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RESUMO

O presente estudo € uma aplicagédo pratica do conceito dos Trés Rs (3Rs) de
Russell & Burch (1959) nos ensaios de controle da qualidade de imunobiolégicos
para Raiva preconizados pela Farmacopéia Brasileira através de: uma analise
retrospectiva de dados para a Redug¢do do n° de animais no Ensaio de Potencia
NIH para vacina contra raiva de uso humano (vaccinum rabiei ad usum
humanum); mudangas no método de avaliagdo da inativagéo viral destas vacinas
utilizando animais e células e validacdo de um ensaio in vitro para substituir o
ensaio in vivo no teste de poténcia de imunoglobulinas anti-rabicas (Immunosera
rabicum ex animali ad usum humanum e immunoglobulinum humanum rabicum).

Todos os trés protocolos de ensaio testados no estudo demonstraram

viabilidade de utilizacao.



ABSTRACT

The present study is a practical application of the Russell and Burch 3Rs
concept (1959) in the in vivo tests described in the Farmacopéia Brasileira for
quality control of rabies biologicals by testing: A reduction in the number of mice in
the NIH potency test for rabies vaccine for human use (vaccinum rabiei ad usum
humanum); changes in the evaluation of virus inactivation method using suckling
mice and cells as an alternative to the current Brazilian Pharmacopoeia official test
(Reduction, Refinement and Replacement) and the validation of an in vitro assay to
replace the in vivo assay for the potency test of Rabies Immunoglobulins
(Immunosera rabicum ex animali ad usum humanum e immunoglobulinum
humanum rabicum) (Replacement).

All the three assay protocols have shown viability of use.
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1. INTRODUGAO

1.1. HISTORICO DAS VACINAS

As vacinas pertencem a categoria dos imunobiologicos, que sdo produtos
elaborados por ou derivados de organismos vivos. Imunobioldgicos incluem uma
variedade de produtos, como as vacinas, imunoglobulinas, anticorpos monoclonais
e policlonais (anti-soros) e biofarmacos'. Vacinas podem ser definidas como
preparagdes contendo substancias capazes de induzir uma imunidade especifica
e ativa contra um agente infeccioso, suas toxinas ou os antigenos elaborados por
ele (COUNCIL OF EUROPE, 2008).

Historicamente o uso com sucesso das vacinas se inicia no século XVIII,
quando, em 1798, o meédico inglés Edward Jenner (1749-1823) introduziu na
Europa a imunizagdo contra variola, embora as primeiras tentativas de
imunoprofilaxia datem do século VI (a variolizagdo® era praticada na China para

proteger o povo da variola).

Ha uma antiga e estreita associagao entre a microbiologia, desenvolvimento de
vacinas e uso de animais de laboratério (HENDRIKSEN, 1991). Embora apenas
na metade do século XIX a experimentagédo animal tenha adquirido carater cientifico
pleno. O postulado do bacteriologista alem&o Robert Koch (1843-1910), publicado
em 1884, no seu estudo “A etiologia da tuberculose” teve fundamental
importancia. Este postulado descreveu o critério usado para estabelecer a relacdo
causal entre o agente e uma doenca. Um dos critérios foi o da inoculagao de
culturas puras, do agente suspeito, em animais saudaveis, que sendo suscetiveis,
desenvolveriam sintomas caracteristicos da doenga. O postulado de Koch ganhou
aceitacdo geral em microbiologia e ajudou a derrubar a teoria da geracdo

espontanea, que vinha sendo usada a longo tempo para explicar a origem das

' Medicamento obtido por alguma fonte ou processo bioldgico.
? Procedimento que consistia da inoculagio de material retirado das pustulas de um enfermo, na pele de um
individuo sdo.



doencgas. Robert Koch e o quimico francés Louis Pasteur (1822-1895)
independentemente tiveram sucesso em demonstrar a relagcdo causal entre as
doengas infecciosas e agentes patogénicos. Devido as descobertas de Pasteur,
Kock e outros cientistas da metade do século XIX, as causas de varias doencas
comunicaveis foram estabelecidas na virada do século. Esta visao de etiologia, em
parte pela utilizagdo de animais de experimentacdo, criou bases para uma
abordagem racional na luta contra as doengas mais graves. Previamente, terapias
tinham bases amplamente fundadas em empirismo tradicional e raramente eram
eficazes. Tétano, por exemplo, era tido como curavel por sangria e pelo uso de
quinino e vinho em altas doses, ou pelo uso de banhos frios (MILLER, 1983),
efetivamente, ndo havia cura ou imunizagdo para tétano ou nenhuma outra
doenga infecciosa (exceto a vacina de variola de Jenner) até o final do século XIX
(HENDRIKSEN, 2007).

A vacina de Pasteur contra a colera aviaria, desenvolvida em 1880, foi um
marco na historia da prevencgéo e terapia. Pasteur inicialmente inoculou galinhas
com culturas velhas de Pasteurella multocida, o agente causador, levando ao
desenvolvimento de poucos sintomas clinicos. Subsequentemente, realizou um
desafio com microorganismos produzidos sem condigdes adversas. A vacina
contra colera aviaria entdo se tornou a primeira vacina experimentalmente
desenvolvida. Para homenagear Jenner, Pasteur deu o0 nome de vacina (como o
virus da vacinia de Jenner) a qualquer preparagao de agente patogénico atenuado
que fosse posteriormente usada para imunizar contra uma doenca infecciosa.
Posteriormente o termo “vacinologia” foi introduzido por Jonas Edward Salk (1914-
1995), em 1977, como sendo “o estudo e a aplicagdo dos requerimentos para a
imunizacao eficaz”, significando nada mais do que a ciéncia das vacinas de Aa Z
(MOULIN, 1996). Em vacinologia, esta incluido desenvolvimento, produgéo,
controle da qualidade e pesquisa em itens relacionados as vacinas, como

adjuvantes.

Uma das primeiras oportunidades de aplicacdo desta técnica para a protecao

de seres humanos foi na vacina contra Raiva desenvolvida também por Pasteur e



seus colaboradores. Em 1885, utilizando medulas dessecadas de coelhos
infectados com virus rabico em um esquema vacinal que consistia de 13
inoculagdes, em grau decrescente de dessecagado, ou seja, nas primeiras doses,
as medulas eram dessecadas durante 15 dias, diminuindo progressivamente o

periodo de dessecagao das medulas a até menos do que um dia.

O esquema foi utilizado a primeira vez para tratar o jovem Joseph Meister em
julho de 1885, um menino de 9 anos, que fora apresentado a Pasteur com
ferimentos graves infligidos por um c&o, considerado raivoso ao exame clinico. Tal
vacina apresentava alta concentragdo de virus viavel residual (VODOPIJA &
CLARK, 1991).

O jovem Joseph Meister sobreviveu e até 1886, foram descritos 688 esquemas
profilaticos com apenas uma falha (BABES, apud VODOPIJA & CALRK, 1991). O
‘esquema de Pasteur” ndo apresentava regra fixa e variava de acordo com a
gravidade da exposi¢cdo avaliada por Pasteur e seus colaboradores e por outros

que aplicavam a técnica em laboratérios pelo mundo.

Seguindo o pioneirismo do trabalho de Pasteur, varios pesquisadores iniciaram
e estenderam o uso da imunizagdo como meio de combate as doencgas
infecciosas (Quadro 1). O Quadro 2 demonstra cronologicamente a evolugao das

vacinas contra Raiva.

De todos os ramos da medicina moderna, a vacinologia pode reivindicar ser a
que mais contribuiu para o alivio da miséria humana e para o aumento espetacular
da expectativa de vida nos dois Ultimos séculos. E a Unica ciéncia que erradicou
uma doenca infecciosa — Variola — responsavel por 8 a 20% de todas as mortes

em varios paises europeus no século XVIII (ANDRE, 2003).



QUADRO 1- Data de introdugao das primeiras geragdes de vacinas usadas em
humanos

Primeiras Vacinas Apés a Il Guerra Mundial
Seéc. 18 e 19 1955 Vacina de Pdlio Injetavel (IPV)
1798 Variola 1962 Vacina de Pdlio Oral (OPV)
1885 Raiva 1963 Sarampo
1897 Peste 1967 Caxumba
Seéc. 20 1970 Rubéola
1917 Colera 1978 Vacina atual de Influenza
1923 Difteria 1981 Hepatite B
1926 Pertussis (Pertussis) 1990 Pneumocdcica, 23valente
1927 Tuberculose (BCG) 1990 Hib
1927 Tétano 1995 Hepatitis A
1935 Febre Amarela Séc. 21
1940 DTP 2006 Papilomavirus Humano
1945 Primeira vacina de Influenza 2006 Rotavirus

Fontes: (Ploktins & Mortimer, 1994, Pediatrician’s guide, 2008)
QUADRO 2 - Geragbes da vacina contra Raiva de uso humano

N° Autor Tipo

| 12 geracao

1885 " Pasteur et al. Medulas de coelho dessecadas

1887 " Roux e Calmette Conservante glicerina na vacina Pasteur
1887 ° Hoyges Diluicdes de suspensdes de medulas

1908 ° Fermi Fenolizada

| 2% geracéo

19112 Semple Inativada por fenol

1948 "*  Koprowski Avianizada Flury

1955 2 Fuenzalida & Palacios Cérebro de Camundongos Lactentes

1956 * Peck Embrido de pato

32 geragéo

1960 Fenje 12 Vac de cultivo células — Rim de Hamster
1966 Selimov & Acksenova Vnukovo-32 cultivo primario - Rim de Hamster
1973-74°% Koprowski, Instituto Meriéux Células Dipléides Humanas

19853 Montagnon et al. Purificada de Células Vero

1984 4 Gluck et al. Purificada de Embridao de Patos

1988 3 Barth Purificada de Células de Embriées de Pinto

1 - com virus viavel

2 - produzida em tecido nervoso

3 - modernas vacinas purificadas de cultivo de tecido
4 - produzida em aves

1.1.1. Experimentos em animais

As experiéncias com animais sao realizadas ha mais de 2000 anos. Quando
Alexandria constituia, depois de Atenas, o epicentro da ciéncia e da educacio do

mundo ocidental de entdo, a utilizagdo de animais (incluindo humanos), era comum.



Esta pratica conduzia a debates criticos sobre a utilizacdo de humanos, na sua
maioria escravos e criminosos. Deve-se a Erasistratus, no século Il a.C., em
Alexandria, o primeiro registo sobre a utilizagdo de um animal vivo em

experimentagao (vivissecgédo) (ORLANS, 1993).

Durante o periodo Renascentista o interesse pelo método experimental destacou
cientistas como Galileo Galilei (1564-1642) e Francis Bacon (1561-1626). Durante
os séculos XVII e XVIII, a experimentacdo envolvendo a utilizagdo nociva de
animais tornou-se uma tradi¢ao, levando paises como a Franga e a Inglaterra a um
lugar de destaque no mundo cientifico. Acreditava-se naquele tempo que os
animais eram incapazes de sentir dor. O filosofo francés René Descartes (1596 —
1650), ao assemelhar os animais a maquinas, forneceu o argumento filoséfico
essencial a continuagcdo e ampliacdo deste tipo de acdo em nome da ciéncia
(ORLANS, 1993).

De fato, o século XIX, com a expansao de meios e recursos fornecidos pela
Revolugédo Industrial, traz novo alento a experimentacdo com animais. Claude
Bernard (1813 - 1878) é provavelmente o seu expoente maximo. Ainda neste
século, a experimentacdo animal desempenhou um papel importante, inicialmente
no estudo da etiologia, depois no desenvolvimento de métodos de tratamento e
prevencdo com antitoxinas e toxodides, respectivamente, e, finalmente, no
desenvolvimento do controle da qualidade destas preparagdes. Nesta época a
expectativa de vida média humana era menos da metade da expectativa de vida
atual. Com taxas de mortalidade perto de 40%, a difteria era uma das mais temidas
doencgas epidémicas infantis (GRUNDBACHER, 1992). O cientista alemao Emil von
Behring (1854-1917) usou grande numero de cobaios, ratos, camundongos, caes
e outros animais para seu trabalho com soro antidiftérico. Por ter a
experimentacdo animal desempenhado um papel importante no desenvolvimento
do soro antidiftérico a aceitagcdo publica desta experimentacao,
subsequentemente, aumentou (TURNER, 1980). Na Europa, quase eliminou
completamente a crescente influencia do movimento anti-vivissecgdo. Varios dos

testes de rotina em animais, como teste de poténcia e uso de preparag¢des padrao,



atualmente amplamente praticados, se originaram no desenvolvimento e testes da
vacina antidiftérica (HENDRIKSEN, 1996).

No Quadro 3 estédo descritos os passos mais importantes no desenvolvimento de
terapia e imunoprofilaxia, e as espécies animais usadas. O Quadro 4 estao

descritos os passos no desenvolvimento dos testes de controle da qualidade.

QUADRO 3 - Experimentos animais no desenvolvimento do tratamento e
prevencao da Difteria

Desenvolvimento Ano Nome Espécie*
Isolamento do microorganismo 1884 Loeffler pombos, galinhas, coelhos,
causal Corynebacterium diphteria cobaios
Producao de endotoxina 1884 Roux & varias espécies animais,

Yersin COBAIOS
Demosntracao do valor terapéutico 1890 Behring COBAIOS, céo, cam. Rato,
da anti-toxina varias outras espécies
Producgéao de anti-toxina em larga 1894 Roux & céao, ovelha, cabra,
escala Martin CAVALO, vaca
Mistura de toxina-antitoxina para 1913 Behring COBAIO
imunizacao
Toxoide diftérico 1923 Ramon Varias espécies animais

* A espécie finalmente escolhida esta em letras maiusculas; Fonte: HENDRIKSEN (1996)

QUADRO 4 - Antitoxina e toxodide Diftérico: Desenvolvimento dos ensaios de
controle da qualidade

Desenvolvimento Ano Nome Espécie*

Controle da Qualidade de anti-toxinas 1892 Behring & cobaios
Wernicke

Uso de um padrao de referéncia no teste 1897 Ehrlich cobaios
de poténcia
Poténcia usando bioensaios de linhas 1937 Prigge cobaios
paralelas
Teste de desafio intra-dérmico multiplo 1974 Knight cobaios
Teste em camundongos/células Vero 1985  Kreeftenberg = Camundongos

* Espécie animal finalmente escolhida; Fonte: HENDRIKSEN (1996)




1.1.2. Acidentes com vacinas

Na virada do século XX, a crescente utilizagdo de imunobioldgicos trouxe novos
problemas. Em 1901, nos Estados Unidos da América (EUA), morreram 14
criancas, em Saint Louis, por tétano causado pelo soro antidiftérico produzido em
um cavalo com a doenca, posteriormente, nove criangcas morreram em New
Jersey com o uso de uma vacina de variola contaminada (JUNOD, 2007). Este foi
0 estagio inicial na adogao de padrdées de controles rigorosos para a emergente

industria de produtos biolégicos.

Casos de Raiva por “virus rabico fixo™ vidvel presente na vacina, sdo hoje
bastante raros, mas tem uma longa e controversa histéria. Em Fortaleza, no
Brasil, no ano de 1960 ocorreu o maior acidente descrito de Raiva vacinal,
morreram 18 de 66 pessoas que receberam inje¢cdes de vacina do tipo Fermi
impropriamente inativada, 13 daqueles nem haviam sido expostos a animais
realmente raivosos. Os periodos de incubagdo variaram de 4 a 13 dias. Os virus
identificados nos cérebros dos pacientes tinham “todas as caracteristicas de virus
fixo” (PARA, 1965). No passado o diagndstico de Raiva vacinal era mais
freqlientemente considerado quando uma variedade de tipos de vacinas, com
virus com capacidade infectiva eram utilizados. Em 1975 a OMS contra indicou a

utilizacado de vacinas com virus rabico infectivo
1.2. CONTROLE DA QUALIDADE

Os primeiros imunobiolégicos como a vacina contra variola de Jenner, as
vacinas ou o soro antierisipela de Pasteur, inicialmente ndo eram submetidos a
nenhum controle da qualidade. Como resultado as vacinas, as vezes, continham
um virus insuficientemente inativado, eram contaminadas com outros patégenos,

ou possuiam poténcia insuficiente.

? Cepa de virus que apresenta periodo de incubagio curto, estavel e reprodutivel quando injetado por via
intracerebral em animais susceptiveis.



Tornou-se aparente que grande diferenca em qualidade entre os lotes de uma
mesma vacina poderiam ocorrer e embora houvesse consciéncia expressa tanto
na literatura médica quanto popular sobre a necessidade de regulamentacao,
padronizagao e controle da qualidade dos novos produtos bioldgicos, na virada do

século nada estava registrado, mas apenas falado.

Em consequéncia, as primeiras regulamentagdes governamentais para o
controle da qualidade de lotes foram introduzidas nos EUA (USDA, 1913).

Sem experimentos em animais a qualidade das vacinas nao poderia ter
evoluido tanto e chegado ao avangado estagio atual e o sucesso do uso em larga
escala nunca teria sido possivel. Historicamente, o modo pelo qual os
requerimentos para imunobioldgicos foram desenvolvidos foi tragico, a ocorréncia

de grandes acidentes (Quadro 5).

QUADRO 5: Acidentes relacionados a Imunobioldgicos.

Causa Biolégico Local Ano Casos Mortes

Toxina na vacina Difteria Dallas 1929 96 10
Concord 1924 21 n.d.
Bridgewater 1924 22 n.d.

Baden 1924 28 7

Kyoto 1948 600 68

Inativagao incompleta Polio Cutter 1955 260 5

Raiva Fortaleza 1960 66 18

Contaminagao Tétano soro St. Louis 1901 20 14
com toxina antidftérico

Cepa errada BCG Lubeck 1930 135 72

n.d. ndo disponivel Fontes: HENDRIKSEN (1996) e PARA (1965)



Apos o incidente de Cutter nos EUA em 1955, no qual 5 pessoas morreram como
resultado do uso de vacina incorretamente inativada, novos requerimentos de testes
de seguranga foram introduzidos (ROBBINS, 1988).

Além disto, embora a vacinagdo seja a mais eficiente defesa desenvolvida
contra doengas infecto-contagiosas, nenhuma vacina pode ser considerada 100%
segura ou eficaz. Diferengas no modo como o sistema imune do individuo reage
as vacinas colaboram para que em raras ocasides pessoas ndo sejam protegidas
apos a imunizagdo ou surjam efeitos adversos (ELLENBERG & CHEN, 1997;
CHEN & HIBBS, 1998).

1.2.1. Seguranga das vacinas

Segurancga, ndo poténcia, talvez seja o mais importante requerimento de uma
vacina. Efeitos adversos podem ter uma repercussdo muito negativa na cobertura
vacinal, porque os beneficios da vacinacdo ndo sdo bem claros para a populacao
vacinada, enquanto os efeitos adversos sdo imediatamente aparentes.
Atualmente, a seguranga de vacinas € mantida pelo desenvolvimento de
processos de produgdo consistentes, testes de seguranga extensos e vigilancia
pos “marketing”. Em geral, administragdo parenteral de vacinas causa dor local e
enduracdo® no local de aplicagdo, sendo freqiiente a observacdo de febre. No
entanto, podem ocorrer efeitos moderados e até graves. S&o considerados efeitos
moderados: condi¢cdes atipicas como reagdes alérgicas graves, febre alta ou
mudancgas de comportamento; e sinais de uma reagao grave: reagao alérgica
grave, dificuldade respiratéria com rouquiddo ou chiado, palidez, taquicardia,
vertigem e edema de glote (CDC, 2008).

A vigilancia de reagdes adversas poés-vacinagdo € de especial importancia,
dado que as vacinas sao aplicadas em populagao saudavel ou assintomatica com
o objetivo de prevenir doengas. Por isso, enquanto que para medicamentos a taxa

de incidéncia aceitavel de reagdes adversas seja de 1:100, para vacinas muitas

4 . . A .
Endurecimento de tecidos organicos.



vezes é exigido que a incidéncia desses eventos seja igual ou inferior a 1:100.000
doses aplicadas (LANKINEN et al., 2004).

Na década de 1970, no Japao, Inglaterra e Suécia, a populagdo sofreu
influéncia da ampla publicidade das reacbes adversas associadas a vacinagao
contra pertussis. Como consequéncia, grande parte da populagdo destes paises
deixou de ser vacinada e ocorreu o ressurgimento da doenga, resultando em
grandes epidemias (MORTIMER, 1994; ANDRE, 2003).

Nos EUA a seguranga das vacinas se tornou mais proeminente também no
meio dos anos 1970 com aumento do numero de processos judiciais iniciados por
pessoas presumidamente afetados por vacina contra Difteria, Tétano e Pertussis
(DTP) (FREED et al., 1996). Decisbes legais foram tomadas e reparagao de danos
concedidos apesar da falta de evidéncias cientificas para suportar as queixas de
injurias fisicas por vacinas (FREED et al., 1996). Como resultado destas decisdes,
a responsabilidade e os pregos aumentaram e varias empresas paralisaram sua
producdo. Ocorreu falta de vacinas e as autoridades publicas de saude ficaram em
alerta para o retorno de doencas epidémicas. Para reduzir a responsabilidade e
atender as questdes de saude publica, o Congresso dos EUA aprovou o National
Childhood Vaccine Injury Act (NCVIA) em 1986. Este ato foi influente de varias
maneiras (CDC, 2008).

O NCVIA estabeleceu um comité do Instituto de Medicina (EUA) para rever a
literatura disponivel sobre efeitos adversos de vacinas. Este grupo concluiu que
havia limitacdes no conhecimento sobre os riscos associados as vacinas. Dos 76
efeitos adversos revistos para estabelecer uma relagdo causal, 50 (66%) nao
tinham nenhuma ou possuiam pesquisa inadequada para se tomar uma decisao
(CHEN & HIBBS, 1998). Especificamente, o Instituto de Medicina (EUA) identificou

0s seguintes problemas:

1. Limitado conhecimento dos processos bioldgicos que desencadeiam reagdes
adversas;

2. Informagao incompleta ou inconsistente dos relatos individuais;
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3. Estudos mal desenhados (poucos pacientes envolvidos para o periodo de
tempo);

4. Sistema inadequado de rastrear os eventos adversos as vacinas;

5. Poucos estudos experimentais publicados na literatura médica (CHEN &
HIBBS, 1998).

Progressos significativos foram obtidos nos ultimos anos para monitorar efeitos
adversos e conduzir pesquisa relevante a seguranga das vacinas (BRINK &
HINMAN, 1989; FREED et al., 1996).

Para tentar manter estes efeitos dentro de limites aceitaveis, o teste de
pirogénio € realizado (METZ et al., 2002). Testes de seguranga sao realizados
também para prevenir efeitos adversos mais sérios. Um problema potencial de
vacinas atenuadas € a reversdao de patogenicidade. Um risco potencial das
vacinas com agentes inativados é que eles nao estejam completamente inativados

ou detoxificados. Varios acidentes ja ocorreram, como ja descrito no Quadro 5.

1.2.2. Manifestagoes contra a utilizagao de vacinas

Comprovadamente, no final do século XIX, as taxas de mortalidade ja estavam
declinando, antes do inicio do uso da imunoterapia e profilaxia, assim, o aumento
da expectativa de vida devido primariamente a uma redugdo de mortes por
doencas infecciosas, poderia ser fortemente atribuido a melhoria na nutricdo, das
condigbes de vida e de trabalho, de higiene e das condi¢bes sanitarias
(McKEOWN, 1979).

A oposicdo a utilizacdo de vacinas € tao antiga quanto as mesmas, tendo
surgido com a introdugao da vacina de Jenner. Entretanto, o movimento contra as
vacinas permaneceu discreto e ineficaz a despeito de motins contra vacinas
dentro do Reino Unido porque os interesses imaginarios ou reais sobre a
seguranga vacinal eram de relevancia secundaria comparados aos beneficios
Obvios do controle das enfermidades. O sucesso das vacinas em controlar e em

eliminar doengas tem, paradoxalmente, sido a causa de um retorno de um
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movimento contra as vacinas (CLASSEN, 2008; K.N.O.W. VACCINES, 2008;
GLOBAL VACCINES INSTITUTE, 2008). Nos paises desenvolvidos, apds o
controle de muitas doencas infecciosas comuns no passado como a difteria, o
tétano, a poliomielite, o sarampo, a rubéola e a caxumba muitos acreditam que a
vacinagdo nao seria somente desnecessaria, mas até mesmo perigosa. Isto
porque consideram como ‘reagbes” todos agravos de saude que ocorram em

seguida a administragdo da vacina (ANDRE, 2002).

Longe de se esgotar, a historia da resisténcia organizada contra a vacina e do
debate gerado a partir dai tem, por vezes, caminhado para posicdées menos
dispares e mais confluentes nas quais setores contra as vacinas tém apregoado
nao serem sistematicamente contra a vacinacdo, mas sim contra a vacinacao
sistematica (PONTE, 2003).

O Quadro 6 compara a frequéncia de reagcdes adversas provenientes de dados
de vigilancia pés-imunizacdo com dados de morbidade de infec¢cbes naturais de
casos de pertussis. Pode ser visto que a vacinagao apresenta 6tima relagao custo-

eficacia.

QUADRO 6 - Beneficios da vacinagao comparados aos casos naturais de

pertussis
Incidéncia
(N° por 100.000 casos)
apos:

Reacbes Proporgao
Adversas Infeccdo  Vacinagéo Infecgao/vacinagao
Choque . 15,0 .
Convulsdes 4000 45,0 89
Encefalite 2000 1,5 1300
Dano cerebral permanente 1300 0,3 4300
Morte 2000 0,2 10.000

GALAZKA et al. (1984)
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1.3. ESTAGIO ATUAL DOS IMUNOBIOLOGICOS

Atualmente, os Imunobiolégicos sdo considerados as ferramentas de melhor
custo/beneficio na prevengdo de doencgas infecto-contagiosas. Como exemplo,
estima-se que a imunizacdo salve a vida de 3 milhdes de criancas por ano no
presente, porém, mais 2 milhdes de vidas poderiam ser salvas pelas vacinas
existentes (ANDRE, 2003). Nos proximos anos, a importancia das vacinas
continuara aumentando, devido a emergéncia de bactérias resistentes a
antibioticos como Mycobacterium tuberculosis, o impacto de novas infecgdes virais
como o virus da imunodeficiéncia humano (HIV) e Sindrome Respiratoria Aguda
Grave (SARS), aumento das ameacas bioldgicas (e.g. variola e antrax), viagens
globais e turismo (HENDRIKSEN, 2005). Em 2003, 26 vacinas contra agentes
infecciosos estavam disponiveis no mercado (ANDRE, 2003). De 2003 a 2008
pelo menos mais nove vacinas foram licenciadas nos EUA (PEDIATRICIAN’S
GUIDE, 2008).

As vacinas podem ser classificadas de acordo com sua metodologia de

produgdo como:

Primeira geragao: Principio desenvolvido por Pasteur, baseadas na
utilizacdo de micro-organismos completos atenuados ou inativados ou toxinas
detoxificadas. Agentes fisicos ou quimicos sao utilizados na inativagdo como calor
ou formaldeido. Este tipo de vacinas € caracterizado por uma alta complexidade
na composicado e estrutura. Exemplos deste tipo de vacinas sao: vacinas contra

Raiva, DTP, BCG e vacinas virais (i.e., polio, sarampo, rubéola).

Segunda geragao: Baseada no principio das sub-unidades, que consiste no
isolamento e na purificagdo dos componentes antigenénicos (epitopos
antigénicos) dos micro-organismos responsaveis por uma resposta imunologica
protetora. Exemplos deste tipo de vacinas s&o: vacina contra Influenza
(glicoproteina da membrana, hemaglutinina — HA e neuraminidase, NA), contra
hepatite B (Antigeno HBs) e pertussis acelular (flamentos de hemaglutinina e

toxina pertussis).
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Terceira geragao: Baseada na tecnologia do DNA recombinante (rDNA)
com inser¢ao de um ou mais genes de micro-organismos codificando proteinas
relevantes em sistemas hospedeiros como virus (vaccinia, adenovirus), leveduras
ou células animais. A expressdo destes genes induz a imunidade apos a
administracdo. Exemplo: vacina contra hepatite B derivada de leveduras e células
de ovario de hamster chinés (CHO cells) (rHBsAg). Entretanto a maioria destas
vacinas produzidas experimentalmente ainda ndo passou pela fase de registro

oficial.

Novas estratégias de produgdo de vacinas tém resultado em produtos mais
definidos, mas com menores estruturas antigénicas como sub-unidades e
peptideos. Estes produtos sdo menos imunogénicos comparados com vacinas
celulares. Em adicdo, algumas vacinas novas requerem modulagdo da resposta

imune para a imunidade mediada por células.

Os unicos adjuvantes aprovados para o uso em humanos sao o hidréxido e
fosfato de Aluminio. Esforgos significativos séao feitos hoje para desenvolver novas
geragdes de adjuvantes (HENDRIKSEN, 2005).

1.4. SISTEMA DE GARANTIA DA QUALIDADE

Atualmente, a qualidade de vacinas € crescentemente garantida pelo uso de
processos de produgao robustos e reprodutiveis. Agéncias reguladoras como
“Food and Drug Administration” (FDA) e “European Directorate for the Quality of
Medicines” (EDQM) — Farmacopéia Européia (Ph. Eur.), publicam requerimentos e
guias para garantir niveis de qualidade minimos, porém elevados (CASTLE,
1996).

Um dos requerimentos das Boas Praticas de Fabricagdo correntes (cGMP) é
que os fabricantes de produtos médicos, incluindo drogas e equipamentos,
tenham um programa de garantia da qualidade (CHRISTIANSEN, 1998).

14



Garantia da qualidade € um sistema completo de abordagem para garantir a
seguranca e eficacia de produtos acabados. Vai além da simples inspecéo e teste.
O controle da qualidade € normalmente considerado um sub-item do sistema de
garantia da qualidade. E o mais basico ou mais simples tipo de programa da
qualidade. Controle da qualidade primariamente consiste de inspecdes e testes
como meio inicial de detectar defeitos e é apenas parte do sistema de Garantia da
Qualidade (CHRISTIANSEN, 1998).

Alguns dos métodos usados para produtos derivados de biotecnologia sdo os
mesmo usados para produtos farmacéuticos tradicionais incluindo esterilidade do
produto, testes de seguranca em animais e poténcia. O uso de padrdes de
referéncia e métodos de ensaio validados para contaminantes e impurezas é
similar. A diferenca fundamental entre o sistema de controle da qualidade para
produtos derivados de processos biotecnologicos e outros produtos farmacéuticos
estda nos métodos usados para determinar as caracteristicas do produto:
identidade, pureza e perfil de impurezas. Frequentemente, uma combinagao de
testes do produto final, testes em-producdo e validacdo de processo sao
necessarios. A complexidade desta combinagéo pode ser relacionada ao processo
de producgado usado. Parte do controle da qualidade de produtos derivados de
células €& a completa -caracterizagcdo da linhagem celular, passando
retrospectivamente por todas as fases até a origem da linhagem celular. A
caracterizacdo pode incluir testes para agentes adventicios, fenotipagem e

resisténcia a antibioticos.

Com a finalidade de liberar um lote de um produto bioldgico, seus dados devem
ser submetidos a agencias reguladoras para demonstrar que o produto alcanga os

critérios bioldgicos criticos (SCHIFF et al., 1992).

14.1. Uso de animais de laboratério no controle da qualidade de

imunobiolégicos

Testes em animais desempenham papel fundamental na pesquisa, no

desenvolvimento e no controle da qualidade de rotina de vacinas humanas. No
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mundo, o uso estimado é de 10 milhdes de animais de laboratério por ano, para a
produgdo e controle da qualidade de imunobioldgicos, dos quais 80% séao
necessarios para testar seguranca e poténcia nos produtos finais (liberagdo de

lotes).

O Quadro 7 descreve as fases de desenvolvimento de uma nova vacina, sendo
0 processo longo, oneroso e complexo, podendo levar até 12 anos (SANOFI
PASTEUR, 2008).

QUADRUO 7 - Ciclo de desenvolvimento de vacinas.

Fase Importancia
Estagio Entender sobre a doencga, seus dados epidemioldgicos e
exploratorio antigenos préprios a serem usados na prevengao ou

tratamento da doenca

Estagio pré-clinico Avaliar a seguranga do antigeno e selecionar a melhor vacina
candidata, estudos em animais de laboratorio e em células

Desenvolvimento De 10 (fase I) a 1000 pessoas (fase lll) serdo envolvidas nos
clinico estudos clinicos e os primeiros lotes serdo produzidos (lotes
clinicos e lotes industriais para avaliagéo)

Aprovacao Todos os dados coletados durante os estagios precedentes
regulatéria sao submetidos as autoridades de saude pertinentes para a
aprovacao.

Processo de = 22 meses para producgao de cada lote de vacina

producao
Controle da Aproximadamente 70% do tempo de produgéo é dedicado ao
qualidade controle da qualidade

Fonte: SANOFI PASTEUR (2008).

1.4.2. Ensaios de Poténcia

Requerimentos legais determinam que cada lote de vacina produzido tenha seu
potencial de indugdo de imunidade protetora, apds a sua administragcao, testado.
Existe uma fundamental diferenga no planejamento de testes para vacinas com
agentes viaveis ou inativados. No primeiro caso, i.e., vacina de Bacillus Calmette-
Guerin (BCG) e vacina polio oral (OPV), a eficacia de cada lote de vacina é

relacionada ao numero de particulas, determinado tanto pela contagem ou
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titulacdo, que é, inteiramente avaliada in vitro. Testes in vivo apenas sao

realizados no caso de novas cepas sementes (METZ et al., 2002).

Diferentemente das vacinas com agentes viaveis que sao quantificadas por
titulacdo in vitro, ensaios de poténcia in vivo sdo necessarios para cada lote de
vacina inativada. Um numero de excegdes existe, como o caso do teste de
poténcia de Imunodifusdo Radial Simples para vacina de influenza e EIE (ensaio
Imuno-enzimatico) para vacina de hepatite B de antigeno recombinante.
Geralmente, poténcia de vacinas de uso humano € realizada em um teste de
imunizagado-desafio usando pequenos roedores (ratos ou camundongos) como

modelos experimentais.

Dependendo do tipo de vacina, diferentes “end-points” sdo usados, como taxas
de morte/sobrevivéncia (vacina celular contra pertussis, toxoide diftérico e toxdide
tetdnico e Raiva), sinais clinicos (difteria e tétano) ou colonizagao (pertussis
celular e acelular). Estabelecendo uma curva dose-resposta em paralelo a uma
preparacao de referéncia com titulo conhecido em unidades internacionais (Ul/ml),
a poténcia de uma vacina é expressa em unidades da preparagao de referéncia,

incluindo o intervalo de confiangca de 95%.

Porém, um modelo de desafio nem sempre esta disponivel, naqueles casos em
que o teste de poténcia é limitado a sorologia: apds a imunizagao a resposta de
anticorpos pode ser determinada pela habilidade de neutralizar o patégeno in vitro

ou sua habilidade para matar bactérias na presenca de complemento.

De natureza mais fundamental é a questao de quanto os ensaios de poténcia
atuais justificam o uso extenso de animais de laboratério. E comum encontrar
grandes variagdes nos resultados entre laboratérios, muito provavelmente devido
as diferencas genéticas dos animais utilizados (FESTING, 1994). Assim, a maioria

dos ensaios de poténcia apresenta uma pobre reprodutibilidade.
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Em adigdo, a relevancia dos modelos animais para a situagdo humana tem
mudado e os testes em animais tém se tornado muito caros e se tornardo ainda

mais em um futuro préximo.

O numero de animais usados para controle da qualidade de vacinas pode ser
reduzido drasticamente se as vacinas forem mais bem caracterizadas. O FDA usa
a definicdo de bioldgico bem-caracterizado para determinar qual produto pode ser
isento da liberacao lote-a-lote (ZOON & GARNICK, 1998). Atualmente, a definicdo
de bioldgico bem-caracterizado é: “‘uma entidade quimica da qual identidade,
pureza, impurezas, seguranga, poténcia e qualidade podem ser determinadas e
controladas” (ZOON, 1998). Porém, muitas das vacinas usadas hoje ndo séao
biolégicos bem-caracterizados e, portanto, a liberagado de seus lotes permanecera

mandataria.
1.4.3. Padroes e preparagoes de Referéncia

Para vacinas tradicionais como DTP, Raiva ou erisipela, a poténcia € expressa
como valor relativo. Isto é através da comparacao da poténcia de uma vacina teste
com uma vacina de referéncia. A OMS, a Ph. Eur. ou as autoridades Nacionais de
Controle provéem esses padrdes ou preparacdes de referéncia. Comparagdes
entre as vacinas teste e de referéncia sdo baseadas em ensaios multi-dilui¢cao,
que sao realizados para registro e para liberacdo da poténcia de lotes. Esta
abordagem usa grande numero de animais, entretanto, isto ja foi reconhecido e
alguns “guidelines” hoje permitem o uso de testes com dose unica (HALDER,
2001).

Também fica evidente que com o desenvolvimento de novas vacinas, as
autoridades de controle e produtores terdo que lidar mais e mais com aspectos de
produtos especificos, ou seja, duas vacinas de dois diferentes produtores contra
um mesmo agente, ndo podem ser comparadas, por apresentarem metodologia
de produgdo, composigao (e.g. adjuvantes, estabilizadores, antigenos, epitopos,
sequéncia genética) e metodologia de determinacdo da poténcia inteiramente

diferentes, por isso, o0 uso de um unico padrao universal em todo o mundo, contra
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0 qual seria valido testar todos produtos, ndo sera mais possivel. Para novas
vacinas, por exemplo, vacinas de Haemophilus influenza b, de hepatite B
recombinante, de pertussis acelular e certamente as novas combinacdes de
vacinas a tendéncia é de que os produtores usem padrdes clinicos para testar a
consisténcia de producao, i.e., um padrao clinico € um lote de vacina, que tenha

sido usado em estudos clinicos e demonstrado ser eficaz (DOBBELAER, 2000).

1.4.4. Abordagem da consisténcia de producgao

Consisténcia é um conceito antigo que visa garantir a liberagao ininterrupta de
produtos eficazes e seguros e estava previsto no “The Viruses, Serums Act’
(USDA, 1913). A abordagem de consisténcia implica no uso de um conjunto de
parametros para constituir um perfil de produto (e.g. conteudo antigénico,
integridadede antigénica) que pode substituir os testes para liberagdo correntes
(HENDRIKSEN, 2006).

O perfil de um produto € estabelecido para satisfazer os reguladores no
momento do licenciamento e é monitorado durante a producédo sob um sistema de
qualidade estrito. Os perfiis de produto garantem que cada lote liberado seja
similar a uma vacina produtor-especifica cuja seguranca e qualidade foram
comprovadas, € que todas as caracteristicas concordem, com as do produto
licenciado, e que os resultados obtidos pelo produtor e pelo regulador também

sejam concordantes.

Esta abordagem pode levar a uma redugdo no uso de animais, desde que um
pequeno conjunto de bioensaios com animais por lote final, com limitado poder de
prever o comportamento da vacina em uma populagao alvo, seja substituido por
uma bateria de ensaios significativos com capacidade ampliada (Hendriksen,
2006). Uma melhor condugdo na consisténcia de producédo através de testes
durante o processamento tem permitido simplificacdo da liberacdo de protocolos
(JONES & CURRIE, 1991). Em particular, relacionado ao uso de testes in vitro,

enquanto mantendo a capacidade de demonstrar equivaléncia com lotes clinicos.
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Na abordagem atual, cada lote €& considerado unico e ¢ testado
independentemente para segurangca e poténcia, porém, existem ainda outras
novas abordagens como a harmonizagao internacional e o reconhecimento mutuo
(ja realizado na Europa), onde um produto sé € testado pela autoridade do pais
onde é produzido. Os paises da comunidade européia que importam o produto

reconhecem e aceitam a validade dos testes realizados.
1.5. IMUNOBIOLOGICOS PARA RAIVA

Embora tenha sido uma das primeiras doencas humanas a ter uma vacina
experimentalmente desenvolvida usada com sucesso em 1885 (VODOPIJA &
CLARCK, 1991), dados publicados pela OMS, colocam a Raiva (rabhas,
Sanscrito: cometer violéncia), atualmente, ainda entre as dez causas mais comuns

de mortes humanas no mundo (Figura 1).

Uma vez iniciados os sintomas, a doenca é quase invariavelmente fatal e a
notificacdo freqlientemente é incompleta. Ainda que medidas efetivas e nao
onerosas de controle estejam bem estabelecidas, sua aplicagdo em paises em
desenvolvimento é impedida por uma série de fatores econdmicos, politicos e
sociais e é estimado que mais de 55.000 mortes humanas ocorram anualmente,

das quais, mais de 95%, ocorram na Africa e Asia (WHO, 2006).

Porém, quando as novas vacinas produzidas em cultivo celular, como as de
Células Dipléides Humanas (HDCV), Purificada de Células Vero (PVCV),
Purificada de Embrido de Galinha (PCECV), sdo usadas apropriadamente, podem
prover 100% de protecdo com alto grau de seguranga, independentemente da
linhagem celular utilizada (DRESSEN, 1997).

No entanto, € bem conhecido que a vacinagéo pos-exposigao somente, pode
nao ser suficiente, especialmente em casos de exposicdo grave (grau 3) onde
imunizacdo passiva concomitante com Imunoglobulinas (Ig) G €& fortemente
aconselhavel (WHO, 2007).
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Soros de origem animal ou humana ou plasma contendo anticorpos tém sido
usados mundialmente para a profilaxia e terapia de doencgas infecciosas de origem
conhecida e desconhecida desde o final de 1800s (CASADEVALL,1999), mas
para sua utilizacdo na Raiva, apenas na década de 1950 foi possivel comprovar
gue a administragdo da combinagao de vacina e soro € mais eficaz na prevengao
da Raiva apds exposi¢cao grave do que administragdo de vacinal apenas (WHO,
2007). Isto foi feito quando HABEL & KOPROWSKI (1955), avaliaram o estudo

clinico realizado com 28 de 29 pessoas mordidas por um lobo raivoso no Iran.

Presence/ Absence of Rabies worldwide - 2006

Rabies absent
Rabies present

D No data available World Health

/ Organization

FIGURA 1 — Mapa mundial demonstrando paises com presenga e auséncia de
Raiva. Fonte (http://www.who.int/rabies/rabiesoccurence2006.JPG, consultado
em dezembro 2008)

Ha trés classes de IgG contra Raiva disponiveis atualmente para imunizagao
passiva: a) Ig anti-rabica humana (HRIG); b) Ig anti-rabica equina (ERIG); c)
Fragcbes F(ab’)2 altamente purificadas produzidas a partir de Ig equina (WHO,

2004). Estas devem ser usadas de acordo com as recomendag¢des da OMS nas
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dosagens de 20Ul/kg de peso e 40Ul/Kg de peso respectivamente, aplicados em

dose unica e longe do sitio de inoculagéo da vacina (WHO, 2007).

A escassez de Ig representa um problema real em saude publica e um novo
desafio. De acordo com um estudo da OMS, a vasta maioria de 7,6 milhdes de
esquemas de vacinagao pés-exposicao realizados mundialmente em 2000 foram

feitos sem a utilizagao de Ig devido a sua falta (WHO, 1997).

Os requerimentos de poténcia para as vacinas descritas na Farmacopéia
Brasileira, (Ph. Bras.) (FARMACOPEIA BRASILEIRA, 2004) sdo de no minimo 1
Ul/ml para a vacina produzida em cérebro de camundongos lactentes (VCCL) e

2,5 Ul/dose para as vacinas produzidas em cultivo celular.

A dose em geral é de 1 ml para as VCCL e de 0,5 ml para a vacina em células
Vero tanto para o regime pré-exposi¢ao quanto para o regime pos-exposicao. As
vacinas contra Raiva induzem uma resposta imune ativa que inclui a producao de
anticorpos virus-neutralizantes. A producado de anticorpos leva aproximadamente
de 7 a 10 dias para ocorrer e anticorpos neutralizantes detectaveis contra o virus

rabico podem persistir por varios anos.

A administracdo de Ig anti-rdbica € feita para prover anticorpos virus
neutralizantes durante o espago de tempo entre a administracdo da vacina e a
produgcédo de anticorpos. Uso de imunoglobulinas anti-rabicas prové uma rapida,
imunidade passiva que persiste por um curto periodo de tempo (vida média de
aproximadamente 21 dias) (CABASSO et al. 1971).

Os gastos econdbmicos com a Raiva nos paises em desenvolvimento sdo
estimados em US$ 560 milhdes, por ano, com profilaxia pds-exposigdo (WHO,
2006).

Para o controle efetivo é necessario realizar bloqueios de foco (em até 72 h),
manter altas coberturas vacinais caninas; recolher animais suspeitos; realizar o

censo canino; promover educacdo em saude; prover profilaxia adequada em
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tempo oportuno e garantir a realizacdo do esquema de vacinagdo completo
(SVS/MS - 2008).

As Figuras 2 e 3 mostram a evolugdo da Raiva canina e humana no Brasil de
1970 a 2008. O controle da doenca em caes refletiu no controle da doenca em
humanos. O aparente aumento na década de 1970 denota a ampliacao da rede de
laboratérios de diagnostico no Pais, assim como principalmente uma maior
conscientizagdo e certamente isto acarretou apenas uma drastica, porém néo

completa reducéo na sub-notificagdo da doenca.
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FIGURA 2 — Numero de casos de Raiva canina e Raiva humana transmitida por
caes no Brasil, de 1970 a 2008.
Fonte: SIEPI / OPAS | PANAFTOSA, dezembro de 2008,
(www.siepi.panaftosa.org.br)
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FIGURA 3 — Numero de casos de Raiva Humana transmitida por caes no Brasil,
de 1970 a 2008.

Fonte: SIEPI / OPAS |/ PANAFTOSA, dezembro de 2008,
(www.siepi.panaftosa.orq.br)

1.5.1. Vacinas contra Raiva no Brasil

A histéria da luta contra a Raiva no Brasil € antiga. Em fevereiro de 1888,
meses antes da inauguracédo do grande instituto parisiense, D. Pedro Il ja havia
fundado o Instituto Pasteur do Rio de Janeiro, ambos nasceram com a finalidade
de difundir a vacina contra Raiva (BENCHIMOL, 1999). Em 1903, foi também
fundado em Sao Paulo o Instituto Pasteur, como instituicdo de carater privado,
com objetivos cientificos e humanitarios (INSTITUTO PASTEUR de SP, 2008).

Porém a Raiva urbana permaneceu endémica no Brasil por muito tempo e em
1973, foi criado o Programa Nacional de Profilaxia da Raiva (PNPR), mediante
convénio firmado entre os Ministérios da Saude e da Agricultura, Central de
Medicamentos (CEME) e a Organizagdo Pan-americana de Saude (OMS-OPAS).
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A vacina Fuenzalida (FUENZALIDA & PALACIOS, 1955), apesar de introduzida no
Brasil em 1965, foi escolhida somente a partir deste ano, dentre as varias vacinas
até entdo produzidas no Pais, como a que melhor atenderia as exigéncias do
PNPR, sendo produzida, a partir dai, com a adogcdo da inativacdo pela
beta-propriolactona (SILVA et al., 1967; MARKUS et al., 1971). Testes e padroes

foram também adotados para o controle da qualidade de sua producgao.

Esta vacina vem sendo utilizada no Pais em grande escala para caes e gatos
até o presente, tendo sido utilizada em humanos até 2003, permitindo que a Raiva
fosse controlada com éxito na maior parte do Pais (Figuras 2 e 3), apesar de toda

discussao a respeito de efeitos colaterais causados por tal classe de vacinas.

O estado de Sao Paulo iniciou a utilizagdo da vacina purificada produzida em
células Vero (VERORAB, Aventis Pasteur, Franca) a partir do ano de 2000. Os
demais estados seguiram utilizando a vacina produzida em cérebro de
camundongos lactentes produzida pelo Instituto de Tecnologia do Parana
(TECPAR) até 2003. Neste ano o Instituto Butantan passou a importar e fornecer a
vacina purificada em células Vero ao MS, como fruto de um acordo de

transferéncia de tecnologia com a Aventis Pasteur, produtora francesa da vacina.

No Brasil atualmente s&o utilizadas Imunoglobulinas heterélogas purificadas de
origem equidea produzidas pelo Instituto Butantan (70%) e Instituto Vital Brazil
(30%) e homdlogas (importadas, apenas para casos onde haja reagdo a Ig

equidea).
Todos os lotes de imunobioldgicos contra Raiva sao controlados no INCQS.
1.5.2. Controle da qualidade de Imunobiolégicos para Raiva no Brasil

O Instituto Nacional de Controle da Qualidade em Saude (INCQS), desde a sua
fundacao (1983) centraliza o controle de qualidade das vacinas empregadas pelo
Programa Nacional de Imuniza¢gdes (PONTE, 2003). Os ensaios séo realizados

seguindo as monografias da Ph. Bras.(2004) que esta em sua 4°. edigdo. Nesta
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publicacdo estdo descritas monografias para controle de vacinas contra Raiva
inativadas e soros anti-rabicos de origem equina. Os ensaios bioldgicos
preconizados para estes produtos sdo ensaio de poténcia para vacina e soro e a

deteccgao de virus rabico infeccioso residual da vacina contra Raiva todos in vivo.
1.5.3. Determinagao da poténcia

Certamente era dificil a avaliacdo da poténcia das primeiras vacinas de tecido
nervoso e como resultado raramente isto foi tentado. Com a diminuicdo nas taxas
de casos/exposi¢cdes em humanos, tornou facil assumir que todos os produtos
eram eficazes. Entretanto, o surgimento da primeira vacina ndo derivada de
tecido nervoso, vacina de embrido de pato (VEP) (PECK et al., 1956), levou a um
renovado interesse em padronizacdo de um meio de avaliacdo da capacidade
protetora, frente a sua reduzida antigenicidade, que era contra-balanceada pela
redugdo da perigosa ocorréncia de sequelas do sistema nervoso central. No
presente, com uma variedade extensiva de vacinas de tecido nervoso
(FUENZALIDA & PALACIOS, 1955) e cultivos celulares como a purificada de
células de embrides de galinha (BARTH et al.,, 1996); purificada de células
dipléides humanas (BRANCHE, 1996), células de rim de hamster (FENJE, 1960,
BARTH et al., 1996b) e de células Vero (MONTAGNON & FANGET, 1996) e com
um potencial para adicionais tipos de vacinas produzidos por métodos de
engenharia genética, a necessidade de um método padronizado de avaliagdo da

poténcia protetora de vacinas é evidentemente fundamental.

Nao existe um sistema de animais de laboratério ideal para demonstrar a
eficacia de vacinas contra Raiva administradas apds a exposi¢cdo. Na auséncia
deste sistema, testes laboratoriais baseados em imunizacdo pré-exposicao vém
sendo usados. Normalmente, todos os testes de pré-exposicao utilizam

camundongos.

WEBSTER (1939) descreveu um ensaio para avaliar a poténcia de vacinas
utilizando camundongos albinos suigos inoculados por via i.p. com 1/8 da dose

recomendada para humanos de vacina diluida a 1:10, por trés a seis dias
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consecutivos. Trés semanas apos a primeira imunizagao um desafio com 10 a 100
DL50 i.c. para camundongos era administrada. Por este método, WEBSTER
demonstrou que varias vacinas de tecido nervoso contendo virus viavel e uma
vacina inativada por cloroformio eram agentes efetivos de protegcédo. Entretanto,
apenas uma de 33 preparacdes comerciais de vacinas inativadas pelo fenol para

uso humano, conseguiu proteger camundongos.

No Brasil, as vacinas de uso humano utilizadas pelo MS na prevencao da
Raiva, tém sua poténcia avaliada lote a lote no INCQS/FIOCRUZ, desde 1987,
pelo ensaio de NIH (SELIGMANN, 1966). As vacinas de uso animal inativadas
tiveram sua poténcia avaliada pelo “teste de Habel” até 2003 no Brasil (HABEL,
1940), seguindo as recomendagdes da OMS, o Ministério da Agricultura Pecuaria
e Abastecimento (MAPA) adotou também o ensaio de poténcia NIH para estas

vacinas.

No “teste de Habel’, camundongos de quatro a seis semanas recebem seis
inoculagdes IP de 0,25 mL de vacina contendo 0,5 % de tecido por um periodo de
12 dias. No 14°, dia o desafio é realizado com virus fixo — “Challenge Virus
Standard” (CVS) titulando-se por via i.c. em paralelo nos animais vacinados e
controle. O titulo letal de virus desafio deve ser reduzido pelo menos 1.000 vezes
nos animais vacinados (ou seja uma diferenca de trés logaritmos entre o titulo viral
nos animais vacinados e controle) para a vacina atingir o “titulo minimo

necessario”.

No ensaio de poténcia NIH grupos de camundongos de quatro semanas de
idade recebem duas doses de 0,5 mL de vacina sob teste por via IP com intervalo
de uma semana. Diluigbes de vacina sédo selecionadas de forma que abranjam a
dose protetora 50%. Os camundongos sao desafiados 14 dias apds a primeira
imunizacdo com uma dose de 10 a 50 DLsy de virus CVS por via i.c.. Duas
semanas apos o desafio, a dose efetiva da vacina teste que protege 50% dos
camundongos pode ser calculada (DE50). A DE50 de uma vacina teste é dividida

pela DEsp de uma vacina de referéncia para obter sua poténcia relativa.
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O Comité de Padronizagao Biologica da OMS preparou um padrao internacional
de vacina contra Raiva para ser usado como referéncia pelos produtores de
vacina de diferentes paises. A preparacédo de referéncia consistia de uma vacina
de célula dipléide humana inativada pela Beta-propriolactona e liofilizada. A OMS
encorajou a todos os fabricantes a comparar as vacinas contra Raiva ao padrao
internacional pelo ensaio de poténcia NIH. Tais vacinas apresentam um titulo
expresso em Ul/mL, que sera multiplicado pela valor da relacdo obtida entre a
DEso da vacina teste sobre a DEsy da vacina de referéncia obtendo-se assim o

titulo em Ul/mL da vacina em teste.

No Brasil, os requerimentos minimos de poténcia adotados sao 1,0 Ul/mL para
a vacina Fuenzalida & Palacios e de 2,5 Ul/dose para as vacinas produzidas em
cultivo celular (Farmacopéia Brasileira, 2004). No Quadro 8 podemos ver as
recomendacdes da OMS para os diferentes tipos de vacinas. No Brasil os titulos
para VCCL foram progressivamente aumentados de 0,3 a 0,6 e depois a 1,0

Ul/mL seguindo as mudangas nas recomendagdes da OMS.

QUADRO 8 - Requerimento minimo de poténcia, sugerido pela Organizagao
Mundial de Saude, para os diferentes tipos de vacinas.

Tipos de Vacinas Requerimento de Poténcia No. de Doses
Tecido Nervoso Animais Adultos 0,3 Ul/dose 14
VRH', VCCL? 1,3 Ul/dose 9a10
VCDH®, VPEG*, VPCV® 2,5 Ul/dose 5

(1) Vacina de rim de hamster

(2) Vacina Cérebro de Camundongos Lactentes

(3) Vacina de células dipléides humanas

(4) Vacina purificada de células de embrido de galinha
(5) Vacina purificada de células vero.

1.5.4. Deteccgao de virus rabico infeccioso residual
A Ph. Bras. (2004) preconiza para detecgao de virus rabico infeccioso residual
destas vacinas a inoculagéo da vacina pura em grupos de 20 camundongos de 11

a 15g e de 20 camundongos lactentes de 5 a 10 dias de idade e consequente

acompanhamento por 21 dias. Os animais que morrem durante o ensaio (end-
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point fatal) sdo submetidos ao teste de IFD. Este ensaio € mais rigoroso do que o
preconizado pela OMS (1987).

1.5.5. O conceito dos 3Rs no Controle da Qualidade de imunobiolégicos

Como ja mencionado, muitas das primeiras geragcdes de vacinas ainda estao
em producdo usando técnicas de inativacdo/detoxificagdo ou atenuacdo de um
microrganismo virulento. Devido ao modo como as vacinas tradicionais sao
produzidas, extensos controles da qualidade sdo necessarios e especificacbes
para CQ estédo descritas nas monografias especificas para o produto (METZ et al.,
2002).

Por varios motivos, maior atencao esta sendo dada ao desenvolvimento de
métodos que poderiam substituir (“Replacement”), reduzir (“Reduction”) e refinar

(“Refinement”) o uso de animais de laboratorio. Estes incluem:

. consciéncia sobre o0 uso extensivo e dos niveis substanciais de sofrimento e
estresse infligidos aos animais;

. a relevancia questionavel de alguns modelos animais, como 0s ensaios de
poténcia da propria vacina contra Raiva e da vacina de pertussis celular que
apresentam reprodutibilidade muito baixa;

. 0 fato que testes animais sdo demorados e interferem nos tempos de vida
limitados das vacinas.;

. novos desenvolvimentos e estratégias na produgcdo de vacinas como
padronizagdo de processos, a introdugado das boas praticas de produgdo (GMP -
“Good Manufacturing Practices”) e a Garantia da Qualidade e Controles em
Processo, que fazem o controle da qualidade extensivo menos relevante e até

supérfluo.

Revisbes extensivas dos desenvolvimentos dos 3Rs tem sido publicadas
(HENDRIKSEN, 1988; WEISSER & HECHLER, 1997; HALDER, 2001). Um

resumo de alguns dos avangos € apresentado no Quadro 9.
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QUADRO 9. Resumo dos maiores desenvolvimentos em 3Rs no controle da
qualidade de vacinas.

Vacina Teste Animal Alternativa 3Rs

Toxodides Teste de poténcia baseado em  Teste de poténcia baseado em
procedimento de desafio sorologia

Todas Teste de toxicidade anormal Removido das especificacdes’

Hepatitis B Teste de poténcia em Método in vitro (EIE?)
camundongos

Pdlio (viva) Neuro-viruléncia em macacos Ensaio MAPREC? e teste em
camundongos transgénicos

Vacinas Procedimentos de desafio Letal Uso dos “end-point” humanitarios
relevantes

(1) Removido das monografias das Farmacopéias Européia e Brasileira, porém, continua
especificado por outros 6rgaos reguladores

(2) Ensaio Imuno Enzimatico

(3) Mutant analysis by PCR and Restriction Enzyme Cleavage

1.6. RELEVANCIA DESTE TRABALHO

Testes em animais desempenham um papel crucial em pesquisa e
desenvolvimento e no controle da qualidade de vacinas de uso humano. Ensaios
de controle da qualidade de vacinas, in vivo assim como in vitro, sao importantes
estagios no estudo das vacinas, durante a pesquisa e desenvolvimento, durante a

producao de rotina e apos a producgao, na liberagao de lotes.

Em 1959 o livro “The Principles of Humane Experimental Technique” foi
publicado por RUSSEL & BURCH (1959). Embora o livro s6 tenha obtido
reconhecimento na década de 1970, serviu como pedra fundamental na
experimentacdo animal que deu origem ao conceito dos 3Rs (Reduction,
Refinement and Replacement). Pode ser definido como: Replacement
(substituicdo), substituir animais vivos conscientes por material insensivel;
Reduction (redugdo), reduzir o numero de animais para obter uma dada
quantidade de precisdo; Refinement (refinamento) evitar procedimentos

desumanos em animais de laboratério (METZ et al., 2002).
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Os 3Rs de RUSSELL & BURCH sdo uma meta de valor reconhecido para o
bem estar animal (ARK et al., 2000). Além de eticamente questionaveis, os
ensaios in vivo apresentam varias desvantagens (i.e. sdo dispendiosos, pouco

exatos e de longa duracéo).

Russell & Burch acreditaram que seguir o principio dos 3Rs poderia resultar em
um tratamento mais humanitario e ético dos animais. Estes conceitos estdo sendo
adotados por um grande numero de cientistas e organizagbes protetoras de

animais e estao sendo inseridos em leis de varios paises.

Nas décadas recentes, o uso do principio dos 3Rs também tem sido
reconhecido pelos 6rgdos reguladores (como a Ph. Eur. e FDA) e varias
autoridades internacionais, tendo sido incorporado em monografias e normas.
Varios testes com relevancia questionavel foram removidos das monografias da
Ph. Eur. (como o teste de toxicidade inespecifica e testes de agentes infecciosos
adventicios para vacinas de carnivoros) ou sao realizados apenas durante a
producdo. Reducdo do numero de animais usados pode ser atingida pela
introducdo de testes de diluicdo unica. Um grande numero de testes imuno-
quimicos foi desenvolvido, que podem completamente ou parcialmente, substituir
0 uso de animais para os ensaios de poténcia (e.g. ToBl e EIE para ensaio de
poténcia de vacina veterinaria e humana contra tétano; EIE para poténcia de

vacinas contra erisipela).

A aceitagdo pela autoridade reguladora de meétodos alternativos validados
continua sendo uma etapa critica. Em particular, o periodo entre validacao
satisfatéria e a implementagdo, em geral, € longo demais. Razbes para isto
poderiam ser: a) o processo lento para concordancia multinacional rever as
monografias de farmacopéias e normas e b) a demorada e onerosa produgéo de
materiais de referéncia (antigenos, soros etc) para os novos sistemas (HALDER,
2001).
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Embora a sociedade aceite que animais sejam usados para estes propositos,
ha um forte incentivo publico para que esta situagcéo so6 seja aceita em casos onde
nao existam métodos alternativos. Além disto, ha forte pressao para a combinagao
entre segurancga e eficacia de produtos e o bem estar animal (DOBBELAER,
2000).

No Brasil, em 2008, apds 12 anos de tramitagédo foi promulgada a Lei 11.794,
proposta pelo Sanitarista Sérgio Arouca, que trata do uso de animais na
experimentagcdo animal. A Lei trds consistente regulamentacdo e normatizagao

Federal para o uso dos animais.

Cabera a comunidade cientifica dar forma ao estabelecido na lei e por
consequéncia gerar um ambiente propicio para o bem estar animal. Um passo
simples e fundamental para que a aplicabilidade da Lei seja real, € que todas as

Instituicdes de Ensino e Pesquisa constituam suas comissdes de ética.

Dentre os diversos pontos importantes previstos na Lei destacam-se os

seguintes:

e a criacdo do Conselho Nacional de Controle de Experimentagcao Animal -
CONCEA, como é6rgéo normatizador, credenciador, supervisor e controlador das
atividades de ensino e de pesquisa com animais, inclusive monitorando e
avaliando a introducdo de métodos alternativos que substituam os animais em
ensino e pesquisa;

« a criacdo das Comissdes de Etica no Uso de Animais - CEUAS, que serdo
obrigatdrias em todas as instituicbes que pratiquem a experimentagao animal e

o a definicdo das Penalidades aplicadas as instituicdes ou aos profissionais

pelo emprego indevido das normas ou mesmo dos proprios animais.

Na FIOCRUZ, a CEUA esta encarregada de emitir pareceres quanto aos
aspectos éticos de todos os procedimentos envolvendo animais, considerando a
relevancia do proposito cientifico e o impacto de tais atividades sobre a

preservacao da vida, o bem estar e a protecdo dos animais.
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O uso de animais de laboratério foi fundamental no desenvolvimento e na
garantia da qualidade dos produtos imunobiolégicos para Raiva, no entanto,
atualmente, com o avangado estagio de desenvolvimento tecnoldgico das técnicas
de laboratério e da consciéncia ética, esforcos devem ser dirigidos para a
racionalizacdo no uso destes animais no controle da qualidade daqueles produtos.
A proposta desta pesquisa é aplicar na pratica o conceito dos 3Rs de RUSSELL &
BURCH (1959) nos ensaios realizados para a liberacdo de lotes de

imunobioldgicos para Raiva de uso humano preconizados pela Ph. Bras.
2. OBJETIVOS
2.1. OBJETIVO GERAL

Aplicar o conceito dos 3Rs nos ensaios realizados para controle da qualidade
de imunobioldgicos para Raiva no INCQS.

2.2. OBJETIVOS ESPECIFICOS

. Padronizar e validar uma técnica in vitro baseada na RFFIT, como alternativa
ao ensaio de poténcia in vivo para soro anti-rabico.

. Avaliar, retrospectivamente, uma redugéo no numero de animais no ensaio de
poténcia NIH para vacina contra Raiva.

. Avaliar os efeitos de uma Reducédo no numero de animais, de um Refinamento
na execucado e a sensibilidade de uma técnica in vitro para detecgao de virus

rabico infeccioso residual em vacinas contra Raiva.
3. RESULTADOS

Optamos por apresentar os resultados obtidos na tese no formato de coletanea
de artigos cientificos, com a apresentagao de trés manuscritos. Dois submetidos e
um nao submetido. O Manuscrito 1 foi publicado em 2008, o Manuscrito 2 em
2009. O terceiro manuscrito sera submetido futuramente. Os materiais e métodos

estao descritos em cada manuscrito.
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3.1 - MANUSCRITO 1

Validation of a virus neutralization potency test in BHK-21 cells for rabies
immunoglobulins in a two-center study (Journal of Virological Methods, 2008, 154,
7-13, doi:10.1016/j.jviromet.2008.09.010). Disponivel no Anexo 1 na formatacao
original.
Aceito em 15/09/2008.

Ms. Ref. No.: VIRMET-D-08-00242R2

Title: Validation of a virus neutralization potency test in BHK-21 cells for rabies
immunoglobulins in a two-center study

Journal of Virological Methods

Dear Wlamir,

I am pleased to confirm that your paper "Validation of a virus neutralization potency test in
BHK-21 cells for rabies immunoglobulins in a two-center study" has been accepted for
publication in Journal of Virological Methods.

Thank you for submitting your work to this journal.

With kind regards,

A. Zuckerman

Editor-in-Chief
Journal of Virological Methods
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A rabies virus neutralization potency test [VNPT), adapted to microplates from the rapid fluorescent focus
inhibition test (RFFIT) for rabies therapeutic immunoglobulin potency evaluation, was standardized and
validated in a two-center study in Brazil. The two institutes involved in the study were: Instituto Nacional
de Controle de Qualidade em Saiide (Fundagdo Oswaldo Cruz) and Instituto Butantan.

Two equine rabies immunoglobulin samples, all diluted to 11U/ml, were tested against the WHO 2nd
Rabies Human lg International Standard. Four dilutions of the samples and standards were tested with

Keywords:

Rabias the VNPT.
Virus neutralization test The potency of the samples was calculated in IU/ml using the probit method; linearity, accuracy,
REAIT repeatability [intra-assay variation), intermediate precision (inter-assay variation) and reproducibility

(inter-laboratory variation) were assessed to evaluate the reliability of the VNPT. Laboratories were arbi-
trarily coded as Laboratory A and Laboratary B.

The following results were obtained with the International Standard: (a) linearity, the overall coefficient
of correlation of the dose-response curve was —0.97; (b) accuracy, % error of —0.70 (1U/ml); (¢} repeatabil-
ity, 17.06% [Laboratory A} and 11.61% (Laboratory B); (d) intermediate precision, 16.99% (Laboratory A) and
22.05% (Laboratory B); (e) reproducibility, 14.5%. The final conclusion was that VNPT presents satisfactory
linearity, accuracy, repeatability, intermediate precision and reproducibility and is a reliable and suitable
method by which to evaluate rabies immunoglobulin potency.

Validation

©2008 Elsevier BV. All rights reserved.

There are three classes of rabies immunoglobulins (RIG) that
are available currently for passive immunization: (a) human IgGs

1. Introduction

Rabies is a vaccine-preventable disease; however, this disease is
still a significant public health problem in many Asian and African
countries (WHO, 2007a), even though safe and effective vaccines
exist for both human and veterinary use. Post-exposure treatment,
including specific rabies immune globulin when necessary, is rec-
ommended for all cases of potential infection (WHO, 2002).

= (orresponding author at: Departamento de Imunologia, Instituto Nacional de
Controle de Qualidade em Salide, Fundagdo Oswaldo Cruz, Av. Brasil 4365 - Rio de
Janeiro, CEP 21045-900, R], Brazil, Tel.: +55 21 38655230: fax: +55 21 22900915,
E-mail address: wlamirmoura@incqs.fiocruz.br (W.C. de Moura).

0166-0934/$ - see front matter © 2008 Elsevier BV, all rights reserved,
doi:10.1016/j jviromer.2008.09.010

(HRIG), (b} equine I1gGs (ERIG) and (c) highly purified F{ab')2 pro-
duced from ERIG (WHO, 2004). All three must be used according to
WHO recommendations (WHO, 2007b). In Brazil, mainly the highly
purified F(ab')2 class from ERIG is used.

The measurement and standardization of the potency is the
most critical of all quality control tests of RIG, first at the bulk stage
and then in the final vial (Cabasso, 1991).

Virus neutralization assays are used extensively for antibody
detection of rabies, and a great diversity of protocols has been
described. The residual virus infectivity in these tests is determined
by inoculating mice (Fitzgerald, 1996) or cell cultures (Smith et al.,
1973, 1996; Trimarchi et al., 1996; Zalan et al., 1979).
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The mouse virus neutralization assay (MVNA) was the first to be
developed (Atanasiu, 1996; Webster and Dawson, 1935), and due
to its traditional and widespread use, it has been adopted as the
standard technique against which other tests are evaluated (Smith,
1991).

Russell and Burch's concept of 3Rs (replacement, reduction and
refinement) in laboratory animal testing is a recognized worth-
while goal for animal welfare (Ark et al., 2000). It can be defined as:
replacement, to substitute insentient material for conscious living
higher animals; reduction, to reduce the numbers of animals used
to obtain information of given amount and precision; refinement,
to avoid unnecessary inhumane procedures applied to laboratory
animals (for review see Ref. Metz et al., 2002).

Since the precision of in vivo assays is limited (Smith, 1991),
bioassays based on in vitro responses of stable cell lines are com-
monly used. They can provide a biologically relevant method of
testing the product, and they are less variable, less expensive and
less labor-intensive than in vivo assays (Robinson, 2003 ).

A study undertaken by the International Laboratory for Bio-
logical Standards at the Serum Institute in Copenhagen, Denmark
showed that the rapid fluorescent focus inhibition test (RFFIT) is
the best technique for evaluating the potency of RIG (WHO, 1998).
The United States Pharmacopeia (2007) and The European Phar-
macopoeia (EP) {Council of Europe, 2005b) adopted RFFIT as the
official Quality Control potency test for HRIG and ERIG because it is
cheaper, faster, more accurate and more reproducible than in vivo
tests. RFFIT was developed originally by Smith et al. (1973), who
used Lab-Tek chambers. Zalan et al. (1979) were the first to adapt
the technique to 96-well microplates.

The Brazilian National Control Laboratory, Instituto Nacional
de Controle de Qualidade em Saide, a Fundagdo Oswaldo Cruz
unit, is responsible for batch release tests of all the immuno-
biologicals used in Brazil, including HRIG and ERIG. The mouse
virus neutralization assay is the technique described in the Brazil-
ian Pharmacopoeia (Farmacopéia Brasileira, 2004). There are two
national producers of highly purified F(ab")2 from ERIG: Instituto
Butantan, which is responsible for 70% of all ERIG used in the coun-
try, and Instituto Vital Brazil, which is responsible for the other
30%.

An in vitro rabies virus neutralization potency test (VNPT)
that uses BHK-21 cells in 96-well plates from the RFFIT method
described in the EP HRIG monograph (Council of Europe, 2005b)
was standardized between the Instituto Nacional de Controle de
Qualidade em Satide and the Instituto Butantan, the only laborato-
ries that perform the in vitro test in Brazil, as an alternative to the
in vivo assay for potency of therapeutic RIG. Before this standard-
ization, each laboratory had its own protocol for RFFIT that was
adapted to 96-well plates. There were slight differences between
the different protocols, so the unique standardized protocol that
was developed led to a better agreement of results. As a pharma-
copoeial method, RFFIT does not reqguire revalidation; but, with
the adaptation to microplates it was necessary to demonstrate the
method's precision and ability to achieve the suitable detection
level.

Validation is the process by which the reliability and relevance of
a test method are evaluated for the purpose of supporting a specific
use (NIEHS, 1997; Frazier, 1990). The relevance of RFFIT has already
been demonstrated and is accepted due to its very good correlation
with the MVNA (Guillemin et al., 1981a, 1981b; Louie et al., 1975;
Smith, 1991).

A two-center study was performed by the Instituto Nacional
de Controle da Qualidade em Satde and the Instituto Butan-
tan. The primary goal was to establish performance specifications
and validate the assay by demonstrating its reliability (variabil-
ity or imprecision), linearity, accuracy, repeatability (intra-assay

Table 1
Assays performed in each Laboratory for each sample,
Sample Laboratory A Laboratory B Overall no.
152

Replicate no. 5 4

Assay no. 6 5

Result no. 30 20 50
BRO11

Replicate no. 5and2 5

Assay no. 5 4

Result no. 22 20 42
0505085

Replicate no. 5 and 10 4

Assay no. 4 4

Result no. 25 16 41

2 Inrernarional Standard,

variation), intermediate precision (inter-assay variation) and repro-
ducibility (inter-laboratory variation).

2. Materials and methods

A study protocol was established in accordance with the WHO
Good Manufacture Practice guide for analytical assay validations
(WHO, 1997). Instituto Nacional de Controle de Qualidade em Saiide
coordinated the study, and the laboratories were arbitrarily coded
as Laboratory A and Laboratory B.

2.1. Study design and assay performance specifications

(a) Two sera were tested against the WHO 2nd HRIG Interna-
tional Standard (IS) obtained from the National Institute of
Biological Standardization and Control (NIBSC, UK): a Brazilian
Candidate National Standard ERIG (BRO11) and a commercial

Table 2
Parameters evaluated to access the reliability of the VNPT according to WHO [ 1997
protocol,

Parameters Assessment approach References
Linearity {a) Coefficient of {Pikaytis et al., 2000;
correlation of IS 'WHO, 1997; Council of
dose-response curves Europe, 2005a)
(b) Coefficient of
correlation of IS
ED50 x Virus Dose
(c) In all assays, as a
validicy criterion
Accuracy {a) % Error for IU/ml of IS {Plikaytis et al., 2000;
'WHO, 1997)
Repeatability (a) % CV of EDSD of IS {Bland, 2005; Bland
(intra-assay and Altman, 1996;
variation) Bland and Kerry, 1998;

Intermediare precision
(inter-assay
variation)

Reproducibility
{inter-laboratory
variation)

(b) % CV of estimated
sample potencies: BROT1
and 0505085

(a) ¥ CV of EDS0 of IS

(b) % CV of estimated
sample potencies: BRO11
and 0505085

(2) % CV of EDS0 of IS

(b) % CV of estimated
sample potencies: BRO11
and 0505085

'WHO, 1997)

(Same as repeatability)

(Same as repeatability)

% CV, coefficient of variation percent; ED30, effective dose 50%; IS, International

Standard.
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Table 3

Data used for % CV calculation to assess repeatability, intermediate precision and reproducibility.

Repeatability

Intermediate precision Reproducibility

Intra-assay

Overall intra-assay

Inter-assay Inter-laboratory

S.D.? as SRP of Variance per day,

per Laboratory

Laboratory
GM*® Laboratory results Overall per Laboratory
per day results

Mean of variances of
assays per day, per

Overall results
weighted variance per
Laboratory

Overall results
weighted variance
(both Laboratories)

Overall per Laboratory
results

Overall results (both
Laboratories)

References: Bland {20035), Bland and Altman {1996), Bland and Kerry (1998) and WHO {1997).

? Standard deviation,
b Sguare root.
 Geometric mean,

ERIG (batch number 0505085), both produced by the Instituto

Butantan.

(b) The challenge virus strain used was CVS-11 (Pasteur Institute,
Paris, France), which was produced in BHK-21 cells and provided
by the Instituto de Tecnologia do Parand (Parand, Brazil). Each
laboratory used its own working virus batch.

(c) Controls were used in every plate: negative serum, virus titra-
tion and cell culture controls.

(d) Each laboratory tested four twofold dilutions of the three sera
simultaneously on at least four different days with at least four
replicates (Table 1).

(e) The culture medium used was Eagle’s Minimum Essential
Medium (EMEM) supplemented with 5 and 2.5% fetal bovine
serum for cell growth and the assay procedure, respectively.

(f) Replicates were tested in the same plate.

(g) Sera were diluted to 11U/ml. Each sample was tested in four
twofold dilutions to obtain the following dilutions after mixing
with the working virus dilution:

* BRO11: pre-diluted to 1:400; then, the sample was further
diluted from 1:16 to 1:128 (these represent real dilutions of
1:6400 to 1:51,200)

* ERIG 0505085: pre-diluted to 1:200 and then diluted from
1:16 to 1:128 (these represent real dilutions of 1:3200 to
1:25,600)

* IS with 301U/ampoule: pre-diluted to 1:30 and then diluted
from 1:16 to 1:128 (these represent real dilutions of 1:480 to
1:3840).

(h) The CVS working dilution, containing 200 initial CCID50/50 .1,
was added to each well except for the two cell control wells. The
final CVS concentration was 100 final CCID50/50 pl after mixing
with sera dilutions.

(i) Forthevirus neutralization, plates were incubated between 36.5
and 37°C in a humidified incubator with 5% CO; for 90 min.
Afterwards, 50 ] of BHK-21 cells (ATCC, Rockville, USA) sus-
pended in EMEM-2.5 (at a concentration of 7 x 105 to 8 x 103
cells per 50 pl) was added to each well, and the plates with

Table 4
Analyses of linearity using the mean % of fluorescent fields inhibited per dilution of
the WHO Human Rabies Ig 2nd International Standard diluted to contain 1 1U/ml.

Dilution % of response?

Laboratory A, n=30 Laboratory B,n=20 Overall n=50
116 100 (2.00} 100 (2.00) 100 (2.00}
132 63 (1.80) 84(1.92) 73(1.87)
1/64 3(048) 8(0.90) 6(0.74)
1/128° 0(no log) 0(no log) 0(nolog)
Pearson —1.0 —0.96 —0.97
()=logl0.

* Mean of the ® of virus neutralization per dose.
b Not used in the calculation,

infected cells were incubated for 22 h under the same incubation
conditions.

(j) After the medium was discarded, the wells were rinsed once
with PBS and then fixed in cold (-20°C) acetone [80%, v/v) for
15min at room temperature.

(k) Plates were left to dry at room temperature for 10 min, stained
with fluorescein-conjugated rabies antiserum (Bio-Rad, Marnes
la Coquette, France-cat. # 72114), incubated for 30 min at 37 =C
and then rinsed twice with PBS.

(1) The plates were read (eight fields in each well, as recommended
by Zalan et al., 1979) on an inverted fluorescence microscope
at 200x magnification. The results are expressed as the ratio of
fluorescent fields per total fields read.

21.1. Statistical analyses

The raw data from Laboratories A and B were analyzed by INCQS,
and the potency results (IU/ml) andfor IS ED50 were calculated
using a personal computer spreadsheet, developed and validated
following the probit method of Council of Europe, 20054, for each
replicate in each assay of each preparation within each laboratory.
The Geometric Mean (GM) and S.D. (from square root of variances)
were determined in order to calculate the % CV and the root mean
square % CV for the different parameters evaluated (Tables 2 and 3)
(Bland, 2005; Bland and Altman, 1996; Bland and Kerry, 1998;
WHO, 1997). When different numbers of replicates were used, a
weighted % CV was calculated.

Linearity was evaluated using Pearson’s coefficient of correla-
tion and used as a criterion for assay validity. The % error (Plikaytis
et al,, 2000) was calculated to assess the accuracy.

2.2. Assay validity parameters

According to the Council of Europe, 2005b criteria, tests cannot
be considered valid unless:

« With the working virus titration, 50 .| of the suspension contains
between 30 and 300 CCID50

* The dose-response curve has asignificant slope and no significant
deviations from linearity or parallelism.

3. Results
3.1. Linearity

Three approaches were used to evaluate linearity.
3.1.1. The dose-response curve of the IS % of rabies virus
fluorescent fields inhibition

To obtain a normal distribution, a logarithmic base 10 transfor-
mation was performed on the mean % of rabies virus fluorescent
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Table s
Correlation between WHO Human Rabies Ig 2nd International Standard ED50 and
rabies virus titer,

Institute Assay no. ED50? CCID50/50 pl
Reciprocal Logl0 Titer Log10
Laboratory A 1 29.96 147 155.41 2,18
2 40,76 1.61 87.33 1.94
3 41.63 162 64.12 1.81
4 3243 1.51 169.50 223
5 34,60 154 125.89 2,10
6 33.40 152 166.81 2322
Laboratory B 1 56.83 1.75 42,61 1.63
2 34,60 154 84.19 1.83
3 41.06 1.61 106.18 2.03
4 42,60 163 87.98 1.94
Overall GMP 8.16 1.57 100,37 1.89

? Effective dose 50%,
b Geometric mean.

fields inhibited by the IS per dilution (Table 4); then, this data was
plotted as the measurement response (y-axis) against the dilution
concentration (x-axis). The Pearson correlation was obtained for
Laboratory A (—10) and Laboratory B (-0.96), and the overall cor-
relation was —0.97. This data demonstrates a very good inverse
correlation and shows that the method produces a satisfactory lin-
ear response.

3.1.2. The correlation between IS ED50 and rabies virus dose
(expressed as the CCID50 titer)

To obtain a normal distribution, a logarithmic base 10 transfor-
mation was performed on the ED50 of the IS results (Table 5); then,
the mean ED50 for the IS obtained in each assay was tested against
the CCID50 titer of the CVS obtained per assay. The Pearson cor-
relation was obtained for Laboratory A (-0.92) and Laboratory B
[—-0.81), and the overall correlation was —0.90, which is significant
atp=0.01.Fig. 1 presents the spread graphic with the trendline and

Table 6

Individual assay and pooled geometric means of potency values expressed in IU/ml per sample (against WHO Human Rabies Ig 2nd International Standard) with 95%

confidence interval.

1.8

IS ED50
>
L

T T
1.4 1.6 1.8 2.0 2.2 2.4
CVs CCID50

Fig. 1. Spread graphic, showing the trend line and the 95% confidence intervals,
berween the logarithms of the WHO Human Rabies Ig 2" International Standard
ED50 and the Challenge Virus CCID50.

95% confidence intervals. This data shows a good inverse correla-
tion between ED50 and CCID50 titer and that the method produces
a satisfactory linear response.

3.1.3. An assay validity parameter

A routine to evaluate deviations from linearity was included in
the probit spreadsheet, as described in the EP (Council of Europe,
2005a), that was used as a parameter for assay validity; our data
showed no deviation from linearity in any of the tests performed
in the study.

3.2. Accuracy

Since there are no pure standards in biological samples, often
the accuracy cannot truly be assessed with a direct comparison to
aknown standard. As such, we took a practical approach to evaluate
the accuracy of our results.

Sample Laboratory A Laboratory B Overall GM
Assay GM? Range GM Range
1sb 1 30.37 (27.86-36.79) 30,10 (26.97-33.79) -
2 30.27 (26.08-38.23) 30.20 (2479-34.75) -
3 3044 (23.43-3743) 30,04 (29.28-33.06) -
4 30.19 (25.73-33.98) 30.30 (2659-38.21) -
5 30.30 (27.02-39.23) & - -
6 30.05 (26.78-30.86) = - -
GM? 30.27 (28.52-31.56)¢ 30.16 (28.57-31.50)° 30.21 (28.97-31.07)¢
BRO11 1 481.54 (364.05-628.96) 716.23 (640.45-805.77) -
2 310.85 (253.58-364.17) 699.40 (620.15-883.98) -
3 488.94 (448,12-557.66) 609.16 (44856-726.46) -
4 570.58 {553.69-587.97) 704.62 (636.37-74176) -
5 604.84 (487.93-650.40) < - -
GM 487.88 (414.15-528.59)¢ 680.95 (638.01-726.78)¢ 559.43 (511.19-612.22)¢
0505085 1 259.66 (228.16-293.40) 382,22 (22766-320.52) -
2 173.64 (168.02-202.77) 308.05 (264.31-390.88) -
3 325,78 (266.75-342.48) 321.39 (277.06-392.08) -
4 182.54 (142,11-237.53) 379.39 (351.62-426.49) -
GM 217.74 (193.57-244.92)¢ 320.95 (29214-352.59)¢ 25334 (229.60-279.52)

* Geometric mean.

5 International Standard.
¢ Not done.

¢ 95% Confidence interval.
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Table 7

Individual assays and pooled geometric means of ED50 values expressed as a reciprocal of dilution for WHO Human Rabies Ig 2nd International Standard diluted to 1 1U/ml,

with 85% confidence interval,

Sample Assay Laboratory A Laboratory B Overall GM
GM Range GM Range
Is2 1 29,16 (23.06-36.74) 56.83 (51.09-64.00) -
2 40,76 (35.44-51.94) 34.60 (28.59-40.08}) -
3 41.63 (32.00-51.94) 41.06 (40.08-45.25) -
4 3243 (27.82-36.74) 42,60 (37.75-54.26) -
5 34,60 (31.17-45.25) b - -
6 33.40 (29.81-34.36) ] - -
GM* 3B.21 (32.89-37.69)° 43.07 (39.03-47.52)° 38.16 (35.89-40.58)°

? International Standard.
° Not done.

¢ Geometric mearn,

¢ 95% Confidence interval.

3.2.1. Percent error of IS IU/ml

Since there were no significant differences between the ED50
results of Laboratories A and B, the potency in IU/ml (Table 6) was
obtained for each IS replicate (against the ED50 mean per test).

The ISindividual and overall % error of Laboratories A and B were
determined as described by Plikaytis et al. (2000), which measures
the degree of error between a laboratory’s result and the assigned
value.

When the IS IU/ml geometric means were tested with the Stu-
dent's t-test (£=2.3 P=0.09), no significant differences were found
(0.06 1og10) between Laboratories A (n=6)30.27 IU/ml and B (n=4)
30.161U/ml; the overall GM was 30.21IU/ml.

The % error calculated for IU/ml values were similar between
the two laboratories, with —0.90% for Laboratory A and —0.53% for
Laboratory B. An overall % error of —0.70% was achieved.

3.3. Assay variation

The repeatability, intermediate precision and reproducibility
of the VNPT were determined as described in Section 2.1.1. The
potency and ED50 results for Laboratories A and B are shown in
Tables 6 and 7. In Table 8, a summary of the assay variation analysis
is shown.

3.3.1. Repeatability

In Laboratories A and B, repeatability was determined by the
variation in the IS ED50 and in the potency results of the ERIGs
BRO11 and 0505085 (I1U/ml).

Table 8
Assay variation-% CVs found in the study for evaluating repeatability, intermediate
precision and reproducibility of VNPT,

Sample % Cve
1S (ED50°) BRO11 (Ul{ml) 050585 (Ulfml)
Laboratory A
Repeatability 17.06 11.00 11.37
(Range) (6.09-18.89) (4.25-20.25) (8.83-13.39)
i 16.99 19.77 1285
Laboratory B
Repeatability 11.61 12,78 15.18
{Range) (5.63-16.41) (7.21-18.11) (9.59-19.73)
P 22.05 13.20 17.67
Reproducibility 15.83 13.73 13.97

# Coefficient of variation.
° International Standard.
© Efective dose 50%.

¥ Intermediate precision.

3.3.1.1. Determined by the variation in the IS ED50 results. In Labo-
ratory A, the intra-assay % CV for 1S ED50 (n =30) ranged from 6.09
to 18.89% (Table 6); the overall % CV was 17.06%. In Laboratory B
(n=20), it ranged from 5.63 to 16.41% (Table 8), and the overall %
CV was 11.61%.

3.3.1.2. Determined by the variation in the potency results (IU/mi)
of ERIGs BROIT and 0505085. In Laboratory A, for ERIG BRO11, the
intra-assay % CV (n=22) ranged from 4.25 to 20.25% (Table 8), and
the overall intra-assay % CV was 11.00%. In Laboratory B (n=20), it
ranged from 7.12 to 18.11% (Table 8), and the overall intra-assay %
CV of the replicates was 12.78%.

In Laboratory A, for ERIG 0505085, the intra-assay % CV (n=25)
ranged from 8.83% to 13.39% (Table 8), and the overall intra-
assay % CV was 11.37%. In Laboratory B (n=16), it ranged from
9.59 to 19.73% (Table 8), and the overall intra-assay % CV was
15.18%.

3.3.2. Intermediate precision

3.3.2.1. Determined by the variation in IS ED50. In Laboratory A
[n=6), the inter-assay % CV in the IS ED50 was 16.99%, and in Lab-
oratory B (n=5), it was 22.05% (Table 8).

3.3.2.2. Determined by the variation in the potency results (IU/ml) of
ERIGs BROI1 and 0505085. In Laboratory A (n=5), for BRO11, the
inter-assay % CV was 19.77%, and in Laboratory B (n=4), it was
13.20% (Table8).In Laboratory A (n=4), for ERIG 0505085, the inter-
assay % CV was 12.35%, and in Laboratory B (n=4), it was 17.67%
(Table 8).

3.4. Reproducibility

3.4.1. Determined by the variation in the IS ED50

The weighted inter-laboratory % CV was 15.51% when calculated
using the data obtained with the IS ED50 in the two laboratories
(n=50).

3.4.2. Determined by the variation in the potency results for ERIG
0505085 and BRO11

The weighted % CV calculated with all the potency results in
IU/ml obtained in the two laboratories with BRO11 (n=42) was
12.85% and with 0505085 (n=41) was 16.26%.

4. Discussion
Quality Assurance Systems, such as GMP and ISO/IEC, require the

use of appropriately validated analytical procedures. While phar-
macopoeial methods do not require revalidation, for batch release
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of medical products, certain procedures should be conducted to
ensure that methods are applicable at the time of use. It may also
be necessary to confirm the precision of the method or the ability
to achieve the detection levels of the validated method (Australian
Government, 2006). Validation of a test method is the process by
which the reliability, an objective measure of a method's intra- and
inter-laboratory reproducibility (Balls et al., 1990), and relevance
are evaluated for the purpose of supporting a specific use (NIEHS,
1997; Frazier, 1990). A test method is considered validated when its
performance characteristics, advantages and limitations have been
adequately determined for a specific purpose (Balls et al., 1990).
There is no optimal or minimum level of reproducibility or associa-
tion with the event of interest that must be reached for a successful
validation. The levels of reliability and relevance that are needed
will depend on the conditions under which the test will be used and
the purposes to which its results will be applied { Robinson, 2003).
To assess the reliability of a binding type test, such as EIA, Ark et al.
(2000), and Jacobson (1998), adopted a variation of 20% or less as
good CV % for repeatability. For WHO (1997), binding assays typi-
cally havea 5 to 20% variability, while cell and whole animal assays
may have avariability above 50%. The present manuscript compares
the results obtained in a two-center study performed by two Brazil-
ian Laboratories (Instituto Nacional de Controle de Qualidade em
Satide and Instituto Butantan) for the validation of an alternative
RIG in vitro test for potency evaluation. It demonstrated that the
VNPT presents a satisfactory variation according to the standards
adopted by WHO (1997 ), Jacobson (1998) and Ark et al. (2000). To
verify the reliability of the VNPT, the Instituto Nacional de Cont-
role de Qualidade em Satide revised the ED50 control charts of the
ERIG National Standard that are currently in use and found a % CV
of 78% (n=34) in MVNA and 15.05% (n =20) in VNPT (unpublished
data). Also, the overall GM obtained in this study for the IS ED50
reciprocal of dilution agrees well with those obtained by Fitzgerald
and Rastogi (1985) and Cliquet et al. (1998), who used the same
IS.

5. Conclusion

The virus neutralization potency test for rabies in BHK-21 cells
presents satisfactory linearity, accuracy, repeatability, intermediate
precision and reproducibility; it is a reliable, rapid and convenient
method to evaluate the potency of ERIG and HRIG.
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ABSTRACT

Article history:

In order to evaluate the effects of reducing the number of animals used in the NIH mouse protection
test for potency determination of inactivated rabies vaccines for human use, a retrospective study of the
results obtained in the Brazilian National Control Laboratory, Instituto Nacional de Controle de Qualidade
em Sadde (INCQS), was performed, comprising 214 vaccine lots. The INCQS Standard Operating Procedure
establishes the use of three vaccine dilutions and 18 animals per dilution, separated into two cages with
9 mice each. The results of the two cages of each dilution were considered as two different groups (C1
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::mrf:"“i i and C2), and therefore, for each vaccine lot, three results were obtained: one for the standard test (ST)
NIH test with 18 mice, one using the C1 cages with 9 mice and another using the C2 cages with 9 mice, The results

Patency testing were evaluated as repeated measures of the same method on the same samples. In this study, the effects
iRs of the reduction in: (a) the measurement error and its association with the size of measurement, (b) the
agreement between the results using the concordance coefficient of correlation, (c) the agreement of
categorized results as “Pass” or “Fail" using the Kappa index, (d) the precision of potency determinations
using the 95% confidence interval and (e) the incidence of statistically invalid assays due to non-linearity
and non-parallelism were evaluated. It was concluded that the results from the NIH mouse protection
test using 9 mice per dilution are in good agreement with the results obtained using 18 mice per dilution.
Therefore, nine animals per dilution is a suitable number to meet the statistical requirement for valid

assays.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The intrinsic variability inherent in manufacturing biologicals
requires the testing of all batches and serials (McVey et al., 2003).
Traditionally, laboratory animals have played a major role in the
quality control of vaccine batches. Consequently, the use of ani-
mals for this purpose is extensive, and there is a relatively high
frequency of tests with substantial pain and suffering (Hendriksen
et al., 1998). This is particularly true in potency tests, which can be
multi-dose models that include a challenge procedure with viru-
lent microorganisms in order to demonstrate the protective ability
of the vaccine. Metz et al. (2002) reported that approximately 1.5
million animals per year were being used in Europe for routine
quality control of vaccines, but no precise figures on animal use

* Corresponding author at: Fundagdo Oswaldo Cruz, Av. Brasil 4365, Riode Janeiro,
CEP 21045-900, Brazil. Tel.: +55 21 3865 5230: fax: +55 21 2290 0915.
E-mail address: wlamir.moura@incgs.fiocruz.br (W.C.d. Moura).

0166-0934/$ - see front matter © 2009 Elsevier BV, All rights reserved,
doi:10.1016/j.jviromet.2009.01.017

are available, it is generally assumed that the number exceeds
15% of the total animals used in biomedical research (Hendriksen,
2007).

Theoretically, potency tests that depend on the in vivo immune
response of laboratory animals would be more likely to detect low
potency batches where the reduction in potency is the result of
formulation problems (McVey et al., 2003 ). However, the predictive
capacity of these tests for the vaccination of humans is questionable.

Quality control should be seen as an instrument for monitor-
ing consistency in the production and testing of vaccines (Griffiths,
1996).

Russell and Burch's concept of the 3Rs (replacement, reduction
and refinement) is a recognized worthwhile goal for animal wel-
fare (van der Ark et al., 2000). It can be defined as: replacement,
to substitute insentient material for conscious living higher ani-
mals; reduction, to reduce the numbers of animals used to obtain
information, and refinement, to avoid unnecessary inhumane pro-
cedures applied to laboratory animals (for review, see Metz et al.,
2002).

Please cite this article in press as: Moura, W.C.d., et al., Potency evaluation of rabies vaccine for human use: The impact of the reduction
in the number of animals per dilution. J. Virol. Methods (2009), doi:10.1016/j.jviromet.2009.01.017
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The evaluation of the potency of inactivated rabies vaccines
has long been the subject of research. However, it has been dif-
ficult to identify a single method by which all of the necessary
parameters of the different types of inactivated rabies vaccines
can be satisfactorily measured (Barth et al., 1988). The National
Institutes of Health (NIH) mouse protection test for the determi-
nation of potency was originally developed at the United States
NIH (Bethesda, MD, USA). Briefly, the test measures the degree
of protection conferred by inactivated rabies vaccines in immu-
nized mice challenged intracerebrally with rabies virus {Wilbur and
Aubert, 1996). The variability of this in vivo test is well known and
can be measured using a reference vaccine in each test performed
(Fitzgerald et al., 1978).

The NIH potency test was adopted by the World Health Orga-
nization (WHO) Expert Committee on Rabies and is now part of
many national and international requirements for the evaluation
of inactivated rabies vaccines. The test has been used without any
significant improvements or alterations since its inclusion in the
USA requirements in 1953 (Barth et al., 1988).

In 1992, the WHO recommended that the potency tests for
inactivated rabies vaccines in animals should be replaced by an
antigen quantification procedure. However, as a consensus was not
achieved (Bruckner et al., 2003), the potency assay approved by the
WHO “Recommendations for inactivated rabies vaccine for human
use produced in cell substrates and embryonated eggs” remains
the NIH potency test. The NIH potency test was recognized as a
reliable assay (WHO, 2007) despite the large number of animals
and the pain and suffering inflicted upon them (Bruckner et al.,
2003).

Currently, groups containing an equal number of animals are
used for the test and reference vaccines. When veterinary vaccines
are being evaluated, each group contains 10 mice with a single
immunization (Council of Europe, 2008a; OIE, 2004), while vac-
cines for human use require between 16 (Wilbur and Aubert, 1996)
and 18 (Farmacopéia Brasileira, 2004) animals in each group, with
two immunizations 7 days apart.

A simplified test using a single dilution of the vaccine has been
suggested by the WHO (2007) and the European Pharmacopoeia
(Ph. Eur.), but such a test only determines if the vaccine has a
potency significantly higher than the required minimum. The sim-
plified test does not generate information on the validity of each
individual potency determination, such as the slope, linearity and
parallelism, because there is no dose-response curve [Council of
Europe, 2008a).

Applying the 3Rs concept to bacterial vaccines, Hendriksen et
al. (1987) published a study evaluating the effects of the reduc-
tion in the number of animals for the potency test of adsorbed
diphtheria and tetanus vaccines, using a practical approach for ret-
rospective data analysis. Based on the results of this study, and
similar studies, the Ph. Eur. and the WHO now specify that only
enough animals should be used to achieve a confidence interval
within the specified range for these bacterial vaccines (Hendriksen,
2004).

Bruckner et al. (1988) performed a study on rabies vaccines for
human and veterinary use and recommended that at least four dose
groups of 10 mice should be used for testing. They also stated that it
would not be possible to reduce the number of mice used in the NIH
test to less than 10 because such a reduction would lead to results
that would be much less precise.

Weisser and Hechler (1997) stated that the difference between
the test procedures for human use and veterinary vaccines were
incomprehensible and lacked any scientific basis. These authors
suggested, by analogy with the requirements for the potency test-
ing of bacterial vaccines, that the number of animals in the NIH
test for human use vaccines (at that time at least 16 per dilution)
should be left open and that there was evidence that this number

could be reduced to 10 animals per group, as already stipulated by
the monograph for the evaluation of rabies vaccines for veterinary
use.

As a consequence, the monograph for rabies vaccines for human
use by the Ph. Eur. no longer specifies the number of animals but
suggests that a suitable number of animals should be used to meet
the statistical requirement for a valid test.

In Brazil, prior to batch release, the Instituto Nacional de
Controle de Qualidade em Satide (INCQS), the National Control Lab-
oratory of the Ministry of Health, has been performing the NIH
testsince 1987, according to the Brazilian Pharmacopoeia (Ph. Bras.)
monograph for rabies vaccine for human use, using 18 animals per
dilution (Farmacopéia Brasileira, 2004).

The aim of this manuscript is to retrospectively evaluate the
effect of reducing the number of mice used per dilution, from 18 to
9, for the routine NIH test to evaluate the potency of rabies vaccines
for human use.

2. Animals, material and methods
2.1. Animals

Male and female Swiss mice (weighing 11-15g) from the
Fundagio Oswaldo Cruz breeding stock were used. The mice were
housed in standard plastic cages with stainless-steel covers and
wood shavings as bedding and kept under controlled temperature
(23+1°C approximately 70% relative humidity and a 12:12 h pho-
toperiod with lights on at 08:00). A standard commercial diet for
laboratory rats and mice (CR1 Nuvital, Nuvilab Ltd., Curitiba, PR,
Brazil) and tap water were provided ad libitum. The experimen-
tal protocols were performed in accordance with the EC Directive
86/609/EEC for animal experiments and were approved by the
“Ethics Committee on the Use of Laboratory Animals of Fundagdo
Oswaldo Cruz” (CEUA - FIOCRUZ).

2.2. NIH test

The NIH test was conducted by immunizing at least two sets of at
least three groups of mice twice intraperitoneally 7 days apart. The
mice were immunized with 0.5ml of at least three dilutions of the
reference vaccine or the test vaccines. Seven days after the last vac-
cination, the immunized animals and the control non-immunized
group were challenged intracerebrally with 0.03 ml of the Chal-
lenge Virus Standard (CVS) mouse-brain strain of fixed rabies virus
(Wilbur and Aubert, 1996). The mice were observed for 14 days, and
the relative potency, expressed in IU/dose of the test vaccine, was
calculated using the probit analysis.

At the Instituto Nacional de Controle de Qualidade em Satide,
the NIH test is performed following the Ph. Bras. (Farmacopéia
Brasileira, 2004), using three dilutions. Foreach dilution, 18 animals
are randomly distributed between two cages (nine animals each),
and the results are registered separately for each cage. Therefore,
for each lot, six cages with nine animals each are used.

In order for the test to be considered valid, specific criteria had
to be achieved: a significant slope, no significant deviations from
linearity or parallelism in the dose-response curve, the challenge
virus titer (at least 10 times the mouse intracerebral 50% lethal
dose) and confidence limits of the estimated potency (p=0.95). In
order to pass the test, the lot must retain a minimum potency value,
depending upon the vaccine type.

The retest criteria adopted at the Instituto Nacional de Controle
de Qualidade em Satide for the potency test of a rabies vaccine for
human use are that a single failed test is not considered conclusive
and that the vaccine is always retested at least once. If the weighted
geometric mean (Council of Europe, 2008¢) of these two results
passes the test, it is conclusive. If that mean does not pass, another
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retest is performed, and the weighted geometric mean of the three
results is considered as the final potency result.
In the present study, only the valid tests were considered.

2.3. Retrospective study

This test procedure allowed us to consider the set formed by
the first cages of each dilution as being one group (C1) and the set
formed by the second cages of each dilution (C2) as one replicate of
the first group.

The potencyvalues were reviewed and analyzed using the probit
analysis as described in the Ph. Eur. (Council of Europe, 2008c). For
each assay, three results, expressed in IU/dose, were obtained for
the relative potency: (1) the standard test (ST) using the score based
on the number of survivors/deathsin all 18 animals per dilution, (2)
the potency using only the score results of the first cage (C1) and
(3) the potency using the score results of the second cages (C2)
of each dilution. In order to avoid an additional loss of precision,
the reference vaccine was always used for the calculations with 18
animals per dilution.

2.4. Vaccines

Atotal of214 human use vaccine lots, of which 166 (77.57%) were
from Suckling Mouse Brain vaccine (SMBV) and 48 (22.43%) were
from tissue culture (46 (21.5%) were Purified Vero Cell vaccines,
1(0.47%) was a Purified Duck Embryo Cell vaccine, and 1 (0.47%)
was a Human Diploid Cell vaccine), were tested in 38 independent
assays using 14,748 mice (11,556 for the vaccine lots and 3192 for the
reference vaccine and challenge virus control). Three different lots
of reference vaccines were used, the Brazilian national reference
vaccine lot BROO6 was used in 33 out of the 38 assay runs. The other
five assays used another national reference vaccine or the WHO 5th
International Reference.

2.5. Data analysis

The results obtained with the C1 and C2 groups are related
to those of the ST group, but this is irrelevant for the evaluation
of the effects of the reduction in the number of animals (Hen-
driksen et al. 1987). However, this did not permit the use of the
most straightforward statistical methods for comparing the two
groups.

Therefore, in order to demonstrate the reliability of the results
obtained with the C1 and C2 groups, they were compared to the
results obtained with the ST group (ST versus C1 and ST versus C2)
as repeated measures of the same method.

As an exploratory data analysis, the fit of the potency results
to the normal distribution was evaluated by histograms and the
Kolmogorov-Smirnov test. The Student’s ¢ test for paired data was
used to evaluate if there were statistically significant differences
between the potency results of the three groups.

Since the fit to the normal distribution has been demonstrated
and no significant differences between the results from the differ-
ent group were detected, the other effects of the reduction were
evaluated by determining the following parameters:

2.5.1. Effects of the reduction on the measurement error between
the groups

Repeated measurements on the same subject will vary around
the true value because of measurement error (Bland and Altman,
1996). The measurement error in logarithmic transformed datawas
evaluated using the within-sample coefficient of variation (Bland,
2005) between the ST and C1 groups, the ST and C2 groups and
the C1 and C2 groups. This was also evaluated using the association
of measurement error with the size of the measurement using the

Bland-Altman plot (Bland and Altman, 1986) and interpreted fol-
lowing the identity approach, as described by Petersen etal.(1997).
These methods were used to demonstrate that the results of the
groups did not deviate from each other by more than the inherent
imprecision of the method by showing the normal distribution fit,
evaluated with the chi-square test.

2.5.2. Concordance correlation coefficient (CCC)

Lin's CCC (Lin, 1989, 1992) was used on the logarithmic trans-
formed data to examine the reproducibility of the continuous
measurements using a single method by measuring the agreement
to the identity line. It combines a coefficient of precision (Pearson
coefficient of correlation), which measures how closely the obser-
vations fall on the fitted line, and a coefficient of accuracy, which
measures how closely the fitted line agrees with the identity line.
The coefficient of precision (squared) and the coefficient of accu-
racy are on ascale of 0% (no agreement) to 100% ( perfect agreement)
and can be used to identify when corrective action is needed. The
CCCis the product of the coefficient of precision and the coefficient
of accuracy (Lin, 2000).

The strength of the agreement expressed by the CCCbetween the
ST and C1 groups and the ST and C2 groups was classified as Unsat-
isfactory (<0.6), Satisfactory (0.61-0.9) or Excellent (0.91-1.0), as
described by Warke et al. (2001).

2.5.3. Cohen’s Kappa index to evaluate the agreement of the
results

The agreement between the ST and C1 groups and the ST and
(2 groups was assessed using the Cohen’s Kappa index. This is
a measure of association (correlation or reliability) between two
measurements in the same individual when the measurements are
categorical. This index is often used as an inter-rater agreement
evaluation tool. The potency results of the 214 lots were categorized
as “Pass” or “Fail to Pass”. The minimumrequirements (Farmacopéia
Brasileira, 2004) depended upon the type of vaccine (1.01U/dose
for the SMBVs and 2.51U/dose for the cell culture vaccines). In
order to check the agreement, vaccine lots that were categorized
as “Fail to Pass” (23 lots, 10.75%) were included in the study. Con-
tingency tables were then generated, and the Cohen's Kappa index
was calculated and classified as Poor (<0.00), Slight (0.00-0.20),
Fair (0.21-0.40), Moderate (0.41-0.60), Substantial (0.61-0.80) or
Almost Perfect (0.81-1.00), as described by Landis and Koch (1977).
The Kappa indices were also analyzed using the Bayesian approach,
as described by McBride (2005 ), which demands a lower 95% one-
sided confidence limit for Kappa indices greater than 0.60 to assure
a“Substantial Agreement”.

2.5.4. Effects on the 95% confidence limits

The effects of the reduction in the number of mice on the 95%
confidence limits were assessed diagrammatically. This approach
was applied to 51 lots (of 214 lots, 23.8%) that were randomly
selected using randomly generated numbers. The lower and upper
limits of the 95% confidence interval were expressed as a percent-
age of the potency values, as described by Hendriksen et al. (1987).
Invalid assays were excluded from the calculations. The increase of
the width for the confidence interval was evaluated comparing the
limits of the mean of the three groups.

Furthermore, the criteria described by Weisser and Hechler
[1997), i.e., adopting a lower confidence limit value instead of lim-
iting the width of the confidence interval to 25-400%, were applied
on the assays deemed invalid due to lower and/or upper limits that
were outside of the specifications.

The effects of the reduction in the number of mice on the 95%
confidence limits of the ED50 of the reference vaccine were also
evaluated.
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Table 1

Exploratory data analysis.

Data n Mean? Log® 95% CIF SDd K-S p® Conclusion

ST 214 2,034 0.3084 0.2697-0.3469 0.2861 0.268 Accept normality
a 214 2.091 0.3205 0.2792-0.3622 03082 0,379 Accept normality
Q 214 2,010 0.3034 0.2624-0.3445 03047 0.081 Accept normality

# Mean of potency in IU/dose.

® Mean of logarithm of potency in IU/dose,

= 95% confidence interval for mean of logarithm of potency in 1U/dose.
¢ Sandard deviation of logarithm of potency.

= pValue for Kolmogorov-Smirnov test,

2.5.5. Effects on linearity and parallelism

In the present study, only valid tests that did not presented
deviations from linearity and parallelism were considered. The inci-
dence of statistically invalid assays in the C1 or C2 groups due to
non-linearity and non-parallelism as a consequence of the reduc-
tion in the number of mice was evaluated. This approach was
applied to 51 0f 214 lots (23.8%) that were randomly selected using
randomly generated numbers.

3. Results
3.1 Exploratory data analysis

The logarithmic transformed data sets from the ST, C1 and C2
groups were analyzed using the Kolmogorov-Smirnov testin order
to determine if they fit into a normal distribution. Qutliers were
not removed from the calculations. The mean and standard devia-
tions are presented in Table 1,and all three data sets were normally
distributed.

3.1.1. Comparison of the potency results

The results of the three groups were examined using the Stu-
dent’s t test for paired data in order to determine if there were
statistically significant differences between their means. No signif-
icant difference was found (Table 2).

3.2. Effects of the reduction of the number of tested animals on
the measurement error between groups

3.2.1. Within-sample coefficient of variation

In order to evaluate the measurement errar, the within-sample
coefficient of variation (% CV) between the ST and C1 groups, the ST
and C2 groups and the C1 and C2 groups was calculated.

The % CV was 25.29% between the ST and C1 groups and 23.32%
between the ST and C2 groups. The intra-assay reproducibility of
results using nine animals per dilution was 39.37% (between the C1
and C2 groups).

3.2.2. Bland-Altman plot

The plot of the difference of the ST and C1 (or C2) groups versus
the average of the ST and C1 (or C2) groups demonstrated that the
differences did not vary in any systematic way over the range of
measurements in any of the groups (Fig. 1).

Table 2

Application of the Student's t test for paired data.

Pairs t p* d.f.

LogST = LogC1 -1579 0.116 213 ns
LogST x log2 0.652 0.515 213 ns
LogCl x LogC2 1.296 0.196 213 ns

d.f.=degrees of freedom. ns = not significant.
@ pWValue for ¢ test.

The bias (log 10) was —0.0121 (SD log 10=0.1122), and the 95%
limits of agreement (log 10) were —0.23 to 0.21 for ST minus C1
(Fig. 1A). Similarly, the bias (log 10) was 0.0050 (SD log 10=0.1122),
and the 95% limits of agreement (log 10) were —0.22 to 0.23 for ST
minus C2 (Fig. 1B).

32.2.1. Identity approach. The Bland-Altman plots were also eval-
uated using the identity approach with the chi-square test used
to evaluate the normal distribution fit of the differences between
the ST and C1 groups (d.f.=12; chi-square=17964; p=0.117)
and between the ST and C2 groups (d.f.= 11; chi-square=17.184;
p=0.103). Both comparisons accepted normality.
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Fig. 1. Bland-Altman plot (n=214), Graphs show the scatter plots of the difference
between potencies against the average of the two potencies for each paired data
point. {A) ST minus C1. (B) ST minus C2.
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Table 3
Caregorizarion of results as “Pass” or “Fail to pass” the test, per group, according to
the minimum potency requirements.

Table 5
Difference berween lower and upper confidence limits for potency values given as
percentage of potency.

S-Ci1-C2 n x Agreement Group n Lci ucL® ‘Width* Increase

P-P-P 170 75.44 A(BB.75%) 5T 44 47.01 220,09 173.09 -

F-F-F 20 8.35 ] 44 358.03 27276 23372 35.03%
c 44 358,78 258.25 218.47 26.22%

F-P-F 2 0.93 D=1 L40%)

F-F-P 1 047 # Mean ¥ of potency lower confidence limit,

BPF 10 46T D1l (8.81%) - E?al.lanxnl pbzre.nlcy upper_c;nﬁdenl:e limit,

RED 1 514 ifference between aand b.

Total 214

ST=standard test; C1=cage 1; C2=cage 2. n=number of samples, P=pass the test.
F=fail to pass the test, A=agree. D =disagree. [=false positive. [[=false negative,

3.3. Concordance correlation coefficient

The concordance correlation coefficient of the results of the ST
and C1 groups was 0.9279 (95% C1=0.9072-0.9442), with a preci-
sion of 86.71% (12 ) and an accuracy of 99.65%. The CCC of the results
of the 5T and C2 was 0.9277 (95% Cl=0.9068-0.9441), with a preci-
sion of 86.43% (%) and an accuracy of 99.79%, Therefore, the results
of both pairs of data were in “Excellent Agreement”,

34. Cohen's Kappa index

The Cohen's Kappa index was used to evaluate the agreement
between results of the ST and C1 groups and the ST and C2 groups
when the results were categorized as Pass or Fail to Pass. Table 3
shows the categorized data.

34.1. Agreement of results

One hundred ninety lots demonstrated a perfect agreement in
the three groups. Twenty-three lots that originally failed to pass in
the ST group were considered as true negative, and from these, 20
were in perfect agreement in the ST, C1 and C2 groups (Table 3).

A Cohen's Kappa index of 0.7299 (Substantial) was obtained
when the ST results were compared to the results of C1 and of
0.7714 (Substantial) when the ST results were compared with the
(2 results (Table 4).

There were 24 contradictory results: three samples that failed
to pass in the ST group passed the test in the C1 or C2 groups (false
positives), and 21 samples passed in the ST group but failed to pass
in the C1 or C2 groups (false negatives; Tables 3 and 4).

Ofthese contradictory results, the number of false positives was
20f214 (0.93%) in the C1 group and 1 0f 214 [0.47%) in the C2 group.
The number of false negatives was 11 of 214 (5.14%) in the C1 group
and 10 of 214 [4.67%) in the C2 group. Table 5 shows the analysis of
the contradictory Pass/Fail results,

Table 4
Contingency tables for Cohen's Kappa index calculation.
ST Pass 5T Fail Total

A

1 Pass 180 2 182

C1 Fail i1 21 32
Total 191 23 214
B

(2 Pass 181 1 182

2 Fail 10 22 32
Total 151 23 214

ST - standard test, C1 - cage 1, (2 - cage 2. A - ST = C1: index=0.7299, standard
error: 0.0672. B - 5T » (2: index=0.7714, standard error: 0.0672.

3.4.2. Bayesian approach

The Kappa index was tested using a Bayesian approach, and a
lower 95% one-sided confidence limit of 0.6193 and 0.6608 was
obtained when the ST group was compared with the C1 or C2 group,
respectively. Both values are greater than 0.60 ( the highest value for
a "Moderate Agreement” Kappa index), demonstrating that there
was at least 95% confidence that the agreement between the ST
group and either the C1 or C2 group was “Substantial” (see Section
2.5.3).

3.4.3. Retest simulation of contradictory results

As described in Section 2.2, vaccines that failed to pass the test
are retested, In order to simulate a retest, the mean of the C1 and C2
groups was calculated, and the rates of false positives and negatives
were re-evaluated. The number of contradictory results fell to 0
false positives and 3(1.40%) false negatives in 214 samples (Table 6).

3.5. Effects on the 95% confidence interval

3.5.1. Effects on the 95% confidence Interval as percentage of
potency results

Four of 51 lots (7.84%) in the C1 group and five of 51 lots (9.80%)
in the C2 group failed to meet the WHO and Ph. Eur. require-
ments for confidence limits (25-400%), representing a total of
seven lots that were excluded from the calculations. Fig. 2 com-

Table 6
Contradictory results expressed in [U/dose and classified as "Pass” or “Fail to pass.”.

Sample Vaccine s™ c1* c22 Mean C1 Results False
and C2#

1 SMEB 068 040 1,11 07e Positive
2 SMEB 0.78 1.03 0.53 0.78

3 v 206 285 1.51 218

4 SMEB 1.00 1.51 0.93 1.22 Negative
5 SMEB 1.31 1.50 0.76 1.13

5] SMEB 1.07 1.50 0.76 1.13

7 SMEB 1.33 1.93 0.91 1.42

B SMB 1.25 251 0.80 1.71

9 SMEB 1.22 1.71 0.92 1.32

10 v 357 5.78 1.87 3.83

i} v 2.54 3.57 1.87 272

12 SMEB 1.18 0.96 1.45 1.21

13 SMEB 1.34 083 1.89 1.41

14 SMB 1.28 0.81 1.B1 1.36

15 SMEB 1.02 0.90 1.12 1.0

16 SMEB 1.01 0.54 1.95 1.25

7 SMEB 1.3 091 1.70 1.31

18 SMEB 1.01 0.85 1.21 1.03

19 SMEB 1.00 0853 1.14 1.04
20 SMB 1.17 0.78 1.65 1.24
21 SMEB 1,12 0.87 1.52 1.20
22 SMEB 1.01 0.79 1.09 0.94
23 v 250 250 1.80 220
24 SMEB 1.00 1.40 0.52 0.96

SMB - Suckling Mouse Brain vaccine, minimum potency reguirement = 1.0[U/dose.
OCV - Cell Culture vaccine, minimum potency requirement=2.5IU/dose. P - Pass
the test. F - Fail to pass the test.

2 Potency in [Uf{dose.
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Fig. 2. The effect of the eduction in the number of animals par dilution on tha NIH
=5t potency results for mbiss vaccine for human use. Vertical scatter diagrams of
the parcentage of potancy plots for lower ( LLj and upper [UL) confidence limits for
the 5T (n=44}, C1 (n=44)and C2 (n=-44) groups.

pares the lower and upper 95% confidence limits, represented as
a percentage of potency, of the three groups. A total of 44 lots
were evaluated, and the means for the confidence limits are pre-
sented in Table 5. The increase in the width of the confidence limits
was 35.03% for the C1 group and 26.22% for the C2 group when
the difference between the mean of the lower and upper confi-
dence limits was compared with those obtained with the 5T group
(Table 5},

In INCQS, using the standard NIH test over the last 5 years, the
rate of statistically invalid assays due to confidence intervals that
were putside of the specified range was 6.16%,

352 Minimum reqguirement for lower confidence [imit of parency

As suggested by Weisserand Hechler {1997 |, the effect of adopt-
ing a "minimum requirement for lower confidence limit of the
estimared potency” instead of using the confidence interval range
of 25-400% was tested. Applying this concept, all of the potency
Esays tharwere considered invalid, even those presenring sarisfac-
tory potency results, became valid. The suggested minimum values

should be 0.625 [U/dose forcell culture vaccines (25% of 2.5 [U/dose)
and 0.25 [U/dose for SMEV (25% of LOIU/dose).

315.3. Effects on che 93% confidence interval of the reference
vaccine ED50

The impact of the reduction in mouse number on the precision
of the determination of the ED30 for the Brazilian reference vac-
cine lot BROOG (n=33)was evaluated. While the effect on the mean
value was not significant (ST=2048; C1=2126 and C2=22.42),
there was an increase in the width of the confidence limits of the
ED50{C1=73.75% and C2=36.52%), This represents a reduction in
the precision of the determination.

Fig. 3 plots the control charts for individual logarithmic EDS0
walues obtained in the ST group, The intermediate precision {inter=
FEsayvariation) was calculated using the ED30results. The ® CVwas
43,09%, 69.45% and 61.34% in the 5T, C1 and C2 groups, respectively.

16 Effects on linearity and parollelism

The incidence of statistically imvalid assays due to non-linearity
was 2 in 51 {3.92%) and 5 in 51 {5.B%) for the C1 and C2 groups,
respectively. The incidence of statistically invalid assaysdue ronon-
parallelism was 4 in 51 (7.84%)and 1 in 51 {1.96%) for the C1and C2
groups, respectively. The total number of statistically invalid assays
due to non-linearity and /or non-parallelism was 6 in 51 { 11.76%) in
each group.

In INCQS, using the standard NIH test over the last 5 years, the
rte of statistically invalid assays due to non-linearity was 1LEBEBX,
and the rate due to non=-parallelism was 6.16%. The total rate of
staristically invalid assays was 7.B4%,

4. Discussion

The NIH mouse protection test is still the only potency rest
accepted by the WHO for the batch release of rabies vaccines for
human use {WHO, 2007} This rest requires a large number of ani-
mals and inflicts substantial suffering. Applying the 3Rs concept of
Russell and Burch for the use of laboratory animals, we evaluated
the impact of thereductioninthe numberof animals {from eighteen
to nine per dilution) on the estimate of the potency according to the
recommendations of Hendriksen et al, (1887, Hendriksen {2004),
Weisser and Hechler {1997} and Bruckner et al { 198E, 2003},
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Ag. 3. Control chart of individual-x walues for logarithm of ED50 for eferencevaccine lot BRODS.
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This study is aretrospective analysis of data from routine vaccine
potency assays for batch release,

All of the data sets (ST, C1 and C2) fit into a normal distribution,
as determined using the Kolmogorov-Smirnov test, No significant
differences were found between the mean of the three data sets
when analyzed using the Student’s t st for paired data.

The measurement error determined by the within-sample coef-
ficient of variation {Bland, 2005 )between the STand C1 groups and
between the ST and C2 groups was 25.29% and 23,32%, respectively.
The within-sample coefficient of variation berween the C1 and C2
groups was 38.47% These results demonstrate an acceptable vari-
ability for an in vivo assay, since the WHO {1997a) states that in
vitro and in vivo assays could present variabilicy above 0%,

When the reference vaccine was evaluated, there was no sig-
nificant increase in the mean ED5S0 (5T=2048, C1=21.26 and
C2=22.42). However, there was a significant increase in the width
of the confidence limits of the EDS0{C1=73.75% and C2=36.92%),
which was a consequence of the reduction in the precision of the
determination when the reference vaccine ED50 was calculated
using nine animals per dilution. As the results of the reference vac-
cine can invalidate an entire test if some criteria are not fulfilled
(e.g., linearity in the dose-response curve], in order to avoid an
additional loss of precision in the test, we decided to keep using 18
animals per dilution for the reference vaccine in the NIH test. While
the reduction in the number of animals tested was only applied to
thetest vaccine in the present study, as indicated by the mean ED30,
the reduction can also be adopted to the reference vaccine,

The % CV of the ED50 for reference vaccine was 43,09% in 33 out
of the 38 assays in the present study. In the Bruckner et al. (2003}
study, the standard deviation in 24 NIH tests carried out with a
eference vaccine was 45%, and in 38 NIH tests, it was 115%. The
WHO (1997a) states that in vitro and in vivo assays could present
variabilicy above 50%.

The 5T minus C1 and ST minus C2 results, when treated as
epeated measures, presented no significant tendency for the
amount of variation to change with the magnitude of the measure-
ments in any of the two groups (Bland and Altman, 1986). Applying
the identity approach as described by Petersen et al. (1957 ], the
results from the repeated measures did not deviate from each other
by maore than the inherent imprecision of the assay, assuming a nor-
mal distribution of results, as determined using the chi-sgquare test.
This shows the good reproducibility of the results between the 5T
and C1 groups and berween the ST and C2 groups.

The concordance correlation coefficient demonstrated *Excel-
lent Agreement” between the resuits of the ST and C1 groups and
between the 5T and C2 groups, as classified by Warke et al. {2001},
which demonstrate that NIH assay using nine animals per dilution
can provide results comparable to those of the standard NIH test.

TheCohen's Kappaindex of thecategorized potency results (Pass
or Fail) between the ST and C1 groups and between the ST and C2
groups demonstrated “Substantial Agreement” {landis and Koch,
1977). A number of false negatives in the C1 {5.4%) and C2 (4.7%)
groups and a very low occurrence of false positives in the C1 {0.9%)
and C2 {0.5%) groups were observed.

Following the WHO guidelines | 1957 b}, there should be less than
10% contradictory conclusions between an alternative simplified
method and a standard test. The incidence of contradicrory resules
inthe C1 groupwas 6.3% and 5.2% in the C2 group, both significantly
lower than 10%. According to our Standard Operative Procedures, all
samples that fail to pass the test must be retested at least once and
results are combined by weighted geometric mean. The weighted
geometric mean value between the two potencies is considered,
and if that mean passes the test, the sample passes the test If that
mean does not pass the test, one more repetition iz performed, and
the weighted geometric mean of the three results is considered the
final result.

=

‘When this situation was simulared, using the C2 group as the
retest of the C1 group, and vice versa, the number of contradictory
results fell to zero false positives and 1.4% false negatives.

The precision of the potency values is indicated by the 95%
confidence limits {Hendriksen et al, 1987% The Ph Eur. and the
WHO recommend a range of 25-400% for the confidence limits
in the NIH test {Council of Europe, 2008b; WHO, 2007). In the
present study, 4 in 51 samples {7.84%] in the C1 group and 5 in 51
samples {8.80%) in the C2 group failed to meet this requirement
(25%-400%), Therefore, 8.E% (mean) of the assays were consid-
ered invalid as a conseguence of the reduction in the number of
ested animals. These results are in agreement with those obtained
with the standard NIH test at the Instituto Nacional de Controle de
Qualidade em Sadde over the last 5 years {6.16% of invalid tests),
These results also agree with those described by Hendriksen et al,
(1887}

Weisser and Hechler {1997}, in a critical review of the Ph Eur.
rabies vaccine monographs based on the 3Rs concept, suggested
that instead of restricting the confidence interval to 25-400%, it
would be more useful to stipulate a minimum value. This value
should be exceeded by the lower confidence limit in order to guar-
antee suitable potency, as is the case for other potency tests (e.g.,
diphtheria, tetanus), This minimum value would be derived from
the current reguirements and is 0,625 [U/dose for cell culture vac-
cines {25% of 2.51U/dose ). In the present study, when this concept
wasapplied, all of the potency assays that were considered invalid,
even those presenting satisfactory potency results, became valid,
This demonstrates how the adoption of this concept would avoid
e=testing vaccines that had already reached the minimum potency
requirements in the first test

The incidence of statistically invalid assays due to non-linearicy
and/or non-parallelism was 11.76% (6 in 51) for both the C1 and
2 groups. These results were in accordance with the WHO recoms-
mendation of less than 20% rejections due to deviations from either
linearity or parallelism {WHO, 1987b). Hendriksen et al. {1987}
reported 3 of 38 (7.89%) invalid assays due to non-parallelism or
non-linearity in their study ewvaluating reductions in the animal
number from 20 to 12 in order to evaluate the potency of diphtheria
vaccing components.

Invalid assays due to these deviations are also frequent in the
standard NIH test. At the Instituto Nacional de Controle de Qual-
idade em Satide over the last 5 wvears, 7.84% of the tests were
deemed invalid due to non-linearity or non-parallelism. Therefore,
the real increase in the number of invalid tests is 3.92%. As a prac-
tical example, if 18 animals were used per dilution (testing three
dilutions = 54 animals pervaccine), for each 100 assays performed
0 test a single sample, based on a 784% rate of invalid assays,
a total of 5822 mice would be used. If the number of mice were
reduced to nine per dilution {testing three dilutions =27 mice per
vaccine), for each 100 assays performed to test one sample, based
on an 11.76% rate of invalid assays, a total of 3018 mice would be
used for the test vaccine, This represents a reduction of approx-
imately 48% in the number of mice used. Applying this to the
tests using 16 mice per dilution (also considering a 7.84% inval-
idation rate), this reduction would be about 42% for each tested
vaccine.

Bruckner et al. {1988) stated that it would be not possible to
reduce the number of mice used in the NIH test to less than 10
because this reduction would lead to results that would be much
less precise. Weisser and Hechler {1997 ) suggested that the num-
ber of animals required for testing should be left open and that
gach laboratory could determine or confirm the number of animals
that required to satisfy the requirements for a valid test. Addition-
ally Weisser and Hechler (1957} suggested that there was evidence,
based on the MIH test results for veterinary vaccines, that this nume-
ber could be reduced to 10 animals per dilucion,

Please cite this article in press as: Moura, W.C.d., et al,, Potency evaluation of rabies vaccine for human use: The impact of the reduction
in the number of animals per dilution. |. Virol Methods (2009}, doi:10.1016/i jviromer.2009.01.017
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The reguirements for a valid test for vererinary vaccines are the
=me as those for rabies vaccines for human use, except that the
minimum potency requirement for human vaccines{2.5 U /dose)is
greater thanthar used for veterinary vaccines { L0 IU/dose) {Weisser
and Hechler, 1997},

Even though a simplified single dilution NIH test is available, it
only determines if the vaccine has a potency significantly higher
than the required minimum. The single dilution NIH test does not
provide full information onthe validity of the determination ofeach
individual potency, andit is only recommended for laboratories that
haveexpertise in performing NIH multiple-dilution assays. Further-
more, if a batch of vaccine fails to meet the specifications set for
the simplified test, a full NIH mouse protection test should be per-
formed {WHO, 2007). Therefare, the simplified test is particularly
iseful for testing multiple batches of a vaccine within a short time,
The WHO recommends that several prerequisites and conditions
should be considered before adopting a single dilution assay {WHO,
2007). However, due to its lack of precision, the minimum potency
requirement for vaccines tested by the modified test is higher than
that for vaccinestested by thestandard NIH test {Wilbur and Aubert,
1996}, Bruckner et al. (2003} stated that must be recognized that
this resting scheme may not be applicable to all the rabies vaccines
on the market.

The resuirs of this study indicate that the replacement of the
gandard NIH test by a variant of the assay using only nine mice
per dilution of the vaccine seems to be feasible for routine potency
Esays. The rests using the lower number of mice provide resulrs
equivalent to the standard NIH test with full staristical informa-
tion on the validity of each individual potency determination. If
applied, this would result in a 42-48% reduction in the number of
mice used, even considering a slight increase in the incidence of
invalid assays.

The results also demonstrated that the adoption of a lower con-
fidence limir of 25% of the estimated potency instead of a range
for the confidence interval, as suggesred by Weisser and Hechler
{1997} and similar to what has been already established for com-
parable potency tests (e.g., diphtheria, tetanus, perrussis), would
avoid re-testing vaccines that had already reached the minimum
potency requirements in the first test.

5 Conclusion

This study, based on the retrospective statistical evaluation of
data, indicares that a reduction from 1B mice to nine mice per
dilution in the MIH test seems to be feazible and this number of
mice is suitable to meet the staristical requirement for valid assays,
However, further studies should be done in order to evaluate the
inter-laboratory variability { reproducibility) of this alternative pro-
mcol.

As an illustration of the impact of such a reduction, the 11,556
mice used in the present study to determine the potency of the
vaccines using the NIH mouse protection test would be reduced to
5778 using only nine mice per vaccine dilution for the test vaccines,
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Método Reduzido para Deteccdo de Virus Infectivo Residual em Vacinas

Contra Raiva
1. Introducéo

A primeira geragao de vacinas contra Raiva apresentava virus Rabico ativo, em
consequiéncia casos de Raiva vacinal eram freqlientes durante sua utilizagao. Isto
levou a adocdo de métodos para a inativagdo das vacinas contra Raiva, a partir de
sua segunda geracdo (SEMPLE, 1911).

Em Fortaleza, no Brasil, no ano de 1960 ocorreu o maior acidente descrito de
Raiva vacinal, morreram 18 de 66 pessoas que receberam injecbes de vacina do
tipo Fermi impropriamente inativada, 13 daqueles nem haviam sido expostos a
animais realmente raivosos. Os periodos de incubacao variaram de 4 a 13 dias.
Os virus identificados nos cérebros dos pacientes tinham “todas as caracteristicas
de virus fixo” (PARA, 1965). No passado o diagnéstico de Raiva vacinal era mais
freqlientemente considerado quando uma variedade de tipos de vacinas, com
virus com capacidade infectiva eram utilizados. Em 1975 a OMS contra indicou a

utilizacado de vacinas com virus rabico ativo.

Tornou-se entdo ainda mais importante a pesquisa de virus rabico infectivo

residual em tais vacinas.

A técnica para deteccdo de virus infectivo residual nas vacinas contra Raiva

adotada no Brasil, € a descrita na Ph. Bras. (Farmacopéia Brasileira, 2004).

Atualmente, a maioria das vacinas contra Raiva sdo inativadas pela beta-

propriolactona, um agente eficiente e seguro para a inativagao de vacinas.

O Comité de Especialistas em Raiva da OMS, em seu primeiro informe (o nono,
na verdade) continua recomendando o isolamento de virus rabico para o
diagnoéstico da doengca e com esta finalidade sugere a utilizacédo de células da
linhagem neuroblastoma murino (NA C1300), ou a inoculagdo em camundongos,
preferivelmente, onde fosse possivel, a utilizagdo de camundongos lactentes com

menos de trés dias de idade por serem mais sensiveis ao virus rabico do que
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camundongos desmamados ou adultos e sugerem ainda que o periodo de
observacao seja reduzido através do exame dos cérebros dos animais inoculados

em trés a quatro dias (ou mais), apds a inoculagao, utilizando a IFD (WHO, 2004).

O método de IFD é considerado o teste de microscopia de maior exatidao
disponivel para o diagnostico rapido da Raiva (DEAN et al., 1996), mesmo
considerando-se a existéncia de técnicas mais modernas para este fim, como a
PCR.

2. Justificativa

SILVA (2000) demonstrou que a confirmagdo do diagnostico da Raiva, para
“virus de rua”®, em camundongos pode ser obtida aos sete dias apds a inoculaco,
através da utilizagdo de camundongos lactentes com sacrificio aos sete dias e

realizacéo de IFD do cérebro.

Desta forma, com relacdo a monografia da Ph. Bras., a utilizacdo de
camundongos lactentes somente, ja seria suficiente, uma vez que estes sdo mais
sensiveis ao virus rabico do que os camundongos adultos. A OMS preconizava a
utilizagdo de apenas 20 camundongos de 15 a 20g para a detecgéo de virus

rabico infeccioso residual.

A utilizacdo da VPCV no Brasil, no presente, facilita a utilizacdo do cultivo
celular para deteccao de virus rabico infeccioso residual, uma vez que estas
vacinas sao muito purificadas, no entanto a técnica descrita na Ph. Eur. tem
duragao tao longa quanto a prova em animais, 21 dias (no minimo) e uma vez que
o custo estimado de uma dose desta vacina seja de cerca de US$ 7 e a
recomendacao € que se utilizem 25 doses para inoculagao (Ph. Eur., 2008; WHO,

2007c), o que representaria US$ 175 em vacinas, so para este teste.

O diagndstico in vitro de casos de Raiva a partir de cérebro de animais vem
sendo utilizado em rotina desde a década de 1980, estando disponiveis linhagens
celulares como a BHK-21 e o neuroblastoma murino mais sensiveis ao virus

rabico do que aquelas utilizadas na produg¢do de vacinas como as células Vero e

> - Termo cunhado por Pasteur para designar amostras de virus isoladas de casos naturais da
doenca
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as ceélulas dipléides humanas (RUDD et al., 1980; WEBSTER, 1986; RUDD &
TRIMARCHI, 1987 e 1989). A revisao das orientagdes para producédo de vacinas
contra Raiva publicada pela OMS recomenda a utilizacdo destas células mais

sensiveis para detecgao de virus infectivo residual em tais vacinas (WHO, 2007c).

3. Material e Métodos

Sugerimos uma redugdo e um refinamento da técnica para apenas dez
camundongos lactentes com sacrificio aos cinco dias e teste pela IFD e a adogao
da inoculacdo em cultivo celular para deteccao de virus rabico infeccioso residual
em substituicdo ao ensaio em camundongos, ou como prova complementar ao

ensaio em lactentes.

Para avaliar a confiabilidade do ensaio em camundongos lactentes foi testada a
sensibilidade deste sistema através da inoculagéo de 10 lactentes com sacrificio
aos cinco dias e exame pela técnica IFD para Raiva em paralelo a inoculagéo de
20 camundongos de 11 a 15 g, com o objetivo de demonstrar que o teste realizado
em lactentes apresenta, pelo menos, a mesma sensibilidade de detec¢éo do virus

Rabico que a dos camundongos de 11 a 15 g.

Para avaliar a confiabilidade de um sistema de diagnostico em células foi
testada a sensibilidade de uma técnica de diagnostico de Raiva em células BHK-

21 em comparagao com os resultados das técnicas in vivo.

3.1.1. Animais

Foram wusados camundongos albinos suigos, machos ou fémeas,
desmamados, pesando de 11 a 15 g e lactentes (com zero a trés dias de idade) do
plantel da Fundagcdo Oswaldo Cruz. Os camundongos foram acondicionados em
gaiolas padrao de plastico com tampas de aco inoxidavel e serragem de madeira
como cama e acondicionados sob temperatura controlada (23 +/-1 °C), umidade
relativa (aproximadamente 70%) e 12:12 h de foto periodo com as luzes
acendendo as 08:00 h. Agua potavel e uma racdo comercial padrdo para

camundongos e ratos de laboratério (CR1 Nuvital, Nuvilab Ltd., Curitiba, PR,
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Brazil) foram administrada ad libitum. Os protocolos experimentais foram
aprovados pelo comité de ética no uso de animais de laboratério da Fundacéao
Oswaldo Cruz (CEUA - FIOCRUZ) e obteve a licenga n° L-022/06.

3.1.2. Células

Células BHK-21 (C13) foram adquiridas na American Type Culture Collection
(ATCC, Rockville, USA). As células recebidas da ATCC foram utilizadas na
producédo de um lote mae semente pelo Setor de Cultura de Células - Laboratério
de Vacinas Virais — Departamento de Imunologia — INCQS, mantido congelado em
Nitrogénio liquido neste Setor. As células foram fornecidas mediante prévia
solicitagdo, sendo descongeladas em tal setor, semeadas e fornecidas ao
laboratério de Raiva em garrafas com monocamadas confluentes e mantidas

neste laboratério por quatro a oito passagens com repiques semanais.

3.1.3. Meio de cultura
O Meio de Dulbecco suplementado com 2,5% de Soro Fetal Bovino foi utilizado
para manutencao das células e diluigdo da amostra de virus durante a realizagao

dos ensaios em células.

3.1.4. Virus

Foi utilizado um lote de virus rabico de trabalho da cepa vacinal PV (“Pasteur
Vaccine”, Instituto Pasteur, Paris, Franga) lote PV-01/04, produzido utilizando lote
semente fornecido pelo Instituto Butantan (Sado Paulo, SP) produzido em células
BHK-21, segundo SMITH (1996). O titulo do lote de virus foi previamente
determinado como sendo 10%° por 0,03 ml/via i.c. em camundongos. Os calculos

subsequentes foram baseados neste titulo.
3.1.5. Conjugados anti-rabicos

Foram utilizados: o conjugado anti-rabico para diagnodstico in vitro (Bio-Rad,

Marnes la Coquette, France — cat. # 72114) para o ensaio em células e o
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conjugado adsorvido para diagnostico em impressdes de cérebro (Bio-Rad,

Marnes la Coquette, France — cat. # 72112) para o ensaio em animais.

3.1.6. Biosseguranga

Os ensaios foram desenvolvidos em laboratérios independentes: a) Ensaios em
animais, no laboratério de ensaios in vivo no Setor de Animais de Laboratdrio,
Departamento de Farmacologia e Toxicologia; b) Ensaios em células: laboratério
de ensaios in vitro, no Setor de Vacinas Virais — Raiva, do Laboratério de Vacinas
Virais, Departamento de Imunologia. Ambos laboratérios contam com
equipamentos de uso exclusivo no local. Neles, sdo adotadas as medidas de

biossegurancga para trabalhos com virus rabico descritas por KAPLAN (1996).

3.1.7. Recursos

A realizacao dos testes para as modificacbes do ensaio de deteccao de virus
rabico infeccioso residual ja constava como meta proposta no Planejamento
Estratégico do INCQS e sua realizagéo e custeio foram previstos, com solicitagéo
de compra, pelo INCQS, de alguns itens necessarios nédo disponiveis. O projeto
estava, também, incluido no Plano de Objetivos e Metas (POM) do INCQS.

3.2. Metodologias
3.2.1. Ensaios em animais

Para detecgdo do virus rabico em camundongos foram realizadas as técnicas
de inoculagdo em camundongos descrita por KOPROWSKI (1996) e a prova de
anticorpos fluorescentes descrita em CEPANZO (1975). Foram realizadas dez

repeticdes do ensaio.

3.2.2. Ensaio em cultivo de células
Uma técnica de inoculacdo adaptada das técnicas descritas por WEBSTER &
CASEY (1996) e TRIMARCHI et al. (1996) foi harmonizada. Os ensaios foram

realizados no Laboratério de Raiva, Setor de Vacinas Virais — Raiva, do
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Laboratério de Vacinas Virais, Departamento de Imunologia, INCQS. Foram

realizadas quatro repeticdes do ensaio.

3.3. Experimentos
3.3.1. Inoculagdo em camundongos lactentes

Foram realizadas quatro diluicdes fator 1:4,5 contendo 10; 2,5; 0,5 e 0,125
DL50 do virus lote PV-01/04 baseado no titulo obtido pelo virus (10°), as diluigdes
utilizadas foram 109, 10*%, 10°° e 10°°.

Cada diluicao foi inoculada paralelamente em:

« Um grupo de 10 camundongos lactentes (CL);
« Dois grupos de 10 camundongos de 11 a 15g (CA);

Desta forma a cada ensaio foram inoculadas quatro caixas com CL e oito caixas
com CA.

Inicialmente, o sacrificio dos lactentes inoculados seria realizado aos sete dias,
como sugerido por SILVA (2000) para virus de rua. No entanto os virus fixos
apresentam periodos de incubacdo mais curtos e foi verificado, nos testes
preliminares, que aos sete dias ja ocorria morte de grande numero de animais.
Desta forma, os sacrificios foram realizados aos cinco dias.

Os camundongos lactentes foram sacrificados com CO; e os cérebros foram
submetidos a IFD.

Os animas com 11 a 15 g foram acompanhados, apés a inoculagao, por 21 dias
e contados e avaliados diariamente para a evolugcédo de sintomas de Raiva, sendo
aplicados “end-points” humanitarios, como utilizado rotineiramente no laboratério.

Os resultados foram registrados em ficha padronizada de ensaio.

3.3.2. Inoculacéo em cultivo celular

Visando determinar a sensibilidade deste sistema a quantidade de CCID50 de
virus como prova de detecgao de virus rabico infeccioso residual, foram realizadas
diluigdes em Meio de Dulbeco com 2,5% de soro fetal bovino, contendo 10; 1,0;
0,1 e 0,05 CCID50, do virus lote PV-01/04, em placas de 96 orificios, ficando 90 pl

em cada pocgo. A seguir, foram adicionados 50 yl de suspensao contendo 6 x 10°
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células BHK-21/ml a cada pog¢o. As placas foram inoculadas e incubadas entre
36,5 e 37 °C em estufa com 5% CO2 por 48 h. Apods isto, foram submetidas a
fixacao e ao teste de IFD como descrito no manuscrito 1 (MOURA et al., 2008).

3.4. Anadlise Estatistica

Os testes foram realizados pelo menos 4 vezes em cada grupo, os titulos foram
calculados pelo método de probitos utilizando o programa do EDQM para analise
estatistica de dados originados de ensaios bioldgicos de diluicdo (CombiStats,
COUNCIL OF EUROPE, 2008-b). Foram ainda calculadas as porcentagens de
positividade por diluigdes e obtidas as DL50 reais por diluicdo e suas médias para
serem comparadas com as DL50 tedricas.

O ensaio utilizando camundongos adultos foi considerado o teste padrao.
Comparagdes entre os titulos obtidos pelos grupos camundongos adultos (CA),
camundongos lactentes (CL) e cultura de células (CC) foram feitas por analise de
variancia (ANOVA) com a finalidade de testar se houve diferenga significativa
entre as médias (p=0,05). Foram ainda avaliadas:

. A correlacao entre a porcentagem de positividade média por diluigao;
« A correlagéo entre o numero de DL50 tedrico e o obtido por diluigéo;

4. Resultados

4.1. Titulos dos testes em camundongos adultos e camundongos lactentes e
precisao intermediaria

A tabela 1 apresenta: os titulos individuais em logaritmo por teste (n=20), as
meédias, os intervalos de confiangca de 95% e os coeficientes de variagao (CV %),
que expressam a precisao intermediaria (variagao inter-ensaios) para o ensaio de
titulacao viral do lote PV-01/04 nos grupos CL (n=10) e CA (n=10).

No grupo CL, o titulo, em logaritmo, variou de 4,45 a 5,41, o intervalo de
confiangca de 95% foi 4,36 — 5,90 e a precisao intermediaria foi 6,41%. Para o
grupo CA, o titulo variou de 4,59 a 5,12, o intervalo de confianga foi 4,63-5,11 e a
precisdo intermediaria foi 3,08%. A precisdo intermediaria geral entre os dois

grupos foi 4,93%.
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4.1.1 Exatidao

O grupo CL apresentou uma exatiddo, medida através do percentual de
recuperagao determinado como descrito por PLIKAYTIS et al., (2000), de 100,88%
na determinagdo do titulo quando a média dos resultados foi comparada com a
média de CA, quando os resultados deste grupo foram considerados como valor
de referéncia por ser a técnica padrao.

A Tabela 2 demonstra os resultados da analise de variancia (ANOVA). Nao

houve diferenca significativa entre as meédias (F = 0,1515; p=0,7017).

TABELA 1 - Titulos em logaritmo obtidos para virus rabico lote PV-01/04
determinado por via i.c. em camundongos com 11 a 14 g com intervalo de
confianca de 95%, (n = 20).
10 Lactentes 20 Adultos
Teste Titulo LIC  LSC |Titulo' LIC LSC
517 4,78 556 512 488 5,35
530 465 566 488 465 512
469 433 503 459 434 483
541 505 578 483 459 5,06
499 465 534 495 470 519
494 459 529 475 451 4,99
474 439 509 482 458 5,06
455 418 489 503 4,79 528
493 459 527 481 4,57 5,05
10 445 4,08 4,81 496 4,72 520
Média 4,92 453 527 487 463 5,11
CV% 6,41 3,08

OO NP WN -

*Logaritmo

TABELA 2 - Anova fator unico comparando resultados dos grupos de animais

Grupo Contagem Soma Meédia Variancia
CA 10 48,74 4,87 0,023
CL 10 49,17 4,92 0,099
ANOVA
Fonte da variacao SQ gl MQ F valor-P _F critico
Entre grupos 0,0092 1 0,0092 0,1515 0,7017  4,4139
Dentro dos grupos 1,0984 18 0,0610
Total 1,1077 19
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4.2. Titulos dos testes em cultura de células e precisao intermediaria

A tabela 3 apresenta: os titulos individuais em logaritmo por teste (n = 32), as
meédias, os intervalos de confianca de 95% e os coeficientes de variagao
percentual (CV %) que expressam a precisdo intermediaria (variacdo inter-
ensaios) para o ensaio de titulagdo viral do lote PV-01/04 no grupo CC. O titulo
variou de 2,92 a 5,59, os CV % foram 13,31% no teste 1; 24,18% no teste 2;
3,55% no teste 3 e 5,88% no teste 4. A média geral do titulo foi 4,13 (Intervalo de
confianca 3,55-4,47) e o CV % geral foi 18,58%. A analise de variancia (ANOVA)
demonstrou que houve diferencas significativas entre os resultados dos quatro
testes (Tabela 4). Assim, os resultados do Teste 4 foram considerados como
aberrantes e ao serem eliminados dos calculos a andlise de variancia nao
detectou diferengas significativas entre as médias dos resultados dos Testes 1,2 e
3 (Tabela. 5).
4.2.1. Exatidéo

O grupo CC apresentou uma exatidao, medida através do % de recuperagao
determinado como descrito por PLIKAYTIS et al.,, (2000), de 84,53%
(considerando os testes de 1 a 4) e 89,25% (considerando apenas os testes de 1
a 3) na determinacéao do titulo quando a média dos resultados foi comparada com
a média de CA e quando os resultados deste grupo foram considerados como
valor de referéncia por ser a técnica padrao.

TABELA 3 - Titulos logaritmicos para virus rabico obtido em células BHK-21 pela
técnica de anticorpos fluorescentes em 48 horas com intervalo de confianca de
95% (n=32).
Teste 1 Teste 2 Teste 3 Teste 4

Replicata Tit LIC LSC Tit LIC LSC Tit LIC LSC Tit LIC LSC
4,09 3,70 4,50|558 4,93 6,39(4,81 4,39 523|3,35 2,94 3,75
3,60 3,10 4,00(5,50 4,86 6,28 4,67 4,26 5,09 (2,92 2,52 3,33
481 4,39 523(3,02 221 3,67|4,89 4,55 5,24 (3,03 2,50 3,47
4,67 4,26 508|3,80 3,18 4,35/4,80 4,45 514|3,31 2,87 3,69
430 3,89 4,71]4,01 3,42 455|452 4,18 4,86 |3,46 3,06 3,83
454 4,13 495|354 288 4,11|4,98 4,64 532 (3,31 2,77 3,77
519 4,78 559(3,56 2,91 4,13|5,00 4,66 5,35|3,29 2,84 3,67
3,67 3,24 4,09]|- - -
3,88 3,28 4,41 |- - -
3,61 2,88 4,26 |- - -
461 3,88 526 |- - -
Média 426 3.78 473|413 39 44 480 47 4,96(3,22 3,00 3,38
CV % 13,31 24,18 3,55 5,88

200N RWN =
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TABELA 4 - Anova fator unico comparacgao dos resultados dos ensaios em cultura
de células

Grupo Contagem Soma Média Varidncia

CC Teste 1 12 50,48 4,21 0,3134

CC Teste 2 7 29,01 4,14  1,0045

CC Teste 3 7 33,67 4,81 0,0292

CC Teste 4 7 22,68 3,24 0,0363

ANOVA

Fonte da variacgo  SQ gl MQ F valor-P F critico
Entre grupos 8,8589 3 2,9530 8,6782  0,0003 2,9340

Dentro dos grupos  9,8679 29 0,3403

Total 18,7268 32

TABELA 5 - Anova células excluindo teste 4.

Grupo Contagem Soma Meédia Varidncia

CC Teste 1 12 50,48 4,21 0,3134

CC Teste 2 7 29,01 4,14 1,0045

CC Teste 3 7 33,67 4,81 0,0292

ANOVA

Fonte da variacdo SQ gl MQ F valor-P _F critico
Entre grupos 2,0254 2 1,0127 2,4137 0,1118 3,4221

Dentro dos grupos 9,6500 23 0,4196

Total 11,6754 25

4.3. Comparagoes entre os grupos

A Tabela 6 apresenta as percentagens médias de positividade por diluigdo para
os grupos CA e CL e a Tabela 7 a percentagem média de positividade do grupo
CC. A Tabela 8 apresenta os coeficientes de correlagdo entre as porcentagens de

positividade entre os grupos CA, CL e CC e o nivel de significancia estatistica.

TABELA 6 - Comparacgao entre a porcentagem média de positividade por diluicao
nos grupos Camundongos de 11 a 15 g e Camundongos Lactentes

CA CL
Diluicdo % positividade % positividade
-4,0 87,00 87,50
-4,6 65,50 64,75
-5,3 22,50 30,27
-5,9 9,00 11,22
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TABELA 7 - Porcentagem média de positividade por diluicdo em Cultura de
Células

%
Diluicaopositividade

-3,3 77,60
-4,3 43,45
-5,3 13,28
-6,3 2,27

TABELA 8 - Coeficientes de correlagdo de Pearson entre os grupos e grau de
significancia

CA CL cC
CA 1 .996(**) .983(*)
CL .004 ° 1 .985(*)
cc 017°  .015° 1

** Correlagao é significativa ao nivel 0.01 (2-caudas).
* Correlagao é significativa ao nivel 0.05 (2-caudas).
r — correlagao; p — significancia
4.3.1. Comparacgéo entre % de positividade de CA e CL

A Figura 1 apresenta o grafico de dispersdo com a linha de tendéncia entre os
resultados de porcentagem de positividade média por diluigdo entre os grupos CA
e CL. O coeficiente de correlagao de Pearson foi 0,996 (n = 4) e p significativo ao

nivel 0,01 (p=0,037) indicando uma forte correlagcéo entre CA e CL (Tabela 8).

4.3.2. Comparacéo entre % de positividade de CA e CC

A Figura 2 apresenta o grafico de dispersdo com a linha de tendéncia entre os
resultados de porcentagem de positividade média por diluigdo entre os grupos CA
e CC. O coeficiente de correlacdo de Pearson foi 0,983, indicando uma forte
correlacédo entre CA e CC (n = 4) e p significativo ao nivel 0,01 (p=0,017) (Tabela
8).

4.3.3. Comparacéo entre % de positividade de CL e CC
A Figura 3 apresenta o grafico de dispersdo com a linha de tendéncia entre os
resultados de porcentagem de positividade média por diluicdo entre os grupos CL

e CC. O coeficiente de correlacdo de Pearson foi 0,996, indicando uma forte
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correlacéo entre CL e CC, (n = 4) e p significativo ao nivel 0,01 (p=0,015) (Tabela
8).

0,00 =1

60,00

CcL

40,00

20,00 R Sq Linear = 0 993

T T T T T
0,00 20,00 40,00 60,00 80,00
CA

FIGURA 1 - Correlagédo entre a porcentagem média de positividade por diluicdo
entre os grupos CA e CL
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o #0004

20,00+

R Sg Linear = 0 967
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0,00 20,00 40,00 60,00 0,00
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FIGURA 2 - Correlagdo entre a porcentagem média de positividade dos grupos
CA e CC.
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FIGURA 3 - Correlagdo entre a porcentagem média de positividade dos grupos
CLeCC.

4.4. Comparagao entre numero de DL50 Real e numero Teodrico
A Tabela 9 apresenta o n° de DL50 tedrico e o n° de DL50 real obtidos por
diluicdo nos grupos CA e CL. A tabela 10 apresenta as médias de positividade e o

n°® de CCID50 tedrico e o n® de CCID50 real obtidos por diluicdo no grupo CC.

TABELA 9 - Comparacao entre o n° de DL50 real e tedrico por diluicdo nos
grupos Camundongos de 11 a 15 g e Camundongos Lactentes

N° CA CL
Diluicao DL50 N° DL50 N° DL50
Tebrico Real Real
-40 10,0 7,89 10,42
-4,6 2,5 1,77 2,33
-5,3 0,5 0,40 0,52
-5,9 0,1 0,09 0,12

TABELA 10 - N° de CCID50 real e tedrico obtidos por diluicdo no grupo Cultura de
Células
Diluicdo N° N°
CCID50 CCID50
Tedrico Real
-3,3 10,0 12,07
-4,3 1,0 1,21
-5,3 0,1 0,13
-6,3 0,01 0,01
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A Tabela 11 apresenta os coeficientes de correlagdo entre o numero de DL50
reais e tedricas para os grupos CA, CL, a CCID50 tedrica e real para o grupo CC
e, 0s niveis de significancia estatistica para as correlagdes.

TABELA 11 - Coeficientes de correlagéo de Pearson entre os grupos e grau de
significancia

DL50 CL DL50 CA CCID50 DL50 tedrica CCID50 tedrica

DL50 CL 1 1.000(**) .994(*%) 994(*) 994(*)
DL50 CA .000 1 .994(*) .994(*) .994(**)
CCID50 .006 .006 1 .993(*) 1.000(**)
DL50 tedrica .006 006 .007 1 .993(**)
CCID50 tedrica .006 006  .000 .007 1

** Correlagdo é significativa ao nivel 0.01 (2-caudas).

4.4.1. Comparagao entre numero de DL50 Real e Tedrico grupo CA

A Figura 4 apresenta o grafico de dispersdo com a linha de tendéncia entre o n°
de DL50 tedrico e o n° de DL50 real obtido por diluigdo para o grupo CA. O
coeficiente de correlacdo de Pearson foi 0,994, indicando uma forte correlagao
entre o n° de DL50 tedrico e o n° real obtido por diluigdo no grupo CA, (n =4) com

p significativo ao nivel 0,01 (p=0,006) (Tabela 11).
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FIGURA 4 - Correlacao entre o n°® de DL50 tedrico e o real obtido no ensaio para o
grupo CA.

4.4.2. Comparacéo entre numero de DL50 Real e Teorico no grupo CL
A Figura 5 apresenta o grafico de dispersdo com a linha de tendéncia entre o n°
de DL50 tedrico e o n° de DL50 real obtido por diluicdo para o grupo CL. O
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coeficiente de correlacédo de Pearson foi 0,994, indicando uma forte correlagao
entre o n° de DL50 tedrico e o n° real obtido por diluigdo no grupo CL, (n =4) com

p significativo ao nivel 0,01 (p=0,006) (Tabela 11).
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FIGURA 5 - Correlagao entre o n® de DL50 tedrico e o real obtido no ensaio para o
grupo de CL.

4.4.3. Comparagéao entre numero de DL50 Real e Teorico grupo CC

A Figura 6 apresenta o grafico de dispersdo com a linha de tendéncia entre o n°
de CCID50 tedrico e o n° de CCID50 real obtido por diluigdo para o grupo CC. O
coeficiente de correlacdo de Pearson foi 1,000, indicando uma perfeita correlagéo
entre o n° de CCID50 tedrico e o n° real obtido por diluicdo no grupo CC, (n = 4)

com p significativo ao nivel 0,01 (p=0,000) (Tabela 11).

4.5. Comparagao entre ensaios in vivo e in vitro

A analise de variancia (ANOVA) demonstrou que houve diferencgas significativas
(p=0,0019) entre os resultados dos ensaios in vivo (CA e CC) e in vitro (CC)
(Tabela 12). O quarto ensaio do grupo CC nao foi incluido na comparagéao por ter

sido considerado aberrante na Analise de variancia.
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FIGURA 6 - Correlacao entre o n° de CCIDS50 tedrico e o real obtido no ensaio

para o grupo de CC

TABELA 12 - ANOVA comparando ensaios em animais e em cultura de células

(excluindo teste 4)

Grupo Contagem Soma Média Varidncia
CA 10 48,74 4,87 0,0226
CL 10 49,17 4,92 0,0995
CC Teste 1 12 50,48 4,21 0,3134
CC Teste 2 7 29,01 4,14 1,0045
CC Teste 3 7 33,67 481 0,0292
ANOVA
Fonte da variagao SQ Gl MQ F valor-P  F critico

Entre grupos 5,3683 4 1,342 5,1194 0,0019

Dentro dos grupos 10,7485 41 0,262

Total 16,1168 45

2,6000

TABELA 13 - Coeficiente de variagao entre as porcentagens de positividade

média obtidas entre os grupos CA, CL e CC.

Diluicdo  CA CL CV %' CC CV%°
1,00 87,00 8750 041 7760 6,63
2,00 6550 64,75 0,81 4345 21,62
3,00 22,50 30,27 20,83 13,28 38,63
4,00 9,00 11,22 1554 227 62,15

1 — Coeficiente de variagédo entre CA e CL
2 — Coeficiente de variagéo entre CA, CL e CC
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4.6. Sensibilidade de detecgcao do virus Rabico

No grupo CL foi possivel detectar virus em diluicbes contendo até 0,1 DL50,
nesta concentragdo, em geral apenas um camundongo por grupo foi positivo.
Também, o grupo CA foi capaz de detectar virus até a mesma concentragao da

mesma forma, nestes casos, apenas um animal por grupo foi positivo.

5. Discussao, Conclusoes e Perspectivas

A Discusséo, Conclusdes e Perspectivas do manuscrito 3 sdo apresentadas
nas paginas 78 a 81 do item quatro - DISCUSSAO.
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4. DISCUSSAO

O controle de imunobiolégicos para a Raiva no Brasil segue as monografias da
Ph. Bras., que no presente utiliza apenas testes in vivo. A partir de 2008 o INCQS,
além de realizar o controle da qualidade das vacinas utilizadas pelo Programa
Nacional de Imunizagdes (PNI-SVS-MS), passou a ser resopnsavel pela liberagao
dos lotes analisados, como recomendado pela OMS, em inspecao realizada na
instituicdo neste ano.

O MS adquire vacinas contra a Raiva produzida em células Vero (desde 2003),
soro anti-rabico e em menor escala, imunoglobulina anti-rabica humana. Estes
produtos sdo analisados lote a lote e estdo previstos os ensaios de poténcia para
vacina contra a Raiva e soro anti-rabico (ensaios de desafio letal) e de verificagao
da inativagao viral (inoculagao direta em camundongos).

Os avangos na area de vacinologia se deveram em grande parte a utilizagao
nesta area dos animais de laboratério, que tomou maior importancia a partir das
descobertas de R. Kock e L. Pasteur no final do século XIX.

A busca pela utilizagado de ensaios alternativos aos ensaios em animais € uma
recomendacado que vem sendo adotada mundialmente no campo do controle da
qualidade de imunobiolégicos, desde a década de 1970.

Neste trabalho estdo apresentados os resultados obtidos com a aplicagdo do
conceito dos 3Rs de RUSSELL & BURCH (1959) nos ensaios realizados para

controle da qualidade de imunobiologicos para a Raiva preconizados na Ph. Bras.

41. VALIDA(}AO DE UM TESTE DE POTENCIA DE NEUTRALIZAGAO VIRAL
EM CELULAS BHK-21 PARA IMUNOGLOBULINAS CONTRA RAIVA

Sistemas de garantia da qualidade como as GMP e ISO/IEC requerem o uso de
procedimentos analiticos propriamente validados. Embora métodos farmacopeicos
nao requeiram re-validagdo, para a liberacdo de lotes de produtos, certos
procedimentos devem ser realizados para garantir que os métodos sdo aplicaveis
na hora de sua utilizagdo. Pode ser necessario confirmar a precisdo do método ou
a sua confiabilidade em atingir os niveis de detecgdo do método validado

(Australian Government, 2006). Validacao € o processo pelo qual a confiabilidade,
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uma medida objetiva da reprodutibilidade intra e inter-laboratorial (Balls et al.,
1990), e a sua relevancia sao avaliadas com o objetivo de dar suporte a um uso
especifico (NIEHS, 1997; Frazier, 1990). Um método é considerado validado
quando suas caracteristicas de performance, vantagens e limitagcbes foram
adequadamente determinadas para um propdsito especifico (Balls et al., 1990).
Nao ha niveis de reprodutibilidade étimos ou minimos ou associados ao evento de
interesse que deverdo ser alcancados para uma validagao de sucesso. Os niveis
de confiabilidade e relevancia necessarios dependerdao das condicbes sob as
quais o teste sera usado e o propdsito ao qual seus resultados serédo aplicados
(Robinson, 2003).

Para avaliar a confiabilidade de um método do tipo de ligacdo, como o EIE, van
der ARK et al. (2000), e JACOBSON (1998), adotaram uma variacdo de 20% ou
menos como sendo um bom CV % para repetibilidade. A OMS (1997), descreve
que ensaios de ligacdo tipicamente tem variabilidade entre 5 e 20%, enquanto
ensaios in vifro ou in vivo podem apresentar variabilidade acima de 50%. O
presente estudo comparou os resultados obtidos em um estudo realizados em
dois laboratorios brasileiros (INCQS e Instituto Butantan) para a validagdo de um
ensaio alternativo in vitro para poténcia de soros e Ig. Os testes demonstraram
que o ensaio de poténcia de neutralizagéo viral (EPNV) apresenta uma variagao
satisfatéria de acordo com os padrdes adotados pela OMS (1997), Jacobson
(1998) e van der ARK et al. (2000). Para verificar a confiabilidade do método, O
INCQS revisou os graficos de controle do soro de referéncia em uso na época e
obteve um CV % de 78% (n=34) no ensaio de poténcia em animais e 15,05%
(n=20) no EPNV (dados nado publicados). Também, a média geométrica geral
obtida neste estudo para a DE50 da referéncia Internacional coorroborou com os
resultados publicados por FITZGERALD & RASTOGI (1985) and CLIQUET et al.

(1998), usando a mesmo material de referéncia internacional.
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4.2. AVALIAGAO DA POTENCIA DE VACINAS CONTRA RAIVA: IMPACTO
DE UMA REDUGAO NO NUMERO DE ANIMAIS POR DILUIGAO

O ensaio de protegcao de camundongos NIH continua sendo o unico ensaio de
poténcia aceito pela OMS para a liberacao de lotes de vacina contra Raiva de uso
humano (WHO, 2007). Este teste requer um grande numero de animais e |lhes
causa sofrimento substancial. Aplicando o conceito dos 3Rs de Russell & Burch
(1959) para o uso de animais de laboratério, n6s avaliamos o impacto da reducéo
no numero de animais (de dezoito para nove por diluigdo) sobre a poténcia
estimada de acordo com as recomendagbes de Hendriksen (et al., 1987; 2004),
Weisser e Hachler (1997) e Bruckner et al. (1988, 2003).

Este estudo € uma analise retrospectiva de dados de ensaios de rotina para

liberagao de lotes de vacina.

Todos os grupos de dados (ST, C1 e C2) apresentaram distribuicdo normal,
quando avaliado pelo teste de Kolmogorov-Smirnov. N&o foram encontradas
diferengas significativas entre as médias dos trés grupos de dados quando

analisados pelo teste t Student para dados pareados.

O Erro de medicdo determinado pelo coeficiente de variagdo intra-amostra
(Bland, 2005) entre os grupos ST e C1 e entre os grupos St e C2 foi 25,29% e
23,32% respectivamente. O coeficiente de variagado intra-amostra entre os grupos
C1 e C2 foi 39,47%. Estes resultados demonstram uma variabilidade aceitavel
para um ensaio in vivo, uma vez que segundo a OMS (WHO, 1997?), ensaios in

vivo e in vitro podem apresentar variabilidade maior que 50%.

Quando a vacina de referéncia foi avaliada, ndo houve aumento significativo as
meédias das DES50 (ST = 20,48; C1 = 21,26 e C2 = 22,42). Entretanto houve um
aumento significativo na amplitude do intervalo de confianga da DES50 (C1 = 73,75
e C2 = 36,92%), como consequiéncia da redugao na precisdo da determinagao
quando a DE50 da vacina de referéncia foi calculada usando nove animais por
diluicdo. Como o resultado da vacina de referéncia pode invalidar um ensaio

inteiro se alguns critérios ndo forem atingidos, (e.g. linearidade na curva dose
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resposta), visando evitar uma perda adicional na precisdo do teste, decidimos
continuar a usar dezoito animais por diluigdo para a vacina de referéncia no ensaio
NIH. Embora a redugcdo no numero de animais tenha sido testada apenas nos
animais da vacina teste no presente estudo, como indicado pela média das DES0,

a reducao pode também ser aplicada a vacina de referéncia.

O % CV para a DE50 da vacina de referéncia foi 43,09% em 33 de 38 ensaios
no presente estudo. No estudo publicado por Bruckner et al. (2003), o desvio
padrdao em 24 testes NIH realizados com a mesma vacina de referéncia foi 45% e
em 38 testes, foi 115%. Como mencionado anteriormente, segundo a OMS (WHO,

1997?), ensaios in vivo e in vitro podem apresentar variabilidade maior que 50%.

Os resultados de ST menos resultados de C1 e de C2, quando tratados como
medidas repetidas, ndo apresentaram tendéncias significativas para que houvesse
mudancgas na quantidade de variagdo devido ao incremento dos valores medidos
em nenhum dos dois grupos de comparagodes (Bland & Altman, 1996). Aplicando a
abordagem de identidade como preconizado por Petersen et al. (1997), os
resultados das medidas repetidas ndo desviram umas das outras mais do que a
imprecisao inerente ao ensaio, assumindo a distribuicdo normal de resultados,

como determinado pelo teste de qui-quadrado.

Isto demonstra a boa reprodutibilidade dos resultados entre os grupos ST e C1

e entre os grupos ST e C2.

O Coeficiente de Concordancia de Correlagdo demosntrou uma “Concordancia
Excelente” entre os resultados dos grupos ST e C1 e entre os grupos ST e C2,
quando classificado de acordo com Warke et al. (2001), o que demonstrou que o
ensaio NIH usando 9 animais por diluicao pode prover resultados comparaveis aos

do Teste NIH padrao.

O indice kappa de Cohen dos resultados categorizados de poténcia (Aprovado
ou Reprovado) entre os grupos ST e C1 e entre os grupos ST e C2 demonstrou
‘Concordancia Substancial” (Landis & Koch, 1977). Foi observado um numero de
falso negativos nos grupos C1 (5,4%) e C2 (4,7%) e uma discreta ocorréncia de

falso positivos nos grupos C1 (0,9%) e C2 (0,5%).
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Segundo a OMS (WHO, 1997b), deve haver menos de 10% de conclusdes
contraditérias entre um ensaio alternativo com um método simplificado e um teste
padrdo. A incidéncia de conclusdes contraditérias no grupo C1 foi 6,3% e 5,2% no
grupo C2, ambos significativamente menores do que 10%. De acordo com nosso
Procedimento Operacional Padréo, todas as amostras que sejam reprovadas no
ensaio devem ser retestadas pelo menos uma vez e os resultados devem ser
combinados pela média geométrica ponderada (MGP). A MGP entre dois valores
de poténcia sera considerada, e se a MGP for satisfatéria, a amostra € aprovada.
Se a média néo for satisfatéria, uma nova repeticao é realizada e a MGP dos trés

resultados é considerada como o resultado final.

A precisao dos valores de poténcia € indicada pelos limites de confianga de
95% (Hendriksen et al., 1987). A Ph. Eur. e a WHO recomendam uma faixa de 25—
400% para os limites de confianga no ensaio NIH (Council of Europe, 2008b;
WHO, 2007). No presente estudo, 4 em 51 ensaios (7,84%) no grupo C1 e 5 em
51 ensaios no grupo C2 (9.80%) foram invalidados neste requerimento (25%—
400%).Portanto, 8.8% (média) dos ensaios foram considerados invalidos como
consequencia da reducdo do numero de animais testados. Estes resultados estao
de acordo com os obtidos com o ensaio padrao no INCQS nos ultimos cinco anos
(6,16% de ensaios invalidos). Estes resultados também concordaram com os

descritos por Hendriksen et al. (1987).

Weisser and Hechler (1997), em uma revisao critica da monografia de vacina
contra Raiva de uso humano usando o conceito dos 3Rs, sugeriram que em vez
de se adotar a faixa de 25-400% para o intervalo de confianga, seria mais util
estipular-se um valor minimo. Este valor deveria ser excedido pelo limite inferior
de confianga para garantir uma poténcia satisfatéria, como no caso de outros
ensaios de poténcia (e.g., difteria, tétano). Este valor minimo seria derivado do
atual requerimento e seria 0,625 Ul/dose para vacinas de cultivo celular (25% of
2.5 IU/dose). No presente estudo, quando este conceito foi aplicado, todos os
ensaios de poténcia que foram considerados invalidos, mesmo apresentando

resultados de poténcia satisfatérios passaram a ser considerados validos. Isto
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demonstra como a adogao deste conceito poderia evitar reteste de vacinas que ja

apresentaram o requerimento minimo de poténcia no primeiro ensaio.

A incidéncia de ensaios estatisticamente invalidos devido a n&o-linearidade e
nao-paralelismo foi 11,76% (6 em 51) para ambos os grupos C1 e C2. Estes
resultados estdo de acordo com a recomendacédo da OMS de menos de 20% de
resultados rejeitados devido tanto a linearidade quanto paralelismo (WHO, 1997b).
Hendriksen et al. (1987) reportaram 3 em 38 (7.89%) ensaios invalidos devido ao
nao-paralelismo ou nao-linearidade em seu estudo avaliando redu¢dées no niumero
de animais de 20 para 12 visando determinar a poténcia de vacina de componente
diftérico

Ensaios invalidos devido a estes desvios sao frequentes no ensaio padrao NIH.
No INCQS nos ultimos cinco anos, 7,84% dos testes foram invalidos devido a nao-
linearidade ou ndo-paralelismo. Portanto, 0 aumento real no niumero de ensaios
invalgidos foi 3,92%. Como um exemplo pratico, se 18 animais forem usados por
diluicdo (testando trés diluicbes = 54 animais por vacina), para cada 100 ensaios
testando uma unica amostra de vacina, baseado em uma taxa de ensaios
invalidos de 7,84%, um total de 5.822 camundongos seria usado. Se o numero de
camundongos fosse reduzido para 9 animais por diluicao (testando trés diluicdes =
27 camundongos por vacina), para cada 100 ensaios testando uma unica vacina,
baseado em uma taxa de ensaios invalidos de 11,76%, um total de 3.018 animais

deveria ser usado para a vacina teste.

Isto representa uma redugdo de aproximadamente 48% no numero de
camundongos usados. Aplicando isto ao teste utilizando 16 camundongos por
diluigdo (também considerando uma taxa de 7,8% de taxa de invalidagéo), esta

reducédo seria de cerca de 42% para as vacinas teste.

Bruckner et al. (1988) publicou que ndo seria possivel reduzir o numero de
camundongos usados no ensaio de NIH para menos do que 10 porque esta
reducdo poderia levar a resultados que seriam significativamente menos precisos.
Weisser and Hechler (1997) sugeriram que o numero de animais necessarios para

o teste deveria ser deixado aberto e que cada laboratorio poderia determinar ou
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confirmar o numero de animais requerido para satisfazer o requerimento de ensaio
valido. Adicionalmente Weisser e Hechler (1997) descreveram, que baseado no
ensaio NIH para vacinas veterinarias, este numero poderia ser reduzido para 10

animais por diluiggo.

Os requerimentos para ensaio valido para vacinas veterinarias sdo 0s mesmos
dos da vacina de uso humano, exceto que o requerimento minimo de poténcia
para vacinas de uso humano (2.5 IU/dose) € maior do que o usado para vacinas
veterinarias (1.0 IU/dose) (Weisser & Hechler, 1997).

Apesar da existéncia de um teste NIH de diluicdo unica, ele apenas determina
se uma vacina tem poténcia significativamente maior do que o requerimento
minimo. O ensaio de diluicdo unica NIH n&o prové informagdo completa da
validade de cada determinacado de poténcia individual, e apenas é recomendado
para laboratérios com experiéncia em realizar ensaio NIH de doses multiplas.
Além disto, se um lote de vacina falha em atingir as especificagbes para o teste
simplificado, o ensaio de poténcia padrao deve ser realizado (WHO, 2007).
Entretanto, o teste simplificado € particularmente util para testar multiplos lotes de
vacina em um curto espaco de tempo. a OMS recomenda que varios pré-
requisitos e condicdes devem ser considerados antes de adotar o ensaio
simplificado de dose unica (WHO, 2007). Entretanto, devido a sua falta de
precisdo, o minimo requerimento para as vacinas testadas pelo ensaio
simplificado € maior do que para as vacinas testadas pelo ensaio padrao NIH
(Wilbur & Aubert, 1996). Bruckner et al.,, (2003) afirmaram que deve ser
reconhecido que este esquema de teste de vacinas ndo pode ser aplicado a todas

as vacinas contra Raiva no mercado.

Os resultados deste estudo indicam que a substituicdo do ensaio padrdao NIH
por uma variante do ensaio usando apenas nove animais por diluigdo da vacina
parece ser factivel para o ensaio de rotina. O teste usando o numero menor de
animais prové resultados equivalentes ao ensaio NIH padréo que prové validacao

estatistica completa de cada determinagao de poténcia individual.
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Se aplicado, podera resultar em 42-48% de redugdo no numero de
camundongos usados, mesmo considerando um ligeiro incremento na incidéncia

de ensaios invalidos.

Os resultados também demonstraram que a adogao de um limite de confianga
de 25% da poténcia estimada ao invés de uma faixa para o intervalo de confianca,
como sugerido por Weisser e Hechler (1997) e similar ao que ja foi estabelecido
para testes comparaveis de poténcia (e.g. difteria, tétano, pertussis), evitaria que
vacinas que ja tivessem atingido o requerimento minimo de poténcia fossem

retestadas.
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4.3. METODO REDUZIDO PARA DETECGCAO DE VIRUS INFECTIVO
RESIDUAL PARA VACINAS CONTRA RAIVA

Os “Requirements for Biological Substances” para produgéo de vacina contra
Raiva de 1980 e 1987 (WHO, 1980 e 1987), recomendam como teste para
detecgao de virus infectivo residual que cada “bulk” seja testado em camundongos
para avaliar a inativacdo antes da adicao dos conservantes e outras substancias.
O teste devera ser realizado com o material do “bulk” ndo diluido inoculado por via
i.c. em pelo menos 20 camundongos, pesando entre 15 e 20g.

Para vacinas produzidas em cultivo celular o teste in vitro de amplificacado de
virus rabico recomenda que se utilize a mesma linhagem de células utilizada na
vacina. Pelo menos 25 mL de vacina devem ser inoculadas e a cultura deve ser
observada por 21 dias, sendo tomadas amostras nos dias 14 e 21 apds
inoculagdo, devendo ser inoculados 0,03mL em camundongos de 12-15g por via
i.c., estes devem ser observados por 14 dias e a presenca viral ser confirmada por
IFD.

Para vacinas produzidas em cultivo celular, a Ph. Eur. (2008) preconiza que
seja realizado nas suspensdes de virus colhidas e inativadas a serem utilizadas na
producao do bulk final, o teste in vitro de amplificagao viral para detecc¢ao de virus
rabico infeccioso residual, imediatamente apds a inativacdo ou usando uma
amostra congelada imediatamente apds a inativagao e mantida a —70°C. Também
deve ser inoculada uma quantidade de virus inativado em volume equivalente a
nao menos do que 25 doses de vacina, em células do mesmo tipo daquelas
utilizadas para a producao da vacina, fazer um repique das células apés 7 dias e
manter a cultura por mais 14 dias e entdo realizar um exame das culturas
celulares para virus rabico, usando a técnica de IFD. Nao deve ser encontrado
virus rabico viavel.

Este ensaio em células também esta preconizado para avaliagao do lote final de
vacina. Porém este ensaio € demasiado longo e trabalhoso para que seja utilizado
para a deteccao de virus rabico infeccioso residual em laboratérios Oficiais de

Controle que apresentam prazos legais para liberagao de lotes.
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Em 2004, o laboratorio Aventis Pasteur noticiou ter encontrado virus infectivo
residual em um lote de VCDH ainda nao liberado e em consequéncia, como
medida de seguranca, fez um “recall” de outros 7 lotes ja distribuidos, produzidos
no mesmo periodo, afetando 24 paises. (CDC, 2004). Este fato chamou a atengao
das autoridades para o problema, que havia sido considerado sob controle nas
vacinas contra Raiva.

Atualmente, o teste em camundongos ndo € mais recomendado pelas duas
normas internacionais (WHO, 2007c, COUNCIL OF EUROPE, 2008), no entanto
esta técnica continua prevista na norma brasileira (FARMACOPEIA BRASILEIRA,
2004).

As células BHK-21 sdo utilizadas em ensaios soroldgicos e outros estudos que
utilizam cepas de virus rabico fixo (WEBSTER & CASEY, 1996).

Os resultados obtidos confirmam a maior sensibilidade dos camundongos
lactentes ao virus rabico, uma vez que, com o sacrificio aos cinco dias e
subsequente realizagdo de IFD neste grupo de animais, foram detectados titulos
equivalentes aos obtidos pelos camundongos de 11 a 15 g observados por 21
dias.

Os resultados obtidos no presente estudo demonstraram que o sistema de teste
detecgao de virus infectivo residual para vacinas contra Raiva utilizando CL com
sacrificio aos cinco dias e exame dos cérebros por IFD apresenta sensibilidade
satisfatéria para deteccdo do virus Rabico quando comparado ao sistema
recomendado pela OMS de 20 CA. O ensaio em CC também demonstrou
apresentar sensibilidade satisfatéria para detectar o virus Rabico quando
comparado ao sistema CA, embora, os titulos obtidos em CC tenham sido mais
baixos que os obtidos em cérebro de camundongos. Isto porém, nao interfere na

intencéo de uso do teste.
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5. CONCLUSOES E PERSPECTIVAS

5.1. CONCLUSOES

5.1.1. Ensaio de poténcia de neutralizacdao viral em células BHK-21 para
imunoglobulinas contra Raiva

Concluimos que o EPNV para Raiva em células BHK-21 apresenta satisfatérias
linearidade, acuracia, repetitividade, precisao intermediaria e reprodutibilidade e
que o EPNV é um ensaio confiavel, rapido e conveniente para avaliar a poténcia

de soro e Ig anti-rabica.
5.1.2. Ensaio de poténcia de vacinas contra Raiva

Este estudo, baseado em uma avaliagdo estatistica retrospectiva de dados,
indica que uma reducdo de dezoito para nove camundongos por diluicdo no
ensaio NIH parece factivel e satisfatorio para atingir os requerimentos estatisticos
para ensaios validos. No entanto, estudos futuros devem ser feitos para avaliar a
reprodutibilidade deste protocolo alternativo. Como ilustragdo do impacto desta
redugdo, os 11.556 camundongos usados no presente estudo para determinar a
poténcia de vacinas usando o ensaio NIH padrdo seria reduzido para 5.778

usando apenas nove camundongos por diluicdo para as vacinas teste.

5.1.3. Detecgéao de virus rabico infeccioso residual para vacinas contra Raiva

Concluimos que os métodos propostos neste estudo, inoculagdo em CL e CC
podem substituir o método preconizado na Ph. Bras. na detecc¢ao de virus rabico
infeccioso residual da vacina contra Raiva no exame de rotina, no entanto, para a
aceitacao dos métodos, um estudo colaborativo com outros laboratérios deve ser

realizado para avaliar a reprodutibilidade do ensaio.
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5.2. PERSPECTIVAS

5.2.1. Ensaio de poténcia de neutralizagao viral em células BHK-21 para
imunoglobulinas contra Raiva

O EPNV ja foi apresentado como ensaio alternativo ao ensaio em animais a
comissao da Ph. Bras. e sera incluido em sua préxima edicao;

O ensaio esta implantado nas duas Instituicdes que participaram do estudo;
Realizar a liberagdo dos lotes de Ig AR baseado no ENPV a partir de 2009

apo6s sua publicacado na Ph. Bras.

5.2.2. Ensaio de poténcia de vacinas contra Raiva e Deteccao de virus rabico

infeccioso residual para vacinas contra Raiva

Avaliar a reprodutibilidade dos ensaios de poténcia NIH com nove animais por
diluicdo e o ensaio reduzido de deteccao de virus rabico infeccioso residual,
através de realizacdo de estudos colaborativos (possivelmente com a
participacdo do Instituto Butantan, Instituto de Tecnologia do Parana e
Laboratério Nacional Agropecuario do MAPA).

Testar a utilizagao destes protocolos de ensaios na rotina de liberagao de lotes
de vacina contra Raiva a partir de 2009;

Propor a adocéo destes protocolos de ensaios a Ph. Bras.

5.2.3. Outras vacinas e soros

Estender estas abordagens de aplicagao do conceito dos 3Rs a outras vacinas

e soros rotineiramente testados in vivo no INCQS.
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A rabies virus neutralization potency test (VNPT), adapted to microplates from the rapid fluorescent focus
inhibition test (RFFIT) for rabies therapeutic immunoglobulin potency evaluation, was standardized and
validated in a two-center study in Brazil. The two institutes involved in the study were: Instituto Nacional
de Controle de Qualidade em Satide (Funda¢do Oswaldo Cruz) and Instituto Butantan.

Two equine rabies immunoglobulin samples, all diluted to 1IU/ml, were tested against the WHO 2nd
Rabies Human Ig International Standard. Four dilutions of the samples and standards were tested with

reywords: the VNPT.
Virus neutralization test The potency of the samples was calculated in IU/ml using the probit method; linearity, accuracy,
RFFIT repeatability (intra-assay variation), intermediate precision (inter-assay variation) and reproducibility

(inter-laboratory variation) were assessed to evaluate the reliability of the VNPT. Laboratories were arbi-
trarily coded as Laboratory A and Laboratory B.

The following results were obtained with the International Standard: (a) linearity, the overall coefficient
of correlation of the dose-response curve was —0.97; (b) accuracy, % error of —0.70 (IU/ml); (c) repeatabil-
ity, 17.06% (Laboratory A) and 11.61% (Laboratory B); (d) intermediate precision, 16.99% (Laboratory A) and
22.05% (Laboratory B); (e) reproducibility, 14.5%. The final conclusion was that VNPT presents satisfactory
linearity, accuracy, repeatability, intermediate precision and reproducibility and is a reliable and suitable
method by which to evaluate rabies immunoglobulin potency.

Validation

© 2008 Elsevier B.V. All rights reserved.

1. Introduction There are three classes of rabies immunoglobulins (RIG) that

are available currently for passive immunization: (a) human IgGs

Rabies is a vaccine-preventable disease; however, this disease is
still a significant public health problem in many Asian and African
countries (WHO, 2007a), even though safe and effective vaccines
exist for both human and veterinary use. Post-exposure treatment,
including specific rabies immune globulin when necessary, is rec-
ommended for all cases of potential infection (WHO, 2002).
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(HRIG), (b) equine IgGs (ERIG) and (c) highly purified F(ab’)2 pro-
duced from ERIG (WHO, 2004). All three must be used according to
WHO recommendations (WHO, 2007b). In Brazil, mainly the highly
purified F(ab’)2 class from ERIG is used.

The measurement and standardization of the potency is the
most critical of all quality control tests of RIG, first at the bulk stage
and then in the final vial (Cabasso, 1991).

Virus neutralization assays are used extensively for antibody
detection of rabies, and a great diversity of protocols has been
described. The residual virus infectivity in these tests is determined
by inoculating mice (Fitzgerald, 1996) or cell cultures (Smith et al.,
1973, 1996; Trimarchi et al., 1996; Zalan et al., 1979).
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The mouse virus neutralization assay (MVNA) was the first to be
developed (Atanasiu, 1996; Webster and Dawson, 1935), and due
to its traditional and widespread use, it has been adopted as the
standard technique against which other tests are evaluated (Smith,
1991).

Russell and Burch’s concept of 3Rs (replacement, reduction and
refinement) in laboratory animal testing is a recognized worth-
while goal for animal welfare (Ark et al., 2000). It can be defined as:
replacement, to substitute insentient material for conscious living
higher animals; reduction, to reduce the numbers of animals used
to obtain information of given amount and precision; refinement,
to avoid unnecessary inhumane procedures applied to laboratory
animals (for review see Ref. Metz et al., 2002).

Since the precision of in vivo assays is limited (Smith, 1991),
bioassays based on in vitro responses of stable cell lines are com-
monly used. They can provide a biologically relevant method of
testing the product, and they are less variable, less expensive and
less labor-intensive than in vivo assays (Robinson, 2003).

A study undertaken by the International Laboratory for Bio-
logical Standards at the Serum Institute in Copenhagen, Denmark
showed that the rapid fluorescent focus inhibition test (RFFIT) is
the best technique for evaluating the potency of RIG (WHO, 1998).
The United States Pharmacopeia (2007) and The European Phar-
macopoeia (EP) (Council of Europe, 2005b) adopted RFFIT as the
official Quality Control potency test for HRIG and ERIG because it is
cheaper, faster, more accurate and more reproducible than in vivo
tests. RFFIT was developed originally by Smith et al. (1973), who
used Lab-Tek chambers. Zalan et al. (1979) were the first to adapt
the technique to 96-well microplates.

The Brazilian National Control Laboratory, Instituto Nacional
de Controle de Qualidade em Satde, a Fundagdo Oswaldo Cruz
unit, is responsible for batch release tests of all the immuno-
biologicals used in Brazil, including HRIG and ERIG. The mouse
virus neutralization assay is the technique described in the Brazil-
ian Pharmacopoeia (Farmacopéia Brasileira, 2004). There are two
national producers of highly purified F(ab’)2 from ERIG: Instituto
Butantan, which is responsible for 70% of all ERIG used in the coun-
try, and Instituto Vital Brazil, which is responsible for the other
30%.

An in vitro rabies virus neutralization potency test (VNPT)
that uses BHK-21 cells in 96-well plates from the RFFIT method
described in the EP HRIG monograph (Council of Europe, 2005b)
was standardized between the Instituto Nacional de Controle de
Qualidade em Sadde and the Instituto Butantan, the only laborato-
ries that perform the in vitro test in Brazil, as an alternative to the
in vivo assay for potency of therapeutic RIG. Before this standard-
ization, each laboratory had its own protocol for RFFIT that was
adapted to 96-well plates. There were slight differences between
the different protocols, so the unique standardized protocol that
was developed led to a better agreement of results. As a pharma-
copoeial method, RFFIT does not require revalidation; but, with
the adaptation to microplates it was necessary to demonstrate the
method’s precision and ability to achieve the suitable detection
level.

Validationis the process by which the reliability and relevance of
a test method are evaluated for the purpose of supporting a specific
use (NIEHS, 1997; Frazier, 1990). The relevance of RFFIT has already
been demonstrated and is accepted due to its very good correlation
with the MVNA (Guillemin et al., 1981a, 1981b; Louie et al., 1975;
Smith, 1991).

A two-center study was performed by the Instituto Nacional
de Controle da Qualidade em Satide and the Instituto Butan-
tan. The primary goal was to establish performance specifications
and validate the assay by demonstrating its reliability (variabil-
ity or imprecision), linearity, accuracy, repeatability (intra-assay

Table 1
Assays performed in each Laboratory for each sample.
Sample Laboratory A Laboratory B Overall no.
Is?

Replicate no. 5 4

Assay no. 6 5

Result no. 30 20 50
BRO11

Replicate no. 5and 2 5

Assay no. 5 4

Result no. 22 20 42
0505085

Replicate no. 5and 10 4

Assay no. 4 4

Result no. 25 16 41

2 International Standard.

variation), intermediate precision (inter-assay variation) and repro-
ducibility (inter-laboratory variation).

2. Materials and methods

A study protocol was established in accordance with the WHO
Good Manufacture Practice guide for analytical assay validations
(WHO, 1997). Instituto Nacional de Controle de Qualidade em Satide
coordinated the study, and the laboratories were arbitrarily coded
as Laboratory A and Laboratory B.

2.1. Study design and assay performance specifications

(a) Two sera were tested against the WHO 2nd HRIG Interna-
tional Standard (IS) obtained from the National Institute of
Biological Standardization and Control (NIBSC, UK): a Brazilian
Candidate National Standard ERIG (BRO11) and a commercial

Table 2
Parameters evaluated to access the reliability of the VNPT according to WHO (1997)
protocol.

Parameters Assessment approach References
Linearity (a) Coefficient of (Plikaytis et al., 2000;
correlation of IS WHO, 1997; Council of
dose-response curves Europe, 2005a)
(b) Coefficient of
correlation of IS
ED50 x Virus Dose
(c) In all assays, as a
validity criterion
Accuracy (a) % Error for IU/ml of IS (Plikaytis et al., 2000;

Repeatability
(intra-assay
variation)

Intermediate precision
(inter-assay
variation)

Reproducibility
(inter-laboratory
variation)

(a) % CV of ED50 of IS

(b) % CV of estimated
sample potencies: BRO11
and 0505085

(a) % CV of ED50 of IS

(b) % CV of estimated
sample potencies: BRO11
and 0505085

(a) % CV of ED50 of IS

(b) % CV of estimated
sample potencies: BRO11
and 0505085

WHO, 1997)

(Bland, 2005; Bland
and Altman, 1996;
Bland and Kerry, 1998;
WHO, 1997)

(Same as repeatability)

(Same as repeatability)

% CV, coefficient of variation percent; ED50, effective dose 50%; IS, International

Standard.
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Table 3

Data used for % CV calculation to assess repeatability, intermediate precision and reproducibility.

Repeatability

Intermediate precision Reproducibility

Intra-assay

Overall intra-assay

Inter-assay Inter-laboratory

S.D.2 as SRP of Variance per day,

per Laboratory

Laboratory
GM¢ Laboratory results Overall per Laboratory
per day results

Mean of variances of
assays per day, per

Overall results
weighted variance
(both Laboratories)

Overall results
weighted variance per
Laboratory

Overall per Laboratory
results

Overall results (both
Laboratories)

References: Bland (2005), Bland and Altman (1996), Bland and Kerry (1998) and WHO (1997).

@ Standard deviation.
b Square root.
¢ Geometric mean.

ERIG (batch number 0505085), both produced by the Instituto

Butantan.

(b) The challenge virus strain used was CVS-11 (Pasteur Institute,
Paris, France), which was produced in BHK-21 cells and provided
by the Instituto de Tecnologia do Parana (Parand, Brazil). Each
laboratory used its own working virus batch.

(c) Controls were used in every plate: negative serum, virus titra-
tion and cell culture controls.

(d) Each laboratory tested four twofold dilutions of the three sera
simultaneously on at least four different days with at least four
replicates (Table 1).

(e) The culture medium used was Eagle’s Minimum Essential
Medium (EMEM) supplemented with 5 and 2.5% fetal bovine
serum for cell growth and the assay procedure, respectively.

(f) Replicates were tested in the same plate.

(g) Sera were diluted to 11U/ml. Each sample was tested in four
twofold dilutions to obtain the following dilutions after mixing
with the working virus dilution:

e BRO11: pre-diluted to 1:400; then, the sample was further
diluted from 1:16 to 1:128 (these represent real dilutions of
1:6400 to 1:51,200)

e ERIG 0505085: pre-diluted to 1:200 and then diluted from
1:16 to 1:128 (these represent real dilutions of 1:3200 to
1:25,600)

e [S with 301U/ampoule: pre-diluted to 1:30 and then diluted
from 1:16 to 1:128 (these represent real dilutions of 1:480 to
1:3840).

(h) The CVS working dilution, containing 200 initial CCID50/50 1,
was added to each well except for the two cell control wells. The
final CVS concentration was 100 final CCID50/50 .1 after mixing
with sera dilutions.

(i) Forthe virus neutralization, plates were incubated between 36.5
and 37°C in a humidified incubator with 5% CO, for 90 min.
Afterwards, 50 .l of BHK-21 cells (ATCC, Rockville, USA) sus-
pended in EMEM-2.5 (at a concentration of 7 x 10° to 8 x 10°
cells per 50 ul) was added to each well, and the plates with

Table 4
Analyses of linearity using the mean % of fluorescent fields inhibited per dilution of
the WHO Human Rabies Ig 2nd International Standard diluted to contain 11U/ml.

Dilution % of response?

Laboratory A, n=30 Laboratory B, n=20 Overall n=50
1/16 100 (2.00) 100 (2.00) 100 (2.00)
1/32 63 (1.80) 84 (1.92) 73 (1.87)
1/64 3(0.48) 8(0.90) 6(0.74)
1/128P 0 (no log) 0 (no log) 0 (no log)
Pearson -1.0 —0.96 —0.97
()=log10.

3 Mean of the % of virus neutralization per dose.
b Not used in the calculation.

infected cells were incubated for 22 h under the same incubation
conditions.

(j) After the medium was discarded, the wells were rinsed once
with PBS and then fixed in cold (—20°C) acetone (80%, v/v) for
15 min at room temperature.

(k) Plates were left to dry at room temperature for 10 min, stained
with fluorescein-conjugated rabies antiserum (Bio-Rad, Marnes
la Coquette, France-cat. # 72114), incubated for 30 min at 37°C
and then rinsed twice with PBS.

(1) The plates were read (eight fields in each well, as recommended
by Zalan et al., 1979) on an inverted fluorescence microscope
at 200x magnification. The results are expressed as the ratio of
fluorescent fields per total fields read.

2.1.1. Statistical analyses

The raw data from Laboratories A and B were analyzed by INCQS,
and the potency results (IU/ml) and/or IS ED50 were calculated
using a personal computer spreadsheet, developed and validated
following the probit method of Council of Europe, 2005a, for each
replicate in each assay of each preparation within each laboratory.
The Geometric Mean (GM) and S.D. (from square root of variances)
were determined in order to calculate the % CV and the root mean
square % CV for the different parameters evaluated (Tables 2 and 3)
(Bland, 2005; Bland and Altman, 1996; Bland and Kerry, 1998;
WHO, 1997). When different numbers of replicates were used, a
weighted % CV was calculated.

Linearity was evaluated using Pearson’s coefficient of correla-
tion and used as a criterion for assay validity. The % error (Plikaytis
et al., 2000) was calculated to assess the accuracy.

2.2. Assay validity parameters

According to the Council of Europe, 2005b criteria, tests cannot
be considered valid unless:

e With the working virus titration, 50 .l of the suspension contains
between 30 and 300 CCID50

¢ The dose-response curve has a significant slope and no significant
deviations from linearity or parallelism.

3. Results
3.1. Linearity

Three approaches were used to evaluate linearity.
3.1.1. The dose-response curve of the IS % of rabies virus
fluorescent fields inhibition

To obtain a normal distribution, a logarithmic base 10 transfor-
mation was performed on the mean % of rabies virus fluorescent
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Table 5
Correlation between WHO Human Rabies Ig 2nd International Standard ED50 and
rabies virus titer.

Institute Assay no. ED50? CCID50/50 w1
Reciprocal Log10 Titer Log10
Laboratory A 1 29.96 1.47 155.41 2.19
2 40.76 1.61 87.33 1.94
3 41.63 1.62 64.12 1.81
4 3243 1.51 169.50 2.23
5 34.60 1.54 125.89 2.10
6 33.40 1.52 166.81 222
Laboratory B 1 56.83 1.75 42.61 1.63
2 34.60 1.54 84.19 1.93
3 41.06 1.61 106.18 2.03
4 42.60 1.63 87.98 1.94
Overall GMP 38.16 1.57 100.37 1.99

2 Effective dose 50%.
b Geometric mean.

fields inhibited by the IS per dilution (Table 4); then, this data was
plotted as the measurement response (y-axis) against the dilution
concentration (x-axis). The Pearson correlation was obtained for
Laboratory A (—1.0) and Laboratory B (—-0.96), and the overall cor-
relation was —0.97. This data demonstrates a very good inverse
correlation and shows that the method produces a satisfactory lin-
ear response.

3.1.2. The correlation between IS ED50 and rabies virus dose
(expressed as the CCID50 titer)

To obtain a normal distribution, a logarithmic base 10 transfor-
mation was performed on the ED50 of the IS results (Table 5); then,
the mean ED50 for the IS obtained in each assay was tested against
the CCID50 titer of the CVS obtained per assay. The Pearson cor-
relation was obtained for Laboratory A (—0.92) and Laboratory B
(—0.81), and the overall correlation was —0.90, which is significant
at p=0.01. Fig. 1 presents the spread graphic with the trendline and

Table 6

1.8

1.7

1.6

IS ED50

1.5 1

T T
1.4 1.6 1.8 2.0 2.2 2.4
CVS CCID50

Fig. 1. Spread graphic, showing the trend line and the 95% confidence intervals,
between the logarithms of the WHO Human Rabies Ig 2" International Standard
ED50 and the Challenge Virus CCID50.

95% confidence intervals. This data shows a good inverse correla-
tion between ED50 and CCID50 titer and that the method produces
a satisfactory linear response.

3.1.3. An assay validity parameter

A routine to evaluate deviations from linearity was included in
the probit spreadsheet, as described in the EP (Council of Europe,
2005a), that was used as a parameter for assay validity; our data
showed no deviation from linearity in any of the tests performed
in the study.

3.2. Accuracy

Since there are no pure standards in biological samples, often
the accuracy cannot truly be assessed with a direct comparison to
a known standard. As such, we took a practical approach to evaluate
the accuracy of our results.

Individual assay and pooled geometric means of potency values expressed in IU/ml per sample (against WHO Human Rabies Ig 2nd International Standard) with 95%

confidence interval.

Sample Laboratory A Laboratory B Overall GM
Assay GM? Range GM Range
ISP 1 30.37 (27.86-36.79) 30.10 (26.97-33.79) -
2 30.27 (26.08-38.23) 30.20 (24.79-34.75) -
3 30.44 (23.43-37.43) 30.04 (29.28-33.06) -
4 30.19 (25.73-33.98) 30.30 (26.59-38.21) -
5 30.30 (27.02-39.23) S - -
6 30.05 (26.78-30.86) ¢ - -
GM? 30.27 (28.52-31.56)4 30.16 (28.57-31.50)4 30.21 (28.97-31.07)¢
BRO11 1 481.54 (364.05-628.96) 716.23 (640.45-805.77) -
2 310.85 (253.58-364.17) 699.40 (620.15-883.98) -
3 488.94 (448.12-557.66) 609.16 (448.56-726.46) -
4 570.58 (553.69-587.97) 704.62 (636.37-741.76) -
5 604.84 (487.93-650.40) G - -
GM 487.88 (414.15-528.59)4 680.95 (638.01-726.78)4 559.43 (511.19-612.22)¢
0505085 1 259.66 (228.16-293.40) 382.22 (227.66-320.52) -
2 173.64 (168.02-202.77) 308.05 (264.31-390.88) -
3 325.78 (266.75-342.48) 321.39 (277.06-392.08) -
4 182.54 (142.11-237.53) 379.39 (351.62-426.49) -
GM 217.74 (193.57-244.92)4 320.95 (292.14-352.59)4 253.34(229.60-279.52)¢
2 Geometric mean.
b

International Standard.
¢ Not done.
4 95% Confidence interval.
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Table 7

1

Individual assays and pooled geometric means of ED50 values expressed as a reciprocal of dilution for WHO Human Rabies Ig 2nd International Standard diluted to 11U/ml,

with 95% confidence interval.

Sample Assay Laboratory A Laboratory B Overall GM
GM Range GM Range
Is? 1 29.16 (23.06-36.74) 56.83 (51.09-64.00) -
2 40.76 (35.44-51.94) 34.60 (28.59-40.08) -
3 41.63 (32.00-51.94) 41.06 (40.08-45.25) -
4 3243 (27.82-36.74) 42.60 37.75-54.26) -
5 34.60 (31.17-45.25) 15 - -
6 33.40 (29.81-34.36) 15 - -
GM¢© 35.21 (32.89-37.69)¢ 43.07 (39.03-47.52)¢ 38.16 (35.89-40.58)°

2 International Standard.
b Not done.

¢ Geometric mean.

4 95% Confidence interval.

3.2.1. Percent error of IS IU/ml

Since there were no significant differences between the ED50
results of Laboratories A and B, the potency in IU/ml (Table 6) was
obtained for each IS replicate (against the ED50 mean per test).

The IS individual and overall % error of Laboratories A and B were
determined as described by Plikaytis et al. (2000), which measures
the degree of error between a laboratory’s result and the assigned
value.

When the IS IU/ml geometric means were tested with the Stu-
dent’s t-test (t=2.3 P=0.09), no significant differences were found
(0.0610g10) between Laboratories A (n=6)30.27 [lU/mland B(n=4)
30.16 IU/ml; the overall GM was 30.21 [U/ml.

The % error calculated for IU/ml values were similar between
the two laboratories, with —0.90% for Laboratory A and —0.53% for
Laboratory B. An overall % error of —0.70% was achieved.

3.3. Assay variation

The repeatability, intermediate precision and reproducibility
of the VNPT were determined as described in Section 2.1.1. The
potency and ED50 results for Laboratories A and B are shown in
Tables 6 and 7. In Table 8, a summary of the assay variation analysis
is shown.

3.3.1. Repeatability

In Laboratories A and B, repeatability was determined by the
variation in the IS ED50 and in the potency results of the ERIGs
BRO11 and 0505085 (IU/ml).

Table 8
Assay variation-% CVs found in the study for evaluating repeatability, intermediate
precision and reproducibility of VNPT.

Sample % CV4
IS® (ED50°) BRO11 (UI/ml) 050585 (UI/ml)
Laboratory A
Repeatability 17.06 11.00 11.37
(Range) (6.09-18.89) (4.25-20.25) (8.83-13.39)
Ipd 16.99 19.77 12.35
Laboratory B
Repeatability 11.61 12.78 15.18
(Range) (5.63-16.41) (7.21-18.11) (9.59-19.73)
IP 22.05 13.20 17.67
Reproducibility 15.83 13.73 13.97

2 Coefficient of variation.
b International Standard.
¢ Effective dose 50%.

4 Intermediate precision.

3.3.1.1. Determined by the variation in the IS ED50 results. In Labo-
ratory A, the intra-assay % CV for IS ED50 (n=30) ranged from 6.09
to 18.89% (Table 6); the overall % CV was 17.06%. In Laboratory B
(n=20), it ranged from 5.63 to 16.41% (Table 8), and the overall %
CV was 11.61%.

3.3.1.2. Determined by the variation in the potency results (IU/ml)
of ERIGs BRO11 and 0505085. In Laboratory A, for ERIG BRO11, the
intra-assay % CV (n=22) ranged from 4.25 to 20.25% (Table 8), and
the overall intra-assay % CV was 11.00%. In Laboratory B (n=20), it
ranged from 7.12 to 18.11% (Table 8), and the overall intra-assay %
CV of the replicates was 12.78%.

In Laboratory A, for ERIG 0505085, the intra-assay % CV (n=25)
ranged from 8.83% to 13.39% (Table 8), and the overall intra-
assay % CV was 11.37%. In Laboratory B (n=16), it ranged from
9.59 to 19.73% (Table 8), and the overall intra-assay % CV was
15.18%.

3.3.2. Intermediate precision

3.3.2.1. Determined by the variation in IS ED50. In Laboratory A
(n=6), the inter-assay % CV in the IS ED50 was 16.99%, and in Lab-
oratory B (n=5), it was 22.05% (Table 8).

3.3.2.2. Determined by the variation in the potency results (IU/ml) of
ERIGs BRO11 and 0505085. In Laboratory A (n=5), for BRO11, the
inter-assay % CV was 19.77%, and in Laboratory B (n=4), it was
13.20% (Table 8).In Laboratory A (n =4), for ERIG 0505085, the inter-
assay % CV was 12.35%, and in Laboratory B (n=4), it was 17.67%
(Table 8).

3.4. Reproducibility

3.4.1. Determined by the variation in the IS ED50

The weighted inter-laboratory % CV was 15.51% when calculated
using the data obtained with the IS ED50 in the two laboratories
(n=50).

3.4.2. Determined by the variation in the potency results for ERIG
0505085 and BRO11

The weighted % CV calculated with all the potency results in
IU/ml obtained in the two laboratories with BRO11 (n=42) was
12.85% and with 0505085 (n=41) was 16.26%.

4. Discussion
Quality Assurance Systems, such as GMP and ISO/IEC, require the

use of appropriately validated analytical procedures. While phar-
macopoeial methods do not require revalidation, for batch release
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of medical products, certain procedures should be conducted to
ensure that methods are applicable at the time of use. It may also
be necessary to confirm the precision of the method or the ability
to achieve the detection levels of the validated method (Australian
Government, 2006). Validation of a test method is the process by
which the reliability, an objective measure of a method’s intra- and
inter-laboratory reproducibility (Balls et al., 1990), and relevance
are evaluated for the purpose of supporting a specific use (NIEHS,
1997; Frazier, 1990). A test method is considered validated when its
performance characteristics, advantages and limitations have been
adequately determined for a specific purpose (Balls et al., 1990).
There is no optimal or minimum level of reproducibility or associa-
tion with the event of interest that must be reached for a successful
validation. The levels of reliability and relevance that are needed
will depend on the conditions under which the test will be used and
the purposes to which its results will be applied (Robinson, 2003).
To assess the reliability of a binding type test, such as EIA, Ark et al.
(2000), and Jacobson (1998), adopted a variation of 20% or less as
good CV % for repeatability. For WHO (1997), binding assays typi-
cally have a 5 to 20% variability, while cell and whole animal assays
may have a variability above 50%. The present manuscript compares
the results obtained in a two-center study performed by two Brazil-
ian Laboratories (Instituto Nacional de Controle de Qualidade em
Satde and Instituto Butantan) for the validation of an alternative
RIG in vitro test for potency evaluation. It demonstrated that the
VNPT presents a satisfactory variation according to the standards
adopted by WHO (1997), Jacobson (1998) and Ark et al. (2000). To
verify the reliability of the VNPT, the Instituto Nacional de Cont-
role de Qualidade em Satde revised the ED50 control charts of the
ERIG National Standard that are currently in use and found a % CV
of 78% (n=34) in MVNA and 15.05% (n=20) in VNPT (unpublished
data). Also, the overall GM obtained in this study for the IS ED50
reciprocal of dilution agrees well with those obtained by Fitzgerald
and Rastogi (1985) and Cliquet et al. (1998), who used the same
IS.

5. Conclusion

The virus neutralization potency test for rabies in BHK-21 cells
presents satisfactory linearity, accuracy, repeatability, intermediate
precision and reproducibility; it is a reliable, rapid and convenient
method to evaluate the potency of ERIG and HRIG.
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reduction in the number of animals per dilution, Journal of Virological
Methods, 2009, in press.

104



G Model
VIRMET-10793; No.of Pages9

Journal of Virological Methods xxx (2009) XXX-XXX

&y

Journal of
Virological

Contents lists available at ScienceDirect

Journal of Virological Methods

journal homepage: www.elsevier.com/locate/jviromet

Potency evaluation of rabies vaccine for human use: The impact of the reduction
in the number of animals per dilution

Wlamir Corréa de Moura®P* Humberto Pinheiro de Araujo?, Pedro Hernan Cabello*,
Phyllis Catharina Romijn9, José Paulo Gagliardi Leite€

3 Departamento de Imunologia, Instituto Nacional de Controle de Qualidade em Satide, Fundagcdo Oswaldo Cruz, Av. Brasil 4365, Rio de Janeiro, Brazil

b programa de Pés-Graduagdo em Vigildncia Sanitdria, Instituto Nacional de Controle de Qualidade em Saiide, Fundagdo Oswaldo Cruz, Av. Brasil 4365, Rio de Janeiro, Brazil
¢ Departamento de Genética, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Av. Brasil 4365, Rio de Janeiro, Brazil

d Secretaria Estadual de Satide, Rio de Janeiro, Rua México, 128-413, Rio de Janeiro, Brazil

¢ Laboratério de Virologia Comparada, Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz, Av. Brasil 4365, Pavilhdo Hélio e Peggy Pereira, Rio de Janeiro, Brazil

ABSTRACT

Article history:

Received 7 November 2008

Received in revised form 19 January 2009
Accepted 21 January 2009

Available online xxx

In order to evaluate the effects of reducing the number of animals used in the NIH mouse protection
test for potency determination of inactivated rabies vaccines for human use, a retrospective study of the
results obtained in the Brazilian National Control Laboratory, Instituto Nacional de Controle de Qualidade
em Satide (INCQS), was performed, comprising 214 vaccine lots. The INCQS Standard Operating Procedure
establishes the use of three vaccine dilutions and 18 animals per dilution, separated into two cages with
9 mice each. The results of the two cages of each dilution were considered as two different groups (C1

Key ‘.NordS" . and C2), and therefore, for each vaccine lot, three results were obtained: one for the standard test (ST)
Rabies vaccine R . . R . . . .
NIH test with 18 mice, one using the C1 cages with 9 mice and another using the C2 cages with 9 mice. The results

Potency testing were evaluated as repeated measures of the same method on the same samples. In this study, the effects
3Rs of the reduction in: (a) the measurement error and its association with the size of measurement, (b) the
agreement between the results using the concordance coefficient of correlation, (c) the agreement of
categorized results as “Pass” or “Fail” using the Kappa index, (d) the precision of potency determinations
using the 95% confidence interval and (e) the incidence of statistically invalid assays due to non-linearity
and non-parallelism were evaluated. It was concluded that the results from the NIH mouse protection
test using 9 mice per dilution are in good agreement with the results obtained using 18 mice per dilution.
Therefore, nine animals per dilution is a suitable number to meet the statistical requirement for valid
assays.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The intrinsic variability inherent in manufacturing biologicals
requires the testing of all batches and serials (McVey et al., 2003).
Traditionally, laboratory animals have played a major role in the
quality control of vaccine batches. Consequently, the use of ani-
mals for this purpose is extensive, and there is a relatively high
frequency of tests with substantial pain and suffering (Hendriksen
et al., 1998). This is particularly true in potency tests, which can be
multi-dose models that include a challenge procedure with viru-
lent microorganisms in order to demonstrate the protective ability
of the vaccine. Metz et al. (2002) reported that approximately 1.5
million animals per year were being used in Europe for routine
quality control of vaccines, but no precise figures on animal use

* Corresponding author at: Fundag¢do Oswaldo Cruz, Av. Brasil 4365, Rio de Janeiro,
CEP 21045-900, Brazil. Tel.: +55 21 3865 5230; fax: +55 21 2290 0915.
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0166-0934/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.jviromet.2009.01.017

are available, it is generally assumed that the number exceeds
15% of the total animals used in biomedical research (Hendriksen,
2007).

Theoretically, potency tests that depend on the in vivo immune
response of laboratory animals would be more likely to detect low
potency batches where the reduction in potency is the result of
formulation problems (McVey et al., 2003 ). However, the predictive
capacity of these tests for the vaccination of humans is questionable.

Quality control should be seen as an instrument for monitor-
ing consistency in the production and testing of vaccines (Griffiths,
1996).

Russell and Burch’s concept of the 3Rs (replacement, reduction
and refinement) is a recognized worthwhile goal for animal wel-
fare (van der Ark et al., 2000). It can be defined as: replacement,
to substitute insentient material for conscious living higher ani-
mals; reduction, to reduce the numbers of animals used to obtain
information, and refinement, to avoid unnecessary inhumane pro-
cedures applied to laboratory animals (for review, see Metz et al.,
2002).

Please cite this article in press as: Moura, W.C.d,, et al., Potency evaluation of rabies vaccine for human use: The impact of the reduction
in the number of animals per dilution. J. Virol. Methods (2009), doi:10.1016/j.jviromet.2009.01.017
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The evaluation of the potency of inactivated rabies vaccines
has long been the subject of research. However, it has been dif-
ficult to identify a single method by which all of the necessary
parameters of the different types of inactivated rabies vaccines
can be satisfactorily measured (Barth et al., 1988). The National
Institutes of Health (NIH) mouse protection test for the determi-
nation of potency was originally developed at the United States
NIH (Bethesda, MD, USA). Briefly, the test measures the degree
of protection conferred by inactivated rabies vaccines in immu-
nized mice challenged intracerebrally with rabies virus (Wilbur and
Aubert, 1996). The variability of this in vivo test is well known and
can be measured using a reference vaccine in each test performed
(Fitzgerald et al., 1978).

The NIH potency test was adopted by the World Health Orga-
nization (WHO) Expert Committee on Rabies and is now part of
many national and international requirements for the evaluation
of inactivated rabies vaccines. The test has been used without any
significant improvements or alterations since its inclusion in the
USA requirements in 1953 (Barth et al., 1988).

In 1992, the WHO recommended that the potency tests for
inactivated rabies vaccines in animals should be replaced by an
antigen quantification procedure. However, as a consensus was not
achieved (Bruckner et al., 2003), the potency assay approved by the
WHO “Recommendations for inactivated rabies vaccine for human
use produced in cell substrates and embryonated eggs” remains
the NIH potency test. The NIH potency test was recognized as a
reliable assay (WHO, 2007) despite the large number of animals
and the pain and suffering inflicted upon them (Bruckner et al.,
2003).

Currently, groups containing an equal number of animals are
used for the test and reference vaccines. When veterinary vaccines
are being evaluated, each group contains 10 mice with a single
immunization (Council of Europe, 2008a; OIE, 2004), while vac-
cines for human use require between 16 (Wilbur and Aubert, 1996)
and 18 (Farmacopéia Brasileira, 2004) animals in each group, with
two immunizations 7 days apart.

A simplified test using a single dilution of the vaccine has been
suggested by the WHO (2007) and the European Pharmacopoeia
(Ph. Eur.), but such a test only determines if the vaccine has a
potency significantly higher than the required minimum. The sim-
plified test does not generate information on the validity of each
individual potency determination, such as the slope, linearity and
parallelism, because there is no dose-response curve (Council of
Europe, 2008a).

Applying the 3Rs concept to bacterial vaccines, Hendriksen et
al. (1987) published a study evaluating the effects of the reduc-
tion in the number of animals for the potency test of adsorbed
diphtheria and tetanus vaccines, using a practical approach for ret-
rospective data analysis. Based on the results of this study, and
similar studies, the Ph. Eur. and the WHO now specify that only
enough animals should be used to achieve a confidence interval
within the specified range for these bacterial vaccines (Hendriksen,
2004).

Bruckner et al. (1988) performed a study on rabies vaccines for
human and veterinary use and recommended that at least four dose
groups of 10 mice should be used for testing. They also stated that it
would not be possible to reduce the number of mice used in the NIH
test to less than 10 because such a reduction would lead to results
that would be much less precise.

Weisser and Hechler (1997) stated that the difference between
the test procedures for human use and veterinary vaccines were
incomprehensible and lacked any scientific basis. These authors
suggested, by analogy with the requirements for the potency test-
ing of bacterial vaccines, that the number of animals in the NIH
test for human use vaccines (at that time at least 16 per dilution)
should be left open and that there was evidence that this number

could be reduced to 10 animals per group, as already stipulated by
the monograph for the evaluation of rabies vaccines for veterinary
use.

As a consequence, the monograph for rabies vaccines for human
use by the Ph. Eur. no longer specifies the number of animals but
suggests that a suitable number of animals should be used to meet
the statistical requirement for a valid test.

In Brazil, prior to batch release, the Instituto Nacional de
Controle de Qualidade em Satde (INCQS), the National Control Lab-
oratory of the Ministry of Health, has been performing the NIH
test since 1987, according to the Brazilian Pharmacopoeia (Ph. Bras.)
monograph for rabies vaccine for human use, using 18 animals per
dilution (Farmacopéia Brasileira, 2004).

The aim of this manuscript is to retrospectively evaluate the
effect of reducing the number of mice used per dilution, from 18 to
9, for the routine NIH test to evaluate the potency of rabies vaccines
for human use.

2. Animals, material and methods
2.1. Animals

Male and female Swiss mice (weighing 11-15g) from the
Fundacdo Oswaldo Cruz breeding stock were used. The mice were
housed in standard plastic cages with stainless-steel covers and
wood shavings as bedding and kept under controlled temperature
(23 £1°C, approximately 70% relative humidity and a 12:12 h pho-
toperiod with lights on at 08:00). A standard commercial diet for
laboratory rats and mice (CR1 Nuvital, Nuvilab Ltd., Curitiba, PR,
Brazil) and tap water were provided ad libitum. The experimen-
tal protocols were performed in accordance with the EC Directive
86/609/EEC for animal experiments and were approved by the
“Ethics Committee on the Use of Laboratory Animals of Fundac¢do
Oswaldo Cruz” (CEUA - FIOCRUZ).

2.2. NIH test

The NIH test was conducted by immunizing at least two sets of at
least three groups of mice twice intraperitoneally 7 days apart. The
mice were immunized with 0.5 ml of at least three dilutions of the
reference vaccine or the test vaccines. Seven days after the last vac-
cination, the immunized animals and the control non-immunized
group were challenged intracerebrally with 0.03 ml of the Chal-
lenge Virus Standard (CVS) mouse-brain strain of fixed rabies virus
(Wilbur and Aubert, 1996). The mice were observed for 14 days, and
the relative potency, expressed in IU/dose of the test vaccine, was
calculated using the probit analysis.

At the Instituto Nacional de Controle de Qualidade em Satde,
the NIH test is performed following the Ph. Bras. (Farmacopéia
Brasileira, 2004), using three dilutions. For each dilution, 18 animals
are randomly distributed between two cages (nine animals each),
and the results are registered separately for each cage. Therefore,
for each lot, six cages with nine animals each are used.

In order for the test to be considered valid, specific criteria had
to be achieved: a significant slope, no significant deviations from
linearity or parallelism in the dose-response curve, the challenge
virus titer (at least 10 times the mouse intracerebral 50% lethal
dose) and confidence limits of the estimated potency (p=0.95). In
order to pass the test, the lot must retain a minimum potency value,
depending upon the vaccine type.

The retest criteria adopted at the Instituto Nacional de Controle
de Qualidade em Satde for the potency test of a rabies vaccine for
human use are that a single failed test is not considered conclusive
and that the vaccine is always retested at least once. If the weighted
geometric mean (Council of Europe, 2008c) of these two results
passes the test, it is conclusive. If that mean does not pass, another

Please cite this article in press as: Moura, W.C.d., et al., Potency evaluation of rabies vaccine for human use: The impact of the reduction
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retest is performed, and the weighted geometric mean of the three
results is considered as the final potency result.
In the present study, only the valid tests were considered.

2.3. Retrospective study

This test procedure allowed us to consider the set formed by
the first cages of each dilution as being one group (C1) and the set
formed by the second cages of each dilution (C2) as one replicate of
the first group.

The potency values were reviewed and analyzed using the probit
analysis as described in the Ph. Eur. (Council of Europe, 2008c). For
each assay, three results, expressed in IU/dose, were obtained for
the relative potency: (1) the standard test (ST) using the score based
on the number of survivors/deaths in all 18 animals per dilution, (2)
the potency using only the score results of the first cage (C1) and
(3) the potency using the score results of the second cages (C2)
of each dilution. In order to avoid an additional loss of precision,
the reference vaccine was always used for the calculations with 18
animals per dilution.

2.4. Vaccines

Atotal of 214 human use vaccine lots, of which 166 (77.57%) were
from Suckling Mouse Brain vaccine (SMBV) and 48 (22.43%) were
from tissue culture (46 (21.5%) were Purified Vero Cell vaccines,
1 (0.47%) was a Purified Duck Embryo Cell vaccine, and 1 (0.47%)
was a Human Diploid Cell vaccine), were tested in 38 independent
assays using 14,748 mice (11,556 for the vaccine lots and 3192 for the
reference vaccine and challenge virus control). Three different lots
of reference vaccines were used, the Brazilian national reference
vaccine lot BROO6 was used in 33 out of the 38 assay runs. The other
five assays used another national reference vaccine or the WHO 5th
International Reference.

2.5. Data analysis

The results obtained with the C1 and C2 groups are related
to those of the ST group, but this is irrelevant for the evaluation
of the effects of the reduction in the number of animals (Hen-
driksen et al. 1987). However, this did not permit the use of the
most straightforward statistical methods for comparing the two
groups.

Therefore, in order to demonstrate the reliability of the results
obtained with the C1 and C2 groups, they were compared to the
results obtained with the ST group (ST versus C1 and ST versus C2)
as repeated measures of the same method.

As an exploratory data analysis, the fit of the potency results
to the normal distribution was evaluated by histograms and the
Kolmogorov-Smirnov test. The Student’s t test for paired data was
used to evaluate if there were statistically significant differences
between the potency results of the three groups.

Since the fit to the normal distribution has been demonstrated
and no significant differences between the results from the differ-
ent group were detected, the other effects of the reduction were
evaluated by determining the following parameters:

2.5.1. Effects of the reduction on the measurement error between
the groups

Repeated measurements on the same subject will vary around
the true value because of measurement error (Bland and Altman,
1996). The measurement error in logarithmic transformed data was
evaluated using the within-sample coefficient of variation (Bland,
2005) between the ST and C1 groups, the ST and C2 groups and
the C1 and C2 groups. This was also evaluated using the association
of measurement error with the size of the measurement using the

Bland-Altman plot (Bland and Altman, 1986) and interpreted fol-
lowing the identity approach, as described by Petersen et al. (1997).
These methods were used to demonstrate that the results of the
groups did not deviate from each other by more than the inherent
imprecision of the method by showing the normal distribution fit,
evaluated with the chi-square test.

2.5.2. Concordance correlation coefficient (CCC)

Lin’s CCC (Lin, 1989, 1992) was used on the logarithmic trans-
formed data to examine the reproducibility of the continuous
measurements using a single method by measuring the agreement
to the identity line. It combines a coefficient of precision (Pearson
coefficient of correlation), which measures how closely the obser-
vations fall on the fitted line, and a coefficient of accuracy, which
measures how closely the fitted line agrees with the identity line.
The coefficient of precision (squared) and the coefficient of accu-
racy are on a scale of 0% (no agreement) to 100% (perfect agreement)
and can be used to identify when corrective action is needed. The
CCC s the product of the coefficient of precision and the coefficient
of accuracy (Lin, 2000).

The strength of the agreement expressed by the CCC between the
ST and C1 groups and the ST and C2 groups was classified as Unsat-
isfactory (<0.6), Satisfactory (0.61-0.9) or Excellent (0.91-1.0), as
described by Warke et al. (2001).

2.5.3. Cohen’s Kappa index to evaluate the agreement of the
results

The agreement between the ST and C1 groups and the ST and
C2 groups was assessed using the Cohen’s Kappa index. This is
a measure of association (correlation or reliability) between two
measurements in the same individual when the measurements are
categorical. This index is often used as an inter-rater agreement
evaluation tool. The potency results of the 214 lots were categorized
as “Pass” or “Fail to Pass”. The minimum requirements (Farmacopéia
Brasileira, 2004) depended upon the type of vaccine (1.01U/dose
for the SMBVs and 2.51U/dose for the cell culture vaccines). In
order to check the agreement, vaccine lots that were categorized
as “Fail to Pass” (23 lots, 10.75%) were included in the study. Con-
tingency tables were then generated, and the Cohen’s Kappa index
was calculated and classified as Poor (<0.00), Slight (0.00-0.20),
Fair (0.21-0.40), Moderate (0.41-0.60), Substantial (0.61-0.80) or
Almost Perfect (0.81-1.00), as described by Landis and Koch (1977).
The Kappa indices were also analyzed using the Bayesian approach,
as described by McBride (2005), which demands a lower 95% one-
sided confidence limit for Kappa indices greater than 0.60 to assure
a “Substantial Agreement”.

2.5.4. Effects on the 95% confidence limits

The effects of the reduction in the number of mice on the 95%
confidence limits were assessed diagrammatically. This approach
was applied to 51 lots (of 214 lots, 23.8%) that were randomly
selected using randomly generated numbers. The lower and upper
limits of the 95% confidence interval were expressed as a percent-
age of the potency values, as described by Hendriksen et al. (1987).
Invalid assays were excluded from the calculations. The increase of
the width for the confidence interval was evaluated comparing the
limits of the mean of the three groups.

Furthermore, the criteria described by Weisser and Hechler
(1997), i.e., adopting a lower confidence limit value instead of lim-
iting the width of the confidence interval to 25-400%, were applied
on the assays deemed invalid due to lower and/or upper limits that
were outside of the specifications.

The effects of the reduction in the number of mice on the 95%
confidence limits of the ED50 of the reference vaccine were also
evaluated.
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Table 1

Exploratory data analysis.

Data n Mean? LogP 95% CI¢ Spd K-S p® Conclusion

ST 214 2.034 0.3084 0.2697-0.3469 0.2861 0.268 Accept normality
C1 214 2.091 0.3205 0.2792-0.3622 0.3082 0.379 Accept normality
c2 214 2.010 0.3034 0.2624-0.3445 0.3047 0.081 Accept normality

4 Mean of potency in IU/dose.

b Mean of logarithm of potency in IU/dose.

¢ 95% confidence interval for mean of logarithm of potency in IU/dose.
d Standard deviation of logarithm of potency.

¢ p Value for Kolmogorov-Smirnov test.

2.5.5. Effects on linearity and parallelism

In the present study, only valid tests that did not presented
deviations from linearity and parallelism were considered. The inci-
dence of statistically invalid assays in the C1 or C2 groups due to
non-linearity and non-parallelism as a consequence of the reduc-
tion in the number of mice was evaluated. This approach was
applied to 51 of 214 lots (23.8%) that were randomly selected using
randomly generated numbers.

3. Results
3.1. Exploratory data analysis

The logarithmic transformed data sets from the ST, C1 and C2
groups were analyzed using the Kolmogorov-Smirnov test in order
to determine if they fit into a normal distribution. Outliers were
not removed from the calculations. The mean and standard devia-
tions are presented in Table 1, and all three data sets were normally
distributed.

3.1.1. Comparison of the potency results

The results of the three groups were examined using the Stu-
dent’s t test for paired data in order to determine if there were
statistically significant differences between their means. No signif-
icant difference was found (Table 2).

3.2. Effects of the reduction of the number of tested animals on
the measurement error between groups

3.2.1. Within-sample coefficient of variation

In order to evaluate the measurement error, the within-sample
coefficient of variation (% CV) between the ST and C1 groups, the ST
and C2 groups and the C1 and C2 groups was calculated.

The % CV was 25.29% between the ST and C1 groups and 23.32%
between the ST and C2 groups. The intra-assay reproducibility of
results using nine animals per dilution was 39.37% (between the C1
and C2 groups).

3.2.2. Bland-Altman plot

The plot of the difference of the ST and C1 (or C2) groups versus
the average of the ST and C1 (or C2) groups demonstrated that the
differences did not vary in any systematic way over the range of
measurements in any of the groups (Fig. 1).

Table 2

Application of the Student’s t test for paired data.

Pairs t p? d.f.

Log ST x Log C1 -1.579 0.116 213 ns
Log ST x Log 2 0.652 0.515 213 ns
Log C1 x Log C2 1.296 0.196 213 ns

d.f.=degrees of freedom. ns = not significant.
2 p Value for t test.

The bias (log 10) was —0.0121 (SD log 10=0.1122), and the 95%
limits of agreement (log 10) were —0.23 to 0.21 for ST minus C1
(Fig. 1A). Similarly, the bias (log 10) was 0.0050 (SD log 10=0.1122),
and the 95% limits of agreement (log 10) were —0.22 to 0.23 for ST
minus C2 (Fig. 1B).

3.2.2.1. Identity approach. The Bland-Altman plots were also eval-
uated using the identity approach with the chi-square test used
to evaluate the normal distribution fit of the differences between
the ST and C1 groups (d.f.=12; chi-square=17.964; p=0.117)
and between the ST and C2 groups (d.f.=11; chi-square=17.184;
p=0.103). Both comparisons accepted normality.
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Fig. 1. Bland-Altman plot (n=214). Graphs show the scatter plots of the difference
between potencies against the average of the two potencies for each paired data
point. (A) ST minus C1. (B) ST minus C2.
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Table 3
Categorization of results as “Pass” or “Fail to pass” the test, per group, according to
the minimum potency requirements.

Table 5
Difference between lower and upper confidence limits for potency values given as
percentage of potency.

ST-C1-C2 n % Agreement Group n LCL? UCLb Width¢ Increase
P-P-P 170 79.44 A (88.79%) ST 44 47.01 220.09 173.09 -
F-F-F 20 9.35 C1 44 39.03 272.76 233.72 35.03%
Cc2 44 39.78 258.25 218.47 26.22%
F-P-F 2 0.93 D-1(1.40%)
F-F-P 1 0.47 2 Mean % of potency lower confidence limit.
b 9 ) .
P_P-F 10 467 D-11 (9.81%) . r‘?:n % of Ii)otency uppeldct:mﬁdence limit.
P-F_P 1 514 ifference between a and b.
Total 214

ST=standard test; C1=cage 1; C2=cage 2. n=number of samples. P =pass the test.
F=fail to pass the test. A=agree. D =disagree. | = false positive. Il = false negative.

3.3. Concordance correlation coefficient

The concordance correlation coefficient of the results of the ST
and C1 groups was 0.9279 (95% CI=0.9072-0.9442), with a preci-
sion of 86.71% (r?) and an accuracy of 99.65%. The CCC of the results
of the ST and C2 was 0.9277 (95% Cl =0.9068-0.9441), with a preci-
sion of 86.43% (r2) and an accuracy of 99.79%. Therefore, the results
of both pairs of data were in “Excellent Agreement”.

3.4. Cohen’s Kappa index

The Cohen’s Kappa index was used to evaluate the agreement
between results of the ST and C1 groups and the ST and C2 groups
when the results were categorized as Pass or Fail to Pass. Table 3
shows the categorized data.

3.4.1. Agreement of results

One hundred ninety lots demonstrated a perfect agreement in
the three groups. Twenty-three lots that originally failed to pass in
the ST group were considered as true negative, and from these, 20
were in perfect agreement in the ST, C1 and C2 groups (Table 3).

A Cohen’s Kappa index of 0.7299 (Substantial) was obtained
when the ST results were compared to the results of C1 and of
0.7714 (Substantial) when the ST results were compared with the
C2 results (Table 4).

There were 24 contradictory results: three samples that failed
to pass in the ST group passed the test in the C1 or C2 groups (false
positives), and 21 samples passed in the ST group but failed to pass
in the C1 or C2 groups (false negatives; Tables 3 and 4).

Of these contradictory results, the number of false positives was
20f214(0.93%) in the C1 group and 1 0f 214 (0.47%) in the C2 group.
The number of false negatives was 11 of 214 (5.14%) in the C1 group
and 10 of 214 (4.67%) in the C2 group. Table 5 shows the analysis of
the contradictory Pass/Fail results.

Table 4
Contingency tables for Cohen’s Kappa index calculation.
ST Pass ST Fail Total

A

C1 Pass 180 2 182

C1 Fail 1 21 32
Total 191 23 214
B

C2 Pass 181 1 182

C2 Fail 10 22 32
Total 191 23 214

ST - standard test, C1 - cage 1, C2 - cage 2. A - ST x C1: index=0.7299, standard
error: 0.0672. B - ST x C2: index =0.7714, standard error: 0.0672.

3.4.2. Bayesian approach

The Kappa index was tested using a Bayesian approach, and a
lower 95% one-sided confidence limit of 0.6193 and 0.6608 was
obtained when the ST group was compared with the C1 or C2 group,
respectively. Both values are greater than 0.60 (the highest value for
a “Moderate Agreement” Kappa index), demonstrating that there
was at least 95% confidence that the agreement between the ST
group and either the C1 or C2 group was “Substantial” (see Section
2.5.3).

3.4.3. Retest simulation of contradictory results

As described in Section 2.2, vaccines that failed to pass the test
are retested. In order to simulate a retest, the mean of the C1 and C2
groups was calculated, and the rates of false positives and negatives
were re-evaluated. The number of contradictory results fell to 0
false positives and 3 (1.40%) false negatives in 214 samples (Table 6).

3.5. Effects on the 95% confidence interval

3.5.1. Effects on the 95% confidence Interval as percentage of
potency results

Four of 51 lots (7.84%) in the C1 group and five of 51 lots (9.80%)
in the C2 group failed to meet the WHO and Ph. Eur. require-
ments for confidence limits (25-400%), representing a total of
seven lots that were excluded from the calculations. Fig. 2 com-

Table 6
Contradictory results expressed in IU/dose and classified as “Pass” or “Fail to pass.”.

Sample  Vaccine  ST? C1d c22 Mean C1 Results False
and C22
1 SMB 068 040 1.11 0.76 F-F-P-F  Positive
2 SMB 0.78 1.03 053 078 F-P-F-F
3 ccv 2.06 2.85 1.51 2.18 F-P-F-F
4 SMB 1.00 1.51 0.93 1.22 P-P-F-P  Negative
5 SMB 1.31 1.50 0.76 1.13 P-P-F-P
6 SMB 1.07 1.50 0.76 1.13 P-P-F-P
7 SMB 1.33 193 091 1.42 P-P-F-P
8 SMB 125 251 0.90 1.71 P-P-F-P
9 SMB 1.22 1.71 0.92 132 P-P-F-P
10 ccv 3.57 5.78 187 3.83 P-P-F-P
11 (ay 254 357 1.87 272 P-P-F-P
12 SMB 1.18 0.96 1.45 1.21 P-F-P-P
13 SMB 134 093 1.89 1.41 P-F-P-P
14 SMB 128 091 1.81 1.36 P-F-P-P
15 SMB 1.02 090 1.12 1.01 P-F-P-P
16 SMB 1.01 0.54 1.95 1.25 P-F-P-P
17 SMB 1.39 091 1.70 1.31 P-F-P-P
18 SMB 1.01 0.85 1.21 1.03 P-F-P-P
19 SMB 1.00 093 1.14 1.04 P-F-P-P
20 SMB 1.17 0.79 1.69 1.24 P-F-P-P
21 SMB 1.12 0.87 1.52 1.20 P-F-P-P
22 SMB 1.01 0.79 1.09 0.94 P-F-P-F
23 ccv 250 250 190 2.20 P-P-F-F
24 SMB 1.00 140 052 096 P-P-F-F

SMB - Suckling Mouse Brain vaccine, minimum potency requirement = 1.0 [U/dose.
CCV - Cell Culture vaccine, minimum potency requirement=2.5IU/dose. P - Pass
the test. F - Fail to pass the test.

2 Potency in IU/dose.
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should be 0.625 IU/dose for cell culture vaccines (25% of 2.5 [U/dose)
and 0.25IU/dose for SMBV (25% of 1.0 1U/dose).

3.5.3. Effects on the 95% confidence interval of the reference
vaccine ED50

The impact of the reduction in mouse number on the precision
of the determination of the ED50 for the Brazilian reference vac-
cine lot BROO6 (n=33) was evaluated. While the effect on the mean
value was not significant (ST=20.48; C1=21.26 and C2=22.42),
there was an increase in the width of the confidence limits of the
ED50 (C1=73.75% and C2 =36.92%). This represents a reduction in
the precision of the determination.

Fig. 3 plots the control charts for individual logarithmic ED50
values obtained in the ST group. The intermediate precision (inter-
assay variation) was calculated using the ED50 results. The % CV was
43.09%, 69.49% and 61.34% in the ST, C1 and C2 groups, respectively.
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Fig. 2. The effect of the reduction in the number of animals per dilution on the NIH
test potency results for rabies vaccine for human use. Vertical scatter diagrams of
the percentage of potency plots for lower (LL) and upper (UL) confidence limits for
the ST (n=44), C1 (n=44) and C2 (n=44) groups.

pares the lower and upper 95% confidence limits, represented as
a percentage of potency, of the three groups. A total of 44 lots
were evaluated, and the means for the confidence limits are pre-
sented in Table 5. The increase in the width of the confidence limits
was 35.03% for the C1 group and 26.22% for the C2 group when
the difference between the mean of the lower and upper confi-
dence limits was compared with those obtained with the ST group
(Table 5).

In INCQS, using the standard NIH test over the last 5 years, the
rate of statistically invalid assays due to confidence intervals that
were outside of the specified range was 6.16%.

3.5.2. Minimum requirement for lower confidence limit of potency

As suggested by Weisser and Hechler (1997), the effect of adopt-
ing a “minimum requirement for lower confidence limit of the
estimated potency” instead of using the confidence interval range
of 25-400% was tested. Applying this concept, all of the potency
assays that were considered invalid, even those presenting satisfac-
tory potency results, became valid. The suggested minimum values

3.6. Effects on linearity and parallelism

The incidence of statistically invalid assays due to non-linearity
was 2 in 51 (3.92%) and 5 in 51 (9.8%) for the C1 and C2 groups,
respectively. The incidence of statistically invalid assays due to non-
parallelism was 4 in 51 (7.84%) and 1 in 51 (1.96%) for the C1 and C2
groups, respectively. The total number of statistically invalid assays
due to non-linearity and/or non-parallelism was 6 in 51 (11.76%) in
each group.

In INCQS, using the standard NIH test over the last 5 years, the
rate of statistically invalid assays due to non-linearity was 1.68%,
and the rate due to non-parallelism was 6.16%. The total rate of
statistically invalid assays was 7.84%.

4. Discussion

The NIH mouse protection test is still the only potency test
accepted by the WHO for the batch release of rabies vaccines for
human use (WHO, 2007). This test requires a large number of ani-
mals and inflicts substantial suffering. Applying the 3Rs concept of
Russell and Burch for the use of laboratory animals, we evaluated
the impact of the reduction in the number of animals (from eighteen
to nine per dilution) on the estimate of the potency according to the
recommendations of Hendriksen et al. (1987), Hendriksen (2004),
Weisser and Hechler (1997) and Bruckner et al. (1988, 2003).

0'6 LI I T I I I I U I I I I LI 1 I LI I 1 LI T LI ¥ ¥
1 2 34 56 7 8 9101112 1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
JR— Y] ~- =U Spec-26D=162 =~ =L Spec-2SD =0.94
- = -UCL+3SD=1.79 Average = 1.28 - =-LCL-35D=0.77

Fig. 3. Control chart of individual-x values for logarithm of ED50 for reference vaccine lot BROO6.
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This study is a retrospective analysis of data from routine vaccine
potency assays for batch release.

All of the data sets (ST, C1 and C2) fit into a normal distribution,
as determined using the Kolmogorov-Smirnov test. No significant
differences were found between the mean of the three data sets
when analyzed using the Student’s t test for paired data.

The measurement error determined by the within-sample coef-
ficient of variation (Bland, 2005) between the ST and C1 groups and
between the ST and C2 groups was 25.29% and 23.32%, respectively.
The within-sample coefficient of variation between the C1 and C2
groups was 39.47%. These results demonstrate an acceptable vari-
ability for an in vivo assay, since the WHO (1997a) states that in
vitro and in vivo assays could present variability above 50%.

When the reference vaccine was evaluated, there was no sig-
nificant increase in the mean ED50 (ST=20.48, C1=21.26 and
C2=22.42). However, there was a significant increase in the width
of the confidence limits of the ED50 (C1=73.75% and C2=36.92%),
which was a consequence of the reduction in the precision of the
determination when the reference vaccine ED50 was calculated
using nine animals per dilution. As the results of the reference vac-
cine can invalidate an entire test if some criteria are not fulfilled
(e.g., linearity in the dose-response curve), in order to avoid an
additional loss of precision in the test, we decided to keep using 18
animals per dilution for the reference vaccine in the NIH test. While
the reduction in the number of animals tested was only applied to
the test vaccine in the present study, as indicated by the mean ED50,
the reduction can also be adopted to the reference vaccine.

The % CV of the ED50 for reference vaccine was 43.09% in 33 out
of the 38 assays in the present study. In the Bruckner et al. (2003)
study, the standard deviation in 24 NIH tests carried out with a
reference vaccine was 45%, and in 38 NIH tests, it was 115%. The
WHO (1997a) states that in vitro and in vivo assays could present
variability above 50%.

The ST minus C1 and ST minus C2 results, when treated as
repeated measures, presented no significant tendency for the
amount of variation to change with the magnitude of the measure-
ments in any of the two groups (Bland and Altman, 1986). Applying
the identity approach as described by Petersen et al. (1997), the
results from the repeated measures did not deviate from each other
by more than the inherent imprecision of the assay, assuming a nor-
mal distribution of results, as determined using the chi-square test.
This shows the good reproducibility of the results between the ST
and C1 groups and between the ST and C2 groups.

The concordance correlation coefficient demonstrated “Excel-
lent Agreement” between the results of the ST and C1 groups and
between the ST and C2 groups, as classified by Warke et al. (2001),
which demonstrate that NIH assay using nine animals per dilution
can provide results comparable to those of the standard NIH test.

The Cohen’s Kappa index of the categorized potency results (Pass
or Fail) between the ST and C1 groups and between the ST and C2
groups demonstrated “Substantial Agreement” (Landis and Koch,
1977). A number of false negatives in the C1 (5.4%) and C2 (4.7%)
groups and a very low occurrence of false positives in the C1 (0.9%)
and C2 (0.5%) groups were observed.

Following the WHO guidelines (1997b), there should be less than
10% contradictory conclusions between an alternative simplified
method and a standard test. The incidence of contradictory results
in the C1 group was 6.3% and 5.2% in the C2 group, both significantly
lower than 10%. According to our Standard Operative Procedures, all
samples that fail to pass the test must be retested at least once and
results are combined by weighted geometric mean. The weighted
geometric mean value between the two potencies is considered,
and if that mean passes the test, the sample passes the test. If that
mean does not pass the test, one more repetition is performed, and
the weighted geometric mean of the three results is considered the
final result.

When this situation was simulated, using the C2 group as the
retest of the C1 group, and vice versa, the number of contradictory
results fell to zero false positives and 1.4% false negatives.

The precision of the potency values is indicated by the 95%
confidence limits (Hendriksen et al., 1987). The Ph. Eur. and the
WHO recommend a range of 25-400% for the confidence limits
in the NIH test (Council of Europe, 2008b; WHO, 2007). In the
present study, 4 in 51 samples (7.84%) in the C1 group and 5 in 51
samples (9.80%) in the C2 group failed to meet this requirement
(25%-400%). Therefore, 8.8% (mean) of the assays were consid-
ered invalid as a consequence of the reduction in the number of
tested animals. These results are in agreement with those obtained
with the standard NIH test at the Instituto Nacional de Controle de
Qualidade em Satde over the last 5 years (6.16% of invalid tests).
These results also agree with those described by Hendriksen et al.
(1987).

Weisser and Hechler (1997), in a critical review of the Ph. Eur.
rabies vaccine monographs based on the 3Rs concept, suggested
that instead of restricting the confidence interval to 25-400%, it
would be more useful to stipulate a minimum value. This value
should be exceeded by the lower confidence limit in order to guar-
antee suitable potency, as is the case for other potency tests (e.g.,
diphtheria, tetanus). This minimum value would be derived from
the current requirements and is 0.625IU/dose for cell culture vac-
cines (25% of 2.51U/dose). In the present study, when this concept
was applied, all of the potency assays that were considered invalid,
even those presenting satisfactory potency results, became valid.
This demonstrates how the adoption of this concept would avoid
re-testing vaccines that had already reached the minimum potency
requirements in the first test.

The incidence of statistically invalid assays due to non-linearity
and/or non-parallelism was 11.76% (6 in 51) for both the C1 and
C2 groups. These results were in accordance with the WHO recom-
mendation of less than 20% rejections due to deviations from either
linearity or parallelism (WHO, 1997b). Hendriksen et al. (1987)
reported 3 of 38 (7.89%) invalid assays due to non-parallelism or
non-linearity in their study evaluating reductions in the animal
number from 20 to 12 in order to evaluate the potency of diphtheria
vaccine components.

Invalid assays due to these deviations are also frequent in the
standard NIH test. At the Instituto Nacional de Controle de Qual-
idade em Satide over the last 5 years, 7.84% of the tests were
deemed invalid due to non-linearity or non-parallelism. Therefore,
the real increase in the number of invalid tests is 3.92%. As a prac-
tical example, if 18 animals were used per dilution (testing three
dilutions = 54 animals per vaccine), for each 100 assays performed
to test a single sample, based on a 7.84% rate of invalid assays,
a total of 5822 mice would be used. If the number of mice were
reduced to nine per dilution (testing three dilutions =27 mice per
vaccine), for each 100 assays performed to test one sample, based
on an 11.76% rate of invalid assays, a total of 3018 mice would be
used for the test vaccine. This represents a reduction of approx-
imately 48% in the number of mice used. Applying this to the
tests using 16 mice per dilution (also considering a 7.84% inval-
idation rate), this reduction would be about 42% for each tested
vaccine.

Bruckner et al. (1988) stated that it would be not possible to
reduce the number of mice used in the NIH test to less than 10
because this reduction would lead to results that would be much
less precise. Weisser and Hechler (1997) suggested that the num-
ber of animals required for testing should be left open and that
each laboratory could determine or confirm the number of animals
that required to satisfy the requirements for a valid test. Addition-
ally Weisser and Hechler (1997) suggested that there was evidence,
based on the NIH test results for veterinary vaccines, that this num-
ber could be reduced to 10 animals per dilution.

Please cite this article in press as: Moura, W.C.d., et al., Potency evaluation of rabies vaccine for human use: The impact of the reduction
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The requirements for a valid test for veterinary vaccines are the
same as those for rabies vaccines for human use, except that the
minimum potency requirement for human vaccines (2.5 [U/dose) is
greater than that used for veterinary vaccines (1.0 IU/dose) (Weisser
and Hechler, 1997).

Even though a simplified single dilution NIH test is available, it
only determines if the vaccine has a potency significantly higher
than the required minimum. The single dilution NIH test does not
provide full information on the validity of the determination of each
individual potency, and it is only recommended for laboratories that
have expertise in performing NIH multiple-dilution assays. Further-
more, if a batch of vaccine fails to meet the specifications set for
the simplified test, a full NIH mouse protection test should be per-
formed (WHO, 2007). Therefore, the simplified test is particularly
useful for testing multiple batches of a vaccine within a short time.
The WHO recommends that several prerequisites and conditions
should be considered before adopting a single dilution assay (WHO,
2007). However, due to its lack of precision, the minimum potency
requirement for vaccines tested by the modified test is higher than
that for vaccines tested by the standard NIH test (Wilbur and Aubert,
1996). Bruckner et al. (2003) stated that must be recognized that
this testing scheme may not be applicable to all the rabies vaccines
on the market.

The results of this study indicate that the replacement of the
standard NIH test by a variant of the assay using only nine mice
per dilution of the vaccine seems to be feasible for routine potency
assays. The tests using the lower number of mice provide results
equivalent to the standard NIH test with full statistical informa-
tion on the validity of each individual potency determination. If
applied, this would result in a 42-48% reduction in the number of
mice used, even considering a slight increase in the incidence of
invalid assays.

The results also demonstrated that the adoption of a lower con-
fidence limit of 25% of the estimated potency instead of a range
for the confidence interval, as suggested by Weisser and Hechler
(1997) and similar to what has been already established for com-
parable potency tests (e.g., diphtheria, tetanus, pertussis), would
avoid re-testing vaccines that had already reached the minimum
potency requirements in the first test.

5. Conclusion

This study, based on the retrospective statistical evaluation of
data, indicates that a reduction from 18 mice to nine mice per
dilution in the NIH test seems to be feasible and this number of
mice is suitable to meet the statistical requirement for valid assays.
However, further studies should be done in order to evaluate the
inter-laboratory variability (reproducibility) of this alternative pro-
tocol.

As an illustration of the impact of such a reduction, the 11,556
mice used in the present study to determine the potency of the
vaccines using the NIH mouse protection test would be reduced to
5778 using only nine mice per vaccine dilution for the test vaccines.
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Annex 2

Recommendations for inactivated rabies vaccine
for human use produced in cell substrates and

embryonated eggs

These Recommendations provide information and guidance to national
regulatory authorities and wvaccine manufacturers concerning the
characterization, production and control of rabies vaccines in order to
facilitata theirinternational lizansure and use. Each of tha fallawing sections
constitutes a recommendation. The parts of each section that are printad
in normal type have been written in the form of requirements so that if
a national regulatory autharity so desires thess parts may be adopted
as dafinitive national requiremants. The parts of =ach saction printad in
small type are comments and additional guidance. It is recommendad that
modifications to thess Recommendations be made only on condition that
the madifications ensure that the vaccine is at least as safe and efficacious
as that prepared in accordance with the Recommendations set out below.

In order to facilitate the international distribution of vaccine made in
eccaordance with these recommendations, a summary protocol is given

in the Appendix.
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preparation(s) calibrated against the International Standard. In addition,
challenge virus standard should be obtained from a reliable source, stored
and used as appropriate. The national regulatory authority should be able to
provide the standard for potency testing as well as challenge virus standard
on request (Part A, section 6.5).

Release and certification

A vaccine lot should be released only if it fulfils Part A of these
Recommendations. Before any vaccine lot 1s released from a manufacturing
establishment, the recommendations for consistency of production provided
in Guidelines for national authorities on guality assurance for biological
products (32) should be met.

A statement signed by the appropriate official of the national control
laboratory should be provided if requested by a manufacturing establishment
and should certify whether or not the lot of vaccine in question meets all
national requirements, as well as Part A of these recommendations. The
certificate should also state the lot number, the number under which the lot
was released, and the number appearing on the labels of the containers. In
addition, the date of the last satisfactory potency test as well as the expiry
date assigned on the basis of shelf life should be stated. A copy of the official
national release document should be attached.

The purpose of the certificate is to facllitate the exchange of rahies
vaccine between countries. Amodel of a suitable cerificate is given in
the appendix.
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