was performed , for the period 2008-2013.

The combination of the two systems allowed us to identify 69,935 hospitalizations
representing increases of 50.3% and 31.1% in hospitalizations compared with SINAN

(34,756 hospitalizations) and SIH / SUS (48,174 hospitalizations).
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The sensitivity of detection SINAN in hospitalized cases with hospitalization variable
filled, was 26.7% ranging from 8.3% in 2009, 41.9% in 2013. The calculation of
sensitivity including all records was almost twice as compared with the use of
hospitalization variable filled. With this approach the cumulative sensitivity was 49.8%

ranging from 41.2% in 2009, 76.5% in 2013.

The study results represent a robust assessment of the epidemiology of dengue in Brazil.
It was possible to estimate the burden of disease in order stratified by region and
estimate the sensitivity of the surveillance system in ten major urban areas endemic and

representative of their regions.
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1 INTRODUCAO / REVISAO DA LITERATURA

A febre do dengue é uma doenca viral aguda de cardter endémico-epidemico,
constituindo-se hoje na arbovirose mais importante no mundo em virtude de seus impactos na
morbidade, mortalidade e economia dos paises (Simmons et al., 2012).

Transmite-se ao homem através da picada de dipteros hematéfagos, do género Aedes. O
vetor primdrio da transmissdo € o mosquito Aedes aegypti, que encontra-se distribuido em
praticamente todos os paises localizados nas regides tropicais e subtropicais do planeta. Nas
ultimas décadas o vetor considerado secunddrio na transmissdo, o Aedes albopictus, vem
ampliando sua faixa geogréfica dispersando-se do continente asidtico para a Africa, Américas e
Europa (Carrington and Simmons, 2014).

O virus da dengue (DENV) € um RNA virus com quatro sorotipos denominados, DENV
1, DENV 2, DENV 3 e DENV 4, antigenicamente distintos e pertencentes a familia Flaviviridae
(David W.C Beasley and Alan D. T. Barret, 2008). Identificam-se também linhagens ou
genotipos relacionados com cada sorotipo, cuja variabilidade genética é um dos fatores que pode
contribuir para a gravidade dos casos de dengue (Leitmeyer et al., 1999). A infec¢do por um dos
sorotipos induz imunidade permanente contra a reinfeccdo pelo mesmo sorotipo e apenas
imunidade de poucas semanas aos demais sorotipos. A possibilidade das populacdes de areas
endémicas serem submetidas a diversas infeccdes pelo virus da dengue também é reconhecido
como um fator de risco para gravidade da doenca (Halstead, 2012).

A infeccdo pelo virus da dengue pode manifestar-se assintomadtica ou apresentar-se com
um espectro clinico amplo que varia de uma sindrome febril inespecifica até a ocorréncia de
casos graves fatais. Depois de um periodo de incubagdo de 3 a 7 dias, os sintomas aparecem
abruptamente com o surgimento de trés fases denominadas fase febril inicial, fase critica ou de

defervescéncia e a fase de recuperacao espontanea (World Health Organization, 2009).
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1.1. Dengue como problema de saude puablica

Nas ultimas cinco décadas observa-se uma tendéncia crescente na incidéncia da doenca,
com a ampliagdo das dreas com transmissio de dengue no mundo afetando paises da Asia,
América, Africa e Europa (Guzman and Harris, 2014). Esse cendrio caracteriza a dengue na
atualidade como uma doenga de perfil pandémico com a necessidade de maiores esforcos dos
paises para enfrentar o problema (Teixeira, Costa and Barreto, 2011; World Health Organization,
2012).

Globalmente cerca de 40% da populacdo do planeta, em 100 paises, vivem em dreas
endémicas de dengue. Estima-se que a cada ano ocorrem cerca de 50 a 100 milhdes de infecgdes
com 500.000 hospitaliza¢des, 20.000 6bitos e 36 milhdes de infec¢des assintomdticas (Bhatt et
al., 2013; World Health Organization, 2012).

Os paises das Américas, por suas caracteristicas ambientais e sOcio econdmicas,
apresentam alta vulnerabilidade para a transmissdo de dengue (Coelho, 2012; Gémez-Dantés and
Willoquet, 2009; Gubler, 2011). As ultimas trés décadas no continente ¢ marcada por uma
tendéncia crescente na incidéncia da doenga, incluindo suas formas graves e os ébitos (San
Martin et al., 2010).

Com pouco mais de 1 milhdo de casos de dengue cldssica notificados nos anos oitenta,
somente nos primeiros anos do século XXI (2000 — 2012) observa-se um crescimento dez vezes
maior. Nesses doze anos foram notificados 10,6 milhdes de casos de dengue. Importante verificar
que mais da metade, 5,9 milhdes, foram registrados somente no periodo compreendido entre os
anos de 2008 a 2012 (Pan American Health Organization, 2013).

Entre as sub-regides do Continente o padrdo da transmissdo da doenca tem-se alterado ao
longo desses anos. Em toda a década de oitenta a maior incidéncia média da regido era registrada
nos paises que compdem o Caribe Hispanico com um valor estimado de 210,53 casos por
100.000 habitantes. Contribuiu para essa alta incidéncia a grande epidemia de dengue ocorrida
em Cuba em 1981 com cerca de aproximadamente 344.000 casos sendo pelo menos 10.000
considerados graves (Guzman, 2012). Nas demais sub-regides (América do Norte, América
Central e México, Paises Andinos e Caribe Nao Hispanico) a incidéncia média foi somente de 15,

5 casos por 100.000 habitantes.
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A baixa incidéncia observada na maioria dos paises na década de oitenta é substituida por
um cendrio de incremento de casos nos anos seguintes. No intervalo entre os anos de 2000 a 2012
todas as sub-regides, com excecdo do Caribe Hispanico (Cuba, Porto Rico e Republica
Dominicana), registram em algum momento incidéncias acima de 100 casos por 100.000
habitantes. Entre essas sub-regides a incidéncia média variou de 74,4 casos por 100.000
habitantes nos paises do Caribe Hispinico até o valor maximo de 397,22 casos por 100.000
habitantes nos paises do Caribe Nao Hispanico. Embora a sub-regido do Cone Sul ndo tenha
apresentado a maior incidéncia no continente, ela € responsavel por aproximadamente 60,0 % dos
casos, sendo uma expressiva parcela deles oriundos do Brasil (Brasil. Ministério da Saude.

Secretaria de Vigilancia em Saude., 2013).

Entre os casos graves e 6bitos, o incremento nos seus nimeros ocorre também de forma
acelerada. Nas trés dltimas décadas foram notificados 343.771 casos graves e 5.765 6bitos, com
pelo menos 80% deles ocorrendo nos ultimos dez anos. O perfil de ocorréncia dos casos graves
na regido € caracterizado pela alta concentracdo de seus registros em poucos paises e elevados
percentuais de crescimento entre as décadas. O percentual de crescimento de casos graves entre
cada década foi de cerca de quatro vezes entre cada uma delas, no entanto entre as décadas de
1980 e 2000 essa evolugao € vinte vezes maior. Apesar da ocorréncia de casos graves de dengue
na maior parte dos paises da regido, pelo menos 90% deles ocorreram no México, Colombia,
Brasil, Venezuela e Honduras. Em relacdo aos 6bitos o cendrio € muito semelhante com um
crescimento de quase oito vezes nas notificacdes observadas no periodo de 2000 a 2012 quando
comparado com o periodo anterior (Pan American Health Organization, 2013; San Martin et al.,

2010).

O perfil hiperepidémico da regido, submetida a diversos processos epidémicos ciclicos
ocasionados pela introdu¢do de multiplas cepas dos sorotipos virais, pode estar associado, entre
outros fatores, a esse aumento expressivo dos casos graves e Obitos, observado principalmente

nos ultimos anos (Figueiredo et al., 2010; Guzman, Vazquez and Kouri, 2009; Halstead, 2012).

O reflexo direto da gravidade dos dados epidemioldgicos € a elevada carga que a doenga

acarreta aos sistemas de satide dos paises afetados. No continente americano a dengue situa-se
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como uma das doencas tropicais mais negligenciadas (Hotez et al., 2008). Sua carga ¢é
considerada maior que outras doencas virais como o papilomavirus humano (HPV), rotavirus e
hepatites, e um terco da carga de HIV/AIDS (Shepard et al., 2004, 2011). Também € considerada
a mais importante das doencas transmitidas por vetores do mundo provavelmente superando a

maldria em termos de morbidade e impacto econdmico (Gubler, 2012).

Embora se reconheca a existéncia de subnotificacdo de casos de dengue, em virtude das
limitagdes dos sistemas de vigilancia passiva utilizados pelos paises, os estudos de carga da
doenca ampliam o conhecimento sobre a magnitude do problema (Shepard et al., 2011). Mesmo
com as dificuldades de comparacgao entre os estudos, em decorréncia das diferentes metodologias
empregadas, os resultados evidenciam os impactos econdmicos nos servicos de saide e na
sociedade (Gubler, 2012; Luz, Grinsztejn and Galvani, 2009; Meltzer et al., 1998; Shepard et al.,
2011; Suaya et al., 2009; Torres and Castro, 2007).

Em um estudo multicéntrico com a participacdo de paises dos dois hemistérios (Brasil, El
Salvador, Guatemala, Panamd, Venezuela, Camboja, Maldsia e Taildndia) estimou-se que os
custos somente com o tratamento de pacientes ambulatoriais e hospitalares, poderiam alcangar o
valor de 1,8 bilhdes de ddlares internacionais. Estas cifras sdo consequéncias do tempo médio de
11,9 dias e 11,0 dias que os pacientes ambulatoriais e hospitalizados utilizaram para sua

recuperacdo (Suaya et al., 2009).

Estudos mais abrangentes com os custos diretos de vigilancia, preven¢do e os
considerados indiretos, relacionados a perda de produtividade no trabalho e na escola, sdo
restritos a poucos paises. Recente avaliagdo de custos compreendendo o periodo de 1996 a 2010
na Nicardgua e o periodo de 2002 a 2010 em Porto Rico, estimou respectivamente o gasto médio

anual 13,5 e 46,4 milhdes de ddlares (Halasa, Shepard and Zeng, 2012; Wettstein et al., 2012).
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1.2. Dengue no Brasil

O Brasil, em virtude de suas caracteristicas demogréficas, sociais € ambientais, tem uma
grande influéncia na epidemiologia da dengue nas Américas. Embora com relatos de epidemias
de dengue desde o século dezenove, o primeiro registro de epidemia no Brasil, documentado
clinico e laboratorialmente, ocorreu no inicio dos anos oitenta na cidade de Boa Vista no Estado
de Roraima (Osanai et al., 1983). Essa epidemia, causada pelos sorotipos DENV 1 e DENV 4,

ficou restrita a essa localidade.

Somente em 1986, com a reintrodugdo do sorotipo DENV 1 na regido metropolitana do
Rio de Janeiro, a dengue comegou a representar um problema de saide publica para o pais
(Schatzmayr, Nogueira and Rosa, 1986). Mesmo com o registro de epidemias em outros
municipios do estado do Rio de Janeiro e em algumas capitais da regido nordeste, as taxas
globais de incidéncia do pais na década de oitenta ndo ultrapassaram os 100 casos por 100.000

habitantes (Teixeira et al., 2009).

A baixa endemicidade observada durante toda a década de oitenta pode estar relacionada
ao fato de nesse periodo ter havido somente a circulagdo de um tnico sorotipo 0 DENV1. Outro
aspecto que pode ter influenciado relaciona-se ao status de infestacdo pelo Aedes aegypti no pais.
Mesmo reinfestado pelo Aedes aegypti, sua dispersdo era limitada a alguns estados como
provavel consequéncia dos impactos positivos decorrentes da iniciativa continental de

erradicacdo do Aedes aegypti promovido em anos anteriores (Pan American Health Organization,

1969).

O periodo que compreende os anos noventa apresenta particularidades epidemioldgicas
que contribuiram para a trajetoria do crescente nimero de casos no pais. Assim como ocorreu
com a reemergéncia do sorotipo DENV 1, foi no Rio de Janeiro onde se detectou pela primeira
vez a introducdo do sorotipos viral DENV 2 (Nogueira et al., 1993). Apesar de nos primeiros
anos a circulacdo tenha ficado restrita aos estados com episddios de epidemia de dengue pelo
sorotipo DENV 1, esse cendrio modifica-se ao final da década. E nesse periodo que o processo de

dispersao do Aedes aegypti se consolida pelo territério nacional, com a presenca do vetor em
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todas as regides do pais (Siqueira et al., 2005; TEIXEIRA, Maria da Gléria;, BARRETO,
Mauricio Lima; GUERRA, 1999).

A combinagdo da circulagdo simultanea dos sorotipos virais DENV 1 e DENV 2, aliado
ao elevado nimero de municipios infestados foi determinante para que o cenario epidemiolégico
se agravasse. Destaca-se que nos anos noventa observa-se o registro dos primeiros casos de febre
hemorrigica e 6bitos assim como a ocorréncia de epidemias de dengue de grande magnitude e
com intervalos de tempo menor entre elas (TEIXEIRA, Maria da Gléria; BARRETO, Mauricio
Lima; GUERRA, 1999).

Em 1996, pela primeira vez, a taxa de incidéncia global do pais supera a marca de 100
casos por 100.000 habitantes, antevendo o cendrio da maior epidemia da década que ocorreu em
1998. Nessa ocasido foram registrados mais de 500.000 casos da doenca e incidéncia de 350
casos por 100.000 habitantes, afetando majoritariamente as faixas etdrias de 30 a 40 anos de
idade (Siqueira et al., 2005). Alguns estados apresentaram incidéncias acima de 1.000 casos por
100.000 hab., a exemplo da Paraiba que registrou a maior incidéncia com 1807,4 casos/100.000

hab. (TEIXEIRA, Maria da Gléria; BARRETO, Mauricio Lima; GUERRA, 1999).

Apesar do elevado nimero acumulado de casos de dengue na década de noventa,
curiosamente o registro das formas hemorragicas foi proporcionalmente muito menor. Foram
confirmados somente 893 casos de Febre Hemorrdgica da Dengue (FHD) equivalendo uma

proporcdo de 0,06% entre os demais casos de dengue (Teixeira et al., 2005).

Apesar da expectativa que as infec¢des sequenciais pelos virus dengue poderia aumentar
a ocorréncia das formas graves, esse cendrio ndo se confirmou na ocasido no Brasil. As hipdteses
para o pequeno nimero das formas hemorrigicas relacionam-se a uma menor viruléncia da cepa
circulante ou até mesmo o ndo cumprimento de todos os rigorosos critérios de classificagdo
definidos pela OMS (Alvarez et al., 2006; Guzméan et al., 1991; Pan American Health
Organization, 1994; Watts et al., 1999).
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No periodo entre 2000 a 2013, a dengue se consolida como um dos maiores desafios de
saude publica no Brasil. Nesse periodo, a epidemiologia da doenca apresentou alteracOes
importantes com um maior nimero de casos e hospitalizacdes, epidemias de grande magnitude,
o agravamento do processo de interiorizagdo da transmissdo, com registro de casos em
municipios de diferentes portes populacionais e a ocorréncia de casos graves acometendo
pessoas em idades extremas, criancas e idosos (Brasil. Ministério da Saudde. Secretaria de
Vigilancia em Satde. Departamento de Andlise de Situagao de Saude, 2011; Teixeira et al.,

2008).

Nesse periodo, foram registrados aproximadamente 5,8 milhdes de casos provaveis de
dengue o que representa um nimero quatro vezes maior em relacdo a década anterior quando
foram notificados pouco mais de 1,3 milhdo de casos. Somente em 2013 foram notificados 1,4
milhdo de casos de dengue sendo considerada a maior epidemia do pais (Brasil. Ministério da

Saude. Secretaria de Vigilancia em Saude, 2013).

A tendéncia de crescimento nos casos de dengue também é observada em relagdo as
hospitalizacdes, com cerca de 555 mil pacientes internados nesse mesmo periodo. O expressivo
nimero de hospitalizacdes que reflete em certa medida a gravidade da doenga tem como
consequéncia uma maior ocorréncia de 6bitos. No periodo foram registrados 3.128 6bitos, sendo
que mais de 80% deles concentrados entre os anos de 2006 a 2012 (Brasil. Ministério da Satde.
Secretaria de Vigilancia em Saude. Departamento de Andlise de Situacao de Sadde, 2011; Brasil.

Ministério da Saude. Secretaria de Vigilancia em Saudde, 2013).

O processo de interiorizacdo da transmissdo ja observado desde a segunda metade da
década de 1990 se mantém por praticamente toda a década seguinte. Um estudo das
caracteristicas de 883 epidemias ocorridas em municipios com mais de 50 mil habitantes revela a
importante participacdo dos municipios de menor porte populacional. Aproximadamente 90% das
epidemias ocorreram em municipios com até 500.000 mil habitantes sendo que quase 50% delas

em municipios com populacdo menor que 100.000 habitantes (Alves, 2011).

A dinamica de circulagdo viral dos anos dois mil foi caracterizada pela circula¢dao

simultdnea e com alternancia no predominio dos sorotipos virais DENV1, DENV2 e DENV3.
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No segundo semestre de 2010, ocorreu a introducdo do DENV4 a partir da regido norte, seguida
por uma rdpida dispersdo para diversas unidades da federacdo ao longo do primeiro semestre de

2011 (Lourenco-de-Oliveira et al., 2002; Nogueira et al., 2001; Temporao et al., 2011).

A circulagdo simultanea dos diversos sorotipos agravou o cendrio de hiperendemicidade
da doenca, responsdvel pelos altos niveis de transmissdo atuais. A sucessdo de sorotipos
predominantes determinou ciclos de grande transmissdo de dengue no pais, que atingiram seus
picos em 2002 (DENV3), 2008 (DENV2), 2010 (DENVI1) e 2013 (DENV 1 e DENV4),

responsaveis por cerca de 50% dos registros de dengue dessa década.

Outra importante mudanca observada na epidemiologia da doenga foi o deslocamento da
faixa etdria dos acometidos pelo agravo. Em um cendrio distinto ao que ocorria até entdo,
observou-se a migracdo da gravidade dos casos para criangas. Inicialmente como um episédio
1solado em uma epidemia de dengue em Manaus em 2001, teve seu dpice nas epidemias ocorridas
no ano de 2008, em especial no estado do Rio de Janeiro. Essa mudanca no padrao de ocorréncia
da doenca foi observada com a recirculacdo do sorotipo DENV2 no pais. Em direcdo oposta,
durante a epidemia de 2010, cujo sorotipo predominante foi o DENV1, observou-se também a
migracdo da gravidade dos casos com uma maior incidéncia na faixa etdria de maiores de 60 anos
(Brasil. Ministério da Satide. Secretaria de Vigilancia em Saude. Departamento de Andlise de

Situacao de Satde, 2011; Rocha and Tauil, 2009; Siqueira et al., 2005; Teixeira et al., 2008).
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2 REFERENCIAL TEORICO

2.1 Utilizacao do método de linkage de dados epidemiol6gicos

O uso integrado dos dados de vigilancia existentes nos diversos sistemas de informagao
constitui-se em uma alternativa vidvel para a conducdo de estudos epidemiolédgicos e aplica¢do
dos seus resultados na avaliacdo de politicas publicas (Bittencourt, Camacho and Leal, 2006;

Duarte and Franca, 2006).

O processo de relacionar ou integrar dados e/ou informagdes em saide vem sendo
denominado linkage. Alguns autores em seus artigos utilizam também como denominacio o
termo captura e recaptura, € na atualidade um amplo espectro de agravos tem sido estudado por
essa metodologia (Christensen et al., 2012; Hest, van et al., 2007; Maia-Elkhoury et al., 2007;
Milde-Busch et al., 2008; Paddock et al., 2002).

Essa metodologia compara os resultados de dois ou mais sistemas de informagdo utilizados
para um mesmo evento, e ao avaliar o grau de duplicidade e intercessdo entre eles é capaz de
prover sua melhor estimativa. Originalmente desenvolvida para estimar parametros demograficos
de populacdo animal, tem sido aplicada também em diversos estudos epidemioldgicos. Os
métodos tradicionais para determinacdo da prevaléncia ou incidéncia de doengas podem ser

aprimorados com o uso dessa metodologia (Chao et al., 2001).

Para o relacionamento de registros de diferentes bases de dados € possivel a utilizacido de dois
métodos. O deterministico, considerado mais simples, pressupde a existéncia de campos comuns
(p.ex CPF, numero do seguro social) que permitam a sua identificacdo univoca. Na auséncia

desse identificador utiliza-se 0 método probabilistico (Coutinho and Coeli, 2006).

O método probabilistico baseia-se na utilizagdo conjunta de campos comuns existentes nas
diferentes bases de dados (p. ex nome, data de nascimento), com o objetivo de identificar o
quanto € provavel que um par de registro se refira a um mesmo individuo. Esses campos sdo
utilizados conjuntamente para o cdlculo de um escore utilizado para determinar o grau de

concordancia entre os registros de cada par formado. Valores de escores limiares sdo definidos
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para a classificacdo dos pares em verdadeiros, falsos ou duvidosos. Para esses ultimos uma
revisdo manual deve ser realizada para definicdo da classificacdo final (Camargo and Coeli,
2000). Por trabalhar com probabilidades € sujeito a erros. Em alguma situacdes alguns pares
podem ser classificados como verdadeiros quando na realidade os registros se referem a pessoas
diferentes ( falsos positivos) ou podem ndo ser identificados como pares verdadeiros (falso

negativos).

Especificamente para dengue, os estudos utilizando diversas fontes de informag¢do podem ser
uteis para estimar com maior precisdo a carga da doenga e os custos de suas medidas de
vigilancia, controle e assisténcia aos pacientes. Outra potencial utilidade diz respeito a avaliagdo
de custo beneficio de vacinas ou drogas que podem ser incorporadas na rotina dos programas de

controle (Beatty et al., 2011).

Estudo conduzido em Porto Rico utilizou dois sistemas independentes de monitoramento da
situacdo epidemiolégica da dengue (amostras laboratoriais de casos dengue e pacientes
hospitalizados). Verificou-se uma taxa média de deteccdo acima de 42%, quando comparados
com os dois sistemas de vigilancia. Outra conclusdo foi a constatagdo de um incremento de 10 a
27 vezes maior na notificagdo de hospitalizagdes em criancas quando comparado com a de

adultos (Dechant and Rigau-Pérez, 1999).

Na Nicardgua, um estudo de coorte de 3700 criangas, comparou a incidéncia de dengue com
as obtidas pelo sistema de vigilancia de rotina do pais. A incidéncia nessa coorte foi vinte e oito
vezes maior do que a incidéncia detectada pelo sistema de vigilancia do pais. Nota-se que o fator
de expansdo da incidéncia desse estudo aproxima-se do intervalo observado no de Porto Rico. Os
autores inferem que o sub registro observado na detec¢do de dengue nas criangas pode também

ocorrer em relagdo a populagdo adulta (Standish et al., 2010).

No Camboja um estudo estimou a incidéncia de casos e hospitalizacdes por dengue
comparando dados do sistema de vigilancia passivo com uma estratégia de vigilancia ativa.
Dentre os resultados relevantes destaca-se a expressiva diferenca na estimativa da incidéncia
entre as duas estratégias com o sistema de vigilancia passiva notificando de 3,9 a 29 vezes casos

a menos do que a vigilancia ativa. A mesma tendéncia é observada em relacdo aos casos
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hospitalizados com 1.1 a 2,4 vezes menos registros de casos hospitalizados no periodo do estudo

(Vong et al., 2012).

2.2 Vigilancia epidemiologica da dengue no Brasil

O sistema de vigilancia epidemioldgica da dengue tem dentre seus objetivos a deteccdo
precoce da ocorréncia de casos da doenca. O monitoramento da dindmica de transmissdo orienta
a adocdo das medidas de controle e a organizagdo da assisténcia visando a reducdo da morbidade
e mortalidade pela doenca (Brasil. Ministério da Saude. Secretaria de Vigilancia em Satde.
Departamento de Vigilancia Epidemiolégica., 2009a).

No Brasil, a dengue € de notificagdo compulséria. O marco legal sobre a obrigatoriedade
de notificacdo das doengas transmissiveis foi estabelecido pela Lei 6.259/75 e regulamentada
pelo Decreto 78.231/76.

Em 2011, em virtude da necessidade de harmonizar a legislacdo as orientacdes do
Regulamento Sanitdrio Internacional (RSI), foi publicada a Portaria 104/2011 do Ministério da
Satde (Brasil. Ministério da Sadde. Portaria GM/MS 104, 2011; Teixeira et al., 2012). Essa
portaria incluiu em sua Lista de Notificagdo Compulséria Imediata (LNCI) os casos graves e
obitos por dengue.

Com a recente revisdo da lista de doencgas de notificacdo compulséria somente o 6bito por
dengue permaneceu na Lista de Notificagdo Compulsoria Imediata ( LNCI) com a
obrigatoriedade de sua notificacdio em 24 horas (Brasil. Ministério da Sadde. Portaria GM/MS
1271, 2014).

Em relacdo a defini¢do de caso, adota-se a recomendada pela Organizacdo Mundial da
Saide (OMS), dengue classica (DC) e Febre Hemorrdgica da Dengue (FHD) (World Health
Organization, 1997). Em decorréncia da dificuldade em classificar todos os casos de dengue
pelos critérios da OMS, foi introduzida uma defini¢do de caso adicional denominada dengue com
complicagdes (DCC) (Brasil. Ministério da Sauide. Secretaria de Vigilancia em Satde.

Departamento de Vigilancia Epidemiolégica., 2009a).
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Em 2014, o Brasil passou a adotar a classificacdo revisada proposta pela OMS com as
seguintes denominagdes: dengue, dengue com sinais de alarme e dengue severo (World Health
Organization, 2009).

A coleta dos dados do sistema de vigilancia da dengue € feita de forma passiva, com a
notificacdo espontanea de dados ambulatoriais e hospitalares, tendo como sua principal fonte de
informacgdes o Sistema de Informacdo de Agravos de Notificacdo — SINAN (Brasil. Ministério da
Saude. Secretaria de Vigilancia em Satide. Departamento de Vigilancia Epidemioldgica., 2007).

O SINAN foi implantado no Brasil em 1990 e a partir de 1998 tornou-se obrigatoria a
alimentacdo regular da base de dados nacional pelos municipios, estados e Distrito Federal. A
coleta e o processamento dos casos notificados ocorrem em todo o territério nacional, desde o
nivel local, utilizando dois formularios padronizados, a Ficha Individual de Notifica¢cdo (FIN) e a
Ficha Individual de Investigacdo (FII) que sdo digitadas no SINAN. A FIN € preenchida para
cada paciente e encaminhada pelas unidades assistenciais aos servigos responsdveis pela
informacdo e/ou vigilancia epidemiolégica. A FII € utilizada como roteiro de investigacdo e seu
preenchimento € feito pelos servicos municipais de vigilancia ou unidades de satde capacitadas
para a realizacdo da investigacdo epidemioldgica (Brasil. Ministério da Sauide. Secretaria de

Vigilancia em Sadde. Departamento de Vigilancia Epidemiolégica., 2007).

Na ocorréncia de uma epidemia, o preenchimento e digitacdo de todas as FIN deve ser
mantida. No caso das FII prioriza-se o preenchimento e digitacdo dos casos graves e Obitos em
relacdo aos casos de dengue cldssica (Brasil. Ministério da Satde. Secretaria de Vigilancia em

Sadde. Departamento de Vigilancia Epidemioldgica., 2009b).

Entre as varidveis de interesse dos formuldrios padronizados consta local provavel de
infec¢do, classificacdo dos casos de dengue, além de informacdes sobre o critério de confirmagao
dos casos e se houve hospitalizacdo do paciente. A andlise dessas varidveis possibilita maior
conhecimento acerca da situacdo epidemioldgica do agravo investigado, fontes de infec¢do, modo
de transmissdo e identificacdo de dreas de risco, dentre outros importantes dados para o

desencadeamento das atividades de controle.

Com o preenchimento dos instrumentos de notificac@o e investigacdo do SINAN pode-se

calcular a incidéncia e letalidade, bem como realizar andlises de acordo com as caracteristicas de
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pessoa, tempo e lugar, além de outros indicadores epidemioldgicos e operacionais utilizados para

as avaliagdes local, municipal, estadual e nacional.

O SIH/SUS ¢ origindrio do Sistema de Assisténcia Médico-Hospitalar da Previdéncia
Social (SAMHPS), do Ministério da Previdéncia e Assisténcia Social (MPAS) (Brasil. Ministério
da Satde. Secretaria de Atencdo a Saude, 2012). Foi concebido para pagar as despesas
decorrentes das internagdes realizadas nas unidades hospitalares dos servigos contratados
(privados, filantrépicos e universitarios) daquele ministério. Com o advento do Sistema Unico de
Saude (SUS), o SIH/SUS foi estendido a todo o setor publico, abrangendo também os hospitais

publicos municipais, estaduais e federais.

7z

Seu instrumento de coleta de dados é a Autorizacdo de Internacdo Hospitalar (AIH),
atualmente emitida pelos estados a partir de uma série numérica unica definida anualmente em
portaria ministerial. Este formuldrio contém, entre outros, os dados de atendimento, com os
diagnoésticos de internamento e alta (codificados de acordo com a CID), informacdes relativas as
caracteristicas de pessoa (idade e sexo), tempo e lugar (procedéncia do paciente) das internacgoes,
procedimentos realizados, valores pagos e dados cadastrais das unidades de satude, que permitem
sua utiliza¢do para fins epidemioldgicos.

O banco de dados, correspondente ao cadastro de todas as unidades prestadoras de
servigcos hospitalares ao SUS credenciadas, € atualizado mensalmente pelos Estados, Municipios
e Distrito Federal conforme a gestdo dos estabelecimentos (Brasil. Ministério da Sadde. Gabinete

do Ministro, 2010).

O SIH/SUS apresenta um conjunto de atributos que fazem dele um importante
instrumento de planejamento e avaliacdo e gestdo dos servicos de satude. Dentre esses atributos
destaca-se o fato de ser informatizado e ter uma ampla cobertura nacional. Em 2013 esse sistema
cobriu cerca de 11,3 milhdes das internacdes hospitalares sendo responsdvel por cerca de 70%
das internagdes no pais (Silva, da et al., 2011). Pelo grande volume de interna¢des o SIH/SUS
constitui-se em uma importante fonte de consulta nos estudos das enfermidades que requerem
internagdo. Outro atributo relaciona-se a possibilidade de obter dados desagregados por paciente

que permite avaliacdes de morbi-mortalidade hospitalar.
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Dentre suas limitagdes encontra-se a ndo universalizacdo da cobertura, restrito somente as
unidades vinculadas ao SUS, e dependente do grau de utilizacdo e acesso da populacdo aos
servicos. Embora possua rotinas de tratamento de erros e obrigatoriedade de preenchimento de
algumas varidveis, essas rotinas ndo abrangem todos os campos podendo ocasionar
preenchimento heterogéneo possibilitando o registro de informagdes pouco confidveis. Dentre
essas informagdes pode ocorrer erros em relagdo ao endereco do paciente, falsos diagndsticos e
menor nimero de internamentos que o necessario, em fungdo das restri¢cdes de recursos federais —

problemas que podem resultar em vieses nas estimativas (Farias et al., 2000).

Os dados do SIH/SUS, ndo podem ser corrigidos apds terem sido enviados, mesmo apds
investigados e confirmados erros de digitacdo, codificacdo ou diagndstico. O Sistema também
ndo identifica re-internacdes e transferéncias de outros hospitais, o que, eventualmente leva a

duplas ou triplas contagens de um mesmo paciente (Carvalho, 2000).

Apesar de todas as restrigdes, essa base de dados é de extrema importancia para o
conhecimento do perfil dos atendimentos na rede hospitalar. Adicionalmente, ndo pode ser
desprezada a agilidade do Sistema. Os dados por ele aportados tornam-se disponiveis aos
gestores em menos de um més, e cerca de dois meses para a disponibilizacdo do consolidado

Brasil (Farias et al., 2000).

Um aspecto regulatério que pode contribuir para melhorar a qualidade das informag¢des no
SINAN e SIH € o advento da Portaria conjunta n® 20 de 2005 da Secretaria de Vigilancia em
Saude (SVS) e Secretaria de Atencdo a Saude (SAS). Essa Portaria estabelece a obrigatoriedade
de notificacdo no SINAN dos casos de doencas de notificacio compulséria que necessitem de
hospitalizacdo. Além do mais bloqueia a tramitacdao da AIH até que a notificagdo se realize

(Brasil. Ministério da Saudde., 2005).

Os sistemas de vigilancia devem apresentar caracteristicas que os tornem capazes de
coletarem e analisarem seus dados de forma que apresentem bom desempenho na sua rotina. Sua
avaliacdo periodica permite o melhor conhecimento da magnitude do agravo bem como a
identificacdo de caracteristicas epidemioldgicas particulares tais como grupos e dreas mais

vulnerdveis e mudancas no perfil de gravidade (Waldman, 1998).
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Dentre os atributos desejaveis para os sistemas de vigilancia considera-se os qualitativos
(simplicidade, flexibilidade, qualidade dos dados e aceitabilidade) e quantitativos
(sensibilidade,representatividade, oportunidade) além da avaliagdo e custo dos sistema (Centers

for Disease Control and Prevention, 2001)

A utilizacdo de diversas fontes de informacdo constitui-se na atualidade uma estratégia
fundamental nos processos de avaliacdo dos sistemas de vigilancia (Bessa Ferreira and Portela,
1999; Camargo and Coeli, 2000; Campos et al., 2000; Carvalho, 2000; Lessa, FJID;Mendes,
ACG; Farias, SF; de S4, DA; Duarte, PO; Filho, 2000; Oliveira, de et al., 2014).

Em um estudo descritivo dos agravos de notificagdo compulséria foi observado de uma
forma geral uma alta concordancia entre as informagdes registradas no SINAN e no SIH. Esse
estudo consultou as informacgdes das bases de dados disponibilizadas pelos estados e concluiu
que, independentemente da frequéncia de internagdes determinada pelo agravo, o SIH tem
grande potencial como fonte de informa¢do complementar no sistema de vigilancia de doencas

(Mendes et al., 2000).

A utilizagdo dos Sistema de Informagdes de Mortalidade (SIM), SINAN e SIH na
avaliacao do sistema de vigilancia da leptospirose demonstrou o impacto dessa enfermidade no
sistema de saude. Nesse estudo foi possivel determinar por intermédio de Anos Potenciais de

Vida Perdidos (APVP) a alta carga dessa doenca negligenciada (Souza et al., 2011).

Avaliagdo do sistema de vigilancia da AIDS no Rio de Janeiro demonstrou a baixa
sensibilidade do sistema na notificagdo de casos hospitalizados. Entre os pacientes hospitalizados
pelo menos 42% deles ndo tinham a respectiva notificagdo no SINAN (Ferreira and Portela,
1999).

Resultados semelhantes foram obtidos na avalia¢do do sistema de vigilancia de dengue no
municipio de Belo Horizonte no periodo de 1996 a 2002. Com o uso do SINAN e SIH foi
possivel determinar, dentre outros achados epidemioldgicos, o sub-registro de 37% pelo SINAN

dos casos hospitalizados (Duarte and Franga, 2006).

Estudo realizado na cidade de Goiania/GO avaliou a qualidade dos sistemas de
informacao e incidéncia de casos graves de dengue. Dentre seus principais achados destacam-se a

baixa sensibilidade do SINAN na deteccdo dos casos hospitalizados e, apds o relacionamento das
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bases de dados (SINAN e SIH) a verificagdo de um incremento de cerca de 49% na estimativa

das internacdes por dengue no municipio (Silva, 2009).

Todos os estudos acima mencionados apresentam como ponto de convergéncia a
recomendacdo sobre a necessidade do uso adicional de estratégias que promovam aumento da
sensibilidade dos sistemas de vigilancia. Com o intuito de melhorar a confiabilidade dos dados da
vigilancia, a utilizagdo complementar de outros bancos de dados como o Sistema de Informacgao
Hospitalar do Sistema Unico de Saide (SIH-SUS) e o Sistema de Informacdo sobre Mortalidade
(SIM), pode ser considerada uma estratégia factivel para os servigos de vigilincia epidemioldgica
das doencas transmissiveis. (Bessa Ferreira and Portela, 1999; Bittencourt, Camacho and Leal,

2006; Duarte and Franga, 2006; Sgambatti et al., 2014; Silva, 2009)
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3 JUSTIFICATIVA

O agravamento da situagcdo epidemioldgica da dengue no Brasil é evidenciado pelo
registro de recorrentes epidemias, incremento no nimero de casos graves, hospitalizacdes e
obitos (Brasil. Ministério da Satide. Secretaria de Vigilancia em Saide. Departamento de Andlise
de Situagao de Saude, 2011). Essa situacdo € desafiadora para o sistema de vigilancia de dengue
que deve ser aprimorado para desenvolver uma maior capacidade de detectar oportunamente 0s
casos, predizer a ocorréncia de epidemias, identificar as mudangas no perfil epidemiolégico da
doenca e orientar as medidas de controle.

A partir de 2014, o pais passou a adotar a classificagdo revisada de dengue proposta pela
OMS. Essa decisdo ndo s6 exigiu, como exigird uma série de medidas como mudangas no
sistema de coleta de dados e nas andlises epidemioldgicas. Esse € um cendrio de grandes

mudancas da vigilancia da dengue no Brasil, o que torna necessadrio uma continua avaliag@o tanto

da vigilancia quanto da epidemiologia da doenca.

A andlise dos dados epidemiolédgicos disponiveis nos dois sistemas de informacdes, o
Sistemas de Informacdo de Agravos de Notificacdo (Sinan) e de Internagdes Hospitalares
(SIH/SUS), é fundamental para um melhor conhecimento da epidemiologia da dengue no Brasil.
A avaliacao dessas duas importantes fontes de informagdo agregard conhecimentos adicionais
sobre a dindmica de transmissdo da doenca em diferentes regides do pais, o perfil demografico

das hospitaliza¢des e uma atualizacdo sobre as caracteristicas clinicas dos casos graves.

Usualmente, a avaliacdo do atributo sensibilidade de um sistema de vigilancia ¢é
desafiador pela inexisténcia de um padriao ouro (Giesecke, 2002). Entretanto, no caso dos
pacientes hospitalizados podemos tomar como padrao ouro o total de internagdes realizadas no
Sistema Unico de Satide, tornando-se possivel adquirir conhecimento da capacidade do sistema
de vigilancia em detectar os casos hospitalizados de dengue. Nesse contexto, o uso do linkage
probabilistico das bases do Sinan e do SIH/SUS permite a avaliacdo da sensibilidade do sistema

de vigilancia tomando como referéncia as 10 capitais com maior nimero de casos do Brasil.
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Adicionalmente, sua potencial aplicagdo para outros municipios e seus resultados devem

propiciar um maior conhecimento de fatores que influenciam a sensibilidade do sistema.

Os produtos resultantes deste estudo sdo contribui¢des adicionais para o entendimento do
cendrio epidemiolégico do pafs, relacionado a antiga classificacdo da doenca, e podera subsidiar
futuras decisdes para o aprimoramento do sistema de vigilancia na resolucdo dos problemas

relacionados a sensibilidade na deteccdo de casos graves.
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4 OBJETIVOS

4.1 Objetivo geral

e Estimar a sensibilidade do sistema de vigilancia da dengue na deteccdo de casos
hospitalizados pela doenca no Sistema Unico de Satide em 10 capitais do pais no

periodo de 2008 a 2013.

4.2 Objetivos especificos

e (Caracterizar o perfil epidemioldgico da ocorréncia de dengue e febre hemorrigica da
dengue utilizando dados de dois sistemas de informacao oficiais (SINAN e SIH/SUS).
e Auvaliar a subnotificacdo e calcular a sensibilidade do sistema de vigilancia de dengue

na detecgdo de casos hospitalizados pela doenca no Sistema Unico de Satde.
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5 METODOS

5.1 Locais do estudo

O estudo foi realizado em 10 capitais brasileiras (Rio de Janeiro/RJ, Belo
Horizonte/MG, Fortaleza/CE, Natal/RN, Sao Luis/MA, Teresina/PI, Goiania/GO, Campo
Grande/MS, Manaus/AM e Boa Vista/RR), representativas das regidoes endémicas de dengue do
Brasil (Sudeste, Nordeste, Centro-Oeste e Norte), que concentram aproximadamente 17,5
milhdes de habitantes. Embora estejam em regides distintas apresentam semelhancas em relacdo
a aspectos epidemioldgicos da dengue. Todas estas cidades nos dltimos anos tiveram suas
populagdes submetidas a infeccdes pelos sorotipos virais DENV 1, DENV 2, DENV 3, DENV 4
e em algumas delas com a transmissdo se dando com altas incidéncias.

Outro aspecto similar entre as capitais diz respeito a dinamica das formas clinicas, que
se caracterizaram no inicio por um padrdo de ocorréncia de um maior numero de casos nas
formas cldssicas e mais recentemente por um agravamento dos casos € mudanca na faixa etdria
dos acometidos.

Em relagdo a alimentag@o dos sistemas de informacao, SINAN e SIH-SUS, todas estas
cidades apresentam divergéncias no numero de pacientes internados e notificados nestes
sistemas.

Utilizou-se informagdes dos bancos de dados referentes ao periodo de 2008 a 2013.

5.2 Fontes de dados

5.2.1 Casos notificados - os dados foram obtidos junto a Secretaria de Vigilancia em
Saude que mantém a guarda dos dados do SINAN de todos os municipios.

5.2.2 Casos hospitalizados no SUS - foram utilizados as bases de dados do SIH/SUS,
obtidos junto ao setor de Controle e Avaliacdo de cada um dos municipios selecionados para o
estudo. Para selecdo dos casos de Dengue no SIH/SUS, foram utilizados os campos relativos ao
municipio de residéncia, diagndstico principal (CID-10), data de internagdo e procedimento

realizado, constantes no formuldrio de Autorizagdo de Internagdo Hospitalar (AIH).
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Abstract

We characterize the epidemiology of dengue fever in Brazil since 2002 with a focus on the time
period between 2008 - 2014. Since 2002 approximately 6,9 million probable cases of dengue
were reported, of which 1.4 million (20%) occurred in 2013. A trend of increased incidence and
hospitalization was noted in all regions of the country. Over half of suspected dengue
hemorrhagic fever cases between 2011 and 2013 did not present all diagnostic criteria and were
reclassified as dengue with complications. The median age of death associated with dengue was
lowest from 2007-9 (30 years) increasing to 50 years in 2013/2014. Greater clinical severity of
dengue infections underscore the importance of improving clinical care and the need for close
monitoring of evolving epidemiologic trends in order to guide the surveillance system in the

adoption of control measures and to develop a plan for the introduction of vaccines in the future.

Introduction

Dengue fever is an acute viral infection, endemic/epidemic in nature, and representing the most
important arboviral infection by virtue of its impact in terms of morbidity, mortality and
economic cost (1). The World Health Organization (WHO) estimates that 50 million cases occur
worldwide annually, with 500,000 hospitalizations and over 20,000 deaths (2). A more recent
estimate suggests that the total annual number of cases is 390 million, of which only 100 million

are symptomatic (3).
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In the past 50 years, the incidence of infection has increased 30-fold, with infection spreading to
new countries, and from urban to rural areas. Dengue is endemic in Asia, the Pacific Region,
Africa and Latin America. Continuous circulation of four serotypes of the virus has been
associated with an increase in the frequency and extent of epidemics, with notable levels of

severe forms of the infection and hospitalization (3-5).

In Brazil, dengue is considered one of the main challenges of public health, and despite extensive
investments and efforts on the part of health authorities, the disease remains one of high
incidence, with recognized limits to control efforts (6). At this time the four serotypes of the virus
circulate in all regions of the country, following the introduction and dissemination of serotype
DENV4 beginning in the northern region of the country in 2010 (7). This simultaneous
circulation results in a hyper-endemic transmission patterns, with intense virus circulation
accompanying shifts of the predominant viral serotype (8).

A systematic review of the literature on morbidity and mortality of dengue in Brazil was
conducted in 2013 and highlighted the geographic extent, high incidence and clinical severity of
the illness, especially since 2000 (9). This review also highlighted various gaps in knowledge
about dengue, including the differences in occurrence between national regions. In this study, we
aim to address some of these gaps by using national surveillance data to describe the regional

trends of incidence, clinical severity and predominant age groups of infection.

Methods

This is a descriptive study using data of the national dengue surveillance system of Brazil.
Dengue has a marked seasonal pattern in the country, with the season starting in October and
ending September following year. Due to this seasonality, we analyzed cases reported to the
dengue surveillance system and available from the National Reportable Disease Information
System (Sistema de Informacao de Agravos de Notificacao [SINAN]) from October 2001-
September 2014. During the study period, two versions of SINAN were in operation: SINAN-
Windows from 2001-2006 and SINAN-NET from 2007 onwards. We also used data from the
National Hospital Information System (Sistema de Informacoes Hospitalares - SIH/SUS)

between October 2001-August 2014, specifically those hospitalizations with principal or
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secondary International Classification of Disease (ICD-10) codes A90: dengue fever (DF) and
A91: dengue hemorrhagic fever (DHF) (10). Additionally, we used the total number of cases
from 1986 to 2001 that were previously described to complete the historical information for
Figure 1 (11).

Dengue is a mandatorily reportable disease in Brazil, and the national surveillance system was
established at the time the virus was introduced to Brazil in 1980 (11). An extensive description
of the dengue surveillance system in Brazil has been describe before (11). Briefly, reports of
suspected cases of dengue are captured on standardized forms that are filled out in healthcare
facilities in Brazil. An Individual Report Form captures data on time, place and person related to
the patient, and an Individual Investigation Form captures clinical and laboratory data and final
diagnostic classification. All data are entered into SINAN (12).

During the study period, the Ministry of Health (MoH) of Brazil adopted the Pan American
Health Organization (PAHO/WHO) proposed case-definition for suspected and confirmed cases
of DF and DHF (13). Additionally, the MOH adopted in 2000 an intermediate classification,
“dengue with complications” (DwC) (12). This disease category (classification) was used
throughout the period of our study, although information related to the specific complication in
each case designated as DwC was only available from 2007, with the updating of the surveillance
information system to SINAN-NET that year. The category of DwC includes all cases which do
not meet the case definition of DHF but with a clinical severity that exceeds that of DF. The
following criteria also define cases as DwC: neurological alterations, cardiorespiratory
dysfunction, hepatic failure, gastrointestinal bleeding, white blood cell count < 1000 /mm’, or
death. Between 2007-10, thrombocytopenia of < SO,OOO/mm3 defined DwC; from 2011 onward,
the cutoff value was changed to of < 20,000/mm3. In 2014, the surveillance system in Brazil
started to adopt the revised definition proposed by the WHO, with three groups for the final
classification: dengue, dengue with warning signs and severe dengue.

The operational aspects of laboratory-based dengue surveillance have been described previously
(11). Briefly, laboratory confirmation is accomplished by (1) serological testing (Enzyme-Linked
Immunoflourescent Assay, ELISA) for detection of circulating IgM against dengue virus, or (2)
viral isolation in Aedes albopictus cells, clone C6/C3 in blood collected up to five days after

symptom onset, or (3) immunohistochemistry, or (4) detection of viral nucleic acid by reverse
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transcription polymerase chain reaction (RT-PCR) and (5) NS1 antigen detection. Currently, the
public national laboratories network includes 108 facilities for serological tests, 16 for viral
isolation and 22 for RT-PCR tests.

The national surveillance protocol entails laboratory confirmation of all reported cases during
non-epidemic periods. During outbreaks or epidemics, initial cases are confirmed by laboratory
testing, after which clinical-epidemiologic criteria are used, while it is recommended that at least
10% of cases be tested serologically (12).

For the data analysis, we selected probable cases of dengue (all reported cases, excluding
discarded cases) from the SINAN databases. Due to the dengue seasonality, we adopted the
period from October — September as the standard dengue year for the period of the study (e.g.
2002 included the period from October 2001-September 2002). An exploratory analysis of age of
reported and hospitalized cases was conducted, and records with values deemed inconsistent were
excluded. The remaining cases were then described by sex, age, final classification/diagnosis,
confirmation criteria, and outcome. Cases of DwC were characterized by clinical presentation
and age group during 2011-2013; data for the period 2007-10 have been published previously (8).
The annual number of hospitalizations was obtained from SIH/SUS. Dengue incidence and
hospitalization rates were estimated based on the number of probable cases, hospitalizations and
estimated regional population in Brazil for all years in the study period. Data analysis was
conducted in Tabwin 3.6b and SPSS Statistics 17.

This study was approved by the Committee for Ethics in Research of the Federal University of
Goids in accordance with the ethics principles established in Resolution 466/12 of the National

Council for Health.

Results

Since 2002, the number of dengue cases has increased in Brazil, and most notably between 2008
- 2013. During this period, nearly 6,9 million probable cases of dengue were reported in Brazil,
with over two millions probable cases reported in both 2010 and 2013, related to epidemics of
dengue serotype 1 and dengue serotypes 1 and 4 respectively (Figure 1; Table 1). Dengue has a

marked seasonal pattern in Brazil, with peak incidence occurring between November and

37



May(14). The period from September 2012-August 2013 is the first time in which over two
million cases of dengue were reported during the same season.

Sex distribution of probable cases remained constant during the study period with approximately
55% being female (Table 1). The proportion of cases that were laboratory-confirmed varied from
18% in 2002 to 40% in 2006; during the epidemics of 2010 and 2013 approximately 30% of
cases were laboratory-confirmed. The proportion of probable cases below 15 years of age was
highest between 2008-2011, peaking at 27.5% in 2008. This was followed by a decrease in cases
in this age group to around 14.0% in 2013 and 2014.

The period 2005-2010 was notable for high numbers of DwC, DHF and fatal cases. From 2008 to
2010, 53,391 severe cases were reported with over 1,600 deaths. Nearly 61,000 cases of DwC
and 16,000 cases of DHF, including 3,237deaths were reported between 2008 - 2013. In 2014,
702 severe dengue were confirmed including 311 deaths. The combined case fatality rate (CFR)
of DwC and DHF varied from 2.1% in 2002 to 9.5% in 2013. The CFR for severe dengue in 2014
according to the revised definition proposed by the WHO was 44.3%. The trend of increasing
CFR was paralleled by an increase in hospitalizations, with 422,273 inpatients between 2008-
2013, of which almost 100,000 occurred in 2010 (Table 1).

Figure 2 shows the incidence of dengue between 2007-2014 by age group and region of Brazil.
The data indicates different transmission patterns by region during this time period. In all regions
the highest incidence was observed in age groups 15-59 years of age. However, cases did occur
in persons below age 15 and above age 59 with variations by region. Among those below 15
years of age, incidence was highest in 2008, and the region with the highest incidence was the
Southeast, reaching 500 cases per 100,000 population. In 2010 this age group again experienced a
high incidence rate, with similar findings in the Central-West Region.

During the period from 2005 to 2010, a trend of increasing incidence in the age group >60 years
of age became evident. This was particularly notable in the Central-West and Southeast regions
of Brazil, with the incidence rates in 2013 being >1,587/100,000 and 779/100,000 respectively.
Analysis of dengue hospitalization rates in the same age group showed similar trends (Figure 3).
Hospitalization rates among those under 15 years of age showed the greatest increase beginning
in 2005, with the North and Northeast regions having rates of over 50 hospitalizations/100,000
from 2007 to 2012.
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Nevertheless, the increased incidence of dengue in 2013 was not accompanied by an increase in
hospitalizations. In the Southeast, South, and Central-West Regions, the locus of most cases in
2013, a slight increase in hospitalization rates was observed in children and young adults, and
notable increases in those above age 40 (Figures 2 and 3).

Clinical characteristics of cases classified as DwC during 2011-2013, by age group, are shown in
Table 2. Among the clinical outcomes of these patients, DHF suspected cases that did not fulfill
all the four criteria proposed by WHO were emphasized. In 2011 and 2012 this category of DwC
patients represented approximately half of cases in all age groups. In 2013, there was an increase
in the proportion of these patients, reaching 68.32% in those under age 15. Cases with
thrombocytopenia of <20,000/mm’ constitute almost 30% of cases of DwC in 2011. Although
thrombocytopenia itself is not a severe finding, these patients require enhanced care and follow-
up with over 84.6% of them being hospitalized.

In the DwC cases across all years, children predominated among those with plasma effusions,
representing 13% in 2011 and in 2012. As the essential characteristic of DHF is plasma leakage,
patients with plasma effusions may be included in the group of greater severity, of which almost
95% were hospitalized. Other notable clinical characteristics include respiratory insufficiency
among those aged 60 years and above (4.8% in 2011 to 11.9% in 2013) and gastrointestinal
bleeding among those aged 15-59 years (7.3% in 2011 to 18.8% in 2012).

There were 4,310 dengue deaths reported in Brazil from 2002-2014. Of these, 1,616 (37.4%)
occurred between 2011-2013. The median age of those who died decreased between 2007-2009,
coincidental with the period of predominant circulation of DENV?2 in the country (Figure 4).
During this period, over 25% of deaths were reported in those under age 15. With the emergence
of DENVI in the second half of 2009, the median age of those who died increased to above 40
years of age. The increase in age continues into 2013/2014, with more than half of deaths among

those older than 50 years of age.

Discussion
This study describes the patterns of dengue in Brazil over the past 13 years. The exposure of
large parts of the population to different dengue serotypes propelled the epidemics during this

period, along with significant epidemiological shifts. Notable among these is the increasing in the
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burden of the disease and the proportion of severe cases and deaths in the elderly. These trends
were observed in all regions of the country and included the occurrence of unusual clinical
manifestations such as encephalitis.

The occurrence of large epidemics such as those of 2008, 2010 and 2013 overloaded the capacity
of basic healthcare units and hospitals (15). Nevertheless, the surveillance system was able to
continue collecting important indicators, including laboratory confirmation of 20-40% of reported
cases, and the systematic investigation of cases resulting in the exclusion of approximately 30%
of cases per year (data not presented).

The increasing severity of disease over the study period and the occurrence of epidemics is
reflected in the increase in hospitalizations. In the three years of 2002, 2008 and 2010, the
number of hospitalizations equaled 32% of the entire study period. During 2013, the greatest
number of cases were reported — nearly 1.4 million — yet only 4% required hospitalization, which
was three-fold less than in 2008 and two-fold less than in 2010.

This finding may not reflect a reduction in the incidence of severe cases. Even though the lower
virulence due to DEN4 is one of the possibilities, other may include improved clinical care at the
basic health facilities at municipal level. Since 2009, the Ministry of Health has invested to
develop and improve contingency plans for dengue epidemics at local, state and national levels
(16). These plans include the activation of “stabilization wards” and other features of emergency
plans aimed at steering dengue cases away from regular hospital wards, with consequent
decreased admissions rates. The “stabilization wards™ are temporary structures for clinical care of
patients in primary care facilities where hypovolemia is treated and patients are closed monitored.
Patients may remain in such facilities for over 24 hours for observation and/or hydration, but no
payment for hospital admission is registered. Absence of such record is a challenge for
surveillance and new approaches for characterizing these patients as having been admitted to a
healthcare facility are required. A different scenario was observed during years of low overall
incidence of dengue, when the hospitalization rate was higher. This was most notable in 2004, the
lowest incidence year to date since 2002, during which 27% of reported cases were hospitalized.
This is expected in a low transmission pattern since the health system is not overwhelmed by

dengue cases, reducing the need to activate the contingency plans.
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Until 2010, approximately 50% of cases of DwC were categorized by having thrombocytopenia
of < 50,000 platelets/mm” (8). In our analysis we identified that in 2011 approximately 30% of
cases were attributable to this characteristic, compared with 10% in both 2012 and 2013. This
reduction reflects the change in the definition of thrombocytopenia from < 50,000 platelets/mm3
to 20,000 platelets/mm’ beginning in 2011. The higher proportion in 2011 could reflect the
continued use of the previous classification of thrombocytopenia.

Previous studies have documented the trend towards increased hospitalization among children
and the elderly (17,18). In this study, we characterized this trend in detail by region within Brazil,
with the highest incidence observed in adults over 40 years of age, regardless of the
predominating serotype and peaks of transmission in all regions of the country. For the youngest
and oldest age groups, we also noted increases in incidence and hospitalization rates with
different patterns by region, particularly with respect to the Central-West region of Brazil. Our
results highlight a different scenario when compared to other countries that also experienced
infection by different dengue serotypes over long periods. In Singapore an increase in the
incidence in adults was observed as a potential reflect of the control of disease transmission at a
household level (19).

Dengue Hemorrhagic Fever is characterized by plasma extravasation, which is manifest in
increased hematocrit, hypoalbuminemia and plasma effusion. Among DwC cases in this study,
cases suspected of DHF and DwC cases manifesting with plasma effusion represent about 50% of
these cases, illustrating the difficulty in confirming the DHF diagnosis. This case definition of
DHEF has been criticized by WHO because the studies supporting it have been underrepresented,
since they were conducted only in children in southeast Asia, used strict laboratory confirmation
criteria and had low sensitivity for detecting severe clinical features (20,21). As such, the
applicability of the case definition in sites with limited infrastructure was questioned (22-24).
The clinical management guideline in Brazil adopted since 2002 already matched WHO’s revised
classification of dengue from 2009 (25). Although revisions and improvements of this guideline
have occurred, these clinical practices predated WHO’s current recommendations almost by a
decade. However, the surveillance system only adopted the definitions in 2014. It is reasonable to
expect that an initial misclassification of severe dengue may occur, generating an inaccurate CFR

for this group of patients. The very high CFR for severe dengue observed in 2014 (44.3%) does
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not necessarily means a collapse in the management of the patients or an increase in dengue
severity. It may reflect the need for new insights to interpret the information from the
surveillance systems throughout different areas of the world due to the strict criteria currently in
use. While we better understand this new challenge, the use of CFR for dengue instead of severe
dengue may be a more suitable tool to evaluate the impact of the different efforts to reduce
dengue mortality than the CFR for severe dengue.

The main limitation of this study is due to the use of secondary data sources, and therefore results
should be interpreted with caution. Quality control may be limited at the local level where data
are collected/entered, especially during the occurrence of epidemics. Under-reporting and
incomplete data recording on forms, even with the use of standardized instruments, are inherent
limits of a passive surveillance system (26). Furthermore, the substantially different levels of
infrastructure and human resource capacity across many hundreds of municipal health
departments is likely to have introduced variability in the data. Another limitation relates to
estimates of hospitalization rates. Our sole source of information for hospitalizations captures
only admissions paid by the public health system, not including data from private healthcare
facilities. However, most healthcare in Brazil is provide through the public health system and
therefore our data are apparently representative, but likely entail some under-reporting (27). We
note that similar results were observed from the independent databases we used in this study,
indicating validity of the findings in spite of the cited limitations.

We believe that the data presented in this study represent a reliable assessment of the
epidemiology of dengue in Brazil. By using standardized data collection instruments and routines
for investigation and classification of cases in the surveillance system, it was possible to estimate
the burden of disease stratified by the different regions of the country. These aspects are even
more relevant to the prospect of vaccine introduction, providing strategic information for the
selection of sites for conducting clinical trials (28-31). For such studies the documentation is
crucial: epidemiological information on where the tests will be conducted with the details of the
clinical features of severe cases, distribution of incidence by age group and the dynamics of
movement of viral serotypes (32,33). Also, for a vaccine introduction, it will be necessary to use

historical knowledge of the transmission patterns to distinguish whether the reduction of cases is
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due to the protective effect of the vaccine or determined by the seasonal characteristics of the

disease.
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Table 1. Dengue probable cases according to sex, final classification, confirmation criteria and hospitalizations, Brazil, 2002 —

2014%*.

Dengue season 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Probables Cases (in thousands) 708,4 288,5 73,8 147,1 259,1 481,8 651,0 357,1 1,025,7 771,4 588,3 1,474,5 573,5
Hospitalizations (in thousands) 53,8 559 21,7 31,6 31,5 512 772 50,7 91,9 83,3 54,2 64,5 28,0
Females (%) 56.4 569 557 56.7 559 558 550 551 553 53.8 557 570 543
Laboratory confirmed (%) 184 30.1 372 36.7 406 354 214 27.0 335 33.4 247 29.7 38.6
Cases in children <15 years (%) 170 162 163 17.0 170 17.6 275 22.7 18.7 22.8 183 143 14.5
Dengue with complications (DwC) 4,778 2,577 647 1,375 2,079 4,103 20,443 8,051 13,909 8,764 3,710 5,820 -
Deaths due to DwC 31 35 11 38 66 142 309 175 370 366 224 435 -
Dengue Hemorrhagic Fever (DHF) 2,608 913 159 530 910 1,907 4,502 2,679 3,807 2975 1,094 1,385 -
Deaths due to DHF 121 54 8 40 81 150 266 178 308 224 125 242 -
Severe Dengue (SD) - - - - - - - - - - - - 702
Deaths due to SD - - - - - - - - - - - - 311
Predominant Serotype 173 3 3 3 3 32 2 2 2/1 1 1 1/4 1

*Data updated on October 2014.
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Table 2: Clinical outcomes of cases classified as Dengue with complications, by age group, 2011-

2013.

Clinical outcome 2011 2012 2013

0-14 15-59 >=60 0-14 15-59 >=60 0-14 15-59 >=60

Neurological alterations 1,9 1,6 2,4 3 1,8 2,7 1,8 2,2 34
Cardiorespiratory dysfunction 1,4 2 4,8 1,8 3,1 8,3 2,0 4,1 11,9
Hepatic Failure 0,5 09 0,7 L5 1.8 03 08 14 1,3
Platelets count <20,000 mm3 26,7 30,3 32,8 13,8 157 204 62 109 12,4
Gastrointestinal bleeding 5,4 7,3 6 11 18,8 8,1 8.5 12,6 7,8
Effusions and Ascites 13,1 3,6 2,5 13,7 4,1 4,6 7,1 2,5 3,0
WBC* count <1000/mm’ 03 07 05 04 0,6 08 02 04 0,8
Suspected DHF with missing 46,3 48,8 452 514 49,6 52,2 68,3 61,8 55,4
criteria)

Missing data 45 49 5 35 46 27 50 42 39
Total Number of Cases 2435 5330 955 802 2519 372 1140 3850 830

*WBC - White Blood Cell
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Figure 1. Dengue Probable Cases and Hospitalizations, Brazil, 1986-2014.
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Figure 2. Dengue Incidence by age group and region of residence, Brazil, 2001-2014.
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Figure 3. Dengue hospitalization rates by age group and region of residence, Brazil, 2001-2014.
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Figure 4. Age distribution of dengue deaths by region of residence, Brazil, 2007-2014. Boxes
encompass 25" and 75" percentiles. Black lines within boxes = medians. Dashed line represents

15 years of age.
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Abstract

We evaluated the sensitivity of the dengue surveillance system in detecting hospitalized cases in
ten capital cities in Brazil from 2008 to 2013, using a probabilistic record linkage of two
independent information systems (hospitalization (SIH-SUS) and surveillance (SINAN)).
Sensitivity was defined as the proportion of cases reported to the surveillance system amid the
suspected hospitalized cases registered in SIH-SUS. Of the 48,174 hospitalizations registered in
SIH-SUS, 24,469 (50.7%) were reported and registered in SINAN, indicating an overall
sensitivity of 50.8% (95%CI 50.3-51.2). The observed sensitivity for each of the municipalities
included in the study ranged from 22.0% to 99.1%. The combination of the two data sources
identified 69.935 hospitalizations, an increase of 50.3% over SINAN itself. Our results allowed
establishing the proportion of underreported dengue hospitalizations in the public health system
in Brazil, highlighting the use of probabilistic record linkage as a valuable tool for evaluating

surveillance systems.
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Introduction

Dengue is the most important arboviral disease in the world due to the associated
morbidity, mortality and economic burden (1-4). In Brazil, the disease has become a major public
health challenge, with 5.8 million probable cases, 555 million hospitalizations and 3,000 deaths
reported from 2002 to 2014. During this period, noteworthy epidemiologic shifts were observed
in the country, including an increase in the number of smaller cities experiencing transmission,
changes in affected age groups and increases in the proportion of severe cases (5-8).

Dengue fever is a mandatorily reportable disease in Brazil since the reintroduction of the
virus to the country in 1986 (7). The dengue surveillance system relies on passive reporting from
healthcare facilities (outpatient and hospital), with uniform standardized forms used throughout
the country. The data from these forms are entered into the National Reportable Disease
Information System - SINAN (Sistema de Informagdo de Agravos de Notificacdo), which is the
main source for dengue related information in Brazil. As expected, passive surveillance likely
results in under-reporting, especially with regard to undifferentiated febrile and atypical forms of
dengue (9,10). This limitation may lead to an underestimated burden of the disease, which can
result in inappropriate allocation of resources for prevention and control activities(11-13).

The continuous evaluation of surveillance systems with respect to their attributes, is
critical for maximizing the efficacy and the utility of such systems and for producing more
reliable indicators (14). The sensitivity of a surveillance system is the capacity to identify cases
of the disease and, therefore, is a crucial attribute for a system to reach its goals. However, the
evaluation of the sensitivity is usually a challenge due the lack of a gold standard to provide the
true number of cases for comparison (15). The record linkage of different information systems is

an alternative to improve disease estimates and evaluate the sensitivity of surveillance systems
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(16—-18). Hospitalizations in the public health system in Brazil (National Unified Health System-
SUS) are registered in a specific information system that is independent of the surveillance
system. The objective of this study was to estimate the sensitivity of the national dengue
surveillance system (SINAN) for detecting hospitalized dengue cases in the National Unified

Health System (SUS) in 10 state capitals between 2008 and 2013 in Brazil.
Methods:

This an observational, descriptive and sectional epidemiologic study based on the
probabilistic record linkage between the databases of the National Unified Health System’s
Hospital Information System (we use the Portuguese acronym SIH-SUS) and the National
Reportable Disease Information System (SINAN).

Study area and period: We selected ten state capitals located in the four dengue
endemic regions of Brazil for the study. These municipalities contributed 10% of the total
hospitalized dengue cases from 2008 to 2013, the study period. Although the municipalities vary
in size, they were similar with regard to epidemiological aspects of dengue such as the historical
circulation of the four viral serotypes (DENV 1, 2, 3, 4) and the occurrence of epidemics. The
selected capitals were the following (city (state)): North Region - Manaus (AM), Boa Vista (RR);
Northeast Region — Fortaleza (CE), Natal (RN), Sao Luis (MA), Teresina (PI); Southeast Region
- Rio de Janeiro (RJ), Belo Horizonte (MG); and Central-West Region — Goidnia (GO), Campo
Grande (MS).

Data Sources:

Dengue hospitalized cases: The organization of the Public Health System (SUS) in

Brazil has been described in detail elsewhere (19). Briefly, this system provides universal
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healthcare to all persons residing in Brazil, outpatient and inpatient, at no charge to patients.
Approximately 70% of inpatient medical services in the country are provided by SUS (20).
Hospitalizations in SUS requires completion of a standard form that captures patients’ personal
data, symptoms, and the initial diagnosis coded according to the 10th revision of the International
Classification of Disease (ICD-10). This form and further information on diagnoses, treatment,
test results, and billing are the main data recorded by the SIH-SUS, which is an administrative
database standardized throughout Brazil. This system captures data on all hospitalizations paid by
the public health system for public and contracted hospitals. The resulting data is checked and
validated by local health authorities and subsequently transmitted to regional and national levels.
For this study, we extracted the records for suspected dengue cases that were hospitalized in
SUS, using ICD10 codes A90 and A91 for Dengue and Dengue Hemorrhagic Fever. We used the

SIH-SUS database, updated in January 2014, for the years 2008 to 2013.

Reported dengue Cases: The organization of the surveillance system has been
previously described (7). In summary, dengue is a mandatorily reportable disease and the system
relies on the notification of all suspected cases at public and private health facilities. SINAN 1is
the official information system for entering and processing the data for reported dengue cases
throughout Brazil. It uses uniform standardized forms that capture data related to patient
identification as well as the main characteristics of the illness. Data on patient hospitalization
during each dengue disease episode is also recorded and this procedure is independent of STH-
SUS routines. During the study period, the Ministry of Health (MoH) of Brazil adopted the case
definitions proposed by the Pan American Health Organization (PAHO/WHO) for suspected and

confirmed cases of Dengue Fever (DF) and Dengue Hemorrhagic Fever (DHF). Additionally, the
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MOH adopted an intermediate final classification “dengue with complications” (DwC) that
includes all the cases that did not fulfill the DHF diagnosis criteria and ones for which the DF
classification was not satisfactory due to the severity of the clinical and laboratorial outcomes
presented. Identification and deletion of duplicated records are conducted at the local level using
SINAN’s automated routine and the resulting data is transferred to state and federal levels.
Failure to transmit data from the local level for a period of two months is penalized by

cancellation of financial resources destined to the municipality.
Data analysis

Initially we identified and excluded duplicate records and inconsistencies in both
databases. During the process of standardization of databases a total 25,047 duplicate records
were excluded (23,232 from SINAN and 1,815 from SIH-SUS).Using the cleaned databases, we
generated descriptive findings of dengue related hospitalizations by gender, age group and
diagnosis according to ICD-10 in each of the two systems. The number of dengue-related
hospitalizations in each state capital derived from SIH-SUS was defined as the gold standard for
the subsequent sensitivity analysis.

A probabilistic record linkage of all dengue related-hospitalized recorded in SIH-SUS and
all reported cases in SINAN was performed. We used RecLinklIII software, which implements the
probabilistic record linkage methodology and is widely used for this purpose in Brazil (21,22).
The output of this software includes a score for the links formed to assess the agreement and
disagreement of the variables selected for the linkage. The higher the score, the greater the

probability of finding a true matched pair.
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Prior to record linkage, both databases underwent a pre-processing stage of quality
analysis to minimize errors and increase the likelihood of finding matched records. These
procedures comprised mainly standardization of the variables selected as matching and/or
blocking variables.

The record linkage process consisted of the following steps:

(1) The following matching variables were included in the probabilistic record linkage:

patients’ name, date of birth, mother’s name, and city of residence.

(2) Gender was used as a blockage variable. This step created mutually exclusive blocks
in the two databases for a greater speed in the linkage procedure.

(3) The resulting score of the linkage was used to attribute the status of the pair as
follows: “true” (scores from 19.3 to 38.1), “questionable” (scores from 13.1 to 19.3),
and “non-pair” (scores<13.1).

(4) “Questionable” pairs were manually reviewed with the objective of reclassification
to “true” or “non-pair”. A similar procedure was also applied to a randomly selected
sample of “true” pairs and “non-pairs” for quality control.

The sensitivity of the surveillance system for detecting hospitalized cases in SIH-SUS was
calculated using two approaches. In method 1, the numerator consisted of the total number of true
pairs, which were also described as being hospitalized in SINAN; the denominator consisted of
the total number of dengue related hospitalizations in SIH-SUS. In method 2, the numerator
consisted of the total number of true pairs regardless of the reported hospitalization status in
SINAN; the denominator consisted, again, of the total number of dengue related hospitalizations

in SIH-SUS.
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Data was processed and analyzed using Tabwin, Reclink III version 3.1.6 and Microsoft
Office 2010.
This study was approved by the Committee for Ethics in Research of the Federal University of
Goids in accordance with the ethics principles established in Resolution 466/12 of the National
Council for Health of Brazil.

Results

During the study period, 1,203,212 suspected dengue cases were reported in the 10 selected
municipalities and of these 34,756 (2.9%) were hospitalized according to SINAN. In SIH-SUS,
48,174 dengue hospitalizations were registered during the same period. Overall, the number of
hospitalizations recorded in SIH-SUS was 38.6% higher than those recorded in SINAN (Figure
1). However, this pattern was not observed in the municipalities of Sao Luis (MA), Rio de
Janeiro (RJ) and Campo Grande (MS) where the number of hospitalizations was higher in
SINAN exceeded those recorded in SIH-SUS by 3,818 (23.0%) (data not shown).

The distribution of hospitalizations by sex showed a similar pattern in both information
systems, with females accounting for about 51% of the records. The proportion of hospitalized
cases in children under 15 years was higher in SIH-SUS (45.0%) compared to SINAN (39.5%).
This pattern was observed in most capitals except in Boa Vista (RR) where the proportion of
hospitalizations in children was 55.8% in SINAN and 44.0% in SIH-SUS.

Patients with DF accounted for 41.4% and 83.1% of hospitalizations in SINAN and SIH-
SUS, respectively. Almost twice as many hospitalizations due to suspected DHF were observed
in SIH-SUS compared with those in SINAN: 8,123 (17.0%) vs. 3,296 (9.5%) records,

respectively. However, 14,013 hospitalizations (40.3%) were classified as DwC in SINAN,
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highlighting that some of these cases may include suspected DHF inpatients. Only in Boa Vista

(RR) there was a higher number of hospitalizations due to DHF in SINAN (Table 1).

The probabilistic record linkage identified 24,469 records common to both databases. Overall,
among the total number of pairs found, 12,995 (53.1%) had the field for the variable
“hospitalization” completed in the SINAN record, with the highest proportion observed in 2011
(68.4%) (Table 2). However, different results were observed for the years of 2008 and 2009,
with, respectively, 44.5% and 20.1% of the pairs with information on hospitalization available in

SINAN.

The combination of the two systems allowed identification of 69,935 hospitalizations, which
represented increases of 50.3% and 31.1% in the number previously registered in SINAN

(34,756) and SIH- SUS (48,174), respectively (Table 2).

The sensitivity of the surveillance system in detecting cases hospitalized in SUS was 27.0%
(95% CI 26.7 to 27.5), when considering only records with information regarding hospitalization
in both systems (method 1). Using this approach, the lowest sensitivity was observed in 2009 at
8.3% (95%CI: 7.4 to 9.3) and the highest in 2013 at 41.9% (95% CI 39.9 - 43.3). Among the
municipalities the highest and lowest sensitivities were observed in Campo Grande (MS) at
78.5% (95%CI: 67.5 to 86.6) in 2012 and 0% in 2008, when none of the 15 hospitalizations were

registered in SINAN.

The sensitivity of the surveillance system including all records in SINAN regardless of the
hospitalization status (method 2) was almost twice as high as that calculated by the first
approach. Using this method, the cumulative sensitivity was 50.8% (95%CI: 50.3 - 51.2), with

the lowest value observed in 2009 at 41.2% (95%CI: 39.6 - 42.9) and the highest in 2013 at
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79.1% (95%CI: 77.7 - 80.4). Among the municipalities, the highest value was observed in
Campo Grande (MS) at 99.2% (95%CI: 98.3 - 99.6) in 2010 and the lowest in Teresina (PI) at

18.1% (95%CI: 14.8 - 21.9) in 2008 (Table 2; Figure 2).

The comparison of matched pairs according to the initial clinical suspicion of dengue from
SIH-SUS and the final classification according to the surveillance system is presented in Table 3.
Among the 4,515 pairs hospitalized in SIH-SUS and classified as DHF (A91), 35.5% (1604)
were classified in SINAN as DF, 31,2% (1,407) as DwC and 15.1% as DHF / DSS. Of the 19,954
patients hospitalized with a classification of DF (A90), 57.5% (11,482) had a final classification
of DF,17.2% (3,456) were reclassified as DwC and 4.9% DHF and DSS. The percentage of pairs

that lacked a classification by the surveillance system was 12.5%. (Table 3)
Discussion:

In this study, we demonstrated the occurrence of a larger number of hospitalized dengue
fever cases in Brazil than that captured in the national surveillance system (SINAN). The use of
probabilistic record linkage of SINAN data and the national hospitalization system (SIH-SUS)
database expanded the estimate of dengue hospitalizations by over 52.0% (37,887)

hospitalizations in the ten cities of the study, compared to the data available from SINAN alone.

The dengue surveillance system should capture all reported cases from both public and
private health systems. We therefore expected that the total number of cases in the SINAN
surveillance database would exceed that of SIH-SUS, which only covers the public health
system. However, this was not observed in general, except for three municipalities, where the
higher number of hospitalizations observed in SINAN when compared to SIH-SUS could reflect

an improved participation from private hospitals in surveillance activities.
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The adoption of two different approaches to evaluate the sensitivity allowed a more
comprehensive analysis of the current operational aspects of the surveillance system. Most
hospitalized suspected cases of dengue were not reported to the surveillance system or were
reported before hospitalization. Only 12,995 of the reported dengue cases had data on the
hospitalization status in the surveillance information system. The completion of the appropriate
data field for hospitalization status in the SINAN surveillance form would enable the surveillance

system to capture the burden of the disease and its trends over time.

Interpretation of the results of our analysis for 2008 and 2009 requires caution. A new
version of SINAN software was implemented nationwide in January 2007. The updated version
did not allow filling the field for the hospitalization variable for cases classified as DF, even if the
data was available from the investigation form. As this limitation was a technical oversight, it
was corrected with a software patch in late 2009. Since the attributes of a surveillance system are
intrinsically interconnected, the sensitivity in this case was influenced by the limited capacity to
adapt to changing information needs or operating conditions, in other words, the flexibility of the

system.

Although SINAN and SIH-SUS are completely independent of each other, the distribution
of sex and age groups of hospitalized patients was very similar for the cases captured by each of
the two systems. However, the final classification of the cases is only available from SINAN.
This classification reflects the investigation conducted locally by public health professionals
based on chart review and clinical and laboratory findings, in accordance national guidelines of
the Ministry of Health (23). Annually, 30 to 40% of reported cases are discarded by the

surveillance system in Brazil based on these investigation routines; confirmed cases are classified
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according to their clinical outcome. During dengue outbreaks, the health system is usually
overwhelmed and mild cases may be reported without follow up, but additional information is
mandatory for cases with severe outcomes. The results of these investigation efforts by the public
health system serve to guide the adoption of control measures and organization of the healthcare
network for present and future transmission periods. In our study, the final classification of cases
available in SINAN presented a low concordance with the initial diagnosis by physicians at the
time of hospitalization. Only 15.2% of those hospitalized as a suspected case of DHF in the
public health system met the proposed criteria for this definition; the high proportion (22.5%) of
hospitalized DF cases that were reclassified to more severe forms, DwC or DHF, underscore the
difficulties of using the WHO protocol in routine epidemiological surveillance (25-27). Greater
accuracy in the identification of severe cases was attempted in SINAN by including classification

of Dengue with Complications (DwC). DwC is not a classification option in SIH-SUS.

Better knowledge of the indicators of morbidity and mortality is essential for assessing the
burden of dengue and for measuring the impact of intervention strategies (28,29). The availability
of different data sources in Brazil is a most welcoming scenario as it has the potential to increase
the representativeness of the surveillance system (30-33). In this context, the integration of these
different sources should be seamless, with automated reports from SIH-SUS to SINAN as
suspected cases of mandatorily notifiable diseases are hospitalized. Efforts like this should also
be extended to the health insurance companies that also rely on information system for payment

purposes.

Other studies have emphasized the need for evaluating the underreporting of hospitalized

dengue cases. In Cambodia, data from the routine surveillance system was compared with data
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from active surveillance; 1.1- to 2.4-fold more hospitalized cases were detected by active
surveillance (34). Similar results were found in another study in Cambodia and Thailand with 1.4
and 2.6-fold more hospitalizations, respectively (35). In Puerto Rico, the estimated
underreporting for inpatients was 42.0% (36). In Belo Horizonte, Brazil an evaluation of the
surveillance system found similar results with a sensitivity of 63% in detecting hospitalized

patients (24).

Underreporting of non-hospitalized patients is even more pronounced. The use of active
surveillance in Thailand and Cambodia detected 8.7- and 9.1- fold more cases, respectively, than
routine surveillance (35). Other studies showed higher levels of underreporting ranging from 3.9
-29 times in Cambodia and 14.0 — 28 times in Nicaragua (34,37). The significant undercounting
of non-hospitalized patients is likely do to the fact that many infected persons, especially those

with non-severe dengue, do not seek healthcare. .

The following limitations may have influenced the estimates of sensitivity in our study. We
used the data from SIH-SUS as a gold standard, but this system includes only hospitalizations in
the public health system, and excludes private healcare facilities. A second potential limitation
lies in the methodology of the probabilistic record linkage. Although we have processed a manual
review of the pairs with the objective of minimizing errors, it is possible that some pairs were
considered true but in fact consisted of different individuals (i.e., false positives), while others

may not have been correctly identified (i.e., false negatives) (38).

Although cohort studies are considered the best method for epidemiological estimates of
disease incidence, our study confirms the practicality of comparing different databases by using

probabilistic methods as a viable alternative for evaluation of surveillance systems. To our
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knowledge, this is the first study that uses the probabilistic linkage of the databases of SINAN
and SIH-SUS in the evaluation of the surveillance of hospitalized dengue cases in multiple cities.
Some of our findings reinforce the usefulness of such methodology. The first concerns the
revised WHO dengue classification, adopted by Brazil in 2014. Our study may serve as a
reference for comparisons in the future on some attributes of the surveillance system employing
the new classification. Additionally, the introduction of a dengue vaccine requires a stable, robust
surveillance system that provides reliable counts of hospitalized dengue cases, among other
indicators, in order to define priority areas and populations for vaccination trials and cost

effectiveness studies.
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Table 1. Dengue hospitalizations according to sex, age and clinical classification by

information system in the ten municipalities of the study, Brazil, 2008 — 2013.

2008-2013
Characteristics SINAN SIH
N (%) N (%)
Female 17,866 (51.4) 24,754 (51.4)
Age groups
<15 years 13,735 (39.5) 21,702 (45.0)
15 a 59 years 16,054 (46.2) 22,487 (46.7)
60 and above 3,131 (9.0) 3,984 (8.3)
Missing/Inconsistencies 1,836 (5.3) 1 0.0
Case Classification*
DF 14,415 (41.5) 40,051 (83.1)
DwC 14,013 40.3) - -
DHF/DSS 3,346 (9.6) 8,123 (16.9)
Probable cases 697 (2.0)
Discarded 2,285 (6.6) - -
Total Hospitalizations 34,756 (100) 48,174 (100)

*DF- Dengue Fever; DwC — Dengue with complications; DHF — Dengue Hemorrhagic Fever;

DSS - Dengue shock syndrome
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Table 2. Sensitivity of SINAN to detect dengue hospitalized in ten municipalities of the study, 2008 - 2013

2008 2009 2010 2011 2012 2013 Total

Information Source
N N N N N N

SINAN Hospitalization  11.108 788 6.514 9.094 3.758 3.494 34.756
SIH-SUS 18.251 3.455 8.202 10.050 4.836 3.380 48.174
Pairs SINAN and SIH-

7.781 1.425 5.116 4.299 3.174 2.674 24.469
SUS
SINAN with

3.462 287 3.055 2.942 1.832 1.417 12.995
hospitalization data
SINAN without

4.319 1.138 2.061 1.357 1.342 1.257 11.474
hospitalization data
Sensitivity 1* %0

19(18.4-19.4) 8.3 (7.4-9.3) 37.2(36.2-38.3)  29.3(28.4-30.2) 37.9(36.5-3.3)  41.9(40.2-43.6) 27.0(26.6-27.4)
ICI5%)
Sensitivity 2" o

42.6(41.9-43.3) 41.2(39.6-42.9) 62.4(6.3-63.4) 42.8(41.8-43.7) 65.6(64.3-66.9) 79.1(77.7-80.5) 50.8 (50.3-51.2)
ICI5%)
Total Estimated

oy 25,897 3,956 11,661 16,202 6,762 5,457 69,935

Hospitalizations

*Numerator-total number of true pairs which were also described as being hospitalized in SINAN; Denominator-total number of dengue

related hospitalizations in STH-SUS

" Numerator-total number of true pairs regardless of the reported hospitalization status in SINAN; Denominator-total number of dengue

related hospitalizations in STH-SUS.

*Total Estimated Hospitalizations: calculated using hospitalization registered in SITH-SUS only + SINAN only + Matched Pairs
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Table 3. Pairs identified by the probabilistic record linkage according to the initial clinical

assessment in SIH-SUS and final case classification in SINAN in the 10 municipalities of the

study, Brazil, 2008-2013.

SIH-SUS Initial clinical Assessment

SINAN Final A90 A91

Classification N (%) N (%)
DF 1,604 (35.5) 11,482 (57.5)
DwC 1,407 (31,2) 3,456 (17.2)
DHF/DSS 685 (15.1) 975 (4,9)
Not Classified

626 (13.9) 2,221 (11.2)

(missing information)
Discarded 193 (4.3) 1,820 (9.2)
Total 4,515 (100) 19,954 (100)

*DF- Dengue Fever; DwC — Dengue with complications; DHF — Dengue Hemorrhagic Fever;

DSS — Dengue shock syndrome
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Figure 1. Linkage of hospitalized dengue from SINAN and SIH-SUS in ten municipalities of the
study, 2008 — 2013
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Figure 2. Sensitivity of the dengue surveillance system to detect dengue hospitalized according

to method two for each of the municipalities of the study, Brazil, 2008-2013.
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7 DISCUSSAO

Nos ultimos treze anos a epidemiologia da dengue no Brasil tem-se caracterizado pela
ocorréncia de importantes mudangas. A exposi¢do de grande parcela da populagdo as infec¢des
pelo diferentes sorotipos virais € um dos fatores que contribuiu para o incremento de casos
graves, Obitos e alteracOes na distribui¢cdo da faixa etdria dos doentes. No entanto as alteracdes na
epidemiologia da doenca ndo ocorreram de forma homogénea no pais. Por suas caracteristicas
geograficas, um pais populoso e continental, foi possivel observar particularidades
epidemioldgicas que diferenciam algumas regides em relacdo a carga da doenga. Diferencas
como a distribuicdo da incidéncia, hospitalizacdes e grupos etdrios dos acometidos foram
algumas das caracteristicas observadas. Uma importante contribuicdo desse estudo foi também
uma melhor caracterizag¢do clinica dos casos graves. Foi possivel evidenciar, em concordancia
com outros autores, a dificuldade do sistema de vigilancia de classificar os casos graves da
doenca utilizando somente o protocolo estabelecido pela Organizacdo Mundial da Satdde. Essa
evidéncia foi confirmada com a constata¢do de um elevado nimero de casos, cerca de 50%, com
presenga de extravasamento plasmatico que tiveram que ser classificados alternativamente como
dengue com complicacdes (DCC). O sistema de vigilancia da dengue no Brasil adota como
estratégia a notificagdo passiva dos casos da doenca. Nessa estratégia € esperada uma
subnotificacdo de casos da doenca. No atual cendrio epidemioldgico € fundamental para o
sistema de vigilancia da dengue o seu aprimoramento na deteccdo e caracterizagdo dos casos da
doenga em especial dos casos graves. O estudo realizado em dez capitais, todas elas situadas em
areas endémicas, demonstrou as dificuldades de seus sistemas de vigilancia na detecc¢do dos casos
hospitalizados. Potencialmente o caso hospitalizado € grave e dessa maneira deve ser considerado
como prioridade seu registro e identificacao pelo sistema de vigilancia epidemioldgica. O uso do
relacionamento probabilistico utilizando as bases de dados do SINAN e SIH-SUS identificou
uma adicional de 69.935 hospitaliza¢des por dengue que equivale a 50,3% a mais de registros de
hospitalizados computados no SINAN. As diferentes abordagens de avaliacdo da sensibilidade
do sistema de vigilancia variaram de 27,0 a 50,8% na detec¢@o dos casos hospitalizados nos dez

municipios do estudo. Mesmo com alguns municipios apresentando bons resultados, caso de
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Campo Grande (MS) com 99.2% (95% CI 98.3 - 99.6) de sensibilidade em 2010, os resultados
globais indicam uma subnotificacdo de até 73% de casos hospitalizados a depender da andlise
empregada. Os sistemas de vigilancia dos municipios do estudo apresentaram nos anos de 2008 e
2009 um maior nimero de hospitalizacdes sem o preenchimento do respectivo campo no SINAN.
Esses resultados refletem a baixa flexibilidade do sistema na ado¢do de modificagdes em tempo
oportuno. Somente a partir de 2010 foi permitida a inclusdo do registro de hospitaliza¢do para os
casos classificados como dengue cldssica mesmo que no SIH-SUS j4 houvesse essa classificacdo
( CID A90). O atual cenario impdem grandes desafios para o sistema de vigilancia da dengue que
frente ao atual perfil epidemioldgico deve ser aprimorado para melhor caracterizacdo da doenca
no pais. Para nosso conhecimento, esse € o primeiro estudo, com municipios representativos das
regides endémicas de dengue do Brasil e elevado nimero de casos e hospitaliza¢des, que utiliza o
linkage probabilistico das bases de dados do SINAN e SIH-SUS na avaliagdo do sistema de
vigilancia da dengue na detec¢do dos casos hospitalizados. Seus resultados poderdo servir de
subsidios para ado¢do da nova classificacio de casos da OMS e também nos estudos de

preparacao para introducao da vacina de dengue.
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8 CONCLUSOES

Confirmou-se nesse estudo a potencialidade do uso do linkage probabilistico de
diferentes bases de dados como ferramenta adicional para uso pela vigilancia de dengue. O
SINAN e o SIH-SUS, mesmo com concepg¢des distintas de desenvolvimento, constituem-se em
duas bases de dados nacionais que podem aportar informacdes importantes para uma melhor
caracterizacdo da dengue. Mesmo com as limitagcdes dos estudos utilizando bases de dados
secunddrias acreditamos que foi possivel produzir informagdes confidveis sobre a epidemiologia
da dengue no Brasil. O Brasil tem uma grande importancia no cendrio mundial da dengue. As
andlises decorrentes desse estudo como a descri¢do do perfil epidemioldgico da doenca com um
enfoque por regides, a caracterizacdo dos sinais clinicos dos casos graves e a avaliagdo da
sensibilidade do sistema de vigilancia na detec¢do de casos hospitalizados poder@o contribuir na
discussdo de questdes da atualidade. Dentre essas questdes o desafio de implantar a nova
classificacdo da OMS e a preparacdo do sistema de vigilancia frente a perspectiva de introdugao

de uma vacina.

A vigilancia passiva continuard sendo a alternativa mais factivel de utilizacdo nas atuais
caracteristicas de organizacdo do sistema de satide brasileiro. Mesmo com suas reconhecidas
limitagdes € necessdrio seu aprimoramento para qualificar sua capacidade de monitorar a
dindmica de transmissdo da doenca. Esses avangos sao fundamentais para orientar a adog¢do das
medidas de controle, organizar a assisténcia dos pacientes e dessa maneira reduzir a morbidade

e mortalidade pela doenca.
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9 RECOMENDACOES

Como fruto das reflexdes desse trabalho as seguintes recomendagdes sdo sugeridas:

1) Desenvolver estudos epidemioldgicos com estratégias que aumentem a sensibilidade do
sistema passivo, como o uso combinado de vigilancia sentinela (unidades e/ou profissionais de
saude);

2) Adequar o SINAN de maneira que permita a coleta de informagdes dos sinais e
sintomas dos casos de dengue grave pela nova classificagdo da OMS. Isso permitird uma melhor

caracterizac¢do da doenca no futuro;

3) Nesse momento de transi¢cdo adotar como denominador para cdlculo da letalidade o
numero de casos por dengue. Isso permite uma avaliacdo mais justa com a classificacio anterior e
uma melhor avalia¢do do efeito das medidas adotadas pelas autoridades de satde no esforco de

reducdo dos obitos;

4) Implementar regulares avaliacdes dos atributos do sistema de vigilancia em todos os

niveis do sistema adotando padrdes internacionalmente reconhecidos;

5) Sistematizar os procedimentos de utilizacdo do linkage probabilistico de maneira que
se torne uma ferramenta complementar de avaliacdo do sistema de vigilancia de dengue pelo

Ministério da Sadde, Secretarias Estaduais e Municipais de Saude;

6) Discutir junto aos féruns de decisdao do SUS, especificamente para a drea de vigilancia
o Grupo Técnico de Vigilancia em Sadde, mecanismos para garantir o cumprimento Portaria
conjunta n° 20 de 2005 da Secretaria de Vigilancia em Satde (SVS) e Secretaria de Atengdo a
Saude (SAS) que estabelece a obrigatoriedade de notificacdo no SINAN dos casos de doencas de

notificacdo compulsoria que necessitem de hospitalizagao.

7) Aprimorar a articulacdo do sistema de vigilancia com os servicos privados de satde na

perspectiva de aprimorar a identificacao dos casos hospitalizados.
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