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RESUMO

Vacinas de rotavirus: processo de introdugdao e efetividade na América Latina e Caribe

A doenca causada pelo rotavirus € umas das principais causas de morbidade e mortalidade
relacionadas a diarreia aguda em criangcas no mundo causando, antes da introdugdo das vacinas,
aproximadamente 453.000 mortes anualmente, particularmente nos paises em desenvolvimento. No ano
de 2006, duas vacinas foram licenciadas para prevenir os casos graves de diarreia por rotavirus do
grupo A (RVA) e mortalidade por esta doenca. Estas duas vacinas, monovalente (Rotarix® - RV1) e
pentavalente (RotaTeq® — RV5), foram recomendadas pela Organizagdo Mundial da Saude (OMS) para
sua utilizacdo nos programas de imunizacdes em 2007. Os paises da América Latina e Caribe (ALC) e
os Estados Unidos da América (EUA) foram os primeiros a incorporarem esta vacina na rotina de
imunizacdes. Atualmente, 16 paises da ALC introduziram estas vacinas no esquema de vacinacao. O
objetivo deste estudo é documentar o processo de introdugdo das vacinas de RVA em alguns paises da
ALC através de uma avaliacao qualitativa —observacional, medir a efetividade da vacina RV1na Bolivia, e
realizar uma meta-analise para estimar a efetividade das vacinas RVA, segundo diferentes variaveis, na
ALC. As evidencias da eficacia da vacina, seu potencial impacto e custo-efetividade de sua introducéo,
mesmo sem dados locais, foram importantes para a decisdo de introducdo dessa vacina. Tanto no
estudo da Bolivia como na meta-analise, as estimativas de efetividade variaram em grau de acordo ao
grupo controle utilizado. No estudo caso-controle da Bolivia, e a efetividade de RV1 para o esquema
completo foi de 77,0% e 69,0% utilizando controles de hospital (outras doencgas) e diarreias ELISA-
negativo para RVA, respectivamente. A efetividade para uma dose da vacina foi de 56,0% com controles
de hospital (outras doengas) e 36,0% com controles de diarreia ELISA-negativo. Na reviséo sistematica
foram identificados 806 estudos dos quais foram selecionados 8 para a meta-analise, envolvendo 27.713
participantes na analise final. As estimativas sumarias foram calculadas usando diferentes grupos
controles. A efetividade para duas doses de RV1 contra hospitalizacbes variou de 63, 5% a 72,2%;
efetividade em criangas <12 meses variou de 75,4% a 81,8% para RV1, e de 56,5% a 66,4% para
criancas maiores de >12 meses. A efetividade da RV5 variou de 76,1% a 88,8% nas diarreias com
score Vesikari >11 em criangas de 6 a 11 meses. Em conclus@o, foram identificados os principais fatores
gue apoiaram o processo de decisdo de introducdo das vacinas RVA, os quais foram de alta importancia
para documentar este processo, uma vez que a literatura sobre o tema é escassa. As vacinas de RVA
conferem alta protecdo para as hospitalizacdes por RVA. Para a vacina RV1, esta protecao € maior nos
<12 meses comparado aos > 12 meses. Uma dose de vacina também confere protecdo o que é
especialmente importante nos paises em desenvolvimento onde as diarreias ocasionam alta mortalidade.

Palavras chave: Vacinas contra Rotavirus; Efetividade; Metandlise; América Latina; Regido do Caribe
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ABSTRACT

Rotavirus vaccines: introduction process and effectiveness in Latin American and Caribbean

The Rotavirus disease is one of the most significant causes of morbidity and mortality in relation to
acute diarrhea in children around the world and there were approximately 453,000 deaths annually before
the introduction of the vaccines, especially in developing countries. In 2006, two group A rotavirus (RVA)
vaccines were licensed to prevent severe diarrhea and mortality due to rotavirus. The monovalent
(Rotarix®, RV1) and pentavalent (RotaTeq®, RV5) were recommended by the World Health Organization
(WHO) in 2007. Countries from Latin America, the Caribbean (LAC), and the United States were the first
ones in the world to introduce these vaccines. Currently, 16 countries in LAC have introduced RVA
vaccines in their immunization programs. The objective of this study is to document the RVA vaccines
introduction process in some LAC countries through an observational-quality study measuring the
effectiveness of the vaccine in a specific country, Bolivia, and to conduct a meta-analyse for estimating
the vaccine’s effectiveness according different variables in LAC. The evidence on efficacy, potential
impact, and cost-effectiveness of vaccine introduction, even without local data, were important in the
decision making process for vaccine introduction. The vaccine effectiveness, using different types of
controls, leads to different degrees of effectiveness in the Bolivia study and in the meta-analysis too. A
Bolivia case-control study shows RV1 effectiveness for a complete schedule of 77.0% and 69.0% with
non-diarrhea controls and diarrhea ELISA negative test, respectively. For one dose of vaccine,
effectiveness ranged from 56.0% using non-diarrhea hospital control to 36.0% using diarrhea ELISA
negative test. Systematic review identified 806 studies but only 8 of them were selected for the meta-
analysis involving 27,713 participants. Effectiveness of two doses of RV1 against rotavirus-related
hospitalizations ranged from 63.5% to 72.2%; effectiveness ranged from 75.4% to 81.8% among infants
<12 months for RV1, and from 56.5% to 66.4% for infants >12 months. The RV5 effectiveness ranged
from 76,1% to 88,8% for diarrhea with a Vesikari score >11 in infants from 6 to 12 months. In conclusion,
were identified the main factors that supported the decision —making process for the vaccine introduction
in the countries and they are very important since the literature on this issue is very poor. RVA vaccines
confer high protection against diarrhea due to rotavirus. RV1 effectiveness is higher in infants < 12
months and lower in infants > 12 months. One dose of vaccine confers some protection which is

important especially in developing countries where mortality is high.

Key words: Rotavirus vaccines; Effectiveness; Meta-Analysis; Latin America; Caribbean region

viii



Lista de siglas e abreviaturas

ALC: América Latina e Caribe
AL: América Latina

ACIP: Comité Assessor de Praticas de Imunizacao (Advisory Committee on
Immunization Practices)

CDC: Centro de Controle e Prevencao de Doencas (Centers for Disease Control
and Prevention)

EUA: Estados Unidos da América

FDA: Administracdo de Medicamentos e Alimentacéo (Food and Drug
Administration)

GAVCS: Comité Assessor de seguranca em vacinas (Global Advisory Committee on
Vaccine Safety)

GAVI Alliance: Alianca Global para Vacinas e Imunizac¢des (Global Alliance for
Vaccines and Immunization)

GTA: Grupo Técnico Assessor em Doencas Preveniveis por Vacinagao
IC: intervalo de confianca

IPV: vacina de poliomielite inativada

IS: intussuscepc¢ao ou invaginacao intestinal

ODM: Objetivos de Desenvolvimento do Milénio

OPAS: Organizacdo Pan Americana da Saude

OPS: Organizacion Panamericana de la Salud

OMS: Organizacdo Mundial da Saude

VPC: vacina conjugada de pneumococo

PIB: produto interno bruto

ProVac: Promocédo da Tomada de DecisOes Baseada em Evidencias para a
Introducéo de Novas Vacinas (Promotion of Evidence-Based Decision Making on
New Vaccine Introductions)

RVA: rotavirus do grupo A



RV1: vacina de rotavirus monovalente (Rotarix)
RV5: vacina de rotavirus pentavalente (Rotateq)

SAGE: Grupo Consultor Estratégico de Expertos da OMS (Strategic Advisory Group
of Expert s)

VOP: vacina oral de poliomielite
VPH: vacina do papilloma humano

WHO: World Health Organization
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1. Introducao

1.1 Virus

Os rotavirus sdo membros da familia Reoviridae, género Rotavirus. As particulas
virais foram descritas pela primeira vez através da microscopia eletrénica (ME) de
bidpsia de epitélio duodenal de criancas com diarreia aguda (1) assim como pela ME
de fezes de criancas com diarreia aguda (2). Pela ME a particula viral apresenta uma
morfologia tipica, semelhante a uma “roda de carro¢a” e a denominagéao rotavirus (do
Latin, rota=roda) foi proposta por Flewett et al. (1978). (3, 4 , 5). O virion, particula
infecciosa completa do rotavirus, tem de 80nm a 100nm de diametro, simetria
icosaédrica, sendo desprovido de envelope. O genoma viral é constituido por RNA de
dupla fita (RNAdf), com 11 segmentos, 0s quais sdo circundados por um capsideo de
trés camadas concéntricas contendo o core (capsideo interno); um capsideo

intermediario e um capsideo externo (6).

Cada um dos segmentos do genoma viral codificam para proteinas estruturais
(VPs): VP1, VP2, VP3, VP4, VP6 e VP7; e nao estruturais (NSPs): NSP1, NSP2,
NSP3, NSP4, NSP5 e NSP6. Cada segmento de genoma codifica uma proteina (VP
ou NSP), a excecdo do segmento 11, o qual codifica duas proteinas (NSP5 e NSP6) (5,
6).

Ancorando o RNAdf estdo as proteinas que constituem o core VP1, VP2 e VP3,
as quais sdo funcionalmente importantes para a replicacédo viral, sendo estas proteinas

codificadas pelos segmentos(4-6).

O capsideo intermediario é constituido pela proteina VP6 (codificada pelo
segmento 6) que é a proteina mais abundante do virion e é a base para a
classificacdo dos rotavirus em grupos de A a H(7). Os grupos A, B, C e H foram
descritos em humanos e animais; enquanto os demais (D-G) foram descritos apenas

em animais (galinhas, porcos, aves) (8). Acredita-se que os humanos sejam o Unico



reservatorio para cepas humanas e a transmissdo de cepas animais para humanos
parece improvavel(9). Os rotavirus do grupo A (RVA) sédo considerados os mais
importantes em saude publica, pois induzem as diarreias mais graves em criangas

criancas em nivel global (8, 10).

O capsideo externo € composto pelas proteinas estruturais VP4 e VP7. A
proteina VP4 é codificada pelo gene 4 e é responsavel pela classificacdo dos RVA em
sorotipos/gendtipos P (sensibilidade a protease); enquanto VP7 é codificada pelos
genes 7, 8 ou 9, e é responsavel pela classificacdo dos RVA em sorotipos/gendtipos G
(glicoproteina). As proteinas VP4 e VP7 contém multiplos epitopos antigénicos que
induzem a sintese de anticorpos neutralizantes e, portanto, podem influenciar na

eficacia das vacinas contra RVA (5, 6).

Figura 1: Estrutura do rotavirus. Adaptacao de Usonis et al 2012(11)
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Atualmente, estdo descritos 27 gendtipos G (G1-G27) e 37 gendtipos P (P[1]-
P[37]) (12, 13). A maioria dos RVA humanos associados a doenca diarréica
apresentam as combinacdes genotipicas G1P[8], G2P[4], G3P[8], G4P[8], ou G9P[8]. A
maioria dos gendtipos de RVA humanos co-circulam dentro de uma mesma estacao,
criando condicbes que favorecem as reestruturacfes (reassortment) dos virus. As
reestruturacdes, a mutacdo pontual, que define novas linhagens e sublinhagens de um
genotipo, e o rearranjo, que sao alteracdes do segmento genémico, sdo considerados
0s principais mecanismos de evolucdo da diversidade genética dos rotavirus (14-16).

1.2 Rotaviroses

1.2.1 Patogénese e resposta imune

O modelo de transmissao dos rotavirus € pouco conhecido, mas a disseminagao
€ por contato pessoa-pessoa (transmissao fecal-oral), por fébmites contaminados ou
através da exposicao de aerossois respiratérios (9, 17, 18). A replicacéo viral ocorre na
porcao apical das vilosidades do intestino delgado, progredindo da parte proximal para
a distal. O conhecimento da patogénese causada pelos rotavirus foi obtida
principalmente pelos estudos em modelos animais(17). Dois mecanismos de diarreia
foram descritos para os RVA: osmdtico e secretério. O virus desprende-se de sua capa
externa e ativam-se as enzimas necessarias para a sua transcricao viral, ocorrendo sua
replicacdo. A infeccdo resulta em uma extensiva necrose celular do epitélio do intestino
delgado com atrofia das vilosidades, resultando em diminuicdo da absorcéo intestinal
de sédio, glicose, agua, lactose e sacarose, induzindo a uma diarreia isoténica (8, 19,
20). Isto é seguido por hiperplasia de célula cripta reativa acompanhada de aumento de

secrecdo o que também contribui para a gravidade da diarreia (20).

O mecanismo secretorio ocorre através da liberacdo da proteina NSP4 que atua
como uma enterotoxina viral que é secretada das células infectadas, mas que também

atua em células ndo infectadas, interferindo na estabilidade do metabolismo de Ca*"



Esta proteina NSP4 € um fator de viruléncia multifuncional e que explica a gravidade da
gastroenterite ocasionada pelos RVA, mesmo sem ocorrer um dano histopatolégico
muito extenso (8, 20). A infecgdo pelos RVA é normalmente localizada no intestino (8,
20); embora alguns relatos descrevam que as infeccdes pelos RVA podem disseminar-
se, induzindo a antigenemia e viremia (21-23). Antigenos e RNAdf de RVA ja foram
detectados no soro de criangcas com gastroenterite grave e os mais altos niveis de
antigemia foram detectados no inicio da doenga em criancas com febre alta (21, 22,
24); no entanto fatores do hospedeiro tém um importante papel nos niveis de antigemia
(25). Mesmo assim, o significado clinico da infeccado pelos RVA extra-intestinal, mais
gue a associacao de febre com a antigemia ou viremia, permanece desconhecido e seu
impacto no desenvolvimento de vacinas ou imunidade natural ainda deve ser
determinado (22, 23, 25). Em sintese, a diarreia produzida pelos RVA € um mecanismo
complexo e que envolve processos de ma absorcao, hiper secrecdo e de alteracédo de
permeabilidade e motilidade do transito intestinal, sendo que a gravidade da mesma

esta relacionada a fatores do virus e do hospedeiro (8).

As infec¢des por RVA induzem a uma resposta imune local intestinal e sistémica
a despeito de ser uma infeccdo superficial de mucosa (26). Observacoes
epidemiologicas e de experimentagdo em animais indicam que infeccdo primaria
produz, principalmente, uma resposta imune humoral sorotipica especifica, resultando
em uma imunidade homotipica. Por outro lado, as infec¢Bes subsequentes induzem
imunidade homotipica e heterotipica, a qual aumenta com o numero de reinfeccbes
(27, 28).

1.2.2 Periodo de incubacéo e transmissibilidade
O periodo de incubacao é relativamente curto, usualmente menos de 48 horas,
podendo ser de até 7 dias, e o inicio da doenca é subito (8, 20). As rotaviroses sao
altamente transmissiveis, sendo que a dose de infeccao é baixa e o virus é excretado
em grandes quantidades (podendo chegar a 10** particulas/g fezes/evacuacéo) antes e
depois do inicio dos sintomas (29). Além disto, a particula viral € extremamente

resistente a intempéries climaticas, mantendo-se infecciosa em superficies secas por



até 10 dias e nas maos humanas por até 4 horas (30). Como mencionado
anteriormente, a transmissao €, principalmente, fecal-oral, através de contato direto
com os casos de RVA em criangas e adultos, incluindo aqueles com doenca sub-
clinica, e contato com objetos, alimentos, agua e superficies (29, 30).

1.2.3 Caracteristicas clinicas
As manifestacdes clinicas da infeccdo variam e dependem se é uma primo-
infeccdo ou uma reinfeccdo. A infec¢cdo natural adquirida pelo RVA produz a maior
protecdo contra reinfeccdo e doenca grave. Depois da primeira infeccdo, 88% das
criancas estdo protegidas contra outro episddio de diarreia grave por RVA; 75%
estardo protegidas contra diarreias por RVA e 40% contra qualquer infeccdo por este
virus (31).

Estudos de criancas com infeccdo por RVA tém demonstrado um espectro que
varia desde a infeccdo assintomatica até desidratacdo grave, choque e oObito (31). A
doenca é caracterizada por diarreia liquida de inicio subito, febre e vomito (9, 31). A
diarreia pode ser de moderada a grave persistindo, comumente, de 3 a 8 dias, com 10
a 20 episodios diarios e tem duracdo auto-limitada. A febre e o vomito sdo mais
proeminentes durante os primeiros dias da doenca. Normalmente, a febre € baixa
(<38,5°C), embora algumas criangas apresentem febre alta (>38,5°C ) o que pode
produzir convulsdes naquelas que sdo propensas a convulsdo febril. O vomito ocorre
em 80% a 90% das criancas infectadas e, usualmente, é intenso e de duracao curta,
demorando 24 horas ou menos na maioria dos casos (31, 32). As infec¢cdes por RVA
frequentemente sdo mais graves que diarreias por outras etiologias e estdo mais
associadas a desidratacdo e hospitalizacdo (32). As doencas mais graves estao
associadas por transaminases hepaticas elevadas e excrec¢do prolongada de virus nas

fezes (9).

A maioria das criancas com diarreia grave por RVA excretam o virus por duas a

trés semanas, entretanto, uma entre cinco criangas, continuardo excretando o virus



entre quatro e oito semanas, especialmente, aguelas com sintomas moderados ou

sintomas de gastroenterite intermitente o que aumenta o risco de transmisséao (29).

A doenca rotavirica € mais comum e grave em criancas entre 3 e 36 meses de
idade. Podem ocorrer multiplas infec¢des durante a vida, entretanto os episodios apos
a primeira infeccdo s8o menos graves ou assintomaticos devido a imunidade
cumulativa (33) e isto explica porque a doenca em adultos é usualmente assintomatica
ou moderada (34). A doenca clinica ndo é comum nos neonatos (33) o que pode estar
influenciado pela imaturidade do intestino do neonato, anticorpos maternos e a
capacidade reduzida de viruléncia dos RVA de se replicar no intestino do neonato (22).
A exposicdo de neonatos aos RVA (assintomatica) esta associada a reducdo da

probabilidade do desenvolvimento da doenca grave posteriormente (1, 33).

Atualmente ndo existe uma terapia especifica contra as rotaviroses como no
caso de outras diarreias e o tratamento tem por objetivo a reposi¢cao de fluidos que
previnam a desidratacéo e tratamento com zinco o qual diminui a gravidade e duracao
da diarreia. Sais de reidratacdo oral de baixa osmolaridade sdo mais efetivos na
reposicdo de fluidos que as solucdes reidratantes recomendadas inicialmente pela
OMS. Adicionalmente, a crianca deve continuar recebendo alimentacdo, incluindo o

aleitamento materno (18).

1.3 Epidemiologia

Globalmente as rotaviroses lideram como causa de diarreia e desidratacao
grave nas criancas <5 anos e 95,0% dessas criancas ja terdo sido infectadas entre os
3 e 5 anos de idade (4). A gravidade da doenca é dependente da idade, onde a
primeira infec¢do usualmente é a mais grave (22). Em paises com renda baixa e média
(menor Produto Interno Bruto -PIB), a mediana de idade para a ocorréncia da primeira
infeccédo varia entre 6 e 9 meses (80,0% ocorre antes do primeiro ano de idade);
enquanto nos paises com renda alta (maior PIB) , o primeiro episddio pode ocorrer
mais tardiamente entre os 2 e 5 anos de idade, embora aproximadamente 65,0% ainda

ocorra nos < 1 ano (35).



Embora a doenga acometa, principalmente, criangas < 5 anos, apresentando-se
de forma mais grave nos < 2 anos, a infec¢cdo também pode ocorrer em adultos (17,
34). Hospedeiros imunodeprimidos desenvolvem uma doenga mais grave e uma
infeccdo mais prolongada (34). A doenca apresenta um padrdo sazonal nos paises e
regides de clima temperado, com um pico de incidéncia entre os meses de outono e
inverno, quando a temperatura ambiente e a umidade sdo baixas (36). Em climas
tropicais a doencga ndo apresenta este padrédo de sazonalidade tdo evidente, embora
seja mais incidente durante os periodos secos e frios (34). A dispersao das particulas é

maior pelo ar seco e temperaturas mais baixas, facilitando a propagacao (37).

A incidéncia de RVA, desde a sua descricdo, nao variou durante o tempo, sendo
muito similar em paises desenvolvidos e em desenvolvimento, corroborando a nogao
de que medidas sanitarias, como agua potavel e redes de esgotos apropriadas, nao
sdo fatores importantes na transmissdo desta doenca (8, 9, 38). Por isto sé&o
conhecidos como virus “democraticos” em relacdo "a morbidade, pois afetam diferentes

areas geograficas, populacdes pobres e ricas, sem distincdo de classe social ou etnia

(8).

1.3.1 Epidemiologia global

As mortes relacionadas aos RVA representam 5,0% do total de mortes em
criangas anualmente no mundo (39) e 29,0% das mortes causadas por diarreia (40). A
Organizacdo Mundial da Saude (OMS) estimou para o ano 2008 que ocorriam
aproximadamente 453.000 (420.000 — 494.000) mortes em criancas, associadas a
gastroenterite por RVA. Esta mortes representam 5,0% do total de mortes em criancas
e uma taxa de mortalidade por causa especifica de 86 mortes para 100.000 criangas <
5 anos. Aproximadamente, 90,0% destas mortes estdo em paises de baixos PIB e IDH,
localizados particularmente na Africa e Asia, sendo relacionadas as dificuldades de
acesso aos servicos de saude. As taxas de mortalidade especifica variam de 474 por
100.000 no Afeganistdo a menos de 1 por 100.000 em 63 paises, como por exemplo,
Santa Lucia, Chile, Barbados, Dominica e Bahamas na ALC (41, 42). Independente da

regido do mundo ser rica ou pobre, na auséncia de vacinacdo, aproximadamente 1 em



cada 5 criancas irdo requerer uma visita meédica por infeccédo por RVA e 1 em cada 50-
70 ser& hospitalizada durante os primeiros 5 anos de vida (43). Mais recentemente,
apos a introducédo da vacina em varios paises do mundo foi estimado que RVA causa
aproximadamente 197.000 (110.000 — 295.000) mortes em 2011, o que significa que

ainda é a causa mais importante de mortalidade por diarreia (44).

Mesmo que a incidéncia de RVA seja a mesma em paises desenvolvidos e
paises em desenvolvimento, existe uma grande disparidade relacionada a mortalidade,
que, provavelmente, estaria relacionada as inequidades de acesso aos servicos de
salude e adequada terapia de reidratacdo, infeccbes concomitantes com outros virus e
bactérias enteropatogénicas, desnutricdo e a circulacdo do virus por periodos mais
prolongados (9, 27, 45, 46). Uma minoria das mortes associadas aos RVA ocorre em
paises desenvolvidos e, na verdade, em uma revisdo realizada por Parashar e
colaboradores (2009) foi estimado para o ano 2004, que mais de 50,0% das mortes por
RVA ocorriam em 6 paises: india, Congo, China, Paquistdo, Etiépia e Republica
Democratica do Congo, sendo que na india representam um quarto do total de mortes
(40). Na maioria dos paises de baixos PIB e IDH da Asia e Africa, a epidemiologia dos
RVA é caracterizada por um ou mais periodos de intensa circulacédo do virus, enquanto
nos paises de elevados PIB e IDH, com climas temperados é observada uma
sazonalidade com picos de circulagdo no outono e inverno, conforme mencionado
anteriormente. Na era pre-vacinacdo estima-se que ocorriam 114 milh6es de episodios
de gastroenterite que requeriam atencao domiciliar; 24 milhGes de visitas aos servicos
de saude e 2,4 milhdes de hospitaliza¢cdes em criancas < 5 anos, anualmente, em nivel
mundial (47).

Mesmo em paises desenvolvidos como os Estados Unidos da América (EUA),
por exemplo, onde a mortalidade era rara antes da introducdo da vacina, a doenca por
RVA gerava 500.000 visitas médicas; 60.000 hospitaliza¢des (3,0% a 5,0% do total de
hospitalizagdes em < 5 anos) e de 20 a 40 mortes (48).

Existem relatos na literatura mencionando a porcentagem de diarreias por RVA

em criangas hospitalizadas antes da introdu¢édo da vacina. Em uma reviséo de estudos



publicados entre 1986 e 2000, Parashar e colaboradores (2003) descreveram que a
proporcao de diarreias atribuiveis aos RVA demonstrava uma tendéncia de aumento
diretamente relacionado com o crescimento do nivel soOcio-econdmico; sendo a
mediana para paises com baixos PIB de 20,0%; paises de PIB intermediarios de
25,0% e para paises com altos PIB de 34,0% (47). Corroborando estes dados, em
outro estudo de Parashar et al. (2009) foi descrito que as taxas de deteccdo de RVA
foram maiores em paises com menores niveis de mortalidade, quando comparadas a

paises com alta mortalidade infantil (40).

A vigilancia epidemiolégica da doenca rotavirica tem sido uma recomendacao da
OMS e, preferencialmente, os paises devem estabelecer uma vigilancia em hospitais
sentinela. Os principais objetivos para o estabelecimento desta rede de vigilancia em
hospitais sentinela sdo: coletar dados que facilitardo e irdo apoiar na introdugédo da
vacina RVA e, posteriormente a introducao, usar os dados para monitorar o impacto da
mesma (49). Em um relatério da OMS de vigilancia epidemiolégica de diarreias por
RVA em hospitais sentinela de 35 paises, representando as 6 Regides da OMS e
diferentes niveis sdcio-econdmicos, uma média de 40,0% (intervalo de 34,0% - 45,0%)
dos casos de diarreia hospitalizados foram atribuidos aos RVA (50).

1.3.2 Epidemiologia na América Latina e Caribe (ALC)

A estimativa de carga de doenca por RVA na ALC mostra que, antes da
introducdo da vacina, ocorriam 15.000 mortes, 75.000 hospitalizacdes, mais de um
milhdo de visitas aos servicos de saude e 10 milhdes de casos de diarreias por RVA
(51). Este dado de mortalidade pode variar, considerando outras estimativas onde foi
encontrado que, anualmente, morreriam 47.000 criangas na ALC (10).

Na ALC foi estabelecido, desde 2005, uma vigilancia sentinela hospitalar onde
sdo investigados os pacientes < 5 anos hospitalizados por diarreia, segundo definicéo
de casos padronizada no protocolo genérico da OMS (49, 52). Nestes pacientes foram
coletadas amostras de fezes para a pesquisa de RVA, utilizando kits de ensaio

imunoenzimatico (EIE) para o diagnostico laboratorial. Esta vigilancia, promovida pela



Organizacdo Pan Americana da Saude (OPAS) para a Regido das Américas, tem como
objetivo que os paises tenham uma estimativa da ocorréncia da doenca antes e depois
da introducdo da vacina contra RVA. A analise das tendéncias temporais de detec¢ao
de RVA nestes hospitais sentinela € uma das medidas que apoia a avaliacdo da
magnitude da doenca nos paises, seu perfil epidemiologico, bem como o impacto da
vacina. Outro dado que serve a esta vigilancia € a caracterizacdo dos genotipos
circulantes e suas possiveis variagfes depois da introducéo da vacina (49, 52-56). Esta
vigilancia foi um pilar fundamental para a realizagdo de estudos de efetividade da
vacina em alguns paises onde os hospitais sentinela foram fonte para a captacdo dos

casos de RVA nos estudos de caso-controle (57, 58).

Dados da vigilancia epidemiolégica demonstraram que em 11 paises e territérios
(Bolivia, Chile, El Salvador, Guatemala, Honduras, Nicardgua, Paraguai, St. Vincent,
Granadinas, Suriname e Venezuela) analisados durante o periodo 2006 - 2007, a
porcentagem mediana de positividade para RVA em amostras de fezes de pacientes
hospitalizados foi de 31,5% e 39,0% em 2006 e 2007, respectivamente; e média de
41,0% e 36,0% para os mesmos anos (53). No ano de 2011, a média de positividade
para RVA na vigilancia de hospitais sentinela em 15 paises, que notificam a OPAS, foi
de 19,0%, sendo que para este ano varios paises ja haviam introduzido uma vacina
contra RVA (56). Estimativas de uma meta-analise, em paises da América Latina,
demonstraram taxas de positividade de RVA para pacientes hospitalizados de
29,7%(10).

Assim como ja descrito em outros paises (36), foi observada uma sazonalidade
da doenca rotavirica nos paises da ALC, com um pico da doenca de novembro a
marco, nos paises do hemisfério Norte e de maio a setembro para os paises do
hemisfério Sul. No entanto, a sazonalidade mais evidente, para este periodo, foi

observada nos paises ao Norte da linha do Equador (53).

De Oliveira e colaboradores (2009) estimaram um risco de morte devido a
diarreia por RVA de 1 para 2.874 criancas na ALC, representando um total de 3492
mortes anuais nos 10 paises onde foi analisada a vigilancia epidemiolégica de diarreias

por RVA em criancas hospitalizadas. Estes dados foram muito similares as estimativas
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do ano 2004 da OMS (42, 53). Andlises mais recentes, descritas por Linhares e
colaboradores (2011) em uma meta-analise mostram que a taxa de mortalidade para
22 paises da ALC foi de 88 (IC 95%: 79,3% — 97,1%) por 100.000 criancas < 5 anos.
Também é importante mencionar que foi encontrada uma prevaléncia mais alta em

pacientes internados que em pacientes ambulatoriais (10).

1.3.3 Vigilancia epidemioldgica e vigilancia de genétipos
Dos gendtipos prevalentes globalmente, G1P[8] representa, em geral, a causa
primaria da doenca em humanos. Entretanto, outros gendtipos também sé&o
responsaveis pela doenca e, de uma para outra estacdo e de um local para outro, 0s
gendtipos dos RVA podem mudar. A base epidemioldgica para o fenbmeno do ciclo
dos RVA ainda néo é conhecida, mas é extremamente importante para predizer a

apropriada composicéo e eficacia das vacinas (5).

Nos paises em desenvolvimento, os gendtipos de RVA devido a reestruturacao
com RVA de origem animal e mesmo entre gendtipos humanos, podem ser uma causa
frequente de doenca em criancas (5). Os tipos G/P de gendétipos mostram uma enorme
variacdo de uma regido para outra no mundo. Observa-se nos dados de vigilancia
epidemiologica da OMS de 2010, uma predominancia de genétipos como G12P[8] e
G12P[6] no sudeste da Asia; G2P[6], G3P[6] e G1P[6] na regido Sub-Saara da Africa;
G1P[4] e G2P[8] no Pacifico Ocidental e G9P[4] nas Américas (59). Dados desta
vigilancia para o periodo de Janeiro a Dezembro de 2011 mostraram que as 5
combinac¢des binarias mais detectadas foram: G1P[8], G2P[4], G3P[8], G4P[8] e G9P[8]
(60).

Em uma reviséo sistematica realizada para o periodo de 1996 a 2007 com um
total de ~110.000 gendtipos de RVA de 100 paises, foi observado que as combinacdes
binarias prevalentes foram as mesmas que aquelas mencionadas anteriormente,
representando 74,7% do total de gendétipos estudados; existindo, no entanto,

importantes variagcfes geograficas e temporais (27).
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Quanto a prevaléncia de gendtipos na ALC, dados da rede de vigilancia
epidemiologica demonstraram que em 7 paises (El Salvador, Guatemala, Guiana,
Honduras, Nicardgua, St.Vincent, Granadinas e Suriname) os genotipos prevalentes
foram: G1P[8] (32,0%); G9P[8] (20,9%) e G2P[4] (18,3%) no periodo de 2005 a 2007
(53). Linhares e colaboradores (2011) encontraram na ALC para o periodo anterior a
2009, que as combinacfes binarias prevalentes de G e P foram: G1P[8] 17,9% (IC
95%: 12,2% -24,4%); G2P[4] 9,1% (IC 95%: 4,9%-14,5%) e GO9P[8] 8,8% (IC
95%:4,1%-15,0%). Individualmente, em relacdo ao gendtipo P, os prevalentes foram:
P[8] 56,2% (IC95%: 46,2%-65,9%); P[4] 22,1% (IC 95%: 11,5%-34,9%); em relagédo ao
genadtipo G, os mais prevalentes foram: G1 34,2% (IC 95%: 28,1%- 40,5%); G9 14,6%
(IC 95%: 8,5% - 22,0%); G2 14,4% (IC 95%: 10,4% - 18,8%) (10).

1.4 Vacinas de rotavirus do grupo A

Desde os anos 1970 varias tentativas de formulacdo de uma vacina contra o RVA
foram realizadas (61). Em 1979, a OMS estabeleceu que as diarreias causadas por
RVA sao uma importante causa de morbidade e mortalidade na populagéo infantil no
mundo e que, portanto, deveria haver um esfor¢o para o desenvolvimento de medidas
imunoprofilaticas para diminuir a carga da doenca e mortalidade causadas por estes

virus (8).

1.4.1 RRV-TV

A primeira vacina licenciada foi a RotaShield™ (RRV-TV) do laboratério Wyeth
Lerdele Vaccines (8). Esta vacina tinha uma composicao tetravalente (G1-G4), de virus
modificado geneticamente, para uso oral e durante os ensaios clinicos realizados na
América do Norte, América do Sul e Europa demonstrou eficacia e seguranca (61). Foi
licenciada pelo Food and Drug Administration (FDA) dos EUA e recomendada pelo

Advisory Commitee on Immunization Practices (ACIP) em Fevereiro de 1998 para
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prevenir diarreias por RVA em um esquema de 3 doses (2, 4 e 6 meses), sendo

incluida no esquema regular de vacinacédo dos EUA (61).

No entanto, em Julho de 1999 o Centerss for Disease Control and Prevention
(CDC) recomendou a suspensao do uso desta vacina pelos profissionais de satde em
resposta a ocorréncia de 15 casos de invaginacao intestinal entre criancas que haviam
recebido a vacina RRV-TV. O sistema de notificacdo de eventos adversos a vacinas
dos EUA (Vaccine Adverse Event Reporting System - VAERS) monitorou os eventos
adversos seguidos ao licenciamento da vacinas e depois da suspensdo do uso da

mesma no houve casos adicionais notificados (62).

1.4.2 Vacinas contra rotavirus do grupo A atualmente disponiveis

Existem duas vacinas orais contra RVA disponiveis ho mercado internacional e
com a seguinte composicdo: a) monovalente (G1P8), de virus atenuado,
comercializada com o nome de Rotarix™ (GlaxoSmithKline); b) pentavalente (G1-G4,
P8) de RVA geneticamente modificado com o nome comercial de Rotateq™ (Merck).
Existem outras duas vacinas, Lanzhou, produzida pelo Instituto de Produtos
Biomédicos Lanzhou da China e Rotavin-M1 produzida pelo Polyvac no Vietnam. Estas
Ultimas vacinas nao sdo disponiveis para o mercado internacional e, portanto, nao

serdo objeto da descricao a seguir.

1.4.3 Vacina Monovalente

A amostra viral da vacina Rotarix™ (RV1) foi obtida de fezes de uma crianca
com diarreia branda por RVA, se replica bem no intestino e é excretada nas fezes. O
genatipo caracterizado foi o (P1A[8], G1) e o virus foi atenuado por 43 passagens e,
posteriormente, clonado e, em seguida, adaptado a cultura de células Vero, como
preconizado pela OMS, recebendo o nome de RIX 4414, A vacina € de administragéo

oral, com um esquema de duas doses, sendo a primeira aplicada entre 6 e 14 semanas
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de idade e a segunda com um intervalo minimo de 4 semanas depois da primeira dose.
Segundo recomendac¢fes do laboratorio produtor a segunda dose da vacina deve ser

aplicada no madximo em criancas de até 32 semanas (63).

Os primeiros ensaios clinicos foram realizados na Finlandia demonstrando
seguranca, imunogenicidade e eficacia. A vacina entdo foi testada em paises da
Ameérica Latina (AL) e na Asia, apresentando uma eficacia de 70,0% - 85,0% contra
qualquer diarreia por RVA e de 85,0% - 93,0% contra diarreias graves por RVA.
Resultados adicionais demonstraram uma eficdcia de 83% (IC 95%: 40,0%-97,0%)
contra gendtipos ndo G1 que foram predominantemente G9. Também demonstrou ser
uma vacina segura apresentando eventos adversos leves que ndo diferiram entre

receptores da vacina e receptores de placebo (63).

Nos ensaios clinicos realizados na Finlandia e AL foram recrutadas 63.225
infantes e os resultados demonstraram uma diminuicdo de 42% (IC 95%: 29,0%-
53,0%) nas hospitalizacdes por diarreias por qualquer etiologia. Os individuos que
participaram do ensaio clinico foram acompanhados por varias semanas apés a
administracdo da primeira dose (mediana de 100 dias) e nao foi evidenciado um
aumento de risco de intussuscepcdo para os receptores de vacina (63). Esta vacina
teve uma abordagem de licenciamento inovador. Normalmente uma vacina é licenciada
em seu pais de origem, mas neste caso a vacina foi primeiramente licenciada no

México em 2004, posteriormente, em outros paises e na Unido Européia (64).

1.4.4 Vacina pentavalente

A vacina Rotateq™ (RV5) foi preparada a partir de uma amostra de RVA de
origem bovina (WC3 gendtipo GXPY). No laboratério este gendétipo foi geneticamente
modificado e foram incorporados os genétipos G1-G4 e P8 de origem humana na
amostra WC3 bovina. Apresenta um nivel de replicagéo e excrecgédo inferior a Rotarix
(65). A Rotateq mostrou uma eficacia variavel em diversos ensaios clinicos nos EUA,

China e Africa. Para melhorar a eficacia da vacina contra diversidades de genétipos,

14



foram preparados genotipos reestruturadas, contendo 10 genes de cepa bovina e um
gene (G) individual de cada um dos genadtipos humanos mais prevalentes: G1, G2, G3,
G4 e [P8] que foram combinados em uma vacina pentavalente. Esta vacina foi
formulada em apresentacao liquida com um esquema de 3 doses, iniciando a partir de

6 semanas de idade, com um intervalo minimo de 4 semanas (66).

Esta formulacdo foi avaliada em mais de 70.000 infantes, principalmente nos
EUA e Finlandia, mas também em alguns paises da América do Sul, Europa e Asia. Os
ensaios clinicos da vacina pentavalente demonstraram uma efichcia de 94.5%
(IC 95%:92,2% - 96,6%) para os casos de gastroenterite por RVA (genétipos G1 - G4)
em hospitalizacbes e emergéncia. Em um estudo satélite de caso-controle aninhado, foi
encontrada uma eficacia de 74, 0% (IC 95%: 66,8% - 79,9%) para qualquer caso de
RVA G1 - G4 durante o pico de sazonalidade da doenca e 98,0%(IC 95%: 88,3% -
100%) para casos de diarreia grave por RVA G1 - G4. A vacina reduziu as visitas
clinicas para os casos de RVA G1 - G4 em 86,6% (IC 95%: 73,9 — 92,5). Casos de
intussuscepcgdo (IS) foram monitorados intensamente apds os primeiros 42 dias do
recebimento da vacina e o risco foi similar entre vacinados e individuos que receberam
placebo (66). A vacina foi licenciada nos EUA, pelo FDA, em Fevereiro de 2006 e
recomendada para o uso na rotina de vacinagéo pelo Comité Assessor de Praticas de
Imunizacdo (ACIP- Advisory Commitee on Inmunization Practices) do Centro de

Controle de Doencas (CDC-Centers for Disease Control and Prevention) (67).

As vacinas monovalente e pentavalente mostraram uma alta eficacia em
prevenir diarréia grave por RVA e seguras quanto a possibilidade de associacdo com
invaginacao intestinal (IS) (68). As duas vacinas foram pre-qualificadas pela OMS em
Janeiro de 2007 e Agosto de 2008, respectivamente (69, 70). Em agosto de 2007 a
OMS publicou um position paper onde recomendava fortemente a inclusdo da vacina
contra rotavirus nos programas nacionais de imunizagdo na Ameérica Latina, Europa e
Estados Unidos onde havia sido demonstrado, através dos ensaios clinicos, que a
vacina é eficaz e que, portanto, teria um alto impacto em saude publica. Os paises que
tomassem a decisédo de introduzir a vacina também deveriam avaliar a existéncia de

infraestrutura e financiamento apropriados para a introducdo de uma nova vacina. A
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deciséo de introducéo da vacina em paises em desenvolvimento precisaria considerar
temas como custo-efetividade, capacidade de compra da vacina com 0S precos
estabelecidos, impacto no orgcamento do programa e aspectos operacionais. As
recomendacdes de esquemas e intervalo de doses, bem como limites de idade foram

segundo as prescricdes dos laboratorios produtores (71).

A vacina monovalente (RV1) foi recomendada para ser administrada em um
esquema de duas doses por via oral em criangas entre 2 e 4 meses de idade, sendo
gue a primeira dose poderia ser aplicada a partir de 6 semanas e néo deveria ser
administrada ap6s 12 semanas. O intervalo minimo entre as doses deveria ser de 4
semanas e a Ultima dose ser aplicada, no maximo, quando a crianca tivesse 24

semanas de idade (72).

A vacina pentavalente (RV5) foi recomendada em uma esquema de 3 doses
nas idades de 2, 4 e 6 meses por via oral , sendo que primeira dose poderia também
ser administrada entre 6 e 12 semanas no maximo, com um intervalo de 4 a 10
semanas entre as doses, sendo que a ultima dose ndo poderia ser aplicada apés 32

semanas (71).

Dado que neste momento ndo havia estudos nem vigilancia pés-comercializacao
utilizando ambas vacinas e havendo um potencial risco de IS associada as mesmas,
foram recomendadas estas restricbes de idade e também foi recomendado que néo se
deveria realizar campanhas de vacinagao (71).

Em abril e outubro de 2009, o Grupo Consultor Estratégico de Expertos da OMS
(Strategic Advisory Group of Experts - SAGE) em imunizacbes revisou as novas
informacdes dos ensaios clinicos realizados na Asia e Africa e os dados de estudos de
impacto em El Salvador, Nicardgua e EUA. O Comité Consultor Global de Seguranca
de Vacinas da OMS (GACVS- Global Advisory Committee on Vaccine Safety ) também
revisou dados ja disponiveis sobre a seguranca das vacinas contra rotavirus. Isto
originou uma atualizacdo das recomendacdes de 2007 em um novo position paper
publicado em Dezembro de 2009 (72).
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Estas novas recomendacdes da OMS incluiam que a vacina deveria ser
introduzida nos programas nacionais de imunizacdes em todos os paises onde a
diarreia representasse =10,0% da mortalidade em criancas. Também revisou a
recomendacao das idades limites para aplicagdo das vacinas, sendo que a primeira
dose de ambas as vacinas, poderia ser aplicada entre 6-15 semanas e a Ultima dose
até 32 semanas (72). Neste momento, ja havia estudos referentes a imunogenicidade
da vacina oral contra poliovirus (VOP), quando aplicada simultaneamente com a vacina
contra rotavirus, demonstrando que n&o havia uma importante interferéncia (73, 74). E
recomendado que as duas doses da vacina contra rotavirus monovalente sejam
aplicadas com as duas doses de pentavalente (Difteria, Tétano, Coqueluche,
Haemophilus influenzae B e Hepatite B) ou DTP (Difteria, Tétano e Coqueluche). Isto
assegura uma cobertura da vacina contra rotavirus em idades mais precoces e reduz o
risco potencial de aplica-la fora do periodo de idade preconizado. Outro dado
importante revisado pelo GACVS foi que a vacina contra rotavirus ndo afeta o estado
clinico das criangas infectadas com o virus da imunodeficiéncia humana tipo 1 (VIH-1 e
crianga nascida de mulher soropositiva para VIH-1) (72).

Em Janeiro de 2013 a OMS publicou novas recomendac¢des baseadas em novas
evidencias principalmente no que se refere a extensao dos limites de idade para a
administracdo da vacina de rotavirus. Este position paper substitui os anteriores e
foram recomendacgdes do SAGE. O objetivo fundamental destas novas recomendacodes
foi aperfeicoar os esquemas de vacinagcdo e ndo perder a oportunidade de vacinar
criancas em risco para a doenca diarreica grave por rotavirus. Previamente, a indicacéo
da OMS limitava a primeira dose de vacina a 15 semanas de vida, o que excluia um
numero substancial de criancas de receber a vacina, principalmente em paises de
menores PIB, onde muitas vezes os esquemas de vacinacdo comecam em periodos
mais tardios. Nesta nova recomendacédo, a vacina de rotavirus deve ser aplicada,
gquando forem aplicadas as doses de DTP1 e DTP2 nos menores de 24 meses de
idade. No entanto, a OMS continua recomendando que a primeira dose da vacina de
rotavirus deve ser aplicada o mais breve possivel, a partir das 6 semanas de idade
para assegurar a protecdo contra as formas de diarreia grave por RVA. Outra

recomendacao referiu-se que as vacinas de RVA devem ser administradas
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simultaneamente com todas as outras vacinas do esquema de imunizaces

recomendado nos paises (18).

O GTA da OPAS durante a reunido de outubro de 2012, também recomendou
gue a aplicacdo desta vacina poderia ser em idades mais tardias que as anteriormente
fixadas. Esta recomendacéo deve ser para as criangas que vivem em lugares de dificil
acesso e onde exista um maior risco de mortalidade. No entanto, o GTA recomenda

gue a vacina deva ser administrada o mais precocemente possivel (75).

Ambas as mudancas nos esquemas de idade foram baseadas em modelos que
estimaram que, quando a vacina € aplicada com restricdo de idade, sdo prevenidas
115.800 (83.000 — 217.000) mortes por rotavirus; enquanto causariam 253 (76 - 689)
mortes por IS. A vacinacdo sem a restricdo de idade preveniria 203.000 (102.000 —
281.500) mortes por rotavirus; enquanto estaria associada a 547 (237 - 1160) mortes
por IS. Este modelo prediz que se modificando a restricdo de idade seriam prevenidas,
adicionalmente, 47.200 (18.700 — 63.000) mortes por rotavirus e, adicionalmente,
ocorreriam 294 (161 - 471) mortes por IS. Assim sendo, representaria um aumento do
beneficio - risco de 154 mortes evitadas para cada morte causada pela IS associada a
vacina. Assim, em paises de baixo e médio PIB o numero adicional de vidas salvas
removendo-se a restricdo de idade para a aplicagdo da vacina contra rotavirus seria

muito maior do que o excesso de casos IS causados pela vacina (72, 76-78).

E importante que os paises que introduzam a vacina de rotavirus monitorem a
ocorréncia de IS para garantir a seguranca da vacina nos programas de imunizacao
(78). Jiang e colaboradores (2013) realizaram uma revisdo da informacdo publicada
sobre as taxas de incidéncia de IS em nivel global desde 2002 e encontraram que a
média de incidéncia € 74 por 100.000 (intervalo: 9 - 328) entre criancas <1 ano de

idade com um pico de incidéncia nas criancas entre 5 e 7 meses de idade (69).

1.5 Introducéo da vacina contra rotavirus na ALC
Em 2006, ano de licenciamento das vacinas monovalente e pentavalente de

rotavirus, 6 paises da AL introduziram uma destas vacinas na rotina dos programas
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nacionais de imunizacéao: Brasil, El Salvador, México, Nicaragua, Panama e Venezuela.
Foi a primeira vez na historia dos programas de imunizacdo que paises em
desenvolvimento introduzem uma nova vacina ao mesmo tempo em que 0s paises
desenvolvidos; pois neste mesmo ano os EUA introduziram a vacina pentavalente
(54).

Embora houvesse recomendacbes da OMS e OPS com relacdo a
implementacdo da vigilancia epidemiolégica sentinela de rotavirus, anteriormente a
introducdo de uma vacina de rotavirus (49, 56), neste momento nenhum dos paises
havia implementado esta vigilancia, demonstrado que outros fatores influenciaram para

a introducdo da mesma; incluindo publicacdes locais sobre esta doenca (79).

Até Maio de 2014, 16 paises e um territorio da ALC incluiram uma destas
vacinas nos seus calendarios de vacinacao de rotina para os menores de um ano. Em
2006, como mencionado anteriormente: Brasil, El Salvador, México, Nicaragua,
Panamé e Venezuela; em 2007 Equador; em 2008 Bolivia; em 2009 Colémbia,
Honduras, Peru e llhas Caiman; em 2010 Guatemala, Guiana e Paraguai; em 2012;
Republica Dominicana e em 2014 Haiti (80). Em 2014 todos os paises da ALC utilizam
a vacina monovalente a excecdo do México e llhas Caiman. Guiana e Nicaragua
usaram a vacina pentavalente até o ano de 2013, e em 2014 comecgaram um processo
de transicdo da vacina pentavalente para monovalente (80).

A inclusdo destas vacinas nestes paises representa que, aproximadamente,
80,0% da coorte de nascidos vivos da ALC esta em paises onde a vacina de rotavirus
faz parte do calendario basico de vacinacdo, considerando dados populacionais de
2011. No entanto, as coberturas vacinais sdo heterogéneas entre paises e dentro das
diferentes areas geograficas de um mesmo pais. Dados de cobertura vacinal para
rotavirus em menores de um ano notificados a OPAS em 2013 demonstram uma
média de 82,0% para AL variando entre 100,0% no Equador e Nicaragua a 72,0% no

Paraguai (81).
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1.5.1 Introducéo da vacina conjugada de pneumococo e rotavirus na ALC

Ainda que ndo seja objeto deste estudo, € importante mencionar que o
processo de introducdo das vacinas de rotavirus foi acompanhado paralelamente a
introducdo da vacina de pneumococo conjugada (VPC) a partir do ano 2008 no
calendario nacional de imunizac&o para criancas menores de um ano. A diferenca da
vacina de rotavirus, a introducdo da VPC ocorreu nos paises da ALC varios anos
depois do seu licenciamento o qual ocorreu no ano 2000, sendo que a OMS
recomendou sua inclusdo nos programas de imuniza¢des em 2007, quando ja estava
licenciada em mais de 70 paises. Naquele momento a vacina disponivel no mercado
eraa VPC 7 (82).

No continente americano a vacina VPC foi introduzida no ano 2000 nos Estados
Unidos; em 2002 no Canadd e em 2003 nas Bermudas. A partir do ano 2008 esta
vacina comeca a ser incorporada pelos paises da ALC de forma acelerada.
Atualmente, 26 paises e territorios da ALC introduziram as novas vacinas de
pneumococo conjugadas, VPC 10 valente ou VPC 13 valente (2008: Costa Rica,
México, Uruguai, Guiana Francesa; 2009: Peru, Barbados, e Ilhas Caiman; 2010:
Aruba; Brasil, Equador, El Salvador, Panama e Nicaragua; 2011: Honduras, Guiana,
Chile, Colbmbia e Curacau; 2012: Argentina, Bahamas, Guatemala, Paraguai,
Trinidade e Tobago; 2013 Republica Dominicana e 2014: Bolivia (80). Muitos paises
introduziram as duas vacinas no mesmo ano ou em anos subsequentes o que também
gerou licBes aprendidas, principalmente logisticas e programaticas, quanto a introducao

de mais de uma vacina no calendério de imunizacdes em breves periodos (79).
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2. Justificativa

A doenca rotavirica € umas das principais causas de morbidade e mortalidade
relacionadas a diarreia em criancas no mundo afetando, principalmente, aquelas
criancas < 5 anos. Como ja mencionado, antes da introducdo da vacina, esta doenca
causava aproximadamente 453.000 mortes anualmente em todo o mundo, das quais
80,0% ocorrem em paises em desenvolvimento (41). Na ALC, estima-se que ocorriam
15.000 mortes e 75.000 hospitalizacbes relacionadas a diarréia por rotavirus,

anualmente, em criancas de idade antes da introducéo das vacinas de rotavirus (51).

A OMS recomenda a introducéo destas vacinas nos programas de imunizacoes,
pois tanto a vacina monovalente G1 [P8], como a vacina pentavalente G1, G2, G3, G4
[P8] apresentaram resultados significativos de eficacia nos ensaios clinicos em
diferentes paises e regifes do mundo (63, 66), conforme abordado anteriormente com

maiores detalhes.

Dados de Maio de 2014 indicam que, dos 194 paises que comp8e a OMS, 60
introduziram uma destas vacinas em nivel universal para os menores de um ano de
idade. Destes 60 paises, 16 (28%) estdo na regido da ALC (83).

Os paises da ALC e os EUA foram os primeiros paises a introduzir esta vacina
nos programas nacionais de imunizacdo em 2006, ano no qual estas vacinas foram
licenciadas. Naquele ano 6 paises da América Latina introduziram esta vacina no seu
esquema nacional de vacina¢cdo em menores de um ano: Brasil, El Salvador, México,
Nicaragua, Panama e Venezuela. Para o ano 2014, como referido anteriormente, 16
paises e um territério ja haviam incorporado esta vacina nos programas nacionais de
vacinacdo, incluindo uma ilha do Caribe: Equador (2007), Bolivia (2008), Colémbia,
Honduras, Peru e llhas Caiman (2009), Guatemala, Guiana e Paraguai (2010),
Republica Dominicana (2012) e Haiti (2014) além dos seis paises anteriormente citados
(55, 84).
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Nos paises latino-americanos, desde a introducdo de uma destas vacinas, varios
estudos de impacto e efetividade foram realizados, demonstrando que as vacinas sao
efetivas, principalmente para as diarreias graves que, em geral, implicam em
hospitalizagcbes e mortes. No entanto, estes estudos demonstraram diminuicdo nas
hospitalizacbes e mortalidade em criancas com uma grande variagcdo na magnitude do
efeito protetor das vacinas, inclusive, quando se compara o efeito das duas diferentes

vacinas que atualmente estéo disponiveis (57, 58, 85-90).

E importante mencionar que as vacinas contra rotavirus, quando comparadas as
vacinas anteriormente utilizadas nos programas de imunizagfes, sdo muito mais caras,
sendo que o custo de um esquema completo de vacinacdo de rotavirus € de
aproximadamente U$ 15,00 para as vacinas monovalente (2 doses) e pentavalente (3
doses). Este valor representava, no ano de 2006, 97,3% do custo total de vacinas
utilizadas nos programas de rotina de imunizacdes (Difteria, Tétano, Coqueluche,
Hepatite B, Haemophillus influenzae B, OPV, BCG, sarampo-rubéola-caxumba) (54).

Outro ponto importante a ser considerado é o fato de que, atualmente, existem
outras novas vacinas que também estdo disponiveis para serem introduzidas nos
programas nacionais de imunizacdo como a vacina de pneumococo conjugada,
varicela, hepatite A, influenza, e, considerando outros grupos de idade, estédo
disponiveis a vacina de virus do papiloma humano (VPH), hepatite B em adolescentes,
influenza e pneumococo polissacaridica em adultos, entre outras novas vacinas que
estardo disponiveis em um futuro préximo. Isto representa um importante gasto
financeiro para os governos, tornando imperativo que as decisdes de introducdo de

novas vacinas estejam baseadas em evidencias que fundamentem este gasto.

Considerando que um grande numero de paises ja introduziu a vacina contra
RVA estdo na ALC e que os paises desta regido foram os primeiros a introduzi-la,
gerando muitas licdes aprendidas sobre a introdug&o de novas vacinas e dados sobre o
impacto da mesma, justifica-se que, apds oito anos de sua introducdo, seja avaliado
sistematicamente o processo de introducdo destas vacinas e seja estimada para a ALC
uma medida suméria de efetividade destas vacinas em relacdo a seu esquema

completo ou incompleto; nas diferentes idades, ou seja, em criancas de 6 a 12 meses e
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nos maiores de 12 meses e também em relacdo a outras variaveis que possam ser
mensuradas. Também é importante mencionar que, do nosso conhecimento, ndo existe
nenhum outro estudo que avalie os aspectos relacionados a introducdo das vacinas
RVA e que realize uma revisdo sistematica e meta-analise estimando a efetividade
destas vacinas na ALC até esta data. Além disto, este estudo podera discutir as
heterogeneidades encontradas nos estudos de impacto das diferentes vacinas, uma
vez que a eficacia das mesmas nos ensaios clinicos foi bastante alta enquanto nos
estudos de efetividade, além de serem mais baixas, apresentaram variacées nos seus

resultados.

Outro ponto a ressaltar sdo os Objetivos de Desenvolvimento do Milénio das
Nacoes Unidas (ODM), assinadas pelos paises em setembro de 2000. Esta € uma
importante diretriz que esta sendo utilizada pelos governos em saude publica e a Meta
do Milénio nimero 4 estabeleceu uma reducdo de dois tercos na mortalidade em
criancas < 5 anos no periodo de 1990 a 2015. Considera-se que 75,0% das causas de
mortalidade neste grupo de idade s&o por causas neonatais, pneumonias, diarreias,
malaria, sarampo e o virus da imunodeficiéncia humana (VHI-1) /Sindrome da

deficiéncia adquirida (SIDA).

O presente estudo acoplard uma avaliacao sistematica do processo de introdugéo
das vacinas RVA baseada em uma andlise qualitativa observacional, um estudo de
efetividade em um pais latino-americano e uma revisdo sistematica e meta-analise para
estimar a efetividade em criancas < 5 anos na ALC. As conclusdes deste estudo
poderdo apoiar as decisfes quanto a introducdo de uma vacina contra RVA nos outros
paises ALC e justificar sua introducdo em paises de outras regides do mundo que

ainda nao a utilizam nos programas publicos de vacinacao.
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3. Objetivos

3.1 Objetivo geral:

Avaliar o processo de introducédo das vacinas de rotavirus e sua efetividade nas
hospitalizagBes por diarreias rotaviricas em criancas < 5 anos em um periodo de oito
anos na ALC.

3.2 Objetivos especificos:

1. Analisar sistematicamente o processo de introducédo de novas vacinas, com foco

nas vacinas RVA, em cinco paises da América Latina.

2. Avaliar a efetividade da vacina contra RVA monovalente nas hospitalizacdes por

diarreia nas criancas < 3 anos na Bolivia.

3. Estimar a efetividade das vacinas contra RVA nas hospitalizacdes por diarreia
nas criangas < 5 anos, segundo as diferentes vacinas, numero de doses,

gravidade da doenca e epidemiologia dos genétipos de RVA circulantes na ALC.
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4. Consideraces Eticas

O estudo caso-controle sobre efetividade da vacina monovalente na Bolivia foi
aprovado pelo escritério de sujeitos humanos do Centers for Diseases Control and
Prevention (CDC) pelo comité de ética da OPAS e pelo Comité Nacional de Bioética
Boliviano. Os coordenadores de vigilancia epidemiologica obtiveram consentimento

informado dos pais ou responsaveis legais das criangas que participaram do estudo.

Os dois outros estudos, documentacdo sistematica da introducdo de novas
vacinas em paises selecionados da América Latina e a revisédo sistematica com meta-
analise sobre estudos de impacto da vacina contra RVA ndo necessitaram ser

submetidos a comités de ética por ndo envolverem diretamente sujeitos humanos.
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5. Metodologia

A descricdo dos métodos e os resultados estéo inseridos nos artigos I, Il e Ill.

5.1 Artigo |

Titulo: Systematic documentation of new vaccine introduction in selected countries

of the Latin American Region.

Periddico: Vaccine 31S(2013) C114-C122doi: 10.1016/j.vaccine.2013.06.022

(acesso livre).

Autores: Lucia Helena de Oliveira, Cristiana M. Toscano, Jennifer Sanwogou,

Cuauhtemoc Ruiz-Matus, Gina Tambini, Mirta Roses-Periago, Jon K. Andrus.

O artigo faz uma avaliacdo observacional qualitativa sistematica da introducao
de novas vacinas, incluindo a vacina de RVA, em cinco paises da América Latina.
Foram avaliados os processos de toma de decisdo, documentada a estrutura
estabelecida nos paises e revisados os fatores chave relativos a introducé@o da vacina.
Estes fatores incluiram dados nacionais sobre mortalidade e morbidade antes da
introducéo da vacina, fontes de financiamento, mecanismos para introduzi-la, desafios

na sua implementacéo e na avaliacao do impacto da mesma.
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1. Introduction

One hallmark of the twenty-first century is the development
and availability of new vaccines. In January 2006, two new human
oral vaccines against rotavirus (RV) were licensed and made
available [1,2]. The World Health Organization’s (WHO) Strategic
Advisory Group of Experts (SAGE) has recommended RV intro-
duction in all National Expanded Programs on Immunization (EPI)
where diarrheal deaths account for more than 10% of mortality
among children aged less than 5 years (<5y). In 2000, a heptava-
lent pneumococcal conjugate vaccine (PCV7) was licensed, with
10-valent (PCV10) and 13-valent (PCV13) PCVs made available
in 2009 and 2010. SAGE has also recommended the introduc-
tion of PCVs, especially in countries with high child mortality
[3,4].

Countries in the Latin American and the Caribbean (LAC) Region
were among the first developing countries to introduce RV and
PCV into their EPIs. In 2006, LAC Ministries of Health passed a
resolution at the Pan American Organization (PAHO) calling upon
Member States to mobilize additional resources to introduce new
vaccines, while requiring PAHO to support countries in obtain-
ing the evidence necessary to make informed decisions on vaccine
introduction. Both RV and PCV were considered priority new vac-
cines for the Region [5].

As of June 2012, 15 countries and one territory in LAC had
introduced RV and 21 countries and five territories had introduced
PCV into their immunization schedules [6].
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These vaccines are important for achieving Millennium Devel-
opment Goal 4 (MDG4), which aims for a two-thirds reduction in
mortality for children <5y by 2015 [7]. Thus, countries must make
informed decisions regarding the introduction of new vaccines [8].

2. Objectives

We conducted an evaluation of the process of new vaccine intro-
duction in the Latin American (LA) Region focusing on RV and PCV.
Our objectives were to enhance the understanding of the process of
new vaccine introduction and to share lessons learned with other
countries considering the introduction of new vaccines. Below,
we provide a summary of lessons learned and offer recommen-
dations for donors, immunization partners, and policy makers in
countries wishing to make informed decisions on vaccine intro-
duction.

3. Methods

We conducted an observational qualitative study, based on a
systematic assessment of the process of new vaccine introduction
in five countries (Bolivia, Brazil, Nicaragua, Peru, and Venezuela).

Criteria for making decisions on new vaccine introduction
include political, technical, and programmatic aspects associated
with the introduction (Fig. 1) [9,10]. The following criteria were
assessed: EPI structure, morbidity and mortality data available
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Fig. 1. Decision-making criteria for new vaccine introduction.

prior to vaccine introduction, introduction process, funding, chal-
lenges of implementation, and impact assessment.

To highlight the diversity of experiences in the LA Region, we
selected five countries that had introduced RV and/or PCV as case

Table 1

Vaccine introduced, year of introduction and criteria for country selection. Assess-
ment of new vaccine introduction in the Americas, 2010-2011.

studies. Countries were chosen based on select variables (Table 1). Country Vaccine introduced, year Variable considered for
All countries agreed to participate in the assessment providing offi- country selection
cial government authorization. Bolivia Rotavirus vaccine, August GAVI country

Demographic and socioeconomic indicators of countries 2008 Surveillance in place prior
assessed are presented in Table 2. Brazil Rotavirus vaccine, March '}z:ﬁ;gilz‘;;/rlttr?r?slzgion

The study was conducted from March 2010 to February 2011. 2006 ' agreements in place for
We first reviewed published data, gray literature, and official vaccine introduction
country-specific health indicators (Table 3). We then conducted Nicaragua Rotavirus vaccine, October Surveillance in place prior
interviews with key informants at the country level, using stan- 2006 to vaccine introduction
dardized piloted questionnaires (online annex). Peru Rotavirus va;cine and Joint intr(?duction of two

. . 7-valent conjugate new vaccines

In each country, we conducted an average of 10 interviews pneumococcal vaccine,
addressing select issues (Table 4). 2009

Two investigators reviewed and summarized all data. Findings Venezuela Rotavirus vaccine, April Surveillance in place prior

were compiled for each country, aggregated for the Region, and

2006

to vaccine
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Table 2

Selected country demographic and socioeconomic indicators for Bolivia, Brazil, Nicaragua, Peru, and Venezuela.

Bolivia 2007 Brazil 2005 Nicaragua 2005 Peru 2007 Venezuela 2005

Basic demographic indicators

Total population 9524 186,075 5455 28,508 26,726
(thousands)

Population <5 years 986 13,967 535 2373 2280
(thousands)

Population <1 year 254 3343 134 600 584
(thousands)

Proportion of urban 65 84 56 76 92
population (%)

Proportion of rural 35 16 44 24 8
population (%)

Life expectancy at birth 65 72 72 73 73
(years)

Total fertility rate 4 2 3 3 3
(child/woman)

Crude birth rate (per 1000 28 18 25 21 22
pop)

Ethnic distribution (%) Quechua: 31% Mulattos & Blacks:
Aymara: 25% 49.6%
Guarani: 6% White: 49.4%

Euro/mixed: 38%

Basic socioeconomic indicators

Current GNI? per capita 1190 3970
(US$)

GDPP per capita 4015 8505
(international PPP
adjusted US$)

Annual GDP growth rate 0 3
(%)

Annual Public National 2 4

Health Expenditure as a
proportion of GDP (%)

Annual Private National 3 2
Health Expenditure as a
proportion of GDP (%)

HDI¢ Index Medium Medium

Annual death average 72.81 136
(thousands)

Crude death rate (per 1000 8 5
pop)

Under 5 mortality 62 23
estimated (per 1000 live
births)

Indigenous/Afro
descendants: 15%
Mestizos: 85%

Amerindian: 45% Indigenous: 2.3%

Mestizo: 35% Mestizos/Mulattos/Zambo:
African decent: 75%

between 6 and 10%

Japanese/Chinese/other:

3%

890 3340

2314 7676 4950
4 9 9924
4 2 10

4 2 4
Medium High High
26 154 136
5 5 5

28 24 23

2 Gross National Income.
b Gross National Product.
¢ Human Development Index.

discussed among a group of economists, immunization experts,
epidemiologists, and national EPI managers.

4. Results
The main issues identified are summarized in Table 5.
4.1. Bolivia

4.1.1. EPI structure

Established in 1979, the EPI in Bolivia is funded by the gov-
ernment treasury, with additional support from international and
non-governmental organizations (NGOs), and bilateral cooperation
agencies. A vaccine law ensuring specific EPl budgetary funding line
from the national treasury was recently issued.

4.1.2. Disease burden data pre-introduction

Acute diarrheal disease in children <5y is a notifiable disease
and the main cause of death and hospitalization in this age group.
In 2004, the WHO estimated that diarrhea caused 4% of the total
18,117 deaths in children <5y in Bolivia [11].

Bolivia was among the first countries in the Region to initiate
sentinel surveillance for diarrheal disease in 2005. The country
estimated rotavirus disease burden based on data from acute diar-
rheal disease and rotavirus sentinel surveillance systems, and on
estimates of rotavirus in non-hospitalized diarrhea cases from the
international literature.

Prior to RV introduction, cost-of-illness [12,13] and cost-
effectiveness studies [14] were conducted. The country used local
data to make the case for vaccine introduction. The process was
transparent and technical. Discussions began in 2003 and reached
high political levels after 2006.

4.1.3. Vaccine introduction

Making national authorities aware of new vaccine introduction
was a crucial process that involved various partners, including offi-
cials from academia, the Immunization Interagency Coordinating
Committee (ICC), and the Bolivian National Immunization Techni-
cal Advisory Group (NITAG).

RV was introduced in August 2008. Several challenges
were encountered. Staff turnover at all EPI levels consumed
resources and posed operational and training difficulties. Vaccine
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Table 3
Country, regional, and global documents reviewed. Assessment of new vaccine
introduction in the Americas, 2010-2011.

Table 4

Key informants interviewed and issues addressed in country-level interviews.

L.H. de Oliveira et al. / Vaccine 315 (2013) C114-C122

Assessment of new vaccine introduction in the Americas, 2010-2011.

Regional/global level data
World Health Organization (WHO) disease burden estimates for rotavirus
and pneumococcal invasive disease
Regional, Pan American Health Organization (PAHO) Technical Advisory
Group on Vaccine-preventable Diseases (TAG), reports addressing new
vaccines and their introduction
International Expanded Immunization Program (EPI) country evaluations
conducted in last 10 years
Information from the PAHO’s Revolving Fund regarding vaccine
procurement and cost and doses purchased by country
Immunization coverage reported annually by countries to PAHO, from
2005-2009
Rotavirus and pneumococcal disease sentinel surveillance data and
indicators reported to PAHO from 2004-2009 and regional surveillance
reports
Published literature on epidemiology, disease burden, surveillance, and
economic evaluations of pneumococcal and rotavirus vaccines in the
select countries

Country level data
Flowchart of the current structure of country’s Ministry of Health (MoH)
Vaccine laws available in country
New vaccine introduction plans
Five-year EPI plans for the period of 2005-2009
Annual EPI Plan of Action from year of vaccine introduction till 2009
Rotavirus and pneumococcal disease surveillance
protocols/guidelines/manuals
Burden of disease, cost-effectiveness, economic analyses, and other
relevant estimates or studies conducted at the ministerial level and/or
commissioned by the MoH
Reports of the National Immunization Technical Advisory Group Meetings
(NITAGS) in which new vaccines were addressed and discussed
Reports of the Immunization Interagency Committee (ICC) reports in
which new vaccines were addressed and discussed
Country-level data on vaccine coverage for rotavirus/pneumococcal
vaccines, including intermediate level data, from the year of vaccine
introduction to 2009
Country level surveillance data including:
Sentinel surveillance for rotavirus and pneumococcal disease
Mandatory surveillance of acute diarrheal, meningitis, and respiratory
diseases available in countries for the period of 2005-2009
Annual budgets for the Ministry of Health, EPI program, and new vaccines
for 2005-2010
GAVI plan for new vaccine introduction
Any other relevant document specific to a given country, such as an
assessment conducted by the MoH, Non-Governmental Organizations
(NGOs) or international organizations

distribution was difficult in hard-to-reach areas. In October 2008,
vaccine delivery was interrupted for three months, resulting in
shortages in many parts of the country.

4.1.4. Financing and purchase

GAVI provided financial support for RV introduction for the
period 2008-2011 [15].Bolivia’s government co-financed the vac-
cine, providing the highest level of co-financing among GAVI
countries to date.

4.1.5. Implementation challenges

Second dose of RV (RV2) vaccine coverage (40%) was lower than
expected in 2008. Possible causes include vaccine stock-out and
age restrictions for RV administration [16].

4.1.6. Vaccine impact evaluation

A case-control study is being conducted to assess the effec-
tiveness of RV. Trends in the incidence of severe rotavirus and
all-cause gastroenteritis among children are also being evaluated.
These studies will help Bolivia estimate the impact of vaccination
against rotavirus.

Key informant

Key issues addressed

10

11

12

13

EPI* PAHOP consultant in the
country

EPI coordinator at time of new
vaccine introduction

Expert investigator involved in
studies and projects on
surveillance, disease burden, or
cost effectiveness of new
vaccines

Coordinator of the department
overseeing EPI in the MoH, at
time of new vaccine
introduction

President or coordinator of the
NITAGS at the time when new
vaccine was introduced

UNICEF! technical officer
responsible for immunization
activities

Institution or Agency
participating in the
Immunization Interagency
Coordinating Committee (1CC)

National authority responsible
for assigning financial
resources and budget to
immunization activities,
particularly to new vaccines
National regulatory agency

Current EPI coordinator and
new vaccine surveillance
technical office (if different
than at time of vaccine
introduction)

Current coordinator of the
department overseeing EPI in
the MoH

National vaccine
manufacturers receiving
technology transfer for new
vaccines

Coordinator of the department
overseeing or negotiating
technology transfer
agreements in the government

Political and technical
environment, PAHO's role,
overall information on the
decision-making process and
participating institutions
Decision-making process, data
used to generate evidence, key
institutions and staff involved
in the process, planning and
introduction of the vaccine,
critical assessment of the
introduction process
Country-level data on new
vaccine disease burden,
communication of data and its
uses during the
decision-making process,
assessment of impact of
vaccine introduction

Political and technical
environment, overview of the
decision-making process and
key challenges

Role of the NITAG, content of
technical discussions, sources
of information considered,
main recommendations from
NITAG

Partnerships with international
organizations

Partnerships with other global
partners and donors and their
roles in the decision-making
process and vaccine
introduction

Process of assignment of funds
for EPJ, funding for new
vaccines, sustainability of the
program and plans for
additional vaccine introduction
Regulatory process, roles and
responsibilities of regulatory
agency, quality-control
procedures in place

Vaccine coverage over time
following vaccine introduction,
main challenges in routine
immunization program, impact
of vaccine introduction,
operational challenges

Current political and technical
environment, overview of the
current decision-making
process and plans for future
vaccine introduction
Technology transfer processes,
installed manufacturing
capacity

National policy for vaccine
production and self-sufficiency
of vaccine production. Process
of decision making and
negotiation for technology
transfer, priority issues in tech
transfer agreements

2 Expanded Immunization Program.
b Pan American Health Organization.
¢ National Immunization Technical Advisory Group.
d United Nations Children’s Fund.
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Table 5
Regional overviews: main issues identified in the assessment of case-study countries. Assessment of new vaccine introduction in the Americas, 2010-2011.
Issues Bolivia Brazil Peru Nicaragua Venezuela
Availability of vaccines GAVI funding National funds National funds Donation for three National funds
available and available years followed by GAVI available
technology transfer funding
agreement
Decision making Technical Political/technology Technical and Political Political/donation Political
trigger transfer
PAHO?/WHOP Major factor for Not relevant - Major factor for Major factor for - Major factor for
recommendations initiating technical initiating technical technical discussion initiating technical
and vaccine pre- discussions and for discussion and for driving discussion
qualification driving decision on decision regarding

which vaccine should
be introduced

NITAGs® role Important Minimal

ICC? and international +++ Minimal
cooperation

Local vaccine- Significant Significant
preventable disease
research capacity
and production of
evidence

Local evidence from Significant, Data from local studies
surveillance or Surveillance from and outbreak in 2005.
disease burden 2005-2008 No surveillance data or
estimates from disease burden
national data estimates available

Political transit of EPI® Significant Minimal

staff

- Not significant factor
for driving decision on
which vaccine should
be introduced
Non-existent

+

Significant

No surveillance data
available. Disease
estimates and DALYs'
from secondary data

Significant

which vaccine to be
introduced

Important
++

Significant

Data from diarrheal
diseases surveillance
and outbreak in 2005.
No disease burden
estimates available
Minimal

- Not significant factor
for driving decision on
which vaccine should
be introduced
Non-existent

Minimal

Significant

Significant,
Surveillance data
available

Significant

3 Pan American Health Organization.

> World Health Organization.

¢ National Immunization Technical Advisory Group.

d Immunization Interagency Coordinating Committee.
¢ Expanded Immunization Program.

f Disability adjusted life-years.

4.2. Nicaragua

4.2.1. EPIstructure

The Nicaraguan EPI was created in 1980. Nicaragua has nei-
ther a national vaccine law nor a specific budget line for vaccine
purchases. In addition to funding from the National Treasury, the
country receives significant support from international agencies.

4.2.2. Disease burden data pre-introduction

Acute diarrhea in children <5y is a notifiable disease, being the
main cause of morbidity and one of the main causes of mortality in
this age group. The WHO estimated the rotavirus disease burden for
2004 to be 220 child deaths, with a mortality rate of 30 deaths per
100,000 children <5y [17]. Rotavirus sentinel surveillance began
after RV introduction in October 2006.

Research on pediatric diarrheal diseases has been conducted
in Nicaragua since 1983 with studies on various disease aspects
[18,19], including vaccine clinical trials [1,20]. Taking into account
local morbidity data and published studies in LA [21], Nicaragua’s
MoH estimated the prevalence of rotavirus among children and the
potential impact of RV on rotavirus economic burden [22].

During an outbreak of acute diarrhea (February-April 2005), a
total of 47,470 cases and 52 deaths were reported. Rotavirus was
identified in 42% of children hospitalized with diarrhea [23].

4.2.3. Vaccine introduction

The Decision making process for RV introduction was initiated in
high political levels and later discussed at the EPI. In 2006, the MoH
was offered a three-year donation of RV from one of the vaccine
manufacturers. This donation, local disease burden estimates, and

the outbreak of rotavirus were the principal considerations of the
country’s decision-making process.
Based on this evidence, Nicaragua’s NITAG and the National

Committee for Health Research and Ethics (CONIS) recommended
RV introduction [24]. Many organizations provided technical sup-
port in the process, including the Pediatric Society, The American
University, NicaSalud, the Japan International Cooperation Agency
(JICA); PATH; UNICEF; and PAHO.

4.2.4. Financing and purchase

To ensure financial sustainability after the donation period
(2006-2009), the MoH requested GAVI support for RV vaccine for
2009-2015 [25]. In 2015, the country will assume full funding of
rotavirus vaccines.

4.2.5. Implementation challenges

Challenges encountered during RV introduction include insuffi-
cient capacity of the regulatory agency to perform lot-by-lot quality
control, difficulties vaccinating populations in hard-to-reach areas,
and lack of resources for training and social mobilization activities.

Vaccine coverage for RV third dose (RV3) was 79% in 2007 and
increased to 98% in 2010.

The country implemented rotavirus sentinel surveillance in
October 2006.

4.2.6. Vaccine impact evaluation

Several studies have evaluated the vaccine’s impact and effec-
tiveness [26,27]. Results indicated 58% effectiveness of three doses
against severe rotavirus disease [26]. In addition, assessments using
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secondary hospitalization data in the country demonstrated RV
initial impact [28].

4.3. Brazil

4.3.1. EPI structure

Brazil’s EPl was established in 1973. In 1975, the country passed
a vaccine law requiring federal health institutions to purchase and
distribute vaccines. EPI funding is provided in full by the Govern-
ment treasury. New vaccine sustainability has been strengthened
by a new vaccine budget law passed in 2010, which prevents
Congress from rejecting vaccination budget lines prepared by the
MoH and approved by Ministry of Planning and Budget.

4.3.2. Disease burden data pre-introduction

Research groups had generated some evidence in selected hos-
pitals in the country [29], but limited data on rotavirus specific
disease burden was available when the country decided to intro-
duce RV. Although acute diarrhea is a notifiable disease in the
country, rotavirus sentinel surveillance was not established.

In 2005, a large rotavirus outbreak of occurred in Brazil’s
Amazon region [30], which substantially stimulated discussion
regarding RV introduction.

4.3.3. Vaccine introduction

The decision making process for RV introduction was initiated
in 2005 in high political levels stimulated by a potential technology
transfer agreement, and later brought for discussion at the EPI. After
the decision had been made, discussion took place at a NITAG'’s
special meeting in 2005.

The decision making process for new health technology pol-
icy decisions, including new vaccines, was further structured in
Brazil as of 2008, with the establishment of a secretariat charged
for decision making for the public health care system considering
all evidence and information available [31].

4.3.4. Vaccine production and technology transfer

Over the past 20 years, Brazil has developed a strong infra-
structure for local vaccine manufacturing. As part of the National
Program for Sufficiency for Vaccine and Biologicals established by
the MoH in 1985, the country has made investments to improve
quality and enhance the capacity for internal supply [32]. Today,
Brazil is an important potential source of vaccines for the develop-
ing world [33].

4.3.5. Financing and purchase

When RVs were made available in early 2006, the MoH initiated
discussions on a technology transfer agreement with vaccine man-
ufacturers and Biomanguinhos/Fiocruz, a national public vaccine
producer.

Shortly thereafter, in March 2006, the country introduced RV. In
2007, an agreement was established, with an expected timeline of
5 years for full technology transfer.

4.3.6. Implementation challenges

Challenges encountered during implementation include insuf-
ficient cold chain capacity, limited training received by healthcare
staff, and lack of time to prepare for vaccine introduction.

RV3 coverage in Brazil reached 77% in 2007 and 81% in 2010.
Rotavirus sentinel surveillance system began in 2007.

4.3.7. Vaccine impact evaluation

Several studies have assessed rotavirus vaccine effectiveness
[34,35]. An impact assessment study, using secondary hospital-
ization data, showed an initial RV impact [36-40]. Most of these
studies have been conducted independently by research groups

[34-37], a few by the vaccine manufacturer [38,39], and one by the
MoH with support from PAHO and the Centers for Disease Control
and Prevention (CDC) [40].

Time series analysis of diarrhea hospitalization using secondary
data from the National Hospitalization Information System demon-
strated significant reductions in morbidity and mortality following
RV introduction [37,40].

4.4. Peru

4.4.1. EPI structure

The Peruvian EPI was created in 1979. In June 1993, the coun-
try enacted a vaccine law assuring government funding for most
immunization activities.

4.4.2. Disease burden data pre-introduction

Rotavirus is the most common cause of severe diarrhea in
Peruvian children. The WHO estimated the 2004 rotavirus disease
burden to be 691 child deaths, with a mortality rate of 23 deaths
per 100,000 children <5y [41].

Before introduction, Peru lacked national estimates of pneu-
mococcal disease burden, but, given regional data, the country
acknowledged the cause for concern [42].

In 2008, the MoH commissioned a study that demonstrated that
pneumonia was the second leading cause of loss of healthy life years
[43]. At the time of RV and PCV introduction, sentinel surveillance
of rotavirus and pneumococcal disease had not been established.

4.4.3. Vaccine introduction

In 2006, Peru’s EPI began discussing the introduction of new vac-
cines. In 2008, with support from the Comité Consultivo (committee
resembling NITAG), the Minister of Health decided to include
rotavirus, pneumococcal, and influenza vaccines in the country’s
EPL

International partners reported having had limited participa-
tion in the decision-making process. Research groups generated
substantial evidence on RV development, epidemiology, economic
burden and cost-effectiveness. However, few studies on pneu-
mococcal disease were generated in Peru. Therefore, the country
considered regional evidence, specifically a study assessing the
cost-effectiveness of PCV, in deciding to introduce PCV [44]. RV and
PCV were introduced in 2009.

4.4.4. Financing and purchase

Health funding in Peru has increased significantly from
2000-2007, with immunization funding increasing from 6.5% of
the MoH budget in 2000 to 44% in 2006 [45]. Since 2008, Peru has
purchased RV and PCV through PAHO'’s Revolving Fund.

4.4.5. Implementation challenges

Challenges identified during vaccine introduction include lack
of a specific social mobilization plan for RV and PCV introduction,
insufficient staff training prior to vaccine introduction, limited cold
chain capacity, and introduction of PCV at three and five months of
age rather than at two and four months as recommended.

RV3 coverage was 41% in 2009 and increased to 75% in 2010.
PCV3 coverage was 8.8% in 2009 and increased to 83.2% in 2010.
Possible reasons for lower-than-expected coverage include the age
restriction for RV and PCV vaccine schedule used in Peru, which, in
turn, may have led to missed vaccination opportunities [16]. Addi-
tionally, issues with vaccine distribution and vaccine registration
presented challenges to the introduction of the vaccines.

In 2009, Peru began reporting rotavirus diarrhea and bacterial
pneumonia and meningitis.
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4.4.6. Vaccine impact evaluation

To our knowledge, few studies assessing the impact of vac-
cine introduction have been conducted. Recently, Peru requested
PAHO’s support in evaluating the impact of PCV introduction in the
country.

4.5. Venezuela

4.5.1. EPI structure

Established in 1997, the Venezuelan EPI receives regular budget
funds from the government and has benefited from extrabudgetary
funding since september 2005. The country also possesses a vaccine
law that declares immunization a public good but does not provide
information on vaccine funding.

4.5.2. Disease burden data pre-introduction

Diarrhea is the third leading cause of child death in Venezuela,
representing 7% of child deaths <1y, and the main cause of death
and hospitalization in children <5y. The WHO estimated the dis-
ease burden for Venezuela in 2004 to be 428 child deaths due to
rotavirus, with a mortality rate of 15 deaths per 100,000 children
<5y [46].

Research groups have produced studies on RV development,
efficacy, and safety and on the disease’s epidemiology, genotype
distribution, and economic burden. In Venezuela, acute diarrhea is
a notifiable disease. Rotavirus sentinel surveillance began in 2004.

4.5.3. Vaccine introduction

Substantial local evidence was available when the decision to
introduce RV was made. Following technical discussions, the deci-
sion was made at the vice-minister level.

International partners were not involved in the decision-making
process. There is no functioning ICC, nor a technical advisory com-
mittee or NITAG equivalent in Venezuela. RV was introduced into
the EPI in April 2006.

4.5.4. Financing and purchase

Though MoH and immunization budgets increased significantly
from 2000-2009, there was a sharp reduction in immunization
expenditures in 2009-2010. Since 2006, Venezuela has purchased
RV through PAHO’s Revolving Fund.

4.5.5. Implementation challenges

Challenges during vaccine introduction include limitations in
cold chain capacity and limited communication and social mobi-
lization activities.

Very low RV2 coverages have been reported: 26% in 2006, 19% in
2007, 47% in 2008, 54% in 2009, and 48% in 2010. Potential reasons
include missed vaccination opportunities, age restrictions for the
second dose of the vaccine, lack of routine supervision activities, an
inadequate information system and population estimates used for
vaccine coverage estimation [16].

4.5.6. Vaccine impact evaluation
To our knowledge, few studies assessing the impact of vaccine
introduction have been conducted.

5. Discussion

The decision making process regarding new vaccine intro-
duction in the countries evaluated does not follow a systematic
approach. In most countries, the process was initiated as a political
decision, later supported by technical aspects. Nonetheless, exist-
ing evidence on efficacy, potential impact, and cost-effectiveness
of vaccine introduction, even if not local data, was important in the
decision making process for vaccine introduction in all countries.
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Reaching MDG4 and society’s perception of vaccines as a public
good were also important motivators in governmental decisions to
introduce new vaccines. The availability of vaccines and funds for
vaccine introduction either through donation, co-funding by GAVI,
or national funds for vaccine purchase was essential in the process.
In countries funding the EPI program, vaccine laws have proven
essential for supporting the decision-making process on vaccine
introduction and sustainability.

Although few countries possessed surveillance and local disease
burden data prior to new vaccine introduction, all countries studied
implemented surveillance during or following vaccine introduction
and are planning to conduct impact assessments.

Limited evidence is available in the literature on the process
of new vaccine introduction. The issues identified in this study
are being addressed by PAHO through the ProVac Initiative, which
has been working in the LAC Region since 2004 to strengthen the
decision making process for new vaccine introduction [47].

6. Conclusion

Despite the fact that the countries assessed do not represent the
Region as awhole, the results are useful for each respective country,
and lessons learned valuable for other countries and Regions.

Political commitment is crucial in the decision making process,
but coordination with technical sectors for evidence based decision
making is of utmost importance.

Mechanisms for sharing the scientific evidence with decision
makers need to be enhanced.

Countries should capitalize on NITAG's role in providing tech-
nical support during the decision-making process and on the
participation of other technical agencies and institutions suppor-
ting immunization.

Lastly, prior to vaccine introduction countries must conduct
cold-chain assessments at all levels and more accurately fore-
cast vaccine demand and financial needs in order to avoid lack of
resources during the implementation period.
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Abstract

Objective To evaluate the effectiveness of two doses of a monovalent
rotavirus vaccine (RV1) against hospital admission for rotavirus in Bolivia.

Design Case-control study.
Setting Six hospitals in Bolivia, between March 2010 and June 2011.

Participants 400 hospital admissions for rotavirus, 1200 non-diarrhea
hospital controls, and 718 rotavirus negative hospital controls.

Main outcome measures Odds of antecedent vaccination between
case patients and controls; effectiveness of vaccination ((1—adjusted
odds ratio)x100), adjusted for age and other confounders; and stratified
effectiveness by dose, disease severity, age group, and serotype.

Results In comparison with non-diarrhea controls, case patients were
more likely to be male and attend day care but less likely to have chronic
underlying illness, higher level maternal education, and telephones and
computers in their home. Rotavirus negative controls were somewhat
more similar to case patients but also were more likely to be male and
attend day care and less likely to have higher level maternal education
and computers in their homes. The adjusted effectiveness of RV1 against
hospital admission for rotavirus was 69% (95% confidence interval 54%
to 79%) with rotavirus negative controls and 77% (65% to 84%) with
non-diarrhea controls. The effectiveness of one dose of RV1 was 36%
and 56%, respectively. With both control groups, protection was
sustained through two years of life, with similar efficacy against hospital
admission among children under 1 year (64% and 77%) and over 1 year
of age (72% and 76%). RV1 provided significant protection against
diverse serotypes, partially and fully heterotypic to the G1P[8] vaccine.
Effectiveness using the two control groups was 80% and 85% against
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G9P[8], 74% and 93%% against G3P[8], 59% and 69% against G2P[4],
and 80% and 87% against GOP[6] strains.

Conclusion The monovalent rotavirus vaccine conferred high protection
against hospital admission for diarrhea due to rotavirus in Bolivian
children. Protection was sustained through two years of life against
diverse serotypes different from the vaccine strain.

Introduction

The World Health Organization recommends two live attenuated
oral rotavirus vaccines, a monovalent RIX4144 strain human
vaccine (RV1, Rotarix, GlaxoSmithKline Biologicals) and a
pentavalent bovine-human WC3 reassortant vaccine (RVS,
RotaTeq, Merck Vaccines, Whitehouse Station, NJ), for all
children worldwide to help to control the large burden of deaths
and hospital admissions due to rotavirus.' An outstanding
question for the global community is whether oral rotavirus
vaccines will work well under routine conditions of public health
programs, particularly in countries with high mortality where
they potentially offer the greatest life saving benefits. Rotavirus
vaccines have performed well in middle and high income
settings, where efficacy has ranged from 77% to 98%.>” In
contrast, the efficacy of these vaccines in controlled clinical
trial conditions was lower in low income settings in Asia and
Africa, ranging from 18% to 64%.°” Although the reasons for
the lower performance of live, oral vaccines in developing
countries are not fully understood, it is likely attributable to host
or environmental factors that impair a robust immune response
such as competing enteric pathogens, micronutrient malnutrition,
breast milk interference, or circulating maternal antibodies.®

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

37



BMJ 2013;346:f3726 doi: 10.1136/bmj.f3726

Page 2 of 11

RESEARCH

Full realization of the life saving potential of rotavirus vaccines
hinges on identifying modifiable factors associated with their
lower performance in high mortality settings.

Some 45 middle and high income countries, including 14 in
Latin America, have introduced a rotavirus vaccine in the past
seven years and consequently have experienced dramatic
reductions in the burden of severe rotavirus disease, including
indirect benefits to children who remained unvaccinated.’ Data
have been limited on the performance of rotavirus vaccines
under ordinary conditions of a public health program in high
mortality settings. A published study from Nicaragua showed
that the effectiveness of the RV5 vaccine was similar (about
50%) to that seen in the clinical trials from low income settings
in Africa and Asia.'"” No data are available for the effectiveness
of the RV1 vaccine in routine programmatic use in countries
with high childhood mortality, as classified by WHO."'
Effectiveness data are particularly needed to gain a better
understanding of the benefit-risk balance because of the recent
safety concerns of a low level risk of intussusception associated
with RV1 in Mexico and Brazil."> Thus, our primary objective
was to evaluate the effectiveness of two doses of RV 1 against
hospital admissions for rotavirus in Bolivia, the first GAVI
eligible country worldwide to introduce RV1 vaccine.

Methods
Study designh and setting

Bolivia is a lower-middle income country in South America
with an annual birth cohort of about 263 000 and a gross national
income of $1699 (£1092; €1284) per capita in 2009." The
Bolivian Ministry of Health added RV 1 to the routine childhood
immunization schedule in August 2008, recommending two
doses of RV1 for all children in Bolivia at 2 and 4 months of
age. From March 2010 to June 2011 we did a case-control
evaluation at six hospitals in four of the largest cities in Bolivia
(La Paz, El Alto, Cochabamba, and Santa Cruz) to assess the
effectiveness of RV1 against hospital admissions for rotavirus.
These hospitals are ministry hospitals that were selected on the
basis of WHO guidelines for rotavirus surveillance that
recommend selecting hospitals that admit more than 250 children
for gastroenteritis each year." These six hospitals were estimated
to have 19% of all hospital admissions for diarrhea among
children before the introduction of vaccine.

Participants: cases

We defined cases as children admitted to the hospital overnight
for treatment of acute diarrhea, defined as at least three loose
stools in a 24 hour period. Inclusion criteria were onset of
diarrhea less than 14 days before the hospital visit; a rotavirus
positive stool sample during the first 48 hours of admission (to
avoid nosocomial infection); and eligibility to receive at least
one dose of RV1, defined as being born after June 1, 2008 and
being at least 8 weeks of age when admitted to hospital. We
excluded cases when we were unable to contact a parent or
care-taker to obtain consent, identify three hospital controls, or
verify vaccination status through parental card or vaccination
registry. To identify case patients, we did active hospital based
surveillance 24 hours a day in the emergency department and
inpatient wards. Bulk stool specimens were collected within 48
hours of admission. Specimens were stored at 2-8°C before
transfer to the national laboratory on a weekly basis during the
first nine months of the study and to a local laboratory during
the last six months of the study. Rotavirus testing was done with
a commercially available enzyme immunoassay (ProSpecT
ELISA, Oxoid, UK). Specimens were stored frozen at —70°C

until they were shipped to the Centers for Disease Control and
Prevention, Atlanta, GA, USA for genotyping analysis.
Genotyping was done on samples with sufficient stools, as
described by Hull et al."

Participants: controls

We assessed effectiveness by using two groups of controls:
children admitted to hospital for conditions other than diarrhea
(that is, hospital controls) and children with rotavirus negative
diarrhea (that is, test negative controls). For non-diarrhea
hospital controls, inclusion criteria were seeking care in the
emergency department or being admitted to the same hospital
as the case for an acute illness unrelated to diarrhea or a vaccine
preventable condition (measles, mumps, rubella, diphtheria,
pertussis, tetanus, tuberculosis, hepatitis B); being born within
30 days of the case’s date of birth; and being eligible to receive
at least one dose of RV1, defined as being born after June 1,
2008 and being at least 8 weeks of age when admitted to
hospital. We excluded controls when we were unable to contact
a parent or care-taker to obtain consent, identify three hospital
controls for each case, or verify vaccination status through
parental card or vaccination registry. After a rotavirus case was
identified, we routinely queried emergency department and
hospital admission logs daily during the subsequent two weeks
to identify three consecutive hospital controls. All efforts were
made to capture the child during the hospital visit to avoid
logistical challenges of home visits and potential loss to
follow-up. We also sought to assess vaccine effectiveness by
using children with rotavirus negative diarrhea as controls (test
negative controls). Test negative controls were those children
who were enrolled during the surveillance for rotavirus diarrhea
but tested negative for rotavirus by enzyme immunoassay.

Variables

We conducted face to face interviews with parents of case
patients and hospital controls during the hospital visit. After
written informed consent had been given, we obtained
information on vaccination history, demographics,
socioeconomic factors, history of breast feeding, and medical
history. For cases, we also gathered information on clinical
characteristics, treatment, and course of illness. We selected
variables on the basis of recommendations from a WHO
guideline document on studies of the effectiveness of rotavirus
vaccines.'® The primary objective of the study was to assess
differences in antecedent exposure to the full series (two doses
versus zero) among cases compared with non-diarrhea controls
and compared with test negative controls.

Data sources

We obtained vaccination history from the parent and considered
it confirmed if the parent showed a vaccination card with the
date of vaccination, the type of vaccine used, and the name of
the child. If parents reported any vaccination but did not possess
a card, we obtained confirmation by review of vaccine cards at
the clinic where the child was reportedly vaccinated. We
identified vaccination records at the clinic on the basis of the
participant’s name, sex, and date of birth. We obtained a
photocopy of the vaccination record for cases and controls, and,
after data entry into an electronic database, we verified all RV1
vaccination dates against this record.

Sample size for vaccine effectiveness

Using a precision based approach,'” we estimated that we needed
a total of 170 case patients to compute a vaccine effectiveness

| No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe ‘

38



BMJ 2013;346:f3726 doi: 10.1136/bm|.f3726

Page 3 of 11

RESEARCH

of 60% with a confidence limit width of 30%, using a matched
design with a control to case ratio of three to one and vaccine
coverage of 50%. We enrolled a total of 400 case patients to
allow for subgroup analyses including effectiveness of partial
vaccination, strain specific effectiveness, and effectiveness
stratified by age. Because we did not specifically calculate
sample sizes for the subgroup analyses (strain specific and age
stratified vaccine effectiveness), we did a post hoc power
analysis and present vaccine effectiveness results when expected
power using > exceeded 80% at a significance level of 0.05
given the observed number of cases and controls for each of the
secondary outcomes.

Efforts to minimize bias

To minimize bias associated with differential surveillance and
diagnosis, we used a standard WHO recommended case
definition for severe gastroenteritis at all surveillance sites and
laboratory confirmed diagnosis of rotavirus with a validated
enzyme immunoassay with high sensitivity and specificity. For
non-diarrhea controls, we excluded children with diseases not
preventable by rotavirus vaccine because they would be less
likely to receive rotavirus vaccine than the source population
from which the cases arose. Information bias was minimized
by blinding coordinators who verified vaccination records from
knowledge of case or control status and the study hypothesis.
Efforts to determine vaccine status were similar between cases
and controls.

Statistical methods

Our primary aim was to calculate the vaccine effectiveness of
two doses of RV1 against hospital admission for rotavirus. To
assess for a potential gradient in protection by severity, we
analyzed for vaccine effectiveness against rotavirus diarrhea
with a clinical severity score of at least 11 and at least 15 on a
20 point Vesikari scoring scale that was used in the RV 1 clinical
trials.*

We firstly did bivariate analyses to assess for differences in
indicators of socioeconomic condition between rotavirus case
patients and the two groups of controls to identify potential
confounders or biases for the association between RV 1
vaccination and rotavirus disease. We used the Wilcoxon rank
sum test or 7 test to assess differences.

We constructed two separate logistic regression models for
non-diarrhea and test negative controls to calculate odds ratios
with associated 95% confidence intervals.'® For both models,
we considered cases and controls to be vaccinated with the
respective number of doses (one or two) if the most recent dose
was administered 14 days before the case patient’s hospital visit
(the reference date). Children who received two doses did not
contribute to the one dose vaccine effectiveness analysis, and
children who received one dose of vaccine did not contribute
to the two dose vaccine effectiveness analysis. For non-diarrhea
controls, we used a conditional logistic regression model to
estimate the crude odds ratio, because these controls were
matched to case-patients by hospital and date of birth (+30 days).
To estimate a crude odds ratio with test negative controls
comparable to the crude odds ratio for non-diarrhea controls
generated through a matched analysis, we used an unconditional
logistic regression that included hospital, age (in months), and
month/year of birth in the base model, because test negative
controls were unmatched with regard to age and hospital during
the design phase of the study. For both control groups, we then
assessed for confounding by using multivariate modeling. To
the base models, we included all additional variables with

P<0.20 in the bivariate analyses. We then used a hierarchical
backward elimination approach to select the variables in the
final model individually, excluding those variables at a
significance level of P>0.05." For substantive reasons, we
retained age in months, month/year of birth, and hospital for
test negative controls. To assess for potential clustering by
hospital, we included hospital as a random effect in the
regression models, but it did not alter the model outcomes.

We did subgroup analyses to assess protection from partial dose
vaccination (that is, one dose of RV 1), strain specific protection,
and protection among children 6-11 months of age compared
with those aged 12 months or over. We assessed for interaction
by age (6-11 months versus >11 months of age) and the
prevalent strains by including an interaction term for age and
vaccination and for strain type and vaccination in the model.

Finally, to assess the potential for bias in our estimates of
effectiveness, we did a “bias indicator” analysis to examine
whether two doses of RV 1 provided protection against cases of
diarrhea that tested negative for rotavirus with non-diarrhea
controls, under the hypothesis that significant vaccine
effectiveness against test negative diarrhea would be due to
residual confounding in the non-diarrhea controls. For this
analysis, we compared vaccination rates among rotavirus
negative diarrhea cases and non-diarrhea controls and adjusted
for age, hospital, and month/year of birth by using unconditional
logistic regression.

We estimated the adjusted odds ratio by using the exponential
of the coefficient for the vaccination variable in the model. We
calculated the 95% confidence interval for the adjusted odds
ratio by using the standard error of the coefficient,' and we
subsequently calculated vaccine effectiveness as (1—adjusted
odds ratio)x100%. Statistical significance was designated as
P<0.05. We used SAS statistical software (version 9.2) for
analyses.

Results

Participants

We approached a total of 451 case patients, 1247 non-diarrhea
controls, and 817 test negative controls. Of these, we excluded
51 (11%), 47 (4%), and 99 (12%), respectively, and the final
analysis included 400 case patients, 1200 non-diarrhea controls,
and 718 test negative controls (fig 1//). In comparison with
non-diarrhea controls, case patients were more likely to be male
and attend day care but less likely to have chronic underlying
illness, higher level maternal education, and telephones and
computers in their home (table 1}). Test-negative controls were
somewhat more similar to case-patients but also were more
likely to be male and attend day care and less likely to have
higher level maternal education and computers in their homes.

Vaccine records were confirmed for all participants in the
analysis. Adherence to the age recommendations was good;
only 10% of the children were vaccinated outside the
recommended age windows of 2 and 4 months of age (fig 2(]).

Vaccine effectiveness estimates

We identified no difference greater than 10% between the crude
and adjusted estimates of vaccine effectiveness for either the
primary or secondary analyses in the study (tables 2|/, 31/, and
4l)). The adjusted vaccine effectiveness of a full series of two
doses of RV 1 against hospital admission for rotavirus was 77%
(95% confidence interval 65% to 84%) with non-diarrhea
controls and 69% (54% to 79%) with test negative controls
(table 2[]). One dose of RV 1 also provided significant protection
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of 56% (32% to 72%) with non-diarrhea controls and 36% (0%
to 59%) with test negative controls.

Of the 400 case patients admitted to hospital for rotavirus
diarrhea, 373 (93%) had rotavirus diarrhea with a Vesikari score
of 11 or greater and 191 (48%) had a Vesikari score of 15 or
greater. Protection was similar against each of the severity
outcomes in the study. With non-diarrhea controls, RV1
provided protection of 76% (64% to 84%) for a Vesikari score
of 11 or above and 74% (54% to 85%) against a score of at least
15. When we used test negative controls, vaccine effectiveness
was 69% (53% to 79%) for Vesikari score of 11 or above and
62% (37% to 88%) for a severity score of at least 15 (table 2/)).

Of the 400 cases, 295 had sufficient stool samples for
genotyping. Commonly detected strains included GOP[8]
(n=107;36%), G2P[4] (74; 25%), G3P[8] (52; 18%), and GOP[6]
(23; 8%). Others were non-typeable (24; 8%) or other sparsely
detected strains (15; 5%). Vaccine effectiveness ranged from
59% to 93% against four different strains, without any
significant interaction by type of strain (P=0.70). With
non-diarrhea controls, strain specific effectiveness was 85%
(69% to 93%) and 93% (70% to 98%) against the partially
heterotypic G9P[8] and G3P[8] strains and 69% (14% to 89%)
and 87% (19% to 98%) against the fully heterotypic G2P[4]
and G9P[6] strains (table 3|/). With test negative controls, strain
specific effectiveness was 80% (60% to 90%) and 74% (22%
to 91%) against the partially heterotypic G9P[8] and G3P[8]
strains and 59% (7% to 78%) and 80% (37% to 94%) against
the fully heterotypic G2P[4] and G9P[6] strains.

‘We found no significant difference in effectiveness of RV1
against hospital admission for rotavirus between the two age
groups when using non-diarrhea controls (P=0.42) or test
negative controls (P=0.35) (table 4|]). For non-diarrhea controls,
vaccine effectiveness was 77% (51% to 89%) for children aged
6-11 months compared with76% (59% to 86%) for those aged
12 months or over. For test negative controls, vaccine
effectiveness was 64% (34% to 80%) for children aged 6-11
months compared with 72% (52% to 86%) for those aged 12
months or over. Similarly, effectiveness was high for both age
groups when we restricted the analysis to hospital admissions
with severity scores of 11 or greater and to admissions related
to the most prevalent strain, GOP[8].

In the bias indicator analysis, RV1 did not confer protection
against non-rotavirus diarrhea cases in comparison with
non-diarrhea controls for one dose (9%, —33% to 37%) or two
doses (9%, —27% to 24%) of RV 1.

Discussion

Using two different sources of controls, we have shown that
RV1 vaccination under routine conditions of a public health
program in a GAVI eligible country with high child mortality
conferred protection of about 54% to 84% (lowest and highest
upper and lower confidence limits of all two dose vaccine
effectiveness estimates) against hospital admission for rotavirus.
Given the national rotavirus vaccine coverage of 80% in 2011
(increased from 65% in 2009 and 76% in 2010),”° we would
expect that vaccination is preventing some 43% to 67% of the
national burden of hospital admissions for rotavirus in Bolivia.
These are particularly encouraging findings given that the
efficacy of rotavirus vaccines has ranged from 18% to 64% in
clinical trials from other similar high mortality settings.” ®” We
also assessed for duration of protection and noted that
effectiveness was sustained through two years of life, the age
period within which most of the hospital admissions for rotavirus
occur in low and lower-middle income settings.** In addition,

one dose of RV1 provided nearly 40-50% protection against
hospital admission for rotavirus in Bolivia, a finding that was
not assessed in the clinical trials. This early effect of vaccine
on rotavirus diarrhea has important implications for countries
where the burden of severe disease, particularly deaths, occurs
before the full series is administered or where children may not
return for their full series. Lastly, vaccine effectiveness was
high against the range of circulating rotavirus strains during this
evaluation, including against fully heterotypic G2P[4] and
GIP[6] strains. Taken together, these results show the powerful
effect of vaccination on improving child health in Bolivia and
offer substantial encouragement for decision makers in low and
lower-middle income countries considering introduction of
vaccine to curb the burden of severe and fatal rotavirus disease.

Comparison with other studies

In Bolivia, RV1 provided higher protection (~71-77%) against
outcomes of similar severity than RV5 provided in the low
income setting of Nicaragua (50%).'" In fact, effectiveness for
RV1 in Bolivia was similar to that for RV1 in El Salvador
(76%),** a slightly more developed lower-middle income country
in Central America, and comparable to RV 1 efficacy for first
two years of life in the large clinical trial from 10 Latin
American countries (80%).? In this trial, the efficacy of RV1 in
Nicaragua was 78% (18 to 96) through two years of life.” The
differing efficacy by vaccine type might reflect a chance
occurrence, as data on effectiveness of RV5 in Latin America
are available only from a single country.'® Furthermore, in
clinical trials, the efficacy of RV1 in the first year of life in
Malawi (49%) was comparable to that of RV5 in low and
lower-middle income countries in Africa (48%) and Asia
(39%).° 7 *° The possibility of inter-study differences in case
severity might also explain some of the variation in vaccine
effectiveness; however, all studies applied comparable WHO
recommended case definitions and Vesikari severity scores,
which should have minimized this effect. As rotavirus vaccines
are introduced in additional low and lower-middle income
countries in Africa and Asia, further assessments of effectiveness
of both RV1 and RVS5 in these settings to compare the
performance of the two vaccines will be important.

In clinical trials from Africa and in some post-licensure studies
from low socioeconomic settings, protection from both RV5
and RV1 seemed to be lower among children older than 1 year
compared with those aged under 1.° > % We did not see this
phenomenon in Bolivia, which is consistent with the sustained
effectiveness of 79-83% seen through two years of life in the
large RV clinical trial in high and middle income countries
from Latin America.” In addition, two studies in impoverished
populations in Brazil and Australia have suggested that RV1
(G1P[8]) effectiveness against fully heterotypic strains (such
as G2P[4]) might diminish more rapidly than that against
homotypic strains, but confidence bounds were too wide for a
meaningful conclusion.”” ** In Bolivia, we saw sustained
protection against partially heterotypic GOP[8] strains, which
is consistent with findings from the large Latin America
pre-licensure RV 1 trial, but we also did not have sufficient
power to assess duration of protection against fully heterotypic
G2P[4] strains. Although these findings are encouraging, our
data should be interpreted with some caution as the study was
not specifically designed to evaluate effectiveness among
specific age groups. Such questions could be better assessed as
the vaccine program matures and additional older children are
vaccinated.
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Strengths and limitations of study

Some limitations must be considered. Estimates of vaccine
protection obtained through observational studies hinge upon
differences in exposure to vaccination between cases and
controls and thus are subject to biases relating to recording and
ascertainment of exposure. The availability of documentation
of vaccination status differed between case patients (93%), test
negative controls (88%), and non-diarrhea controls (98%) in
our study and might have biased our estimates of effectiveness
to some extent. The control population might be enriched with
non-vaccinees if controls with missing vaccine history were
more likely to be vaccinated than were cases with missing
history, which might have increased our estimates of
effectiveness. If controls with missing vaccine history had lower
vaccination rates than cases with missing history, effectiveness
estimates might be biased towards null. In addition, each of the
control groups might have its own specific biases. For example,
a false positive enzyme immunoassay result for rotavirus could
lead to misclassification of a test negative control as a case. If
the vaccine offers any protection, this would enrich the case
population with vaccinees thus falsely lowering estimates of
effectiveness. However, test negative controls have previously
proved to be good controls in studies of rotavirus vaccine
effectiveness when compared with community or non-diarrhea
controls,” *"** and the similarity in estimates of effectiveness
with both control groups in our study provides further
reassurance.

Although some differences in demographics and socioeconomic
indicators existed between the cases, non-diarrhea controls, and
test negative controls, we did not identify any substantial
differences between the crude and adjusted estimates of vaccine
effectiveness. However, some residual unmeasured confounding
could still be present. Bias related to health seeking behavior is
possible, but the test negative diarrhea controls are likely to
have similar healthcare seeking patterns as rotavirus diarrhea
cases and thus to be less prone to this potential bias than are
non-diarrhea controls. In addition, our bias indicator analysis
did not identify any significant bias with the non-diarrhea
controls. Lastly, if fecal shedding of RV 1 leads to horizontal
transmission of vaccine virus and resultant immune response
in unvaccinated contacts of vaccine recipients, as was shown
in a clinical trial in the Dominican Republic, this might decrease
the attack rates of disease in unvaccinated children and decrease
estimates of RV 1 effectiveness as measured through
observational studies.*

Conclusions and policy implications

In conclusion, our study provides evidence for protection by
RV1 vaccination against hospital admissions for rotavirus and
severe rotavirus disease caused by four different rotavirus strains
during the first two years of life in a low income setting in Latin
America. Attainment of significant protection from one dose
of RV1 also is encouraging for target populations in low and
lower-middle income settings, who can develop severe and fatal
rotavirus disease during the first few months of life. Further
research is needed to refine our understanding of the
heterogeneous immune response to rotavirus vaccines in low
socioeconomic settings. Potential strategies to improve vaccine
efficacy that warrant investigation may include altering the age
at rotavirus immunization to avoid the negative influence of
circulating maternal antibodies, decoupling rotavirus vaccines
and oral polio vaccine, and adding additional doses in the routine
schedule or as a booster with the measles dose at the end of
infancy. Although understanding the reasons for lower efficacy

is important, it should not hinder use of currently available
41

rotavirus vaccines. Our study provides compelling data favoring
broader use of rotavirus vaccine in low income settings to reduce
the burden of severe and fatal rotavirus disease among children.
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Tables

| Comparison of characteristics of case patients with rotavirus diarrhea, controls with non-rotavirus diarrhea, and controls with
non-diarrheal illness, March 2010 to June 2011. Values are numbers (percentages) unless stated otherwise

Controls
Cases (rotavirus Rotavirus negativet

Characteristic positive*) (n=400) (n=718) P value Non-diarrheaz (n=1200) P value
Median (range) age, months 12 (1-35) 12 (2-32) 0.26§ 12 (1-36) 0.27§
Male sex 260 (65) 400 (56) 0.002 642 (54) <0.001
Chronic underlying illness 21 (5) 39 (5) 0.89 118 (10) 0.01
History of breast feeding 371 (93) 674 (94) 0.69 1161 (97) 0.002
Day care attendance 61 (15) 57 (8) <0.001 117 (10) 0.009
Low birth weight (<2500 g) 34/367 (9) 83/680 (12) 0.15 113/1135 (10) 0.7
Maternal education: 0.01 <0.001
None 7/398 (2) 14/712 (2) 20/1194 (2)

Primary school 119/398 (30) 230/712 (32) 279/1194 (23)
Secondary school 210/398 (53) 311/712 (44) 591/1194 (50)
Tertiary school 62/398 (16) 157/712 (22) 304/1194 (25)

Median (range) No of children in 2(1-18) 2 (1-20) 0.12§ 2(1-10) <0.001§
home

Median (range) No of people in home 4.5 (1-16) 4.0 (1-20) 0.86§ 4 (1-20) 0.47§
Socioeconomic parameters:

Median (range) No of rooms in home 3(1-11) 3(1-11) 0.03§ 4 (1-11) <0.001§
Electricity in home 392 (98) 707 (98) 0.56 1176 (98) 0.92
Own motorized vehicle 99 (25) 177 (25) 0.97 343 (29) 0.14
Telephone in home 85 (21) 171 (24) 0.33 353 (29) 0.002
Computer in home 59 (15) 141 (20) 0.04 284 (24) <0.001

*Patients admitted to hospital or emergency department with acute gastroenteritis who had enzyme immunoassay stool testing positive for rotavirus.
tPatients admitted to hospital or emergency department with acute gastroenteritis who had enzyme immunoassay stool testing negative for rotavirus.
tNon-diarrhea hospital controls were matched by age (+30 days) and hospital.

§P value for Wilcoxon rank sum test.
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| Effectiveness of rotavirus vaccine against rotavirus disease by severity, Bolivia

One dose vaccinees* Two dose vaccinees*
Vaccine effectiveness, % (95% Cl) Vaccine effectiveness, % (95% Cl)
Group No/total (%) Crude Adjusted No/total (%) Crude Adjusted
Rotavirus disease requiring hospital admission
Cases 100/192 (52) — — 208/300 (69) — —
Non-diarrhea 226/343 (66) 57 (35t0 71) 56 (32to 72) 857/974 (88) 80 (70 to 86) 77 (65 to 84)
controlst
Test negative 131/208 (63) 39 (8 to 60) 36 (0 to 59) 510/587 (87) 70 (56 to 79) 69 (54 to 79)
controls}

Severe rotavirus disease (Vesikari severity score 211)

Cases 92/177 (52) — — 196/281 (70) — —
Non-diarrhea 207/316 (66) 55 (30 to 70) 54 (28 to 70) 803/912 (88) 79 (68 to 85) 76 (64 to 84)
controlst

Test negative 131/208 (63) 42 (11 t0 62) 34 (-5 to 69) 510/587 (87) 70 (55 to 79) 69 (53 to 79)
controlst

Very severe rotavirus disease (Vesikari score 215)

Cases 53/91 (58) — — 100/138 (72) — —
Non-diarrhea 112/166 (67) 40 (-1 to 68) 40 (-9 to 66) 407/461 (88) 77 (60 to 87) 74 (54 to 85)
controlst

Test negative 131/208 (63) 24 (-27 to 55) 6 (-63 to 78) 510/587 (87) 66 (44 to 79) 62 (37 to 88)
controlst

*Cases and controls were considered vaccinated with respective number of doses (one or two) if most recent dose was administered 214 days before date of
case’s hospital visit.

tBecause non-diarrhea controls were matched on age and hospital, conditional logistic regression was used to compute odds ratio for vaccination (one or two
doses) versus no vaccination; crude vaccine effectiveness includes only vaccination in model; adjusted vaccine effectiveness for model with hospital admission
includes sex, number of children and rooms in home, and computer; model for Vesikari 211 includes sex and number of children and rooms in home; model for
Vesikari 215 includes sex and number of rooms in home.

tFUnconditional logistic regression was used to compute odds ratio for vaccination (one or two doses) versus no vaccination among cases and test negative controls;
crude vaccine effectiveness adjusts only for age in months, month/year of birth, and hospital; adjusted vaccine effectiveness for model with hospital admission
includes age in months, month/year of birth, hospital, sex, number of children and rooms in home, and computer; model for Vesikari 211 includes age in months,
month/year of birth, hospital, sex, and number of children and rooms in home; model for Vesikari 215 includes age in months, month/year of birth, hospital, sex,
and number of rooms in home.
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| Strain specific effectiveness of two doses of rotavirus vaccine* against hospital admission with rotavirus, Bolivia

Vaccine effectiveness (95% CI)

Group No/total (%) Crude Adjusted
G9P[8] hospital admission
Cases 52/77 (68)

Non-diarrhea controlst 233/253 (92) 86 (71 to 93) 85 (69 to 93)
Test negative controlst 510/586 (87) 80 (64 to 89) 80 (60 to 90)

G3P[8] hospital admission

Cases 30/42 (71)
Non-diarrhea controlst 126/130 (97) 92 (70 to 98) 93 (70 to 98)
Test negative controlst 510/586 (87) 72 (23 to 89) 74 (22 to 91)

G2P[4] hospital admission

Cases 45/56 (80)
Non-diarrhea controlst 163/180 (91) 68 (16 to 88) 69 (14 to 89)
Test negative controlst 510/586 (87) 60 (14 to 81) 59 (7 to 78)

G9P[6] hospital admission

Cases 7/14 (50)
Non-diarrhea controlst 31/43 (72) 88 (25 to 98) 87 (19 to 98)
Test negative controlst 510/586 (87) 77 (33 to 93) 80 (37 to 94)

*Cases and controls were considered vaccinated with two doses if the most recent dose was administered >14 days before date of case’s hospital visit.

tFor non-diarrheal controls, crude vaccine effectiveness includes only vaccination in model; adjusted vaccine effectiveness for model with GOP[8] includes sex;
model for G3P[8] includes number of children rooms in home; model for G2P[4] includes number of children in home and maternal education; model for GOP[6]
includes only vaccination.

tFor test negative controls, crude vaccine effectiveness adjusts only for hospital, age in months, and month/year of birth; adjusted vaccine effectiveness for G9P[8]
includes hospital, age in months, month/year of birth, and sex; G3P[8] includes hospital, age in months, month/year of birth, sex, and maternal education; G2P[4]
includes hospital, age in months, month/year of birth, and number of children in home; G9P[6] includes hospital, age in months, and month/year of birth.
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Table 4 Effectiveness (% (95% CI)) of full series of rotavirus vaccine* against rotavirus disease stratified by age, Bolivia

Non-diarrhea controlst Test negative controlst

Subgroups Crude Adjusted Crude Adjusted
Rotavirus hospital admission
All ages 80 (70 to 86) 77 (65 to 84) 70 (53 to 80) 69 (54 to 79)
Age 6-11 months 79 (57 to 90) 77 (51 to 89) 65 (38 to 80) 64 (34 to 80)
Age =12 months 78 (62 to 87) 76 (59 to 86) 76 (62 to 87) 72 (52 to 86)
Vesikari score =11 (severe diarrhea)
All ages 79 (68 to 85) 76 (64 to 84) 70 (56 to 79) 69 (53 to 79)
Age 6-11 months 79 (58 to 89) 78 55 to 91) 66 (39 to 81) 66 (34 to 82)
Age =12 months 78 (63 to 87) 76 (59 to 86) 77 (62 to 87) 72 (51 to 86)
G9P[8] hospital admission
All ages 86 (71 to 93) 85 (69 to 93) 80 (64 to 89) 80 (60 to 90)
Age 6-11 months 89 (65 to 97) 90 (65 to 97) 81 (51 to 92) 82 (59 to 92)
Age 212 months 83 (59 to 93) 82 (47 to 94) 78 (73 to 95) 78 (46 to 91)

*Cases and controls were considered vaccinated with respective number of doses (one, two, or three) if most recent dose was administered =14 days before date
of case’s hospital visit.

tBecause non-diarrhea controls were matched on age and hospital, conditional logistic regression was used to compute odds ratio for vaccination versus no
vaccination; crude vaccine effectiveness includes only vaccination in model; adjusted vaccine effectiveness for model with hospital admission includes sex, day
care, and computer for 6-11 months and sex, number of children, and rooms for =12 months; model for Vesikari 211 includes sex, day care, and telephone for
6-11 months and sex and number of children and rooms for =12 months; model for Vesikari 215 includes none for 6-11 months and sex and number of rooms for
>12 months.

FUnconditional logistic regression was used to compute odds ratio for vaccination versus no vaccination among cases and test negative controls; crude vaccine
effectiveness adjusts only for month/year of birth and hospital; adjusted vaccine effectiveness for model with hospital admission and Vesikari 211 includes month/year
of birth, hospital, sex, and day care for 6-11 months and month/year of birth, hospital, and day care for 212 months; adjusted model for G9P[8] includes month/year
of birth and hospital for 6-11 and =12 months.
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Figures
Children with diarrhea screened (n=1298)
Without stool (n=30)

Hospital controls (n=1247) Rotavirus case patients (n=451) Test negative controls (n=817)

Excluded (n=47, 4%): Excluded (n=51, 11%): Excluded (n=99, 12%):

No vaccine card* (n=22, 2%) No vaccine card* (n=30, 7%) No vaccine card* (n=98, 12%)

<3 hospital controls (n=17, 1%) <3 hospital controls (=19, 4%) Indeterminate test (n=1, 0%)

Other (n=8, 0%) Other (n=2, 0%)
Hospital controls (n=1200) Case patients (n=400) Test negative controls (n=718)

Fig 1 Flow chart depicting enrollment of rotavirus case patients, non-diarrhea controls, and test negative controls. *Children
with or without verbal history of vaccination and for whom no records were found in vaccination clinics
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Fig 2 Age at rotavirus vaccine administration among rotavirus positive cases, rotavirus negative controls, and non-diarrhea
controls
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Abstract

Introduction: There are two group A rotavirus (RVA) vaccines available worldwide since 2006:
monovalent (Rotarix®, RV1) and pentavalent (RotaTeq®, RV5). Currently, 16 countries and 1
territory in Latin America and the Caribbean (LAC) have introduced RV A vaccines and since
their introduction several impact and effectiveness studies have been conducted in different
countries. The purpose of this study was to assess RVA vaccine effectiveness in LAC countries.

Methodology: We conducted a systematic review and meta-analysis of studies in children under-
five who were admitted with laboratory-confirmed RV A diarrhea. We searched Medline, WoS,
Lilacs, Scopus, SCiELO and other sources from 2006 to October 2013. Two independent
evaluators identified the studies that met predefined selection criteria and extracted relevant
information according to a protocol. Pooled estimates were obtained with fixed and random-
effects models and stratified according to selected effect modifiers.

Results: Of the 806 articles meeting the initial criteria, 8 case-control studies which involved
27,713 participants (6,265 cases and 21,448 controls) were included in the final analyses. The
pooled estimates were calculated using different types of controls, leading to different degrees of
effectiveness. The effectiveness of two doses of RV1 against rotavirus-related hospitalizations
ranged from 63.5% (95% ClI: 39.2 -78.0) to 72.2% (95%CI: 60.9-80.2). Effectiveness ranged
from 75.4% (95%CI: 64.6- 82.9) to 81.8% (CI 95%:72.3- 88.1) among infants <12 months for
RV1, and from 56.5% (95%ClI: 26.2-74.3) to 66.4 (95%CI: 54.1-75.5) for infants >12 months.
The RV5 effectiveness for diarrhea with a Vesikari score >11 in infants 6 to 11 months old
ranged from 76.1% (95%CI: 57.6- 86.6) to 88.8% (95%CI: 78.3- 94.3). Also, it showed 63.5%
(95%CI: 29.4- 82.6) of effectiveness against G2P[4].

Conclusion: RVA vaccines consistently showed protection against diarrhea-related
hospitalizations in LAC. Results were more robust for RV 1. Effectiveness was shown with
different types of controls, but appeared somewhat higher with community controls.
Effectiveness was higher among infants <12 months and lower in older children.

Key words: Rotavirus vaccines; Effectiveness; Meta-analysis; Latin America; Caribbean region
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Introduction

Group A RVA infect nearly every child by the age of 3-5 years and are globally the
leading cause of severe, dehydrating diarrhea in children under five years of age [1, 2]. Globally,
RVA diarrhea in 2008 resulted in 453,000 deaths in children under five, comprising 37% of
deaths attributable to diarrhea and 5% of all deaths in children < 5 years [3]. In Latin America
and the Caribbean (LAC), RVA caused an estimated 15,000 deaths, 75,000 hospitalizations, and
2 million outpatient visits annually before the introduction of RVA vaccines [4]. More recently,
after the introduction of RVA vaccines in many countries, RVA caused an estimated 197,000
deaths in 2011 which means that it still is the most important cause of diarrhea-related mortality
worldwide [5].

RVA are non-enveloped dsRNA viruses with a segmented genome (11 gene segments)
and based on their two outer capsid proteins, VP7 and VP4, RVA have been classified into G
(Glycoprotein) and P (Protease-sensitive) genotypes [6, 7]. In 2006, two new human, live-
attenuated oral vaccines, RotaTeq® (RV5) (Merck and Co.) and Rotarix® (RV1) (GSK
Biologicals, Rixensart, Belgium), were licensed. RotaTeq® (RV5) is an oral pentavalent human-
bovine reassortant vaccine (G1, G2, G3, G4, P [8]) that is administered in a 3-dose schedule.
Rotarix® (RV1) is an oral attenuated human monovalent vaccine (G1P [8]) that is administered
in a two-dose schedule. These vaccines have proven to be safe and effective in clinical trials in
different countries [8, 9]. They are recommended for use in all countries by the World Health
Organization (WHO), particularly in those countries with high diarrhea-related mortality in
children <5 years [10].

As of May 2014, 16 LAC countries and one territory have introduced RV A vaccines into

their universal immunization program: Brazil, El Salvador, Mexico, Nicaragua, Panama, and
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Venezuela in 2006; Ecuador in 2007; Bolivia in 2008; Colombia, Honduras, Peru, and Cayman
Island in 2009; Guatemala, Guyana, and Paraguay in 2010; Dominican Republic in 2012 and
Haiti in 2014 [11, 12].

In LAC, since the introduction of RVA vaccines, several studies have demonstrated their
effectiveness, especially for severe diarrhea leading to hospitalizations and deaths. However,
these studies have shown reductions in child hospitalization and mortality with a variation in the
magnitude of the protective effect of the vaccines, also when comparing the effect of two
different vaccines that are currently available [13-19]. In this paper we reviewed the benefits,
limitations, and consistency of results in studies measuring RVA vaccine effectiveness in LAC
children. We critically assess the similarities and differences in methodology and findings of

observational studies and compare RV A vaccine effectiveness.

2. Methods

2.1 Inclusion criteria

We selected the studies using the following criteria: those conducted in LAC countries in
hospitalized children > 5 years; intervention restricted to monovalent or pentavalent RVA
vaccines; RVA cases confirmed with laboratory diagnosis; and comparative studies where it was
possible to calculate vaccine effectiveness. If data were duplicated or shared in more than one

study, we included the most recent publication.

2.2 Literature search

We searched MEDLINE (PubMed data base), Lilacs, Scopus, Web of Science and

SCiELO, from 2006 to October 2013 using key words related to rotavirus, such as “rotavirus
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infection”, “rotavirus disease”, “rotavirus hospitalization”, “rotavirus death” “rotavirus
vaccines” and “rotavirus impact and effectiveness studies” in all countries of LAC. We also
contacted 10 experts on RVA studies from LAC looking for unpublished articles, thesis, and
reviewed the literature of relevant articles to locate additional publications. Additionally, we
obtained and confirmed some data from researchers. There was no restriction regarding

languages.

2.3 Study selection and data extraction

In the first phase three independent evaluators reviewed the abstracts in order to identify
the studies that met predefined criteria. In the second phase two independent evaluators selected
studies where all the relevant information should be abstracted in a data-collection form based on
a standardized protocol. Disagreements between evaluators were resolved through discussion.

That process was summarized in a flow chart (PRISMA) [20].

2.4 Quality assessment of the methodology

We assessed the methodological quality of the selected studies using the Newcastle-
Ottawa Scale (NOS) for observational studies in meta-analysis [21]. A NOS system score ranges
from 0 to 9, with 7 or higher being generally considered satisfactory. We calculated the pooled
odds ratios and the respective 95% confidence intervals using fixed and random effect models.
The pooled odds ratios were converted into vaccine effectiveness (VE) using the following
formula: VE= (1 - odds ratio) x 100. As the case-control studies presented different control
groups such as community, hospitalized controls, RVA negative test (EIA), and combined
controls, we decided to summarize the effectiveness of the most common control groups

established in the studies which was the hospitalized controls. However, we also pooled
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estimations using the other control groups when the number of studies allowed for this type of
analysis.

Heterogeneity among studies was assessed through: (i) visual inspection of forest-plots;
(ii) chi-squared for heterogeneity and; (iii) Higgins I-squared (1%). In the case of the latter, values
over 40% were considered as indicative of relevant inconsistency between studies.

The main exposition variables studied were vaccine type (RV1 or RV5) and vaccine
schedule (complete or incomplete). A subgroup analysis was also performed to explore the role
of potential effect modifiers such as the Vesikari Score (>11 and >15), age (6 to 12 months and
>12 months); Vesikari Score > 11 and >15 by ages 6 to 12 months and >12 months.

A sensitivity analysis was conducted both to explore possible sources of heterogeneity
and assess the accuracy of our findings [22]. We performed an analysis to evaluate the impact on
effectiveness by using different types of controls and removing some studies.

Statistical analysis was performed using Stata software. StataCorp 2007. Stata Statistical

Software: Releaase 10.College Station, TX: StataCorp LP.

3. Results
3.1 Identification and characteristics of selected studies
We selected 806 records meeting protocol eligibility criteria and excluded 58 duplicated
articles. We excluded an additional 670 articles that did not meet the selection criteria after a
thorough revision of titles, abstracts and, in many cases, methodologies. After reviewing the full
text of 12 records, four were excluded (Figure 1).
The remaining eight records were case-control studies considered to have a satisfactory
methodological quality based on NOS score 7 or higher. Two studies had not been published

when the systematic review was conducted and were located by contacting specialists [14, 23].
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The final eight studies included a total of 27,713 participants (6,265 cases and 21,448
controls) and all of them were among children <5 years of age. Six studies estimated VE for the
RV1 vaccine and two for the RV5 vaccine. From the selected studies, three were conducted in
Brazil, two in Nicaragua, and one in each of the following countries: Bolivia, Colombia and El
Salvador. Severe diarrhea hospitalizations were the main outcome to estimate VE of complete
vaccination schedules using different types of controls (Table 1). Six case-control studies were
designed using individual matching, at least for age, and one used frequency matching. The
pooled measures of VE for the different outcome definitions showed an important variation
according to the type of control. We could not perform any meta-analysis including all of the
eight case-control studies together due to the different interventions and specific objectives

across studies.

3.2 Effectiveness of Group A RVA vaccines

VE according to different subgroups used primarily hospital controls. If the study was not
designed using hospital controls, we performed an analysis using another type of control.

Figure 2 presents the results obtained in our study using random-effect models due to the
heterogeneity of estimates across studies.

The pooled estimate of three studies [14, 18, 24] which assessed VE of one dose of RV1
was 55.5% (Figure 1); however, when we performed the analysis using EIA test negative as a
control group in the Patel et al. study [18], the pooled VE was reduced to 49.8%.

As shown also in Figure 2, five studies [14, 18, 23-25] evaluated VE of two doses of RV1
against RVA hospitalizations and the pooled measure was 63.5%. When the VE estimate with
hospitalized controls was replaced by community controls, used in the Justino et al. study [25],

the VE improved to 72.2%.
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VE for two doses of RV1 in children from 6 to 12 month was 75.4% in the primary
analysis [18, 24-26], and improved to 81.8% when the alternative estimate using community
controls of Justino et al. [25] was considered. Regarding the VE in children >12 month,
effectiveness was also improved, when using the community control of Justino et al. [25],
increasing to 66.4% compared with the results shown on Figure 2 [18, 24-26].

The random-effects pooled measure including three studies [23-25] for RV1 Vesikari >
11 score in all ages presented a VE of 48.2% (Table 2). A sensitivity analysis was done without
considering the Cotes-Cantillo et al. study [23], to explore the degree of VE variation. The
results changed significantly and VE was 65.0% (95%CI: 40.6 to 79.3). For RV5 Vesikari >11,
including two studies [15, 19], pooled VE was 68.4%. Analysis for RV1 Vesikari >15
contemplated three studies [23-25] and VE was 39.2% (Table 2). Sensitivity analysis
disregarding Cotes-Cantillo et al. [23] showed a pooled VE of 65.3% (95%CI: 98.6 to 91.5),
which is similar to the previous analysis, with both estimates presenting large confidence
intervals.

Some of the studies [15, 19, 23, 24] allowed to stratify the subset with Vesikari >11 score
by age. The pooled VE in children from 6 to 12 months was 76.2% and 76.1% for RV1 and
RV5, respectively, with no substantial heterogeneity between them. However, it is important to
note that these analyses contemplated only two studies for RV1 and two for RV5 (Figure 1). The
same analysis for RV5 was performed with community controls [15, 19], increasing the VE to
88.8% (95%CI: 78.3 to 94.3), and using combined controls, VE was 76.0% (95%CI: 68.0 to
82.0).

Two studies measured RV1 effectiveness in the subgroup Vesikari >15, by age [23, 24].

The pooled VE for 6 to 11 months was 82.0% (CI 95%:20.8 to 95.9) using community controls
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for the De Palma et al. study [24] and EIA test negative for the Cotes-Cantillo et al. study [23].
In the subgroup Vesikari >15, age >12 months, the pooled VE was 81.8% (CI 95%:29.9 to 95.3).
In both age groups, the accuracy of the pooled estimates was affected by the large confidence
intervals in the Cotes-Cantillo et al. study [23]. The random effects pooled VE from three studies
of RV1 [14, 18, 25] was 63.5% (95%CI: 29.4 to 82.6) for the genotype G2P[4] in all ages with a

complete vaccination schedule.

4. Discussion

According to our knowledge, this is the first meta-analysis studying RVA effectiveness in
LAC which is the main strength of this study. Overall, our findings showed that both vaccines,
RV1 and RV5, protected against RVA-diarrhea hospitalizations, especially in children <5 years
with a complete vaccination schedule, for whom the effectiveness estimate was around 75%. We
highlight the 63.5% effectiveness of RV1 against genotype G2P[4] since this strain seems to be
naturally re-emerging in Latin America [27]. Also of interest was the pooled 55.4% VE for one
dose of RV1 among infants < 12 months. That implies substantial protection in settings where it
is difficult to reach children to complete vaccination schedules and, when it is not possible to
administer the complete schedule before 12 months of age, countries should consider giving only
one dose of the vaccine. Another important point to be considered is that a significant proportion
of RVA cases occur before the age in which the vaccine schedule should be completed [1].

In general, we did not find significant differences in the magnitude of the pooled
measures for the main outcomes when compared with the results of the selected studies included
in our meta-analysis. Overall, the magnitude of VE across studies indicated the vaccine afforded
substantial protection in several countries, which was consistent across different programmatic

conditions, peak seasons of RVA infection, and environmental and social and economic status.
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The results from this study represent the protective effect of the vaccines in the “real
world”, which is often lower compared to the artificial settings of clinical trials. The efficacy of
the RV1 against severe RVA gastroenteritis and against RVA-associated hospitalization was
85%, and reached 100% in the case of more severe RVA gastroenteritis in the clinical trial [8].
For the RV5, the efficacy was 94.5% for hospitalizations and emergency visits related to RVA
genotypes G1-G4 causing gastroenteritis [9]. This discrepancy of RVA efficacy and the
effectiveness of immunization programs for RVA is consistent with results that have been
reported in the literature in low and middle income countries of Africa [28].

In this meta-analysis, all studies were case-controls, their case definitions were based on
WHO recommendations [29], effectiveness was measured by adjusting for potential confounding
variables, and presence of RVA was tested by EIA. Also, cases and controls established the
vaccination status based on records which show a degree of accuracy in measuring the main
exposure. Many of them remark the exclusion criteria of controls when infants presented a
vaccine-preventable disease, avoiding selection bias. Those features give confidence that the
studies included in the meta-analysis are homogenous. However, we found an important
variation regarding the type of controls in the studies identified. Primarily, we tried to analyze
the data using hospital controls, but some of the studies did not use this type of controls as
mentioned in the Results session. Consequently, we performed different analysis using different
control groups and the effectiveness consistently increased when we included community
controls in the pooled measure for all of the outcomes studied.

These findings deserve special attention because it has been recognized that case studies
using multiple control groups occasionally produce discordant results [30]. Also, some authors

consider the presence of a control selection bias if results are different depending on the control
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group utilized. However, the case-control approach is widely used to evaluate VE and all of the
observational studies must control confounding variables to ensure estimates are not biased.
Nevertheless, protocol studies must evaluate the possibility of a control selection bias which is
liable to be introduced when they are not representative of the population producing the cases
[31]. Some of the studies in this this meta-analysis, and also other authors, refer that
neighborhood controls provide the advantage of controlling potential confounding variables,
particularly, socio-demographic status and vaccination access [24, 25, 30]. On the other hand, it
IS recognized that the "ideal" control group rarely exists in epidemiologic studies [32].

Our study has some limitations, especially regarding the issue discussed above, where
different types of controls were used in the studies and different subgroups were also analyzed
across the studies. This has shown a variation in the estimates resulting from studies with
different types of controls, but the pooled measure of some critical endpoints was performed
with a few studies. This also hampered the analysis of the publication bias and the performance
of meta-regression. Some of the analyses are not sufficiently robust to conclude the real
effectiveness in these different subgroups. This was of particularly concern in the case of RV5,
which was assessed in only two studies, one of them sponsored by the vaccine manufacturer. On
the other hand, consistent results from different outcomes provided wider and complementary
perspectives of the performance of RVA vaccination. Another possible limitation refers to
selecting only case-control studies as mentioned before. The definition and selection of controls
from studies were assessed with a good score in the NOS. However, it could be possible that this
score did not identify some of the weaknesses of the study design, in particular, the control

selection.
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The studies of Cotes-Cantillo et al. [23] and Justino et al. [25] presented discrepant VE
results when compared with other studies, since they showed that the estimation of effectiveness
had an important variation in its magnitude. The sensitivity analyses, when we excluded Cotes-
Cantillo et al. study [23], significantly increased the effectiveness of the outcomes in the meta-
analysis which also occurred when the community control from the Justino et al. study [25] was
used. Authors explored some explanations for this discrepancy. In the Justino et al.[25] study, it
IS recognize that hospital controls are under-vaccinated; in the Cotes-Cantillo et al. study [23] —
which found a lower VE — authors raised the issue of the high vaccine coverage when the study
was conducted.

In the systematic review we found a significant number of studies in LAC that measured
the impact of these vaccines, focusing mainly on RV1, but they were conducted with different
designs and estimation measures; thus, it was not possible for us to include them in the meta-
analysis. However, all of these studies showed that vaccines had a significant impact in reducing
RVA-diarrhea hospitalizations in children under five years of age [13, 16, 33] which is consistent
with the vaccine effectiveness results presented in our findings.

In LAC, 16 countries and one territory had introduced the RVA vaccines up to May
2014, but few of them performed studies measuring effectiveness, according to our systematic
review. Nonetheless, it would be difficult to conduct effectiveness studies in other LAC
countries due to the high vaccine coverage in most of them [34], which hampers the contrast of
the odds of exposure between cases and controls. Fifty seven countries— mostly middle-and high-
income countries — have introduced RV A vaccines into their national immunization programs
[35]. Therefore, there are many opportunities to conduct effectiveness studies in countries where

coverage still allows it, as well as in those that will be introducing the vaccines in the future.
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These studies should consider analyzing the same outcomes and using the same group of controls
that could generate a meta-analysis involving a greater number of studies in different settings.

In summary, in our meta-analysis on RV A vaccine effectiveness in LAC we found
evidence that these vaccines provide good protection against hospitalizations caused by RVA
diarrhea in children from 6 to 12 months; lower protection with incomplete schedule and in
children >12 months, especially when considering RV1, since there was a greater number of
studies to meta-analyze. This evidence ratifies the importance of these vaccines as a public
health intervention, reducing the burden of severe RVA disease and supports WHO

recommendation to introduce the vaccine into the routine immunization program [10].
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Figure 1: Flow of information through the different phases of a systematic review*
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Figure 2: Monovalent rotavirus vaccine effectiveness, according number of doses and age.

Author year

RV1 ONE DOSE

De Palma (C) 2010

Patel (H) 2013

Ichihara (H) 2014

Subtotal (I-squared = 0.0%, p = 0.808)

RV1 TWO DOSES

De Palma (C) 2010 —_——
Justino (H) 2011
Patel (H) 2013 —_—

Ichihara (H) 2014
Cantillo (E-) 2014
Subtotal (I-squared = 81.1%, p = 0.000)

RV1 TWO DOSES 6-12 MONTHS

Correia (H) 2010 *

De Palma (C) 2010 —_——

Justino (H) 2011 —_—
Patel (H) 2013 —_—

Subtotal (I-squared = 32.1%, p = 0.220) <>

RV1 TWO DOSES > 12 MONTHS

Correia (H) 2010
De Palma (C) 2010
Justino (H) 2011

Patel (H) 2013 —_—

Subtotal (I-squared = 67.4%, p = 0.027)

NOTE: Weights are from random effects analysis

OR (95% Cl)

0.49 (0.33, 0.74)
0.44 (0.28, 0.68)
0.40 (0.25, 0.63)
0.45 (0.35, 0.57)

0.24 (0.16, 0.36)
0.60 (0.42, 0.86)
0.23 (0.16, 0.35)
0.28 (0.15, 0.56)
1.02 (0.37, 2.80)
0.37 (0.22, 0.61)

0.20 (0.08, 0.52)
0.17 (0.09, 0.32)
0.44 (0.22, 0.88)
0.23 (0.11, 0.49)
0.25 (0.16, 0.38)

0.59 (0.19, 1.79)
0.41 (0.23, 0.73)
0.68 (0.44, 1.04)
0.24 (0.14, 0.41)
0.44 (0.26, 0.74)

%
Weight

38.59
31.96
29.45
100.00

22.59
23.33
22.82
18.30
12.96
100.00

17.58
30.25
27.71
24.46
100.00

14.16
26.67
31.30
27.87
100.00

I
.08

RV1: Monovalent vaccine
C: Community control

H: Hospital control

E-: EIA test negative
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Table 1. Characteristics of 8 case-control studies selected for the meta-analysis by year, country, vaccine,
objective, number of cases and controls.

Author Year  Country Vaccine Study objective Number Type and number of
of cases controls

Correia et al. [26] 2010 Brazil RV1 VE against severe 70 Hospital=416
diarrhea and
hospitalization caused by EIA test negative=484
infection with fully
heterotypic G2[P4] strains

De Palmaetal. [24] 2010 El Salvador RV1 VE of 2 doses of the 323 Neighborhood=969
vaccine against rv
diarrhea requiring hospital
admission

Justino et al. [25 2011 Brazil RV1 VE of 2 or 1 dose of 538 Neighborhood=346
vaccine in hospitalized
children Hospital=507

Mast et al.[15] 2012  Nicaragua RV5 VE in reducing risk of 502 Neighborhood= 1685
RVA resulting in Hospital= 1894
hospitalization and Combined= 3579
emergency department
visit with 3 doses of
vaccine

Patel et al.[19] 2012  Nicaragua RV5 To define the duration of 1016 EIA test negative= 4930
protection of 3 doses of Neighborhood and hospital=
vaccine 5627

Patel et al.[18] 2013  Bolivia RV1 VE against hospital 400 Hospital=1200
admission with 2 doses of EIA test negative= 718
vaccine

Ichihara et al. [14]* 2014  Brazil RV1 VE in preventing 215 Hospital= 1961
hospitalization against
RVA and genotype
specific with 2 doses of
vaccine

Cotes-Cantilloetal. 2014 Colombia RV1 VE against severe 173 Rapid test negative for RVA

[23]* diarrhea with 2 doses of confirmed for EIA test
vaccine negative= 711

*Ichihara and Cotes-Cantillo were selected from specialist reports in 2013 and published in 2014.
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Table 2. Summary of RV1 and RV5 effectiveness, according type of control and Vesikari subgroups, using random

effects model.

Study/Ref/Country Type of control ~ %Weight Heterogeneity, 1% Summary VE 95%ClI
Vesikary >11 all ages by vaccine RV1 and RV5

de Palma et al.[24] ELS Community 21.6

Justino et al.[25] BRA Hospital 20.6 79.2 48,2* -83.61097.6
Cotes-Cantillo et al.[23] COL  EIA test negative 11.8

Mast et al.[15] NIC 22.7 0 68.4** 56.4t0 77.1
Patel et al.[19] NIC 23.3

Vesikary >15 all ages by vaccine RV1

de Palma et al.[24] ELS Community 254

Justino et al.[25] BRA Hospital 25.1 78.4 39.2* -97t0 84.9
Cotes-Cantillo et al.[23] COL  EIA test negative 22.9

Vesikari >11 in children from 6 to 11 months by vaccine RV1 and RV5 with complete schedule

de Palma et al.[24] ELS Community 27.43

Cotes-Cantillo et al.[23] COL  EIA test negative 7.6 0 76.2* 47.91089.1
Mast et al.[15] NIC Hospital 23.9

Patel et al.[19] NIC Hospital 411 0 76.1** 57.6 t0 86.6
Vesikari >11 in children > 12 months by vaccine RV1 and RV5 with complete schedule

de Palma et al.[24] ELS Community 26.7

Cotes-Cantillo et al.[23] COL  EIA test negative 14.8 7.7 22.8* -1.91t0 79.6
Mast et al.[15] NIC Hospital 29.9

Patel et al.[19] NIC Hospital 28.6 0 61.6** 42.81t070.8

* RV1 (monovalent vaccine)
** RV5 (pentavalent vaccine)
ELS-EI Salvador; BRA-Brazil; COL-Colombia; NIC-Nicaragua.
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6. Discussao

Os resultados apresentados neste estudo geraram conhecimentos com relacéo
as vacinas RVA nos paises latino-americanos, a saber: i) avaliamos o processo de
introducdo das vacinas RVA em relacdo a tomada de decisdo e aspectos
programéticos da introducdo de uma nova vacina no calendéario basico de imunizacoes;
i) realizamos o primeiro estudo sobre a efetividade da vacina RV1 em um pais elegivel
pela Alianca GAVI (Alianca Global para Vacinas e Imunizacgfes); iii) assim como, a
primeira revisdo sistematica e meta-analise que analisou a efetividade destas vacinas

em paises da AL.

Como mencionado anteriormente, a regido das Américas, sobretudo a AL, foi a
primeira a introduzir as vacinas RVA, entre outras novas vacinas, nos esquemas dos
programas ampliados de imunizacdo. As vacinas sdo reconhecidamente uma das
medidas de intervencdo de salde publica mais custo-efetivas e o uso das vacinas
tradicionais demonstrou rapidamente uma diminuicdo da morbimortalidade na infancia.
A oportunidade de introduzir novas vacinas, especialmente as vacinas RVA, de forma
rapida em paises em desenvolvimento resultou em muitas experiéncias a serem
compartilhadas com outros paises e também licbes aprendidas para a futura introducao

de novas vacinas em programas universais de imunizacao (55, 79, 91).

Existem varios desafios para que os paises em desenvolvimento tenham acesso
a novas vacinas, mas 0s paises latino-americanos tém sido um exemplo em relacéo a
este tema de saude publica (79). A OPAS, como um organismo internacional com a
missdo de prestar cooperacao técnica aos paises membros, realizou varias atividades
para abordar os diferentes aspectos relacionados ao processo de introducdo de novas
vacinas. Foram organizadas reunides regionais e sub-regionais como férum de
discussdo dos passos que 0s paises deveriam tomar para introduzir uma nova vacina.
Especificamente para as vacinas RVA, a implementacdo da vigilancia epidemioldgica
sentinela hospitalar de diarreias por RVA sempre teve uma énfase especial nas

discussbes e alguns paises como, por exemplo, Bolivia e El Salvador, utilizaram a
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plataforma de vigilancia para a captacdo de casos nos estudos de efetividade (artigos 2
e 3 da tese). Um importante tema de debate referiu-se a implementacdo ou
fortalecimento de um sistema de vigilancia de eventos adversos com capacidade de
detectar eventos graves, sobretudo, porque na década de 1990 uma vacina de RVA
havia sido retirada do mercado por estar associada a intussuscepcao (IS) (92). Outros
temas discutidos foram a avaliagdo da capacidade da “cadeia de frio” em todos os
niveis, isto é, desde o nivel central de armazenamento até os niveis locais onde as
vacinas sao conservadas em caixas térmicas nas salas de vacinacao, treinamentos
para os profissionais de saude entre outros aspectos logisticos e programaticos (55,
84). Deve-se ressaltar a iniciativa “Promog¢ao da Tomada de Decisbées Baseada em
Evidencias para a Introdugcdo de Novas Vacinas” (Promotion of Evidence-Based
Decision Making on New Vaccine Introductions - ProVac) que tem como objetivo
fortalecer as capacidades nacionais para a tomada de decisbes baseada em
evidencias. ProVac representou um marco importante para que 0s paises realizassem

estudos de custo-efetividade antes da introdugéo de uma vacina (91).

Durante as reunifes organizadas pela OPAS com os paises, foi contemplada a
discusséo sobre a importancia de medir o impacto da introdu¢do de uma nova vacina.
O impacto das vacinas RVA deve avaliar a diminuicdo de casos graves hospitalizados
e mortalidade por diarreias em geral e, especificamente, por RVA em criancas < 5 anos
(55, 93).

Para uma vacina ser licenciada devem ter sido realizados ensaios clinicos,
randomizados, preferencialmente, duplo-cegos para medir sua eficacia e seguranca. A
randomizacdo deve assegurar que vacinados e nao vacinados sejam similares quanto
a fatores de risco, outros que ndo a vacina, para a doenca e reacdes adversas em
estudo (94). Quando esta vacina € introduzida no mercado e comeca a ser
administrada na populacdo alvo, é importante realizar estudos de efetividade, os quais
irdAo medir o desempenho desta intervencdo no “mundo real’. Dependendo do
mecanismo de acéo da vacina, a efetividade pode ter uma maior ou menor magnitude,
comparada a eficacia dos ensaios clinicos. Frequentemente, e parece ser o caso das

vacinas de RVA, a efetividade é menor que a eficacia, pois a vacina utilizada em
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condices reais € administrada em grupos ndo selecionados como nos estudos, 0s
esquemas de vacinacdo podem néo respeitar as idades e intervalos entre as doses
recomendados; pode haver interferéncias de outras vacinas aplicadas
simultaneamente, do estado nutricional, aleitamento materno, assim como aspectos
logisticos e programaticos, por exemplo, “cadeia de frio” e administragdo da vacina
(29).

Dado que as vacinas RV1 e RV5 foram introduzidas na AL logo apds o
licenciamento pelas instituicdes reguladoras, os paises desta regido tiveram a grande
oportunidade de realizar estudos de efetividade destas vacinas, produzindo
informacgdes importantes para ALC e também para outros paises do mundo. Neste
sentido, os paises foram estimulados a realizar estudos de efetividade e, igualmente,
outros desenhos de estudo para medir o impacto das vacinas RVA. Vérios destes
estudos consistiram em uma colaboracdo entre os Ministérios de Saude, OPAS e CDC
como, por exemplo, o estudo de efetividade da Bolivia aqui apresentado e estudos em
El Salvador, Nicaragua, Panama e Brasil (57, 58, 86, 89, 90, 95)

Além de originar conhecimentos, a realizacdo destes estudos merecia um
importante férum de discussao, uma vez que introduzir uma vacina com um custo muito
superior as vacinas ja incorporadas nos programas de imunizacdo deveria ter
justificativas bastante contundentes. Naquele momento, em 2006, a inclusdo de uma
vacina RVA representava 97,3% do custo do esquema basico de imunizacdes no
orcamento anual do programa de imunizacdes (84). Levando-se em consideracdo a
diminuicdo do orcamento nacional de muitos paises, como decorréncia da crise
econ6mica global, tornava-se dificil a inclusdo de novas vacinas, cada vez mais
custosas, nos programas de imunizacdo. Porém, por outro lado, os paises em
desenvolvimento tém sido impulsionados a incluir medidas de prevencdo que
adicionam as novas vacinas para alcancar os ODM (91). De Oliveira et al (2013)
referem que os ODM, principalmente, o nimero 4, o qual prevé uma reducao de dois
tercos da mortalidade infantil de 1990 até 2015, foi considerado um importante fator de
decisdo para a inclusdo das vacinas RVA e de pneumococo conjugada no esquema

basico de imunizacdes (79). A diarreia nas criangas < 5 anos € considerada uma das 6
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principais causas de mortalidade em nivel mundial (96) e a introducdo das vacinas de
RVA, portanto, € uma importante medida de prevencéo para o alcance deste objetivo.
Em 2006, o Conselho Diretivo da OPAS, em sua reunido anual de ministros da saude,
passou uma resolugéo recomendando que os governos deveriam incluir e manter nos
programas de imunizacbes as vacinas RVA, pneumococo conjugada e virus do
papiloma humano (VPH). O objetivo desta resolucdo foi apoiar a inclusdo de novas
vacinas nos paises e a mesma foi aceita por unanimidade pelos ministros da saude
(84, 91).

Embora a seguranca das vacinas RVA n&o tenha sido objeto dos estudos aqui
apresentados, é importante mencionar este tema, pois sempre esteve muito
relacionado as discussdes das vacinas RVA. Durante os ensaios clinicos de RV1 e
RV5, um dos objetivos estudados foi a associacao entre vacina e IS, conforme citado
anteriormente. Nao foi demonstrado risco de associacdo entre vacina e IS (63, 66),
como o que havia ocorrido com a vacina RotaShield® (92). No entanto, era necessario
estudar esta associacdo apds a introdu¢do massiva das vacinas na populacéo, pois a
IS, por ser um evento raro, poderia estar associado as vacinas RVA somente quando
centenas de milhares de doses fossem aplicadas. O primeiro estudo, em nivel mundial,
para avaliar se a vacina RV1 estava associada a IS realizou-se no Brasil e México de
agosto de 2008 a agosto de 2010 (97). Este estudo concluiu que a RV1 apresentava
um risco de 1 caso de IS para cada 51.000 a 68.000 criangas vacinadas,
representando um excesso de 96 hospitalizacdes e 5 mortes nos dois paises; enquanto
prevenia mais de 80.000 hospitalizacdes e 1.300 mortes. No México em um estudo
caso-controle as chances de IS ap6s a primeira dose da vacina, de um a sete dias,
foram 5,8 vezes maiores do que nos nédo vacinados (odds ratio: 5,8 (IC: 2,6-13,0)). No
Brasil ndo houve aumento do risco na primeira dose, mas ap6s a segunda dose, as
chances de IS foram 1,9 maiores do que nos nao vacinados também de um a sete dias
(odds ratio: 1, 9) (IC: 1,1-3,4)) (97). Os resultados deste estudo e a vigilancia pos-
licenciamento em outros paises do mundo levaram a OMS a corroborar a
recomendacao de uso destas vacinas nos programas de imunizagdes (59). Na AL, em
2012, foi estimado que nos 14 paises que haviam introduzido RVA seriam prevenidas

anualmente 144.746 hospitalizagbes e 4.124 mortes, enquanto as vacinas poderiam
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causar 172 hospitalizacdes e 10 mortes adicionais devido a IS (98). Isto significa que o
risco-beneficio é de 1 para 841 e 1 para 395 hospitalizacbes e mortes respectivamente
(98). Estes estudos entre outros realizados, principalmente, nos EUA e Austrélia, foram
suficientes para que os paises tenham garantia em que os beneficios das vacinas sao
muito superiores ao risco. Entretanto, segue a recomendacdo de manter a vigilancia

deste evento.

Atualmente, as vacinas RVA estdo no programa de imunizacdo de 60 paises
entre eles, 13 paises classificados como de alta renda per capita (83). Em uma revisao
sistematica de estudos de efetividade da vacina RV5 em paises desenvolvidos, dos 6
estudos selecionados, 5 foram realizados nos EUA o qual introduziu a RV5 em 2006. A
estimativa de efetividade da RV5 contra hospitalizacbes nesta revisdo sistematica
variou de 85,0% (IC 95%: 30,0%-94,0%) a 100,0% (IC 95%: 85,0%—-100,0%) (99).
Payne e colaboradores (2013) compararam a efetividade das vacinas RV1 e RV5 nos
EUA. RV5 evidenciou uma efetividade de 84,0% (IC 95%: 78,0%-88,0%) e RV1 de
70,0% (IC 95%: 39,0%-86,0%) para hospitalizacdes e visitas a emergéncia combinadas
(100). Em Navarra, Espanha, foi demonstrada uma efetividade da RV1 e RV5 de 83,0%
(IC 95%: 65,0%-93,0%) para prevenir hospitalizagbes e n&o foi encontrada uma

diferenca de efetividade significativa entre as duas vacinas (101).

Comparando as estimativas anteriormente citadas com o0s resultados
encontrados na meta-analise realizada na ALC (102), observamos que a efetividade da
vacina RV1 é, em geral, mais baixa, quando confrontamos com o estudo de Castilla e
colaboradores (2012); para RV5 nossos resultados aproximam-se mais do que foi
encontrado na revisdo sistematica de paises desenvolvidos de Gianquinto e
colaboradores (2011) (99) e Castilla e colaboradores (2012) (101). Em nosso estudo de
meta-analise a RV1 apresentou uma estimativa que variou de 63,5% a 72,2% e RV5,
de 76,1% a 88,8% para diarreias devidas a RVA com escore de Vesikari >11 em
criancas <12 meses. Nos resultados encontrados no estudo que realizamos na Bolivia
(90), observou-se que a efetividade de RV1 para esquema completo foi de 69,0% e
77,0% com controles EIA negativos e controles hospitalizados com outras patologias,

respectivamente. E importante ressaltar que este estudo esta incluido na meta-analise
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referida anteriormente. Tanto os resultados da meta-analise, quanto os resultados do
estudo na Bolivia apresentam estimativas mais similares aqueles de Payne e
colaboradores (2013), realizado nos EUA (100).

Temos que comentar, no entanto, que as comparagdes de resultados realizadas
anteriormente, devem ser interpretadas cautelosamente, uma vez que os desenhos de
estudos, os critérios de selecdo de casos e controles, as variaveis de estratificacao,
interacdo e desfechos dos estudos anteriormente mencionados, podem nao ser
exatamente aqueles utilizados na meta-analise deste estudo. Por exemplo, os estudos
anteriormente citados estimam a efetividade combinada das duas vacinas (RV1 e
RV5); os casos sdo selecionados também de visitas a emergéncia; os controles sdo
selecionados com diferentes critérios. Além de ponderar estas diferencas no desenho
dos estudos, ha que considerar também o que j& estd descrito na literatura. Esta
evidenciado que a resposta imune as vacinas RVA em paises desenvolvidos é superior
aguelas observadas em paises em desenvolvimento; e esta observacdo foi descrita
desde os ensaios clinicos de fase Il destas vacinas. Ainda que a imunogenicidade ndo
esteja diretamente relacionada a eficacia/efetividade da vacina, pode oferecer alguma
evidencia de que a resposta a vacina sera menor. Estas variagfes na resposta imune
sdo esperadas, uma vez gque existem importantes diferencas na epidemiologia da
doenca rotavirica em paises desenvolvidos e em desenvolvimento e que,
possivelmente, refletem nas diferencas da infec¢do. As caracteristicas do hospedeiro
(fatores genéticos, nivel de nutricdo, aleitamento materno, entre outros fatores), padréo
de circulacéo dos diferentes gendtipos dos RVA, a flora intestinal, incluindo a presenca
de outros enteropatégenos, sao algumas das variaveis que sugerem a diminuicdo na

resposta as vacinas RVA (103).

Uma das questbes que sempre foi objeto de indagacdo, quando se discute a
eficacia/efetividade das vacinas RVA, refere-se a concomitante administracao de duas
vacinas orais, neste caso, RV1 ou RV5 e a vacina oral da poliomielite (VOP). Dado que
existe uma meta de erradicacdo da poliomielite e a grande maioria dos paises no
mundo utilizam VOP no esquema basico de imunizacdes, era importante saber se

existia interferéncia na resposta imunolégica as duas vacinas. Patel e colaboradores
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(2011) (97) revisaram os dados disponiveis sobre este tema e encontraram que as
vacinas RVA néo interferem na resposta imune para a VOP, enquanto a resposta
imune a vacina de RVA é mais baixa quando co-administrada com a VOP. No entanto,
alguns dados sugerem que esta interferéncia € maior para a primeira dose da vacina
RVA, provavelmente, porque esta associada com uma maior replicacdo intestinal das
cepas de poliovirus, mas que seria superada com a administracdo do esquema
completo das vacinas RVA. Esta diferenca na resposta imune a primeira dose da
vacina de RVA poderia ter outras implicacbes e o0s autores apontam que,
especulativamente, isto estaria relacionado ao aumento de risco de IS para a primeira
dose da RV1 no México e Australia, onde esta vacina é co-administrada com a vacina
de poliomielite inativada (IPV); enquanto no Brasil onde a primeira dose de RV1 era
administrada com VOP nao foi observado risco de IS para esta dose. Os autores,
entretanto, sugerem que os dados existentes sdo limitados e que, possivelmente,
existam diferencas entre os paises desenvolvidos e em desenvolvimento (73). Os
resultados apresentados neste estudo foram realizados em paises que utilizavam até
este momento a vacina de VOP na primeira dose a qual € aplicada concomitantemente

com a vacina RVA.

Os gendtipos de RVA também representam uma importante questao no contexto
de pos - introducdo das vacinas. E fundamental que se siga monitorando 0s genotipos
circulantes de RVA nos paises e que esta vigilancia de laboratério esteja associada a
vigilancia epidemiolégica e clinica estabelecida nos hospitais sentinela. Este
monitoramento permitird ao longo do tempo elucidar o perfil dos gendétipos, detectando
emergéncia de um genotipo, possiveis substituicbes e reestruturacdes genotipicas.
Ainda devem-se ressaltar os casos de reestruturacdo génica descritos com a RV1 e a
RV5 com amostras selvagens (104). Até este momento ndo h& evidencias de
substituicdo de gendtipos na fase poOs-introducdo das vacinas RVA na ALC e os
diferentes gendtipos identificados nos diferentes paises, sugerindo que representam
apenas a flutuagéo ciclica dos sorotipos circulantes (52, 105). Neste contexto, torna-se
relevante também que nos estudos de efetividade das vacinas sejam analisados o0s
diferentes genotipos de RVA. Em nosso estudo de meta-analise e estudo na Bolivia

encontramos uma efetividade entre 59,0% e 69,0% para G2P[4] dependendo do grupo
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controle utilizado, ou seja, mais baixas que as estimativas dos esquemas completos de
vacina sem estratificar por tipo de gendtipo. Para outros genétipos: G9P[8], G3P[8] e
G9PJ6], no estudo na Bolivia as estimativas de efetividade foram mais altas variando de
74,0% a 93,0% (90, 102). No estudo de Payne e colaboradores (2013) (100) foi
encontrada uma efetividade de 87,0% para G2P[4] que corresponde a uma estimativa
bastante superior as encontradas nos nossos estudos. Isto difere dos resultados
encontrados para esquemas completos das vacinas, conforme comentado

anteriormente.

Nos estudos de efetividade que tém sido realizados recentemente, hé
guestionamento quanto a protecdo conferida pelas vacinas em criancas = 12 meses de
idade. Como aludido anteriormente, € provavel que este questionamento também
esteja relacionado a variaveis tais como: i) condicbes sécio-demograficas; ii) genotipos
circulantes; iii) e, possivelmente, o tempo de introducdo da vacina RVA no pais. Na
meta-analise que compde este estudo, observamos que a efetividade da vacina RV1
diminui nos = 12 meses, a qual varia de 56,5% a 66,4% dependendo do grupo de
controle utilizado. Entretanto, no estudo da Bolivia, a efetividade da RV1 é
praticamente a mesma nos menores e maiores de 12 meses. Esta também foi a
conclusao de dois estudos realizados nos EUA, inferindo que a protecao conferida pela
vacina RV1 se mantém nos dois primeiros anos de vida e, em um dos estudos, foi

encontrado que a vacina RV5 protege nos quatro primeiros anos de vida (100, 106).

Como pbde ser observado no estudo de caso-controle para avaliar a efetividade
da vacina RV1 na Bolivia e na revisdo sistemética e meta-analise para estimar a
efetividade das vacinas de RVA na ALC, os resultados apresentados demonstram que
as vacinas conferem protecdo, contudo observa-se que as estimativas variam em

magnitude dependendo do grupo de controle utilizado nas analises.

A luz destes resultados é importante discorrer, brevemente, sobre alguns
aspectos do desenho destes estudos. Estudos observacionais, como 0s estudos caso-
controle, sempre oferecem possibilidades da presenca de viés de selecdo de casos ou
controles. Em geral, o grande desafio € identificar uma base de estudo apropriada para

a selecdo dos controles a qual seja representativa da populacdo que produziu os

74



casos. Esta base depende de muitos fatores relacionados ao evento e a exposicao
estudados, os quais irdo direcionar se o0s controles devem ser selecionados da
comunidade, hospital, amigos ou parentes, por exemplo. No entanto, € reconhecido
gue o controle “ideal” ndo existe e, portanto, os critérios de selegdo devem minimizar os
possiveis vieses para nao distorcer a “verdadeira” estimativa (94, 107, 108). O estudo
da Bolivia utilizou dois grupos controle, pacientes hospitalizados com doencas nédo
diarreicas e pacientes com doencas diarreias EIA negativas para RVA hospitalizadas;
os estudos incorporados na meta-analise selecionaram, além dos controles referidos,
também controles da comunidade. Especificamente na meta-analise, observou-se que
as analises com controles da comunidade tiveram, sistematicamente, estimativas de
efetividade de maior magnitude, se comparadas aos outros dois grupos controle.
Poderiamos acreditar que para o evento e exposicdo estudados os controles da
comunidade seriam mais representativos da populacdo que gerou os casos de diarreia
rotaviricas hospitalizadas, pois estes controles teriam a mesma oportunidade e acesso
a vacinacao que os casos provenientes da mesma area geografica. Os controles de
hospital, principalmente se o tempo de internacdo € longo, podem estar associados a
uma menor chance de receber a vacina o que produziria um viés de selecdo. Por outro
lado, as questdes logisticas de identificacdo e investigacdo dos controles de
comunidade também podem levar a um viés de selecdo. Nestas circunstancias,
ousariamos dizer que a “verdadeira” estimativa seria um valor entre aqueles

encontrados para os controles de hospital e os controles de comunidade.

Finalmente, € importante conjeturar como a efetividade das vacinas RVA
poderiam impactar na mortalidade por diarreia, assumindo que seu desempenho seria
similar ao que apresentamos para as diarreias graves hospitalizadas por RVA, uma
vez que estudos de andlises de tendéncias realizados na AL demonstraram
diminuicdo da mortalidade por diarreias em criancas apos a introducéo da vacina RVA
(86, 93, 109). Para esta reflexdo consideremos alguns pontos anteriormente
discutidos: i) ensaios clinicos onde a vacina teve um melhor desempenho; ii)
resultados da meta-analise com variabilidade na magnitude da efetividade e alguns
estudos de paises desenvolvidos com efetividade mais alta. Mesmo considerando

uma efetividade menor, as vacinas RVA produziriam um efeito muito importante nos
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paises onde as taxas de mortalidade por diarreia sdo altas, pois, provavelmente, seria
evitado um numero muito maior de mortes por esta causa, quando comparado a
paises desenvolvidos onde a mortalidade por diarreia em criancas ndo é considerada
um problema de saulde publica.

76



7. Conclusodes

e A introducdo das vacinas RV1 e RV5 foram exemplos para os paises da
ALC de como aplicar passos sistematicos para a introducdo de uma nova
vacina e como medir o Iimpacto desta intervencdo, gerando
conhecimentos que podem ser compartilhados com o0s paises da mesma

regido e outros paises do mundo;

e A efetividade da vacina RV1 na Bolivia e vacinas RV1 e RV5 na meta-
andlise, demonstraram que estas sdo efetivas nos paises da AL,
apresentando maior ou menor grau de efetividade de acordo com

variaveis estratificadas ou grupos populacionais estudados;

e Foi também interessante observar como os resultados de efetividade
podem variar de acordo ao grupo controle selecionado nos desenhos de
estudo caso-controle. Isto podera ser melhor elucidado, quando tenhamos
mais estudos que possam ser meta-analisados, uma vez que na meta-
analise, aqui apresentada, o pequeno numero de estudos com diferentes
varidveis de estratificacdo limitou um maior entendimento deste

fendbmeno.

e As vacinas RVA tém peculiaridades em relac@o as vacinas anteriormente
utilizadas nos programas de imunizagao, principalmente por terem maior
custo, serem vacinas que evitam, principalmente, as diarreias graves e
nao tem um impacto tdo importante nas diarreias de comunidade, e
também porque foram licenciadas ao mesmo tempo duas vacinas com
composicOes diferentes. Estas caracteristicas levaram a que houvesse
uma grande motivacdo em documentar, tanto o0 Seu processo de

introducéo, quanto os estudos para medir impacto e efetividade.

e A vigilancia epidemiolégica deve seguir sendo uma prioridade tanto em

relacdo as diarreias quanto aos eventos adversos.
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8. Perspectivas

Mesmo que ja tenham sido estudados muitos aspectos relacionados as
vacinas RVA, ainda existe um espaco importante para responder a
perguntas que nao foram completamente respondidas, como por
exemplo, se haverd ou ndo substituicdo de gendtipos, quanto tempo a
vacina confere protecdo nas criancas dos paises em desenvolvimento, se
as formulacbes existentes serdo efetivas ao longo do tempo, questdes

genéticas relacionadas ao hospedeiro, entre outras.

Claramente no novo contexto dos programas de imunizagbes seréo
incluidas vacinas com caracteristicas similares as vacinas RVA, inclusive
algumas j4 estdo incorporadas em varios paises como pneumococo
conjugada e VPH. Estas vacinas apresentam particularidades analogas
as de RVA e novamente a ALC € a regido com maior experiéncia na

introducéo das mesmas.

Frente a esta situacdo, é necessario que os paises documentem todos 0s
aspectos relacionados as novas vacinas que ja fazem parte da rotina de
imunizacbes e também aquelas que serdo introduzidas futuramente.
Neste sentido, as revisdes sistematicas e meta-andlises certamente irdo
contribuir sobremaneira para uma visdo mais abrangente em relacdo ao

impacto destas vacinas na morbidade e mortalidade das populagdes.
Na atual realidade dos servigcos publicos de saude existe uma gama de

intervencdes que podem ser incorporadas, tornando-se imperativo que a

decisdo de introduzir uma nova vacina como uma politica de salde esteja
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baseada em evidencias onde os beneficios desta intervencdo possam ser

amplamente demonstrados.
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