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RESUMO

Introducdo: O Streptococcus pneumoniae € o principal agente etiologico das
pneumonias bacterianas, e uma importante causa de Obito principalmente entre
criancas menores de 5 anos e idosos maiores de 65 anos. O Brasil incluiu a Vacina
Pneumocdcica 10-valente (VPC-10) no Programa Nacional de Imunizacdes (PNI) em
2010.

Métodos: Estudo ecolégico de todas as faixas etarias, com coleta das
informacdes a partir de uma base de dados nacional e aberta, o DATASUS. Periodo
estudado de 2002 até 2017. Foi feita analise descritiva do periodo pré versus pés-

vacinal. Para a analise de série temporal foi utilizado o software R.

Objetivos: O objetivo deste estudo foi avaliar o impacto direto e indireto da
VPC-10 sete anos apoés a introducdo vacinal para trés desfechos relacionados a

pneumonia: hospitalizacdo, mortalidade e tempo de permanéncia hospitalar.

Resultados: Houve reducédo significativa da incidéncia de internagao
hospitalar em todas as faixas etarias, exceto em adolescentes entre 10 e 19 anos. A
hospitalizacdo por pneumonia teve uma tendéncia de decréscimo mensal de 9.6 (-
15.4,-3.7-95% IC; p=0.0016) e -2.2 (-4.6, -0.1 — 95% IC; p=0.044) para os menores
de 1 ano e maiores de 80 anos, respectivamente. A mortalidade foi significativamente
inferior no periodo poés-vacinal para todas as faixas etarias acima de 5 anos de
idades. O tempo de permanéncia hospitalar aumentou significativamente para todas

as faixas etarias menores de 80 anos.

Concluséo: A introdugéo da VPC-10 no PNI reduziu de modo mantido e
progressivo a mortalidade e internagdes por Pneumonia na populacdo vacinada e
nao vacinada. Este foi o primeiro estudo a demonstrar um efeito de rebanho em
idosos sete anos apos a introducao da VPC-10. O impacto sustentado da VPC 10
deve ser reavaliado de forma constate tanto pelo risco de reposi¢cdo dos sorotipos
pneumocaécicos quanto pela mudanca no esquema de vacinagao, 2+1 desde 2016.



ABSTRACT

Introduction: Streptococcus pneumoniae is the main etiological agent of
bacterial pneumonia, and a major cause of death, especially in children and the
elderly. Brazil introduced the PHID-CV in 2010.

Methods: Ecological study of all ages collected from a National open-access
database (DATASUS), being the period studied between 2002 and 2017. A
descriptive analysis of the pre versus post-vaccinal period was made. For the time

series analysis, R software was used.

Objectives: Seven years after introduction in National Immunization Program,
the aim was to evaluate the direct and indirect impact of PhiD-CV for three pneumonia

outcomes were analyzed: hospitalization, mortality, and length of stay (LOS).

Results: There was a significant reduction in the incidence of hospital
admission in all age groups, except in adolescents between 10 to 19 years. There
was a decrease in hospitalizations due to pneumonia with monthly reduction trend of
-9.6 (-15.4, -3.7 — 95% CI; p=0.0016) and -2.2 (-4.6, -0.1 — 95% CI; p=0.044) for those
<1 year and >80 years, respectively. Mortality was significantly lower in the post-
vaccination period for all age groups over 5 years. LOS significantly increased for all

age groups younger than 80 years.

Conclusion: The PHID-CV in Brazilian National Immunization Program
reduced hospitalizations and deaths due to pneumonia in the vaccinated and non-
vaccinated inhabitants in a sustained and progressive manner. This study supports a
herd effect in the elderly seven years after the introduction of a pneumococcal
vaccine. The sustained impact of PHID-CV should be consistently reassessed both
by the risk of replacement of the pneumococcal serotypes and by the change in the

vaccination schedule, 2+1 since 2016.
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1. INTRODUCAO

A doenca pneumocdcica foi responsavel por cerca de 294.000 mortes em
criancas entre 1 e 59 meses em 2015, no Mundo.(1) Sendo a pneumonia
responsavel por 81% desses casos e 0 principal agente etiolégico bacteriano o
Streptococcus pneumoniae (Pneumococo).(1) O Pneumococo, um diplococo gram
positivo catalase negativo, € uma bactéria ubiqua que coloniza de forma transitoria
o trato respiratorio superior.(2,3) O Pneumococo € transmitido de pessoa para
pessoa atraves do contato respiratorio — goticulas — e cerca de 15% dos infectados
irdo adoecer.(2) Sao conhecidos mais de 90 sorotipos do Streptococcus
pneumoniae, e sua classificacdo é feita ~de acordo com seu envelope
polissacarideo.(2) A mortalidade descrita da doenca pneumocdcica invasiva (DPI),
entre os anos 2000 e 2009, na América Latina, € de 33,2% para meningite e 29%
para sepse.(4) O Brasil introduziu a vacina pneumocécica de forma universal e
gratuita no ano de 2010 e desde entdo ha estudos relatando o impacto dessa medida
de saude publica principalmente no referente a pneumonia.(5,6,6—8)

Os primeiros paises que incluiram a vacina pneumocécica conjugada no
calendario vacinal, inicialmente implantaram a VPC-7, havendo estudos publicados
com até 9 anos de seguimento e claramente demonstram o seu impacto direto e
indireto.(9—11) Apds a VPC-7 os esforcos se intensificaram para o desenvolvimento
de vacinas que abrangessem mais cepas do Pneumococo, e logo foram langadas a
VPC-10 e a -13. Progressiva e gradualmente, a VPC-10 ou a VPC-13 passaram a
compor o calendario vacinal de paises desenvolvidos e subdesenvolvidos, destes
altimos muito se deveu aos esforcos da Organizacdo Mundial de Saude (OMS) com
implantagédo do Plano de Acéo Global de Prevencéo e Controle da Pneumonia,
lancado em 2009.(12) Mesmo com a introdugcdo da VPC-7 a soro substituicdo ja
vinha sendo descrita, e com a introducdo das novas vacinas esse fenédmeno
permaneceu sendo uma realidade.(13-18)

Apesar de estar muito bem estabelecido o impacto nas hospitalizacdes por
pneumonia apos a introdugdo da vacina, ndo ha um consenso com relagdo ao
impacto na mortalidade.(19,20) Até onde temos conhecimento, tampouco héa
qualquer estudo com sete anos de seguimento da Vacina Pneumocécica Conjugada

10-Valente (VPC-10), em uma populacéo tdo representativa como a do Brasil e sem
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a introducao prévia de uma vacina pneumocacica conjugada no calendario nacional

de imunizacdes de forma universal e gratuita.
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2. FUNDAMENTACAO TEORICA

Controlar, eliminar e erradicar doencgas imunopreviniveis Sdo 0s principais
objetivos das politicas publicas de vacinacdo. A pioneira neste quesito foi a vacina
contra a variola, no século XVIll. Conforme € de conhecimento da comunidade
cientifica, o sucesso da vacinacdo como medida de controle de saude publica é
relatado por todo o Mundo.(5,6,17,21,22) O Brasil, em 1973, criou o Programa
Nacional de Imunizacdes (PNI) e por tal se destaca internacionalmente em termos
de qualidade, abrangéncia e cobertura vacinal.(23) No entanto as doencas
imunopreviniveis seguem sendo um problema de salude publica e dentre as
principais esta a doenga pneumocdcica: estimam-se 3,7 milhdes de casos graves,
no Mundo, em 2015.(1)

Segundo a OMS, as infeccdes do trato respiratorio inferior representaram a 42
causa de 0Obito, em 2016, no Mundo, e a 32 causa dentre os paises de baixa e média
renda. A pneumonia é uma infec¢cdo do trato respiratorio inferior que acomete a
mucosa pulmonar que pode ser de etiologia viral, bacteriana ou fungica. Em 2015,
as pneumonias corresponderam a 16% das causas de Obito em criancas menores
de 5 anos de idade, o que correspondeu a 920.136 vidas. Os agentes etiolégicos
mais comuns sao o Streptococcus pneumoniae em primeiro lugar, seguido pelo
Haemophilus influenzae B, j& a principal causa viral é o Virus Sincicial Respiratério
(VSR). Dentro do contexto epidemiolégico mundial e para dar seguimento ao “Plano
de Acéo Global de Prevencao e Controle da Pneumonia”, a OMS e a UNICEF
lancaram o “Plano de Ag¢édo Mundial para Pneumonia e Diarreia” com o objetivo de
proteger, prevenir e tratar criancas com pneumonia com objetivos a serem
alcancados até 2025.(24)

A primeira vacina pneumocacica data de 1977, e desde 2000 esta disponivel
a vacina pneumocadcica conjugada (VPC): um importante marco de desenvolvimento
tecnoldgico nesta area da saude.(25) A primeira VPC a ser produzida foi a sete
valente (VPC 7), composta pelos sorotipos 4, 6B, 9V, 14, 18C, 19F e 23F. Licenciada
desde 2002 no Brasil, a VPC 7 chegou a compor o calendario do PNI apenas para
pessoas pertencentes ao grupo de risco para doenca pneumococica invasiva (DPI).
O Uruguai foi o primeiro pais da América Latina a introduzir uma VPC em seu PNI,

inicialmente a VPC-7, em 2008, trocada para VPC-13 em 2010. Seis anos apos a
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introducdo vacinal o Uruguai relatou um impacto significativo na reducédo das

hospitalizacGes por pneumonia dentre a populacéo vacinada.(15)

Em 2010, o Brasil incluiu a VPC-10 no PNI, vacina composta pelos sorotipos
1, 5 e 7F ademais daqueles presentes na VPC-7. O esquema adotado foi o de 3+1:
trés doses no primeiro ano de vida — aos 2, 4 e 6 meses- e uma dose de reforgo entre
12 e 15 meses de idade.(21,23) Em 2016, o esquema preconizado passou a ser o
de 2+1: duas doses — aos 2 e 4 meses- e um reforco aos 12 meses de idade. Decisao
esta, embasada em estudos de efetividade vacinal para os diferentes esquemas
adotados mundialmente e em alinhamento com a recomendagédo da OMS e
PAHO.(32) A vacina pneumocodcica conjugada treze valente (VPC-13), licenciada no
Brasil desde 2013, confere imunogenicidade para os sorotipos 3, 6A e 19A ademais
daqueles presentes na VPC-10. Contudo, a VPC-13 valente é disponivel apenas em

clinicas privadas.

Na América Latina a efetividade da VPC-10 e -13 descrita para pneumonia
radiologicamente confirmada foi entre 8,8% e 37,8% e para pneumonia clinica de
7,4% a 20,6%. Contudo quando avaliada a pneumonia radiologicamente confirmada
com relacdo a cada uma das duas vacinas a efetividade vacinal variou de 11,9% a
25,3% para a PVC-10 e de 8,8% a 37,8% para a PVC-13.(4) Mundialmente, sao
vastos os relatos sobre o impacto das VPC sobre a incidéncia de PNM, OMA, e
infeccdes invasivas.(4,6,17,26—28) No entanto, vem sendo relatado um aumento de

doencas pneumocadcicas causada por sorotipos ndo vacinais.(13,29-31)

A vacina pneumocécica conjugada é capaz de eliminar e evitar o estado de
portador assintomatico do Streptococcus pneumoniae, possibilitando a interrupcéo
do ciclo de transmissao bacteriana. Como consequéncia de uma ac¢ao direcionada
para faixas etarias jovens, a imunidade de rebanho e a quebra da cadeia de
transmissdo sdo efeitos indiretos.(2,6,29) A reducdo da doenca pneumocdcica
invasiva causada pelos sorotipos vacinais, apos a introdugdo da VPC 13 na
Inglaterra e Gales, demonstrou claramente a imunidade de rebanho devido a
reducdo dos casos na populagcdo > 65 anos, ndo contemplada com esta vacina.(17)
O desenvolvimento da vacina pneumococica conjugada (VPC) alcangou o mérito da
prevencao de pneumonia, doencgas invasivas e otite média aguda causadas por esse

agente, para 0s sorotipos presente na vacina, conferindo uma imunidade superior
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aguela oferecida pela vacina pneumocodcica polissacaridea, antes a Unica opc¢ao
disponivel.(33-36)

Estudos de efetividade vacinal tem sido constantemente publicados e se
percebe além de consisténcia dos dados, uma semelhanca importante dentre os
diferentes paises que adotaram a VPC. M.C. Scotta et al. demonstraram uma
reducado de 12.6% no namero de admissdes hospitalares por pneumonia em pessoas
de 0-4 anos apos a introducédo da VPC-10 no Brasil, comparando-se o periodo pré-
vacinal (2002-2009) com o pos-vacinal (2011-2012).(5) A mortalidade por
meningite, em pessoas com menos de 5 anos de idade no Brasil, ap0ds a introdugéo
das VPC-10 e Meningocécica-C conjugada apresentou uma reducédo entre 27.5% e
29.2% ja no periodo de transicdo e com um efeito sustentado ap6s.(23) Contudo, a
introducdo da VPC esta mudando a prevaléncia dos sorotipos identificados nas
doencas Pneumocécica invasivas hoje diagnosticadas.(13) A soro substituicdo € um
fendmeno descrito como o aumento da prevaléncia de determinado sorotipo em
decorréncia da reducéo na incidéncia de outro, e pode ocorrer devido a seletividade

conferida com a imunidade vacinal.(29,37)

Estudos com identificacdo etioldgica e soro tipagem dos Streptococcus
pneumoniae demonstram uma mudanc¢a no padréo infeccioso ap6s a introducdo
vacinal. Na Suécia, demonstrou-se que dentre os estados que optaram pela VPC-
10, ao invés da -VPC13, houve incremento do sorotipo 19A e 6C como agentes
causadores de pneumonia.(6) No Brasil, um estudo feito quatro anos apos a
introducdo da VPC-10, os sorotipos identificados no perfil de colonizagdo da
nasofaringe de criancas <6 anos de idade, no Rio de Janeiro (BR), foram os
seguintes: 6C (14.5%), 15B/C (11.5%), 11A/D (9.2%), e 6A (7.6%), apenas 2,5%
representavam sorotipos presentes na VPC-10.(29) Um perfil semelhante foi descrito
em S&o Paulo trés anos apds a introducédo universal da VPC-10, os sorotipos mais
identificados foram o 6C, 6A, 11A, 15B, 15C, e o0 19A.(37) Quando estudado o perfil
dos sorotipos do Pneumococo 5 anos antes versus 5 anos apés a introdugédo da
VCP-10 no Brasil, houve uma reducéo de casos pelos sorotipos vacinais de 87,4%
% para doenca invasiva pneumococica e 83,4% para casos de meningite.(13)
Contudo, com aumento por sorotipos nao vacinais, principalmente 3, 6C e 0 19A.(13)
Esses estudos corroboram a necessidade de identificacdo do comportamento das

doencas pneumocaocicas no Brasil, pois a precoce identificacdo do comportamento
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da doenca permite um planejamento de ac¢des no ambito da saude publica e
direcionamento de pesquisa para determinados sorotipos. A doencga pneumocécica,
apesar da vacinagao universal e gratuita, permanece sendo uma doenca incidente
com potencial morbimortalidade ndo despreziveis. Portanto, a monitorizacédo a nivel
nacional do perfil epidemioldgico é de suma importancia para que se possa melhor

direcionar o planejamento vacinal.
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3. HIPOTESE

A Vacina Pneumococica Conjugada 10 Valente seguiu tendo efeito sobre a
reducdo das internacdes por pneumonia nas faixas etarias contempladas pela
vacinacdo. Acreditamos que a Vacinagao reduziu a incidéncia de internacdo por
pneumonia em faixas etarias ndo contempladas pela vacinag¢do, sendo possivel

demonstrar efeito de rebanho.
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4. OBJETIVO
4.1. Objetivo principal:
o Avaliar o impacto direto e indireto da introducéo da VPC 10 na epidemiologia

das hospitalizagbes por pneumonia da populacéo brasileira atendida pelo SUS, sete

anos apos a vacina ser introduzida no PNI de forma universal e gratuita.
4.2. Objetivos secundarios:

o Avaliar a mortalidade por pneumonia em todas as faixas etarias antes e apos
a introducao da VPC10.
o Avaliar os dias de permanéncia em internacéo hospitalar por pneumonia antes

e apos a introducéo da VPC10.
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5. METODOLOGIA
Delineamento: Estudo ecoldgico retrospectivo.
Periodo em estudo: 1° de janeiro de 2002 até 31 de dezembro de 2017.

Base de dados para coleta das informacdes: Foi utilizado o DATASUS
(Departamento de Informatica do Sistema Unico de Satde) do Brasil, uma plataforma
nacional que contém informacdes ambientais, epidemiologicas e de morbidade de
inUmeras doencas de impacto na saude da populacdo brasileira em todo o territério
nacional. O DATASUS é uma base de dados disponivel via internet e de acesso
universal, mantido pela Secretaria de Gestéo Estratégica e participativa do Ministério
da Saude, gerada e mantida para pesquisa e provimento de informacdes para a
saude publica. Endereco eletrénico:
http://www?2.datasus.gov.br/DATASUS/index.php?area =0203

Populacédo estudada (casos): Pacientes hospitalizados com o CID-10 de J12
a J18, agrupadas e disponibilizadas no DATASUS sob o cdodigo “pneumonia”. O
estudo ir4 analisar os dados brasileiros de Epidemiologia e Morbidade Hospitalar no
Sistema Unico de Satide conforme diagnostico de admisséo e faixa etaria. Serdo
avaliados os dados da populacdo de zero até maior de 80 anos, divididos nos
seguintes grupos: <1 ano, 1-4 anos, 5-9 anos, 10-14 anos, 15-19 anos, 20-29 anos,
30-39 anos, 40-49 anos, 50-59 anos, 60-69 anos, 70-79 anos e >80 anos de idade.
As faixas etarias foram divididas em grupos conforme estéo dispostas no DATASUS.

Os dados foram contabilizados de forma mensal e anual.

Populacdo Controle: Foram contabilizadas as hospitaliza¢cées por outros
motivos que ndo causas respiratdrias (excluido todo o Capitulo J do CID-10). As

mesmas faixas etarias foram consideradas para o grupo controle.

Critérios de exclusdo: Dados registrados sob CID-10 ou faixa etaria nao

disponivel, ndo preenchido ou invalido ndo foram considerados.

Obtencdo dos dados: A coleta de dados foi realizada por dois grupos
independentes de pesquisadores e checada por um terceiro. Foram coletados os
dados de forma discriminada de acordo com més, ano, e faixa etéaria, referentes ao
namero absoluto total de internagdes, Obitos, e dias de permanéncia hospitalar, de
ambos 0s grupos, casos e controles. Os dados foram coletados de dois bancos de

dados distintos de mesma fonte (DATASUS), em virtude de mudancga na metodologia
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de registro do sistema apos o ano de 2008. As variaveis do estudo foram ajustadas
de acordo com a populacdo estimada pelo IBGE, obtida por meio do Censo da
Populacao Brasileira de 2010 (Endereco eletronico:
https://ww2.ibge.gov.br/home/estatistica/populacao/censo2010/). Para o calculo da

incidéncia de internacdes e taxa de Obito, o denominador considerado foi a
populacao estimada de acordo com o IBGE menos o numero de beneficiarios de
plano de saude com cobertura hospitalar, dado com informacéo trimestral, logo o
denominador muda a cada 3 meses (Endereco eletronico:

http://www.ans.gov.br/perfil-do-setor/dados-e-indicadores-do-setor). O grupo de

beneficiario de saude suplementar de cobertura hospitalar foram retirados do
denominados, pois as informacfes de hospitalizacdo e 6bito da ANS nédo estédo
contempladas no DATASUS. Usuérios de planos de salde sem cobertura hospitalar,
com idade inconsistente, ou com segmentacdo do plano informada incorretamente

ou ndo informada, foram mantidos na contagem da populacéo estimada.


https://ww2.ibge.gov.br/home/estatistica/populacao/censo2010/
http://www.ans.gov.br/perfil-do-setor/dados-e-indicadores-do-setor
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6. ANALISE ESTATISTICA

Para a andlise estatistica, os dados foram categorizados em dois periodos:
pré-vacinacdo (2002 a 2010) e pos-vacinacdo (2011 a 2017). O ano de 2010 foi
considerado como pré-vacinal por ser o ano de transi¢ao, a cobertura atingida nesse
periodo chegou a um maximo de apenas 24%. Foi considerada o grupo em estudo
aqueles com CID 10 classificado como “pneumonia”, e grupo controle aqueles com
CID 10 de causa nao respiratoria (excluido o capitulo J). Todas as analises foram
feitas para as trés variaveis em estudo: incidéncia de internacdo, taxa de o6bito e
média de dias de permanéncia. Foi considerado como significativo um valor de

p<0,05. Andlise descritiva:

Para o ajuste das variaveis, foi feito o calculo mensal e anual, para cada faixa
etaria para o grupo de casos e controles. Dividiu-se a varidvel em questdo pela
populacdo estimada sem planos suplementar de saude de cobertura hospitalar,
multiplicando o resultado por 100.000 para incidéncia de hospitalizacdes
([internagbes/populacdo estimada sem plano privado] x 100.000), e por 1000 para
taxa de 6bito ([0bito/populacéo estimada sem plano privado] x 1.000). Para o calculo
da média de dias de permanéncia em internacdo hospitalar calculou-se o total de
dias de hospitalizacédo dividido pelo numero absoluto de internacdes no periodo
([dias de permanéncia totais/nimero total de internacdes no periodo])

Calculou-se a relacao relativa simples do periodo p6s comparado com o pré-
vacinal para as trés variaveis em estudo, sendo desconsiderado o ano de 2010:

Soma da variavel de 2011 até 2017/ 7 x 100

Soma da variavel de 2002 até 2009/8

Foram entdo plotadas as séries temporais de cada desfecho para as
diferentes faixas etarias consideradas avaliando a tendéncia por meio de ajuste
linear e a sazonalidade de forma descritiva. As analises foram feitas utilizando o

pacote ggplot2 no software R.
Andlise de série temporal:

Os dados foram transformados para estrutura de série temporal considerando
0 més como unidade de observagéo no intervalo entre 2002 e 2017. Primeiramente
foram realizadas regressdes lineares dinamicas de série temporal para avaliar a

significancia da tendéncia, sazonalidade e do efeito da vacina sobre os desfechos
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(i.e. incidéncia de internacédo, tempo de permanéncia e mortalidade). Posteriormente,
com base nos resultados anteriores foi ajustado um modelo dinamico de regresséo

linear de série temporal de acordo com a equacéo 1:

Vi = Boi + Biitrend + By;season + Bg;vac + futrend * vac + Bg;cont + Bei(y; — 1) +
B7i(yi —2)

Onde y; é o valor esperado de cada desfecho para cada uma das i faixas
etarias. f,€é o intercepto do modelo para iésima faixa etaria. §,-; sao os efeitos de
tendéncia, sazonalidade e da vacina sobre o valor esperado de cada desfecho para
a iésima faixa etéria. B, € o efeito da interacdo entre a tendéncia e a vacina sobre o
valor esperado de cada desfecho para a iésima faixa etaria. 55 € o efeito da variavel
‘internagdes por outras causas’ mantida no modelo como efeito de ajuste sobre o
valor esperado de cada desfecho para a iésima faixa etéaria. B, ef3; sao os efeitos de
cada variavel dependente defasada em uma e duas unidades, respectivamente
sobre o valor esperado de cada desfecho para a iésima faixa etaria. As suposicoes
de modelagem linear foram avaliadas para cada um dos modelos ajustados. As

andlises foram feitas com o pacote ‘dynlm’ no software R.
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7. ETICA

Estudo submetido para avaliacdo no SIPESQ (numero 8883) com aprovacao
e liberacdo de aplicacéo para o Comité de Etica em Pesquisa por se tratar de um
estudo ecoldgico retrospectivo com andlise de banco de dados de acesso publico

sem identificacdo de sujeitos. Esta pesquisa apresenta risco minimo.
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8. CONCLUSOES

Este estudo foi o primeiro a analisar uma base de dados Nacional com cerca
de 200 milhdes de habitantes, e a estudar simultaneamente 3 desfechos para
pneumonia sete anos apos a introduc¢do da vacina Pneumocdcica Conjugada 10-
Valente em um pais em desenvolvimento. A mortalidade infantil vinha em queda
significativa antes mesmo da introducéo da PVC-10, o Brasil vem gradativamente
com melhora da qualidade de vida e condi¢cdes sanitarias oferecidas a populacéo
que afetam diretamente a mortalidade infantil também podem ter influenciado essa
tendéncia a queda. Talvez com um periodo mais prolongado se observe uma queda

significativa na mortalidade nos menores de 5 anos.

Quando observamos o comportamento da sazonalidade na incidéncia de
casos hospitalizados, mortalidade e tempo de permanéncia, surge 0 questionamento
do motivo pelo qual o tempo de permanéncia reduz quando aumenta a incidéncia e
a mortalidade. Para os <1 ano o pico de incidéncia de hospitalizagao foi em abril com
redugéo do tempo de permanéncia neste més e aumento da mortalidade em maio,
para aqueles entre 1-4 e 5-9 anos houve um pico na incidéncia com menor tempo de
permanéncia hospitalar no mesmo més em abril e maio, respectivamente, mas sem
aparente relacdo com pico na mortalidade, para as faixas etérias 30-39, 40-49, 50-
59 e 70-79 o0 més de julho e para os > 80 ano o0 més de junho foi o més com maior
aumento nos casos de hospitalizacdo e mortalidade e maior reducédo do tempo de
permanéncia, para aqueles entre 60-69 o més de julho foi o pico de incidéncia e de
mortalidade, mas sem significancia para o tempo de permanéncia. Seriam casos de
maior gravidade com uma mortalidade? Ou seria pela necessidade de dar espacgo
para 0S casoS novos e 0s pacientes recebem alta mais precoce devido a
superlotacédo dos hospitais no inverno? Ou nos meses com menor numero de casos

0s pacientes ficam mais tempo internados do que realmente seria necessario?

O fato de a andlise ter revelado um significativo aumento no tempo de
permanéncia hospitalar em todas as faixas etarias abaixo dos 80 anos de idade nos
leva a levantar algumas hipdteses que justifiguem esse achado. Os casos de
pneumonia hospitalizados estariam sendo mais graves? A vacina favoreceu o
fenbmeno de soro substituicdo e agora as pneumonias ocorrem por sorotipos com
um maior perfil de resisténcia antimicrobiana, como o 19A? Houve mudanca no perfil

dos profissionais e consequente impacto no tempo de permanéncia?
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Este trabalho comprova e reforca o impacto progressivo e mantido da Vacina
Pneumocécica conjugada como medida de controle na saude publica brasileira
sobre hospitalizagbes e mortalidade por pneumonia. O significativo impacto nas
hospitalizagbes por todas as causas de pneumonia em praticamente todas as faixas
etarias € um dado antes ndo demonstrado na base populacional brasileira. Este foi
o primeiro estudo a analisar os dados de mortalidade em todas as faixas etarias, sete
anos apos a introdugéo da VPC-10 no PNI, e com resultados impactantes que podem
levar ao questionamento sobre a custo-efetividade desta vacina em idosos. A vacina
pneumocécica segue tendo um impacto significativo na saude publica brasileira,
contudo a permanente monitorizacdo dos casos e perfil dos agentes etiolégicos é

fundamental para um adequado planejamento estratégico a nivel nacional.
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10. ANEXOS

10.1. Aprovacéo do SIPESQ

Estruturas | ' Dados
Relacionadas | em Inglés

Resultados

Dados Gerais Obtidos

Documentos CC Envio para

Equipe| * Financiament
quipe  Financiamento Andlise CC

Projeto: 8863 - Impacta da Intraducdo da Vacina Preumacdcica 10 Valente no Programa Nacianal de Imunizacdes (PNI) Sobre & Taxa de Incidéncia de Pneumonia com Necessidade de Internacéo no Brasil
Status de Andlise Atual - Comissdo Cientifica: Projeto de Pesquisa reconhecido pela Comisséo Cientifica em 03/08/2018, como um Prajeta de Pesquisa que atends aos requisitos da Comisséo Cientffica.

r—Envio para Analise da Comissdo Cientifica

0 projeto devera ser encaminhado novamente para andlise quando um novo documento for anexado,

—Status de Analise Atual

Comissdo Cientifica: ESCOLA DE MEDICINA

Status: Prajeto de Pesquisa reconhecido pela Comisséo Cientifica em 03/08/2018, como um Projeto de Pesquisa que atende aos requisitos da Comisséo Cientifica.
Data da Analise: 03/03/2013

Parecer: senhor Pesquisador,

A Comisséo Cientifica da Escola de Medicina e do Hospital S&o Lucas da PUCRS aprovou o projeta intitulzdo “Impacto da Introducéio da Vacina Pneumacdcica 10
Valente no Programa Nacional de Imunizacdes (PNI) Sobre & Taxa de Incidéncia de Pneumonia com Necessidade de Internacgo no Brasil'. & carta de aprovacio da
Comissdo Clentifica da Escola de Medicing e do Hospital 530 Lucas da PUCRS, assim como o documento unificado gerado no SIPESQ & todos os receberam a
presente aprovagdo, devem ser submetidos ao Comité de Etica em Pesquisa (PUCRS, nas mesmas versdes apresentadas a esta Comissdo.

Parecer do avaliador: "Encaminhar a0 CEP para analise de liberacdo de avaliagdo”

Atenciosamente,
Prof, Ivan C. Antonello
Coordenadar da Comissdo Centifica
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10.2. Syntaxe da analise univariada

modell=model2=model3=as.list()
for (j in 3:14){
modell1[[j]] =summary( dynim (

ts(“grupo”[,j],start=c(2002,1), end=c(2017, 12), frequency = 12)

~ trend(ts(“grupo’[,j],start=c(2002,1), end=c(2017, 12), frequency
12))
model2[[j]]= summary ( dynim( ts(“grupo’[,j],start=c(2002,1), end=c(2017, 12), frequency =
12)

~ season(ts(“grupo’[,jl,start=c(2002,1), end=c(2017, 12), frequency =
12))
model3[[j]]= summary ( dynim( ts(“grupo’[,j],start=c(2002,1), end=c(2017, 12), frequency =
12)

~ vac))
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10.3. Syntaxe da analise multivariada:

strCols = names(db)
formula4 <- list(); model4 <- list()
for (j in 3:14){

formula4|[[j]] = pasteO(strCols[j], " ~ ", 'Trend")
model4][[j]] =( dynim (
ts(dbl,j],start=c(2002,1), end=c(2017, 12), frequency = 12)
~ #L(ts(“grupo’[,jl,start=c(2002,1), end=c(2017, 12), frequency = 12),0 ) +
season(ts(“grupo’[,j],start=c(2002,1), end=c(2017, 12), frequency = 12))+
trend(ts(“grupo”[,j],start=c(2002,1), end=c(2017, 12), frequency = 12))+vac+
trend(ts(“grupo”[,j],start=c(2002,1), end=c(2017, 12), frequency = 12))*vac+
ts(“controle’[,j],start=c(2002,1), end=c(2017, 12), frequency = 12)+
L(ts(“grupo’[,j],start=c(2002,1), end=c(2017, 12), frequency = 12) ,1:2)
)

}

resumo<-list(); formula4 <- list()
for (j in 3:14){

formula4][j]] = pasteO(strCols|[[j]], " ~ ", 'Trend")
resumo[[j]]l=summary(model4{[j]])
}

for(j in 3:14){
rownames(resumol[jl]$coefficients)<-

c("Intercepto”,"Fev","Mar","Abr","Mai","Jun","Jul","Ago","Set","Out","Nov","Dez","Trend","Va
c","Cont","L1","L2", "Trend*Vac")
}
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14.4. Figuras | a XlI: Incidéncia de hospitalizacao por faixa etaria
o Serie temporal da incidéncia de internacdo por pneumonia a cada 100.000
habitantes, do periodo estudado (2002 — 2017): em vermelho o periodo pré-vacinal com a
linha de tendéncia, em hachurado esta o periodo de transi¢cdo (2010), em azul o periodo
pds-vacinal com a linha de tendéncia
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Figura |
Incidéncia de hospitalizagdoc por PNM em menores de 1 ano de idade
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Figura ll
Incidéncia de hospitalizagdc por PNM em criancas entre 1 e 4 anos de idade
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Figura lll

Incidéncia de hospitalizacdo por PNM em criangas entre 5 e 9 anos
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Figura IV

Incidéncia de hospitalizagdo por PNM em adolescentes entre 10 e 14 anos
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Figura VvV

Incidéncia de hospitalizacdo por PNM em adolescentes entre 15 e 19 anos
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Figura VI

Incidéncia de hospitalizagdo por PNM em adultos jovens entre 20 e 29 anos
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Figura VI

Incidéncia de hospitalizagdo por PNM em adultos entre 30 e 39 anos
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Figura VIlI

Incidéncia de hospitalizacdo por PNM em adultos entre 40 e 49 anos
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Figura IX
Incidéncia de hospitalizagdo por PNM em adultos entre 50 e 59 anos
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Figura X
Incidéncia de hospitalizacdo por PNM em idosos entre 60 e 69 anos
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Figura XI

Incidéncia de hospitaliza¢gdo por PNM em idosos entre 70 e 79 anos
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Figura XII

Incidéncia de hospitalizagdo por PNM em idosos acima de 80 anos de idade
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14.5. Figuras: taxa de mortalidade por faixa etaria

Serie temporal da taxa de mortalidade por pneumonia a cada 1000 habitantes, do periodo
estudado (2002 — 2017): em vermelho o periodo pré-vacinal com a linha de tendéncia, em
hachurado esté o periodo de transi¢éo (2010), em azul o periodo pés-vacinal com a linha de
tendéncia

Figura XIII
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Figura XIV

Taxa de mortalidade criancas entre 1 e 4 anos de idade
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Figura XV
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Figura XVII

Taxa de mortalidade em adolescentes entre 15 e 19 anos
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Figura XVIII

Taxa de mortalidade em adultos jovens entre 20 e 29 anos
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Figura XIX

Taxa de mortalidade em adultos entre 30 & 39 anos
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Figura XX

Taxa de mortalidade em adultos entre 40 e 49 anos
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Figura XXI

Taxa de mortalidade em adultos entre 50 & 59 anos
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Figura XXIlII

Taxa de mortalidade em idosos entre 70 & 79 anos
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ABSTRACT

Methods: Ecological study of all ages collected from a National open-access
database (DATASUS), being the period studied between 2002 and 2017. A
descriptive analysis of the pre versus post-vaccinal period was made. For the time

series analysis, R software was used.

Objectives: Seven years after introduction in National Immunization Program,
the aim was to evaluate the direct and indirect impact of PhiD-CV for three pneumonia

outcomes were analyzed: hospitalization, mortality, and length of stay (LOS).

Results: There was a significant reduction in the incidence of hospital
admission in all age groups, except in adolescents between 10 to 19 years. There
was a decrease in hospitalizations due to pneumonia with monthly reduction trend of
-9.6 (-15.4, -3.7 — 95% CI; p=0.0016) and -2.2 (-4.6, -0.1 — 95% CI; p=0.044) for those
<1 year and >80 years, respectively. Mortality was significantly lower in the post-
vaccination period for all age groups over 5 years. LOS significantly increased for all

age groups younger than 80 years.

Conclusion: The PHID-CV in Brazilian National Immunization Program
reduced hospitalizations and deaths due to pneumonia in the vaccinated and non-
vaccinated inhabitants in a sustained and progressive manner. This study supports a
herd effect in the elderly seven years after the introduction of a pneumococcal
vaccine. The sustained impact of PHID-CV should be consistently reassessed both
by the risk of replacement of the pneumococcal serotypes and by the change in the
vaccination schedule, 2+1 since 2016.
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What was already known about the topic concerned:

Streptococcus pneumoniae is the bacterial leading cause of pneumonia and it
is preventable by vaccination. Pneumococcal conjugate vaccines have been reported
to significantly reduce pneumonia hospitalizations. This major impact is more
expressive in the extremes of age: children and elderly. As far as we know, the largest

published studies on PHID-CV have the maximum 5 years of follow-up.

What new knowledge the manuscript contributes:

This is the first National based study with a follow-up of 7 years of PHID-CV
with no previous vaccine available. This is the first study to report data two years after
vaccination schedule changed from 3+1 to 2+1. The PHID-CV in Brazilian National
Immunization Program reduced all- cause of pneumonia hospitalizations and death
in the vaccinated and non-vaccinated inhabitants in a sustained and progressive

manner.
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INTRODUCTION:

Pneumococcal pneumonia persists as a leading cause of severe disease and
death worldwide, mainly in elderly people and children under 2 years of age (yoa).(1—
7) Pneumococcus is estimated to have caused 294,000 deaths worldwide in children
between 1 to 59 months; 81% of those infections were accompanied by
pneumonia.(8) Respiratory illnesses were the second main cause of hospitalizations
at all ages in Brazil (DATASUS, access 18.10.2018), with 375,214 hospital
admissions and 56,175 associated deaths in 2017.(9)

In 2010, the 10-valent pneumococcal non-typeable Haemophilus influenzae
protein D conjugate vaccine (PHID-CV) was implemented as part of the National
Immunization Program (NIP), free of charge and with a 3+1 schedule in the 2"9, 4t
and 6™ months of life, plus a booster dose between the 12" and 15" month of age.
Since January 2016, the 6™ month dose was removed from the schedule: this major
decision was made based on consistent data from countries that have been using the
PCV 2+1. (10,11) The PHID-CV uptake was rapid, with an estimated coverage rising
from 24% in 2010 to an average of 91.1% between 2011 and 2017 (81.7% to 95% of
coverage) (DATASUS access 9.12.2018).(12) A significant 12.6% reduction in
hospitalizations in children under 4 yoa due to Pneumonia was observed two years
after the vaccine implementation.(13) Five years from such implementation, a
significant direct and indirect Pneumonia hospitalization reduction in people younger
than 50 yoa was observed.(14,15) Our current study aims to evaluate the direct and
indirect impact of PHID-CV not only in all-cause pneumonia hospitalizations, but also
in pneumonia length of stay (LOS) and pneumonia related mortality. The relevance
of such study is greatly connected to the importance of understanding and following
the epidemiology of pneumonia since the disease was still responsible for 12.5% to
22.0% of hospitalizations in children under five yoa in Brazil, in 2017 (DATASUS,
access 7.9.2018).(9) Although data from many countries are available, we believe
that the huge official health statistics database in Brazil, a developing country with
over 200 million inhabitants, is a unique and useful source of data showing a

consistent pre- vs post-intervention picture of the impact of the vaccine.
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METHODS

This ecologic study consists of an analysis of data on admissions and deaths
associated with the diagnosis of pneumonia in the population assisted by the Brazilian
Public Health system (SUS). This information was obtained from an open access
governmental database, (DATASUS) through the Health Information section, last
accessed in August, 15th, 2018.(9) DATASUS is a National database that contains
information on environmental factors, epidemiology and morbidity of various diseases
that have an impact on the health of the Brazilian population. This open-access
platform provides the absolute number of events in a monthly basis for pre-specified
age groups, according to the International Classification of Diseases (ICD), version
10. Number of hospitalizations, LOS, and deaths were the main variables selected.
Data from all the studied period are in DATASUS since October 2013. Codes for
“pneumonia”, grouped together in DATASUS as ICD J12 to J18, were used to select
the main outcome data from January 2002 to December 2017. All non-respiratory
admissions were also collected and used as a confounder group (all ICDs, excluding
JOO0 to J99) during the same time frame. For both groups the main search variables
were hospital admissions, LOS - and deaths. Subjects were grouped in twelve age
strata, as depicted in DATASUS. For data collection, two researchers, using a
standard approach, independently collected information and a third researcher

checked for data quality. Data collection are summarized in Table 1.

Table 1. Research database collection, outcomes of interest and case definitions considered in time series analysis.
Brazil, 2002-2017.

Outcome of interest Database Description Case definition
e Admission coded as J12-J18
PNM hospitalizations DATASUS (ICD-10)
Total hospitalizations All admission codes, minus JO1-
excluding PNM DATASUS National data base of 199 (ICD-10)
hospitalizations in the —
PNM hospital LOS DATASUS public healthcare system Admission coded as J12-J18
(IcD-10)
Total LOS, excluding All admission codes, minus JO1-
PNM DATASUS 199 (ICD-10)
) Underlying cause of death coded
PNM deaths DATASUS National data base of ¢ 11518 (1cD-10)
deaths in the public
All deaths excluding DATASUS healthcare system All admission codes, minus JO1-

PNM

199 (ICD-10)

Brazilian population
projection 2000-2030

Brazilian Institute of

Geography and Statistics

Absolute number
informed

Year projection by sex and age

People with hospital
health insurance

National Agency of
Supplementary Health

Absolute number with
trimestral actualization

Data informed by age and health
insurance coverage
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Monthly and annual incidence admission per 100,000 inhabitants and mortality
rate per 1,000 inhabitants were calculated by dividing the number of
hospitalizations/deaths by the official population estimation of specific age groups
from Brazilian Census of 2010(16), minus all people with a private in-hospital
coverage health insurance. Brazilian National Agency of Supplementary Health
(ANS)(17), an open-access database, provides the exact number of inhabitants per
age group with hospital coverage health insurance for each trimester. This approach
was changed during the study period: 14.1% in pre and 20.1% in post-vaccine periods
of the total population.(17) This fraction of population was then excluded from the
denominator in the analysis because their hospitalizations are not included in
DATASUS database. This subpopulation has higher income and socio economic
strata status than the one covered only by SUS (and thus, reflected by those included
in this analysis).
Since DATASUS has no individual subject data information, our study was
considered exempt from approval by the ethics committee by the IRB at our Institution

(Pontificia Universidade Catolica do Rio Grande do Sul).
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STATISTICAL ANALYSIS

Main analysis of the vaccine direct impact was conducted in children younger
than 10 years, and indirect impact (herd protection) was analyzed for all other age
groups. Sub-analyzes were also performed, when main analysis detected statistical
significance of vaccine impact in reducing admissions, LOS, or death. Simple relative
reduction was calculated from pre- vs. post-vaccination time-periods as the average
rate in 2011-2017 minus the average rate in 2002—-2009 divided by the rate in 2002—
2009, and multiplied by 100, for all three variables in study. For statistical analysis,
the cut-off probability for rejecting the null hypothesis was defined as less than 5% (p
< 0.05).

For time series statistical analysis, monthly incidence of admissions, mean
LOS and death rate by pneumonia and all non-respiratory causes, from 2002 to 2017
were taken into account. Time series was divided into pre-vaccination (2002 —2009),
transition (2010) and post-vaccination periods (2011-2017). A dynamic linear time
series regression was used to assess association between predictors (PHID-CV
introduction) and outcomes. Seasonality, trend, vaccination and interaction of
vaccination and trend were all included in the model. Also, the control group was used
as adjustment covariate. To ridding with the model autocorrelation (18) the dependent
variable was included in the model lagged two times (i.e. y(-2)), for incidence and for
deaths and LOS no lagged dependent variable was specified. Time series regression

was done using the package ‘dynim’.(19) All analysis were done in R software.(20)
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RESULTS
Pneumonia hospitalizations

Among the vaccinated age groups, there were 3,171,207 pneumonia
hospitalizations cases in the pre-vaccine period and 1,806,224 in the post-vaccine
period. These data show that the simple percentage reductions in incidence were:
16.8%, 20.8% and 25.3% for the age groups <1 yoa, 1-4 yoa and 5-9 yoa,
respectively. Pneumonia hospitalization incidence decreased in both vaccinated and
unvaccinated age groups under 60 yoa with a significant incidence rate reduction

(IRR) (95% of confidence interval - Cl), as exemplified in Fig 1.

Fig 1. Absolute Incidence rate variation in pneumonia hospitalization between unvaccinated
and vaccinated periods for the 12 age groups in years. The numbers close to the bars
represents the incidence rate variation in percentage.
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*Exact numbers of IRR available in supplementary appendix Table G.

In the multivariate analysis, vaccine introduction was shown to be associated
with a change on the trend (i.e. variation of incidence) in all ages, except for those
between 10 and 19 yoa. The trend is simplified for all ages in Fig. 2. This last group
was already reducing the incidence before vaccination. For age groups ranging from
zero to 9 and from 20 to 49 yoa, the post-vaccine period resulted in a significant
reduction on the incidence, but no significant reduction was observed before the
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vaccination. The highest reduction on the incidence was for the first age group (<1

yoa) resulting in 9.57 less cases per 100,000 inhab. per month in post vaccinal period.

Fig. 2: Pneumonia hospitalization incidence between 2002-2017, for the 12 age groups.

Trend line is represented by a continuous line in before and after periods of

introduction, 2010 is considered the transition period.
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For the oldest age groups (>50 yoa), the trend on the admissions changed.
Before vaccination, the incidence was on the rise, while after vaccination a significant
decrease on the admission rate was observed. The highest difference was among
those >80 yoa, in which the variation on the incidence was 5.9 cases/ 100,000 inhab.
per month before the vaccine introduction and shifted to -2.21 cases/100,000 inhab
less per month (Table 2). Seasonality was present during all periods for all age
groups, associated with the peaks of admission during the winter season in the
Southern hemisphere (Supplementary appendix). For those older than 19 yoa a latter

peak of hospitalization incidence was observed (data not shown).

Table 2. Multivariate pneumonia hospitalization incidence per 100,000 inhabitants (95% IC)
analysis before and after PHiD-CV implementation in Brazilian NIP

Age group Before vaccination After vaccination
(years) Trend Min. Max. Trend Min. Max.
<1 -1.189 (-2.957, 0.58) -9.573* (-15.424, -3.723)
lto4 -0.121 (-0.633, 0.392) -1.249* (-2.153, -0.345)
5to9 -0.072 (-0.211, 0.067) -0.29* (-0.546, -0.034)
10to 14 -0.153* (-0.255, -0.05) 0.014 (-0.166, 0.193)
15to 19 -0.084* (-0.165, -0.004) -0.067 (-0.179, 0.044)
20to 29 0.013 (-0.066, 0.091) -0.226* (-0.353, -0.099)
30to 39 -0.005 (-0.069, 0.058) -0.238* (-0.355, -0.12)
40to 49 0.073 (-0.008, 0.155) -0.309* (-0.459, -0.159)

50 to 59 0.196* (0.058, 0.333) -0.438* (-0.668, -0.208)

60 to 69 0.628* (0.371, 0.885) -0.813* (-1.194, -0.431)

70to 79 2.28*  (1.642, 2.917) -2.203* (-3.194, -1.212)

>80 5.912* (4.331, 7.494) -2.215* (-4.351, -0.080)
* Statistically significant with confidence level of 95%

Pneumonia hospitalization LOS

Pneumonia LOS increased significantly for subjects =210 yoa, while it
decreased for those between ages 1 -4, in the univariate analysis. As observed in
Fig. 3 there was a 0.9% and 2.6% reduction in hospital LOS for those <1 and 1-4 yoa,

respectively, when comparing post- versus pre-vaccine periods.
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Fig. 3: Absolute difference in the length of stay between post and pre-vaccine periods for the
12 age groups. The numbers close to the bars represents the difference in the length of stay

in percentage.
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The multivariate analysis demonstrates that vaccine introduction significantly

influenced the LOS. For all groups under 80 years there was a significant increase in

the LOS. For the age groups under 1 and between 1-4 yoa the LOS trend switched

from a significant decrease to an increase in the post vaccine period, Table 3. LOS

has no seasonality.

Table 3. Multivariate Length of Stay for in hospital pneumonia permanence (95% IC) analysis

before and after (post- vs pre-) PHID-CV implementation in Brazilian NIP

Age group Before vaccination After vaccination
(years) Trend Min. Max. Trend Min. Max.
<1 -0.088* (-0.106 -0.07) 0.149* (0.124 0.174)
lto4 -0.032* (-0.043 -0.021) 0.093* (0.074 0.111)
5t09 -0.012* (-0.211 0.067) 0.119* (0.098 0.14)
10to 14 0.013 (-0.012 0.038) 0.141* (0.11 0.172)
15to0 19 -0.005 (-0.027 0.017) 0.191* (0.155 0.227)
20to 29 0.027* (0.004 0.05) 0.19* (0.164 0.216)
30to 39 0.051* (0.007 0.096) 0.14* (0.114 0.166)
40to 49 0.033 (-0.014 0.08) 0.106* (0.76 0.136)
50to 59 0.081* (0.047 0.114) 0.078* (0.051 0.106)
60 to 69 0.104* (0.072 0.136)  0.043* (0.015 0.071)
70to 79 0.074* (0.056 0.091) 0.057* (0.034 0.079)
>80 0.055* (0.039 0.07) 0.007 (-0.015 0.03)

* Statistically significant with confidence level of 95%
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Pneumonia mortality

Pneumonia mortality rate decreased only in the <1-year-old age group, with
minus 0.007 cases per month per 1,000 inhab. (-0.009 to -0.005, 95% CI); for all other
age groups the difference on the comparative mean death rate was increased. Table
| at supplementary appendix shows results with mean death rate in the post- versus

pre-vaccine period.

In the multivariate analysis the impact of the vaccine was shown to significantly
influence the death rate trend leading to a reduction on those =5 years old. This
reduction was not significant in the groups <1 year, and 1 to 4 yoa. Children under 1
yoa had a decreasing death rate even before the beginning of the new vaccination
schedule. The reduction on mortality rate was consistent among the whole population

above 5 yoa. (Table 4).

Table 4. Multivariate pneumonia mortality rate (95% IC) analysis before and after (post- vs
pre-) PHID-CV implementation in Brazilian NIP

Age group Before vaccination After vaccination
(years) Trend Min. Max. Trend Min. Max.
<1 -0.0006 (0.001 0.0002) -0.0004 (-0.0012 0.0003)
1to4 <0.001 (<0.001 0.0001) -0.0001 (-0.0002 <0.001)
5t09 <0.001 (<0.001 <0.001) -0.0001* (-<0.001 -<0.001)
10to 14 <0.001 (<0.001 <0.001) -0.0001* (-0.0001 <0.001)
15to0 19 <0.001 (<0.001 <0.001) -0.0001* (-0.0001 <0.001)
20to 29 <0.001 (<0.001 <0.001) -0.0001* (-0.0001 <0.001)
30to 39 <0.001 (<0.001 0.0001) -0.0002* (-0.0003 -0.0001)
40to 49 0.0002* (0.0002 0.0003) -0.0003* (-0.0004 -0.0002)
50 to 59 0.0004* (0.0003 0.0006) -0.0005* (-0.0008 -0.0003)
60 to 69 0.0015* (0.0011 0.0019 -0.0016* (-0.0021 -0.001)
70to 79 0.0045* (0.0034 0.0056) -0.0048* (-0.0062 -0.0034)
>80 0.0118* (0.0072 0.0163) -0.0086* (-0.0132 -0.004)

* Statistically significant with confidence level of 95%

Seasonality played a significant role in the analysis for almost all groups,
except for those between 5-9 and 20-29 yoa groups. Seasonality had a peak of
incidence in May (beginning of winter in the Southern hemisphere) for those under 1
yoa, June for 1-4 and >80 yoa groups, July for 15-19 and 30-79 yoa groups, and
August for those between 10-14 yoa group (Supplementary appendix - Table J1 to
J12). Incidence of hospitalization, average LOS, and death rates are summarized in

Supplementary Tables A, B, D, E and F, respectively.
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DISCUSSION

As far as we know, this is the first study showing the direct and indirect impact
of universal PHID-CV in the incidence of pneumonia-related hospitalization and
deaths seven years after vaccine introduction in a large, low-middle income country.
Further, it provides data about the five years of a 3+1 schedule followed by two years
after switch to 2+1. Although the impact is well documented, especially among
vaccinated children, this study provides a strong additional evidence about both direct
and herd sustained effect of pneumococcal conjugated vaccines regarding important
outcomes.(13-15,21-23) Death rate significantly decline for all age groups >4 yoa, a

new data in Brazil. LOS significantly increase for all age groups <80 yoa.

The data of this research is consistent and reinforce PHID-CV direct effect.
There is similar ecologic studies with PVC-7, -10 and/or 13 that present consistent
direct effect; however in our knowledge, the longest study with PHID-CV exclusively
has 5 years of follow-up and our study highlights a sustained direct and indirect
impact.(14,21,24-27) A systematic review and meta-analysis evaluating PCV 10/13
showed the following declines for CAP hospitalization: -17% (95%CI: 11-22%, p-
value < 0.001) for children <24 months; -9% (95%CI: 5-14%, p value < 0.001) for
those aged 24-59 months.(28) In Brazil a significant impact in children <12months,
12-23 months and 2-4 yoa have already been demonstrated 5 years after vaccine
implementation with a significant decreased incidence of pneumonia hospitalizations,
percent of change reductions are 13.9% (p=0.017), 22.2% (p<0.001) and -17.6%
(p<0.001), respectively.(14) In another systematic review, direct vaccine
effectiveness in pneumococcal pneumonia in Latin America, 1 to 4 years after vaccine
introduction (PCV 10 or 13), varied from 7.4% to 84.6%.(15) In a time-series analysis
in a public hospital in Johannesburg, five years after PVC-7 introduction (3+0
schedule) followed for PVC-13, a direct effect reduction of 39% (50% Crl: 24 to 50)
in pneumonia hospitalization in non-HIV children was observed.(22)

This study describes a significant herd effect, except for the two adolescent
age groups, this lack in the adolescents (10-19 yoa) has already been
described.(27,29) Both strata (10-14 and 15-19 yoa) had already had a significant
secular trend decline in pneumonia hospitalization before 2010; however, the reason
for the absence of indirect effectiveness is not clear. Despite, it has been decribed
the socioeconomic developments leading to improve of quality of life in Brazil.(30) A
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Brazilian study found a significant indirect effect in pneumonia hospitalization for
those under 50 years, five years after PHID-CV introduction.(14) A systematic review
with data from several countries described a significant reduction in all cause
pneumonia for all ages (RR: 0.93, 95% CI: [0.89; 0.97]), and for Pneumococcal
pneumonia (RR: 0.78, 95% CI: [0.62; 0.97]).(31) A reduction of 68.0% hospitalization
due to clinically suspected IPD and 39% in laboratory confirmed IPD was observed
in a cohort of unvaccinated children, four years after PHiD-CV implementation in the
Finnish NIP.(32) Herd effect is plausible due to the importance of young children as
pneumococcal carries and is supported accumulating evidences in adults and elderly
population.(27,33-37)

In 2015, globally Pneumococcal and Hib pneumonia together accounted for
64.1% of LRI death in children <5 yoa, and pneumococcal pneumonia alone caused
55.4% LRI deaths.(3) Pneumococcal vaccinations is one of the most important
interventions to prevent LRI death-related. This time-series analysis found a
significant direct and indirect effect in mortality-rate for all ages =5 years. The lack in
youngest ages is probably due to Brazilian improvement of Brazilian human
development index. Brazil had 90% of pneumonia mortality decrease between 1980-
2010, falling from 147.0 to 16.1 deaths per year per 100,000 children <5 yoa.(30) A
Brazilian study found a significant PHIiD-CV impact in pneumonia mortality decrease
only for in groups of extreme childhood poverty and mothers with no primary
education.(30) Our data are limited because the design of our study does not provides
such sub-analysis, A systematic review described a significant ~30% risk reduction
in pneumonia mortality in all adults based on pooled data from 5 observational
studies.(34) Our data describes the largest mortality reduction for the oldest group
(>80 yoa). A similar result was described in a Japanese population based study, the
highest reduction was for olders than 90 yoa.(36) The direct and indirect mortality

effect is also consistent with previous studies.(14,33,38,39)

Our data analysis resulted in a latter season peak of incidence for those older
than 19 yoa, reflecting a common knowledge: young children are the main reservoir
and transmitters of Streptococcus pneumoniae.(40) Observing seasonality behavior
for all three studied end points, it is noticed a temporal correlation between
pneumonia hospitalization incidence increase and death rate increase, linked to

decrease in the LOS.
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Although there is cumulative evidence about protection of pneumococcal
conjugate vaccines against contained pneumococcal serotypes, vaccine serotypes
serosubstitution can occur. Some studies support the lack in cross protection for
serotype 19A by PHID-CV.(29,41) Nasopharyngeal carriage, in a Six years cross-
sectional PHID-CV study in children described serotype replacement for non-vaccine
serotype in the vaccinated group.(42) Brazil has already some published data about
serosubtitution.(41,43,44) Brandileone et all report an implementation in IPD five
years after PHID-CV, the more isolated serotypes were 3, 6C, and 19A. There is
described herd effect in immunocompetent elderly for community acquired

pneumonia and invasive pneumococcal disease due to vaccine serotypes.(29,45)

Our study has limitations mostly related to its ecological design. First, possible
pneumonia misdiagnosis at admission and the absence of etiologic diagnosis,
although these limitations do not support changes comparing pre versus post-
vaccination period. Second, there were no clinical condition, treatment or outcome
available. Third, the main public action implemented in Brazil during the study period
against pneumonia was the PHID-CV vaccine implementation, HiB vaccination was
implemented in 2002 and influenza seasonal vaccination was already offer to some
risk groups. Secular trend and seasonality could also be a bias, but our results include
16 years of analysis and differences after PHID-CV introduction are sustained even
adjusting for both and a control group of all non-respiratory causes were used as
confounder in the multivariate analysis. Finally, data was collected in a public
database platform subject to government data upload, it keeps in constant
actualization, data can be not precise, though. Moreover, due the adjusted analysis
of an extremely large database for 16 years, we believe that our study provides strong

evidence of PHID-CV impact, despite the limitations described above.
CONCLUSIONS

This study demonstrates consistent and sustained direct and indirect effect for
all studied population with a significant reduction of 21.2% in incidence in all-cause
pneumonia hospitalization throughout 7 years of follow-up. It provides an important
evidence about the huge impact of pneumococcal conjugate vaccine in public health
and can help to guide future decisions. Since serotype substitution is a concern, a
continuous monitoring and follow-up and, consequently, updates in public health
policy may be necessary. Furthermore, Brazil was the first country to change
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Pneumococcus 10 vaccine schedule from 3+1 to 2+1 and there is no published study
evaluating the impact of this change until now. This is not supposed to affect the
incidence of pneumonia hospitalization. However, further studies are necessary to

confirm this finding.
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Table A. PNM hospitalization incidence per 100,000 inhabitants per year, 2002-2017
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Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
TOTAL 496.6 501.1 499.1 456.8 461.5 458.8 433.7 502.7 473.5 456.2 425.4 433.1 408.9 389.7 371.2 375.2
<1 years 4561.1 5068.8 4817.0 4406.9 4494.0 4567.0 4328.5 4906.4 44111 4315.7 4082.7 4179.0 3908.6 3798.3 3409.1 3367.0
1-4year 1795.8 1835.7 1702.7 1613.1 1658.5 1706.1 1572.4 1732.3 1677.9 1524.2 1413.9 1400.3 1343.0 1276.7 1219.0 1259.5
5-9year 409.2 381.9 364.9 361.9 380.0 359.3 341.4 393.6 359.2 317.7 296.7 309.7 285.9 257.9 239.9 248.3
10 - 14 year 199.0 176.3 165.5 145.4 157.8 149.8 138.5 183.6 155.2 139.6 1245 124.8 109.0 91.9 87.3 88.8
15 - 19 year 157.9 149.4 153.3 123.6 121.3 117.6 102.8 135.1 116.6 107.0 102.3 102.4 90.6 76.0 70.2 68.5
20 - 29 year 156.2 144.3 150.4 130.4 1271 123.4 114.5 153.7 126.2 117.3 107.6 108.7 96.6 80.2 76.9 71.1
30 - 39 year 175.6 169.0 170.9 155.9 151.7 143.7 139.2 172.6 156.1 142.8 134.2 135.0 123.9 104.8 101.4 91.3
40 - 49 year 218.8 216.3 223.0 207.4 206.1 1954 190.6 229.6 211.9 199.1 191.0 190.1 171.1 153.7 153.4 136.0
50 - 59 year 347.7 334.8 353.7 315.0 312.7 306.8 304.3 358.0 341.2 335.2 315.7 317.1 290.7 272.3 278.0 251.3
60 - 69 year 603.5 614.6 698.7 613.5 603.1 589.4 582.4 664.0 657.0 655.9 604.0 620.7 575.7 562.4 561.6 555.4
70 - 79 year 1174.3 1243.4 1450.0 1309.8 1336.5 1366.0 1328.3 1539.6 1562.4 1645.6 1488.9 1538.6 1492.9 1488.3 1386.9 1442.2
280 years 2394.2 2608.5 3134.6 2953.2 3039.9 3199.7 3096.7 3622.4 3841.2 4136.2 3839.7 4052.0 4064.6 4183.3 3882.5 4207.5




Table B. Non-respiratory hospitalization incidence per 100,000 inhabitants per year, 2002-2017
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Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

TOTAL 6185.2 6208.0 6162.6 6203.3 6138.8 6101.9 5834.1 5965.8 6165.6 6139.5 6100.1 6171.7 6290.0 6282.2 6164.3 6171.0
<1 years 13871.0 | 13801.1 | 13829.2 | 14513.0 | 14254.3 | 13660.0 | 13303.7 | 13892.1 | 14776.7 | 14960.7 | 15598.3 | 16448.4 | 17503.7 | 18571.5 | 19487.2 | 20284.9
1-4year 3870.8 3890.0 3758.9 3827.9 3908.8 3554.8 3586.7 3485.2 3858.4 3456.7 3491.3 3432.9 3540.6 3290.1 3579.3 3454.9
5-9year 2012.1 2047.8 2039.1 2118.6 2146.2 2083.5 2032.0 1997.8 2109.1 2038.7 1963.1 1989.8 2024.6 1957.3 2016.4 2007.6
10 - 14 year 1766.5 1749.2 1696.7 1782.4 1842.0 1881.4 1835.6 1886.5 1955.8 1932.8 1846.6 1844.0 1832.7 1796.8 1767.1 1747.2
15 - 19 year 5845.4 5793.5 5846.0 5998.3 5821.0 5752.6 5363.0 5476.4 5501.1 5602.1 5637.7 5825.8 5906.0 5832.6 5426.7 5260.6
20 - 29 year 7986.5 7879.0 7851.0 7772.1 7571.3 7534.2 7194.7 7344.4 74411 7350.1 7219.1 7210.0 7367.9 7444.2 7181.0 7236.8
30 - 39 year 6058.6 6080.5 6042.0 5988.8 5919.5 5919.1 5680.9 5765.6 5948.3 5955.0 5948.9 5966.8 6061.7 6037.4 5873.5 5927.5
40 - 49 year 5570.7 5626.2 5514.5 5511.8 5431.6 5430.8 5149.2 5219.4 5379.1 5333.3 5269.7 5260.9 5305.5 5179.1 4996.9 4934.8
50 - 59 year 7187.6 7213.1 7023.2 7018.2 6928.1 6906.8 6550.0 6668.0 6839.2 6794.7 6659.0 6673.1 6719.1 6613.5 6422.7 6326.7
60 - 69 year 10798.3 | 10868.6 | 10684.7 | 10600.4 | 10328.8 | 10254.9 | 9660.2 9863.6 | 10026.2 | 9976.7 9812.0 9820.9 9815.6 9766.3 9571.8 9446.6
70 - 79 year 16089.5 | 16332.0 | 16082.7 | 15979.9 | 15922.9 | 15772.1 | 14574.0 | 15059.6 | 15497.9 | 15221.2 | 14794.4 | 14907.0 | 14958.7 | 14769.4 | 14229.2 | 13998.5
280 years 21163.6 | 22019.1 | 21951.0 | 22035.9 | 22019.2 | 22018.6 | 20378.5 | 21162.9 | 21986.1 | 21849.3 | 21341.5 | 21515.8 | 21299.9 | 21183.0 | 20557.9 | 20062.5




Table C. Pneumonia death rate per 1,000 inhabitants per year, 2002-2017

Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
TOTAL 0.127 0.145 0.161 0.156 0.168 0.185 0.189 0.236 0.258 0.279 0.286 0.314 0.313 0.328 0.346 0.337
<1 years 0.399 0.538 0.493 0.411 0.380 0.372 0.344 0.370 0.325 0.345 0.342 0.361 0.341 0.312 0.305 0.276
1-4year 0.043 0.045 0.042 0.036 0.040 0.036 0.037 0.042 0.041 0.042 0.041 0.045 0.041 0.035 0.050 0.042
5-9year 0.009 0.009 0.009 0.008 0.010 0.009 0.010 0.012 0.012 0.011 0.011 0.012 0.010 0.008 0.012 0.010
10 - 14 year 0.006 0.008 0.008 0.008 0.008 0.008 0.010 0.012 0.014 0.011 0.011 0.011 0.011 0.009 0.011 0.009
15 - 19 year 0.012 0.012 0.012 0.012 0.014 0.013 0.012 0.018 0.018 0.019 0.018 0.019 0.018 0.020 0.017 0.017
20 - 29 year 0.020 0.020 0.023 0.020 0.022 0.021 0.021 0.031 0.028 0.027 0.027 0.029 0.027 0.027 0.027 0.027
30 - 39 year 0.045 0.046 0.046 0.041 0.046 0.046 0.046 0.061 0.055 0.059 0.057 0.059 0.050 0.050 0.054 0.045
40 - 49 year 0.079 0.083 0.092 0.087 0.094 0.094 0.094 0.120 0.115 0.118 0.120 0.123 0.113 0.103 0.118 0.094
50 - 59 year 0.151 0.175 0.184 0.166 0.179 0.195 0.202 0.257 0.258 0.268 0.267 0.278 0.264 0.255 0.281 0.234
60 - 69 year 0.385 0.447 0.483 0.461 0.476 0.497 0.523 0.607 0.659 0.677 0.666 0.721 0.675 0.690 0.731 0.668
70 - 79 year 1.128 1.259 1.419 1.379 1.483 1.626 1.601 1.929 2.126 2.220 2.200 2.337 2.286 2.317 2.337 2.216
280 years 3.620 4.183 4.932 4.860 5.123 5.794 5.648 6.907 7.739 8.324 8.364 9.022 9.016 9.581 9.489 9.546
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Table D. Non-respiratory death rate per 1,000 inhabitants per year, 2002-2017

Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
TOTAL 1.704 1.770 1.861 1.888 1.912 1.969 1.797 1.948 2.068 2.090 2.116 2.202 2.253 2.375 2.431 2.384
<1 years 7.112 7.018 7.131 7.273 6.849 6.694 5.804 6.359 6.508 6.694 6.816 7.139 7.203 7.623 7.705 7.766
1-4year 0.256 0.253 0.247 0.233 0.223 0.215 0.188 0.201 0.200 0.191 0.187 0.192 0.189 0.185 0.195 0.198
5-9year 0.110 0.110 0.108 0.114 0.109 0.110 0.091 0.096 0.094 0.092 0.085 0.086 0.086 0.084 0.087 0.087
10 - 14 year 0.122 0.121 0.125 0.123 0.121 0.128 0.106 0.121 0.121 0.108 0.107 0.100 0.097 0.100 0.101 0.094
15 - 19 year 0.247 0.258 0.275 0.277 0.272 0.279 0.251 0.275 0.263 0.248 0.252 0.264 0.260 0.261 0.267 0.242
20 - 29 year 0.434 0.427 0.440 0.445 0.437 0.441 0.406 0.442 0.449 0.407 0.404 0.403 0.410 0.409 0.411 0.387
30 - 39 year 0.788 0.797 0.815 0.814 0.786 0.794 0.700 0.747 0.766 0.715 0.721 0.714 0.707 0.715 0.704 0.665
40 - 49 year 1.552 1.622 1.667 1.657 1.628 1.640 1.477 1.557 1.578 1.530 1.502 1.513 1.471 1.499 1.484 1.376
50 - 59 year 3.209 3.262 3.416 3.384 3.386 3.467 3.082 3.322 3.394 3.299 3.227 3.269 3.226 3.299 3.300 3.119
60 - 69 year 6.651 6.799 7.133 7.057 6.993 7.097 6.374 6.651 6.933 6.845 6.717 6.788 6.746 7.028 7.113 6.822
70 - 79 year 13.328 | 13.888 | 14.529 | 14.502 | 14.697 | 14.859 | 13.302 | 14.088 | 14.779 | 14.565 | 14.367 | 14.650 | 14.703 | 15.206 | 15.200 | 14.543
280 years 25.019 | 26.974 | 28.263 | 28.847 | 29.812 | 30.245 | 27.400 | 29.178 | 31.319 | 32.447 | 32.209 | 33.094 | 33.683 | 35.015 | 35.048 | 33.931
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Table E. Length of stay average for Pneumonia hospitalizations, 2002-2017

Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
TOTAL 5.38 5.50 5.47 5.41 5.44 5.46 5.45 5.39 5.46 5.59 5.74 5.91 6.07 6.17 6.37 6.26
<1 year 5.72 5.96 5.99 5.77 5.88 5.82 5.53 5.42 5.43 5.54 5.59 5.69 5.78 5.79 5.91 5.87
1-4year 4.98 4.95 4.93 4.79 4.83 4.75 4.67 4.57 4.52 4.53 4.55 4.60 4.72 4.73 4.96 4.95
5-9year 4.71 4.75 4.76 4.66 4.62 4.55 4.52 4.43 4.39 4.38 4.47 4.59 4.65 4.74 5.00 4.99
10 - 14 year 4.75 4.76 4.69 4.74 4.68 4.67 4.69 4.60 4.61 4.69 4.74 4.88 5.01 5.28 5.48 5.46
15 - 19 year 4.76 4.66 4.41 4.54 4.45 4.50 4.59 4.47 4.46 4.60 4.85 4.93 5.10 5.38 5.65 5.65
20 - 29 year 4.71 4.90 4.67 4.75 4.79 4.81 4.82 4.67 4.80 4.91 5.03 5.23 5.40 5.68 5.88 5.97
30 - 39 year 5.29 5.50 5.43 5.34 5.30 5.46 5.50 5.35 5.33 5.52 5.66 5.83 5.87 6.15 6.35 6.26
40 - 49 year 5.82 6.19 5.80 5.97 5.87 6.08 6.05 5.96 6.01 6.18 6.32 6.44 6.58 6.79 6.82 6.79
50 - 59 year 5.92 6.20 6.04 6.13 6.08 6.25 6.26 6.28 6.41 6.59 6.63 6.93 7.10 7.17 7.25 7.18
60 - 69 year 6.09 6.26 6.13 6.13 6.18 6.28 6.39 6.37 6.53 6.58 6.82 6.97 7.14 7.18 7.37 7.08
70 - 79 year 6.25 6.36 6.25 6.25 6.32 6.32 6.46 6.47 6.50 6.48 6.73 6.95 7.09 7.03 7.24 7.00
>80 years 6.47 6.43 6.30 6.32 6.28 6.47 6.45 6.47 6.55 6.51 6.76 6.93 7.03 7.00 7.03 6.83
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Table F. Length of stay average for non-respiratory hospitalizations, 2002-2017

Age group 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
TOTAL 6.43 6.31 6.23 6.04 5.91 5.95 5.89 5.88 5.81 5.83 5.82 5.78 5.66 5.60 5.53 5.40
<1 year 7.59 7.77 7.94 8.02 8.09 8.48 8.24 8.57 8.67 8.87 8.87 9.02 8.92 9.08 8.93 8.79
1- 4 year 4.12 4.04 4.02 3.88 3.79 3.84 3.71 3.74 3.63 3.72 3.71 3.80 3.74 3.89 3.87 3.92
5-9year 4.13 4.04 3.99 3.87 3.72 3.72 3.64 3.61 3.56 3.62 3.62 3.65 3.64 3.68 3.62 3.61
10 - 14 year 4.54 4.44 4.46 4.24 4.05 4.01 4.00 3.97 4.00 4.02 4.00 3.99 3.94 4.01 3.97 3.95
15 - 19 year 3.50 3.51 3.42 3.27 3.22 3.25 3.28 3.30 3.34 3.40 3.45 3.46 3.44 3.40 3.44 3.43
20 - 29 year 4.27 4.22 4.13 4.01 3.91 3.93 3.92 3.92 3.90 3.92 3.94 3.93 3.85 3.76 3.74 3.68
30 - 39 year 7.13 6.88 6.65 6.45 6.16 6.10 5.95 5.85 5.73 5.68 5.61 5.49 5.24 5.05 4.92 4.72
40 - 49 year 9.75 9.39 9.21 8.86 8.58 8.47 8.27 8.12 7.82 7.71 7.54 7.29 6.94 6.72 6.50 6.27
50 - 59 year 9.42 9.15 9.05 8.71 8.48 8.46 8.37 8.26 8.02 7.90 7.78 7.59 7.39 7.23 7.04 6.76
60 - 69 year 8.78 8.36 8.29 7.95 7.78 7.75 7.70 7.62 7.45 7.35 7.24 7.15 7.01 6.97 6.83 6.63
70 - 79 year 7.62 7.60 7.56 7.30 7.21 7.24 7.24 7.20 7.09 7.04 7.06 7.02 6.96 6.96 6.89 6.69
>80 years 7.55 7.22 7.18 6.94 6.98 7.06 6.92 6.97 6.95 7.00 7.06 7.08 7.16 7.14 7.09 6.89
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Table G. Variation on the mean absolute incidence rate of hospitalizations in post
versus pre vaccine introduction (Correspond to Fig. 1 of article)

Age (years) Mean 95% ClI
<1 -56.11 (-25.57, -86.65)
1-4 -25.15 (-16.61, -33.69)
5-9 -6.79 (-5.18, -8.40)
10-14 -4.05 (-3.32, -4.78)
15-19 -3.37 (-2.83, -3.91)
20 - 29 -3.2 (-2.67, -3.72)
30-39 -2.94 (-2.38, -3.50)
40 — 49 -2.82 (-2.11, -3.52)
50 - 59 -2.21 (-1.06, -3.35)
60 — 69 -1.54 (0.53, -3.61)
70-79 13.91 (18.73, 9.10)

>80 85.21 (97.39, 73.02)
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Table H. Absolut difference on mean LOS (95% CI) after vs before vaccination
(Correspond to Fig. 2 of the article)

Age (years) Mean 95% IC

<1 -0.05 (0.02 -0.13)
01-04 -0.12 (-0.06 -0.18)
05 - 09 0.02 (0.09 -0.04)
10-14 0.32 (0.4 0.24)
15-19 0.52 (0.62 0.43)
20 - 29 0.58 (0.67 0.49)
30 -39 0.48 (0.56 0.41)
40 - 49 0.51 (0.58 0.45)
50 - 59 0.74 (0.81 0.66)
60 - 69 0.71 (0.78 0.64)
70-79 0.53 (0.59 0.47)

>80 0.42 (0.47 0.37)
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Table I. Absolut difference on mean of death rate (95% CI) before and after

vaccination for all ages

Age (years) Mean (95% CI)

<1 -0.007 (-0.009  -0.005)
1-4 0.0002 (<0.001  0.0003)
5-9 <0.001 (<0.001  0.0001)
10- 14 0.0002 (0.0001  0.0002)
15-19 0.0004 (0.0003  0.0005)
20 - 29 0.0004 (0.0003  0.0005)
30-39 0.001 (0.0004  0.0007)
40 - 49 0.002 (0.001 0.002)
50 - 59 0.006 (0.005 0.007)
60 - 69 0.016 (0.014 0.018)
70-79 0.063 (0.057 0.069)
>80 0.307 (0.280 0.333)




Table J. Multivariate time-series analysis of Pneumonia hospitalization incidence:

Table J1. Under one year of age
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Table J2. One to four years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev -6.21074 8.597329 0.471028 Fev 5.343785 2.513309 0.034914
Mar 73.53881 9.037901 7.81E-14 Mar 41.16296 2.699894 9.28E-34
Abr 117.1527 10.78853 2.99E-21  Abr 44,772 3.853605 2.10E-23
Mai 113.8404 13.44039 1.05E-14 Mai 39.20464 4.187961 4.32E-17
Jun 74.05041 14.67675 1.14E-06  Jun 28.98121 4.111667 4.19E-11
Jul 69.28172 14.36275 3.09E-06  Jul 25.23848 3.781612 3.29E-10
Ago 23.43708 13.62172 0.087128  Ago 16.04294 3.313045 2.84E-06
Set 38.03298 11.90407 0.001664  Set 23.56506 2.843402 3.17E-14
Out 39.13381 9.546053 6.37E-05  Out 18.66132 2.574078 1.36E-11
Nov 26.81819 8.686507 0.002355 Nov 14.45742 2.494748 3.19E-08
Dez 4804125 8.5623 0.575474  Dez 8.891292 2.391358 0.000271
Trend -1.18862 0.902356 0.189511  Trend -0.12072 0.261408 0.644798
Vac 84.02761 28.10659 0.003203 Vac 7.868499 4.830862 0.105186
Cont 0.074828 0.034628 0.032084  Cont 0.075025 0.027958 0.007997
L1 1.024848 0.069015 1.23E-32 L1 0.935695 0.071138 8.57E-28
L2 -0.39183 0.06909 5.89E-08 L2 -0.2989 0.069668 2.97E-05
Trend*Vac -9.57311 2.984983 0.001599  Trend*Vac -1.24898 0.461108 0.007439



Table J3. Five to nine years of age

78

Table J4. Ten to 14 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev 1.829835 0.724892 0.012499 Fev 0.589495 0.383698 0.12629
Mar 8.627706 0.78771 1.62E-21 Mar 2.275383 0.424559 2.65E-07
Abr 7.863324 0.936274 1.62E-14  Abr 1.097179 0.447755 0.015271
Mai 9.36064 0.817719 6.44E-23 Mai 1.886413 0.415019 1.03E-05
Jun 8.021464 0.849776 2.64E-17  Jun 1.319642 0.400223 0.001186
Jul 5.761179 0.796862 1.52E-11  Jul 1.389766 0.383359 0.00038
Ago 5.027468 0.733677 1.24E-10 Ago 1.15678 0.381482 0.002803
Set 7.825316 0.68941 1.21E-22  Set 2.275991 0.374117 7.40E-09
Out 5.376972 0.739527 1.20E-11  Out 0.919626 0.388382 0.019003
Nov 4.491721 0.699102 1.25E-09 Nov 1.175068 0.373515 0.001951
Dez 3.218297 0.669137 3.29E-06 Dez 0.597072 0.369356 0.107815
Trend -0.07209 0.07095 0.310991  Trend -0.15262 0.052297 0.00399
Vac 1.876934 1.349476 0.166064  Vac -0.31532 0.905396 0.728065
Cont 0.060917 0.018429 0.001154  Cont 0.039804 0.01358 0.003838
L1 0.834376 0.072542 4.50E-23 L1 1.114027 0.068117 7.12E-37
L2 -0.18121 0.071177 0.011775 L2 -0.41533 0.068102 6.85E-09
Trend*Vac -0.29036 0.130545 0.027434  Trend*Vac 0.013545 0.091776 0.882845



Table J5. 15 to 19 years of age
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Table J6. Twenty to 29 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev 0.036383 0.309072 0.906429 Fev -0.2624 0.306265 0.392756
Mar 1.23415 0.313252 0.000118 Mar 0.536796 0.317752 0.092963
Abr 0.746743 0.327742 0.02393 Abr 0.023507 0.322363 0.941954
Mai 0.82192 0.32831 0.01323 Mai 0.450671 0.330135 0.174001
Jun 0.749423 0.321586 0.020946 Jun 0.465494 0.319596 0.147076
Jul 0.854664 0.322417 0.00878  Jul 0.647782 0.322676 0.046259
Ago 0.271472 0.321893 0.400197 Ago 0.280044 0.32343 0.387775
Set 0.65061 0.315807 0.04089 Set 0.125024 0.318422 0.695075
Out 0.457059 0.310883 0.143335 Out 0.017206 0.31332 0.956271
Nov 0.071668 0.308962 0.816841 Nov -0.16712 0.306825 0.586675
Dez 0.348623 0.309936 0.262231 Dez 0.103611 0.304777 0.734304
Trend -0.08446 0.041284 0.042285 Trend 0.012677 0.03997 0.751504
Vac 0.505776 0.62478 0.419331 Vac 1.829419 0.66687 0.006727
Cont 0.00571 0.003399 0.094738 Cont 0.009182 0.003347 0.006726
L1 1.035293 0.071518 1.42E-31 L1 1.031845 0.069895 2.18E-32
L2 -0.32943 0.071001 6.88E-06 L2 -0.3644 0.069341 4.34E-07
Trend*Vac -0.06723 0.056781 0.238013 Trend*Vac -0.22618 0.064795 0.000612



Table J7. Thirty to 39 years of age
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Table J8. Forty to 49 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev -0.43225 0.284537 0.130567 Fev -0.4161 0.353766 0.241143
Mar 0.498321 0.301585 0.10029 Mar 0.649237 0.373328 0.083815
Abr -0.08489 0.31248 0.7862 Abr 0.488621 0.385474 0.206659
Mai 0.519446 0.319481  0.1058 Mai 0.873354 0.402093 0.031223
Jun 0.26265 0.312762  0.4022 Jun 1.199927 0.39175 0.002544
Jul 1.008603 0.314868 0.001619 Jul 1.425191 0.412706 0.000697
Ago 0.117734 0.334886 0.725596 Ago 0.404325 0.442001 0.361598
Set -0.05892 0.319987 0.854131 Set 0.331419 0.421069 0.432313
Out -0.08763 0.312759 0.779673 Out 0.009006 0.414273 0.982681
Nov -0.51336 0.29926 0.088068 Nov -0.73986 0.395495 0.063081
Dez -0.31233 0.285678 0.2758 Dez -0.3377 0.371865 0.365079
Trend -0.00509 0.032435 0.87552 Trend 0.073401 0.041774 0.080678
Vac 1.845766 0.618973 0.00328 Vac 2.407308 0.80877 0.003336
Cont 0.012011 0.003898 0.002403 Cont 0.016575 0.005183 0.001646
L1 0.98585 0.070313 2.83E-30 L1 0.931893 0.07046 5.31E-28
L2 -0.32817 0.068776 3.88E-06 L2 -0.3001 0.068865 2.25E-05
Trend*Vac -0.23759 0.059757 0.000103 Trend*Vac -0.30913 0.076564 8.12E-05



Table J9. Fifty to 59 years of age
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Table J10. Sixty to 69 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev -0.88672 0.579825 0.128032 Fev -1.33472 0.954187 0.163672
Mar 0.993597 0.614144 0.107526 Mar 2.74225 1.006519 0.007105
Abr 0.992494 0.640677 0.123188  Abr 2.877463 1.062457 0.007446
Mai 1.844795 0.673975 0.006848 Mai 4.429529 1.091197 7.46E-05
Jun 2.294208 0.668933 0.000757  Jun 4.603215 1.107173 5.06E-05
Jul 3.0917 0.710162 2.29E-05  Jul 6.748594 1.158201 2.72E-08
Ago 0.633299 0.780097 0.418017  Ago 1.624723 1.300953 0.213409
Set 0.428509 0.723756 0.554586  Set 0.487965 1.200772 0.684971
Out -0.1826 0.706756 0.796436  Out 0.379054 1.159409 0.744113
Nov -1.31459 0.666481 0.050164  Nov -2.3965 1.095461 0.030043
Dez -1.13594 0.625384 0.071051 Dez -1.45617 1.038477 0.162652
Trend 0.195982 0.070158 0.005807  Trend 0.627979 0.130885 3.46E-06
Vac 3.564476 1.270645 0.005607 Vac 6.063094 2.045823 0.003471
Cont 0.02618 0.006667 0.000124  Cont 0.038277 0.007348 5.38E-07
L1 0.862545 0.070808 5.19E-25 L1 0.844983 0.069038 3.54E-25
L2 -0.22721 0.069112 0.001225 L2 -0.19798 0.068308 0.004239
Trend*Vac -0.43796 0.117332 0.000257  Trend*Vac -0.81275 0.194737 4.75E-05



Table J11. Seventy to 79 years of age
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Table J12. Eighty years and older

Estimate Sterror pvalue Estimate Sterror p value
Fev -3.77405 2.258248 0.096495 Fev -8.56877 5.164581 0.09891
Mar 4.860936 2.313752 0.037108 Mar 11.40338 5.152643 0.028206
Abr 7.595481 2.380511 0.001687  Abr 16.09833 5.421839 0.003413
Mai 10.52628 2.419999 2.33E-05 Mai 25.69524 5.405976 4.21E-06
Jun 13.2289 2.485615 3.17E-07  Jun 30.46242 5.715502 3.05E-07
Jul 16.30793 2.670399 6.57E-09  Jul 29.14001 6.256177 6.37E-06
Ago 2.692409 2.980735 0.367646  Ago -2.5072 6.881919 0.716068
Set 0.717654 2.816762 0.799198  Set -6.39823 6.398554 0.31874
Out 0.290891 2.688453 0.913963  Out -4.99219 6.071473 0.41208
Nov -7.08673 2.499606 0.00513 Nov -20.4229 5.591902 0.000345
Dez -3.30989 2.407164 0.170915 Dez -13.916 5.332126 0.009857
Trend 2.27951 0.325033 5.11E-11  Trend 5.912094 0.806925 8.76E-12
Vac 18.75106 5.405652 0.000661 Vac 17.11314 11.93172 0.153315
Cont 0.065724 0.010785 7.01E-09 Cont 0.139942 0.017192 7.67E-14
L1 0.75906 0.068661 8.33E-22 L1 0.758166 0.064568 9.32E-24
L2 -0.13191 0.067645 0.052801 L2 -0.14925 0.064121  0.0211
Trend*Vac -2.20302 0.505733 2.27E-05  Trend*Vac -2.21534 1.08941 0.043536



Table K. Multivariate time-series analysis of Pneumonia death rate:

Table K1. Under one year of age
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Table K2. One to four years of age

Estimate  Sterror p value Estimate St error p value
Fev -0.00354 0.001575 0.025868 Fev 7.87E-05 0.000243 0.746687
Mar 0.000506 0.001612 0.754111 Mar 0.000271 0.000243 0.265863
Abr 0.003149 0.001583 0.048202  Abr 0.00071 0.000242  0.00376
Mai 0.008031 0.001606 1.39E-06 Mai 0.000855 0.000243 0.000553
Jun 0.00573 0.001693 0.000883  Jun 0.001089 0.000245 1.63E-05
Jul 0.00448 0.00171 0.009589  Jul 0.00075 0.00025 0.003066
Ago 0.002353 0.001679 0.162754  Ago 0.000536 0.000246 0.030678
Set 0.000755 0.00163 0.643638  Set 0.000505 0.000242 0.038575
Out 0.000263 0.001627 0.871993  Out 0.000682 0.000243 0.005495
Nov 0.003007 0.00161 0.063454  Nov 0.000216 0.000242 0.374672
Dez 0.001474 0.001607 0.360063 Dez 0.00041 0.000242 0.091307
Trend -0.00061 0.000219 0.005902  Trend 6.34E-05 3.20E-05 0.048911
Vac 0.005217 0.003665 0.156449  Vac 0.00076 0.000517 0.143632
Cont 0.02976 0.009212 0.001478  Cont 0.119592 0.029111 6.13E-05
L1 0.442143 0.065954 2.72E-10 L1 0.251026 0.069838 0.000423
Trend*Vac  -0.00043 0.000381 0.265737  Trend*Vac -6.37E-05 4.92E-05 0.196861

Table K3. Five to nine years of age Table K4. Ten to 14 years of age

Estimate Sterror pvalue Estimate Sterror  pvalue
Fev -0.00018 0.000113 0.104226 Fev -0.00014 8.77E-05 0.122869
Mar -0.00013 0.000111 0.23017 Mar 9.20E-05 8.81E-05 0.297468
Abr -1.34E-05 0.000111 0.904124 Abr 6.54E-05 8.82E-05 0.459422
Mai 7.51E-05 0.000111 0.50108 Mai 0.000124 8.79E-05 0.159053
Jun 0.000164 0.000113 0.148428 Jun 0.000176 8.85E-05 0.047899
Jul 4.82E-05 0.000113 0.67132 Jul 0.000111 8.90E-05 0.213547
Ago 0.000171 0.000112 0.129276 Ago 0.000241 8.85E-05 0.007187
Set 8.54E-05 0.000114 0.453621 Set 0.000186 9.05E-05 0.040907
Out 2.53E-05 0.000114 0.824535 Out 5.43E-05 9.01E-05 0.547551
Nov -4.93E-05 0.000113 0.66232 Nov -1.61E-05 8.82E-05 0.855034
Dez -0.00011 0.000112 0.348958 Dez -4.16E-05 8.80E-05 0.636586
Trend 3.93E-05 1.31E-05 0.003014 Trend 6.20E-05 1.03E-05 1.11E-08
Vac 0.000481 0.00023 0.03839 Vac 0.000589 0.000182 0.001446
Cont 0.002956 0.025423 0.907568 Cont 0.028212 0.015987 0.079362
L1 0.025329 0.076482 0.740904 L1 0.091673 0.074863 0.222403
Trend*Vac  -5.79E-05 2.13E-05 0.007301 Trend*Vac -7.48E-05 1.73E-05 2.54E-05
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Table K5. 15 to 19 years of age Table K6. Twenty to 29 years of age
Estimate  Sterror p value Estimate St error p value
Fev 5.20E-06 0.00012 0.965471 Fev -0.00016 0.000118 0.181419
Mar -3.68E-05 0.000119 0.758092 Mar 4.37E-05 0.000117 0.710367
Abr 9.26E-06 0.00012 0.938401  Abr -0.00011 0.000118 0.343787
Mai 0.000226 0.00012 0.060775 Mai 3.92E-05 0.000117 0.738951
Jun 0.000163 0.000121 0.180302  Jun 0.00011 0.000119 0.353631
Jul 0.000435 0.00012 0.00038  Jul 0.000208 0.000118 0.080701
Ago 0.000356 0.000124 0.004574  Ago 0.000172 0.000121 0.156936
Set 0.000273 0.000123 0.02751  Set 5.31E-05 0.000121 0.661567
Out 0.000166 0.000122 0.176474  Out 2.22E-05 0.000119 0.852936
Nov -0.00014 0.00012 0.257001 Nov -0.00015 0.000119 0.213818
Dez 2.31E-05 0.000122 0.849517 Dez -4.72E-05 0.000119 0.691868
Trend 6.07E-05 1.34E-05 1.04E-05 Trend 5.36E-05 1.36E-05 0.000111
Vac 0.000961 0.000248 0.000149 Vac 0.000656 0.000242 0.007488
Cont 0.009643 0.01359 0.478943  Cont 0.03901 0.011012 0.000509
L1 -0.02485 0.075604 0.742771 L1 0.418841 0.064857 1.02E-09

Trend*Vac -8.28E-05 2.27E-05 0.000352  Trend*Vac -6.11E-05 2.26E-05 0.007499

Table K7. Thrity to 39 years of age Table K8. Fourty to 49 years of age

Estimate Sterror p value Estimate Sterror p value

Fev -0.00016 0.000212 0.446344  Fev -0.00024 0.000316 0.441834
-5.90E-

Mar -0.00017 0.00021 0.408683  Mar 05 0.000313 0.85044
Abr -0.00019 0.000211 0.358192  Abr 5.69E-05 0.000313 0.856054
Mai 0.000353 0.000211 0.096667  Mai 0.000194 0.000314 0.538139
Jun 0.000131 0.000213 0.537964  Jun 0.000367 0.000317 0.247722
Jul 0.000525 0.000212 0.014098  Jul 0.000688 0.000323 0.034447
Ago 0.000283 0.000217 0.194003  Ago 0.000142 0.000333 0.669431
Set 0.00011 0.000217 0.612568  Set 0.000237 0.000327 0.468703
Out 0.000139 0.000215 0.51706  Out 0.000152 0.000324 0.640015
Nov -0.00016 0.000214 0.460535 Nov -0.00011 0.000321 0.735911
Dez -4.97E-05 0.000214 0.816907 Dez -0.00032 0.000318 0.308539
Trend 9.78E-05 2.52E-05 0.000151  Trend 0.000233 4.07E-05 4.42E-08
Vac 0.001983 0.000474 4.58E-05 Vac 0.003175 0.000748 3.56E-05
Cont 0.022264 0.01247 0.075941  Cont 0.047674 0.009484 1.23E-06
L1 0.417797 0.068284 6.07E-09 L1 0.485789 0.060531 1.44E-13

Trend*Vac -0.00019 4.33E-05 2.36E-05  Trend*Vac -0.00031 7.01E-05 2.11E-05



Table K9. Fivty to 59 years of age

85

Table K10. Sixty to 69 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev 0.00024 0.000577 0.678413 Fev -0.001 0.001294 0.442738
Mar -0.00044 0.000573 0.447019 Mar 0.000935 0.001296 0.471749
Abr 9.48E-05 0.000573 0.868776  Abr 0.001131 0.001286 0.380347
Mai 0.001033 0.000578 0.075609 Mai 0.003303 0.001298 0.011805
Jun 0.001227 0.000582 0.03634  Jun 0.004539 0.001322 0.000747
Jul 0.001388 0.00061 0.023948  Jul 0.005887 0.001421 5.34E-05
Ago 0.000876 0.000628 0.164602  Ago 0.004191 0.001505 0.005965

-4.53E-
Set 05 0.000618 0.941627  Set 0.000841 0.00147 0.567969
Out -0.00014 0.000595 0.819021  Out 0.000858 0.00137 0.531956
Nov -0.00076 0.000583 0.192089 Nov 0.000222 0.001329 0.867362
Dez -0.00036 0.000574 0.535929 Dez -0.00103 0.001301 0.43141
Trend 0.000437 8.23E-05 3.30E-07  Trend 0.001521 0.000197 9.07E-13
Vac 0.005682 0.001385 6.28E-05 Vac 0.016344 0.003016 1.97E-07
Cont 0.049952 0.008586 2.80E-08  Cont 0.056871 0.009848 3.47E-08
L1 0.572267 0.056035 1.76E-19 L1 0.411226 0.061581 3.14E-10
Trend*Vac -0.00052 0.000128 6.63E-05  Trend*Vac -0.00156 0.000275 6.35E-08

Table K11. Seventy to 79 years of age Table K12. Eighty years and older

Estimate Sterror p value Estimate Sterror p value
Fev -0.0009 0.003057 0.768472 Fev 0.008188 0.011902 0.492404
Mar 0.002898 0.003032 0.340482 Mar 0.01624 0.011815 0.171055
Abr 0.003362 0.00303 0.268706  Abr 0.022511 0.011882 0.059818
Mai 0.007649 0.003048 0.013017 Mai 0.031753 0.011892 0.008298
Jun 0.009869 0.003131 0.001908  Jun 0.053344 0.012336 2.57E-05
Jul 0.014887 0.003425 2.35E-05  Jul 0.045541 0.014273 0.001684
Ago 0.003605 0.003782 0.341845  Ago -0.00465 0.015643 0.766554
Set -0.00514 0.003598 0.154852  Set -0.02365 0.014494 0.104506
Out -0.00061 0.003281 0.852358  Out -0.00591 0.013478 0.661424
Nov -0.00672 0.003173 0.035724  Nov -0.03332 0.012756 0.009781
Dez -0.00303 0.003045 0.321861 Dez -0.02048 0.011959 0.088524
Trend 0.004511 0.000572 3.33E-13  Trend 0.011769 0.002326 1.06E-06
Vac 0.051648 0.007822 4.70E-10 Vac 0.088381 0.026391 0.000995
Cont 0.101924 0.010724 1.63E-17 Cont 0.177783 0.019989 7.40E-16
L1 0.45784 0.052852 3.08E-15 L1 0.500726 0.052051 7.81E-18
Trend*Vac -0.00477 0.000711 2.63E-10 Trend*Vac -0.00857 0.002347 0.000345



Table L. Multivariate time-series analysis of Pneumonia LOS:

Table L1. Under one year of age
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Table L2. One to four years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev -0.02298 0.056777 0.68613 Fev -0.10336 0.032435 0.001702
Mar -0.34481 0.056904 8.08E-09 Mar -0.395 0.032367 3.25E-25
Abr -0.3815 0.057582 4.07E-10  Abr -0.42326 0.032324 8.61E-28
Mai -0.18308 0.059799 0.002548 Mai -0.32559 0.032837 1.09E-18
Jun -0.08471 0.060923 0.166151  Jun -0.22706 0.033055 1.07E-10
Jul 0.072322 0.060498 0.233524  Jul -0.06215 0.032972 0.061102
Ago 0.270182 0.058827 8.30E-06  Ago 0.023285 0.032319 0.472192
Set 0.216968 0.057107 0.0002  Set -0.00289 0.032426 0.929113
Out 0.164551 0.056884 0.004301  Out -0.0145 0.032583 0.656754
Nov 0.049779 0.056917 0.382986 Nov 0.001612 0.032365 0.960327
Dez 0.055698 0.056951 0.329414  Dez -0.07852 0.032457 0.016577
Trend -0.08802 0.009177 8.68E-18  Trend -0.03206 0.005591 4.20E-08
Vac -1.3216 0.136919 5.85E-18 Vac -0.93895 0.088197 9.55E-21
Cont 0.215838 0.05361 8.42E-05  Cont 0.441033 0.075604 2.55E-08
Trend*Vac 0.149244 0.012696 6.41E-24  Trend*Vac 0.092638 0.00939 1.49E-18

Table L3. Five to nine years of age Table L4. Ten to 14 years of age

Estimate Sterror p value Estimate Sterror p value
Fev -0.15625 0.041008 0.000192 Fev 0.024048 0.070824 0.734602
Mar -0.44425 0.040832 2.07E-21 Mar -0.33482 0.070662 4.42E-06
Abr -0.48983  0.0408 1.21E-24  Abr -0.41935 0.070678 1.54E-08
Mai -0.48187 0.041212 9.70E-24 Mai -0.35284 0.070876 1.52E-06
Jun -0.3874 0.041175 2.75E-17 Jun -0.31569 0.070772 1.45E-05
Jul -0.24331 0.041543 2.27E-08  Jul -0.17286 0.071011 0.015923
Ago -0.1936 0.040828 4.36E-06  Ago -0.10688 0.070956 0.133772
Set -0.20728 0.040859 9.87E-07  Set -0.12931 0.070972 0.070164
Out -0.12335 0.041103 0.003083  Out -0.15246 0.070811 0.032677
Nov -0.13976 0.040887 0.000783 Nov -0.03677 0.070889 0.604632
Dez -0.11755 0.04091 0.004562 Dez -0.0095 0.071061 0.893773
Trend -0.01195 0.00859 0.165841  Trend 0.013075 0.012684 0.304033
Vac -1.22516 0.098309 5.82E-26  Vac -1.40079 0.15466 2.51E-16
Cont 0.462231 0.100577 8.20E-06  Cont 0.393942 0.130436 0.002902
Trend*Vac 0.118669 0.010725 6.12E-22  Trend*Vac 0.141018 0.015972 1.04E-15



Table L5. 15 to 19 years of age

87

Table L6. Twenty to 29 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev -0.06445 0.094441 0.495892 Fev 0.046186 0.072254 0.523513
Mar -0.16321 0.094475 0.085831 Mar -0.06354 0.072221 0.38019
Abr -0.24992 0.094723 0.009076  Abr -0.14527 0.072287 0.045991
Mai -0.29211 0.094481 0.002314  Mai -0.1778 0.072212 0.014775
Jun -0.31434 0.094613 0.001086  Jun -0.19359 0.072239 0.008065
Jul -0.2141 0.094734 0.025049  Jul -0.15265 0.072243 0.036015
Ago -0.1783 0.094568 0.061021  Ago -0.08975 0.072344 0.21638
Set -0.16445 0.094739 0.084339  Set -0.0548 0.072301 0.449474
Out -0.16612 0.094676 0.081072  Out -0.03491 0.072355 0.630022
Nov -0.09362 0.094702 0.32422 Nov 0.056745 0.072411  0.4343
Dez -0.116 0.09496 0.223522 Dez -0.0082 0.073198 0.910943
Trend -0.00504 0.011175 0.652791  Trend 0.026673 0.011685 0.023646
Vac -1.79206 0.191151 3.40E-17 Vac -1.81658 0.148746 3.07E-25
Cont 0.754313 0.193972 0.000143  Cont 0.560832 0.184229 0.002691
Trend*Vac 0.190601 0.018337 4.91E-20 Trend*Vac 0.190242 0.013383 4.91E-31

Table L7. Thirty to 39 years of age

Table L8. Forty to 49 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev 0.078285 0.072963 0.284768 Fev 0.074398 0.084269 0.378514
Mar 0.005236 0.071594 0.941787 Mar -0.0198 0.082042 0.809614
Abr -0.18133 0.072145 0.012856  Abr -0.18914 0.082936 0.023776
Mai -0.15832 0.072266 0.029779 Mai -0.16788 0.082708 0.043888
Jun -0.22759 0.071936 0.001835  Jun -0.15801 0.082529 0.057174
Jul -0.23003 0.071707 0.001589  Jul -0.2298 0.082498 0.005931
Ago -0.14824 0.071798 0.040424  Ago -0.05154 0.083526 0.537972
Set -0.02096 0.072431 0.772585  Set -0.09572 0.084573 0.259248
Out -0.023 0.072166 0.75034  Out -0.01219 0.08438 0.885275
Nov 0.065385 0.072085 0.365618 Nov 0.03181 0.084432 0.706812
Dez 0.026438 0.071997 0.713904  Dez 0.073833 0.082 0.369137
Trend 0.051226 0.022796 0.02587  Trend 0.032778 0.023995 0.173667
Vac -1.28186 0.14723 2.22E-15 Vac -0.84065 0.168586 1.47E-06
Cont 0.30147 0.123534 0.015663  Cont 0.09641 0.097153 0.322389
Trend*Vac 0.14025 0.013282 1.68E-20 Trend*Vac 0.106168 0.015234 6.15E-11



Table L9. Fifty to 59 years of age
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Table L10. Sixty to 69 years of age

Estimate Sterror pvalue Estimate Sterror p value
Fev 0.022903 0.076821 0.76595 Fev 0.188899 0.07667 0.014709
Mar -0.12699 0.07499 0.092131 Mar -0.04113 0.075735 0.587767
Abr -0.20068 0.075857 0.008895  Abr -0.24127 0.075815 0.001727
Mai -0.23371 0.075488 0.002283 Mai -0.20636 0.075767 0.007108
Jun -0.21982 0.075335 0.003983  Jun -0.22474 0.075809 0.003451
Jul -0.25508 0.075217 0.000859  Jul -0.20883 0.075804 0.006489
Ago -0.15187 0.076058 0.047388  Ago -0.01071 0.075879 0.887948
Set -0.09919 0.076894 0.198754  Set -0.03057 0.076022 0.688129
Out -0.00154 0.076325 0.983898  Out -0.01022 0.075928 0.893115
Nov 0.14558 0.076464 0.058557 Nov 0.099296 0.076187 0.194167
Dez 0.076985 0.075088 0.30665 Dez 0.072955 0.076011 0.338474
Trend 0.080701 0.017059 4.57E-06  Trend 0.104052 0.016114 1.00E-09
Vac -0.54494 0.15447 0.000534 Vac -0.24049 0.153958 0.120072
Cont 0.219162 0.092149 0.018462  Cont 0.394523 0.094423 4.62E-05
Trend*Vac 0.078426 0.014042 8.73E-08  Trend*Vac 0.042863 0.014391 0.003306

Table L11. Seventy to 79 years of age

Table L12. Eighty years and older

Estimate Sterror p value Estimate Sterror p value
Fev 0.119805 0.061485 0.052942 Fev 0.101468 0.058974 0.087089
Mar -0.04974 0.061216 0.417571 Mar -0.00415 0.058944 0.944015
Abr -0.18828 0.061221 0.002438 Abr -0.05975 0.058878 0.311586
Mai -0.18287 0.06191 0.003567 Mai -0.1061 0.059561 0.076589
Jun -0.21063 0.061726 0.000799 Jun -0.18676 0.059491 0.001987
Jul -0.22665 0.061742 0.00032 Jul -0.07552 0.059406 0.20534
Ago -0.09861 0.061512 0.110709 Ago -0.04259 0.059449  0.4747
Set -0.05672 0.061481 0.357462 Set -0.00519 0.059808 0.930916
Out 0.039029 0.061769  0.5283 Out -0.00904 0.060177 0.880808
Nov 0.055358 0.061441 0.368817 Nov 0.120753 0.059676 0.044536
Dez 0.025741 0.062108 0.679047 Dez 0.041939 0.059998 0.485468
Trend 0.073889 0.008967 3.82E-14 Trend 0.05451 0.007682 3.02E-11
Vac -0.46474 0.123696 0.000234 Vac -0.05928 0.119783 0.621279
Cont 0.65923 0.093586 4.05E-11 Cont 0.685881 0.077082 6.77E-16
Trend*Vac 0.056792 0.011417 1.55E-06 Trend*Vac 0.007475 0.011603 0.52025
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