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RESUMO

A febre amarela € uma doenca febril aguda provocada pelo Virus da febre amarela,
que é transmitido principalmente pela picada de mosquitos em areas tropicais e
subtropicais da Africa e da América do Sul. A mudanca na epidemiologia, os riscos de
surtos urbanos e da propagacdo internacional, e consequentes epidemias
intermitentes com taxas de morbimortalidade significativas, representam uma ameaca
emergente a Saude Global. Considerando-se que a eliminacdo dos vetores €
impraticavel e que ndo ha tratamento para a doenca, a vacinacao permanece sendo
a abordagem mais competente para combater a febre amarela. Entretanto,
eventualmente nos deparamos com quedas nos indicadores de coberturas
provocadas pela falta de acesso perante as epidemias, e pela hesitacdo vacinal
perante a preocupacdo sobre a seguranca das vacinas. Uma estratégia de
enfrentamento para o aumento de demanda foi lancada em 2016 pela OMS: o
fracionamento da dose padrdo. Diante disto, realizou-se uma revisdo sistematica,
seguida de metanalises, de evidéncias sobre o perfil de imunogenicidade e seguranca
da vacina contra a febre amarela, em dose padrdo ou fracionada, elaboradas de
acordo com o Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA). A avaliacao da qualidade metodolégica dos estudos divulgados nos artigos
selecionados foi realizada, conforme seu desenho, a partir dos instrumentos
Methodological Index for Non-Randomized Studies (MINORS) e Revised Cochrane
risk-of-bias tool for randomized trials (RoB 2.0). Foram recuperados 1.724 artigos
cientificos, dos quais foram selecionados 32: 23 estudos observacionais e outros 9
experimentais. A estimativa combinada para a imunogenicidade da dose padrao foi
de 97% (IC 95% = 95; 98%), enquanto para a seguranca relacionada a eventos
adversos totais, 49% (IC 95% = 40; 59%), e graves, 0% (IC 95% = 0; 1%). Os célculos
das estimativas combinadas da imunogenicidade e da seguranc¢a da vacina contra a
febre amarela em dose fracionada nédo puderam ser realizados, pois entre os dois
artigos selecionados relacionados a ensaios clinicos, apenas um atenderia aos
critérios de inclusdo estabelecidos. Os resultados da revisdo sistemética e das
metanalises sugerem o uso da vacina contra a febre amarela, tanto em dose padrao
quanto em dose fracionada, enquanto estratégias eficazes e seguras de prevencao
da doenca.

Palavras chaves: Imunogenicidade. Seguranca. Vacina Febre Amarela.



ABSTRACT

Yellow fever is an acute febrile ililness caused by the Yellow Fever Virus, which is
mainly transmitted by mosquito bites in tropical and subtropical areas of Africa and
South America. The change in epidemiology, the risks of urban outbreaks and the
international spread, and consequent intermittent epidemics with significant morbidity
and mortality rates, represent an emerging threat to Global Health. Considering that
the elimination of vectors is impracticable and that there is no treatment for the disease,
vaccination remains the most competent tactic to fight yellow fever. However,
eventually we are faced with falls in coverage indicators caused by lack of access in
the face of epidemics and vaccine hesitation in the face of vaccine safety concerns. In
view of this, a systematic review was carried out, followed by meta-analyzes, evidence
on the immunogenicity and safety profile of the yellow fever vaccine, in standard or
fractional doses, prepared in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes (PRISMA). The evaluation of the
methodological quality of the studies published in the selected articles was carried out,
according to their nature, using the instruments: Methodological Index for Non-
Randomized Studies (MINORS) and Revised Cochrane Risk-of-Bias Tool for
Randomized Trials (RoB 2.0). According to the bibliographic search strategy, 1,724
scientific articles were retrieved, of which 32 were selected: 23 observational studies
and 9 experimental studies. The combined estimate for the immunogenicity of the
standard dose was 97% (95% CI = 95; 98%), while for safety related to total adverse
events, 49% (95% CI = 40; 59%), and serious, 0% (95% CI = 0; 1%). The calculations
of the combined estimates of immunogenicity and safety of the yellow fever vaccine in
fractional doses could not be performed, since among the two selected articles related
to clinical trials, only one would meet the established inclusion criteria. The results of
the systematic review and meta-analyzes suggest the use of the yellow fever vaccine,
both in standard and fractional doses, as effective and safe strategies for preventing
the disease.

Keywords: Immunogenicity. Safety. Yellow Fever Vaccine.
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1 INTRODUCAO

A febre amarela (FA) € uma doenca febril aguda provocada pelo Virus da febre
amarela (MS, 2020), que é transmitido principalmente pela picada de mosquitos em
areas tropicais e subtropicais da Africa e da América do Sul (CDC, 2019). A mudanca
na epidemiologia, os riscos de surtos urbanos e da propagacao internacional da FA,
e conseguentes epidemias intermitentes com taxas de morbimortalidade
significativas, representam uma ameaca emergente a Saude Global (WHO, 2018).

A maioria das pessoas infectadas por este arbovirus ndo apresenta sintomas
ou os apresenta de forma leve e se recupera completamente. Os sintomas iniciais
incluem: anorexia, calafrio, cefaleia, fadiga, febre, fotofobia, fraqueza, indisposicao,
mialgia, ndusea, tontura e vOmito; enquanto 0s mais graves incluem: choque
hipovolémico, disfungdo de multiplos sistemas, incluindo o cardiovascular, hepatico e
renal, além de hemorragia e ictericia, levando a até 60% de letalidade (MSD, 2018).

O virus, originario da Africa, foi trazido para o hemisfério ocidental na era do
comércio maritimo de escravos, durante os séculos XVI e XVII, e provocou a primeira
epidemia, relatada em 1648, na Peninsula de lucata, no México (CARTER, 1931). Nos
séculos seguintes, os surtos ocorreram amplamente na América tropical e nas cidades
costeiras da América do Norte, tornando-se uma das grandes mazelas do Novo
Mundo (STRODE et al., 1951).

Historicamente, a FA sempre esteve profundamente relacionada ao
desenvolvimento da América Latina, impactando também em sua economia, desde a
sua descoberta pelos europeus até a implementacdo de estratégias eficazes de
controle em meados do século XX, originando fortes repercussdes sociais e politicas
devido as muitas epidemias urbanas que provocaram muitas mortes (OLDSTONE,
2010; PATTERSON, 1992).

Ainda hoje, a zona endémica da doenca no continente americano esta
localizada na Amazonia, regido que se destaca por oferecer condicdes ambientais,
econdmicas e sociais favoraveis para a manutencéo do ciclo silvestre e sua expanséo

progressiva, envolvendo como hospedeiros primatas ndo humanos (PNH) e como
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vetores mosquitos Haemogogus spp. e Sabathes spp. (MONATH; VASCONCELQOS,
2015).

Apbs cerca de 70 anos de erradicacao do ciclo urbano, desde 2016, a FA vem
causando surtos em areas periurbanas de metropoles da América Latina, como as
regides metropolitanas de 10 a 20 milhdes de habitantes dos estados do Rio de
Janeiro e Sao Paulo. A infeccdo de mosquitos urbanos competentes como o Aedes
sp., reiniciando o ciclo urbano de transmissdo €, portanto, um cendrio preocupante
que pode permitir a distribuicdo geogréafica sem precedentes do virus (COUTO-LIMA
et al., 2017).

Nunca houve tratamento especifico para a FA, nem meios efetivos de eliminar
0S mosquitos vetores. Logo, a vacinacao, introduzida em 1937, sempre foi a tatica
mais eficiente para prevenir a doenca em pessoas que vivem ou se deslocam para
areas endémicas (BARROS et al., 2019). Entretanto, nos deparamos ocasionalmente
com falhas nas coberturas vacinais provocadas por questdes relacionadas ao acesso
e a hesitacdo vacinal perante as epidemias (POSSAS et al., 2018; SATO, 2018).

Em vista disso, o plano Eliminate Yellow Fever Epidemics (EYE), desenvolvido
a partir da coalizdo entre a Vaccine Alliance (GAVI), United Nations Children's Fund
(UNICEF) e World Health Organization (WHO), dispds de estratégias para ampliar o
acesso a vacina em cenarios epidémicos de emergéncia, como a recomendacdo da
dose fracionada e o fortalecimento da vigilancia de eventos adversos pos-vacinacao
(EAPV) (WHO, 2018).

Reconhecendo essas questbes, inicialmente, esta tese aborda a causa,
transmissao, sinais e sintomas, diagnoéstico e prevencdo da FA. Logo apds, traz um
histérico das epidemias e estratégias contra a doenca. Por fim, apresenta uma revisao
sistematica com metanalise sobre a imunogenicidade e seguranca da vacina contra a
febre amarela (VFA), além do artigo cientifico intitulado "O panorama da vigilancia de
eventos adversos pos-vacinacdo ao fim da década de 2010 — Importancia,
ferramentas e desafios" (OLIVEIRA et al., 2020).

Almeja-se com o presente trabalho sistematizar as evidéncias sobre a relagéo
beneficio-risco da VFA, utilizada em dose padrdo ha décadas, bem como da dose
fracionada, utilizada recentemente. Desta forma, contribuir com o conhecimento,
estimulando a reducdo da preocupacdo com EAPVs, a elevacdo do acesso a
imunizacdo, e consequente promocao de indices efetivos de cobertura vacinal para

evitar epidemias.
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2 REFERENCIAL TEORICO

2.1 HISTORICO E EPIDEMIOLOGIA

Segundo Duane Gubler, diretor fundador do Programa de Pesquisa de
Assinaturas em Doencas Infecciosas Emergentes, da Duke University-National
University of Singapore Medical School, em Cingapura:

O Virus da febre amarela se originou por volta de 1.000 A.C. e circulou
entre primatas ndo humanos e mosquitos nas florestas tropicais da
Africa por milhares de anos. Os mosquitos portadores do virus foram
se adaptando a vida das aldeias e depois as cidades, acostumando-
se a se alimentar de seres humanos, e seguiram para cidades maiores
e cidades costeiras. Nos anos 1600, a medida que a industria naval e
0 comércio global se expandiam, os mosquitos se disseminaram pelas
embarcacles até cidades portudrias do mundo tropical. A primeira
epidemia registrada ocorreu na peninsula de lucatd, no México, em
1648, provavelmente parte de uma maior envolvendo varias ilhas do
Caribe. Entre 1668 e 1699, foram relatados surtos em Nova lorque,
Boston e Charleston. As areas do norte dos Estados Unidos da
América (EUA) tiveram surtos de verao, que desapareciam no inverno
porque o mosquito tropical ndo sobrevivia. Em 1730, foram registradas
2.200 mortes em Cédiz, na Espanha, seguidas de surtos nos portos
maritimos da Franca e da Inglaterra. Ao longo do século XIX, (...)
milhares de pessoas morriam todos os anos em Nova Orleans,
importante porto para o trafico de escravos e uma cidade com um
clima hospitaleiro para o mosquito Aedes aegypti. Entre 1839 e 1860,
cerca de 26.000 pessoas em Nova Orleans contrairam o Virus da febre
amarela. No final do século 19, durante a breve guerra hispano-
americana, menos de 1.000 soldados morreram em batalha, mas mais
de 5.000 morreram de doencas em Cuba, sendo a maioria dessas
mortes por febre amarela (FA). Em 1900, foi formada a Yellow Fever
Commission, constituida pelos militares dos EUA, em resposta as
mortes em tempos de guerra, com a missdo de estudar a causa e a
disseminacdo da FA. Liderada pelo major Walter Reed, que trabalha
em Cuba, a comissdo confirmou em 1900 a suspeita do Dr. Finlay: a
FA era transmitida por picadas de mosquito. A comissao iniciou
programas de controle de mosquitos em Cuba usando saneamento
melhorado, fumigacdo com inseticidas e reducdo de areas com agua
parada onde os mosquitos se reproduziam. O nimero de casos de FA
caiu drasticamente. Esses esforcos bem-sucedidos em Cuba
chegaram bem a tempo de salvar o projeto de construgcédo do Canal do
Panama. Em 1906, aproximadamente 85% dos trabalhadores do canal
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haviam sido hospitalizados com maléria ou FA. (...) No verdo de 1905,
Gorgas, juntamente com 4.000 trabalhadores no que chamou de
"brigada de mosquitos”, passou um ano trabalhando para impedir que
0S mosquitos colocassem seus ovos. Finalmente, em 11 de novembro
de 1906, a ultima vitima da FA no Canal do Panam& morreu e a
epidemia acabou. Ap6s a Segunda Guerra Mundial, o mundo teve o
diclorodifeniltricloroetano (DDT) em seu arsenal de medidas de
controle de mosquitos, e a erradicagdo do mosquito tornou-se o
principal método de controle da FA. Entdo, na década de 1940, a
vacina contra a febre amarela foi desenvolvida. A vacina fornece
imunidade vitalicia a 99% das pessoas imunizadas e, no final dos anos
80, a Organizacdo Mundial da Saude (OMS) fez um esforco para
aumentar a cobertura da vacina. Alguns paises africanos comecaram
a imunizacdo infantii de rotina e realizaram campanhas de
recuperacdo para adultos, mas os produtores de vacinas né&o
acompanharam a demanda. Nos ultimos 30 anos, houve surtos
limitados na Africa, no Quénia, Nigéria, Libéria, Camardes, Costa do
Marfim e Senegal; e nas Américas, no Peru, Equador, Venezuela,
Bolivia e Brasil. Nos anos 2000, o mundo enfrenta surtos
preocupantes em cidades densamente povoadas da Angola e
Republica Democratica do Congo (BRINK, 2016).

O Brasil convive hd séculos com a FA. O primeiro caso do qual se tem
conhecimento ocorreu em Pernambuco, no ano de 1685, com um surto de 10 anos.
Na mesma década, a doenca chegou a Bahia, onde o niumero de doentes foi calculado
em 25 mil e o de mortos, em 900. Depois desse primeiro surto no século XVII, a doenca
ficou adormecida por 150 anos, quando fez um retorno em meados de 1850 (LOURENCO-
DE-OLIVEIRA et al., 2002).

Durante muito tempo, a FA foi considerada uma doenca urbana. A primeira
forma silvestre foi identificada em 1898, no interior de S&o Paulo, por Adolpho Lutz.
Em 1901, Emilio Ribas, entdo diretor do Servico Sanitario, escreveu o primeiro
trabalho sobre o0 assunto no pais. Na década de 1930, essa forma da doencga apareceu
na Bahia, Amazonas, Par4, Mato Grosso e depois em Goias, Minas Gerais e Sao
Paulo (BENCHIMOL, 2013).

Quando Oswaldo Cruz foi nomeado para a Diretoria Geral de Saude Publica
em 1903, a FA era o principal problema sanitario da capital federal. S6 em 1902, quase
mil pessoas morreram na cidade vitimadas pela doenca. Adepto da teoria de Finlay,
Oswaldo Cruz baseou toda a sua campanha no combate ao mosquito. Apesar das
dificuldades, a epidemia foi aos poucos perdendo for¢ca. No inicio de 1907, ja ndo se
falava mais de epidemia de febre amarela no Rio de Janeiro. Até a ultima grande

epidemia urbana em territorio brasileiro, que ocorreu em 1929 na cidade do Rio de
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Janeiro. A partir de entdo, casos esporadicos ainda foram reportados em diversos
estados, sendo que os ultimos casos urbanos ocorreram em 1942 em Sena
Madureira, no Acre (CAVALCANTE; TAUIL, 2016).

Historicamente, existe um consenso entre cientistas e formuladores de politicas
publicas no Brasil de que a transmissdo do virus provavelmente permaneceria
confinada a ciclos selvaticos em areas com baixa densidade populacional e com um
baixo numero de casos anuais, como no passado, desde o Ultimo caso urbano em
1942. Entretanto, mudangas ambientais, ecossociais e comportamentais nas ultimas
décadas criaram condicdes para um aumento exponencial de casos de FA e do risco
de reurbanizacdo da doenca (BENCHIMOL, 2013).

Desde novembro de 2016, apds décadas de siléncio, o virus se espalhou pelas
zonas costeiras da Mata Atlantica e rapidamente se mudou para as Regides Sudeste
e Sul do pais, atingindo em menos de um ano quatro dos estados brasileiros mais
populosos (Minas Gerais, Sao Paulo, Rio de Janeiro e Espirito Santo) cujos residentes
ndo foram incluidos no programa de vacinagéo. A baixa cobertura vacinal de areas de
risco em potencial nesses estados resultou em um aumento acentuado no niumero de
casos de FA no pais: 1.833 casos confirmados e 578 mortes foram registradas em
menos de 18 meses. No periodo de monitoramento 2016/2017, 576 casos foram
confirmados, incluindo 184 mortes. No periodo de 2017/2018, foram relatados 1.257
casos confirmados e 394 mortes até abril de 2018. Na temporada 2018/2019, um total
de 75 casos humanos foram confirmados, incluindo 17 mortes (taxa de mortalidade =
23%), foram relatados no Brasil nos estados de Sdo Paulo (62), Parana (12) e Santa
Catarina (1). Desses casos, 88% (66/75) sdo do sexo masculino, a idade média é de
43 anos e 71% (53/75) sao trabalhadores rurais (Figura 2.1) (WHO, 2019).
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Figura 2.1 — Distribuic&o dos casos de febre amarela por ano, no Brasil, de 1980 a 2018
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Fonte: WHO (2019).

De acordo com o CDC (2019), estima-se que o Virus da febre amarela
provoque 200.000 casos de doengas e 30.000 mortes anualmente, com 90%

ocorrendo na Africa. Nimeros bem superiores aqueles registrados na Figura 2.2.

Figura 2.2 — Numero de casos de febre amarela no mundo, de 1980 a 2018
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O Virus da febre amarela ocorre na Africa subsaariana e na América do Sul
tropical, onde € mantido em ciclo de transmissdo enzodtica envolvendo mosquitos e
primatas nao humanos (PNH). Atualmente, 33 paises, com uma popula¢cdo combinada
de cerca de 450 milhdes de pessoas, estdo em risco na Africa. Enquanto dez paises,
com uma populacdo combinada de cerca de 350 milhdes, estdo em risco na América

do Sul e em vérias ilhas do Caribe. (Figuras 2.3 e 2.4) (WHO, 2019).

Figura 2.3 — Areas com risco de transmiss&o do Virus da febre amarela na Africa
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Figura 2.4 — Areas com risco de transmiss&o do Virus da febre amarela na América do Sul
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2.2 VIRUS

A FA é uma doenca febril aguda (MS, 2020) provocada pelo arbovirus da
espécie Virus da febre amarela, Género Flavivirus, Familia Flaviviridae e grupo IV
((+)ssRNA) (ICTV, 2020) (Figura 2.5). As cepas selvagens do virus na Africa e na
América do Sul sdo classificadas em pelo menos sete gendtipos micro-heterogéneos:
Angola, Africa Central/Leste, Africa Leste, Africa Oeste |, Africa Oeste Il, e América do
Sul | e América do Sul Il (MONATH, T. P., 2001).

Figura 2.5 - Virus da febre amarela

Legenda: Micrografia eletrénica do Virus da febre amarela.
Fonte: CDC — Public Health Image Library (2019).

2.3 VETORES E CICLOS DE TRANSMISSAO

O Virus da febre amarela € transmitido principalmente pela picada de
mosquitos das espécies Aedes spp., Haemagogus spp. e Sabethes spp. (FARIA et
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al., 2018) (Figura 2.6) para o ser humano e primatas ndo humanos (PNH), de acordo
com a regido geografica e o ciclo epidemioldgico (PLOTKIN et al., 2018).

Figura 2.6 — Mosquitos vetores do Virus da febre amarela

-

Legenda: a) Aedes sp. b) Hemagogus sp. c) Sabethes sp.
Fonte: CDC — Public Health Image Library (2020).

De acordo com a OMS (WHO, 2019), as diferentes espécies de mosquitos
vivem em diferentes habitats. Algumas se reproduzem em casas (domésticas), outras
nas florestas (silvestre) e outras em ambos (semidomésticas), promovendo trés tipos

de ciclos de transmisséo do Virus da febre amarela (Figura 2.7):
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a. Transmissado silvestre: nas florestas tropicais, os PNH, principais
reservatorios do virus, sdo picados por mosquitos selvagens, Hemagogus sp. e
Sabethes sp., que transmitem o patdgeno para outros PNH. Ocasionalmente, os seres
humanos nao imunizados que trabalham ou viajam para a floresta sdo picados por
mosquitos infectados e desenvolvem a FA.

b. Transmissao intermediaria (ecotono): os mosquitos semidomeésticos,
que se reproduzem tanto na natureza quanto nos arredores, infectam PNH e seres
humanos. O aumento do contato entre pessoas e mosquitos infectados leva ao
aumento da transmissdo e muitas cidades separadas em uma area podem
desenvolver surtos ao mesmo tempo. Este é o tipo mais comum de surto na Africa.

C. Transmissdo urbana: grandes epidemias ocorrem quando pessoas
infectadas introduzem o virus em areas densamente povoadas com alta densidade de
mosquitos e onde a maioria das pessoas tem pouca ou nenhuma imunidade, devido
a falta de vacinacdo. Nessas condi¢des, 0s mosquitos infectados transmitem o virus

de pessoa para pessoa.

Figura 2.7 — Ciclos de transmissdo do Virus da febre amarela
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Fonte: POSSAS et al. (2018).

Segundo POSSAS et al. (2018), nas Uultimas décadas, a combinacdo
progressiva de varios fatores contribuiu para expandir gradualmente a sobreposi¢éo
de ecossistemas:
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a. O aumento de areas com condicbes ecologicas para suportar a
diversidade de mosquitos e PNH, além do crescimento populacional humano;

b. A perda de alguns habitats naturais que forcam os PNH a explorar o
ecotono, além dos ambientes modificados e fragmentos florestais remanescentes;

C. A adocédo de novas praticas pelo homem contemporaneo, levando-o a
uma aproximacao crescente da floresta;

d. Os deslocamentos humanos rapidos e intensos;

e. A plasticidade ecoldgica dos vetores, especialmente a propensdo do
mosquito Haemagogus spp. de percorrer longas distancias além dos limites da floresta
e do Aedes albopictus de se dispersar do ecossistema modificado para o selvatico; e

f. As taxas crescentes de infestacdo por Aedes aegypti em areas urbanas

e periurbanas em expansao, préximas do ciclo selvético.

2.4 DOENCA

De acordo com o Manual de Manejo Clinico da Febre Amarela (MS, 2020), o
espectro clinico da FA pode variar desde infeccdes assintomaticas até quadros graves
e fatais. As formas leves ou infec¢des assintomaticas representam a maioria dos
casos (40% a 60%). O quadro clinico classico caracteriza-se pelo inicio subito de febre
alta, cefaleia intensa e duradoura, inapeténcia, nauseas e mialgia. O sinal de Faget
(bradicardia acompanhando febre alta) pode ou ndo estar presente. Nas formas leves
e moderadas, que representam entre 20% e 60% dos casos, 0s sinais e 0s sintomas
duram entre 2 e 4 dias, que geralmente sdo aliviados com tratamento sintomatico,
antitérmicos e analgésicos. As formas graves e malignas representam
aproximadamente de 20% a 40% dos casos, para 0s quais a evolucao para o obito
pode ocorrer entre 20% e 50% dos registros. Nas formas graves, cefaleia e mialgia
ocorrem com maior intensidade e podem estar acompanhadas de nauseas e vomitos
frequentes, ictericia, oliguria e manifestacdbes hemorrdgicas como: epistaxe,
hematémese e metrorragia (Figura 2.8).

Classicamente, séo descritos trés estagios da doenca (periodo de infeccao,
remissdo e toxémico) seguidos por um periodo de convalescen¢a. A maioria dos

pacientes segue a cronologia dos estagios, mas o paciente ja pode iniciar os sintomas
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no periodo toxémico ou passar para o periodo toxémico em qualquer momento desde
o inicio dos sintomas, o que faz com que o acompanhamento estreito dos pacientes
oligossintomaticos seja necessario até pelo menos o sétimo dia de inicio dos sintomas

(periodo méximo em que o paciente pode iniciar os sinais de gravidade).

Figura 2.8 — Fases da febre amarela
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Fonte: Sanofi Pasteur (2013).

O periodo de infec¢do — dura cerca de 3-6 dias; tem inicio subito e sintomas
inespecificos, como febre, calafrios, cefaleia, lombalgia, mialgias generalizadas,
prostracdo, mal-estar, tonturas, nduseas e vomitos, pode ocorrer infeccdo conjuntival
e bradicardia.

O periodo de remissdo — ocorre declinio da temperatura e diminuicdo da
intensidade dos sintomas, provocando sensacdo de melhora no paciente. Dura de

poucas horas até, no maximo, dois dias.
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Periodo toxémico — caracterizado por resposta inflamatéria exacerbada
associada a colapso hemodinamico. Reaparece a febre, a diarreia e 0s vomitos tém
aspecto de borra de café, também pode ocorrer dor abdominal intensa. Instala-se
quadro de insuficiéncia hepatorrenal caracterizado por ictericia, oliguria, andria e
albuminuria, acompanhado de manifestacées hemorragicas: gengivorragias, epistaxe,
otorragia, hematémese, melena, hematuiria, petéquias, equimoses, hematomas,
hemorragia conjuntival, hemoptise, hemoperitdnio, sangramentos em locais de
puncao venosa e prostracdo intensa, além de comprometimento do sensoério, com
obnubilagdo mental e torpor, havendo evolucdo para coma e morte. O pulso torna-se
mais lento, apesar da temperatura elevada. Essa dissociacdo pulso-temperatura €
conhecida como sinal de Faget. E uma doenca dindmica com possibilidade de piora
importante em periodo de horas ou dias. A evolucéo para o 6bito ocorre em 7-14 dias,
na grande maioria dos casos, deve-se a insuficiéncia hepatica fulminante. Sepse
bacteriana e fungica, hemorragias e arritmias cardiacas podem ocorrer. Portanto,
também pode haver 6bito devido a choque distributivo séptico, choque hipovolémico
devido a hemorragias, choque cardiogénico devido a miocardite e arritmias ou choque
misto com mais de uma forma simultaneamente. Ha relatos de morte subita tardia
atribuida a complicacdo cardiaca. Sdo caracteristicas laboratoriais da doenca:
auséncia de leucocitose e proteina reativa C baixa. A suspeita do diagnéstico de FA
enfraquece na presenca de proteina reativa C elevada e leucocitose. Na presenca de
PCR elevada e/ou, leucocitose deve-se suspeitar de outro diagndéstico ou de
complicacéo bacteriana superposta ao quadro de FA. Hemorragias de grande vulto
podem causar leucocitose devido a resposta medular. A enzima transaminase
glutdmico oxalacética (TGO) extremamente elevada (podendo chegar a valores de
25.000-50.000) é uma caracteristica da doenca grave, e sua elevacdo acima da
enzima transaminase glutamico piravica (TGP) ocorre devido a lesdo muscular
cardiaca e esquelética, além de aumento da permeabilidade mitocondrial associada a
apoptose celular. O aumento da transaminase é proporcional a gravidade da doenca
e niveis muito altos indicam um mau prognoéstico. A enzima lactato desidrogenase
(LDH) também chega a niveis extremamente elevados (70.000) nos casos graves
devido ao dano hepaético e tecidual dos outros érgaos acometidos pelo virus da FA. A
proteindria € comum e notada ja nos primeiros dias de inicio dos sintomas; somente

parte dos pacientes que apresenta proteinuria vai evoluir com insuficiéncia renal.
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2.5 DIAGNOSTICO E TRATAMENTO

O diagndstico preliminar da FA baseia-se em caracteristicas clinicas, status de
vacinacgao e histérico de residéncia ou viagem recente a uma zona endémica. A FA
leve ndo pode ser distinguida clinicamente de uma série de outras infec¢gbes, enquanto
casos com ictericia devem ser diferenciados de hepatites virais, malaria, leptospirose,
febre recidivante transmitida pelo piolho, febre hemorragica da Crimeia-Congo, febre
do Vale do Rift, febre tifoide, febre Q, tifo, bem como ictericias induzidas por farmacos
e toxinas. Também precisa ser diferenciada de outras febres hemorragicas virais, que
geralmente se manifestam sem ictericia, incluindo febre hemorragica da dengue, febre
de Lassa, doencas dos virus Marburg e Ebola, além de febres hemorragicas da
Argentina, Bolivia e Venezuela (MONATH, 2001).

O diagnostico laboratorial da FA é geralmente realizado por sorologia para
detectar as imunoglobulinas M e G (IgM e IgG) especificas para o Virus da febre
amarela e anticorpos neutralizantes. Em casos fatais, a amplificacdo de &cidos
nucleicos, a histopatologia com imuno-histoquimica e a cultura de virus de tecidos de
biépsia ou autépsia também podem ser positivas (CDC, 2019).

Embora varios medicamentos tenham sido avaliados ou usados empiricamente
para tratar a FA, até o momento, nenhum demonstrou beneficio especifico. O manejo
€ de suporte e observacdo proxima, em ambiente hospitalar e baseado nos sintomas
e sistemas organicos envolvidos (JULANDER, 2013).

Recentemente, foi demonstrado que o sofosbuvir, antiviral utilizado no
tratamento de hepatite C crdnica, inibiu a replicacdo das cepas vacinais e selvagem
de Virus da febre amarela em células de hepatoma humano e protegeu camundongos
infectados com o virus da mortalidade e perda de peso. Devido ao seu perfil de
seguranca em humanos e efeitos antivirais significativos in vitro e em camundongos,
o sofosbuvir pode representar uma nova opcao terapéutica para o tratamento da FA
(DE FREITAS et al., 2019).
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2.6 VACINA

Historicamente, as primeiras tentativas de desenvolver uma vacina contra a FA
seguiram a abertura do Canal do Panama em 1912, 0 que aumentou a exposi¢ao
global & doenca. O bacteriologista japonés Hideyo Noguchi liderou as investigacoes
da Fundacao Rockefeller no Equador, que resultaram em uma vacina baseada em
sua teoria de que a doenca era causada por uma bactéria leptospiral. No entanto,
outros pesquisadores ndo conseguiram duplicar seus resultados e a vacina ineficaz
foi finalmente abandonada (FRIERSON, 2010).

Outra vacina foi desenvolvida a partir da "linhagem francesa" do virus, obtida
por cientistas do Instituto Pasteur de um homem em Dakar, Senegal, que sobreviveu
a doenca. Esta vacina poderia ser administrada por escarificacao e foi administrada
em combinacdo com a vacina contra a variola, para produzir imunidade a ambas as
doencas, mas também levou a graves complicacdes sistémicas e neuroldgicas em
alguns casos (NORRBY, 2007).

Tentativas de atenuar o virus usado na vacina falharam. Cientistas da
Fundacao Rockefeller desenvolveram outra vacina derivada do soro de um africano
chamado Asibi em 1927, o primeiro isolamento do virus de um ser humano. Era mais
segura, mas envolvia o uso de grandes quantidades de soro humano, o que limitava
0 uso generalizado. As duas vacinas estavam em uso h& varios anos, a vacina
Rockefeller no hemisfério ocidental e na Inglaterra, e a vacina do Instituto Pasteur na
Franca e em suas coldnias africanas (CHEN, 2014).

Em 1937, Max Theiler, trabalhando com Hugh Smith na Fundac&o Rockefeller,
em Nova lorque, Estados Unidos da América, para melhorar a vacina da cepa "Asibi",
descobriu que uma mutacao casual favoravel no virus atenuado havia produzido uma
cepa altamente eficaz denominada 17D. Apds testes de campo no Brasil, mais de um
milhdo de pessoas foram vacinadas em 1939, sem complica¢cdes graves. Por seu
trabalho na vacina contra a FA, Theiler recebeu o Prémio Nobel de 1951 em Fisiologia
ou Medicina (NORRBY, 2007).

Theiler usou ovos de galinha para cultivar o virus e ganhou um Prémio Nobel
em 1951 por essa conquista. Uma equipe francesa desenvolveu a vacina neurotropica

francesa, que foi extraida do tecido cerebral do rato. Como esta vacina foi associada
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a uma maior incidéncia de encefalite, ndo foi recomendada ap6s 1961 (DE MENEZES
MARTINS; FERNANDES LEAL; HOMMA, 2015).

A vacina 17D ainda estd em uso e mais de 800 milhdes de doses foram
distribuidas mundialmente. Poucas pesquisas foram feitas para desenvolver novas
vacinas. Alguns pesquisadores temem que a tecnologia de 60 anos para a producao
de vacinas possa ser lenta demais para impedir uma nova epidemia de febre amarela.
Vacinas mais recentes, baseadas em células vero, estdo em desenvolvimento e
devem substituir a 17D em algum momento (STAPLES et al., 2020).

No Brasil, o Instituto de Tecnologia em Imunobiolégicos/Fundacdo Oswaldo
Cruz (Bio-Manguinhos/Fiocruz) é reconhecido nacional e internacionalmente como o
maior produtor publico da vacina febre amarela (atenuada) (Figura 2.9). Desde 1937,
as preparacdes vacinais sdo obtidas em seus laboratérios a partir da cepa atenuada
17DD do Virus da febre amarela, cultivada em ovos embrionados de galinha livres de
agentes patogénicos, de acordo com as normas estabelecidas pela OMS. A referida
vacina é pré-qualificada pela OMS desde 2001, o que a torna apta a ser adquirida
pelas Agéncias das NagOes Unidas. Desde entdo, centenas de milhGes de doses

foram exportadas, abrangendo mais de 70 paises endémicos (FIOCRUZ, 2020).

Figura 2.9 — Vacina febre amarela (atenuada) de Bio-Manguinhos/Fiocruz

Fonte: Assessoria de Comunicac¢ao/Bio-Manguinhos/Fiocruz (2020).
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De acordo com a OMS, a Coordenacdo Geral do Programa Nacional de
Imunizacdes (CGPNI) do Ministério da Saude (MS), recomenda que uma dose da
vacina seja aplicada em criangas a partir dos nove meses de vida, seguida de reforgo
aos guatro anos, e uma unica dose em adolescentes (10 a 19 anos) e adultos (20 aos
59 anos), especialmente para quem vive ou vai viajar para regides endémicas (SBIM,
2020).

De acordo com a bula da vacina febre amarela (atenuada) de Bio-
Manguinhos/Fiocruz (ANVISA, 2019), podem ocorrer as reac¢des adversas a seguir:

Reacédo muito comum (> 1/10): mialgia, cefaleia.

Reagao comum (> 1/100 e < 1/10): nauseas, febre, febre > 38°C, eritema, dor
no local da aplicacgéo.

Reagdo muito rara (£ 1/10.000): reagdo de hipersensibilidade, reagao
anafilatica, doenca viscerotrdpica associada a vacina febre amarela e doenga

neurolégica associada a vacina febre amarela.
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3 JUSTIFICATIVA

De acordo com o plano Eliminate Yellow Fever Epidemics (EYE), desenvolvida
a partir da coalizdo entre a Vaccine Alliance (GAVI), United Nations Children's Fund
(UNICEF) e World Health Organization (WHO), a mudancga na epidemiologia, o
ressurgimento de mosquitos, 0s riscos de surtos urbanos e da propagacao
internacional da febre amarela representam uma ameaca emergente a Saude Global
(WHO, 2018).

Considerando-se que a eliminacao dos vetores é dificil e que ndo héa tratamento
especifico para a doenca, a vacinacdo permanece sendo a estratégia mais eficiente
para combater a febre amarela (BARROS et al., 2019). Entretanto, eventualmente nos
deparamos com quedas nos indicadores de coberturas provocadas pela falta de
acesso perante as epidemias (POSSAS et al., 2018) e pela hesitagéo vacinal perante
a preocupacao sobre a seguranca das vacinas (SATO, 2018).

Surtos de febre amarela estdo aumentando drasticamente a demanda por
vacina contra a doenca, esgotando o estoque global e colocando em risco a
imunizacdo de populagbes endémicas. Uma estratégia de enfrentamento desta
questao foi lancada em 2016: a utilizacdo de 1/5 da dose padrdo como uma opgéao
imediata e de curto prazo para aumentar o suprimento da vacina em resposta a
eventuais necessidades de campanhas de grandes escalas (WHO, 2016).

Diante disto, realizou-se uma revisao sistematica sobre a imunogenicidade e
seguranca da vacina contra a febre amarela, corroborando com respostas existentes
sobre a dose padréo, utilizada desde a década de 1930, e dirimindo duvidas pouco
exploradas sobre a dose fracionada, utilizada recentemente, haja vista que a sintese
de comprovacbes a partir desse metodo rigoroso tornou-se uma caracteristica

fundamental da medicina baseada em evidéncias e da traduc&o do conhecimento.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Sistematizar as evidéncias cientificas sobre os perfis de imunogenicidade e de

seguranca da vacina contra a febre amarela.

4.2 OBJETIVOS ESPECIFICOS

. Descrever as vacinas utilizadas nos estudos;
. Descrever as imunogenicidades e o0s eventos adversos as vacinas;
. Estimar as medidas de imunogenicidade e de seguranca das vacinas

administradas em dose padréo e em dose fracionada por metanalise; e

. Verificar o panorama atual da vigilancia de eventos adversos pds-vacinacao.
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5 METODOLOGIA

5.1 REVISAO SISTEMATICA E METANALISE

Realizou-se uma revisdo sistematica, seguida de uma metandlise, ambas
elaboradas de acordo com o Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA), um conjunto de procedimentos baseados em evidéncias
para relatar estes tipos de pesquisa e de método estatistico, respectivamente.
(MOHER et al., 2009).

O protocolo de pesquisa foi registrado no International Prospective Register of
Systematic Reviews (PROSPERO), um banco de dados internacional de revisdes
sistematicas, sob o nimero CRD42020157929 (MOHER; BOOTH; STEWART, 2014).

5.1.1 BUSCA E SELECAO DOS ARTIGOS

A pesquisa bibliografica foi realizada nas bases internacionais Cochrane
Library®©, Embase®®, LILACS® e PubMed®'° durante o més de julho de 2020,
combinando-se os seus descritores respectivos e os termos livres, (Quadro 5.1), em
equacdes de busca (Quadro 5.2). Também foi realizado o método snowball de busca
manual de artigos nas referéncias bibliograficas daqueles artigos incluidos na reviséo

sistematica.

8 Excerpta Medica database.
9 Literatura Latino-americana e do Caribe em Ciéncias da Saude.
10 Public/Publisher Medical Literature Analysis and Retrievel System Online.
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Quadro 5.1 — Descritores e termos livres utilizados na busca segundo as bases de dados

consultadas

DESCRITORES

DeCS?

(LILACS)

Emtreel?

(Embase®)

MeSH?3
(Cochrane
Library© e
PubMed®)

TERMOS LIVRES

‘Drug-Related Side
Effects and
Adverse

Reactions’

‘Adverse Drug

Reaction’

‘Drug-Related Side
Effects and
Adverse

Reactions’

Adverse Effect

Immunogenicity,

Ik

‘Reactogenicity

‘Immunogenicity,

Adverse Event

Immunogenicity’

‘Yellow Fever

Vaccine’

Vaccine’ Vaccine’
‘Treatment ‘Safety’ ‘Safety’ Adverse Reaction
Outcome’
‘Yellow Fever ‘Side Effect’ ‘Treatment Effectiveness
Vaccine’ Outcome’
‘Treatment ‘Yellow Fever Efficacy
Outcome’ Vaccine’
‘Vaccine Reactogenicity

Safety

Side Effect

*termo candidato.

Fonte: elaborado pelo autor.

11 Descritores em Ciéncias da Salde.
12 EMBASE® subject headings.
13 Medical Subject Headings.
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Quadro 5.2 — Bases de dados e respectivas equacdes de busca

Cochrane Library©

(‘Yellow Fever Vaccine’) AND ((‘Drug-Related Side
Effects and Adverse Reactions’) OR (Immunogenicity,
Vaccine’) OR (‘Treatment Outcome’) OR (Adverse
Effect) OR (Adverse Event) OR (Adverse Reaction) OR
(Effectiveness) OR (Efficacy) OR (Reactogenicity) OR
(Safety) OR (Side Effect))

Embase®

(“Yellow Fever Vaccine’) AND ((‘Adverse Drug
Reaction’) OR (‘Reactogenicity’) OR (‘Safety’) OR
(‘Side Effect’) OR (‘Treatment Outcome’) OR (‘Vaccine
Immunogenicity’) OR (Adverse Effect) OR (Adverse
Event) OR (Adverse Reaction) OR (Effectiveness) OR
(Efficacy) OR (Reactogenicity))

LILACS

(‘Yellow Fever Vaccine’) AND ((‘Drug-Related Side
Effects and Adverse Reactions’) OR (Immunogenicity,
Vaccine’) OR (‘Treatment Outcome’) OR (Adverse
Effect) OR (Adverse Event) OR (Adverse Reaction) OR
(Effectiveness) OR (Efficacy) OR (Reactogenicity) OR
(Safety) OR (Side Effect))

PubMed®

(‘Yellow Fever Vaccine’) AND ((‘Drug-Related Side
Effects and Adverse Reactions’) OR (Immunogenicity,
Vaccine’) OR (‘Treatment Outcome’) OR (Adverse
Effect) OR (Adverse Event) OR (Adverse Reaction) OR
(Effectiveness) OR (Efficacy) OR (Reactogenicity) OR
(Safety) OR (Side Effect))

Fonte: elaborado pelo autor.

Os artigos recuperados foram exportados para o software Zotero 5.0.96.1

(ZOTERO, 2021) para excluséo de duplicatas e, entdo, para o software Rayyan QCRI

online (OUZZANI et al., 2016), no qual as etapas consecutivas de leitura e selecéo

dos titulos, resumos e textos completos foram realizadas por dois pesquisadores de

forma independente, sendo as discordancias resolvidas por um terceiro.

Na revisdo sistematica foram incluidos os artigos publicados em periddicos

indexados, de desenhos de estudos epidemioldgicos experimentais e observacionais,
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publicados em qualquer tempo, nos idiomas alemao, francés, espanhol, inglés e
portugués, e que apresentaram dados de imunogenicidade e/ou seguranca de
qualquer vacina febre amarela (atenuada) em humanos. Ja os artigos de opinido ou
revisdo, comentérios, editoriais, guias, relatos e series de caso, resumos de eventos
cientificos, monografias, dissertacdes e teses foram excluidos.

Na metanalise foram incluidos apenas os artigos referentes a ensaios clinicos,
considerando que os niveis de evidéncias sdo mais altos, bem como as estimativas
de dose fracionada relativas a 1/5 da dose padréo, conforme recomendacéo da OMS
(BRASIL, 2014).

5.1.2 EXTRACAO DOS DADOS E AVALIACAO DA QUALIDADE DOS ESTUDOS

A extracao dos dados foi realizada a partir do preenchimento de um formulario
padronizado (Apéndice A), previamente elaborado e testado, para cada um dos
artigos selecionados, pelos mesmos pesquisadores que realizaram a sua selecéo, de
forma independente, com resolucéo das discordancias por consenso.

A avaliacdo da qualidade metodologica dos estudos selecionados foi realizada,
conforme a sua natureza, a partir dos instrumentos Methodological Index for Non-
Randomized Studies (MINORS) (SLIM et al., 2003) e Revised Cochrane risk-of-bias
tool for randomized trials (RoB 2.0) (STERNE et al., 2019).

Em resumo, o MINORS considera 12 itens pontuados com os valores zero,
guando ndo descrito; um para descrito, mas inadequado; ou dois para descrito e
adequado; sendo a somatdria maxima de 16 para estudos ndo comparativos
(seccionais) e 24 para os estudos comparativos (casos-controle e coortes) (Anexo B).
JA 0 RoB 2 considera o risco de diversos tipos de vieses nos ensaios clinicos,

classificando-os em alto, baixo ou n&o definido (Anexo C).

5.1.3 ANALISE

Os estudos foram descritos segundo o pais de origem; populacéo (idade, sexo,
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tamanho da amostra); desenho de estudo; estimativas de imunogenicidade e eventos
adversos relatados. As proporcdes globais para a imunogenicidade e seguranca, além
de seus intervalos de confianca (IC95%), foram calculados baseando-se nas
proporcdes de soroconversao, e de eventos adversos graves e totais, tanto para a
dose padrédo quanto para a fracionada, respectivamente.

O modelo mais adequado, de efeitos fixos ou efeitos aleatérios, foi definido a
partir do teste de heterogeneidade e da natureza dos estudos encontrados (LOVATTO
et al., 2007). Metandlises foram executadas no software R 4.0.0 para Microsoft®
Windows® (R, 2020) e seus resultados foram apresentados em graficos do tipo

Forest.

5.1.4 DEFINICOES

Foram utilizadas as seguintes definicbes no presente estudo:

. Evento adverso pés-vacinacdo (EAPV): Qualquer ocorréncia médica
desfavoravel que se segue a imunizacdo e que nao tem necessariamente uma relacao
causal com o uso da vacina. O evento adverso pode ser qualquer sinal, achado
laboratorial anormal, sintoma desfavoravel ou néo intencional ou doenca (BRASIL,
2014);

. Evento adverso grave (EAG): sdo consideradas graves as situacdes
apresentadas a seguir. a) Requer hospitalizacdo por pelo menos 24 horas ou
prolongamento de hospitalizacdo ja existente; b) Causa disfuncéo significativa e/ou
incapacidade persistente (sequela); c) Resulte em anomalia congénita; d) Causa risco
de morte (ou seja, induz a necessidade de uma intervencéo clinica imediata para evitar
0 Obito); e) Causa o Obito (BRASIL, 2014);

. Evento adverso nédo grave (EANG):. qualquer outro evento que nao esteja
incluido nos critérios de evento adverso grave (EAG) (BRASIL, 2014); e

. Imunogenicidade: A capacidade de uma vacina de induzir uma resposta imune
mensuravel (PRADEU; CAROSELLA, 2006).
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5. 2. ARTIGO DE REVISAO

Realizou-se uma reviséo das atividades de vigilancia de EAPV no Brasil e em
alguns outros paises, baseando-se em dados publicados na literatura cientifica e em
websites de agéncias regulatorias, agéncias de saude e programas de imunizacgao,
além da experiéncia dos autores em farmacovigilancia de vacinas, para responder 0s

questionamentos a seguir:

= Como € a vigilancia de EAPV no mundo?
= Como é a vigilancia de EAPV no Brasil?
» Por que investigar um EAPV?

= Como investigar um EAPV?

» Quais sao as dificuldades e desafios da vigilancia de EAPV?

5.3 ASPECTOS ETICOS

De acordo com a Resolucdo do Conselho Nacional de Saude n° 510 de
07/04/2016, a presente pesquisa, uma revisao sistematica, seguida de metanalises,
bem como os artigos e a tese subsequentes, possuem caracteristicas tais que 0s
isentam do registro e avaliacéo pelo Sistema Comité de Etica em Pesquisa/Comiss&o

Nacional de Etica em Pesquisa (CEP/Conep).
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6 RESULTADOS

6.1 REVISAO SISTEMATICA E METANALISE

De acordo com a estratégia de busca bibliografica (Quadros 5.1 e 5.2), foram
recuperados 1.724 artigos cientificos. Desse total, extrairam-se as duplicatas e
aqueles que ndo atenderam aos critérios de inclusdo, conforme o fluxograma
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) a
seguir (Figura 6.1).

Os 32 artigos selecionados foram descritos quanto as suas caracteristicas:
desenho, periodo, populacado e vacina, conforme a Tabela 6.1. E tiveram os valores
de imunogenicidade e seguranga da vacina contra a febre amarela destacados,
conforme a Tabela 6.2.

Os artigos foram publicados de 1999 a 2020; apresentaram os desenhos de
estudo experimental (10) e observacional (22); envolveram 1.198.873 [1.192.584
(dose padrao) e 6.289 (dose fracionada)] de participantes de ambos o0s sexos, de 9
meses a 92 anos de idade; em paises das Américas, Africa, Asia e Europa; e a vacina
febre amarela (atenuada)* 17D estudada produzida por Berna Biotech Ltd., Chiron
co., Chumakov Institute of Poliomyelitis and Viral Encephalitides of Russian Academy
of Medical Sciences, Robert Koch Institute e Sanofi Pasteur, além da 17DD produzida
pelo Instituto de Tecnologia em Imunobiolégicos da Fundacdo Oswaldo Cruz (Bio-
Manguinhos/Fiocruz). Dez (33%) artigos trataram da imunogenicidade, 15 (46%) da
seguranca e sete (21%) de ambos os parametros. Seis estudos avaliaram a dose
fracionada da vacina, sendo dois de desenho experimental e quatro observacionais.
Um dos estudos experimentais (Rouknes, 2008) utilizou a vacina em dose fracionada

por via intradérmica.

14 Denominag¢3o Comum Brasileira (DCB) para a vacina contra a febre amarela.
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Figura 6.1 — Fluxograma do processo de selecdo de estudos para a revisdo sistematica e para

as metanalise

Estratégia de busca (n = 1.724)

444 exclusdes de duplicatas

Avaliacao de titulos (n = 1.280)

954 exclusdes pelo titulo
Na&o relacionados ao tema = 954

Avaliacéo de resumos (n = 326)

154 exclusbes pelo resumo
Febre amarela (doenga) = 46
Outros tipos de publicagdo = 108

Avaliacéo de artigos (n = 172)

140 artigos excluidos
Idioma =8
Populacgao de estudo selecionado = 1
Pesquisa de bancada = 53
Outros tipos de publicagéo = 78

Artigos incluidos na revisdo
sistematica (n = 32)

22 artigos excluidos
Estudos observacionais = 22

Artigos incluidos nas metanalises
(n=10)

Fonte: elaborado pelo autor.
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Os estudos experimentais apresentaram os valores de 90 a 100% de
imunogenicidade até 30 dias apos a administracdo da vacina contra a febre amarela
em dose padrao, e de 91% a 99,1% em dose fracionada. Os estudos observacionais
apresentaram os valores de imunogenicidade de 93,6% a 100% para a dose padrao,
enquanto 98,5% para a dose fracionada para o mesmo tempo. Considerando-se
periodos de um ano até oito anos apo0s a administracdo da vacina, os estudos
experimentais n&o apresentaram valores de imunogenicidade, enquanto o0s
observacionais apresentaram os valores de 83,1% a 93,9%, para a dose padrao, e
85,2% a 97,4% para a dose fracionada. Considerando-se periodos maiores, até 21
anos apos a administracao da vacina febre amarela, 88,6% de imunogenicidade para
estudos observacionais.

Os 22 artigos que apresentaram dados sobre a seguranca descreveram 0S
eventos adversos graves como muito raros, ou seja, com a frequéncia'® < 0,01%,
independentemente da natureza do estudo, experimental ou observacional. E os
eventos adversos totais como muito raros, ou seja, com a frequéncia < 0,01%, a muito
comuns, ou seja, com a frequéncia = 10%,

A analise da qualidade dos 10 artigos envolvendo ensaios clinicos, a partir do
instrumento Revised Cochrane risk-of-bias tool for randomized trials (RoB 2.0) indicou
o julgamento de “baixo risco” de viéses, conforme a Figura 6.2. E dos demais 22
artigos, que envolviam estudos observacionais, a partir do Methodological Index for
Non-Randomized Studies (MINORS), indicou a pontuacdo de 6 a 12 (nao

comparativos) e de 18 a 22 (comparativos), conforme a Figura 6.3.

15 De acordo com o Glossary of Terms Used in Pharmacovilance and Pharmacoepidemiology
(https:/iwww.eu2p.org/help/glossary)
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(continua)
POPULACAO
ID AUTOR, ANO DESENHO PERIODO VACINA
PAIS N IDADE SEXO
DOSE PADRAO

1 LANG, 1999 Experimental S Reino Unido 211 18 a 69 anos F = 65% 17D
2 MONATH, 2002 Experimental Sl Estados Unidos 1.440 X = 38 anos F =60,0% 17D
3 | CAMACHO, 2004 Experimental 01 a 05/2001 Brasil 1.087 X = 28,8 anos M =92,0% 17D e 17DD
4 FITZNER, 2004 Observacional 2001 Costa do Marfim 87 1 a 61 anos Sl 17D

BELMUSTO- : X =50,1 _ o
5 WORN, 2005 Experimental 05 a 11/2002 Peru 1.107 meses F=51,7% 17D
6 MONATH, 2005 Observacional 2000 a 2001 Reino Unido 2.027 18 a = 65 anos F =52,6% 17D
7 PFISTER, 2005 Experimental Sl Suica 304 18 a 60 anos F =50,2% 17D

FERNANDES, : 01/1999 a . _ o
8 2007 Observacional 12/2005 Brasil 55 <1 a60anos F=49,1% 17DD

. . <18a>70 _

9 LINDSEY, 2008 Observacional 2000 a 2006 Estados Unidos 660 anos F=61,0% 17D
10 RIPOLL, 2008 Experimental Ozﬁgggf Argentina 2.514 1 a 80 anos F =60,6% 17D e 17DD
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(continuacéao)

11 | ROUKENS, 2008 Experimental 0853805761 Holanda 175 18 a 70 anos F=78,0% 17D
12 DURBIN, 2009 Observacional 0355805761 Estados Unidos 1.207 1 a 83 anos F=61,4% SI
. . <la>60
13 MARTINS, 2010 Observacional 2000 a 2008 Brasil 1.994 anos Si 17DD
14 SCHU%?SHER’ Observacional 1991 a 2001 Suica 15 Sl Sl Sl
Benim,
Camaroes,
BREUGELMANS . Guiné, Libéria
1 1 H = 0
15 2013 Observacional 2007 a 2010 Mali, Senegal, 22 3 a 78 anos F =45% 17D e 17DD
Serra Leoa e
Togo
16 CUNHA, 2013 Observacional 1998 a 2008 Brasil 20 SI SI SI
17 EDUF;(;%ANTI’ Experimental Sl Estados Unidos 40 18 a 40 anos Sl 17D
18 MARTINS, 2013 Experimental Sl Brasil 900 X =19,4 anos M = 100% 17DD
19 NORDIN, 2013 Observacional 01/1991 a Estados Unidos 1.171.889 SI SI SI
12/2006
BISCAYART, . 01/2008 a . P
20 2014 Observacional 01/2009 Brasil 49 1 a92 anos F=20% 17DD
COLLABORA- . 08/2011 a . _ o
21 TIVE, 2015 Observacional 07/2012 Brasil 691 18 a 83 anos M =73,4% 17DD




Tabela 6.1 — Caracteristicas dos artigos incluidos na revisao sistematica

48

(continuacéao)

22 MARTINS, 2014 Observacional 2007 a 2012 Brasil 67 < 1af110>560 Sl 17DD
23 | LINDSEY, 2016 | Observacional 200722013 | Estados Unidos 938 <ta> o F = 50,0% 17D
24 LOPEZ, 2016 Experimental Oggggllga Colébmbia e Peru 792 )_(m:eigf F =51,0% 17D
25 | DOMINGO, 2019 Observacional Sl Gana e Mali 1.023 X = 9,2 meses M =51,5% 17D e 17DD
26 JIA, 2019 Observacional Sl China 2411 18 a 56 anos M =96,4% 17D
27 DE Ng(igNHA’ Observacional oggggfla Brasil 824 9 measneossa 12 SI 17DD
28 BUR;S;'S‘RD’ Observacional Sl Suica 31 X = 62,1 anos F =62,9% 17D
DOSE FRACIONADA
11 | ROUKENS, 2008 Experimental Oggggéa Holanda 175 18 a 70 anos F=78,0% 17D
15 MARTINS, 2013 Experimental Si Brasil 900 X =19,4 anos M = 100% 17DD
29 | MARTINS, 2018 Observacional 03 a 09/2017 Brasil 318 Sl M = 100% 17DD
30 NZOLO, 2018 Observacional Ogﬁé)gf?a Congo 4.082 2 a 88 anos F =44,8% 17DD
31 CASEY, 2019 Observacional 2016 a 2017 Congo 716 2 a =50 anos F = 50% 17DD
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(concluséo)

DA COSTA-

32 ROCHA, 2019

Observacional

Sl

Brasil

98

Sl

M = 100%

17DD

Legenda: F = feminino, M = masculino, SI = sem informac&o.

Fonte: elaborado pelo autor.
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Tabela 6.2 — Imunogenicidade e seguranca da vacina contra a febre amarela apresentadas nos artigos incluidos narevisao sistematica

(continua)
DOSE PADRAO
IMUNOGENICIDADE SEGURANCA
AUTOR, ANO
GRUPO PERIODO EAPV TOTAL EAPV GRAVE
a) PM-YF = 86,0% e 100% ] ) a) 54/106 a) 0/106
LANG, 1999 ) 10 a 14 dias e 28 dias

b) Chiron = 88,0% e 98,9% b) 53/105 b) 0/105
a) Chiron = 98.6% a) 467/715 a) 3/715

MONATH, 2002 _ 31 dias
b) Sanofi = 99.3% b) 521/725 b) 0/725
a) BM17DD-013Z = 90,0%

CAMACHO, 2004 b) BM17DD-102/84 = 90,7% 30 dias Sl Sl

¢) WHO17D-213/77 = 93,0%

FITZNER, 2004 SI NA 87/2.600.000 13/2.600.000
a) Chiron = 94,9% ) a) 441/738 a) 0/738

BELMUSTO-WORN, 2005 . 24 a 38 dias

b) Sanofi = 90.6% b) 221/369 b) 2/369

MONATH, 2005 SI Si Chiron=1672/2027 Chiron=0/2027
a) BB = 100% a) 82/150; a) 0/150;

PFISTER, 2005 b) RKI = 100% 29 + 3 dias b) 44/77; b) 0/77;
c¢) Sanofi = 100% c) 37/76 c) 0/76

FERNANDES, 2007 SI NA 55/499.714 24/499.714
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Tabela 6.2 — Imunogenicidade e seguranca da vacina contra a febre amarela apresentadas nos artigos incluidos na revisdo sistematica

(continuacao)

RIPOLL. 2008 5| NA a) Sanofi = 572/1.252 a) 0/1.252
b) BM = 612/1.244 b) 1/1.244
LINDSEY, 2008 Sl NA 660/95.828 72/95.828
ROUKENS, 2008 a) Sanofi SC = 100% 28 dias a) 26/88 a) 0/88
DURBIN, 2009 Sl NA 91/1.341 Sl
SCHUMACHER, 2010 Sl NA 15/100.000 7/100.000
MARTINS, 2010 Sl NA 1.994/101.564.083 20/101.564.083
EDUPUGANTI, 2013 Sanofi = 100% 90 dias Sl Sl
MARTINS, 2013 a) BM 27476 = 97,7% 21 a 100 dias a) 34/131 a) 0/131
NORDIN, 2013 SI NA 440/1.167.159 247/1.167.159
CUNHA, 2013 SI NA 20/l Sl
BREUGELMANS, 2013 SI NA 3116/38.009.411 164/38.009.411
BISCAYART, 2014 SI NA 165/1.943.000 35/1.943.000

COLLABORATIVE GROUP,
2014

a) BM = 93,6%
b) BM = 93,9%
c) BM = 83,1%
d) BM = 76,1%
e) BM = 85,3%

a) 30 a 45 dias
b) 1 a 4 anos
c) 5a9 anos
d) 10 a 11 anos

e) > 12 anos

NA

NA
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Tabela 6.2 — Imunogenicidade e seguranca da vacina contra a febre amarela apresentadas nos artigos incluidos na revisdo sistematica

(continuacao)

MARTINS, 2014 Sl NA 67/67 67/67
Grupo 1 =98,7% ]
LOPEZ, 2016 28 dias 225/393 38/393
Grupo 2 =99,7%
LINDSEY, 2016 Sl NA 938/2.210.526 84/2.210.526
a) BM =50,4% a) 4,5 anos
DOMINGO, 2019 b) BM = 27,8% b) 2,3 anos SI Sl
¢) Cl=43,1% ¢) 6 anos
JIA, 2019 BIBP = 100% 21 dias Si Sl
a) BM =86,7 % a) 0 a 6 meses
b) BM = 76,4% b) 7 a 18 meses
c)BM=71,3% ¢) 19 a 30 meses
NORONHA, 2019 SI Sl
d) BM =59,0% d) 31 a 72 meses
e) BM =42,0% e) 73 a 100 meses
f) BM = 40,5% f) 101 a 141 meses
BURKHARD, 2020 88,6% 21 anos SI Sl

DOSE FRACIONADA

ROUKENS, 2008

a) Sanofi ID (1/5) = 91%

28 dias

a) 69/87

a) 0/87
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Tabela 6.2 — Imunogenicidade e seguranca da vacina contra a febre amarela apresentadas nos artigos incluidos nareviséo sistematica

(concluséao)

a) BM 10447 Ul = 99,1% b) 31/115 b) 0/115
b) BM 3013 Ul = 97,7% c) 321132 ¢) 0/132
MARTINS, 2013 ¢) BM 587 Ul = 96,7% 212100 dias d) 38/131 d) 0/131
d) BM 158 Ul = 88,5% e) 28/122 €) 0/122
e) BM 31 Ul = 66,9% ) 35/118 f 0/118
MARTINS, 2018 BM = 85,2% 8 anos Sl Sl
NZOLO, 2018 S| NA 4.020/7.898.365 57/7.898.365
a) BM (1/5) = 98,5% a) 1 més
CASEY, 2019 S| sI
b) BM (1/5) = 97,4% b) 1 ano
DA COSTA-ROCHA, 2019 BM = 87% 8 anos S sI

Legenda: BB = Berna Biotech Ltd.; BIBP = Beijing Bio-Institute Biological Products Co., Ltd; BM = Bio-Manguinhos/Fiocruz; Cl = Chumakov Institute;
ID = intradérmico; NA = néo aplicavel; SC = subcuténeo; Sl = sem informacé&o; RKI = Robert Koch Institute.

Fonte: elaborado pelo autor.
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Figura 6.2 — Avaliacdo de qualidade dos artigos segundo o Revised Cochrane risk-of-bias tool for randomized trials (RoB 2)

1. Risk of bias arising from the randomization process 91% (10)
2. Risk of bias due to deviations from the intended interventions (effect of
assignment to intervention) 91% (10)

2. Risk of bias due to deviations from the inte.nded interventions (effect of 100% (10)
adhering to intervention)

3. Missing outcome data 100% (10)

4. Risk of bias in measurement of the outcome 100% (10)

5. Risk of bias in selection of the reported result 100% (10)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OLow risk BESome concerns mHigh risk

Fonte: elaborado pelo autor.



Figura 6.3 — Avaliacao de Qualidade dos Artigos segundo o Methodological Index for Non-Randomized Studies (MINORS)

1. A clearly stated aim

2. Inclusion of consecutive patients

3. Prospective collection of data

4. Endpoints appropriate to the aim of the study
5. Unbiased assessment of the study endpoint
6. Follow-up period appropriate to the aim of the study
7. Loss to follow-up less than 5%

8. Prospective calculation of the study size

9. An adequate control group

10. Contemporary groups

11. Baseline equivalence of groups

12. Adequate statistical analyses

ODescribed and adequate

Fonte: elaborado pelo autor.
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Para a metanalise da imunogenicidade da vacina contra a febre amarela em
dose padrdo, combinaram-se 8 (oito) estudos O teste de heterogeneidade rejeitou a
hipétese de que os estudos sdo homogéneos. O valor alto de 1% (79%) no gréafico
indicou alta heterogeneidade. Logo, escolheu-se o0 modelo de efeitos aleatérios, o que
tornou possivel extrapolar os resultados para outras populacdes, tornando a analise
mais abrangente. As estimativas de imunogenicidade da vacina contra a febre
amarela em dose padrdo variaram de 90 a 100%, sendo que a estimativa combinada
foi de 97% (IC 95% = 95; 98%) (Figura 6.4).

Figura 6.4 — Forest plot daimunogenicidade da vacina contra a febre amarela em dose padréo

Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Lang1999_PM-YF 93 93 E —— 1.00 [0.96;1.00] 04% 2.4%
Lang1999_Chiron 91 92 ! —'—'— 0.99 [0.94;100] 07% 3.9%
Monath2002_Chiron 279 283 H +—— 0.99 [0.96;1.00] 29% 8.0%
Monath2002_Sanofi 289 291 E P 099 [098;100] 14% 6.0%
Camacho2004_BM17DD013Z 243 2710 ————+— 090 [0.86;093] 17.6% 11.4%
Camacho2004_BM17DD102/84 245 270 4—'-;5 0.91 [0.87,094] 16.5% 11.3%
Camacho2004_WHO17D-213/77 251 270 —— 0.93 [0.89;096] 12.8% 11.0%
BelmustoWorn2005_Chiron 619 652 i 0.95 [0.93;096] 227% 116%
BelmustoWorn2005_Sanofi 298 329 —'—E 0.91 [0.87,094] 204% 11.5%
Pfister2005_Berna 143 143 ! P 1.00 [0.97,1.00] 04% 2.4%
Pfister2005_RKI 73 73 E —_— 1.00 [0.95,1.00] 04% 24%
Pfister2005_Sanofi 72 72 P 1.00 [0.95;100] 04% 24%
Roukens2008_Sanofi 78 78 . 1.00 [095,100] 04% 2.4%
Edupuganti2013_Sanofi 40 40 —E—'—' 1.00 [0.91;1.00] 04% 2.3%
Martins2013_BM27476 128 131 —_— 098 [093,100] 21% 72%
Lopez2016_Sanofi 298 299 E P 1.00 [098,100] 0.7% 4.0%
Fixed effect model 3386 - 0.94 [0.92; 0.94] 100.0% -
Random effects model —_ 0.97 [0.95; 0.98] - 100.0%

Heterogeneity: I° = 78%, ©° = 0.4744, p < 0.01
0.860.88 0.9 0.920.940.960.98 1

Fonte: elaborado pelo autor.

As estimativas de seguranca, baseando-se em eventos adversos totais pos-
vacinacao contra a febre amarela em dose padréo, variaram de 26 a 72%, sendo que
a estimativa combinada foi de 49% (IC 95% = 40; 59%) (Figura 6.5).

As estimativas de seguranca, baseando-se em eventos adversos graves pos-
vacinacao contra a febre amarela, em dose padrao, variaram de 0 a 10%, sendo que
a estimativa combinada foi de 0% (IC 95% = 0; 1%) (Figura 6.6).



Figura 6.5 — Forest plot da seguranca da vacina contra a febre amarela em dose padrédo (EAPV

total)

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Lang1999_PM 54 106 TR 051 [0.41,061] 19% 7.0%
Lang1999_Chiron 53 105 —— 050 [0.41,060] 19% 7.0%
Monath2002_Chiron 467 715 ! — 065 [062;069] 118% 74%
Monath2002_Sanofi 521 725 i - 072 [068;075] 107% 74%
BelmustoWorn2005_Chiron 441 738 ' - 060 [0.56;063] 129% 74%
BelmustoWorn2005_Sanofi 221 369 i T 060 [0.55;065] 64% 7.3%
Pfister2005_Bema 82 150 I 0.55 [0.46,063] 27% 71%
Pfister2005_RKI 4 77 B — 0.57 [045,068] 14% 6.8%
Pfister2005_Sanofi 37 76 — 049 [0.37;060] 14% 6.8%
Ripoll2008_Sanaofi 381 1252 - 0.30 [0.28;0.33] 19.3% 74%
Ripoll2008_BM 393 1244 - ! 0.32 [0.29;0.34] 19.5% 7.4%
Roukens2008_SC 26 88 ——— | 0.30 [0.20,0.40] 1.3% 6.8%
Martins2013_BM27476 34 13— ! 0.26 [0.19,0.34] 1.8% 6.9%
Lopez2016_Sanofi 225 393 i 057 [052;062] 70% 7.3%
Fixed effect model 6169 4 0.49 [0.47; 0.50] 100.0% -
Random effects model —_— 0.49 [0.40; 0.59] - 100.0%

Heterogeneity: /> = 98%, ©°= 05105, p <001 ' T T T 1 !
02 03 04 05 06 07

Fonte: elaborado pelo autor.

Figura 6.6 — Forest plot da seguranca da vacina contra a febre amarela em dose padrédo (EAPV

grave)

Weight
Study Events Total Proportion 95%-Cl (fixed)
Lang1999_PM 0 106 -+— | 0.00 [0.00,0.03] 1.1%
Lang1999_Chiron 0 105 i 0.00 [0.00;0.03] 1.1%
Monath2002_Chiron 3 715 +— ! 0.00 [0.00;0.01] 66%
Monath2002_Sanofi 0 725+ | 0.00 [0.00;0.01] 11%
BelmustoWorn2005_Chiron 0 738+ i 0.00 [0.00;0.00] 1.1%
BelmustoWorn2005_Sanofi 2 369 +— | 0.01 [0.00;0.02) 4.4%
Pfister2005_Berna 0 150 +— } 000 [0.00;0.02] 11%
Pfister2005_RKI 0 77— 0.00 [0.00;0.05] 11%
Pfister2005_Sanofi 0 76—+ 000 [000;005] 11%
Ripoli2008_Sanofi 0 1252 + i 000 [000;000] 11%
Ripoli2008_BM 1 1244 + | 0.00 [0.00;0.00] 22%
Roukens2008_SC 0 88 **—} 0.00 [0.00,0.04] 11%
Martins2013_BM27476 0 131 | 0.00 [0.00,0.03] 11%
Lopez2016_Sanofi 38 393 3 — 0.10 [0.07,0.13] 758%
Fixed effect model 6169 - 0.04 [0.03; 0.06] 100.0%
Random effects model & 0.00 [0.00; 0.01] -

Heterogeneity: I° = 89%, <°=53230,p<001' T T T T T 1
0 002004006008 01 012

Fonte: elaborado pelo autor.

Weight
(random)

6.6%
6.6%
8.6%
6.6%
6.6%
8.3%
6.6%
6.6%
6.6%
6.6%
7.7%
6.6%
6.6%
9.1%

100.0%

57



58

6.2 ARTIGO DE REVISAO

O artigo de revisao intitulado "O panorama da vigilancia de eventos adversos
pos-vacinacdo ao fim da década de 2010 — Importancia, ferramentas e desafios”
analisou as acdes, cenarios e dificuldades da vigilancia de eventos adversos pos-
vacinacdo (EAPV) em diferentes paises, a partir de 87 documentos cientificos e
regulatorios, datados entre os anos 2000 e 2020.

Publicado em setembro de 2020 na revista Cadernos de Saude Publica da
Escola Nacional de Saude Pudblica Sergio Arouca/Fundacdo Oswaldo Cruz
(ENSP/Fiocruz), n. 36, supl. 2 (Vacinas em Saude Publica) (Anexo A), apresenta o

resumo a seguir:

A vacinacgdo € uma das a¢bes mais efetivas para proteger o individuo
e a populacdo contra doengas imunopreveniveis. Vacinas s&o
produtos seguros e eficazes, porém, como qualquer outro
medicamento, podem causar eventos adversos, que ganham maior
visibilidade na medida em que as doencas sdo controladas, eliminadas
ou erradicadas. Este trabalho analisou as agdes de vigilancia de EAPV
com base em dados da literatura cientifica e sites de programas de
imunizagdes, agéncias reguladoras e de saude, além da expertise dos
autores nas areas de imunizacbes e farmacovigilancia. Com o
aumento do numero de vacinas no calendario basico e a ampliacao do
acesso da populacéo, tornou-se fundamental o estabelecimento de um
sistema eficiente de vigilancia de EAPV no Brasil. Entretanto, a
subnotificacdo de casos no Brasil e em outros paises dificulta a
deteccdo de EAPV, principalmente os raros. Informacgdes sempre
atualizadas sobre o beneficio/risco das vacinas permitem que
programas de imunizaces deem respostas rdpidas e claras aos
rumores de EAPV. Isso garante a confiabilidade no sistema, ainda
mais diante do crescente movimento antivacinista e a influéncia cada
vez maior das midias sociais na opinido publica (OLIVEIRA et al.,
2020).
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7 DISCUSSAO

Os resultados desta tese indicaram que a vacina contra a febre amarela, tanto
em dose padréo quanto em dose fracionada, apresenta um perfil de imunogenicidade
e seguranca elevados.

Os 32 estudos envolveram todos os produtores da vacina do mundo,
atualmente denominados China National Biotec Group Company, Chumakov Federal
Scientific Center for Research and Development of Immune-and-Biological Products,
Instituto de Tecnologia em Imunobioldgicos/Fundacdo Oswaldo Cruz (Bio-
Manguinhos/Fiocruz), Sanofi Pasteur e Institut Pasteur. Excetuando-se o primeiro,
presente em apenas um estudo observacional, todos os demais sdo pré-qualificados
pela Organizacdo Mundial da Saude (OMS) para a exportacdo (STAPLES et al.,
2018).

A pré-qualificacdo que a OMS realiza para a Organizacdo das Nac¢des Unidas
(ONU) e outras agéncias, a partir da avaliacdo da qualidade, seguranca e eficacia das
vacinas, compreende o cumprimento das Boas Praticas para que o produto possa ser
adquirido para paises de baixa e média renda. A Vaccine Alliance (Gavi), o United
Nations Children's Fund (Unicef) e o Fundo Rotativo da Organizacdo Pan-Americana
da Saude (Opas), entre outras agéncias, utilizam a lista de vacinas pré-qualificadas
da OMS previamente a aquisi¢cado de vacinas (WHO, 2019).

Os artigos de Cunha (2013), Durbin (2009), Nordin (2013) e Schumacher (2010)
nao contém informacdes sobre as vacinas avaliadas. Porém, pelos locais de
realizacdo das pesquisas, Brasil, Estados Unidos e Suica, deduz-se que, nos trés
primeiros paises, utilizaram-se os imunobiologicos produzidos a partir da subcepa
17D, enquanto no ultimo, da 17DD. Ambas séo igualmente recomendadas pela OMS
e sdo equivalentes quanto a imunogenicidade e a seguranca (CAMACHO et al., 2004).

A maioria dos estudos (20) foi realizada em populacbes de areas endémicas
de febre amarela, América do Sul e Africa, enquanto os outros 12, em populacées de
paises da América do Norte, Asia e Europa, que se destinavam as areas endémicas
a lazer ou trabalho (WHO, 2018).
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Considerando-se os 32 artigos incluidos na revisdo, entre os 10 estudos
experimentais, apenas um, Monath (2002), gerou alguma preocupacdo quanto ao
risco de vieses, avaliado pelo instrumento Revised Cochrane risk-of-bias tool for
randomized trials (RoB 2) (Anexo C), por néo apresentar adequadamente informagdes
sobre os processos de randomizacdo de participantes e de cegamento de
profissionais da pesquisa clinica. Entretanto, as suas estimativas de imunogenicidade
e de seguranca ndo foram significativamente diferentes dos demais estudos
semelhantes.

Entre os 22 estudos observacionais, a percentagem daqueles que nao
apresentaram informacdes relativas a avaliacdo dos desfechos, seguimento dos
participantes e calculo prospectivo do tamanho do estudo constantes no instrumento
Methodological Index for Non-Randomized Studies (MINORS) (Anexo B) foi alta,
chegando a 100% para o item de perdas de seguimento calculo do tamanho dos
estudos. Por conta disso, a pontuacdo global ideal, sendo 16 para estudos nao
comparativos e 24 para estudos comparativos, ndo foi atingida por nenhum dos
artigos. Em parte, pode-se justificar esse resultado pelo delineamento seccional da
maioria dos estudos. Entretanto, é importante ponderar que as avaliacbes de
qualidade dos estudos séo limitadas, considerando a descricdo de determinados
pontos e ndo propriamente a conducéo do estudo.

Embora bastante heterogéneos quanto ao desenho, periodo e populacao, os
estudos observacionais incluidos revelaram para a dose padrdo, administrada
segundo as recomendacfes, o perfil de imunogenicidade para até um ano apdés a
vacinacdo em média de 97% para 1.184.014 participantes. E para a dose fracionada,
nas mesmas condic¢des, 98,5% para 5.214 participantes.

Considerando o0s ensaios clinicos, a estimativa combinada da
imunogenicidade da vacina contra a febre amarela em dose padrao foi de 97% (IC
95% = 95; 98%), idéntica a metanalise de (JEAN et al., 2016) e semelhante a revisédo
sistematica de (GOTUZZO; YACTAYO; CORDOVA, 2013).

O calculo da estimativa combinada da imunogenicidade da vacina contra a
febre amarela em dose fracionada ndo pdde ser realizado, pois entre os trés artigos
selecionados relacionados a ensaios clinicos, apenas um atenderia aos critérios de
inclusédo estabelecidos: Martins (2013). Entre os demais, o0 artigo de Roukens (2008)
apresenta dados do imunobiolégico administrado pela via intradérmica, contrariando

a via indicada, subcutanea, observada por todos os demais estudos.
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As estimativas de imunogenicidade descritas no presente estudo foram
semelhantes entre os vacinados com dose padréo e fracionada, em concordancia com
a revisdo e metanalise de Nnaji et al. (2020), recém-publicada. Entretanto, apresenta
algumas diferencas metodologicas em relacdo a esta revisdo. Inclui somente os
estudos comparativos entre as duas doses. Também foram observadas discrepancias
na inclusdo para as metanalises; considerando o estudo de Roukens (2008) que como
citado previamente, apresenta a utilizagdo da dose fracionada por via intradérmica,
Campi-Azevedo (2014) utiliza parte da populacdo de participantes de Martins (2013)
e Martins (2018) que foi classificado como estudo observacional. Além disso o estudo
Nnaji et al. (2020) inclui a analise estratificada de todas as doses fracionadas (1/5 a
1/100) diferentemente desta revisdo que analisa somente a dose fracionada em 1/5
da dose padréo, conforme a recomendacao da OMS.

Os 18 artigos que apresentaram dados sobre a imunogenicidade basearam os
seus achados na média geométrica dos titulos de anticorpos neutralizantes contra a
febre amarela obtidos pelo método de Plague Reduction Neutralization Test (PRNT),
em tempos diversificados: nove em cerca de 30 dias apenas e 0s outros nove variando
de poucos a 21 anos ap6s a vacinagado, notando-se uma queda progressiva e até
expressiva de anticorpos ao longo dos anos.

Apesar do PRNT ser o padrdo-ouro para a determinacdo dos anticorpos
neutralizantes para FA, diferencas metodolégicas entre os laboratérios podem
influenciar a sensibilidade do método e dificultar a comparacdo entre estudos
(MONATH et al, 2008). Por isso, é fortemente recomendavel a utilizacdo de um soro
imune de FA de referéncia internacional para reporte dos titulos em unidades
internacionais, de modo a permitir a padronizacéo dos resultados (FERGUSON et al.,
2010).

A duracao da imunidade conferida pela vacina contra a febre amarela tem sido
alvo de discussoes e revisdes. Segundo recomendacdes da Organizacdo Mundial da
Saude de 2003, além da vacinacao rotineira contra a febre amarela em residentes e
viajantes de areas com risco de transmissao da doenca a partir dos 9 meses de idade,
estaria indicada também uma revacinacdo desses individuos.

Dessa forma, o Certificado Internacional de Vacinagdo ou Profilaxia (CIVP)
contra a Febre Amarela seria valido apenas nos primeiros dez anos apés a vacinagao
primaria, sendo requerida uma revacinacdo apos este periodo (WILDER-SMITH,

2019). Entretanto, essa recomendacdo de revacinacao foi questionada, pois alguns
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trabalhos indicaram que a protecdo conferida durava pelo menos 20 a 35 anos,
podendo provavelmente perpetuar por toda a vida (GOTUZZO; YACTAYO; CORDOVA,
2013)

No ano de 2013, a OMS retirou a recomendacao de refor¢co da vacina contra a
febre amarela a cada 10 anos, considerando como suficiente, em termos gerais, dose
Gnica da vacina. Entretanto, essa decisdo sobre a retirada de doses de reforco da
vacina contra febre amarela ainda é controversa e necessita de evidéncias cientificas
convincentes (COLLABORATIVE GROUP FOR STUDIES OF YELLOW FEVER
VACCINE, 2015).

Os 22 artigos que apresentaram dados sobre a seguranca descreveram 0S
eventos adversos graves como muito raros, ou seja, com a frequéncia < 0,01%,
independentemente da natureza do estudo, experimental ou observacional. E os
eventos adversos totais como muito raros, ou seja, com a frequéncia < 0,01%, a muito
comuns, ou seja, com a frequéncia = 10%, sendo estas predominantes em estudos
experimentais e naqueles observacionais realizados em paises desenvolvidos. Estes
dados foram muito semelhantes aqueles descritos nos documentos de registro (bulas)
das vacinas.

Comparando-se os achados dos estudos clinicos, a vacina contra a febre
amarela foi raramente associada a eventos adversos graves (< 1/10.000): anafilaxia,
doenca neurolégica aguda, doenca viscerotrépica aguda e hipersensibilidade. Porém,
muito comumente ou comumente associada a sintomas leves que desapareciam
espontaneamente (> 1/10): cefaleia e mialgia; e (> 1/100 e < 1/10): dor no local da
aplicacao, eritema, febre e nduseas.

De fato, esses resultados eram esperados, pois 0s 10 estudos experimentais
selecionados eram ensaios clinicos randomizados, classificados em um nivel de
evidéncia cientifica superior, nos quais 0s protocolos de pesquisa determinavam uma
farmacovigilancia ativa. JA os demais 12 estudos observacionais, dependiam da
notificacdo espontanea, ainda que estimulada, de eventos adversos.

Conforme explorado no Artigo 1 (Anexo A), de acordo com os dados
publicados, 48% da populacdo mundial vive em paises sem quaisquer sistemas de
vigilancia de seguranca de vacinas. Além disso, poucas nacdes desenvolvem a
farmacovigilancia ativa de vacinas, como a Australia, Canada e Cuba, enquanto a
maioria depende da farmacovigilancia passiva, porém mais incentivada, conforme o

desenvolvimento socioecondmico, reduzindo as taxas de subnotificagdes.
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Esta revisdo sistemética da imunogenicidade e seguranca da vacina contra a
febre amarela teve o intuito de corroborar com respostas existentes sobre a dose
padrdo, e dirimir davidas pouco exploradas sobre a fracionada. Entretanto podem ser
citadas algumas limitagdes: ndo se pode descartar que estudos relevantes nao
tenham sido recuperados nas buscas. A estratégia de busca utilizada, ndo incluiu
literatura cinzenta nem busca manual em revistas especificas. Além disso, oito artigos
candidatos a selecdo ndo foram incluidos devido a impossibilidade de traducéo
(Japonés, mandarim e russo). Contudo, acredita-se que a busca em quatro grandes
bases internacionais e listas de referéncias dos artigos selecionados minimizaram a
possibilidade de perdas.

Diante dessas questdes relacionadas a imunogenicidade, outros estudos sao
importantes tais como o estudo de Fase IV intitulado “Imunidade contra a febre
amarela apo6s uma dose da vacina em criancas e adultos: estudo de coorte em area
ndo endémica”®, patrocinado pela Assessoria Clinica de Bio-Manguinhos/Fiocruz
(equipe da qual faco parte), desde julho de 2016, cujo objetivo principal é avaliar a
evolucao da resposta imunoldgica, em cerca de 4.750 participantes ndo vacinados
contra a febre amarela, pelo periodo de 10 anos.

Para as questdes relacionadas a seguranca da vacina, outros estudos
comparativos entre dose padrdo e dose fracionada estdo sendo conduzidos em
parceria do Centro de Vigilancia Epidemioldgica da Secretaria da Satude do Governo
do Estado de S&o Paulo, com a Farmacovigilancia de Bio-Manguinhos, equipe que
coordeno. O estudo “Farmacovigilancia de eventos adversos pés-vacinacao de febre
amarela no Estado de Sao Paulo nos anos de 2017 e 2018”7, objetiva comparar
dados de seguranca entre as doses padrdo e fracionada da vacina contra a febre
amarela.

Por fim, considerando os estudos observacionais, grande maioria (70%)
daqueles incluidos nessa revisdo sistematica, a abordagem de andlise a partir do
Meta-analysis of Observational Studies in Epidemiology (Moose) pode contribuir com
a avaliacdo sobre o perfil de imunogenicidade e seguranca da vacina contra febre
amarela (STROUP, 2000).

16 ClinicalTrials.gov Identifier; NCT02555072.
17 Plataforma Brasil CAAE: 37233620.5.0000.0086 e Parecer: 4.258.944.
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8 CONCLUSAO

A estimativa combinada proveniente dos ensaios clinicos para a
imunogenicidade da dose padréo foi de 97% (IC 95% = 95; 98%), enquanto para a
seguranca relacionada a eventos adversos totais, 49% (IC 95% = 40; 59%), e graves,
0% (IC 95% = 0; 1%). Embora ndo tenha sido possivel calcular estimativas
combinadas da imunogenicidade e da seguranca da vacina contra a febre amarela em
dose fracionada, os resultados da revisdo sisteméatica e das metandlises sugerem o
uso da vacina contra a febre amarela, tanto em dose padrdao quanto em dose
fracionada, enquanto estratégias eficientes e seguras de prevencédo da doenca.

No entanto, ainda permanecem algumas questdes debatidas nas discussdes
do Advisory Committee on Immunization Practices (Acip) e do Strategic Advisory
Group of Experts on Immunization (Sage): quao duravel é a imunidade induzida pela
vacina contra a febre amarela e o que constitui imunidade protetora contra o Virus da
febre amarela?

Para responder, dados adicionais sdo necessarios, incluindo aqueles obtidos a
partir da vigilancia de eventos adversos pés-vacinacdo (EAPV). Com o atual
ressurgimento de doencgas evitaveis por vacinas, o crescimento dos movimentos
antivacinistas e a crescente influéncia das midias sociais na opinido publica, é
extremamente importante ter informacdes constantemente atualizadas e abrangentes
sobre a seguranca das vacinas, permitindo que os programas de imunizacao
elaborem de forma rapida e clara respostas a eventos adversos.

A falta de um sistema de vigilancia eficaz pode causar danos incalculaveis a
credibilidade de um programa de imunizacéao e levar a grandes reduc¢des na cobertura
vacinal, que é dificil de recuperar. Os profissionais de salde devem estar cientes de
seu importante papel nesse processo, pois sdo o portal de entrada para informacdes
sobre seguranca de vacinas.

O Brasil vive o ressurgimento de doencas como sarampo e febre amarela. O
esforco coletivo é fundamental para superar o descrédito e o medo das vacinas e
retornar aos niveis ideais de cobertura vacinal. A informacao é a melhor forma de

combater o medo. A vigilancia de EAPV € um componente essencial para gerar as
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evidéncias necessarias para garantir vacinas eficazes e seguras para uso no Brasil.
Atividades estruturadas na vigilancia de eventos adversos para proteger a populacéo
e salvaguardar os programas de imunizacdo sao consolidadas em sistemas
especificamente dedicados a fornecer resposta rapida e eficaz as notificacdes de
efeitos indesejaveis reais ou presumidos da aplicacdo de vacinas. Apesar dos
avancos importantes, ha muito espaco para melhorias, especialmente no relato e

investigacdo desses eventos.
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Abstract

Immunization is one of the most effective measures to protect individuals
and the population against vaccine-preventable diseases. Vaccines are safe
and effective products, but like any other drug they can cause adverse events,
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Introduction

Immunization is one of the most effective public health measures to protect individuals and the popu-
lation against vaccine-preventable diseases, and is responsible for saving millions of lives. Vaccines
are safe and effective products, but like any other drug they can cause adverse events 1. An adverse
event following immunization (AEFI) is any unwanted medical occurrence following vaccination, but
which does not necessarily bear a causal relationship with the product and can be a symptom, disease,
or abnormal laboratory finding 2.

Two factors increase the perception that vaccines need to be safer than other drugs or treatments:
(a) vaccines are normally administered to healthy persons, and thus there is less tolerance of risk when
compared to drugs administered to sick persons and (b) AEFI are gaining greater visibility in the
population, since fewer people acquire the disease, thanks to consolidated immunization programs,
with universal and sometimes mandatory recommendation, and with high sustained coverage of
effective vaccines, which has led to the control, elimination, or even eradication of some diseases 3.

With the reduction in the prevalence of vaccine-preventable diseases as the result of effective
immunization programs, the surveillance and investigation of AEFI have become even more impor-
tant for public health 45. There is greater concern about the quality and safety of vaccines, and more
information is demanded by the general population and health professionals. In this increasingly
complex situation, determining whether a vaccine is the cause of an AEFI or a mere temporal coinci-
dence requires a detailed investigation and careful assessment of causality 1,5.

In Brazil, AEFI surveillance is conducted by the National Immunization Program (PNI, in Por-
tuguese) within the Ministry of Health, the vaccine manufacturing laboratories, health profession-
als, and the user population. Notification and adequate investigation of AEFI allows the correct
identification of the events actually caused by the vaccines, while ruling out coincidental events 6.
Surveillance of AEFI is part of pharmacovigilance, defined as the science and the activities related
to detection, assessment, understanding and prevention of adverse effects or any other drug-related
problem 7.

Records of AEFT in individuals vaccinated in the Brazilian public system are made available by
the Ministry of Health, through the General Coordination of the PNI (CGPNI, in Portuguese), in
the Information System on Surveillance of Adverse Events Following Immunization (SI-EAPV, in
Portuguese) 89. The PNI launched the surveillance of AEFI in 1992, and compulsory notification was
established on July 15, 2005 10. For services in the private network, the Brazilian Health Regulatory
Agency (Anvisa, in Portuguese) provides the National System of Notifications for Health Surveil-
lance (NOTIVISA, in Portuguese) 11. The AEFI reported in Brazil thus come from these two sources.
Pharmaceutical companies are also required to report AEFI involving their products, under Anvisa
RDC n. 4/2009 12,13,

The lack of an effective response by health authorities to an event attributed to a vaccine can
undermine the population’s trust in immunization programs and lead to decreases in vaccination
coverage and the resurgence of diseases 5. A study that assessed trust in vaccines and hesitation to vac-
cination in Brazil interviewed 952 persons, of whom 16.5% expressed hesitation to vaccinate. Of the
five most frequently cited reasons for hesitating to vaccination, three are related to doubts about vac-
cines’ safety and efficacy 14. To guarantee the public trust in national immunization programs, health
professionals involved in the process should know the AEFI and be prepared to respond promptly to
safety issues, thereby helping to avoid the propagation of fake news and rumors 5.

In the current age, when fake news is everywhere and spreads with alarming speed, it is imperative
to focus efforts on the rapid and mass dissemination of true and reliable news. Timely response to the
public’s concerns with vaccines’ safety and effective communication increase the population’s trust
and preserve the immunization program’s integrity 8.

According to the study Is Fake News Making Us Sick? 15, 67% of the interviewees showed that they
believed in at least one inaccurate piece of information on vaccines. The majority of people who did
not believe in vaccines’ safety had seen negative news on social networks or instant message apps. The
propagation of fake news through instant message apps led the Brazilian Ministry of Health to create
a channel in 2018 to receive and investigate health news. Through WhatsApp, it is possible to refer a
message received, which is analyzed and responded with an assessment of its veracity 16.
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The current study thus aimed to analyze surveillance activities for AEFI in Brazil and other coun-
tries, based on data published in the scientific literature, websites of immunization programs and
health andregulatory agencies, and the authors’ expertise in immunizations and pharmacovigilance.

Overview of AEFI surveillance in the world

According to published data, 48% of all people in the world live in countries without surveillance
systems for vaccine safety 9. The WHO Global Vaccine Action Plan (GVAP) identifies the establish-
ment and strengthening of AEFI notification systems as a priority for immunization programs
and defines the AEFI reporting ratio (number of AEFI per 100,000 live births) as a performance
indicator to monitor the programs’ progress 9. In 1999, World Health Organization (WHO) created
the Global Advisory Committee on Vaccine Safety (GACVS) 4 with the aim of strengthening safety
activities in vaccine use. The committee publishes reports on safety issues to support immunization
programs.

Continuous assessment of vaccines’ safety requires comparability between data from clinical trials
and surveillance systems. This requires standardized case definitions for adverse events and guide-
lines for confirmation, registration, and presentation 3. In 2000, WHO supported the creation of the
Brighton Collaboration, a group that develops standard definitions of adverse events 17. The group
pioneered the guidelines for the collection, analysis, and standardized presentation of vaccine safety
data 3, and 61 guidelines had been developed as of the first half of 2019 17,18,

The U.S. Centers for Disease Control and Prevention (CDC) and Food and Drug Administration
(FDA) have used the Vaccine Adverse Event Report System (VAERS) for surveillance of AEFI since
1990 18, This is a passive reporting system, mandatory for health professionals and manufacturers
and accessible to citizens in general. Due to its wide access and accessible database, the VAERS has
become a rich source of information on vaccine safety, but the reports should be viewed with caution,
since they are not always verified by health professionals. The VAERS data are transmitted to the
Uppsala Monitoring Center (UMC; Uppsala, Sweden), the WHO collaborating center for drug safety
monitoring 19,20,

In Europe, the development of AEFI surveillance has been heterogeneous 21. Currently, the
European Medicines Agency (EMA) uses EudraVigilance, a system that facilitates online reporting
of suspected drug-related adverse reactions and the analysis of these data, allowing timely detection
of possible safety problems 22. The information is available online to the entire population and is an
important database for consulting suspected adverse reactions related to drugs, including vaccines.

AEFT surveillance has specificities in each country. Box 1 provides an overview of the similarities
and differences between countries, allowing comparison of immunization programs and their respec-
tive surveillance systems.

Countries from different continents with varying degrees of socioeconomic development have
public immunization programs, except the United States, where the immunization system is not total-
ly financed by the government 23. In all the countries that were evaluated, AEFI surveillance is passive,
while three countries also conduct active surveillance. Data management on AEFI is conducted by
the immunization program, the health regulatory agency, or other areas of the Ministry of Health. In
these different scenarios, access to the number of reported adverse events varies substantially, hinder-
ing the estimation of reports per 100,000 live births.

The AEFI reporting rate per 100,000 live births was proposed by the GACVS and adopted by
the WHO SAGE (Strategic Group of Experts on Immunization) as an indicator to identify well-
established AEFI surveillance systems. This indicator has been monitored globally and nationally. In
2017, 114 countries reported more than 10 events/100,000 live births, a significant increase (> 40%)
compared to the data from 2010 24,25,

There was a movement in 2016 to improve the surveillance systems in developing countries,
based on an initiative called the Global Vaccine Safety Blueprint. The objective was to assist developing
countries in setting up work plans and developing surveillance systems. National committees were
created to advise the drafting of standards and protocols for AEFI surveillance.
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Box 1

Immunization programs and respective surveillance systems for adverse events in some countries.

Country Estimated | Profile of im- Vaccines Implementa- | AEFI surveil- Reporting Manage- Availability of
population * [ munization | in program | tion of AEFI | lance system (who ment of AEFI AEFI data
program portfolio surveillance in use reports?) surveillance
system system
Australia 24.6 million Public 16 1997 Passive and Health pro- TGA. Periodic AEFI
66,67 active fessionals: AusVaxSafe- surveillance
telephone; ty - NCIRS reports supplied
some states (National since 2003 on
also provide Center the website
websites. for Im-
Consumers: munisation
completed Research
form sent and Surveil-
by fax, lance)
e-mail, or
post; online
form on the
Therapeutic
Good Ad-
ministration
(TGA) web-
site
Brazil 19.68 209.3 Public 18 1992 Passive Mandatory PNI: In- SI-PNI provides
million for health formation data to
profession- System on manufacturers
als (National Surveillance after
Immu- of Adverse assessment and
nization Events Fol- determination
Program’s lowing Im- of causality
Information munization
System - (SI-EAPV).
SI-PNI) and Brazilian
industry Health
(National Regula-
System of tory Agency
Notifica- (Anvisa):
tions for NOTIVISA/
Health Sur- VigiMed
veillance -
NOTIVISA).
General
public
(NOTIVISA)

(continues)
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Box 1 (continued)

SURVEILLANCE OF ADVERSE EVENTS FOLLOWING IMMUNIZATION

Country Estimated | Profile of im- Vaccines Implementa- | AEFI surveil- Reporting Manage- Availability of
population * | munization | in program | tion of AEFI | lance system (who ment of AEFI AEFI data
program portfolio surveillance in use reports?) surveillance
system system
Canada 69 37.1 million Public 19 1987 Passive Nurses, phy- Public Four-monthly
(adults) sicians, and Health reports
Active pharmacists Agency of available (up
(children) that work in Canada to 2016) on the
immuniza- centralizes website of the
tion that AEFI reports Public Health
manage from health Agency with
AEFI. Manu- depart- overall data
facturers re- ments in
port directly provinces
to Ministry and ter-
of Health. ritories,
Active health pro-
pediatric fessionals,
surveillance and phar-
of selected maceutical
AEFI (Im- industry
munization
Monitoring
Program
ACTive -
IMPACT)

China 70 1.4 billion Public 11 2005 Passive Health ser- Ministry of Analysis of
vices, vacci- Health and national AEFI
nation clin- Chinese surveillance
ics, agencies Regula- published
monitoring tory Agency monthly in

adverse (China Food the Bulletin of
drug reac- and Drug the National

tions, vac- Administra- Immunization
cine manu- tion) Program and

facturers distributed to

the Chinese
Centers for
Disease Control
and Prevention
(CDQ) and
shared with the
adverse events
monitoring
agencies

(continues)
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Box 1 (continued)

Country Estimated | Profile of im- Vaccines Implementa- | AEFI surveil- Reporting Manage- Availability of
population * | munization | in program | tion of AEFI | lance system (who ment of AEFI AEFI data
program portfolio surveillance in use reports?) surveillance
system system
Cuba 71,72 11.4 million Public 13 1996 Active On a spe- Center Periodic
(under cific form, for State bulletins
1 year) health pro- Control of with general
Passive fessionals Medicines, information
(other age and compa- Teams and
groups) nies Medical
Devices
(CECMED)/
Ministry of
Health
United 327.2 Private 12 1990 Passive Health pro- Vaccine Ad- Public, through
States 73 million fessionals, verse Event the VAERS
manufac- Reporting Wonder system
turers, and System
public at (VAERS) is
large co-admin-
istered by
Centers for
Disease
Control and
Prevention
(CDC) and
Food and
Drug Ad-
ministration
(FDA)
Ghana 74 29.4 million Public 9 No Passive Health pro- Expanded Pharmacovigi-
information fessionals, immuniza- lance not avail-
available consumers, tion pro- able on the site
manufactur- gram coor-
ers dinates AEFI
monitoring
India 75 1.35 billion Public " 1988 Passive On online Regulatory Online bulletins
form (eCRF), agency with analysis of
health pro- AEFI
fessionals
and compa-
nies
Pakistan 200.8 Public 9 2016 Passive No No Pharmacovigi-
76,77 million information information lance not avail-
available available able on the site

(continues)
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Box 1 (continued)

SURVEILLANCE OF ADVERSE EVENTS FOLLOWING IMMUNIZATION

Country Estimated | Profile of im- Vaccines Implementa- | AEFI surveil- Reporting Manage- Availability of
population * | munization | in program | tion of AEFI | lance system (who ment of AEFI AEFI data
program portfolio surveillance in use reports?) surveillance
system system
United 66.5 million Public 14 1964 Passive Passive; Medicines EudraVigilance
Kingdom public, man- and provides data to
78,79 ufacturers Healthcare all of Europe
and health Regulatory
profession- Agency (YCO)
als. Each
country has
its reporting
system, in
England it's
the Yellow
Card (YC)

AEFI: adverse events following immunization.
* According data from the World Health Organization 80.

As of 2016, Brazil was reporting more than 10 AEFI/100,000 live births, but the reporting rate
was lower in the 2017 report, showing a troublesome scenario with worsening of the national AEFI
surveillance system 24.25.

Another difference between the countries is the number of vaccine-preventable diseases covered
by the basic immunization schedule, as shown in Box 2. In addition to the number of vaccines, the
supply of more reactogenic vaccines such as BCG and the combined diphtheria, tetanus, and whole-
cell pertussis vaccine can affect the AEFI reporting rates.

Overview of AEFI surveillance in Brazil

In Brazil, the PNI was established by the Ministry of Health in 1973, launching a new phase in the
history of public health policies with a focus on prevention and contributing to the reduction of mor-
bidity and mortality from communicable diseases 26. Immunization activities were already conducted
in Brazil, but without overall coordination of their organization 27.

The increase in the number of vaccines in the basic schedule over the years and expansion of the
population’s access required the establishment of an AEFI surveillance system. Following an interna-
tional trend, in 1991 Brazil created its Technical Advisory Committee on Immunizations (CTAI, in
Portuguese) as a technical and scientific advisory board for the PNI. The year 1991 also witnessed the
elaboration of reporting forms, workflows, and standardized clinical protocols. Training of local and
state immunization teams has been essential for increasing the system’s sensitivity to capture cases
of AEFI 6. The need to orient and standardize AEFI case reporting and investigation led the Brazilian
Ministry of Health to publish (1998) the first edition of the Manual on Epidemiological Surveillance of
Adverse Events Following Immunization, now in the third edition (2014) 6. Reporting has been online
since 2000, through the SI-EAPV.

AEFI were included on the list of diseases of compulsory notification in 2005 28 and remain on
the list today. The objective was to increase the detection of AEFI in public and private services and
allow the adoption of appropriate control measures by government agencies. This inclusion made
it mandatory for health professionals to report serious AEFI and deaths following immunization 29.
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Box 2

Availability of vaccines in the national immunization programs of some countries.

Vaccine

Brazil 81

United
States 82

Cana-
da 59

Austra-
lia 60

United
King-
dom 83

Mexi-
co 84

China 70

Ghana 85

Cuba 61

Paki-
stan 77

India 86

BCG

*%

Hepatitis A

*%

Hepatitis B

Triple bacterial (DTPw
or DTPa or combined
with Hepatitis B, IPV,
and/or Hib)

Haemophilus
influenzae B

Inactivated polio

Oral polio

*kk

*k*k

*kk

Rotavirus

Conjugated
pneumococcal
(7,10 or 13-valent)

Conjugated
meningococcal
(C or ACWY)

Meningococcal B

Influenza

*%

Yellow fever

Triple viral (measles,
mumps, rubella)

Double viral
(measles, rubella)

Measles

Varicella (single or as
MMRV)

HPV

Polysaccharide
pneumococcal

*%

dTpa

*%

Herpes zoster

*%

*%

Note: green = available; white = unavailable or not used by the country.

* Recommended in some provinces;

** Available for some specific population groups according to immunization strategy;

*#* Sequential immunization (boosters and campaigns);

# Diseases immunized with MMR vaccine or single measles vaccine.
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The year 2008 witnessed the creation of the Inter-Institutional Committee on Pharmacovigi-
lance of Vaccines and Other Immunobiological Products (CIFAVI, in Portuguese) by the Anvi-
sa, CGPNI, and the National Institute for Quality Control in Health, Oswaldo Cruz Foundation
(INCQS/Fiocruz) to promote coordinated activities among the components of the surveillance
system 30.

Although AEFI surveillance with the PNI began in the early 1990s, the regulation of pharmaco-
vigilance systems for vaccine producers only began in 2009, based on the RDC n. 04/2009 13. The
resolution was a major stride in post-marketing drug surveillance in Brazil, establishing pharmaco-
vigilance activities for industry, ranging from compulsory reporting of AEFI related to its products to
the development of a structure capable of monitoring the safety of marketed drugs 31.

There is a global trend to harmonize pharmacovigilance standards between countries to allow
joint data assessment. In 2016, Anvisa joined the International Council for Harmonization of Techni-
cal Requirements for Pharmaceuticals for Human Use (ICH), which convenes regulatory authorities
and pharmaceutical industry associations to discuss technical and scientific aspects related to drug
registration 32. Within five years after joining the ICH, Anvisa should adapt to a set of five ICH guide-
lines that standardize practices in pharmacovigilance and clinical research.

In addition to implementing a set of specifications to standardize drug registration known as
the Common Technical Document (CTD), Anvisa will also be using the Medical Dictionary for Regulatory
Activities (MedDRA) 33. Thus, the Pharmacovigilance standards and resolutions pertaining to Market-
ing Authorization Holder will be updated to deal with this new scenario.

The main difference between the pharmacovigilance activities by the PNI and Anvisa is the
reporting source. While the PNI receives reports from health professionals in the public health sys-
tem’s vaccination spots, Anvisa receives reports from manufacturers, private vaccination services, and
citizens in general, whether health professionals or not. However, reporting systems and forms are
different for the general population, health professionals, and manufacturers, allowing broad uptake
of adverse events. Private health services report AEFI to Anvisa 6,10, NOTIVISA is now being replaced
gradually by VigiMed. The evolution of two parallel and complementary systems for detecting and
recording AEFI, managed by Anvisa and PNI, will potentially improve the sensitivity, which is gener-
ally low in passive systems. Recent decades have seen the evolution of this system in Brazil (Figure 1).

Why investigate an adverse event following immunization?

Vaccines undergo a rigorous process in their registration by regulatory agencies, including various
preclinical and clinical trials. However, the population studied in a clinical trial is selected, and all the
factors are controlled. Besides, even a large clinical trial does not allow the inclusion of thousands
of persons or the evaluation of special populations (such as elderly, pregnant women, and others).
Thus, the maintenance of post-marketing vaccine surveillance through pharmacovigilance activities
is essential for guaranteeing the vaccines’ efficacy and safety 18.

The reporting and investigation of AEFI contribute to the identification of rare or unexpected
complications from immunizations, characterization of possible safety signs in vaccines, and identi-
fication of an increase in the rate of unexpected events. AEFI reports are captured by health informa-
tion systems such as the SI-PNI and NOTIVISA.

According to the WHO, such systems should generate, compile, analyze, and summarize health-
related data, allowing the data’s use and communication. The reported data, together with other
information such as health determinants and health systems performance, for example, serve as the
basis for decision-making. The data are essential for monitoring and assessing health systems and also
serve other purposes, such as support for patient and health unit management, monitoring of trends,
and support for global reports, among others 34. Some well-documented episodes illustrate the role
of AEFI surveillance in guaranteeing vaccines’ safety, as described next.

Outbreaks of aseptic meningitis associated with the MMR (measles-mumps-rubella) vaccine
applied in immunization campaigns in the Brazilian states of Bahia, Ceara, Mato Grosso, Mato
Grosso do Sul, Piaui, and Rio Grande do Sul in 1997 and 1998 motivated the improvement of epi-
demiological surveillance of AEFI 35,36, Detailed investigation of these episodes suggested an asso-
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Figure 1

Timeline in the evolution of the Brazilian National Immunization Program and adverse event following immunization

(AEFI) surveillance systems.
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Brazilian National Immunization Program (PNI) created

Sdo Paulo State Health Department launches SVEAPV (AEFI Surveillance System)

Creation of the CTAI (Technical Advisory Committee on Immunizations)

Publication of the 1st Edition of the AEFI Surveillance Manual by the Brazilian Ministry of Health

Creation of the SI-EAPV (PNI Information System on Adverse Events Following Immunization)

Establishment of Sentinel Network to assisting monitoring of events

Inclusion of AEFI on the Brazilian Ministry of Health list of compulsory reporting items

Creation of the CIFAVI (Inter-Institutional Committee for Pharmacovigilance of Vaccines and
Other Immunobiological Products)

Creation of the VIGIPOS (System for Reporting and Investigation in Health Surveillance)

Publication of the 3rd Edition of the AEFI Surveillance Manual by the Brazilian Ministry of Health

Anvisa joins the ICH

Anvisa: Brazilian Health Regulatory Agency; ICH: International Council for Harmonization of Technical Requirements for

Pharmaceuticals for Human Use.
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ciation with the use of MMR and supported the PNI in switching the vaccine manufacturer used in
Brazil, guaranteeing the vaccine’s safety and maintaining the health professionals’ and population’s
trust in the system.

The rotavirus vaccine illustrates another situation in which AEFI monitoring was essential. Fol-
lowing registration of the first rotavirus vaccine (RotaShield; Wyeth Laboratories) in the United
States in August 1998, studies showed its association with an increase of more than 30-fold in the risk
of intussusception (a serious adverse event) in the week following the first dose 37, which led to the
product’s removal from the market by the manufacturer in 1999 38,39,

In Brazil, another rotavirus vaccine, RV1 (via a partnership between the Immunobiological Tech-
nology Institute — Bio-Manguinhos/Fiocruz — and the GlaxoSmithKline — GSK), was introduced in
the PNI immunization schedule in March 2006 for children under one year of age 38. In May 2007,
Mexico also included the RV 1 vaccine in its immunization program. The vaccine is recommended in
both countries from two to four months of age and should be initiated at 15 weeks of age at the latest.
At the time of the introduction of RV, Brazil and Mexico had about 6 million births per year, mak-
ing it a favorable time for assessing a potential association between vaccination and increased risk of
intussusception. A case-control study was thus conducted in 53 hospitals in seven states of Brazil and
16 hospitals in ten states of Mexico from August 2008 to August 2010 40,

The study showed an increase in the risk of intussusception in the first week after vaccination in
Mexico, while in Brazil a possible risk was only observed in the first week after the second dose. These
increased risks were translated as an excess of 96 cases of intussusception and five deaths in the two
combined countries, figures that are exceeded by the benefits of vaccination, which prevents more
than 80,000 hospitalizations and 1,300 deaths per year in the two countries 40.

The first dengue vaccine registered in Brazil (Dengvaxia; Sanofi-Pasteur) is another example of a
product whose indication was changed due to post-marketing surveillance findings 41. There are four
dengue serotypes, and exposure to one does not confer immunity to the others. It is also known that
a second infection with a different serotype increases the risk of developing a severe disease due to a
phenomenon known as antibody-dependent enhancement (ADE) 42. The vaccine protects against the
four serotypes, but its estimated efficacy for individuals over nine years of age was 58%, 47%, 74%, and
83% for serotypes 1, 2, 3, and 4, respectively 43.

In November 2017, two years after the vaccine’s registration, the manufacturer issued an alert
on the increased risk of severe dengue in previously seronegative persons 42. Follow-up data from
clinical studies showed that individuals who were seronegative before vaccination, when vaccinated,
developed non-protective antibodies against dengue, which could function like a primary infection
and lead to the ADE phenomenon in case of exposure to the dengue virus and thus to a more serious
clinical condition 4445. Anvisa thus changed the vaccine’s indication, recommending it only for per-
sons with at least one prior infection by one of the dengue serotypes 46,47,

Another example of the importance of AEFI surveillance is the combination DTP-Hib vaccine,
which began to be used in Brazil in 2002. The PNI received reports from some states of Brazil through
the passive surveillance system for AEFI on the increasing frequency of adverse events related time-
wise to this vaccine, mainly hypotonic-hyporesponsive episodes (HHE). However, the data were
considered inconclusive and contradictory. Active surveillance was thus conducted, sponsored by the
Ministry of Health, with the aim of assessing the incidence of HHE and other serious adverse events
following the vaccine’s administration 48.

A cohort of 21,064 infants was followed in the city of Rio de Janeiro for 48 hours after the applica-
tion of DTP-Hib. HHE incidence was 1:1,744 doses (confirmed cases) and 1:1,495 doses (suspected
cases, which includes the confirmed cases), while the incidence of seizures was 1:5,231 doses. No cases
of apnea were detected. The results were comparable to those reported in the literature for this vac-
cine. This study allowed the PNI to respond quickly and robustly to the question raised by the passive
surveillance system and allow the vaccine’s safe and reliable use 48.

This study was used as the basis for another, conducted from 2000 to 2013 in the city of Ara-
raquara, Sao Paulo State, with the aim of assessing the sensitivity of a passive surveillance system.
The study used HHE incidence and seizures as sentinel events, considering the reported rate in the
active surveillance study as the gold standard. The authors calculated the sensitivity of the passive
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Box 3

surveillance system at 71.9% and 78.9% for HHE and seizures, respectively, and concluded that a
well-conducted passive surveillance system can be a good thermometer for changes in vaccines’
safety profile 49.

How to investigate an AEFI?

The essential elements in the AEFI concept are temporality and biological plausibility, which
makes the case definition for surveillance purposes operationally simple and objective. While this
concept maximizes the sensitivity for capturing events potentially associated with the vaccine, it
also requires investigation of these cases to determine whether the vaccine’s implication is more
likely than alternative hypotheses 39. For example, the RotaShield rotavirus vaccine was removed
voluntarily from the U.S. market by the manufacturer less than a year after its introduction, when
data from AEFI reports showed an additional risk of 1 to 2 cases of intussusception per 10,000
infants vaccinated 39.

The main objective of investigating an AEFI is to determine whether the vaccine/vaccination was
responsible for the event. Data collection is crucial to the investigation and includes clinical, epide-
miological, and laboratory data, in addition to information on the product that was administered.
This requires the involvement of teams from the vaccination rooms, epidemiological surveillance,
patient care, reference laboratories, and central management (PNI).

In addition to data collection, it is often necessary to collect clinical samples. If this is not done
at the right time, it can compromise or even entirely prevent the investigation’s conclusion. Serious
adverse events or “clusters” of AEFI should be investigated immediately in such cases, and time is
essential for the investigation’s success. A sample that is not collected at the right time, not stored
adequately, or not transported correctly can jeopardize the process.

Box 3 lists the necessary information for satisfactory investigation of an AEF], allowing to estab-
lish causality.

Information that should be collected during investigation of an adverse event following immunization (AEFI).

VARIABLES DESCRIPTION

1 | Demographic data Age, sex, address, contact info

2 | History of current disease Symptomes, signs, timeline, date of onset and duration, treatment, diagnosis, and outcome
3 | Family history Diseases in family members (genetic, autoimmune, etc.)

4 | Personal disease history Adverse events with previous doses of the vaccine, allergies, underlying diseases, medications
5 | Vaccination history Vaccine(s) received, with batch number, number of doses received, vaccination date, place of

administration (especially vaccines received in the 30 days prior to the event and previous doses of the
vaccine suspected of the AEFI)

Laboratory results

Test results (laboratory, imaging, etc.) performed for investigation of the event

Outcome Information on death certificate and autopsy report (when applicable)
Vaccine(s) suspected of the AEFI Batch number, manufacturer, information on vaccine's storage, whether alterations were detected by
local team, place of vaccination (hame of health unit), information on similar cases with same batch or
same health unit
9 | Quality of suspected vaccine(s) Information on quality control of suspected vaccine(s)

Source: adapted from World Health Organization 87.
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When a suspected case is detected, the health unit should promptly notify the epidemiological
surveillance system, which should launch an investigation within 48 hours. From there onward, with
the case already entered into the SI-EAPV database, it is referred to the regional coordinating bodies
and from there to the states. The initial data inserted into the system are updated as new information
is obtained 6.

According to Ruling n. 204/2016, every actively working health professional has the obligation to
report a case of AEFI to the respective administrator under the Brazilian Unified National Health
System (SUS, in Portuguese), even if the event occurred in a private healthcare establishment 29.

The investigation of an AEFI includes data collection, case classification according to severity
(serious, not serious), intensity (mild, moderate, intense), predictability (whether or not described
in the package insert), and assessment of causality (consistent, indeterminate, coincidental, or non-
classifiable). Adverse events also need to be coded in medical terms to facilitate comparison of cases.
Currently, the most widely used terminology is the MedDRA, created in the late 1990s by the ICH 33.
The terminology is standardized, complete, and highly specific, facilitating international exchange of
regulatory information 32.

The most important and difficult stage in the investigation of an AEFI is the assessment of cau-
sality, whose objective is to determine whether there is a cause-and-effect relationship between the
vaccine/vaccination and AEFL This analysis is based mainly on the temporal relationship between the
vaccine’s administration and the event, medical or pharmacological plausibility (signs and symptoms,
laboratory tests, pathology findings, mechanism of action), and probability or exclusion of other
causes. All data on the case should be available in this stage 0.

In 2012, the Council for International Organizations of Medical Sciences (CIOMS) and WHO
revised the classification of specific causality for AEFI, now currently in use in Brazil by the PNI 6,51.
Standard case definitions facilitate investigation of AEFI. In 2004, the Brighton Collaboration pub-
lished its first case definitions, recommended by the American Academy of Pediatrics, CIOMS, EMA,
FDA, and other organizations 52.

One of the adverse events with a case definition by the Brighton Collaboration is yellow fever
vaccine associated acute viscerotropic disease (YFV-AVD). A working group was launched in 2008
to optimize the identification of clinical cases referred for laboratory investigation. The objective
was to develop a standard definition of suspected YFV-AVD cases, with guidelines for data collec-
tion, analysis, and presentation, facilitating comparison between countries 53. YFV-AVD is a serious
and highly rare adverse event, defined as an acute multiple organ dysfunction following vaccination.
Severity varies from a relatively mild multisystemic disease to severe multiple organ failure and
death. The causal relationship between YFV and AVD can only be confirmed by genetic sequencing
of the vaccine virus in the patient’s clinical specimens, because clinical symptoms are similar to those
observed in infection with the wild-type virus 53. This is a good example of an AEFI in which early
investigation is essential. For the diagnosis to be made, blood samples need to be drawn promptly at
the onset of symptoms, and in case of death, visceral samples should also be obtained. Timely sample
collection is necessary to meet the criteria for case definition and confirmation. The healthcare team’s
difficulty in collecting and referring samples to the reference laboratories means that many of these
cases are classified as suspected, without the possibility of ruling out causality, which can undermine
the population’s trust in the vaccine.

Another example of the importance of standard definitions involves cases of anaphylaxis, an acute
hypersensitivity reaction with multiple organ involvement which can be severe and present risk of
death. The reaction can occur after exposure to allergens from a variety of sources, including aeroal-
lergens, foods, drugs, immunizations, and insects. The definition of anaphylaxis can be difficult, and
if based only on clinical judgement, there may be discordant diagnoses between physicians. Thus, the
case definition of anaphylaxis by the Brighton Collaboration is important, since it allows standardiza-
tion, comparison, and monitoring of tendencies between cases 54.

In Brazil, the PNT also developed standard protocols for the investigation of some adverse events,
such as YFV-AVD, yellow fever vaccine associated acute neurological disease (YFV-AND), and acute
flaccid paralysis following attenuated oral polio vaccine. These protocols orient the identification of
suspected cases, specimen collection for specific tests, sample flow, and final case classification, sup-
porting local surveillance services in conducting the investigation process 6.
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Difficulties and challenges

AEFT surveillance is an essential activity for guaranteeing the safety and reliability of vaccines in the
post-marketing phase. However, as explained above, there are numerous difficulties in successfully
performing this task.

Passive AEFI surveillance has been the most common form of post-marketing surveillance of
AEFI. The main objective of passive surveillance is prior detection of unknown events or any altera-
tions in the reporting profile of known AEFI 55. Due to their national reach, passive systems are often
the only available methods for monitoring extremely rare AEFIL.

However, passive systems have limitations, such as underreporting of cases, reports of uncon-
firmed temporal and diagnostic associations, data with biases (e.g., serious adverse events are prob-
ably more reported than non serious ones), and difficulty in estimating incidence rates 5.

Underreporting of AEFI occurs both in Brazil and in other countries. A Brazilian study in 2018
described the AEFI in the SI-EAPV database (a passive surveillance system) which included 24,732
reports from 2,571 municipalities (counties), representing fewer than half (46.2%) of all Brazilian
municipalities reporting at least one AEFI 10. A study in the Czech Republic with active AEFI sur-
veillance recorded 175 AEFI after routine vaccination of children, with a calculated AEFI rate of
209/100,000 doses of vaccine. This was much higher than the official AEFI rate obtained by passive
surveillance by the agency in charge of recording AEFI in that country (34/100,000 recorded doses)
during the same period, thus revealing the existence of underreporting 56.

A study in Albania assessed health professionals’ perception of AEFI surveillance and barriers to
case reporting. A questionnaire was applied to primary care personnel (n = 102). Of the respondents,
70.5% said they had already treated an AEFI, but fewer than half of these had reported the case. The
main reasons for non-reporting were lack of interest, unclear definitions of AEFI, and lack of knowl-
edge on what is and is not notifiable 57.

To improve the AEFI detection, some countries have used new tools to conduct active surveil-
lance. In Australia, SmartVax is a vaccine safety monitoring system that uses SMS-type messages for
case follow-up. Three days after immunization, messages are sent to the parents or guardians of vac-
cinated children, asking if there had been any “reaction” after the vaccine. The response is yes or no
only, and if the users replies “yes”, two more messages are sent asking for more information while an
alert is generated in the system, referring the case for investigation 58.

Various challenges arise in the process of investigating an AEFI, and the first difficulty is that
emergency services need to be sensitive to the possibility of an adverse event. During vaccination
campaigns, it is easier to raise the teams’ awareness of the suspicion of an AEFI, but in routine immu-
nization many cases may go unnoticed by the healthcare teams. This is a weakness in the passive
reporting system, so that many countries like Australia, Canada, and Cuba have implemented active
surveillance systems, with the main focus on children 59,60,61.

Another difficulty in the investigation process is differential diagnosis, essential for establishing
the causality of an AEFI and to rule out other possible causes of the reported signs and symptoms 6.
For example, in the case of a neurological syndrome (meningoencephalitis) following yellow fever
vaccine, in addition to investigating the yellow fever virus, other causes of bacterial and viral menin-
gitis need to be investigated and ruled out to allow confirmation of a case of YFV-AND.

In Brazil, the state level in the coordination of immunizations is responsible for analyzing, clas-
sifying causality, and closing cases of AEFI, validating the data from the municipalities (counties).
Meanwhile, the federal level analyzes and validates reports from the states after closure, consulting
the CIFAVI and other technical support groups when necessary 6.

Case closure is often impossible, because many reports of AEFI are incomplete and lack essential
information for assessing the case, such as the vaccine batch, date of vaccination, timeline of the
symptoms, and others. In a study in India, 37% of the deaths reported as AEFI were closed as unclas-
sifiable, that is, information was missing to analyze causality 62. In the study cited above on AEFI in
the SI-EAPYV, of the 24,732 cases reported in Brazil, only 1,622 were closed by the end of the study
period, as only 6.6% of the cases had their investigation concluded 10. These data corroborate previous
studies, suggesting data quality problems, which can include typing errors, missing fields on the form,
and flaws in the information flow, hindering correct analysis of the reports 63,64,
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Adverse events associated with immunization errors are just as relevant 6. Failures in the trans-
portation, storage, handling, and application of vaccines and identification of contraindications and
precautions may not result in adverse events, but they can contribute to their occurrence. Vaccination
campaigns administer more doses than routine immunization and are concentrated in time and with
the mobilization of extra human and physical resources and may thus be more prone to immunization
errors, which can only be detected via investigation of adverse events.

Another challenge for immunization programs is the relationship with the media and the com-
munity in cases of adverse events, which cause commotion in society. A solution to facilitate dealing
with these situations in case of large-scale vaccination campaigns is to establish a crisis management
plan, specifying procedures in the management of AEFI cases if they occur 62. The plan should include
a communication strategy, identifying a focal point for contact with the press, community, and social
medias. Ideally, professional journalists in a press advisory board should coordinate this activity in
order to deliver clear messages and mitigate the spread of rumors 65.

Conclusions

AEFI surveillance is essential for guaranteeing the maintenance of vaccines’ efficacy and safety.

With the current resurgence of vaccine-preventable diseases, the growth of antivaccine move-
ments, and social medias’ growing influence on public opinion, it is extremely important to have
constantly updated and comprehensive information on vaccines’ safety, allowing immunization pro-
grams to produce rapid and clear responses to adverse events.

The lack of an effective surveillance system can cause incalculable damage to an immunization
program’s credibility and lead to major reductions in vaccination coverage, which is difficult to
recover. Health professionals should be aware of their important role in this process, since they are
the portal of entry for information on vaccines’ safety.

Brazil is experiencing the resurgence of diseases like measles and yellow fever. Collective effort
is crucial for overcoming the discredit and fear of vaccines and return to the ideal vaccine coverage
levels. Information is the best way to combat fear. AEFI surveillance is an essential component of
generating the necessary evidence for guaranteeing safe and effective vaccines for use in Brazil.

Structured activities in the surveillance of adverse events to protect the public and safeguard
the immunization programs are consolidated in systems specifically dedicated to provide rapid and
effective response to reports of real or presumed unwanted effects from the application of vaccines.
Despite important strides, there is much room for improvement, especially in reporting and investi-
gating these events.
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Resumo

A vacinagdo é uma das acoes mais efetivas para
proteger o individuo e a populacdo contra doencas
imunopreveniveis. Vacinas sao produtos seguros e
eficazes, porém, como qualquer outro medicamen-
to, podem causar eventos adversos, que ganham
maior visibilidade na medida em que as doengas
sao controladas, eliminadas ou erradicadas. Este
trabalho analisou as acoes de vigilaincia de even-
tos adversos pés-vacinacdo (EAPV) com base em
dados da literatura cientifica e sites de programas
de imunizagdes, agéncias reguladoras e de saide,
além da expertise dos autores nas dreas de imu-
nizagoes e farmacovigilancia. Com o aumento do
niimero de vacinas no calenddrio bdsico e a am-
pliacdo do acesso da populacdo, tornou-se funda-
mental o estabelecimento de um sistema eficiente
de vigilancia de EAPV no Brasil. Entretanto, a
subnotificacao de casos no Brasil e em outros pai-
ses dificulta a deteccdao de EAPV, principalmente
os raros. Informacoes sempre atualizadas sobre o
beneficio/risco das vacinas permitem que progra-
mas de imunizacoes deem respostas rdpidas e cla-
ras aos rumores de EAPV. Isso garante a confiabi-
lidade no sistema, ainda mais diante do crescente
movimento antivacinista e a influéncia cada vez
maior das midias sociais na opiniao publica.

Imunizacdo; Programas de Imunizacdo;
Vigilancia de Produtos Comercializados
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Resumen

La vacunacion es una de las acciones mds efectivas
para proteger al individuo y a la poblacion con-
tra enfermedades inmunoprevenibles. Las vacu-
nas son productos seguros y eficaces, sin embargo,
como cualquier otro medicamento, pueden causar
eventos adversos, que tienen mayor visibilidad
segtin se controlen, eliminen o se erradiquen las
enfermedades. Este trabajo analizé las acciones
de vigilancia de eventos adversos posvacunacion
(EAPV), basdndose en datos de la literatura cienti-
fica y sitios web de programas de inmunizaciones,
agencias reguladoras y de salud, ademds de la ex-
pertise de los autores en las dreas de inmunizacio-
nes y farmacovigilancia. Con el aumento del nii-
mero de vacunas en el calendario bdsico y la am-
pliacion del acceso de la poblacion, se hizo funda-
mental el estabelecimiento de un sistema eficiente
de vigilancia de EAPV en Brasil. Sin embargo, la
subnotificacion de casos en Brasil y en otros paises
dificulta la deteccion de EAPV, principalmente, los
raros. Informaciones siempre actualizadas sobre
el beneficio/riesgo de las vacunas permiten que
programas de inmunizaciones proporcionen res-
puestas rdpidas y claras a los rumores sobre EAPV.
Esto garantiza la confianza en el sistema, incluso
mds aiin ante el creciente movimiento antivacunas
y la influencia cada vez mayor de los redes sociales
en la opinion publica.

Inmunizacion; Programas de Inmunizacion;
Vigilancia de Productos Comercializados
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ANEXO B — Methodological Index for Non-Randomized Studies (MINORS)

Methodological items for non-randomized studies

Scoret

1. A clearly stated aim: the question addressed should be precise and

relevant in the light of available literature

2. Inclusion of consecutive patients: all patients potentially fit for
inclusion (satisfying the criteria for inclusion) have been included in the
study during the study period (no exclusion or details about the reasons for

exclusion)

3. Prospective collection of data: data were collected according to a

protocol established before the beginning of the study

4. Endpoints appropriate to the aim of the study: unambiguous
explanation of the criteria used to evaluate the main outcome which should
be in accordance with the question addressed by the study. Also, the

endpoints should be assessed on an intention-to-treat basis

5. Unbiased assessment of the study endpoint: blind evaluation of
objective endpoints and double-blind evaluation of subjective endpoints.

Otherwise the reasons for not blinding should be stated

6. Follow-up period appropriate to the aim of the study: the follow-up
should be sufficiently long to allow the assessment of the main endpoint

and possible adverse events

7. Loss to follow up less than 5%: all patients should be included in the
follow up. Otherwise, the proportion lost to follow up should not exceed the

proportion experiencing the major endpoint

8. Prospective calculation of the study size: information of the size of
detectable difference of interest with a calculation of 95% confidence
interval, according to the expected incidence of the outcome event, and
information about the level for statistical significance and estimates of

power when comparing the outcomes

(to be continued)
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Additional criteria in the case of comparative study

Scoret

9. An adequate control group: having a gold standard diagnostic test or
therapeutic intervention recognized as the optimal intervention according

to the available published data

10. Contemporary groups: control and studied group should be managed

during the same time period (no historical comparison)

11. Baseline equivalence of groups: the groups should be similar
regarding the criteria other than the studied endpoints. Absence of
confounding factors that could bias the interpretation of the results

12. Adequate statistical analyses: whether the statistics were in
accordance with the type of study with calculation of confidence intervals

or relative risk

1The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and

adequate). The global ideal score being 16 for non-comparative studies and 24 for

comparative studies.

(SLIM et al., 2003)
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ANEXO C - Cochrane risk-of-bias tool for randomized trials (RoB 2)

TEMPLATE FOR COMPLETION

Edited by Julian PT Higgins, Jelena Savovi¢, Matthew J Page, Jonathan AC Sterne
on behalf of the RoB2 Development Group

Version of 22 August 2019

The development of the RoB 2 tool was supported by the MRC Network of Hubs for Trials Methodology Research (MR/L004933/2- N61), with the
support of the host MRC ConDuCT-Il Hub (Collaboration and innovation for Difficult and Complex randomised controlled Trials In Invasive
procedures - MR/K025643/1), by MRC research grant MR/M025209/1, and by a grant from The Cochrane Collaboration.
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Study details

Reference

Study design
X Individually-randomized parallel-group trial
L0 Cluster-randomized parallel-group trial
0 Individually randomized cross-over (or other matched) trial

For the purposes of this assessment, the interventions being compared are defined as

Experimental: Comparator:

Specify which outcome is being assessed for risk of bias \

Specify the numerical result being assessed. In case of multiple
alternative analyses being presented, specify the numeric result (e.g.
RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table,

figure or paragraph) that uniguely defines the result being assessed.

Is the review team’s aim for this resulit...?
[0 to assess the effect of assignment to intervention (the ‘intention-to-treat’ effect)

L]  to assess the effect of adhering to intervention (the ‘per-protocol’ effect)

If the aim is to assess the effect of adhering to intervention, select the deviations from intended intervention that should be addressed
(at least one must be checked):

[] occurrence of non-protocol interventions
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] failures in implementing the intervention that could have affected the outcome
] non-adherence to their assigned intervention by trial participants

Which of the following sources were obtained to help inform the risk-of-bias assessment? (tick as many as apply)

Journal article(s) with results of the trial

Trial protocol

Statistical analysis plan (SAP)

Non-commercial trial registry record (e.g. ClinicalTrials.gov record)
Company-owned trial registry record (e.g. GSK Clinical Study Register record)
“Grey literature” (e.g. unpublished thesis)

Conference abstract(s) about the trial

Regulatory document (e.g. Clinical Study Report, Drug Approval Package)
Research ethics application

Grant database summary (e.g. NIH RePORTER or Research Councils UK Gateway to Research)
Personal communication with trialist

Personal communication with the sponsor

Oo00O0o0ooOooogn
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where
guestions relate only to sign posts to other questions, no formatting is used.

Domain 1: Risk of bias arising from the randomization process

Signalling questions Comments Response options
1.1 Was the allocation sequence Y/PY/PN/N/NI
random?

1.2 Was the allocation sequence Y/PY/PN/N/NI

concealed until participants were
enrolled and assigned to
interventions?

1.3 Did baseline differences between Y/PY/PN/N/NI
intervention groups suggest a
problem with the randomization

process?

Risk-of-bias judgement Low / High / Some concerns
Optional: What is the predicted direction NA / Favours experimental /
of bias arising from the randomization Favours comparator /
process? Towards null /Away from null /

Unpredictable
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Domain 2: Risk of bias due to deviations from the intended interventions (effect of assignment to intervention)

Signalling questions

Comments

Response options

2.1. Were participants aware of their
assigned intervention during the trial?

2.2. Were carers and people delivering
the interventions aware of
participants' assigned intervention
during the trial?

Y/PY/PN/N/NI

Y/PY/PN/N/NI

2.3. If Y/PY/NI to 2.1 or 2.2: Were there
deviations from the intended
intervention that arose because of the
trial context?

NA/Y /PY/PN/N/NI

2.4 If Y/PY to 2.3: Were these
deviations likely to have affected the
outcome?

NA/Y/PY/PN/N/NI

2.5. If Y/IPY/NI to 2.4: Were these
deviations from intended intervention
balanced between groups?

NA/Y/PY/PN/N/NI

2.6 Was an appropriate analysis used
to estimate the effect of assignment to
intervention?

Y/PY/PN/N/NI

2.7 If N/PN/NI to 2.6: Was there
potential for a substantial impact (on
the result) of the failure to analyse
participants in the group to which
they were randomized?

NA/Y/PY/PN/N/NI

Risk-of-bias judgement

Low / High / Some
concerns

Optional: What is the predicted direction
of bias due to deviations from intended
interventions?

NA / Favours experimental
/ Favours comparator /
Towards null /Away from
null / Unpredictable
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Domain 2: Risk of bias due to deviations from the intended interventions (effect of adhering to intervention)

Signalling questions Comments Response options
2.1. Were participants aware of their Y/PY/PN/N/NI
assigned intervention during the trial?

2.2. Were carers and people delivering Y/PY/PN/N/NI

the interventions aware of
participants' assigned intervention
during the trial?

2.3. [If applicable:] If Y/PY/NI to 2.1 or NA/Y/PY/PN/N/NI
2.2: Were important non-protocol
interventions balanced across
intervention groups?

2.4. [If applicable:] Were there failures NA/Y/PY/PN/N/NI
in implementing the intervention that
could have affected the outcome?

2.5. [If applicable:] Was there non- NA/Y/PY/PN/N/NI
adherence to the assigned
intervention regimen that could have
affected participants’ outcomes?

2.6. If N/PN/NI to 2.3, or Y/PY/NIto 2.4 NA/Y/PY/PN/N/NI
or 2.5: Was an appropriate analysis
used to estimate the effect of
adhering to the intervention?

Risk-of-bias judgement Low / High / Some
concerns
Optional: What is the predicted direction NA / Favours experimental
of bias due to deviations from intended / Favours comparator /
interventions? Towards null /Away from

null / Unpredictable
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Domain 3: Missing outcome data

Signalling questions Comments Response options

3.1 Were data for this outcome Y/PY/PN/N/NI
available for all, or nearly all,
participants randomized?

3.2 If N/PN/NI to 3.1: Is there evidence NA/Y/PY/PN/N
that the result was not biased by
missing outcome data?

3.3 If N/PN to 3.2: Could missingness NA/Y/PY/PN/N/NI
in the outcome depend on its true

value?

3.4 If Y/PYINI to 3.3: Is it likely that NA/Y/PY/PN/N/NI

missingness in the outcome
depended on its true value?

Risk-of-bias judgement Low / High / Some
concerns

Optional: What is the predicted direction NA / Favours experimental

of bias due to missing outcome data? | Favours comparator /

Towards null /Away from
null / Unpredictable
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Domain 4: Risk of bias in measurement of the outcome

Signalling questions Comments Response options

4.1 Was the method of measuring the Y/PY/PN/N/NI
outcome inappropriate?

4.2 Could measurement or Y/PY/PN/N/NI
ascertainment of the outcome have
differed between intervention groups?

4.3 If N/PN/NI to 4.1 and 4.2: Were NA/Y/PY/PN/N/NI
outcome assessors aware of the
intervention received by study
participants?

4.4 1f Y/PY/NI to 4.3: Could NA/Y/PY/PN/N/NI
assessment of the outcome have
been influenced by knowledge of
intervention received?

4.5 If Y/PY/NI to 4.4: Is it likely that NA/Y/PY/PN/N/NI
assessment of the outcome was
influenced by knowledge of
intervention received?

Risk-of-bias judgement Low / High / Some
concerns

Optional: What is the predicted direction NA / Favours experimental

of bias in measurement of the outcome? / Favours comparator /

Towards null /Away from
null / Unpredictable
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Domain 5: Risk of bias in selection of the reported result

Signalling questions Comments Response options

5.1 Were the data that produced this Y/PY/PN/N/NI
result analyzed in accordance with a
pre-specified analysis plan that was

finalized before unblinded outcome

data were available for analysis?

Is the numerical result being
assessed likely to have been selected,
on the basis of the results, from...

5.2. ... multiple eligible outcome Y/PY/PN/N/NI
measurements (e.g. scales,
definitions, time points) within the
outcome domain?

5.3 ... multiple eligible analyses of Y/PY/PN/N/NI
the data?
Risk-of-bias judgement Low / High / Some
concerns
Optional: What is the predicted direction NA / Favours experimental
of bias due to selection of the reported / Favours comparator /
result? Towards null /Away from

null / Unpredictable
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Risk-of-bias judgement

Low / High / Some
concerns

Optional: What is the overall predicted
direction of bias for this outcome?

NA / Favours
experimental / Favours
comparator / Towards

null /Away from null /

Unpredictable

(STERNE et al., 2019)




