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E com grande honra e prazer que apresento
esta publicagéo traduzida como o resultado dos
trabal hos expostosduranteo | Simpésio Interna
ciona de lmunobiol 6gicos e Sallde Humanarea-
lizado em maio de 2006, no Rio de Janeiro, por
ocasi&o do aniversario de 30 anosdo Instituto de
Tecnol ogiaem Imunobiol 6gicos de Manguinhos,
0 Nosso Bio-Manguinhos.

Com apresencado Ministro da Satide Agenor Alvares,
representantes de vérias instituicdes parceiras, colaborado-
res e autoridades brasileiras e de outros paises na area da
salide, este encontro foi maisum marco na histéria da Funda-
¢&o Oswaldo Cruz ao celebrar astrés décadas de muitadedica-
¢80 e empenho de toda a forca de trabalho de Bio-Mangui-
nhos.

Lembro deter utilizado o adjetivo proficuo paraqualifi-
car aparticipacdo detodos nestatrajetoriaarduae gratificante
no cendrio da salde no pais e também de ter afirmado minha
certezade que os préximos 30 anos, além de proficuos, conso-
lidaréo nossas iniciativas e esforgos de hoje.

O Brasil convive neste século com problemas antigos
e agueles gerados pela sociedade moderna que demandam
solucdes urgentes. Estas solugBes encontram-se no investi-
mento em pesquisas técnico-cientificas desenvolvidas por
institui¢des nacionais. O aspecto cientifico mostrarobustez,
porém observamos fragilidade na inovagéo e nos processos
de desenvolvimento tecnol6gico em salde. Na superagéo

destes entraves, algumas iniciativas em curso no pais ja co-
megam amostrar resultados satisfatérioscomo aL ei Federal
11.079, de 2004, que instituiu as parcerias publico-privadas
(PPPs) eachamada“ Lei delnovacdo” (Lei 10.973), decreta-
da também em 2004, que determina medidas de incentivo a
inovagdo e pesquisa cientifica com o objetivo de capacita-
¢ao profissional e alcance da autonomia tecnol dgica.

Outras agBes mostram-seigualmente importantes no pa-
noramada salide brasileira como a criagdo daAgénciaBrasi-
leirade Desenvolvimento Industrial - ABDI, areestruturacéo
do Instituto Nacional de Propriedade Industrial - INPI, o Pro-
gramadeA poio ao Desenvolvimento do Complexo Industrial
da Saide — PROFARMA do BNDES e a modernizagéo dos
laboratorios oficiais ao lado da criac&o da fabrica nacional
publica de hemoderivados.

A Fundagdo Oswaldo Cruz, por meio de seusfunciona-
rios, é parte ativanapoliticade salde publicabrasileiraerefe-
réncia internacional em pesquisa, desenvolvimento tecnol 6-
gico, producdo e prestacdo de bens e servigos. Ocupa
atualmente uma posi¢ao estratégica no contexto da salde ao
atuar como apoio ao Sistema Unico de Saide - SUS no papel
ativo de proporcionar melhores condic¢Bes devidae cidadania
aosbrasileiros.

Mais uma vez, presto minha homenagem ao Instituto
Bio-Manguinhos representado nafigurado Dr. AkiraHomma.
Profissional que orgulha ndo somente a Fundagdo Oswaldo
Cruz mas asociedade brasileirapel o exemplo detalento, criati-
vidade e dedicacdo.
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It iswith great honor and pleasurethat | present
this publication, translated as the result of the
works exhibited during the | International
Symposium on Immunobiologicals and Human
Health, held in May 2006, in Rio de Janeiro, at
the time of 30™. Anniversary of the Technology
Institute on Immunobiologicals, our Bio-
Manguinhos.

With the presence of the Health Minister, Agenor Alvares,
representatives of several partner institutions, collaborators
and Brazilian and foreign health area authorities, this
meeting was a milestone in the history of Oswaldo Cruz
Foundation, celebrating three decades of great dedication
and constant effort from all Bio-Manguinhos' employees.

I remember having used the adjective profitable to
qualify the participation of everyone in this difficult and
gratifying work in the health scenery of Brazil and also of
having stated my certainty that the next 30 years, besides
being profitable, would consolidate our current efforts and
initiatives.

Brazl in this century has still been living with its old
problems and those generated by the modern society, which
demand urgent solutions. Such solutions are found in
technical scientific researches developed by national
institutions. The scientific aspect shows strength, however
we have noticed fragility in the innovation and in the
processes of health technological development. To overcome
these obstacles, some current initiativesin Brazil are already

starting to show satisfactory results, such as Federal Law
11.079 of 2004, which instituted public private partnerships
(PPPs) and the so-called “ Innovation Law” (Law 10.973),
also decreed in 2004, which establishesincentivesto scientific
research and innovation, with the purpose of providing
professional qualification and reaching technological
autonomy.

Other actions were equally important in the Brazilian
health scenery, such as the creation of ABDI — Brazlian
Agency for Industrial Development, the re-structuring of
INPI — National Institute of Industrial Property, BNDES
(National Bank for Economic Development) PROFARMA —
Support Program to Development of the Health Industrial
Complex and the modernization of official laboratories, in
addition to the creation of the national public factory of
hemo-derivatives.

Oswaldo Cruz Foundation, through its employees, is
an active party to the Brazlian public health policy and an
international reference in research, technological
devel opment, production and provision of goods and services.
It currently holds a strategic position in the health context
for acting as a support to SUS— Health Public System, in its
effort to provide better life and citizenship conditions to all
Brazilians.

Once again, | would like to pay my tribute to Bio-
Manguinhos Institute, represented by Dr. Akira Homma, a
professional that is a pride not only to Oswaldo Cruz
Foundation but also to the Brazilian society, for his example
of talent, creativity and dedication.
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O | Simpdsio Internacional de Imuno-
biol 6gicos e Saude Humana, organizado em
comemoragdo ao aniversario de 30 anos de
Bio-Manguinhos, no dia 4 de maio de 2006,
contou nasuaaberturacom o entdo ministro da
Satide José Agenor Alvaresda Silvae com apre-
senca de autoridades nacionais da érea de sal-
de publica, além de renomados cientistas bra-
sileiros e do exterior.

Com a preocupagdo de buscar a atualizagéo do estagio
de desenvolvimento de importantes insumos para a salide —
vacinas, biof &rmacos e kits de reativos para diagnostico labo-
ratorial — a agenda de trabalho contemplou os temas mais
relevantes nestas areas, com apresentacdes e discussdes de
altissimo nivel, que possibilitaram antever as tendéncias tec-
noldgicas e potenciais produtos estratégicos para a salde
publicado Brasil e do mundo.

A comemoragéo dos 30 anos de Bio-Manguinhos propi-
ciatambém umaandalise e reflexdo sobre atrajetoriadestains-
tituicdo publica, cujamissdo € desenvolver e produzir imuno-
biol gicos necessérios ao Sistema Unico de Salide (SUS). Si-
milarmente acriagdo do | nstituto Soroterdpico Federal em 1900,
Bio-Manguinhos foi criado no rastro da maior epidemia de
meningite meningocAcica que ocorreu nNo pais, no inicio da
década de 70 e herda as atividades do Departamento de Pro-
ducéo do Instituto Oswaldo Cruz. Fundado em 4 de maio de
1976, o Instituto de Tecnologia em Imunaobiol gicos nasce
sob condi¢des desafiadoras: com apenas 26 funcionérios, sem
demanda assegurada, instalagdes laboratoriais e tecnologias

de producgéo obsoleta, além de auséncia de uma politica de
acOes futuras.

Outro evento de grande impacto negativo, ocorrido no
inicio da década de 80, foi 0 desabastecimento de sorosimu-
nes de uso terapéutico — antiofidicos e antitéxicos - deflagra-
do pel o cancel amento da produgdo por umamultinaciona que
detinha 90% deste mercado. Tal fato despertou o governo
para a precariedade da situagdo e ensgjou a organizagéo e
implementac&o do Programa Nacional de Auto-suficiénciade
I munobiol 4gicos (Pasni). Estainiciativapossibilitou amoder-
nizacdo dos laborat6rios publicos produtores de imunaobiol 6-
gicos do pais, cujos resultados se refletiram na sua capacita-
¢ao tecnolOgica atual .

Com a miss&o institucional de atender politicas nacio-
nais de salde e foco em agdes prioritérias, Bio-Manguinhos
buscou incorporar novas e modernas tecnologias de produ-
¢&o de vacinas, biofarmacos e kits de reativos para diagnosti-
co, conforme descrito abaixo.

m Em 1976, incorporou atecnol ogiade producéo davacina
contra a meningite meningocécicasg A/C, derivada de
polissacarideos- naquela época, era a vacina bacteriana
mais moderna - viatransferéncia de tecnologia do I nsti-
tuto Mérieux.

m Noinicio de 1980, como parte do Acordo de Cooperacao
Técnicacom o Japédo, Bio-Manguinhosincorporou atec-
nologia de produgado de vacinas virais contra sarampo e
poliomielite, com apoio financeiro daAgénciade Coope-
racdo Internacional do Japdo (Jica, na sigla em inglés),
com o aporte tecnol dgico do Laboratorio Biken da Uni-
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The | International Symposium on
Immunobiologicals and Human Health,
organized in celebration of the 30%.
Anniversary of Bio-Manguinhos, on May 4,
2006, had in its opening ceremony meeting the
presence of the then Health Minister, José
Agenor Alvares da Slva, aswell asthe presence
of national authoritiesin the public health area,
in addition to well-known scientists from Brazl
and abroad.

Aiming at updating the development stage of several
important consumables for health — vaccines,
biopharmaceutical products and reagents for laboratorial
diagnosis — the work agenda has contemplated the most
relevant themes in these areas, with high-level presentations
and discussions, which have made possible to foresee the
technological trends and strategic potential products for the
public health in Brazl and in the whole world.

The celebration of Bio-Manguinho's 30". Anniversary
also provides an analysis and reflection on the course of this
public institution, whose mission is to develop and produce
immunobiological products necessary to the Health Public
System (SUS). Smilarly to the creation of the Federal Serum
Therapeutic Institute in 1900, Bio-Manguinhos was created
during the worst meningococcal meningitis epidemic which
has ever occurred in Brazl, in the beginning of the 70’s, and
inherited the activities of the Production Department of
Oswaldo Cruz Institute. Established on May 4, 1976, the
Technology Institute on Immunobiol ogicals Bio-Manguinhos

was born under several challenging conditions: with only
26 employees, without any assured demand, obsolete
production technologies and laboratory facilities, in addition
to a complete lack of a policy of future actions.

Another event of great negativeimpact, which occurred
in the beginning of the 80’s, was the lack of supply of immune
serum of therapeutic use — antiophidians and antitoxics —
due to the production cancellation by a multinational which
used to hold 90% of this market. Such fact woke up the
government for the precarious situation and supported the
organization and implementation of the National Program
of Self-Sufficiency of Immunobiological products (PASNI).
This initiative made possible the moder nization of the public
laboratories producers of immunobiologicals in Brazil,
whose results have reflected in its current technological
qualification.

With the institutional mission of satisfying national
health policies and focusing priority actions, Bio-
Manguinhos searched to incorporate new and modern
production technologies for vaccines, biopharmaceutical
products and reagent kits for diagnosis, as described below.

m [n 1976, it incorporated the production technology of

vaccine against meningococcal meningitis sg A/C,

derived from polysaccharides — at that time it was the

most modern bacterial vaccine — via technology
transfer from Mérieux Institute.
m |n the beginning of 1980, as part of the Technical

Cooperation agreement with Japan, Bio-Manguinhos

incorporated the production technology of viral
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versidade de Osaka e do Instituto de Pesquisa de Polio-
mielite do Japdo. Maisde 600 milhdes de dosesdavacina
contrapoliomieliteforam fornecidas ao ProgramaNacio-
nal de Imunizagdes (PNI), e com aaplicacéo de umaes-
tratégica adegquada de imunizagdo, o pais conseguiu er-
radicar esta virose hd mais de 17 anos. O PNI recebeu
também mais de 300 milhdes de doses contra o sarampo,
0 que fez com que hé cerca de quatro anos nao fossem
mais registrados casos desta virose.

m Em 1998, incorporou viatransferéncia de tecnologia da
Glaxo SmithKline (GSK), atecnologiade producéo da
vacinacontraHaemophilusinfluenzaetipo b (Hib), con-
jugada, na época uma das vacinas mais modernas no
mercado internacional . Desde 2001, estavacinaéforne-
cida em apresentacéo tetravalente (DTP+Hib), com
cooperacéo do Instituto Butantan.

| A produgdo da vacina contra febre amarela, cuja produ-
¢ao érealizadade formacontinuapor maisde 70 anos, foi
modernizada, teve aqualidade aperfeicoadae, em 2001,
foi pré-qualificadapelaOMS, permitindo exportagéo do
excesso da producdo paraaUnicef, aOrganizagcdo Mun-
dial da Saide (OMS) e o Fundo Rotatério da Organiza-
¢80 Pan-americanada Salide (Opas).

B Bio-Manguinhos vem incorporando tecnol ogias de pro-
ducéo de biofarmacos — alfainterferona 2b humana re-
combinante e alfaepoetina humana recombinante - pro-
dutos derivados de tecnol ogia recombinante e objeto de
transferéncia de tecnologia de institui ¢des de Cuba.

® Menciono também a tecnologia do teste rapido para
diagnostico de HIV, resultado datransferéncia de tec-
nologia do laboratério Chembio, que deve propiciar
modernizacdo e facilitar o diagnostico de importan-
tes enfermidades que acometem o quadro sanitario
brasileiro.

Atuando a partir de uma vis&o de futuro, Bio-Mangui-
nhos vem fortalecendo suas atividades de inovagéo tecnol 6-
gica, investindo em vérios projetos de desenvolvimento de
vacinas bacterianas e virais, biofarmacos e kits de reativos
paradiagnastico |aboratorial. Tem estabel ecido parceriastec-
nol égicas com outros institutos da Fundagdo Oswaldo Cruz
(Fiocruz) e de universidades brasileiras, buscando ampliar e
acelerar o desenvolvimento de novos produtos importantes
para a salde publica.

Portanto, com muito orgulho e satisfacdo, estamos
realizando estacomemoragéo, junto com 0s parceiros que,
durante parte ou na totalidade destas trés décadas, acom-
panharam a cria¢éo e o crescimento de Bio-Manguinhos,
organizacgao que € hoje parte da historia da saide publica
no Brasil. Esperamos daqui a 30 anos, comemorar muito
mais.

Agradecemos aos funcionarios, que, com grande dedi-
cacdo e compromisso institucional, contribuiram para que o
Instituto de Tecnol ogia em Imunobiol 6gicos chegasse aos 30
anos comemorando estas conquistas. Damesmaforma, agra-
decemos a Fiocruz, de cujo sistema temos orgulho de partici-
par e ao Ministério da Salde pelo apoio continuo parao forta-
lecimento de Bio-Manguinhos.
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vaccines against measles and poliomyelitis, with the
financial support of JICA (Japan International
Cooperation Agency), with the technical support of
Biken Laboratory from Osaka University and fromthe
Japan Poliomyelitis Research Institute . More than
600 million doses of the vaccine against poliomyelitis
wer e supplied to the National Immunization Program
(PNI), and with use of an adequate immunization
strategy, Brazil was able to eradicate such virosis over
17 yearsago. PNI also received more than 300 million
doses of vaccines against measles, and as a
consequence in the last four years no other case of
such virosis was recorded.

| |n 1998, it incorporated, via technology transfer from
Glaxo SmithKline (GSK), the production technology of
thevaccine against Haemophilusinfluenzaetype b (Hib),
conjugate, at that time one of the most modern vaccines
in the international market. Since 2001, thisvaccineis
supplied in atetravalent presentation (DTP + Hib), with
cooperation from Butantan Institute.

m The production of the vaccine against yellow fever, which
has been continuously carried out for more than 70
years, has been modernized and enhanced its quality,
and, in 2001, it was pre-qualified by the World Health
Organization, allowing the exportation of its production
excess to UNICEF, to the World Health Organization
and to the Revolving Fund of the Pan American Health
Organization (OPAS).

® Bio-Manguinhos has been incorporating production
technologies of biopharmaceutical products —
recombinant human interpheron alpha 2b and

recombininant human erythropoietin alpha — products
derived from a recombinant technology and object of
technology transfer from Cuban institutions.

m |t should also be mentioned the quick test
technology for HIV diagnosis, as a result of
technology transfer from Chembio laboratory, which
shall propitiate modernization and facilitate the
diagnosis of important diseasesoccurring in Brazil.
With a futuristic view, Bio-Manguinhos has been

strengthening its technological innovation activities,
investing in various development projects of bacterial and
viral vaccines, biopharmaceutical products and reagent kits
for laboratorial diagnosis. It has established technological
partner ships with other Oswaldo Cruz Foundation (Fiocruz)
institutes and Brazilian universities, aiming at enlarging and
accelerating the development of new important products for
public health.

Therefore, with great pride and pleasure, we are
carrying out this celebration, along with the partners who,
throughout these last three decades, have accompanied the
creation and growth of Bio-Manguinhos, an organization
which is nowadays part of the public health history in Brazl.
e hope that 30 years from now we will have much more to
celebrate.

We thank our employees, who, with great devotion and
institutional dedication, have contributed for Bio-
Manguinhos to reach this 30™". Anniversary celebrating these
conquests. Likewise, we thank Fiocruz's permanent support,
of which system we are proud to participate and to the
Ministry of Health fot the continuous support for strenghthing
of Bio-Manguinhos.
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O Brasil mudou muito nas ultimas décadas. Ficou claro que as
parcerias, bem constituidas, sdo essenciaisparao desenvolvimento
acelerado e que ndo deve haver conflito entre o publico e o privado,
mas cooperacao.

O programacientifico do | Simposio Internacional de lmunobiol dgicos e Salide
Humanarefletiu esse pensamento, reunindo representantes do governo, bem como de
organizagOes internacionais e empresas, publicas e privadas.

Foram apresentados e discutidos temas cientificos de grande atualidade e
relevantes para a salide de nossa populag&o, como novas vacinas em desenvol-
vimento, novos adjuvantes, influenza pandémica, biofarmacos, reativos paradi-
agnosticos e novas formas de administragcao de vacinas.

Ao mesmo tempo, foram apresentadas as politicas publicas para o desenvolvi-
mento de novos produtos e o fortalecimento da industria nacional de vacinas. O
programafoi enriquecido pel os debates e pel os contatos pessoai s que foram favoreci-
dos.

Personalidades do Brasil e do exterior que tém grandes contribui¢es em suas
areas de conhecimento participaram do simpdsio. A estas pessoas, todas com agendas
atribuladas, 0 nosso “muito obrigado”.

O agradecimento se estende aos membros da Comissdo Cientifica, a Comissao
Organizadora, aos Parceiros e a todos os colegas que contribuiram com sugestoes
paraque pudéssemos ter um programa cientifico aaltura dos 30 anos de Bio-Mangui-
nhos/Fiocruz.

Obrigado por sua participagdo e pelo brilhantismo de sua contribuic&o.
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Brazl has changed quite a lot in the last decades. It became
clear that partnerships, when well constituted, are essential for
the accelerated development and that it should not have any
conflict between public and private, but only cooperation.

The scientific program of the | International Symposiumon Immunobiologicals
and Human Health hasreflected such thought, gathering gover nment representatives,
as well as public and private companies and international organizations.

Current scientific issues of great importance for the health of our population
were presented and discussed, such as new vaccines being devel oped, new adjuvants,
pandemic influenza, biopharmaceutical products, reagents for diagnosis and new
routes of vaccine administration.

At the same time, public policies for the development of new products and the
strengthening of the national industry of vaccines were presented. The programwas
enriched by the debates and personal contacts, which were favored.

Personalities from Brazil and abroad, with great contribution in their
respective areas of knowledge, participated in the symposium. We want to express
our thanks to all these very busy people that have participated.

We are also thankful to the members of the Scientific Committee, to the
Organizing Committee, to the Partners and to all colleagues who have contributed
with suggestions, so that we could have a scientific program at the level of the 30
Years of Bio-Manguinhos / Fiocruz.

Thank you for your participation and for your special contribution.
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INTRODUCAO

Asestimativas mundiaisindicam que aproximada-
mente 20% de individuos normais estéo infectados com
HPV e que a cada ano surgem em torno de 500.000
casos novos de cancer do colo do Utero, dos quais em
torno de 70% ocorrem em paises sub-desenvolvidos ou
em desenvolvimento. Também estima-se que ha entre
10 a 20 vezes mais lesdes precursoras destes tumores, 0
gue implicanum contingente muito grande de individuos
afetados. O diagndstico precoce e o controle destas
neoplasias se baseia, ha mais de 40 anos, na observagdo
de ateragbes morfoldgicas de esfregagos cervicais es-
tabel ecido por G. Papanicolaou. Em paisesondeacitolo-
giaoncol6gicafoi ampliada paraamaior parte da popu-
lacdo, observou-se uma diminui¢do importante dainci-
déncia e mortalidade por este tumor. Infelizmente, uma
frac&o muito pequena, ndo superior a15%, da popul agéo
femininabrasileiraesta envolvidanum programade pre-
vencao do cancer do colo uterino, o que explica, em par-
te, as atas incidéncias desta neoplasia em nosso pais.
Mas mesmo nos paises desenvolvidos, com ampla co-
berturada populagéo por programas de prevencao, exis-
te uma porcentagem importante de mulheres que conti-
nuam sucumbindo a doenca devido a falhas do teste de
Papanicolaou.

Ha suficientes evidéncias moleculares e epide-
miol 0gi cas que comprovam arel agao etiol 6gicaentre cer-
tos tipos de HPV e o cancer do colo do Utero e suas
lesbes precursoras. Recentemente, varios estudos indi-
caram gue a deteccdo de DNA de HPV, dos tipos de
ato risco, no esfregaco celular, prediz a presenca de
lesdo precursora do cancer do colo do Utero em pacien-
tes que apresentam resultado negativo ou duvidoso a ci-
tologia. Além disso, ha boas indicacfes de que o teste
molecular de HPV pode servir como um “controle de

qualidade’ dacitologia, reduzindo o nimero de resulta-
dosfalso-negativos.

Mais de 98% dos tumores de colo de Utero sdo
causados por estes virug¥. Ostipos de HPV's presentes
nestes tumores sdo diferentes daqueles encontrados em
lesbes benignas da regido anogenital, dentre as quais 0s
condilomas sdo as mais frequientes, sobretudo entre os
jovens ou em pacientes imunodeprimidos. Uma outra
patologia que representa bem o impacto das infecgtes
por HPV, apesar de muito rara, é a papilomatose larin-
geajuvenil, ou papilomatose respiratoriarecorrente. Esta
doenca é causada pel os papilomavirustipos 6 e 11, tipi-
camente dois virus de baixo risco oncogénico, umavez
que sdo encontrados raramente em tumores malignos.

Até o momento tém sido descritos mais de uma
centena de HPV's, sendo aproximadamente a metade
consideradade alto risco oncogénico. Em neoplasias ma-
lignas da regi&o anogenital, de diferentes popul agbes e
regides do mundo, encontram-se mais frequentemente
os tipos 16, 18, 31, 33, 45, 51, 52, 56 e 58. Destes, 0
HPV 16 éresponsavel por aproximadamente metade dos
casos de cancer do colo do Utero, além de estar envolvi-
do na génese de outrostumores anogenitais, como tumo-
res de vulva, pénis e anus.

Asinfecges por HPV sdo relativamente comuns
emindividuos normais, variando de 20-40% conforme a
idade e o estado imune, sendo mais comuns entre 0s jo-
vens. A maioria destas infecgdes regride espontanea-
mente, sendo na maioria das vezes total mente assinto-
mética?. O risco de desenvolvimento de doenca esta
associado a infecgdes persistentes por estes virus, so-
bretudo aquel as que envolvem ostipos de alto risco on-
cogénicol®. O genoma destes virus é geneticamente ati-
VO, persistindo na célula apds suaintegracdo ao genoma
dacélulainfectada. A progressdo tumoral, até o carcino-
ma invasivo, depende também de fatores ambientais,
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como carcindgenos quimicosefisicos, ou restritosao hos-
pedeiro, tais como hormdnios, heranga genética e res-
postaimune. A melhor forma de prevenir o HPV é con-
trolar o nimero de parceiros e usar o preservativo, ape-
sar de ndo total mente eficaz. Quai squer medidas que con-
trolem asinfecgdes por HPV dever&o ter um impacto no
controle do grande nimero de patol ogias a eles associa-
das. O primeiro impacto deveriarefletir-se na diminui-
¢80 das taxas de lesdes precursoras, mas finalmente o
objetivo é controlar a incidéncia do cancer do colo do
Utero e outras neoplasias associadas a estes virus.

PriNciPiO DASV ACINAS CONTRA PAPILOMAVIRUS

Ha dois tipos de vacinas que estéo sendo testadas
em humanos: as profiléticas e as terapéuticas. No pri-
meiro caso visa-se impedir a infec¢do por alguns tipos
desses virus, enquanto que as vacinas terapéuticas obje-
tivam tratar o individuo jainfectado ou até o portador de
umalesdo causada por HPV. Tais vacinas diferem fun-
damentalmente quanto a proteina utilizada na imuniza-
¢do: aproteinaprincipal do capsideovira —L1—-éoavo
principal dasvacinas profilaticas, umavez que avacina-
¢80 deveria gerar respostas imunes capazes de impedir
aentradado virusnacélula; por outro lado, paraeliminar
célulasjainfectadas e alteradas pel o virus, devem ocor-
rer respostas imunes celulares contra as principais pro-
teinas oncogénicas dos HPV — E6 e E7 — as quais vém
sendo empregadas como os principai s antigenos de vaci-
nas terapéuticas®.

O capsideo dos papilomavirus é constituido por 2
proteinasdesignadasL 1 eL 2, sendo L1 amaisabundan-
te. A expressdo dos genestardiosL1, ou L1l eL2, nos
mais diversos sistemas de expressdo (bactérias, levedu-
ras, células de inseto), gera particulas cuja estrutura é
muito semelhante aos virionsisolados de lesdes naturais.
Tais particulas semelhantes avirusou VLP (Virus-Like
Particles), mantém os epitopos conformacionais contra
0s quais sdo disparadas respostas imunes especificas e
eficientes em neutralizar os virions, impedindo sua en-
tradanacélula. Além disso, por ndo conter o DNA viral,
sdo consideradas seguras. A disponibilidade de VL Psde
diferentes papilomavirusimpul sionou o desenvol vimento
de vacinas profilaticas em animais e humanos.

E igual mente possivel sintetizar, nos sistemas aci-
ma mencionados, VLPs consistindo de L1/L 2 e de uma
das proteinas precoces que se dispdem internamente a
estruturado capsideo viral. Estas particulas passaram a

ser chamadas de V L Ps quiméricas, constituindo-se num
antigeno vacinal muito atraente, ja que poderia ser utili-
zado tanto na profilaxia quanto no tratamento das |estes
associadasao HPV. Model osexperimentais, empregando
ainducdo de tumores causados por HPV 16 em camun-
dongos, comprovam sua eficéciaterapéutica, o que esti-
mulou alguns grupos a proporem sua utilizagdo em hu-
Manos como vacinas ao mesmo tempo profil aicas e te-
rapéuticas”. A eficécia destas vacinas esta sendo testa-
da em pacientes com carcinomas avancados de colo do
Utero. Até o momento os resultadosindicam uma precé-
ria resposta imune especifica aos antigenos virais, pro-
vavelmente devido ao fato destas pacientes estarem na
sua maioriaimunodeprimidas diante do estagio avanca-
do dadoenca. Os conhecimentos que estéo sendo adqui-
ridos, no entanto, serdo empregados brevemente em en-
sai os clinicos envolvendo pacientes com tumores em es-
tagios menos avangados.

Os inumeros resultados acumulados nos ultimos
cinco anosindicam um caminho muito promissor parao
uso de vacinas no controle de uma série de patologias
causadas por HPV que afetam centenas de milhdes de
individuos, acadaano, emtodo o mundo, principa mente
nos paises em desenvolvimento.

ESTADO ATUAL DE ENSAIOS DE VACINACAO
EM HumANOS coMm VACINAS PROFILATICAS
CONTRA HPV]

Ensaios clinicos de vacinas profiléticas contra
HPV-11, 16 e 18, individua mente, estdo em andamento
desde 1997. Namaioriadestes ensaiosinjetam-se VLPs
de HPV s purificadas a partir de culturas de leveduras ou
células de inseto contendo vetores de expressao recom-
binantes com os genes L1 e/ou L2. Estes sistemas de
expressdo sdo muito eficientes, apesar dos processos
envolvidos serem demorados e ainda muito caros. De
qualquer forma, VL Ps purificadas estéo sendo injetadas
em humanos em ensaios clinicos de diferentes fases em
andamento no mundo, sendo na suamaioriaestudos ran-
domizados, duplo-cegos, controlados por placebo.

Os resultados de ensaios clinicos de fase | para
vacinas profilaticas contra HPV tipo 11 eotipo 16 indi-
caram que a administrac@o da vacina por via sub-cuta-
nea ou intra-muscular € segura, ndo tendo causado ne-
nhuma reac&o adversa grave, apenas reacoes de peque-
na monta, como dor local e febre por curto espaco de
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tempo, semelhantes ao grupo controle que recebeu ape-
nas placebo (salina ou hidroxido de aluminio). Nos en-
saiosrelatados até agora, individuos vacinados exibiram
umaboarespostaimune avaliada através do aumento da
soropositividade aos antigenos virais especificos para
cadatipo. Além disso, anticorpos neutralizantes foram
detectados em niveis que excedem aquel es observados
em individuos naturalmenteinfectados por HPV, indican-
do que, nestes ensai0s, a vacina é imunogénica.

Osresultadosde ensaios clinicosdefasell, visan-
do definir atoxicidade eimunogenicidade de vacinas pro-
filaticas contra HPV foram determinantes para a obten-
¢ao deresultados que permitiram arealizagdo dos ensai-
osclinicosdefaselll, envolvendo um nimero grande de
individuos representativos da popul agdo sob risco de ex-
posicao a0 agente. E notdrio que as popul agdes sob maior
risco de desenvolver o cancer do colo do Utero e suas
lesBes precursoras estao |ocalizadas nos paises sub-de-
senvolvidos e em desenvolvimento, onde deverdo ser
realizados os ensai os clinicos de eficaciade tais vacinas.
Alem de vacinas compostas de VLPs de L1 de HPV-
168, também estdo sendo testadas vacinas contendo 4
antigenosvirais, correspondendo aostipos6, 11, 16 e 18,
em ensai 0s randomi zados, dupl o-cegos, control ados por
placebo. Osresultadosiniciaisindicam quetanto avaci-
nabivalente quanto a quadrival ente ndo causam reagoes
adversas graves sendo, portanto, bem toleradas. Além
disso, os niveis de anticorpos produzidos so muitas ve-
zes maiores que aguel es obtidos nas infeccBes naturais
por estes virus. Deve-se destacar que tais respostas
imunes s80 em sua esséncia tipo-especificas, isto €, de-
vem proteger contra os tipos de HPV's contidos nas va-
cinas em teste [1. H& muito interesse, no entanto, em
verificar a possibilidade de protecéo cruzada, dadaasi-
milaridade genética entre diversostipos de HPV. Os en-
saios clinicos em andamento poder&o fornecer taisinfor-
magdes ainda ndo claramente estabelecidas.

Ha varios centros em todo o mundo, incluindo o
Brasil, onde tais vacinas profiléticas estdo sendo testa-
das. Uma vez que se objetiva impedir a infecgdo por
esses tipos de HPV mais comumente associados a le-
s0es benignas (tipos 6 e 11) ou malignas (tipos 16 e 18),
0s principais resultados foram obtidos em voluntarias
saudaveis, entre 15 e 26 anos de idade, e que tiveram
menos de 4 parceiros sexuais, paraevitar que jaestives-
sem infectadas pelo HPV. Além disso, os estudos tam-
bém incluiram criancas e adolescentes de ambos os se-
X0s, homens de 16 a 26 anos de idade e mulheres acima

dos 25 anos de idade. Inimeros estudos foram feitos ou
ainda estdo em andamento, sendo a maioria ensaios cli-
nicos randomi zados, dupl o-cegos, controlados por place-
bo. Asvacinas sdo administradas por viaintra-muscular,
em 3 doses, ao longo de 6 meses.

Osprimeirosresultados de eficécia de vacinas pro-
filéticas foram publicados entre 2004 e 2005. Referem-
se a duas vacinas compostas de VLPs de HPV, sgja
contendo doistipos (16 e 18) ¥, sgjaquatro tiposde HPV
(6, 11, 16, 18)*%. As respostas imunes disparadas por
ambas foram muito el evadas, tendo-se observado titulos
de anticorpos, mais de uma centena de vezes superiores
aquel es observados em mulheres da mesmafaixa etéria
naturalmente expostas aos diferentes HPV's em estudo.
Estes elevados titul os de anticorpos contra cada um dos
tiposde HPV contidos has vacinas correlacionam-se com
a elevada eficécia de prevencéo de infeccOes e lesdes
causadas pelos mesmos HPVs. No entanto, ndo séo
conhecidos ostitulos que definem seum individuo estara
susceptivel ou protegido pela vacina. Finalmente, nos
dois ensaios clinicos publicados, as vacinas apresenta-
ram elevada eficacia, tendo controlado entre 90 e 100%
dasinfeccdes pelos tipos de HPV incluidos nas vacinas,
além de prevenir entre 95 e 100% das |esdes causadas
por estes virus [® 19,

Osensaiosclinicosdefaselll estdo em andamen-
to desde 2002, envolvendo dezenas de milhares de vo-
luntérios dentre os quais, mulheres jovens, além de mu-
Iheres de meiaidade, criangas e adol escentes, e homens
jovens. Estes estudos estdo sendo conduzidos em diver-
sos paises, incluido o Brasil. Os primeirosresultados cli-
nicos de fase |11 publicados se referem a vacina quadri-
valente!l, Este ensaio clinico realizado em aproxima-
damente 12.000 mulheres jovens, das quais metade re-
cebeu placebo e metade a vacina quadrivalente conten-
doVLPsde HPVs®6, 11, 16, 18, confirmou que avacina
€ segura e altamente imunogénica, além de ter uma efi-
cécia de 100% para prevenir as lesdes precursoras do
cancer do colo do Utero. Estes excelentes resultados
propiciaram o pedido de licenciamento da vacina pelas
agéncias reguladoras de diferentes paises: nos Estados
Unidos da América, a Food and Drug Administration.
Em junho de 2006 a FDA aprovou o uso destavacinaem
mulheres de 9 a 26 anos de idade. Até 0 momento, mais
de 80 paises no mundo todo aprovaram o uso davacina
guadrivalente com base nos resultados de 4 ensaios cli-
nicos diferentes que incluiram mais de 20.000 mulheres
jovens e adolescentes de diferentes paises. Os resulta-
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dos mostram que, em mulheres que ainda ndo tinham
sido infectadas, a vacina quadrivalente é quase 100%
efetiva em prevenir o aparecimento de |esdes precurso-
ras do cancer do colo uterino, do cancer vagina e do
cancer vulvar, associados a HPV tipos 16 e 18, assim
como de verrugas genitais causadas pelainfeccdo pelos
4 tipos de HPV incluidos na vacina 14,

Recentemente, foram publicados os resultados de
um estudo internacional defaselll, randomizado, duplo
cego, para determinar a eficacia da vacina contra HPV
16 e 18 (bivalente) em mulheres jovens. Neste estudo
foram incluidas 18.525 mulheres entre 15 e 25 anos de
idade, das quais 9.258 receberam a vacina contra HPV
16/18 e 9.267 receberam uma vacina contra hepatite A
nos meses 0, 1 e 6, com uma média de seguimento de
quase 15 meses. Neste estudo, a vacina apresentou uma
eficacia de 90,4% na prevencdo de neoplasiaintraepite-
lial cervical degrau Il (CIN 11) que continham DNA de
HPV 16/18 19,

Outro estudo clinico defase 11, recentemente pu-
blicado, foi realizado para avaliar a eficacia de vacina
guadrivalente na prevencdo de patologias anogenitais
associadas a infeccdo pelos HPV 6, 11, 16 e 18. Este
estudo randomizado, dupl o cego, controlado por placebo,
envolveu 5.455 mulheresentre 16 e 24 deidade, dasquais
2.723 receberam avacinacontraHPV 6/11/16/18 €2.732
receberam o placebo (composto apenas de adjuvante)
nodial, més2emés6. Apdsaprimeiradose, as mulhe-
res foram seguidas em média por 36 meses e examina
das com o objetivo de detectar lesdes de vagina, vulva,
regido perianal e da cérvice uterina. Os resultados mos-
tram que esta vaci naapresentou umaeficiénciade 100%
na prevencdo de verrugas genitais, neoplasia intraepite-
lial ou cancer davulvaou davagina, e naincidénciade
neoplasiaintraepitelial cervical, adenocarcinomain situ
ou cancer associadosaosHPV tipo 6, 11, 16 ou 18. Além
disso, foi observado que as mulheres vacinadas apresen-
taram 34% menos lesBes de vulva, vagina ou da regido
perianal, e 20% menos de lesbes cervicais, independen-
temente do tipo de HPV considerado (mesmo aqueles
ndo incluidos navacina)!*3.

A questdo fundamental da duracdo das respos-
tas imunes e protegdo clinica foi abordada em alguns
estudos. Harper e colaboradores® e Villa e colabora-
dored demonstraram, respectivamente, que as vaci-
nas bivalente e quadrivalente protegem por um periodo
minimo de 5 anos. Mais ainda, observaram-se respos-
tas anamnésticas em mulheres que receberam uma

guarta dose davacina, 5 anos apds a administracdo das
3 doses regulares®®. |sto implica que a vacina quadri-
valente (e potencialmente a bivalente) dispara respos-
tasimunes de memoria, 0 maisimportante indicador de
gue a protecdo conferida por estas vacinas devera ser
de longa duragéo.

Assim, apesar das diferencas nas formulagdes das
vacinas bival ente e quadrival ente e no desenho dos estu-
dos, osresultados publicados séo consistentes eindicam
gue o regime de trés doses de qualquer delas é seguro e
altamente eficiente na prevencéo de infeccdes e lesbes
causadas pelos tipos de HPV contra os quais os indivi-
duosforam imunizados®®. Osresultados de eficaciapro-
filatica dessas vacinas em homens ainda estédo sendo
aguardados. O homem sofreigua mente deinfecgdes pelo
HPV, mas tem impacto menor comparado as mulheres
em relagdo as lesdes clinicas em seu trato anogenital.
No entanto, uma vacina eficaz contra tipos comuns de
HPV poderia reduzir as taxas de verrugas genitais, le-
sbes no pénis e principalmente lesdes anais, incluindo o
carcinomainvasivo de anus cujaincidénciaesta aumen-
tando em todo o mundo. Finalmente, asvacinas profila-
ticasde HPV tém o potencial deinterromper atransmis-
s80 do HPV entre parceiros sexuais, com impacto evi-
dente nas taxas de uma das doengas de transmissao se-
xua mais comuns no Brasil e no mundo.

CoNsIDERACOES FINAIS

Programas organizados de rastreamento do can-
cer de colo do Utero, com altas taxas de cobertura popu-
lacional, contribuiram paraumareducgdo significativada
incidénciado cancer do colo do Gtero. Entretanto, aim-
plementacéo, manutencdo e ampliac&o da coberturaem
paises como o Brasil, dependem de questdes técnicas e
politicas, além de esbarrar em aspectos socio-culturaise
comportamentais de dificil solugdo. Além disso, os cus-
tos associados ap aumento da cobertura podem ser t&o
elevados a ponto de colocar o programa todo em risco.
Assim, vacinas de alta eficicia contra HPV poderiam
ter, amédio e longo prazo, um impacto real e mais ex-
pressivo nas taxas de cancer do colo do Utero (e de le-
sbes pré-malignas) cujas taxas no Brasil continuam es-
tabilizadas em valores elevados. Por ser uma infecgéo
detransmiss&o primordial mente sexual, asvacinas profi-
| &ticas devem ser administradas em idade anterior ao pri-
meiro coito9. Istoimplicariaem vacinar criangas/ado-
lescentes de ambos os sexos. Entretanto, a faixa etéria
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ideal para vacinacdo depende de uma série de fatores,
incluindo o tempo de protecdo (duracdo darespostaimu-
ne) que ainda esta sendo avaliado pelos ensaios clinicos
em andamento (os de seguimento mais prolongado re-
montam a 5 anos). Além disso, uma questdo extrema-
mente importante se refere a necessidade de continua-
¢do dos programas de prevencado secundéria do cancer
do colo do Utero baseada no rastreamento periodico da
populagdo através do teste de Papani col aou, i soladamente
ou em conjunto com testes de deteccdo molecular de
HPV. De qualquer maneira, € razoavel supor que aim-
plementacéo progressiva da vacinagéo contra HPV, cor-
respondera uma alteracdo na periodicidade da preven-
¢do secundaria entre as jovens vacinadas, com interva-
los ampliados e reducéo de custos associados a este pro-
grama, alongo prazo.

Umadas maiores dificul dades paraintroducéo das
vacinas esta no seu elevado custo atual. Alguns paises
em desenvolvimento poderéo se beneficiar das negoci-
acoes coordenadas por diferentes entidades envolvidas
em programas de imunizagdo em tais paises, além das
inciativas globais que incluem a Organizagdo Mundial
da Saude, UNICEF, GAVI, Fundag&o Bill e Melinda
Gates, entre outras. Entretanto, muito maisaindadeve-
ra ser feito para disponibilizar a vacina aos que mais
dela necessitam.

Uma vez implantados, estes programas deverdo
ser monitorados para acompanhamento de seguranca e
eficaciaalongo prazo. Aqui amaior dificuldade estéa na
adequacdo de testes de laboratério de utilizacdo em lar-
ga escala. Além disso,programas de vigilancia
epidemiol bgica deverdo ser implementados para verifi-
car a reducéo das taxas dos tipos de HPV contidos nas
vacinas na populacdo em geral. Finamente, apesar de

pouco provavel, a eventual alteracdo dos tipos de HPV
circulantes na era pés-introducdo das vacinas profil ati-
cas, devera ser continuamente monitorada, o que depen-
dera da existéncia de registros integrados de vacinacéo
e de cancer.

Outro aspecto a ser considerado se refere a per-
cepcdo danecessidade davacinagdo contraostiposmais
comuns de HPV, incluindo tanto a populagdo em geral,
assim como técnicos da area da salide, médicos, 6rgaos
governamentais. Sem educagao continuadaem todos os
niveis, seradificil justificar oselevadosinvestimentos que
deverdo ser feitos. Finalmente, s decisdes politicas acer-
tadas poderdo acelerar sua introducdo nos grupos que
mais se beneficiardo (ie, meninas e meninos a partir dos
9 anos deidade), o que em meados de 2007 ja esta ocor-
rendo naAustrélia, NovaZelandia, Estados Unidoseal-
guns paises europeus.

Em conclusdo, vacinas efetivas e seguras contra
HPV poderiam ser importantes instrumentos de preven-
¢do de cancer do cancer do colo do Utero em todo o
mundo, particularmente nos paises em desenvol vimento.
A expectativa é que em 10 a 20 anos possa ocorrer re-
ducéo das taxas de incidéncia das lesbes precursoras
deste cancer e, paulatinamente, aredugdo do cancer que
€ a segunda causa de morte de mulheres por neoplasias
em todo o mundo. Os resultados recentes indicam,
mais ainda, que uma dessas vacinas é eficaz em preve-
nir parte consideravel dos canceres de vulva e vagina,
além das verrugas genitais. Assim, a possibilidade de
reducdo daincidénciade lesdes benignas e de baixo grau
da cérvice uterina podera ser observada em curto espa-
¢o de tempo, reduzindo a carga emacional, social e os
custos de manejo de dezenas de milhdes de individuos
jovens a cada ano em todo o mundo.
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I NTRODUCTION

The world estimates indicate that approximately
20% of normal individuals are infected with HPV and
that every year there are around 500,000 new cases
of cervical cancer of which around 70% occur in le-
ast developed countries and countries under develop-
ment. It is also estimated that there are from 10 to 20
times more lesions that are precursors of these tumors,
what implies a very large number of individuals affec-
ted by them. The early diagnosis and control of neo-
plasms have been based, for more than 40 years, in
the observation of morphologic alterations of cervi-
cal smears established by G. Papanicolaou. In coun-
tries where the oncologic cytology was expanded for
most of the population, it was noticed a significant
decrease on the incidence and mortality due to this
tumor. Unfortunately, a very small portion, not higher
than 15% of the Brazlian female population, is invol-
ved in a cervical cancer preventive program, what
partially explains the high number of this neoplasm in
our country. But even in developed countries, in whi-
ch there is a wide coverage of the population by pre-
ventive programs, there is a significant percentage of
women that are dying of this disease due to flaws of
the Papanicolaou test.

There are enough molecular and epidemiologic
evidences that prove the etiologic relationship betwe-
en certain types of HPV and cervical cancer and its
precursory lesions. Recently, several studies point out
that DNA detection of the high risk type HPV in cell
smears foretells the presence of a lesion that is precur-
sory to the cervical cancer in patients that present ne-
gative or doubtful results in the cytology. Besides, the-
re are good signs that the HPV molecular test may ser-
ve as a “ quality control” of the cytology, reducing the
number of false-negative findings.

More than 98% of the cervical tumors are cau-
sed by these viruses¥. The types of HPVs that are in
these tumors differ from those found in benign lesions
of the anogenital area, among which the condylomas
are the most frequent, especially among adolescents
or in immunodepressed patients. Another pathology
that well represents the impact of the infections by HPV,
in spite of being quite rare, is the juvenile laryngeal
papillomatosis or recurrent respiratory papillomato-
sis. This disease is caused by papilloma virus types 6
and 11, typically two virus of low oncogenic risk, as
they are rarely found in malignant tumors.

Up to the moment there have been described
hundredths of HPVs, being half of them deemed of
high oncogenic risk. In malignant neoplasms of the
anogenital area, of different populations and from di-
fferent areas of the World, there is the prevalence of
types 16, 18, 31, 33, 45, 51, 52, 56 and 58. Of these,
HPV 16 is responsible for approximately half the ca-
ses of cervical cancer, besides being involved in the
genesis of other anogenital tumors, such as vulva,
penises and anus tumors.

The infections by HPV are relatively common
in ordinary individuals, varying from 20% to 40%,
according to the age and immune status, occurring
more often among adolescents. Most of these infecti-
ons recede spontaneously, and most of the time they
are fully asymptomatic?. The risk to develop a dise-
ase is associated to persistent infections by these vi-
ruses, mainly those that comprise the high oncogenic
risk typed®. These viruses genome is genetically ac-
tive, persisting in the cell after its integration to the
genome of the infected cell. The tumor progression
up to the invasive carcinoma also depends on envi-
ronmental factors, such as chemical and physical
carcinogens, or host-restricted carcinogens, such as
hormones, genetic heritage and immune response.
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The best way to prevent the HPV is to control the num-
ber of partners and use condoms, despite being not
fully effective. Any measures that control the infecti-
ons by HPV shall impact the control of the great num-
ber of pathologies associated to it. The first impact
should be reflected in the decrease of the precursory
lesion rates, but finally the objective is to control the
incidence of cervical cancer and other neoplasms as-
sociated to these viruses.

PRINCIPLE OF THE VVACCINES
AGAINST THE PaPiLLOMA VIRUS

There are two types of vaccines that are being
tested in individuals: the prophylactic and the thera-
peutic ones. The former aims at preventing the infecti-
on by some types of those viruses, while the therapeu-
tic vaccines aim at treating the already infected indivi-
dual or even some one who has a lesion caused by
HPV. Such vaccines essentially differ as to the protein
used in the immunization: the main protein of the viral
capsid —L1-is the main target of the prophylactic vac-
cines, once the vaccination should generate immune
responses able to prevent the admission of the virus
into the cell; on the other hand, to eiminate cells alre-
ady infected and altered by the virus, there must occur
immune cell responses against the main oncogenic
proteins of HPV—E6 and E7—, which are being used
as the main antigens of therapeutic vaccines®.

The papilloma virus capsid is comprised of 2 pro-
teinsreferred to as L1 and L2, being L1 the most abun-
dant. The expression of the late genes L1, alone, or L1
and L2, in the most diverse expression systems (bacte-
ria, yeasts, insect cells), generates particles whose
structure is quite similar to the virions isolated from
natural lesions. Such particles similar to virus, or VLP
(Mirus-Like Particles), maintain the conformational
epitope against which specific immune responses effi-
cient to neutralize virions are discharged, preventing
their entry into the cell. Besides, as it does not have
viral DNA, they are considered safe. The availability
of VLPs from different papilloma virus impelled the
development of prophylactic vaccines in animals and
humans.

It is equally possible to synthesize in the above
mentioned systems VLPs comprised of L1/L2 and one
of the early proteins that are inside the viral capsid
structure. These particles started to be referred to as

chimerical VLPs, being a vaccine antigen quite inte-
resting as it could be used both in prophylaxis and in
the treatment of the lesions associated to HPV. Experi-
mental models, using the induction of tumors caused
by HPV 16 in mice, evidenced its therapeutic effecti-
veness, and that encouraged some groups to propose
its use in human subjects as prophylactic and thera-
peutic vaccines, at the same time4l. The effectiveness
of these vaccines is being tested in patients with ad-
vanced cervical cancer. Up to current time, the findin-
gs show an insufficient specific immune response to
viral antigens, probably due to the fact that most of
these patients are immunodepressed in face of the ad-
vanced status of the disease. The knowledge that is
being acquired, however, shall be used soon in clini-
cal trials covering patients with less advanced tumors.

The several findings over the last 5 years show
a quite promising direction for the use of vaccines in
the control of a series of pathologies caused by HPV
that affect hundreds of millions of individuals every
year all over the world, mainly in countries in develo-
pment.

CURRENT STATUS OF VACCINATION TRIALS
IN HUMANS WITH PROPHYLACTIC
VAcCINES AcAINST HPV!

The clinical trials of prophylactic vaccines
against HPV-11, 16 and 18, individually, have been in
progress since 1997. In most of these trials there is the
injection of VLPs of HPVs purified from yeast cultures
or insect cells with expression vectors recombining with
genes L1 and/or L2. These expression systems are very
efficient, despite the involved processes being slow and
still very expensive. Anyway, purified VLPs are being
injected in humans in clinical trials of different pha-
Ses in progress worldwide, and most of them are ran-
domized, double-blind, placebo controlled studies.

The results of phase | clinical trials for pro-
phylactic vaccines against HPV type 11 and type 16
showed that the administration of subcutaneous or in-
tramuscular vaccine is safe, and did not case any se-
rious adverse reaction or reactions, only local pain
and fever for a short period of time, similar to the con-
trol group that just received placebo (saline or alumi-
num hydroxide). In the trials that have been reported
until present time, vaccinated individuals showed a
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good immune response assessed by an increase of se-
ropositivity to viral antigens specific for each type. Be-
sides, neutralizing antibodies were found at levels that
exceed those observed in individuals naturally infec-
ted by HPV, showing that, in these trials, the vaccine is
immunogenic.

The results of the phase Il clinical trials, aiming
at defining the toxicity and immunogenicity of pro-
phylactic vaccines against HPV, were critical to reach
the findings that allowed the accomplishment of the
phase 11 clinical trials, involving a large number of
individuals representing the population under risk of
exposition to the agent. It is well-known that the popu-
lations more likely to develop cervical cancer and its
precursory lesions are located in the least developed
countries and countries in development, where the cli-
nical trials on the effectiveness of such vaccines shall
be performed. Besides, the vaccines comprised of VLPs
of L1 of HPV-16!®, vaccines with four (4) viral anti-
gens, corresponding to types 6, 11, 16 and 18, in ran-
domized, double-blind, placebo-controlled trials are
also being tested. The early results show that both the
bivalent and the quadrivalent vaccine do not cause
severe adverse reactions being, thus, well tolerated.
Besides, the levels of antibodies produced are many
times higher than those obtained in the natural infec-
tions caused by these viruses. It must be emphasized
that such immune responses are, essentially, specific
to species, that is, they must protect against the types
of HPVs included in the vaccines under test!”). There
is a great interest, however, in checking the possibility
of cross protection considering the genetic similarity
between several types of HPV. The clinical trials in
progress can provide such information that have not
been clearly established yet.

There are several centers throughout the world,
including Brazl, where such prophylactic vaccines are
being tested. As the objective is to prevent the infecti-
on by those types of HPV more commonly associated
to benign (types 6 and 11) or malign (types 16 and 18)
lesions, the main results were obtained in healthy fe-
male volunteers, from 15 to 26 years old, who had less
than 4 sexual partners, to avoid that they were alrea-
dy infected by HPV. Besides, the studies also included
children and adolescents of both genders, 16-26 year
old men and women older than 25 years old. Several
studies were developed or are still in progress, and
most of them are randomized, double-blind, placebo-

controlled studies. The vaccines are administered in-
tramuscularly, in 3 doses, along 6 months.

The first findings on the effectiveness of the pro-
phylactic vaccines were published between 2004 and
2005. They refer to two vaccines composed of VLPs of
HPV, either containing two types (16 and 18)!¥, or
four types of HPV (6, 11, 16, 18) [*9. The immune res-
ponses induced by both were very high, and it was
observed a level of antibodies more than a hundred
times higher than those observed in women of the same
age group exposed to different HPVs under study. The-
se high levels of antibodies against each type of HPV
included in the vaccines are associated with high effec-
tiveness of prevention of infections and lesions cau-
sed by the same HPVs. However, the levels that define
whether an individual shall be at risk or protected by
the vaccine are not known. Finally, in both clinical
trials published, the vaccines presented a high effecti-
veness, and controlled between 90% and 100% of the
infections by the types of HPV included in the vacci-
nes, besides preventing between 95% and 100% of
the lesions caused by these viruses®9.

The phase Il clinical trials are in course since
2002, involving dozens of thousands of volunteers,
among whom there were young women, besides midd-
le aged women, children and adolescents, and young
men. These studies are being carried out in several
countries, including Brazl. The phase Ill clinical tri-
als findings published refer to the quadrivalent vacci-
nel, This clinical trial performed in approximately
12,000 young women, in which half received placebo
and the other half the quadrivalent vaccine with VLPs
of HPVs 6, 11, 16, 18, confirmed that the vaccine is
safe and highly immunogenic, besides being 100%
effective to prevent the precursory lesions of the cer-
vical cancer. These excellent results allowed the appli-
cation for vaccine licensing by the regulatory agenci-
es of several countries; in the United Sates of Ameri-
ca, the Food and Drug Administration. In June, 2006,
the FDA approved the use of this vaccine in women
with ages varying from 9 to 26 years old. Up to this
moment, more than 80 countries in the world appro-
ved the use of the quadrivalent vaccine based on the
results of four different clinical trials that included more
than 20,000 young and adolescent women from diffe-
rent countries. The results show that, in women that
have not been infected yet, the quadrivalent vaccine
is almost 100% effective in the prevention of precur-
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sory lesion of the cervical, vaginal and vulva cancer,
associated to HPV types 16 and 18, as well as genital
warts caused by infection by the 4 types of HPV inclu-
ded in the vaccing™-4,

Recently, the results of an international, rando-
mized, double-blind phase |1l study to determine the
effectiveness of the vaccine against HPV 16 and 18
(bivalent) in young women have been published. This
study included 18,525 women with ages varying from
15 to 25 years old, and, from this number, 9,258 were
vaccinated against HPV 16/18 and 9,267 were vacci-
nated against hepatitis A in months O, 1 and 6, with a
mean follow up of almost 15 months. In this study, the
vaccine presented a 90.4% effectiveness in the pre-
vention of the cervical intraepithelial neoplasm grade
[1' (CIN Il) that contained DNA of HPV 16/18*%.

Another phase Il clinical study, which has been
recently published, was carried out to evaluate the
effectiveness of the quadrivalent vaccine in the pre-
vention of anogenital pathologies associated to infec-
tion by HPV 6, 11, 16 and 18. This randomized, dou-
ble blind, placebo-controlled study involved 5,455
women with ages varying between 16 and 24 years
old, of which 2,723 were vaccinated against HPV 6/
11/16/18 and 2,732 received placebo (composed so-
lely of an adjuvant) in day 1, month 2 and month 6.
After the first dose, the women were followed, in ave-
rage, during 36 months and examined aiming at de-
tecting vagina, vulva, perianal and womb cervix lesi-
ons. The findings show that this vaccine presented a
100% efficiency regarding the prevention of genital
warts, intraepithelial neoplasm or vulvar or vaginal
cancer, and incidence of cervical intraepithelial neo-
plasm, adenocarcinoma in situ or cancer associated
to HPV type 6, 11, 16 or 18. Besides, it was observed
that the vaccinated women showed 34% less vulvar,
vaginal or perianal lesions, and 20% less cervical le-
sions, irrespective of the type of HPV considered (even
those not included in the vaccine)*3.

The critical issues of duration of the immune
responses and clinical protection were addressed in
some studies. Harper and collaborators*® and Villa
and collaborators'” showed, respectively, that the
bivalent and the quadrivalent vaccines protect for, at
least, 5 years. Further, there were anamnestic respon-
ses in women who received the fourth dose of the
vaccine 5 years after the administration of the three
(3) regular doses®®. This implies that the quadriva-

lent vaccine (and, potentially, the bivalent one) pre
malignant immune responses of memory, the most im-
portant indicator that these vaccines induce a long
term protection.

Thus, in spite of the differences in the formulati-
ons of the bivalent and quadrivalent vaccines and in
the design of the studies, the published results are con-
sistent and show that the three-dose regime of any of
them is safe and highly efficient in the prevention of
infections and lesions caused by the types of HPV
against which the individuals were immunized*®. The
results of the prophylactic effectiveness of these vac-
cines in men are till being expected. Smilarly, man is
also subject to infections by HPV, but he is less affec-
ted compared to the women in relation to the clinical
lesions in the anogenital tract. However, an effective
vaccine against common types of HPV could reduce
the rates of genital warts, lesions in penis and mainly,
anal lesions, including the invasive cancer of anus,
the incidence rate of which is increasing all over the
world. Finally, the prophylactic HPV vaccines are able
to interrupt HPV transmission between sexual part-
ners, with an evident impact on the rates of the most
common sexually transmitted diseases in Brazl and in
the world.

FinaL CONSIDERATIONS

Organized screeaning programs of cervical can-
cer, with high rates of population coverage, have con-
tributed to a significant reduction on the incidence of
cervical cancer. However, the implementation, mainte-
nance and expansion of coverage in countries such
as Brazil depend on technical and political issues,
besides being impaired by social, cultural and behavi-
oral aspects of difficult solution. Besides, the costs
associated to the increase on the coverage can be so
high so as to place the whole program at risk. Thus,
high effective vaccines against HPV could have, in
the medium and long term, an effective and more ex-
pressive impact on cervical cancer rates (and prema-
lignant rates), which continue to be high in Brazl. As
it is an infection mainly transmitted through sex, the
prophylactic vaccines must be administered at an age
before the first intercourse®®. This would imply vacci-
nating children/ adolescents of both sexes. However,
the optimal age group for vaccination depends on a
series of factors, including the protection time (durati-
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on of the immune response) that is till being evalua-
ted by the clinical trials in course (those with a longer
follow-up goes back to 5 years). Moreover, an extre-
mely important issue refers to the need to continue the
secondary prevention programs of cervical cancer
based on periodic screening of people through the Pa-
panicolaou test, either separately or together with tes-
ts for HPV molecular detection. Anyway, one can rea-
sonably assume that the progressive implementation
of vaccination against HPV shall correspond to a mo-
dification in the frequency of secondary prevention
among vaccinated young woman, with reduction of
costs associated to this program, in the long term.

One of the greatest difficulties for the introduc-
tion of the vaccines is their high current cost. Some
countries in development may benefit from the negoti-
ations coordinated by different entities involved in im-
muni zation programs in such countries, besides the glo-
bal initiatives that include the World Health Organiza-
tion, UNICEF, GAVI, Bill and Melinda Gates Founda-
tion, among others. However, there is still much to be
done to make the vaccine available to those that re-
quire it most.

Once implemented, these programs must be mo-
nitored so as to follow-up the safety and effectiveness
in the long term. Here the greatest difficulty is the
adequacy of large scale lab tests. Besides, epidemio-
logical surveillance programs shall be implemented to
check the reduction of the rates of the HPV types in-
cluded in the vaccines in the general population. Fi-
nally, despite being unlikely, the eventual alteration
of the types of HPV circulating after the introduction

of the prophylactic vaccines must be continuously
monitored, and that will depend on the existence of
integrated registers of vaccination and cancer.

Another aspect to be considered refers to the per-
ception of the need of a vaccination against the most
common types of HPV, including both the population
in general and the health technicians, medical doc-
tors, governmental bodies. Without a continuous edu-
cation at all levels, it will be difficult to justify the high
investments that must be done. Finally, only right poli-
tical decisions shall be able to accelerate its introduc-
tion in the groups that will benefit most from it (i.e.,
boys and girls as from 9 years old), what in middle
2007 is already occurring in Australia, New Zealand,
United Sates and some European Countries.

Just to conclude, effective and safe vaccines
against HPV could be important instruments to pre-
vent cervical cancer all over the world, especially in
countries in development. The expectation is that wi-
thin 10 to 20 years it will be possible to have a decre-
ase in the rates of incidence of lesions preceding this
cancer and, gradually, the reduction of the cancer that
is the second cause of women’s death by neoplasm
throughout the world 2. The recent results indicate,
further, that one of these vaccines is effective to pre-
vent a significant portion of the vulvar and vaginal
cancers, besides genital warts. Therefore, the possibi-
lity of reducing the incidence of benign and low grade
lesions of the womb cervix may be noticed within a
short term period, reducing the emotional and social
burdens and the costs of handling dozens of millions
of young individuals all over the world each year.
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Resumo

Desde o inicio do ProgramaAmpliado de Imuni-
zacOes (PAI) o desenvolvimento das vacinas e o mer-
cado de vacinas nos paises em desenvolvimento sub-
meteram-se a um sem nimero de mudancas. Enquanto
muitas vacinas destes paises tiveram origem em com-
panhias internacionais, outros tantos paises também ti-
veram a sua prépria producdo de vacina nacional. En-
tretanto, com as novas tecnol ogias que estéo sendo in-
corporadas para a producdo das vacinas, o ambiente
regulatério em mudancga e as fontes de financiamento
de novos programas para imunizagdo, o mercado de
vacinas do setor publico vem setornando maior e mais
lucrativo. Esse incremento desafiou os fabricantes de
vacinas dos paises em desenvol vimento, com o resulta-
do de que alguns ficaram mais fortes e estéo se tornan-
do grandes forcas no mercado global de vacinas, en-
guanto outros desapareceram, incapazes de responder
eficazmente aos novos desafios. Um estudo recente da
industria de vacinas para a Global Alliance for Vacci-
nes and Immunization- GAVI, avaliou o potencial dos
fabricantes de vacinas dos paises em desenvolvimento
em termos de suas fontes de produto, economia, habili-
dade em atender as exigéncias regulatorias, habilidade
de ter acesso as novas tecnologias e questbes futuras
de viabilidade. Os resultados mostraram que alguns
desses fabricantes poderiam ser capazes de oferecer
de forma altamente competitiva vacinas produzidas a
partir de novas tecnologias. Entretanto, existem arma-
dilhas potenciais que devem ser evitadas no planeja-
mento futuro, incluindo aincertezadademanda, 0 acesso
ao capital, as exigéncias regulatérias sempre crescen-
tes e questdes tais como os direitos de propriedade in-
telectual que afetardio o acesso as tecnologias. Os pro-

dutores de vacinas dos paises em desenvolvimento de-
vem ser capazes de se antecipar a esses desafios. Par-
ticularmente importante seréd um forte enbasamento na
area de pesquisa e uma capacidade de vislumbrar e
adaptar-se as novas tecnologias.

A HISTORIA DO DESENVOLVIMENTO
DA VACINA

DESENVOLVIMENTO INICIAL

A vacinagdo comegou hé cerca de 200 anos com
0 uso por Jenner do virus davariolabovina (em 1796)
como protecdo contra a variola humana. A producéo
devacinacontraavariolahumana evoluiulogo dapas-
sagem do virus por inoculag&o de pessoa a pessoa para
o cultivo nos flancos de animais - um processo que ob-
viamente ndo se enquadra nos padrdes atuais da Good
Manufacturing Practice (GMP).

A tecnologia paraproducdo de vacinacontravari-
olafoi introduzida em diversos paises, incluindo o Bra-
sil, edisseminou-se durante ainiciativade erradicacéo
davariolapromovidapelaOrganizacdo Mundia de Sal-
de (OMS).

Um segundo importante produto foi avacinacon-
tra araiva, desenvolvida primeiramente por Louis Pas-
teur em 1885. Atraveés darede de conhecimentos do Ins-
tituto Pasteur, essatecnologiafoi divulgada para muitos
paises em desenvolvimento. A tecnologia pouco mudou
daoriginal, envolvendo o uso do tecido neura anima como
um substrato e existe aindaem alguns paises, apesar dos
novos métodos para a producdo de vacinas contra rai-
va. Além de exportar estatecnologia, o Instituto Pasteur
treinou muitos virol ogistas eminentes, incluindo Oswaldo
Cruz, aquem estainstituic&o presta homenagem.
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A vacina da febre amarela é outra vacina com
uma histériainternacional de desenvolvimento. Com
a capacidade de propagacéo do virus da febre ama-
rela nas membranas de ovos embrionérios de gali-
nha, a tecnologia para produzir as vacinas da febre
amarelatornou-se disponivel.? De fato, a Fundagdo
Oswaldo Cruz acolheu e desenvolveu inicialmente
esta tecnologia. E as vacinas contra febre amarela
séo fabricadas aqui por mais de 50 anos. A tecnolo-
giade produgéo da vacina contraafebre amarelafoi
transferida, subseqglientemente, através da Fundacéo
Rockefeller, paraaNigéria, enquanto o Instituto Pas-
teur no Senegal comecou a producdo da vacina da
febre amarela com tecnologia desenvolvida parcial-
mente no local .

Uma quarta vacina, parte da fase original do
Programa Ampliado de Imunizagtes (PAl), a Bacille
Calmette-Guerin (BCG), novamente desenvolvida
pelo Instituto Pasteur, foi produzida também em di-
versos paises em desenvolvimento, incluindo o Viet-
nam e o Senegal. Subsequentemente, através de um
acordo com a Organizagdo Mundial da Salude, o Sa-
tens Seruminstituut na Dinamarca serviu como con-
sultor técnico para produtores de vacinas em indme-
ros paises de meados dos anos 1970 até 1997.

Estes sfo apenas alguns exemplos da histéria
da produc&o de vacinas em paises em desenvolvi-
mento no periodoinicial daatividade. Quando a pro-
ducdo foi estabelecida, estes produtores nacionais,
geralmente laboratérios de salde publica e com os
colaboradores bilaterais como o I nstituto Pasteur ou
a Fundacé@o Rockefeller, alcancaram um alto nivel
de sofisticagdo. As normas regulatoérias e a padroni-
zacao dos processos produtivos estavam apenas co-
megando. De 1940 para 1950, avancos significativos
na compreensao do controle biol 6gico dos processos
mudaram o cenério da producéo vacinal. Um exem-
plo é o sistema quantitativo de lote semente, que foi
desenvolvido agui no Rio de Janeiro, para a vacina
da febre amarela, em 1941.

Muitos dos fabricantes de paises em desenvolvi-
mento ndo evoluiram, destaforma, alguns destes fabri-
cantes interromperam a produc&o. O declinio da pro-
ducdo de vacinas nacionais pelo setor publico e o su-
cesso crescente do PAI fizeram crescer o papel das
empresas multinacionais no fornecimento de vacinas
para 0 mundo em desenvolvimento.

MATURACAO

Quando o PAI foi iniciado em 1974, as vacinas
incluidas foram a BCG, a difteria— tétano - cogqueluche
(DTP), o toxdide teténico (TT), as vacinas contra o sa-
rampo e oral contra poliomielite (OPV). Como foi
mencionado acima, alguns paises possuiam condicdes de
produzir essas vacinas. Outros podiam compré-lasdefa
bricantes conhecidos. Mas muitos paises ndo tinham ne-
nhumafonte confidvel para obtencéo das vacinas. Con-
segiientemente, a Divisdo de Suprimento do Fundo das
Nagbes Unidas para a Infancia (UNICEF) e o Fundo
Rotativo da Organizacdo Panamericana de Salide co-
mecaram a comprar essas vacinas em nome dos paises
em desenvolvimento. Estas institui¢des faziam propos-
tasa fabricantes conhecidos, amaior parte nos Estados
Unidos, Europae Japéo, estabel ecendo concorrénciacom
base no prego. Para garantir a qualidade, a Organizagdo
Mundia de Salidefoi solicitadaarecomendar estas aces
e 0 primeiro procedimento para isto foi definido em
1987.15" A maioria dos fabricantes que forneciam vaci-
nas eram europeus com producdo em larga escala e con-
digdes de fornecer produtos e fixar o prego de forma
vantajosa por conta da economia de escala e eventual
capacidade ociosados equipamentos de produgéo. Pou-
cos fabricantes dos paises do Pacto de Varsovia forne-
ceram produtos com condi ¢des de di stribuic&o especial,
eum fornecedor deum pais em desenvolvimento, o Ins-
tituto Pasteur de Dacar, Senegal, foi incluido, fornecen-
do primeiro BCG e, posteriormente, vacinas contrafe-
bre amarela.

Em meados dos anos 1990, um segundo fornece-
dor de um pais em desenvolvimento, o Serum Institute
da india, e eventualmente um terceiro, Biofarma, da
Indonésia, juntaram-se ao grupo dos fornecedores, mas
representativamente estavam em minoria.

As demandas do UNICEF e da Organizacéo Pa-
namericana de Salde (OPAS), requerendo medidas de
pré-qualificacdo dos produtos e supervisdo pelas auto-
ridades regul atérias nacionais dos paises de fabricacéo,
transformaram estes produtores em elementos poten-
ciais no mercado produtor, com capacidade competiti-
va e uma chancelade qualidade. As exigéncias regula-
torias e as exigéncias de fabricagdo, entretanto, conti-
nuaram a evoluir, tornando mais dificil a obtencéo do
status de pré-qualificacao.
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As caracteristicas do mercado de vacinas, durante
este periodo de maturaco, incluiram o uso detecnologias
conhecidas, doses de vacinas por baixo custo, o desenvol-
vimento de um ambiente regul atério rigoroso eacomerci-
alizac8o crescente das vacinas com a predominancia de
fabricantes multinacionais no mercado global.

ExmaNsAo TECNoOLOGICA

Em 1992, aOrganizagdo Mundial de Salde pro-
pbs a adicdo de um sétimo antigeno: vacina contra a
hepatite B, aos programas de imunizagdo mundiais,®
0 primeiro antigeno novo a ser adicionado para o uso
global desde o inicio do programa.” Isto foi revoluci-
onario no sentido de que a maioria de vacinas da he-
patite B eram produzidas pelatecnologia de DNA re-
combinante. Pensava-se, naguela época, que a tecno-
logia recombinante era demasiado complexa para ser
usada por fabricantes de paises em desenvol vimento.
Em 1999, dois fabricantes coreanos tiveram as vaci-
nas recombinantes da hepatite B colocadas no mer-
cado global.® Esta conquistafoi logo seguida por fa-
bricantes da India e de Cuba com vacinas adicionais
contra hepatite B e que foram incluidas a lista de pré-
qualificados pela Organizagdo Mundial de Saude.™

Entretanto, a medida que novas vacinas eram in-
troduzidas nos paisesindustrializados (tais como aHae-
mophilus influenzae tipo b - Hib, coqueluche acelular,
sarampo, caxumbae rubéola) criou-se umapolémicaentre
os produtos utilizados nos programas de salde publica
dos paises industrializados daquel es usados nos paises
em desenvolvimento. A possibilidade de determinar pre-
¢os de acordo com os diferentes mercados, a partir de
uma economia de escala, tornou-se limitada quando o
mercado de ponta comegou a utilizar apresentactes di-
ferentes (por exemplo, doses Unicas e sem Thimerosal)
ou um produto completamente diferente (como [PV em
vez de OPV). Fabricantes de paisesindustrializados co-
megaram a deixar o mercado global em favor de merca-
dos com expectativa de retorno mais elevado dosinves-
timentos. Este fato abriu as portas dos mercados globais
aos produtores dos paises em desenvol vimento no forne-
cimento das vacinas de uso tradicional. Caso estes for-
necedores ndo pudessem fornecer produtos de qualida-
de aos varios mercados , 0s pregos cobrados por vacinas
tradicionai s aumentariam extremamente.

Talvez o fator individual maisimportante na ex-
pansdo tecnol 6gica aimpactar os produtores dos pai-

ses em desenvolvimento tenha sido a criacdo da Glo-
bal Alliance for Vaccines and Immunization - GAVI
€om recursos para a compra de vacinas e auxilio para
aintrodugdo de novas vacinas contra doengas priori-
térias até mesmo nos paises mais pobres. Uma das
prioridades da Gavi foi aintroduc&o do antigeno HIB
idealizado de forma combinada. Quando esta decisao
foi tomada n&o havia o produto de forma combinada
(incluindo DTP-Hep B, DTP-Hib, e DTP-Hib-Hep B)
fabricado por produtores dos paises em desenvolvi-
mento. Mas com a disponibilizacdo dos fundos para
financiamento destes produtos, as vacinas combina-
das assumiram o topo da lista de prioridades para
muitos desses fabricantes.

Paralelamente a0 aumento de recursos finan-
ceiros no mercado global de vacinas, os fabricantes
reconheceram a importéncia de uma érea fortal eci-
da de pesquisa e desenvolvimento, competéncia no
préprio processo de desenvolvimento, habilidade de
acesso as novas tecnologias considerando questfes
de propriedade intelectual, como também a supervi-
séo das autoridades regul atorias. Essas premissas de-
finiram o cenario do que promete ser uma grande
mudanc¢a no mercado de vacinas nas décadas inici-
ais do século XXI.

O MERCADO DE VACINA
COMO ELE EXISTE HOJE

EvoLucAo Do PRECO

A caracteristica que definiaas vacinastradicio-
nais dos anos de 1990, no mercado publico internaci-
onal, era seu preco baixo. Isto estd mudando, até mes-
Mo 0 prego das vacinas tradicionai s estd aumentando,
engquanto os valores para novas vacinas nos paises
industrializados representam dezenas e até mesmo cen-
tenas de ddlares por dose.

TaBELA 1. PRECOS DASVACINASNOS
VARIOS MERCADOS, 2005

Wacings Chissicas S0.08 - 5000 £9 - 530 21 - M
Wacinas Madernas .30 -5380 LIRS 1] 553 -5410

Fonte: http://www.cdc.gov/nip/vfc/cdc_vac_price_list.htm; UNICEF
Supply Division. Menu de Produto para Vacinas fornecidas pela
UNICEF para a Global Alliance for Vaccines and Immunization
(GAVI), 4 de Dezembro de 2005, em http://www.unicef.org/supply/
files/GAVI_Product_Menu.pdf.
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MEercapo MAIOR

A quantidade total de dinheiro no mercado do se-
tor publico estd aumentando (Figura 1). Parte disso €
devido a compra de OPV para ainiciativa de erradica-
¢do da pdlio, um mercado que se espera estar limitado
para os proximos cinco anos. Entretanto, é crescente a
importancia do mercado suprido pela GAVI, atualmente
focado em novas vacinas. Esse mercado tem a maior
Taxa Composta de Crescimento Anual (GAGR), que
mostra a sua forga em termos de potencial para estimu-
lar osinvestimentos. Isto é quetornao mercado daGAV |
mais atraente as empresas multinacionais e aos fabri-
cantes dos paises em desenvolvimento e é 0 combustivel
gue alimenta a inovac&do no mercado global de vacinas
hojeemdia

AQUISI CAO DE VACINAS PELO SEGMENTO PUBLICO
0o
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Figura 1. Participacdo no mercado do setor plblico de vacinas,
incluindo o valor do composto anual de crescimento (CAGR, em
inglés). As contribuic6es da GAVI representam um fator de aumento
crescente.

Fonte: Boston Consulting Group. Cadeia de suprimentos global de
vacinas: a troca de papéis dos fabricantes, relatério comissionado
pela GAVI para a OMS e o Banco Mundial, 2005 (Estudo da
Indistria) (12

Fabricantesde vacinas dos paises em desenvolvi-
mento estdo mais fortes, conforme definidos pelo mer-
cado da GAVI.

Atualmente, 12 fabricantes de paises em desenvol -
vimento em sete paises (aReplblicadaCoréiaestainclu-
idanestalista por razbes histéricas, emborando sgjaclas-
sificadaagoracomo um pais em desenvol vimento) possu-
em produtos pré-qualificados pela Organizagéo Mundial
de Satide. Diversos desses fabricantes desempenham um

papel enorme no mercado vacina global. Um fabricante
indiano sozinho reivindicaser o maior produtor devacinas
parasarampo e datetravalente no mundo, e que umaem
cada duas crian¢as no mundo foi vacinada com seus pro-
dutog*. No inicio dos anos 1990, havia pelo menos 55
paises com fabricacdo vacinal, executada na maior parte
por produtores do setor publico. ™ Nesse mesmo periodo,
nenhum desses fabricantes de paises em desenvolvimen-
toteve influénciano mercado global.

Um estudo recente daindustria de vacinas ana-
lisou a importéncia dos fabricantes de paises em de-
senvolvimento como um grupo no mercado global. Os
fornecedores estudados estao incluidos na tabela 2.

TABELA 2. OS FABRICANTES ESTUDADOS PELO BosTon
ConsuLTING GRouP . MERCADO GLOBAL
DE VACINAS. TROCA DE PAPEIS DOS FABRICANTES.
RELATORIO cCOMISSIONADO PARA A GAVI PELA
OrcANIZACAO MUNDIAL DE SAUDE E BAaNco
MunbiaL, 2005

=T

Pais  Fabricante irstar T

Fapricaning da RIS NI dnerao e

Bie-Mangunhios #

Brask
Ingtiute Bulamian

China Changrdu Insthin of Biclogical Products
Shenthen Avanls - Pasbear
Shenzhen Kangtai
Shanghai Insiinae of Bological Froducts
Sincac

i Cerira da Ingenienia Gandica y Bid¥cnologa .
Finlay Ingtiie

India Bicdegical E Limied
Bharat Bictech  Bvlarnational Lid
Panarea Biote:
Sarum Insbiute of India

Shantha Biolech +

ricnasa PT Bicfarma |Parsem)

K Bama Gregn Cross :
r— LiG Life Soencas L

| Peaxicn [ Hrmex

- Faoncanies oa paises mousmabzados
Bélgca GianSmithKline Bolagca 5 *
FeRNGE Sanali -Paslsur "

. alis Lhiren .

Suga | Bama Biotch AG . .

el Marck & o (Vaccing Divsian] .
ElA Wyt Vaccnes .



34 | SIMPOSIO INTERNACIONAL DE IMUNOBIOLOGICOS E SAUDE HUMANA

| INTERNATIONAL SrMPOSIUM ON | MMUNOBIOLOGICALSAND HUMAN HEALTH

O estudo mostrou que alguns dos fornecedores
estudados focalizaram o mercado da GAV| e suas con-
tribuicdes poderiam ser definidas em termos de impor-
tanciarelativa para o mercado GAVI, quando compara-
do com a importancia relativa do mercado GAVI para
suas contribuicdes. E interessante observar que as em-
presas consideradas mais bem sucedidas nesta analise
(alta em ambas éareas) contribuem com 83% de vendas
de agéncias publicas.

De maior relevancia para o papel atual é aimpor-
téncia relativa, no quadrante superior direito, dos paises
produtores em desenvol vimento, quatro paisesdentre seis
naposi¢do de relevanciano setor de salide publicaglobal .
Em contraste, existe um grupo de fabricantes de elevada
participacdo, no quadranteinferior direito, o qual €émenos
focado no mercado da GAV 1, embora de importancia po-
tencial paraaquele mercado. Estes séo fornecedores que
estdo inicialmente focados em seus mercados domésti-
cos. Os fabricantes de paises industrializados dominam
esse grupo, que também inclui fabricantes do setor publi-
co baseados em outros paises, tal como o Brasil.

MNC = Corporacbes Multinacionais
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Figura 2. Classificagdo dos produtores de vacinas em relacdo a
GAVI - Fonte: Estudos da Industria (*2

A MUDANCA DO PAPEL DOS FABRICANTES
DE VACINAS DE PAISES EM
DESENVOLVIMENTO

FonTE

Comoilustrado nafigura 3, ha65 candidatos vaci-
nais de interesse potencial para a GAVI entre fornece-
dores emergentes, e entre os fornecedores multinacio-

nais ha 23 candidatos de interesse potencial . Entretanto,
conforme mostrado nafigura, os estagios de desenvolvi-
mento desses projetos variam significativamente dentro
de cada vacina e cada companhia. Os dados documen-
tados por este estudo e sumariados na figura 3, repre-
sentam pelaprimeiravez que aindustriade producéo de
vacinas de paises em desenvolvimento foi vista como
uma fonte potencial de novas vacinas para programas
globaisdeimunizacdo. Talvez estes produtos possam tor-
nar-se mais importantes para mercados em desenvolvi-
mento, do que os do mundo industrializado. Asimplica-
¢Oes desta observacdo sdo profundas para a futura via-
bilizacdo de vacinas que possam atingir metas de imuni-
zag&0 no mundo em desenvolvimento contra doengas
prioritarias e deimportanciaglobal.
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Figura 3. Fontes vacinais para os fabricantes atuais que fornecem
para os programas de imunizacdo do setor publico, analisados pela
fase de desenvolvimento.

Fonte: Estudos da Industria 1*?

TeEcNOLOGIAS

Para competir no mercado global com produtos
inovadores, um fabricante tem duas necessidades criti-
cas além dos fatores necessarios para a producéo de
vacinas tradicionais: a capacidade de acessar as plata-
formas-chaves de tecnologia (por exemplo, as tecnolo-
gias daconjugacao paraHib e vacinas de meningite con-
jugada), e uma competéncia em desenvolver e ampliar
estastecnologias. Companhiascom produtos primarios,
paragarantir confiabilidade, devem ter osrequisitosaci-
ma. A figura 4 indica a participagéo de 15 fornecedores
emergentes estudados nas tecnologias de plataforma-
chave para a producéo de vacinas novas que ja estéo
desenvolvidas.
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Se atecnologiaestiver verdadeiramente estabel e-
cida, seraindicadapor umacruz, e sombreado (queindi-
ca atecnologia usada em um produto jaintroduzido no
mercado). As companhias que estéo justamente inician-
do o processo sdo indicadas por um circulo. Estaclaro, a
partir da figura 4, que 14 dos 15 fabricantes incluidos
dominaram atecnologiade DNA recombinante nos pro-
dutos que ja produzem e introduzem no mercado. E me-
nor o numero de fabricantes que estdo usando tecnol ogi-
as de conjugagcdo nas vacinas que introduzem no merca-
do, mas diversos tém as tecnologias de conjugacéo de-
senvolvidas no proprio pais. Menos comum é ahabilida-
de de desenvolver células em culturas com microcarrea-
doresou desenvolver construgdesvirais, tecnologias ne-
cessarias na producéo de vacinas contra o rotavirus.
Talvez o Ultimo progresso tenhasido adquirido nos adju-
vantes e distribui¢do de tecnologia, 0 que pode ser de
extrema importancia para futuras vacinas

Aqueles fabricantes com uma preponderancia de
circul os sobre cruzes necessitam indubitavel mente mais
énfase no desenvolvimento do processo; agueles com
nenhum circulo limitaram suas opgdes futuras.
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Figura 4. Especialidade em tecnologias de processo entre
fornecedores emergentes.
Fonte: Estudos da Industria [*2

PARCERIAS PARA TER ACESSO AS TECNOLOGIAS

Parater acesso as novas tecnol ogias existem duas
trilhas principais: pesquisa e parceriaslocais. E extraor-
dinario que 15 dos 17 fabricantes estudados estejam uti-
lizando parcerias para ter acesso as tecnologias (figura
5). Todos estdo em parcerias com institui¢des académi-

cas (um termo que contempla também instituicdes de
pesqguisatais como os | nstitutos Nacionais de Salide dos
Estados Unidos); seis com outros fornecedores emer-
gentes e cinco com firmas de biotecnologia. Oito dos
fabricantes estudados estdo em parceria com corpora-
¢Oes multinacionais (MNCs), apesar do fato de que tais
parcerias poderiam limitar a capacidade de obter lucros
totais a partir da producdo por causa das restricdes
mercadol dgicas.

PROPRIEDADE INTELECTUAL

Embora dentre os 14 fabricantes de paises em
desenvolvimento- ao responderem questdes sobre pro-
priedade intelectual e patentes- um nimero de 9 con-
siderem tais questBes uma barreira ao acesso a tec-
nologia, algumas questdes mais especificasrevelaram
areas de preocupacédo. Enquanto, ha algum tempo, ex-
pertise significava um limitador no desenvolvimento
de novas vacinas, atualmente a questéo das patentes
esta setornando maisimportante e algumas questdes
foram especificamente apontadas. Alguns produtores
consideram a habilidade de avaliar e gerir a proprie-
dade intelectual de fundamental importéncia para de-
terminados produtos e suas origens e alguns destes ja
utilizam os servigos de consultores especializados. Con-
tudo, cerca de metade dos entrevistados ainda sinali-
za a necessidade de mais expertise e informagdo nes-
ta &rea e com o estabel ecimento de datas limites, pela
Organizagéo Mundial do Comércio, para protecdo de
patentes e que sao levadas a efeito nos paises desen-
volvidos.

PARCERIAS TECNICAS DE FORNECEDORES EMERGENTES

A 1 g [k} 1 Iz i, 1 KA 1
Fomecadar amerganis
Figura 5. Os tipos de parcerias ocupadas com fornecedores
emergentes para ter acesso a fonte de novas tecnologias.
Fonte: Estudos da Industria 22
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AMBIENTE REGULATORIO

O fato de que houve um aumento nos produtos
pré-qualificados dos fabricantes de paises em desenvol -
vimento reconhece a forca dos fabricantes e das autori-
dadesregulatérias que os supervisionam. Atualmente 27/
63 produtos pré-qualificados sdo de fabricantes de pai-
ses em desenvolvimento®. Este aumento ocorreu ape-
sar do fato de que o processo de pré-qualificacdo tor-
nou-se mais bem definido e mais rigoroso. Um pré-re-
quisito chave é a conformidade com a Good Manufac-
turing Practice (GMP) na fabricagdo, com o objetivo
de garantir seguranca e eficécia consistentes. Um outro
pré-requisito é a capacidade de executar testes clinicos
como estabelecidos pelas normas de Good Clinical
Practice (GCP).

DESAFIOS FUTUROS DOS FABRICANTES
DE VACINA DOS PAISES EM
DESENVOLVIMENTO

PERFIL LIMITADO DO PRODUTO

E um cliché entre os casos de sucesso na produ-
¢ao de vacinas que a dependénciamuito estritaem uma
linha limitada de produtos pode gerar mais suscetibili-
dades as variagdes do mercado. Um temapotencial para
os fabricantes de vacinas dos paises em desenvolvi-
mento é que seus focos sdo limitados por vacinas, as-
sim como adependénciaao mercado publico global para
sobreviver.

A fig.6 mostraisto. Contudo, em entrevistas com
tais fabricantes, eles mostram-se cientes da sua po-
tencial fraqueza. Alguns ndo estdo aptos em mudar
de foco, sendo institui¢des governamentais com obri-
gacdes em relacéo a producao nacional de vacinas
paraademandainterna. Outros, inicialmente no setor
privado, eram vistos focando em outras fontes de re-
ceitaadicionais as vacinas, como produtos de biotec-
nologia (interferon e pepetideos de uso terapéutico) e
outros produtos desenvol vidos com a utilizag&o de tec-
nologia vacinal que possam vir a interessar clientes
do setor privado e de mercados regulados, como 0 BCG
para tratamento de cancer na bexiga ou anticorpos
monoclonais terapéuticos.
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Figura 6. Foco dos fabricantes em vacinas versus outros produtos e
% dos rendimentos das vacinas.
Fonte: Estudos da Industria 1*?
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Risco bA DEMANDA

Dointeresse detodos osfabricantes éavolatilida
dedo mercado de vacinas do setor publico, especia mente
para produtos vacinais novos. Mesmo nas situagdes onde
ofinanciamento paraasvacinas estejavindo deumafonte
garantida tal como da GAV I, ha muitos obstacul os po-
tenciais a introducéo de um produto novo em um dado
pais, e muitas razbes | egitimas paraatrasar, que colocam
em risco os fabricantes engajados em fornecer paratal
mercado. Um atraso de trés meses na absor¢do de um
produto perecivel, com umavida Gtil limitadatal como
uma vacina em um pais popul 0so, pode representar um
problemaenorme em termosdelogisticae deviabilidade
financeira a um fabricante. Quando algum grau de risco
dademandafor inevitavel, os fabricantes devem utilizar
etapas para minimizar seu impacto, e é também verda-
deiro gue os fabricantes, que fornecem ao mercado va-
cinal publico global, olhem paraas organizagdesinterna-
cionais tais como a Organizagdo Mundial da Salde
(OMS) e o Fundo das Nagdes Unidas para a Infancia
(UNICEF) como fonte de gjuda. Até o ponto em queisto
nado pode ser feito eficazmente, este € um problemapara
os fabricantes que servem a este mercado.

Uma questdo especifica relacionada com o risco
de demanda é a sinalizag&o. Por exemplo, a GAVI indi-
COou Seu interesse em vacinas de combinagdo com base
em DTP, o queresultou numimenso investimento no lado
dos varios fabricantes dos paises em desenvolvimento
para possibilitar que eles pudessem atender a demanda
em um mercado que eles percebem como lucrativo e
sustentével, baseado parcia mente no preco atual de $3,80
por dose. Este grande investimento resultou em um su-
per fornecimento dessas vacinas, conforme mostrado na
Figura?.
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Figura 7. Capacidade projetada, pré-qualificada ou nado, para
vacinas de combinagdo com base em DTP.
Fonte: Estudos da Industria (*?

Claramente, com um grupo de nascimento global
de 125 M de criangas, a quantidade global atual de va-
cinas de combinagdo com base em DTP, e o0 uso de
outros produtos que ndo combinagdes com base em
DTP, uma producdo de 300 M de doses de pentaval en-
te (DTP-HepB-Hib) e tetravalente (DTP-HepB) sera
um excesso de oferta. Alguns fornecedores n&o iréo
consequentemente ter sucesso financeiro neste mer-
cado. Até o ponto em que suas decisdes de investimen-
to forem baseadas nainformag&o disponivel da GAVI,
eles podem sentir que as projeces do GAVI ndo sdo
mais confiaveis.

ACESSO AO CAPITAL

Asfontes de financiamento e afacilidade com
a qual os fornecedores emergentes obtém capital,
variam significativamente. Isto é importante na
medida em que 0 acesso ao capital permite a flexi-
bilidade naresposta as variagdes no mercado. A mai-
oria dos fornecedores do setor privado dos paises
em desenvolvimento é capaz de mobilizar com rela-
tiva facilidade, através de capital bancarios, por
exemplo, comparado com os fabricantes do gover-
no, para quem O acesso ao capital era visto como
umabarreira. Emboraamaioria dos fabricantes dos
paises em desenvolvimento, incluidos no estudo,
fossem capazes de investir pesadamente no desen-
volvimento de vacinas de interesse da GAV I, seus
acessos futuros ao capital poderiam estar ameaca-
dos se esses investimentos ndo proporcionassem um
retorno financeiro adequado.

DIREITOS DE PROPRIEDADE INTELECTUAL

Ja mencionado acima o fato de que os Direitos
de Propriedade Intelectual (IPR’s, em inglés) revela-
ram ser de pouco interesse dos fabricantes de paises
em desenvolvimento. Entretanto, a maioria dos fa-
bricantes incluidos no estudo da industria reconhe-
ceram o impacto futuro potencial de IPR’s em limi-
tar sua capacidade de produzir um produto vacinal
inovador para os quais el es detectaram um mercado.
N&o somente isto poderia limitar sua capacidade de
acessar umatecnol ogia especifica ou para usar aque
ja tinham desenvolvido, como poderia ameacar sua
viabilidade financeira em andamento até o ponto em
gue poderiam sub-investir em areas promissoras ou
super-investir nas areas onde nao tém uma clara li-
berdade para operar. Isto poderiaresultar em desem-
penho menos competitivo e menos bem sucedido a
longo prazo.

PRE-QUALIFICACAO

A pré-qudlificagdo foi inicialmente montadacomo
um meio de referéncia para o Fundo das Nagdes Uni-
das para a Infancia e o Fundo Rotatorio da Organiza-
¢cdo Panamericana da Salde, mas se transformou em
forcade mercado importante, enquanto oferece um guia
de paises com produtos aceitaveis paraacompra. Como
aumenta 0 nimero de paises com receitas pequenas ou
médias que procuram por vacinas, aimportanciadapré-
qualificagdo € mais do que justa para 0 mercado aten-
dido pela GAVI.Por exemplo, poderiainfluenciar gran-
des mercados de setor privado. Alguns paises estéo de
fato se movimentando no sentido de usar somente pro-
dutos pré-qualificados e produzidos localmente. As di-
ferencas entre fabricantes com produtos pré-qualifica-
dos e aqueles com nenhum, ndo sdo limitadas a uma
diferenca nas instalagdes. H4 uma diferenca pal pavel
na maneira que esses fabricantes trabalham. Poder-
se-iadizer que apré-qualificacdo é de fato um elemen-
to de previsdo do sucesso, bem como o reconhecimen-
to de uma conquista.

A Organizagdo Mundia da Salde fornece a ori-
entacdo e consultas durante e antes do processo de pré-
qualificagdo, mas os fabricantes iniciantes podem néo
encontrar bastante sustentacdo para se conduzir com su-
cesso durante todo 0 processo.
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CASO ESPECIAL : FABRICANTES DE PAISES EM
DESENVOLVIMENTO NO SETOR PUBLICO

Os produtores de vacinas dos paises em desenvol-
vimento representam um caso especial. Em parte isto é
verdadeiro porque seu mandato deve ir de encontro as
necessi dades nacionais no campo das vacinas. Este man-
dato poderialimitar aflexibilidade defazer investimentos
em recursos para desenvolver os produtos que poderiam
ser mais lucrativos, e impossibilita vender seus produtos
a0 licitante ao prego mais elevado, pois devem primeira-
mente suprir as necessidades nacionais. Além do mais,
pode influenciar sua capacidade de incorporar parcerias,
eteracertamente um impacto nos objetivos detais parce-
rias. Em alguns paises o fato de ser um produtor nacional
podelimitar aliberdade daescolhado portfolio do produto
principal, porque pode haver uma decisio naciona ares-
peito de quai sdos diversos produtores tém permissdo para
produzir um produto particular.

Os resultados do estudo daindustria*? indicaram
gue os produtores do setor publico podem estar em uma
situagdo menos favorével em termos de acesso ao capi-
tal. Os governos devem assim estar atentos para asse-
gurar que um fabricante nacional tenha bastante capital
para ser capaz de inovar, e que os lucros possam ser
reinvestidos nas instalagdes de fabricagéo, para permitir
asustentabilidade do fabricante. Finalmente, alguns dos
produtores nacionais visitados durante o estudo indica-
ram problemas com aincapacidade de implementar de-
cisbes de contratacOes e demissdes, tendo como resulta-
do que €eles poderiam ter nimero suficiente ou mesmo
em excesso ha equipe de funcionérios, mastambém eles
poderiam ter uma caréncia de recursos humanos quali-
ficados.

CONCLUSOES

V ACINAS PARA O FUTURO

Quais serdo as vacinas de interesse no futuro?
Claramente, se os fabricantes de paises em desenvol-
vimento forem focados no mercado da GAVI, uma par-
cela de suas prioridades combinara com aquelas da
GAVI. A listaabaixo ndo é completae ndo significaque
va definir as prioridades da GAVI, mas sim dar uma
idéia das vacinas que podem ser importantes.

CURTO PRAZO

- Vacinas tradicionais do Programa Ampliado de
Imunizagdes (PAI), incluindo a febre amarela

- Combinagbes DTP - com Hib conjugado

- Gripe

- Outras vacinas que podem néo ter aindauso global,
mas podem ter uso regional significativo:
 Sarampo-caxumba-rubéola
* Raiva

Tiféide e cdlera

e [PV

Coqueluche acelular - combinagtes base

M Ebio PRAZO

- Vacinas conjugadas pneumocacicas

- Vacinas de rotavirus

- Vacinas conjugadas de meningite

- Outras vacinas que podem ndo ter ainda uso global,
mas podem ter uso regional significativo:
» Encefalitejaponesa
* Vacinade papilomahumano

L oNGo PRAZO

- Tuberculose
-Maléria
- HIV

OUTRASVACINAS QUE PODEM
TER USO REGIONAL SIGNIFICATIVO.

* Dengue

Além disso, serd provavelmente muito impor-
tante desenvolver adjuvantes e sistemas novos de ad-
ministrac&o.

CARACTERISTICAS DE PARCEIROS
BEM SUCEDIDOS

O mundo da fabricagéo de vacinas estd mudando
constantemente. Um conjunto de projegdes que parece
hoje razoavel pode ser irrelevante amanha. Isto é verda-
deiro também para os parceiros. Com as aiangas, fu-
sbes, e as falhas de neg6cio, o nimero de fabricantes
vacinais importantes no mercado global estdem cons-
tante mudanca. E provével, entretanto, que havera so-
mente de quatro a seis fabricantes de paises em desen-
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volvimento que continuar&o aexecutar um papel signifi-
cativo no mercado global. Aos fabricantes que demons-
tram estar nessa posi¢do é recomendado assegurar 0S
seguintesatributos:
- Sistemas para acessar hovas tecnologias
- Capacidade para adaptar e desenvolver estas
tecnologias e paraamplié-las
- Fortes sistemas de qualidade, reforcados por
autoridades regulatérias nacionais competentes e
independentes

- Umabase de financiamento estével com acesso ao
capital
- Umsistemadegerénciaforte eflexivel que permita
0 reconhecimento e aagdo em oportunidades novas.
- Uma base coerente de produtos visando varios
mercados
Emboraestes atributos sgjam reconhecidoshamais
de dez anos,*Y sdo hoje aindamaisimportantes, e conti-
nuardo a ser importantes, mesmo para os produtores na-
cionais do setor publico.
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ABSTRACT

Since the initiation of the Expanded Program-
me on Immunization, vaccine development and the
vaccine market in developing countries have under-
gone a number of changes. While many vaccines for
these countries may have been sourced from interna-
tional companies, there were also many countries with
their own national vaccine production. However, with
new technologies being brought into vaccine produc-
tion, the changing regulatory environment, and new
sources of funding for immunization programs, the
public sector vaccine market is getting larger and
more lucrative. These developments have challenged
developing country vaccine manufacturers, with the
result that some have gotten stronger and are beco-
ming major forces in the global vaccine market, whi-
le many others have disappeared, unable to respond
effectively to the new challenges. A recent study of
the vaccine industry for the Global Alliance for Vac-
cines and Immunization, GAVI, evaluated the poten-
tial of these developing country vaccine manufactu-
rers in terms of their product pipelines, economics,
ability to meet regulatory requirements, ability to ac-
cess new technologies, and issues in their future via-
bility. The results showed that some of these manu-
facturers would be able to offer competitively higher
priced new vaccines based on new technologies.
However, there are potential pitfalls that must be avoi-
ded in planning for the future, including demand
uncertainty, access to capital, ever increasing regu-
latory requirements, and issues such as intellectual
property rights that will affect access to technologi-
es. Developing country vaccine producers must be
able to anticipate these challenges. Particularly im-
portant will be a strong research base and an ability
to scale up and adapt new technologies.

THE HISTORY OF VACCINE DEVELOPMENT

EARLY DEVELOPMENT

Vaccination began over 200 years ago with the
use by Jenner of cowpox in 1796 to protect against
smallpox. Smallpox vaccine production soon evolved
from human to human passage into cultivation on the
flanks of calves — a process that would not meet today’s
standards of Good Manufacturing Practice (GMP).
Smallpox vaccine production technology was set up
in several countries, including Brazil,/¥ and prolife-
rated during WHO'’s smallpox eradication initiative.

A second major vaccine product was rabies vac-
cine, first developed by Louis Pasteur in 1885. Throu-
gh the Institut Pasteur network, this technology was
spread to many developing countries. Technology lit-
tle changed from the original, involving the use of
animal neural tissue as a substrate, still exists in a few
countries, despite new methods to make rabies vacci-
nes. Besides exporting this technology, the Institut
Pasteur trained many eminent virologists, including
Oswaldo Cruz, for whom this institution is named.

Yellow fever vaccine is another vaccine with an
international history of development. With the ability to
propagate yellow fever viruses in the membranes of em-
bryonic hen’'s eggs, the technology to produce yellow
fever vaccines became available? In fact, the Oswaldo
Cruz Foundation was an early recipient and developer
of the technology, and yellow fever vaccines have been
made here for over 50 years. Yellow fever technology
was subsequently passed via the Rockefeller Foundati-
on to Nigeria as well, while the Ingtitut Pasteur in Sene-
gal began yellow fever production based on technolo-
gy partially developed there.

A fourth vaccine, one of the original Expan-
ded Programme on Immunization (EPI) vaccines,
Bacille Calmette-Guerin (BCG), again developed
through the Institut Pasteur, was also produced in
several developing countries, including Vietham and
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Senegal. Eventually, through an agreement with WHO,
the Satens Seruminstituut in Denmark served as a
technical resource to assist vaccine producers in many
countries, from the mid-19708® until 1997.

These are just some examples of vaccine pro-
duction in developing countries in the early days.
When production was established, these national pro-
ducers, usually public health laboratories with bila-
teral collaborators such as the Institut Pasteur or the
Rockefeller Foundation, used state of the art tech-
nology. National regulation and process standardi-
zation were just in their infancy. In the 1940s to
1950s, major advances in the understanding of the
control of biological processes changed the face of
vaccine production. An example is the seed lot sys-
tem, which was developed here in Rio de Janeiro for
yellow fever vaccine in 1941.14

Many of the developing country manufacturers
failed to evolve; thus, several of these manufacturers
have ceased production. The decline of national pu-
blic sector vaccine production and the increasing
success of the EPI led to the enhanced role of some
multinational producers to provide vaccines for the
devel oping world

MATURATION

When the EPI was initiated in 1974, the vacci-
nes included were BCG, diphtheria-tetanus-pertussis
(DTP), tetanus toxoid (TT), measles, and oral polivi-
rus vaccine (OPV). As mentioned above, some coun-
tries were producing these vaccines. Others were able
to buy them from well known manufacturers. But many
countries had no reliable vaccine source. Accordin-
gly, UNICEF Supply Division and the PAHO Revol-
ving Fund began to buy these vaccines on behalf of
developing countries. To do so, they tendered from
known manufacturers, mostly in the US, Europe, and
Japan, awarding tenders on the basis of price. To
insure the quality, WHO was asked to advise, and the
first procedure for this was defined in 1987.05 Most
of the manufacturers supplying vaccines were large
scale European manufacturers who were able to pro-
vide products at advantageous pricing because of
economies of scale and unused capacity. A few ma-
nufacturers from Warsaw Pact countries supplied pro-
ducts through a special distribution arrangement, and
one developing country supplier, the Institut Pasteur
of Dakar, Senegal, was included, supplying first BCG
and later yellow fever vaccines.

In the mid-1990s, a second developing coun-
try supplier, the Serum Institute of India, and eventu-
ally a third, Biofarma, from Indonesia, joined the

group of suppliers, but these were definitely in the
minority.

The UNICEF/PAHO tenders, requiring as they
do prequalification of the products and oversight by
a functional national regulatory authority (NRA) in
the country of manufacture, became a potent force in
increasing the role of developing country manufac-
turers and their ability to compete, while providing a
“gold seal of approval” for products. Regulatory re-
guirements and manufacturing requirements, howe-
ver, continued to evolve, making achieving prequali-
fied status more difficult.

The characteristics of the vaccine market du-
ring this period of maturation included use of known
technologies, vaccines at pennies per dose, the de-
velopment of a rigorous regulatory environment, and
increasing commercialization of vaccines through the
predominance of multinational manufacturers in the
global market.

TECHNOLOGICAL EXPANSION

In 1992, the WHO proposed the addition of a
seventh antigen, hepatitis B vaccine, to immunization
programs worldwide,® the first new antigen to be
added for global use since the program began.[ It
was revolutionary in another sense, in that most he-
patitis B vaccines were made by recombinant DNA
technology. It was thought at the time that recombi-
nant technology was too complex to be used in vac-
cine production by developing country manufactu-
rers. By 1999, two Korean manufacturers had recom-
binant hepatitis B vaccines on the global market.8
This achievement was soon followed by additional
hepatitis B vaccines from manufacturers in India and
Cuba being added to the WHO prequalified list.l”

However, as more new vaccines were introdu-
ced into industrialized countries (such as Haemophi-
lus influenzae type b — Hib, acellular pertussis, inacti-
vated poliovirus vaccine - IPV, and measles-mumps-
rubella), the divergence between products used in pu-
blic health programs in industrialized countries and
those used in developing countries became an issue.
The possibility of tiering prices over products for di-
fferent markets because of economies of scale beca-
me limited when the high end of the market was get-
ting a different presentation (for example, single dose,
without thimerosal) or a different product entirely
(such as IPV instead of OPV). Industrialized country
manufacturers began to leave the global market in
favor of markets with higher return on their invest-
ment. This opened the way for more developing coun-
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try suppliers to enter, supplying the traditional vac-
cines. In fact, if these suppliers had not been able to
provide high quality products to the developing
world, the prices paid for traditional vaccines would
have greatly increased.

Perhaps the most important single factor in te-
chnological expansion as it impacted developing
country manufacturers, however, was the emergence
of GAVI with large amounts of funds available for
vaccine purchase and an aim to ensure the introduc-
tion of new vaccines against priority diseases into
even the poorest of developing countries. One of
GAVI’s priority antigens was Hib, ideally in a combi-
nation product. At the time this decision was taken,
there were no combination products (including DTP-
Hep B, DTP-Hib, and DTP-Hep B-Hib) manufactu-
red by developing country manufacturers. But with
the availability of funds to finance these products,
combination products went to the top of the product
development priority list for several of these manu-
facturers.

Besides the increased amount of money in the
global public vaccine market, manufacturers recog-
nized the importance of a strong R& D pipeline, a com-
petence in process development, and the ability to
access new technologies taking into consideration
the possibility that they might include patented intel-
lectual property, as well as the need for recognized
regulatory oversight. This situation has set the stage
for what promises to be a huge change in vaccine
supply during the early decades of the 21% century.

THE VACCINE MARKET AS IT EXISTS TODAY

PRICE EVOLUTION

The defining characteristic of the traditional
vaccines of the 1990s in the international public ma-
rket was their low price. This is changing — prices for
even the traditional vaccines are rising, while those
for innovative vaccines in industrialized country ma-
rkets are tens or even hundreds of dollars per dose
(Table 1).

TaBLE 1. VACCINE PRICES IN DIFFERENT MARKETS, 2005

SRS  Fublic secior glokal  Fubiic sector U5
Clasgical vaceings $0.00 - $0:00 §5 - 830 521 - 30
.30 - $3.80 B3 - 575 $53 -5118

Privatn sesint LS

Newar vaccines

Source: http://www.cdc.gov/nip/vfc/cdc_vac_price_list.htm; UNICEF
Supply Division. Product Menu for Vaccines supplied by UNICEF for
the Global Alliance for Vaccines and Immunization (GAVI),

4 December 2005, at http://www.unicef.org/supply/files/
GAVI_Product_Menu.pdf.

LARGER MARKET

The total amount of money in the public sec-
tor market is increasing (Figure 1). Part of this is
due to purchase of OPV for the polio eradication
initiative, a market that is expected to be limited to
the next five years. However, of increasing impor-
tance is the GAVI market, a market that is focused
on new vaccines. This market has the largest Com-
pound Annual Growth Rate (CAGR), which shows
its strength in terms of potential for stimulating in-
vestment. This is what makes the GAVI market at-
tractive to both multinational companies and deve-
loping country manufacturers, and what fuels the
move to innovation in the global public vaccine ma-
rket today.

PUBLIC AGENGY VACCINE PROCUREMENT SALES
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Figure 1. Value of the public sector vaccine market, including the
Compound Annual Growth Rate (CAGR). GAVI contributions are an
increasingly larger factor.

Source: Boston Consulting Group. Global Vaccine Supply: the
Changing Role of Suppliers, a report commissioned for GAVI by
WHO and the World Bank, 2005 (Industry study)!*2

STRONGER DEVELOPING COUNTRY VACCINE
MANUFACTURERS, AS DEFINED BY THE GAVI MARKET

Currently, 12 developing country manufactu-
rers in seven countries (the Republic of Korea is in-
cluded in this list for historical reasons, although it
is not now classified as a developing country) have
WHO-prequalified products. Several of these ma-
nufacturers play a huge role on the global vaccine
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market. One Indian manufacturer alone claims to
be the largest producer of measles and DTP vacci-
nes in the world, and that one of every two children
in the world is vaccinated with their vaccine.l”! In
the early 1990s, there were at least 55 countries with
vaccine manufacture, mostly performed by public
sector producers.[? At that time, none of these deve-
loping country manufacturers had an influence on
the global market.

A recent study of the vaccine industry!®
analyzed the importance of developing country ma-
nufacturers as a group on the global market. The
suppliers studied included those in Table 2.

TABLE 2. MANUFACTURERS STUDIED FOR THE BosTon
ConsuLTING GRouP sTuDY, GLoOBAL VACCINE SUPPLY:
THE CHANGING ROLE OF SUPPLIERS, A REPORT COMMISSIONED
For GAVI By WHO anbp THE WoRLD Bank, 2005
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The study showed that some of the suppliers
studied were focusing on the GAVI market, and their

contributions could be defined in terms of the relati-
ve importance to their business of the GAVI market,
as compared with the relative importance to the GAVI
market of their contributions. It is interesting to note
that those judged most successful by this analysis
(high in both areas) contribute 83% of public agen-
cy sales. Of most relevance to the current paper is
the relative importance, in the upper right quadrant,
of the developing country manufacturers, four of six
in this position of importance to the global public
health sector. In contrast, there is a second group of
high achieving manufacturers, the lower right qua-
drant, which are less focused on the GAVI market,
though of potential importance to that market. These
are suppliers that are primarily focused on their do-
mestic markets. Industrialized country manufacturers
dominate this group, which also includes public sec-
tor manufacturers based in other countries, such as
Brazil.
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Figure 2. Classification of vaccine manufacturers related to focus on
GAVI - Source: Industry study!*?

THE CHANGING ROLE OF DEVELOPING
COUNTRY VACCINE MANUFACTURERS

PiPELINE

As illustrated in Figure 3, there are 65 vaccine
candidates of potential interest to GAVI in develop-
ment by emerging suppliers; among multinational
suppliers, there are 23 vaccine candidates of poten-
tial interest. However, as shown in the figure, the
development stages of these projects vary significan-
tly by vaccine and by company. The data documen-
ted by this study and summarized in Figure 3 repre-
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sent the first time that the developing country vacci-
ne production industry has been seen as a major
potential source of innovative vaccines for global
immunization programs. Of perhaps even more im-
portance, these products are targeted for the develo-
ping, not the industrialized world. The implications
of this observation are profound for the future avai-
lability of vaccines to meet immunization targets set
in the developing world against priority diseases of
global importance.
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Figure 3. Vaccine pipelines for current manufacturers supplying to
public sector immunization programs, analyzed by development
phase

Source: Industry study??

TECHNOLOGIES

To compete on the global market with innovati-
ve products, a manufacturer has two critical needs
over and above those factors needed for successful
traditional vaccine production: the ability to access
key platform technologies (for example, conjugation
technologies for Hib and meningitis conjugate vac-
cines), and a competence in developing and scaling
up these technologies. Those companies with products
in the pipeling, to be credible, must have both of the
above. Figure 4 indicates the involvement of 15 of
the emerging suppliers studied in key platform tech-
nologies for production of new vaccines that are al-
ready developed.

If the technology is truly installed, it will be
indicated by a cross, and shading (indicating tech-
nology used in a product already marketed). Com-
panies that are just starting the process are indica-
ted by a circle. It is clear from Figure 4 that 14 of

the 15 manufacturers included have mastered re-
combinant DNA technology in products they alrea-
dy produce and market. Fewer are using conjugati-
on technologies in vaccines they market, but seve-
ral have conjugation technologies already develo-
ped in house. Less common is the ability to grow
cells on microcarrier culture or to develop viral
constructs, technologies that would be needed for
rotavirus vaccine production. Perhaps the least pro-
gress has been made in adjuvants and delivery te-
chnologies, which could become extremely impor-
tant for future vaccines.

Those manufacturers with a preponderance of
circles over crosses undoubtedly need more empha-
Sis on process development; those with neither have
limited their future options.
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Figure 4. Expertise in process technologies among emerging
suppliers.
Source: Industry study!*?

PARTNERSHIPS TO ACCESS TECHNOLOGIES

To access new technologies there are two main
pathways: in-house research and partnerships. It is
striking that 15 of the 17 manufacturers studied are
using partnerships to access technologies (Figure 5).
All are in partnerships with academic institutions (a
term that also includes research institutions such as
the US National Institutes of Health); six with other
emerging suppliers, and five with biotechnology fir-
ms. Eight of the manufacturers studied are in part-
nership with multinational corporations (MNCs), des-
pite the fact that such partnerships could limit the
ability to gain full profits from production because
of restriction on markets.
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INTELLECTUAL PROPERTY

Although of the 14 developing country manu-
facturers responding to questions about intellectual
property and patents, none felt that these represen-
ted a barrier in terms of access to technologies, more
specific questions revealed some areas of concern.
While previously know-how was a limiting factor in
the development of new vaccines, now patents are
becoming more important, and some were specifically
mentioned.! Some manufacturers felt that the ability
to evaluate and manage intellectual property will be
important for certain products in their pipelines, and
many of them were already contracting expert advi-
sors. However, about half of them still felt the need
for more expertise and information in this area, gi-
ven the World Trade Organization deadlines for pa-
tent protection in least developed countries coming
into effect.

EMERGING SUPPLIER TECHNICAL PARTNERSHIPS

A B OD E FG H | JKLMMBNDOD
Emergng suppler

Figure 5. Types of partnerships engaged in by emerging suppliers to
access new technologies
Source: Industry study(*?

REGULATORY ENVIRONMENT

The fact that there has been an increase in pre-
qualified products from developing country manufac-
turers recognizes both the strength of the manufactu-
rers and that of the overseeing regulatory authoriti-
es. Currently 27/63 prequalified products are from
developing country manufacturers.!® This increase
has occurred despite the fact that the prequalificati-
on process has become better defined and more rigo-
rous. A key prerequisite is GMP compliance in manu-

facture to insure consistent safety and efficacy. Ano-
ther prerequisite is the ability to perform clinical tri-
als that meet all facets of Good Clinical Practice.

FUTURE CHALLENGES TO DEVELOPING
COUNTRY VACCINE MANUFACTURERS

LimMITED PRODUCT PROFILE

It is a truism of successful manufacturing that
dependence on too narrow a range of products ren-
ders a manufacturer susceptible to variations in the
market. One potential issue for the developing coun-
try vaccine manufacturers is that their focus is limi-
ted to vaccines, as well as their dependence on the
global public vaccine market for survival. Figure 6
shows this. However, in interviews with the develo-
ping country vaccine manufacturers, they were well
aware of this potential weakness. Some were unable
to change their focus, being governmental instituti-
ons with a mandate for vaccine production to serve
national needs in the first instance. Others, primarily
in the private sector, were seen to be focusing on
other sources of revenue in addition to vaccines, in-
cluding biotechnology products (interferons and pep-
tide therapeutics) and products developed using vac-
cine technology that would be of interest to private
sector clients in regulated markets, such as BCG vac-
cine for bladder cancer treatment, or therapeutic
monoclonal antibodies.
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Figure 6. Focus of manufacturers on vaccines vs other products and
% revenues from vaccines
Source: Industry study!*?

Vaccines only

DEMAND RIK

Of concern to all manufacturers is the volatili-
ty of the public sector vaccine market, especially for
new vaccine products. Even in situations where the
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financing for vaccines is coming from an assured
source such as GAVI, there are many potential obsta-
cles to the introduction of a new product in a given
country, and many legitimate reasons for delay, all
of which pose a risk to manufacturers engaged in
supplying such a market. A delay of three months in
uptake of a perishable product with a limited shelf
life such as a vaccine in a populous country can pose
a huge problem in terms of logistics and financial
viability to a manufacturer. While some degree of de-
mand risk is inevitable, and manufacturers must take
steps to minimize its impact, it is also true that manu-
facturers supplying the global public vaccine market
look to international organizations such as WHO and
UNICEF to help them manage it. To the extent that
this cannot be done effectively, this is a problem for
manufacturers serving this market.

A specific issue related to demand risk is sig-
naling. For example, GAVI has indicated its interest
in DTP-based combination vaccines, which has re-
sulted in a huge investment on the part of several
developing country manufacturers to enable them to
meet that demand in a market that they see as lucra-
tive and sustainable, partially based on the current
price of $3.80 per dose. This large investment has
resulted in potential oversupply of these vaccines, as
shown in Figure 7.
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Figure 7. Projected capacity, prequalified and otherwise, for DTP-
based combination vaccines
Source: Industry study(*?

Clearly, with a global birth cohort of 125M chil-
dren, the current global offtake of DTP-based com-

bination vaccines, and the use of products other than
DTP-based combinations in many countries, a com-
bined capacity of 300M doses each pentavalent
(DTP-Hep B-Hib) and tetravalent (DTP-HepB) will
be in excess of needs. Some suppliers will thus not be
financially successful in this market. To the extent
that their investment decisions were based on infor-
mation available from GAVI, they may feel that GAVI
projections are no longer credible.

ACCESS TO CAPITAL

Financing sources, and the ease with which
emerging suppliers obtain capital, vary significantly.
This is important as access to capital allows flexibili-
ty in response to changes in the market. Most of the
private sector developing country manufacturers are
able to mobilize capital relatively easily, through bank
loans, for example, compared to the government ma-
nufacturers, for whom access to capital was seen as
a barrier. Although most of the developing country
manufacturers included in the study have been able
to invest rather heavily in development of vaccines
of interest to GAVI, their future access to capital could
be threatened if these investments do not provide ade-
guate financial return.

INTELLECTUAL PROPERTY RIGHTS (I PR)

Already mentioned above is the fact that IPR
have to date been of little interest to developing coun-
try manufacturers. However, most of the manufactu-
rers included in the industry study recognized the
potential future impact of IPRs in limiting their abili-
ty to produce an innovative vaccine product for whi-
ch they perceived a market. Not only could this limit
their ability to access a specific technology or to use
one they had already developed, it could threaten their
ongoing financial viability to the extent that they mi-
ght under-invest in promising areas or over-invest in
areas where they don't have clear freedom to opera-
te. This could result in their performing less competi-
tively and successfully in the long run.

PREQUALI FICATION

Prequalification was initially set up as a me-
ansto advise UNICEF and the PAHO Revolving Fund,
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but has become an important market force, as it pro-
vides countries with a guide as to acceptable pro-
ducts for purchase. As the number of low and midd-
le income countries directly procuring vaccines in-
creases, the importance of prequalification is far
more than just for the GAVI market. For example, it
could influence large private sector markets. Some
countries are in fact moving in the direction of using
only prequalified products produced locally as well.
The differences between manufacturers with prequa-
lified products and those with none are not limited
to a difference in facilities. There is a palpable di-
fference in the way these manufacturers function. It
could be said that prequalification is in effect a pre-
dictor of success as well as a recognition of achie-
vement.

WHO provides guidance and consultations du-
ring and prior to the prequalification process, but
manufacturers new to the process may not find this
enough support to successfully navigate the process.

SPECIAL CASE. DEVELOPING COUNTRY
MANUFACTURERS IN THE PUBLIC SECTOR

National vaccine producers in developing coun-
tries represent a special case. Partially this is true
because their mandate is to meet national needs for
vaccines. This mandate could limit their flexibility in
making investments in resources to develop products
that might be more profitable, and precludes their
selling their products to the highest bidder, as they
must first meet national needs. Moreover, it may in-
fluence their ability to enter partnerships, and will
certainly have an impact on the goals of such part-
nerships. In some countries the fact of being a natio-
nal producer may limit freedom of product portfolio
choice even more, because there may be a national
decision as to which of several producers is allowed
to produce a particular product.

The results of the industry study*? indicated
that public sector producers may be in a less desi-
rable situation in terms of access to capital. Go-
vernments must thus take care to ensure that a na-
tional manufacturer has enough capital to be able
to innovate, and that profits can be reinvested into
the manufacturing facility, to allow sustainability
of the manufacturer. Finally, some of the national

producers visited during the study indicated pro-
blems with the inability to implement hiring and fi-
ring decisions, with the result that they could have
sufficient or even surplus numbers of staff, but they
could still be left with a dearth of qualified human
resources.

CONCLUSIONS

VACCINES FOR THE FUTURE

What will be the vaccines of interest in the fu-
ture? Clearly, if developing country manufacturers
are focused on the GAVI market, a portion of their
priorities will match those of GAVI. The list below is
not exhaustive and is not meant to define GAVI prio-
rities, but to give an idea of vaccines that might be
important.

FOR THE NEAR TERM

traditional EPI vaccines, including yellow fever
DTP-based combinations containing Hib conjugate
influenza
other vaccines which may not yet have global use
but may have significant regional use:

m Measles-mumps-rubella

m Rabies

m Typhoid and cholera

m [PV

m Acellular pertussis-based combinations

FoRrR THE MIDDLE TERM

- Pneumococcal conjugate vaccines
Rotavirus vaccines
Meningitis conjugate vaccines
Other vaccines which may not yet have global use
but may have significant regional use:

m Japanese encephalitis

m Human papilloma vaccine

FOR THE LONGER TERM
- Tuberculosis
- Malaria
- HIV
- Other vaccines which may have significant regional
use:
m Dengue
In addition, it will likely be very important to
develop new adjuvants and new delivery systems.
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CHARACTERISTICS OF SUCCESSFUL PLAYERS

The world of vaccine manufacturing is cons-
tantly changing. One set of projections that appe-
ars reasonable today may be irrelevant tomorrow.
This is true also for the players themselves. Throu-
gh alliances, mergers, and business failures, the
number of important vaccine manufacturers on the
global market is in flux. It is likely, however, that
there will only be four to six developing country ma-
nufacturers that will continue to play a significant
role on the global market. Those manufacturers ai-
ming to be in that position are advised to ensure the
following attributes:

- Systems to access new technologies

- The ability to adapt and develop these technologies
and to scale them up

- Srong quality systems enforced by competent and
independent national regulatory authorities

- A stable funding base with access to capital

- A strong and flexible management system that allows
recognition of and action on new opportunities

- A coherent product base aimed at a variety of
mar kets.

Although these attributes have been recogni-
zed for more than ten years,™! they are even more
important today, and will continue to be important,
even for national public sector producers.
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A nossa fala sobre a “importancia das infecgtes
pneumocdcicas no Brasil”, neste | Simpadsio Internacio-
nal sobre Imunobiol 6gicos e Salilde Humana, abordara
breves notasintrodutorias do tema, da situacdo epidemi-
ol 6gica das internacfes e mortalidade dessas infecgoes,
dos aspectos do Sreptococcus pneumoniae e da atual
politicade vacinagdo do ProgramaNaciona de lmuniza
¢Bes do Ministério da Salde para a prevencéo das doen-
¢as pneumocacicas.

Segundo os conheci mentos da epidemiologia do
Sreptococcus pneumoniae, sua presenca esta na flo-
ra microbiana da nasofaringe dos seres humanos; é a
mai's importante bactéria patogénica, causadora de in-
feccdo do trato respiratério, bacteremiae meningite em
criangas e idosos em paises industrializados e em de-
senvolvimento; e estima-se que 1,6 a 2,2 milhGes de
criangas morrem a cada ano no mundo por infeccdo
pneumocécica (Brandileone, MCC et al. 2003). Sabe-
se que 0 Sreptococcus pneumoniae é responsavel por
27% dos casos de pneumonia em criangas nos paises
em desenvolvimento e por 70% dos casos de doencas
invasivas em menores de 2 anos de idade. Nos paises
mai s pobres do mundo aproximadamente 5 milhdes de
criancgas abaixo de 5 anos de idade morrem anualmen-
te de pneumonia, sendo 1 milh&o devido ao pneumoco-
co (Forgie, |.M. eta, 1991; Gillespie, Sh. J, 1989; WHO
Pediatr Infect Dis, 1999).

Os dados referidos nesta apresentagdo sdo oriun-
dos dasfontes disponiveis do Ministério da Salide sobre
morbidade e mortalidade das infec¢bes pelos pneumo-
cocosapartir davigiléanciaepidemiol égicadas meningi-
tes, implantada em 1975, do sistema de informac&o so-
bre internactes hospitalares (SIH/SUS) e do sistemade

informacdo sobre mortalidade (SIM). As informactes
sobre os sorotipos prevalentes do Sreptococcus pneu-
moniae no pais foram obtidas do sistema de vigilancia
epidemiol bgica de Sreptococcus pneumoniae na Ame-
rica Latina (SIREVA), formado de uma rede de 21 pai-
ses |latino-americanos em parceria com a OPAS.

Dados da vigilanciaepidemiol 0gica das meningi-
tesrevelam que para as meningites bacterianas de 1998
a 2005, a meningite pneumocdci ca apresentou coefici-
ente de incidéncia por 100.000 habitantes, variando de
no minimo 0,62 (em 2005) a um méaximo de 0,86 (em
1999). No inicio desse periodo, ameningite pneumoco-
cica ocupava o terceiro lugar em maior magnitude de
incidéncia, apds adoenca meningocdcicae ameningite
por Haemophilus influenzae tipo b. A partir de 2000,
ameningite pneumocaocica passou a ser ameningite de
segunda maior incidéncia, permanecendo nessa posi-
¢do até o ultimo ano (2005) do periodo em observagédo
(ver figura 1).
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Figura 1. Coeficiente de incidéncia de meningites Bacterianas
segundo o agente, Brasil, 1998 — 2005

Fonte: Ministério da Saude, 27/04/2006.

1999: introdugdo da vacina contra Haemophilus influenzae.
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O Sistema de Informagdes Hospitalares do Sis-
tema Unico de Salde (SIH/SUS), para o intervalo de
2002 a 2005, mostra um numero decrescente de hos-
pitalizacBes por pneumonias, ou seja, 865.145 em 2002
€ 771.903 em 2005, correspondendo, respectivamente
a uma taxa de incidéncia por 100.000 habitantes de
495,4 e 419,1. Nesse mesmo periodo, a andlise das
internacdes hospitalares, especificamente para a in-
feccdo pneumocdcica, mostra mais de 11 mil regis-
tros por ano, sendo que nos anos de 2003 e 2004 é
observada discreta elevagdo das hospitalizagdes. Em
termos de taxa de internag&o por 100.000 habitantes,
amaior evidenciadafoi de 7,08 em 2003 e amenor de
6,25 em 2005 (ver figura 2).
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Figura 2. Nimero e taxa de internagédo por infeccdo pneumocdcica,
Brasil, 2002 a 2005

Fonte: Ministério da Saude, Sistema de InformacGes Hospitalares -
SIH/SUS.

Ao considerar a taxa de internagdo (por 100.000
habitantes) por pneumonia segundo idade em 2005 no
Brasil, astrés faixas etérias mais acometidas por ordem
decrescenteforam: de 1 a4 anos (26,89), 60 anose mais
(20,68) e < 1 ano (17,89). O exame dos grupos etarios
por taxa de internagdo (por 100.000 habitantes) por in-
fecg@o pneumocdcicarevelaafaixade 1 a4 anos como
amaisafetada (26,14) e seguindo por ordem declinante:
< 1 ano (20,30), 5 a 19 anos (18,40), 60 anos e mais
(14,25). De um modo geral, tanto para as pneumonias
como para as infec¢Bes pneumocacicas, as idades ex-
tremas sd0 as mais atingidas pelas hospitalizages (ver
figura3).
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Figura 3. NUmero e taxa de internacédo por infeccdo pneumocdcica
segundo faixa etéria, Brasil, 2005
Fonte: Ministério da Saude - SIH/SUS.

Dentre as formas clinicas de infecgdo pneumoco-
cicaqueforam motivo de hospitalizagdo no SUS em 2005,
a pneumonia respondeu por mais da metade de todas as
formas (64,4%), registrando percentuais decrescentes,
asepticemia (11,3%) e ameningite (9,4%), enquanto as
outras infecgdes pneumocacicas representaram 19,9%
do total dasinfec¢Bes pneumocdcicas internadas, consi-
derando, respectivamente, a classificagdo internacional
de doencas da 102 edicéo (CID 10): J13,A40.3, G00.1 e
B95.3.

O Sistemade Informag&o sobre Mortalidade (SIM)
mostra um nimero crescente de ébitos por pneumonia
no paisde 2000 a2003, respectivamente, 26.561 e 34.520,
equivalentes as taxas de mortalidade por 100 mil habi-
tantes de 15,6 e 19,5. N&o se pode afirmar que nareali-
dade esta havendo o risco crescente de morrer por pneu-
monia, umavez que os valores em elevacado observados
podem ser decorrentes da melhoria da qualidade de in-
formag&o do SIM. Quando se analisa 0 nimero de 6bi-
tos e a taxa de mortalidade por infeccdo pneumocdcica
no Brasil de 2000 a2003, constatam-se oscilagdes ano a
ano. Os indicadores se elevam em 2001 em relagdo a
2000 e decrescem em 2002 quando comparados ao ano
anterior. Em 2003, ano maisrecente do qual sedispde de
informacéo consolidada do SIM, foram notificados 177
mortes por infecgdo pneumocacica correspondendo a
umataxade mortalidade de 0,107 por 100 mil habitantes.
O risco de morrer por pneumoniano Brasil em 2005, por
faixa etéria, segundo os dados parciaisdo SIM disponi-
veis até 26 de abril de 2006, de um modo geral, € cres-
cente com aidade: taxa de mortalidade por 100 mil habi-
tantes de 0,93 em menores de 1 ano de idade, reduz para
0,22 no grupo de 1 a4 anos, eleva-se progressivamente
para 0s grupos etarios mais velhos, chegando a 11,58
para as pessoas de 60 anos e mais.
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A partir do SIREVA, que tem como objetivo geral
monitorar na Ameérica Latina as infeccdes bacterianas
invasivas causadas por Sreptococcus pneumoniae, tem-
Se uma série historica de 2000 a 2005 com cerca de 300
amostras de isolamentos do S. pneumoniae no Brasil
por ano: exatamente, 353 sorotipos isolados em 2000 e
270 em 2005. O estudo das categorias de apresentacdo
clinica das infecgbes por S. pneumoniae para o periodo
de 200 a 2005 no pais demonstrou para todos 0s anos
observados que a principal manifestacdo é a meningite,
eem seguida, por valor decrescente de magnitude, apneu-
monia, a septicemia/bacteremia. Essas formas clinicas,
na mesma ordem, em 2005, revelaram percentuais de
58,1%, 23,3% e 2,6%, enquanto as demais formas clini-
cas responderam por 15,9% do total dasinfecgdes pneu-
mocacicas. A distribuicéo dos sorotipos preval entes do
S pneumoniae no Brasil de 2000 a 2005 aponta o soro-
tipo 14 como o mais prevalente (35,76%), seguido dos
sorotipos 6B (10,95%), 18C (6,11%) e 1 (5,60%). Cada
um dos demai s soroti pos i sol ados representou menos de
5% do total dosidentificados.

Em relacdo a politica de vacinac&o contra infec-
¢des pneumocacicas, o PNI introduziu, em 1999 avaci-
na pneumocaocica 23 valente no Brasil para os idosos
(campanha anual) e para grupos especiais (idosos insti-
tucionalizados e doentes cronicos). A vacina pneumoco-
cica23 vaentefoi disponibilizadaem 2000 nos Centros
de Referénciade lmunaobiol 6gicos Especiais (CRIE) para
indicagOes especificas de grupos de risco, e em 2001 foi
incluidano calendario de vacinagéo dapopul acéo indige-
na para a faixa etéria de 2 anos e mais. Ja a vacina
pneumocdcica conjugada 7 valente foi implantada em
2002 nos CRIE para os menores de 5 anos de idade.
Nos CRIE a vacina pneumocdcica conjugada 7 valente

esta indicada para as criangas de 2 meses até 5 anos de
idade, enquanto a vacina pneumocadcica polissacaridica
23 valente para as criangas com 2 anos ou mais e adul-
tos, nas situagdes de: doenca pulmonar ou cardiovascu-
lar crénica grave, insuficiénciarenal crénica, sindrome
nefrética, diabetesmeito insulino-dependente, cirrose he-
patica, fistulaliqudrica, aspleniaanatdmicaou funcional,
hemogl obi nopatias, imunodeficiénciacongénitaou adqui-
rida, pessoas HIV + assintométicas e doentes com aids.

Houve um registro de 1.859.522 doses aplica-
das da vacina pneumocdcica 23 valente no pais de
1999 a 2005, sendo que 51% dessas doses foram apli-
cadas em pessoas com 60 anos e mais. De 2002 a
2005, 132.608 doses da vacina pneumococica 7 va-
lente foram administradas em todo o Brasil. Para o
ano de 2005, o valor unitério do custo davacinapneu-
mocadcica 7 valente foi de U$ 54,98 e o da pneumoco-
cica 23 valente, de U$8,67. No total a aquisicdo de
291.250 doses de ambas as vacinas em 2005 resultou
em pouco mais de 10 milhdes de reais.

E reconhecida aimportancia das infecgbes pneu-
mococicas no Brasil e o Ministério da Salde sabe do
impacto positivo que avacinagdo contra essas infeccdes
pode trazer para o perfil epidemiolégico da populagéo,
por isso, dentre as vacinas candidatas paraincorporagéo
no calendério de vacinacdo de rotina do PNI, consta a
vacina pneumocdcica 7 valente. Estudos de custo-efeti-
vidade estdo em andamento para as vacinas. hepatite A,
meningocdcica conjugada do grupo C, pneumocacica
conjugada 7 valente e varicela. A ordem prioritéria de
introducéo dessas vacinas no PNI ird considerar os re-
sultados dos referidos estudos e os critérios técnicos de
ordem epidemiol 6gica, imunol égi ca, tecnol dgica e socio-
econdmica.
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Our speech on the “ Importance of Pneumo-
coccal Infections in Brazil” in this | International
Symposium on Immunobiologicals and Human He-
alth shall make a brief introduction on the theme,
on the epidemiological situation of hospital admis-
sions and mortality from such infections, on the as-
pects of Streptococcus pneumoniae, and on the cur-
rent vaccination policy of the National Immunizati-
on Program of the Health Ministry for preventing
pneumococcal diseases.

According to epidemiological knowledge of
Streptococcus pneumoniae, it can be found in the mi-
crobial flora of human beings' nasopharynx; it is
the most important pathogenic bacteria, which cau-
ses respiratory infection, bacteremia and meningi-
tis in children and old people in industrialized and
in developing Countries; and it is estimated that from
1.6 to 2.2 million of children die every year in the
world by pneumococcal infection (Brandileone,
MCC et al. 2003). It is known that Streptococcus
pneumoniae is responsible for 27% of pneumonia ca-
ses in children in developing countries and for 70%
of the cases of invasive diseases in children below
2 years of age. In the poor countries of the world,
approximately 5 million children below 5 years of
age die every year from pneumonia, being 1 million
due to pneumococcus.

All data contained in this presentation were ex-
tracted from available sources of the Health Ministry
on morbidity and mortality from pneumococcal in-
fections, starting from the epidemiological surveillan-
ce of meningitis, implemented in 1975, from the in-
formation system on hospital admissions (SH/SUS)
and from the mortality information system (SM). In-

formation regarding the prevailing serotypes of Strep-
tococcus pneumoniaein Brazil habe been obtained from
the epidemiological surveillance of Streptococcus
pneumoniae in Latin America (SREVA), formed by a
network of 21 Latin American countries in partner-
ship with Pan American Health Organization.

Data from the epidemiological surveillance of
meningitis reveal that regarding bacterial meningitis
from 1998 to 2005, pneumococcal meningitis has pre-
sented an incidence coefficient for 100,000 inhabi-
tants, varying from a minimum of 0.62 (in 2005) to a
maximum of 0.86 (in 1999). In the beginning of this
period, pneumococcal meningitis used to occupy the
third place in terms of incidence magnitude, after me-
ningococcal disease and meningitis by type b Hae-
mophilus influenzae. From 2000 on, pneumococcal
meningitis became the meningitis with the second hi-
ghest incidence rate, remaining in this position until
the last year (2005) of the observation period (see
figure 1).
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Figure 1 - Incidence Coefficient of Bacterial Meningitis, according
to the agent, Brazil, 1998-2005.

Source: Health Ministry, April 27, 2006.

1999: Introduction of the vaccine against Haemophilus influenzae.
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The Hospital Information System of the Pu-
blic Health System (SIH/SUS), regarding the years
from 2002 to 2005, shows a decreasing number of
hospitalizations due to pneumonia, that is, 865,145
in 2002 and 771,903 in 2005, respectively corres-
ponding to an incidence rate per 100,000 inhabi-
tants of 495.4 and 419.1. In this same period, an
analysis of hospital admissions, specifically for pneu-
mococcal infection, shows more than 11,000 cases
per year, with a slight increase in hospitalizations in
2003 and 2004. In terms of admissions rate per
100,000 inhabitants, the highest one was 7.08 in
2003 and the lowest one was 6.25 in 2005 (see fi-
gure 2).

Figure 2 - Rate of Hospital Admissions and Number by Pneumococ-
cal Infection, Brazil, 2002 to 2005.
Source: Health Ministry, Hospital Information System — SIH/SUS

An examination of the age bracket groups by
hospital admissions rate (per 100,000 inhabitants)
by pneumococcal infection shows that the age bra-
cket from 1 to 4 years of age was the most affected
(26.14), followed in a decreasing order: < 1 year
old (20.30), from 5 to 19 years of age (18.40), 60
years old and older (14.25). In general, both for
the pneumonias and the pneumococcal infections,
the extreme ages are the most affected and with more
hospitalizations (see figure 3).
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Figure 3 - Hospital Admissions Rate and Number by Pneumococcal
Infection, by age bracket, Brazil, 2005
Source: Health Ministry — SIH/SUS

Among the clinical forms of pneumococcal in-
fection which caused hospitalization in the Public
Health System in 2005, pneumonia accounted for
more than half of all forms (64.4%) followed by sep-
ticemia (11.3%) and meningitis (9.4%), while the other
pneumococcal infections accounted for 19.9%.

The Information System on Mortality (S M) sho-
ws a growing number of deaths caused by pneumo-
nia in Brazl from 2000 to 2003, respectively, 25,561
and 34,520, equivalent to mortality rates per 100
thousand inhabitants of 15.6 and 19.5. One cannot
affirm that there is actually a growing risk of dying
by pneumonia, since the growing numbers observed
may be a consequence of the improvement of the in-
formation quality of the Information System on Mor-
tality (SM). When we examine the number of deaths
and the mortality rate by pneumococcal infection in
Brazil from 2000 to 2003, we find oscillations year
after year. The indicators go up in 2001 in relation
to 2000 and go down in 2002, as compared to the
previous year. In 2003, the most recent year on whi-
ch we have SIM’s consolidated information, were
notified 177 deaths by pneumococcal infection, cor-
responding to a mortality rate of 0,107 per 100 thou-
sand inhabitants. The risk of dying by pneumonia in
Brazl in 2005, by age bracket, according to SIM’s
partial data available up to April 26, 2006, in a ge-
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neral manner, raises with age: mortality rate per 100
thousand inhabitants is 0.93 in children with less than
1 year of age, and it is reduced to 0.22 in the group
from 1 to 4 years of age, then it progressively raises
for older people, reaching 11.58 for people over 60
years of age.

Based on data supplied by SIREVA, which
has the general purpose of monitoring in Latin
America the invasive bacterial infections caused
by Sreptococcus pneumoniae, we have a histori-
cal series from 2000 to 2005, with approximately
300 isolation samples of Streptococcus pneumo-
niae per year: exactly, 353 serotypes isolated in
2000 and 270 in 2005. A study of the categories
of clinical presentation of infections by Strepto-
coccus pneumoniae for the period from 2000 to
2005 in Brazil has shown for all the years obser-
ved that the major manifestation is meningitis,
followed in decreasing order by, pneumonia, sep-
ticemia/bacteremia. Such clinical forms, in this
same order, in 2005, have shown percentages of
58.1%, 23.3% and 2.6%, while the other clinical
forms have accounted for 15.9% of the total of
pneumococccal infections. The distribution of pre-
valent serotypes of Sreptococcus pneumoniae in
Brazil from 2000 to 2005 indicates serotype 14
as the most prevalent (35.76%), followed by se-
rotypes 6B (10.95%), 18C (6.11%) and 1 (5.60%).
Each one of the other isolated serotypes have re-
presented less than 5% of the total identified.

In relation to the vaccination policy against
pneumococcal infections, PNI (National Program
of Immunizations) has introduced inn 1999 the 23
valent pneumococcal vaccine in Brazil for the
aged people (annual campaign) and for special
groups (institutionalized aged people and chro-
nic patients). The 23 valent pneumococcal vac-
cine was made available in 2000 in the Special
Immunobiologicals Reference Centers (CRIE) for
specific indication in risk groups, and in 2001 it
was included in the vaccination calendar for the
indigenous population for the age bracket of 2

years old and older. In addition, the conjugate 7
valent pneumococcal vaccine was implanted in
2002 at the Special Immunobiologicals Referen-
ce Centers (CRIE) for children below 5 years of
age. At such Centers the conjugate 7 valent pneu-
mococcal vaccine is recommended for children
with 2 years of age or more and adults, in situati-
ons of: severe chronic lung or cardiovascular
disease, chronic renal failure, nephrosis, insulin
dependent diabetes mellitus, hepatic cirrhosis, li-
quoric fistula, anatomic or functional asplenia,
hemoglobinopathies, congenital or acquired im-
munodeficiency, Hiv infected, non-symptomatic in-
dividuals and Aids patients.

A total of 1,859,522 doses of the 23 valent
pneumococcal vaccine were administered in Bra-
zil from 1999 to 2005, and 51% of such doses
were administered in people over 60 years of age.
From 2002 to 2005, 132,608 doses of the 7 va-
lent pneumococcal vaccine were administered all
over Brazil. For 2005, the unit cost of the 7 va-
lent pneumococcal vaccine was US$ 54.98 and
of the 23 valent pneumococcal vaccine was US$
8.67. Overall, the acquisition of 291,250 doses
of both vaccines in 2005 costed more than R$ 10
million.

It is well-known the importance of pneumo-
coccal infections in Brazil and the Health Minis-
try is aware of the positive impact that vaccinati-
on against such infections may bring to the po-
pulation. Therefore, among the candidate vacci-
nes to be incorporated to PNI’s (National Program
of Immunizations) routine vaccination calendar,
appears the 7 valent pneumococcal vaccines.
Cost-effectiveness studies are in progress for the
following vaccines: hepatitis A, Group C conju-
gate meningococcus, 7 valent conjugate pneumo-
coccus and varicella. The priority order of intro-
duction of such vaccines in PNI will consider the
results of such studies and the technical criteria
of epidemiological, immunological, technological
and social economic order.
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Apesar do desenvolvimento de antibiéticosededuas
vacinaslicenciadas, amorbidade e mortalidade por Strep-
tococcus pneumoni ae ainda constituem um grave proble-
ma de salide publica para o Brasil e parao resto do mun-
dot. As vacinas atuai s baseiam-se apenas na geracdo de
anticorpos contra polissacarideos capsulares do pneumo-
coco (23 polissacarideos na vacina para adultos e 7 na
vacina pediatrica). A vacina para criangas — um conjuga-
do proteina-polissacarideo — é altamente eficaz contrado-
encas invasivas causadas pelos sorotipos presentes na
formulacdo. Também € parcia mente eficiente contra co-
lonizag&o por sorotipos vacinais e como resultado, induz
um importante efeito “rebanho”, protegendo a populacéo
ndo-imunizada?- Infelizmente, em partes do mundo nos
guaisavacinavem sendo utilizada, os pneumococos estéo
demonstrando a capacidade de alterar seus sorotipos para
tipos capsulares ndo presentes navacina?. Além disso, o
custo davacina 7-valente é superior a$200 US por crian-
¢a, 0 queimpede suautilizagdo nos paises com asmaiores
taxas de mortalidade por pneumococo. Uma alternativa
parasolucionar este problema seriaadicionar mais conju-
gados de polissacarideo a vacina existente. Porém, esta
abordagem tornaria a vacina aindamais complexa, e cer-
tamente mais cara.

Outraestratégia seriadesenvolver umavacinaba-
seada em antigenos protéicos protetores e mais conser-
vados do pneumococo®¥. Uma vez que estes antigenos
seriam proteinas recombinantes, mesmo umavacinacon-
tendo diversas proteinas ndo deveria apresentar um cus-
to de producdo muito elevado.

Até o momento, jaforam identificadas maisde 20
proteinas diferentes capazes deinduzir imunidade prote-

tora contra infeccdo em camundongos. Na maior parte
dos casos, foi observado que estas proteinas constituem
fatores de virulénciado pneumococo. Algumas del asfo-
ram estudadas de forma mais aprofundada e seréo dis-
cutidas agui. Muitas das proteinas pneumaocdcicasindu-
toras de protecdo sdo moléculas de superficie, envolvi-
das na protecdo do pneumaococo contra o sistema com-
plemento (PspA e PspC)“ 91, aderéncia a moléculas do
hospedeiro (PcpA) (Glover e Briles ndo publicado), mo-
dificacdo de moléculas do hospedeiro (NanA)®, trans-
porte de nutrientes como manganés eferro (PsaA, PotD,
PiaA, PiuA)™, ou protecdo contra peptideos bacterici-
das como lactoferricinas?.

Outra molécula protetora é a pneumolisina, uma
toxina extracelular ™. Embora muitas das proteinas es-
tejam envolvidas tanto na col onizagéo quanto nas doen-
¢asinvasivas, algumas delas sdo particularmente efica-
zes em induzir imunidade e protegdo contra col onizagdo
(NanA, PsaA, e PspC) (612131 enquanto outras sdo es-
pecialmente eficientes em induzir protegdo contradoen-
¢asinvasivas (PspA, PspC, pneumolising, PcpA, PhtB,
PiaA, e PiuA) [8 14351,

Algumas molécul as possuem mais de uma fun-
¢80. PspA inibe a ativagdo do sistema complemento,
bem como a morte do pneumococo induzida por apo-
lactoferrinal* 9. A pneumolisina causa inflamagéo e
consome complemento no local dainfec¢do pneumo-
cocical®, PspC liga-se ao fator H (permitindo que
este inibaaativagéo do complemento), liga-se ao com-
ponente secretério da IgA, e é importante na aderén-
ciado pneumococo(® €, A medidaque as demais pro-
teinas sdo examinadas etalhadamente, € provavel que
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mais de uma propriedade bioldgica seja atribuida a
muitas delas também.

No caso de imunidade contra a cipsula, a prote-
¢ao parece ser principalmente, sendo exclusivamente,
devidaaativacado e deposi¢cao de complemento mediada
por anticorpos, que resulta na opsonofagocitose da bac-
téria. A maior parte das proteinas-alvo estéo na superfi-
cie e, destaforma, também induzem a produgéo de anti-
corpos capazes de ativar a deposi¢do de complemento.
Deve ser notado, entretanto, que a estrutura altamente
repetitiva da capsula a torna uma indutora mais potente
dafixacdo de complemento mediada por anticorpos do
gue seria esperado para a maior parte das proteinas ex-
postas. Estas proteinas geralmente nao contém unidades
repetidas e podem estar distantes demais umas das ou-
tras para a ligacdo eficiente do C1q aregides Fc adja-
centes. Entretanto, este Gltimo empecilho pode ser par-
cialmente superado pela imunizagdo com mais de uma
proteina, levando aum efeito sinergistico naativagao do
complemento por por¢des Fc dos anticorpos gerados
pelas multiplas proteinas.

A imunidade contraamaior parte das proteinas é
principalmente devida ainterferéncia— mediada por an-
ticorpos — com 0 mecanismo da a¢&o da proteina alvo.
O melhor exempl o disto é apneumolisina, que age como
umatoxina extracelular. Umavez que ndo esta presen-
te nasuperficie do pneumococo, anticorpos contra esta
proteina ndo podem agir diretamente ativando a depo-
sicdo de complemento na bactéria, e exercem sua fun-
¢do neutralizando as propriedades toxicas da mol écu-
[al*Y, Outros exemplos incluem enzimas de superficie
envolvidas no transporte de nutrientes e indutoras de
protecaol®®l,

Estudos recentes demonstraram que a imuniza-
¢do da camundongos com misturas de duas ou trés des-
tas proteinas pode ter um efeito sinergistico na prote-
caol’> 17 18 Este efeito é provavelmente devido, em
parte, ao fato de que diferentes moléculas geralmente
possuem diferentes propriedades de viruléncia, e o blo-
gueio de mais de umafunc&o pelos anticorpos pode ter
efeitos aditivos na protecdo. PspA, PspC e pneumolisi-
na est&o todas envolvidas na protecdo do pneumococo
contra 0 ataque do complemento. A imunizacdo com
combinagOes destas trés proteinas resulta em protecéo
sinergistical’® "' e mutagdes nos trés genes tém efeito
sinergistico na deposicdo de complemento’™ 9. Este
efeito protetor aumentado poderia ainda ser resultado
da presenca de multiplas porgdes Fc de anticorpos ex-

postas, permitindo ainteracdo de C1g com porg¢des Fc
adjacentes, e conseguiente ativacdo da via Cléassica do
complemento.

Enquanto muitas mol écul asindutoras de protegao
sdo relativamente conservadad® 2%, outras, incluindo
PspA e PspC, apresentam umarelativa variabilidade es-
trutural e antigénica, embora induzam anticorpos com
reatividade cruzadd®>!. Estavariabilidade podeter sur-
gido como uma tentativa das moléculas de evadir ares-
posta imune do hospedeiro, desencadeada por uma in-
feccdo anterior. Dessa forma, antigenos que apresen-
tam variabilidade podem apresentar um maior potencial
protetor quando injetados em humanos. Neste contexto,
evitar a utilizacdo vacinal de proteinas que apresentam
diversidade estrutural pode ser um erro.

Assim como verificado com as vacinas baseadas
em polissacarideos, € esperado que as vacinas protéicas
deverdo levar a modificagbes no pneumococo, como a
expressao de mol écul as diferentes daquel asincluidas na
formulag&o. Esterisco, porém, pode ser minimizado pelo
plangjamento cuidadoso davacina. Umaestratégiaseria
incluir diversos antigenos diferentes, que somados seri-
am mais do que o suficiente para proteger contra todos
0S pneumococos. Deste modo, se um isolado especifico
sofresse uma mutac&o que alterasse um dos antigenos, a
imunidade induzida pelos demais ainda seria capaz de
eliminéalo, prevenindo que se dissemine e eventua mente
perca outros antigenos.

Para se obter imunidade contra infecgdes pneu-
mocaocicas, € importante induzir protegdo contra a colo-
nizagdo. A vacinaconjugadainduz protecéo parcial con-
tra colonizacdo em camundongos e humanos?* 2. Ha
também antigenos proté cos— NanA e PsaA —qgue quando
utilizados naimunizagdo de camundongos protegem so-
zinhos contracol onizagéo. Outros antigenos, como PspA
e PspC podem proteger contra doenga invasiva e, em
menor grau, contra colonizaggo. Uma vacina contendo
NanA, PsaA, PspA e PspC poderiainduzir niveisde pro-
tecdo contra col onizagdo superiores aos obtidos com cada
um destes antigenos isolados. Sem colonizagdo ndo ha-
veria infecgOes, transmissdo, ou formas alteradas de
pneumococo.

Haainda outros antigenos— pneumolisinae PcpA
— que sdo capazes de proteger contra doencas invasi-
vas, mas ndo contra colonizagdo, em camundongos. Se
0 Mesmo ocorresse em humanos, tais antigenos poderi-
am ser incluidos na formulag&o vacinal sem a preocu-
pacdo de que os pneumococos poderiam alterar estes
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antigenos, uma vez que a selegdo deveria ocorrer na
etapa da colonizacdo (que néo teria efeito naimunida-
de contra estas proteinas em particular). Dessa forma,
ainda que houvesse isolados capazes de col onizar indi-
viduos imunizados, eles ndo seriam capazes de causar
doencainvasiva.

Assim, uma vacina pneumocdcica ideal deveria
incluir antigenos que iduzem uma protecdo solidacontra
colonizacdo (NanA, PsaA), antigenos que protegem con-
tradoengasinvasivas e ndo afetam a colonizago (pneu-
molisina, PcpA), e provavelmente também antigenos
(como PspA e PspC) que tenham algum efeito tanto na
colonizagdo quanto nadoengainvasiva. Tal vacinateria
amaior probabilidade de ser eficaz, a despeito das alte-
ragOes sofridas pelo pneumococo.

Ja que uma vacina eficaz devera conter diver-
sas proteinas pneumocadcicas indutoras de protecéo,
e em alguns casos mais de uma variante de algumas
das proteinasindividuais, aformulacéo final poderia
incluir de 5 a 6 antigenos diferentes. Uma maneira
de reduzir a complexidade desta vacina seria a pro-
ducéo de quimeras, contendo porc¢des de diferentes
proteinas. Dessa forma, o nimero final de antigenos
poderia ser reduzido, e o aumento do tamanho das

proteinas (pela fusdo) provavelmente levaria a um
aumento em sua antigenicidade. O maior problema
com esta estratégia seria garantir que ambas as pro-
teinas incluidas na quimera mantenham sua estrutu-
raoriginal. No entanto, dados da literatura demons-
tram que a utilizagdo de quimeras € uma estratégia
eficiente; num estudo envolvendo fusbes de fragmen-
tos de PspA das familias prevalentes (1 e 2), estas
formul agbes foram capazes de induzir anticorpos fun-
cionais contraambas as proteinas incluidas, além de
ampliar a protecdo contra desafio letal com pneumo-
cocos?,

Outraaplicacdo paraproteinas pneumocacicasin-
dutoras de protecdo envolve suautilizagdo como carrea-
doras para polissacarideos capsulares. Tal vacina seria
capaz de induzir uma protecdo elevada contra pneumo-
coccos dos sorotipos incluidos naformulagéo, enquanto
as proteinas carreadoras deveriam proteger contra os
demais sorotipos. Entretanto, dados recentes demons-
trando que pneumococosinfectando pacientes podem“ es-
capar” de vacinas polisacaridicas alterando seus tipos
capsulares?, podem indicar que ainclusdo de polissaca-
rideos conjugados a proteinas sejauma estratégia vanta-
josa apenas a curto prazo.
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In spite of the development of antibiotics and
two licensed vaccines, morbidity and mortality cau-
sed by Sreptococcus pneumoniae is still a major pro-
blem in Brazl and worldwide!”. The present vacci-
nes rely on the elicitation of antibodies to capsular
polysaccharides of the pneumococcus (23 different
polysaccharides in the vaccine for adults and 7 po-
lysaccharides in the vaccine for children). The vac-
cine for children is a protein-polysaccharide conju-
gate and is highly effective against invasive infecti-
on in children by capsular types in the vaccine. It is
also partially effective against capsular type speci-
fic colonization and as a result elicits significant herd
immunity (2,

Unfortunately, in parts of the world where the
vaccine has been used, the pneumococci are demons-
trating the ability to evolve around the vaccine and
to exploit some of the over 80 pneumococcal capsu-
lar types not represented in the vaccine@. Moreover,
the cost of the 7-valent vaccine is over $200 US per
child, which prevents it from being used in the areas
of the world with the greatest childhood death rate
due to pneumococcal infection. One approach to solve
this problem is to add more polysaccharide conjuga-
tes to the existing vaccine. This approach would make
the final vaccine even more complex and almost cer-
tainly even more expensive. Another strategy is to
develop vaccine based on highly cross-reactive pro-
tection-eliciting protein antigens of the pneumococ-
cus®, Snce the antigens would be recombinant pro-
teins, even a vaccine with several proteins should not
be overly expensive to produce.

Over 20 different proteins have been identified
that show some ability to elicit protection against in-
fection in mice. For virtually all of the protection-
eliciting proteins for which effects on virulence have
been measured, it has been observed that the pro-
teins are also virulence factors. Some of those pro-
teins that have been examined most extensively will
be described here. Many of the protection-eliciting
pneumococcal proteins are cell surface molecules that
are involved with protection of pneumococci from
complement (PspA and PspC)i* %!, adherence to host
molecules (PcpA)(Glover and Briles unpublished),
modification of host molecules (NanA)!®, transport
of nutrients such as manganese and iron (PsaA, PotD,
PiaA, PiuA)[™d, or protection against the bacterici-
dal action of bactericidal peptides such as lactofer-
ricint’®, Other protection-eliciting molecules include
pneumolysin, which is an extracellular toxin [, Al-
though many of the molecules have measurable roles
in both colonization and invasive diseases, some of
them are particularly effective at eliciting immunity
and protection against colonization (NanA, PsaA, and
PspC) (612 131 whereas others are especially effective
at eliciting protection against invasive disease (PspA,
PspC, pneumolysin, PcpA, PhtB, PiaA, and PiuA) (&
14, 15]

Some molecules clearly have more than one
function. PspA inhibits complement activation and
also killing of pneumococci by apolactoferrin [# 0,
Pneumolysin causes inflammation and consumes con+
plement in the local of the pneumococcal infection
(1, PspC binds factor H (allowing it to inhibit com-



NEw ANTIGENIC TARGETSFOR PNEUMOCOCCAL VACCINES 63

plement activation), binds to IgA, and is important in
pneumococcal adherence!® €. As the remaining pro-
teins are examined in more detail, it is likely that many
of them will also be found to have more than one
biologic property.

In the case of immunity to capsule, protection
appears to be largely, if not exclusively, through an-
tibody mediated complement activation and depositi-
on, which in turn results in the opsonophagocytosis
of the pneumococci. Most of the targeted proteins are
on the surface and thus, also afford the potential for
antibodies to them to facilitate direct complement de-
position. It must be pointed out, however, that the re-
peating structure of capsular polysaccharides is much
more conducive to fixation of complement by anti-
capsular antibodies than would be expected to oc-
cur as the result of antibodies to most of the surface
proteins. The surface proteins generally do not con-
tain repeating units and may frequently be too far
apart for efficient binding of C1q to adjacent Fc-
regions. However, this latter constraint might be par-
tially overcome if immunization is with more than one
protein so that Fc-regions of antibodies to different
proteins can participate in complement deposition.

Immunity to most proteins is probably largely
due to antibody-dependent interference with the me-
chanism of action of the targeted virulence protein.
The best example of this is pneumolysin, which acts
as an extracellular toxin. Since it is not present on
the pneumococcal surface, antibody to pneumolysin
cannot act by directly enhancing complement depo-
sition on the surface, and must exert its effect by neu-
tralizing the toxic properties of the molecule™!. Other
examples may include protection-eliciting surface
enzymes and proteins involved in nutrient trans-
portl68l,

Recent studies have shown that immunization
with mixtures of two or three of these protection-eli-
citing molecules can have synergistic effects on pro-
tection!*> 7. 18 This observation is probably due in
part, to the fact that the different molecules gene-
rally have different virulence properties and blocking
more than one function with the elicited antibodies
can have additive effects on protection. PspA, PspC,
and pneumolysin all help protect pneumococci from
attack by complement. Immunization with combinati-
ons of these three proteins results in synergistic pro-
tection!*> 171 and mutations in the three genes have

synergistic effects on complement deposition(® . |t
could also result from the possibility that, with an
immune sera with antibodies that recognized many
different surface proteins, it would be more likely for
C1q bound to the Fc region of one anti-protein anti-
body to find an adjacent Fc region to bind, thereby
triggering classical pathway complement activation.

Although many protection-eliciting molecules
are relatively conserved™ 29, others, including PspA
and PspC are cross-reactive but also somewhat vari-
able in their structure and antigenic determinants?-
21, This variability may arise because of an attempt
of the molecules to evade protective immunity elicited
by prior infections. Thus, antigens showing diversity
may be an indication that the proteins are likely to
elicit protection when injected in humans. Thus, an
effort to avoid all proteins that show more than limi-
ted antigenic variability may be a mistake.

Like the polysaccharide-containing vaccines,
the protein-based vaccines will be expected to cause
the pneumococci to evolve to express only surface
antigens that do not cross-react with the immunizing
proteins. By carefully designing the vaccine howe-
ver, this potential can be minimized. One approach
would be to contain more than enough different anti-
gens to protect against all pneumococci. In this way,
if an individual strain figured out how to alter or eli-
minate one of the vaccine antigens, the immunity eli-
cited by the others would still kill it, thus preventing
it from surviving to infect others and to eventually
lose other target antigens.

To obtain herd immunity to pneumococcal in-
fection it is anticipated that it will be important to
elicit protection against carriage. The conjugate vac-
cine elicits partial protection against colonization in
humans and in mice!?* 251, Antigens exist, NanA and
PsaA, which when used to immunize mice can alone
provide virtually complete protection against coloni-
zation. Other antigens like PspA and PspC can pro-
tect against invasive disease but also provide some
degree of protection against colonization. A vaccine
that contained NanA, PsaA, PspA and PspC might
provide such strong protection against colonization
that even strains that escaped immunity caused by
one of these immunogens would still be prevented from
colonizing. With no colonization there would be no
infections, no transmission, and no evolution of alte-
red forms of the pneumococci.
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There are other antigens, pneumolysin and
PcpA that are able to elicit protection against invasi-
ve disease but are relatively non-effective at eliciting
protection against colonization in mice. If this worked
the same in people, then such antigens could be in-
cluded in vaccines without much concern that the
pneumococci would evolve around these particular
antigens, since selection would be expected to be at
the level of colonization (which immunity to the anti-
gens would not affect). Thus, even if there were strains
that could manage to colonize immunized individuals
they would not be expected to successfully infect.

Thus, ideally a successful vaccine should in-
clude antigens that elicit solid protection against co-
lonization (NanA, PsaA), antigens that elicit protecti-
on against invasive disease but do not effect coloni-
zation (pneumolysin, PcpA), and probably also anti-
gens (such as PspA and PspC) that have some effect
on both invasive diseases and colonization. Such a
vaccine might have the highest chance of being hi-
ghly efficacious as well as having the highest chan-
ce of being resistant to the potential of evolution of
pneumococci to escape the vaccine.

Since a successful protein vaccine will proba-
bly contain several different protection-eliciting pneu-
mococcal proteins and in some cases more than one
variant of some of the individual proteins, it could
wind up containing 5 or 6 different proteins. One way

to reduce the complexity of the vaccine at the stage
of manufacturing it, will be to make fusions of diffe-
rent proteins. This will reduce the total number of re-
combinant molecules that need to be produced and
will increase the size of the proteins, thereby proba-
bly increasing their antigenicity. The major problem
with this approach is that some fusions might adver-
sely effect the conformation of one or both proteins.
Evidence that this approach may be feasible, howe-
ver, has come from a recent study where two alleles
of PspA have been fused together to make a single
peptide. The fusion molecule elicits antibodies to both
proteins and provides broader protection than immu-
nization with either protein by itself?8.

Another application for protection-eliciting
pneumococcal proteins may be to use them as carri-
ers for the most common pneumococcal capsular
polysaccharides. Such a vaccine would be able to
provide solid protection against pneumococci with
the included capsular polysaccharides, and the pro-
tein carriers should be able to provide broad pro-
tection against the remaining pneumococci. Howe-
ver, recent data, that pneumococci infecting pati-
ents can evolve around effective polysaccharide
containing vaccines by switching to other capsular
types!?, may indicate that the inclusion of the poly-
saccharide along with the protein may provide only
a temporary advantage.

BiBLIOGRAPHICAL REFERENCES

1. Constenla D, Gomez E, Pio dela Hoz F, O’Loughlin R, Snha A,
Valencia JE, et al. The burden of pneumococcal disease and the
cost effectiveness of a pneumococcal vaccine in Latin America
and the Carabbean. Second Regional Pneumococcal Symposium,
2006 Sao Paulo.

2. Sngleton RJ, Hennessy TW, Bulkow LR, Hammitt LL, Zulz T,
Hurlburt DA, et al. Invasive pneumococcal disease caused by
nonvaccine serotypes among alaska native children with high
levels of 7-valent pneumococcal conjugate vaccine coverage.
JAMA 2007;297:1784-92.

3. BrilesDE, Paton JC, Swiatlo E, Crain MJ. Pneumococcal Vaccines.
In: Fischetti VA, Novick RP, Ferretti JJ, Portnoy DA, Rood JI,
editors. Gram Positive Pathogens. 2nd ed. Washington, D. C.:
ASM Press, 2006: 289-98.

4. Ren B, Szalai AJ, Hollingshead K, Briles DE. Effects of PspA and
antibodies to PspA on activation and deposition of complement
on the pneumococcal surface. Infect Immun 2004;72:114-22.

5. Quin LR, Moore QC, 3rd, McDaniel LS. Pneumolysin, PspA, and
PspC contribute to pneumococcal evasion of early innateimmune
responses during bacteremia in mice. Infect Immun 2007
Apr;75(4):2067-70.

6. Long JP, Tong HH, DeMaria TF. Immunization with native or
recombinant Streptococcus pneumoniae neuraminidase affords
protectionin the chinchilla otitis media model. Infect Immun 2004
Jul; 72(7):4309-13.

7. Johnston JW, Myers LE, Ochs MM, Benjamin WH, Jr., BrilesDE,
Hollingshead K. Lipoprotein PsaAin Virulence of Sreptococcus
pneumoniae: Surface Accessibility and Role in Protection from
Superoxide. Infect Immun 2004 Oct; 72(10):5858-67.



NEw ANTIGENIC TARGETSFOR PNEUMOCOCCAL VACCINES 65

8. Jomaa M, Terry S, Hale C, Jones C, Dougan G, Brown J.
I mmunization with theiron uptake ABC transporter proteins PiaA
and PiuA prevents respiratory infection with Streptococcus
pneumoniae. Vaccine 2006 Jun 12;24(24):5133-9.

9. Shah P, Swiatlo E. Immunization with polyaminetransport protein
PotD protects mice against systemic infection with Streptococcus
pneumoniae. Infect Immun 2006 Oct; 74(10): 5888-92.

10. Mirza S, Hollingshead SK, Benjamin WH, Jr., Briles DE. PspA
protects Sreptococcus pneumoniae fromkilling by apolactoferrin
and antibody to PspA enhances killing of pneumococci by
apolactoferrin. Infect Immun 2004;72(9): 5031-40.

11. Paton JC, Briles DE. Srreptococcus pneumoniae vaccines. In:
Ellis RW, Brodeur BR, editors. New Bacterial Vaccines.
Georgetown, Texas: Landes Bioscience, 2003: 294-310.

12. Oliveira ML, Areas AP, Campos | B, Monedero V, Perez-Martinez
G Miyaji EN, et al. Induction of systemic and mucosal immune
response and decrease in Sreptococcus pneumoniae col onization
by nasal inocul ation of micewith recombinant lactic acid bacteria
expressing pneumococcal surfaceantigen A. Microbes|nfect 2006
Jan 18.

13. Balachandran P, Brooks-Walter A, Virolainen-Julkunen A,
Hollingshead SK, Briles DE. The role of pneumococcal surface
protein C (PspC) in nasopharyngeal carriage and pneumonia
anditsability to elicit protection against carriage of Streptococcus
pneumoniae. Infect Immun 2002; 70: 2526-34.

14. Briles DE, Hollingshead K, King J, Swift A, Braun PA, Park
MK, et al. Immunization of humanswith rPspA elicitsantibodies,
which passively protect mice from fatal infection with
Streptococcus pneumoniae bearing heterologous PspA. J Infect
Dis 2000; 182:1694-701.

15. Ogunniyi AD, Grabowicz M, Briles DE, Cook J, Paton JC.
Devel opment of a vaccine against invasive pneumococcal disease
based on combinations of virulence proteins of Sreptococcus
pneumoniae. Infect Immun 2007 Jan; 75(1): 350-7.

16. Quin LR, Onwubiko C, Moore QC, Mills MF, McDaniel LS,
Carmicle S. Factor H binding to PspC of Streptococcus
pneumoniaeincreases adherence to human cell linesin vitro and
enhances invasion of mouse lungs in vivo. Infect Immun 2007
Aug; 75(8):4082-7.

17. Briles DE, Hollingshead K, Paton JC, Ades EW, Novak L, van
Ginkel FW, et al. Immunizations with pneumococcal surface
protein A and pneumolysin are protective against pneumoniaina

murine model of pulmonary infection with Streptococcus
pneumoniae. J Infect Dis 2003;188(3): 339-48.

18. BrilesDE, AdesE, Paton JC, Sampson JS, Carlone GM, Huebner
RC, et al. Intranasal immunization of mice with a mixture of the
pneumococcal proteins PsaA and PspAishighly protective against
nasopharyngeal carriage of Sreptococcus pneumoniae. Infect
Immun 2000; 68(2): 796-800.

19. Li J, Glover DT, Szalai AJ, Hollingshead K, Briles DE. PspA
and PspC minimize immune adherence and transfer of
pneumococci from erythrocytes to macrophages through their
effectson complement activation. Infect Immun 2007;75(12):5877-
85.

20. Morrison KE, Lake D, Crook J, Carlone GM, Ades E, Facklam
R, et al. Confirmation of psaAin all 90 serotypes of Sreptococcus
pneumoniae by PCR and potential of thisassay for identification
and diagnosis. J Clin Microbiol 2000;38(1):434-7.

21. Hollingshead K, Baril L, Ferro S, King J, Coan P, Briles DE.
Pneumococcal surface protein A (PspA) family distribution among
clinical isolates from adults over 50 years of age collected in
seven countries. J Med Microbiol 2006 Feb;55(Pt 2):215-21.

22.Hollingshead K, Becker RS BrilesDE. Diversity of PspA: mosaic
genes and evidence for past recombination in Streptococcus
pneumoniae. Infect Immun 2000; 68: 5889-900.

23. lannélli F, Oggioni MR, Pozzi G. Allelic variation in the highly
polymorphic locus pspC of Streptococcus pneumoniae. Gene
2002;284(1-2):63-71.

24. Dagan R, Givon-Lavi N, Zamir O, Skuler-Cohen M, Guy L,
Janco J, et al. Reduction of nasopharyngeal carriage of
Streptococcus pneumoniae after administration of a 9-valent
pneumococcal conjugate vaccine to toddlers attending day care
centers. J Infect Dis 2002;185(7):927-36.

25. Wu H-Y, Nahm M, Guo Y, Russell M, Briles DE. Intranasal
immuni zation of mice with PspA (pneumococcal surface protein
A) can prevent intranasal carriage, pulmonary infection, and
sepsiswith Sreptococcus pneumoniae. J Infect Dis 1997;175:839-
46.

26. Darrieux M, Miyaji EN, Ferreira DM, Lopes LM, Lopes AP, Ren
B, et al. Fusion proteins containing family 1 and family 2 PspAs
elicit protection against Streptococcus pneumoniaethat correlates
with antibody-mediated enhancement of complement deposition.
Infect Immun 2007 Oct 8;75:5930-8.



@\ ====Ne/

DESENVOLVIMENTO DE VACINA DENDRITICA
coNTRA HIV No NORDESTE DO BRASIL: LICOES

APRENDIDAS
Presidente Ciro de Quadros,

Presidente, Diretor-Executivo e Diretor de ProgramasInternacionais
Instituto de VacinasAlbert B. Sabin, Washington, D.C., EUA

@eN====No=

DeveELorPMENT oF DENDRITIC VACCINE AcaINsT HIV
IN NORTHEAST OF BrAZIL: LESSONS L EARNED

President Ciro de Quadros,
President and CEO, a.i., Director of International Programs,
Albert B. Sabin Vaccine Institute, Washington, D.C., USA

ARTIGO / PAPER

V ACINA CELULAR DENDRITICA PARA TRATAMENTO DE INFECCAO POR HIV:
EXPERIENCIA E RESULTADOS PRELIMINARES
A DENDRITIC CELL-BASED VACCINE FOR TREATING HIV INFECTION:
BACKGROUND AND PRELIMINARY RESULTS
LUIZ CLAUDIOARRAESDEALENCAR



67

V ACINA CELULAR DENDRITICA PARA TRATAMENTO DE INFECCAO POR HIV:
EXPERIENCIA E RESULTADOS PRELIMINARES

Luiz Claudio Arraes de Alencar
Departamento de Medicina Tropical,
Professor daUniversidade Federal de Pernambuco, Pernambuco, Brasil

Resumo

A resposta de anticorpos contra o virus-1 (HIV)
daimunodeficiénciahumanaéineficaz e arespostaimu-
ne celular ndo é suficientemente forte para atingir a su-
pressdo completa ou pelo menos um forte controle de
replicacdo viral em pacientes infectados pelo HIV. Em
2001, o grupo com o qual coopero demonstrou in vitro
gue as células dentriticas (DCs) de pacientes infectados
por HIV, carregadas com HIV autélogo quimicamente
inativado por aldrithiol-2, foram capazesde elevar ares-
posta imune celular especifica de HIV de tal forma a
permitir a destruicdo de células CD4 T infectadas por
HIV autélogas. Em 2003, 0 grupo mostrou que macacos
infectados com o virus (SIV) da imunodeficiéncia em
simios, vacinados com DCs autdlogas carregadas com
SIV inativado elevavam aresposta celular especificade
SIV de forma substancial. Dez meses ap0s a vacinagao,
acargavira de plasmade 7 dos 10 macacos vacinados
permaneciamil vezes menor do que noinicio.

Em dezembro de 2004, n6s publicamos os resul -
tados observados em 18 pacientes infectados com o
HIV que ndo haviam sido tratados, vacinados com DCs
derivadas de mondcitos aut6logos, carregados com HIV
autdlogo inativado. Um ano apds a vacinagéo, 8 paci-
entes apresentaram uma reducdo de 90% na carga Vvi-
ral de plasma; dentre eles, 4 apresentaram carga viral
<1000 copias ml-L. Além disso, no final de aproximada-
mente um ano, o declinio dacargaviral dos 18 pacien-
tes estava fortemente correl acionada com suas percen-
tagens de células CD8+ especificas para gag-HIV-1,
expressando perfurina e as células CD4 TH1 especifi-
cas para HIV-1 mostrou inativado. Esta é a primeira
demonstracéo da capacidade de uma vacina terapéuti-
caparainduzir umaresposta efetiva da célula T espe-

cificado HIV, associado com a supressao viral susten-
tada em pacientes viréticos ndo tratados. A manipul a-
cdo de células que apresentam antigenos, para desco-
brir as respostas celulares especificas de virus, € uma
ferramenta promissora para controlar as infecgoes vi-
rais persistentes.

ExPERIENCIA

INFECCOES VIRAIS

Osvirus sao, obrigatoriamente, patogénicosintra-
celulares e, portanto, dependem de héspedes vivos para
sua propagacao.

As infecgdes virais transientes causadas por vi-
rus citopéticos como variolaou poliomielite geram apro-
ducdo precoce de grandes quantidades de anticorpos
especificos que permitem a répida erradicacéo do vi-
rus. Os pacientes que sobrevivem a essas infecces
s80 imunizados.

AsinfecgOes virais persistentes como as do her-
pes simplex 1 e 2 (HHV1 e 2) ou as infecgbes pelo
virus da varicela/zoster (HHV 3), séo causadas por vi-
rus citopéticos intermitentes. Depois da infec¢do pri-
méria, areplicacdo desses virus dentro de suas células
alvo é fortemente controlada pela pressdo permanente
de células T especificas que as mantém num estado
latente. De fato, assim que ocorre uma mais prolonga-
da ou transiente fragueza, disturbio ou perda de fun-
¢Oes imunes anti-virais (tanto provocadas pelo enve-
Ihecimento, terapias imunossupressoras ou infeccoes
iMUNOSSUPressoras), esses Vvirus reiniciam suareplica-
¢cdo com seus efeitos citopaticos associados (antes de
serem novamente controlados ou néo, dependendo do
nivel de dano do sistemaimune).
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Asinfecgdes virais persistentes causadas por virus
nao-citopaticos incluem dois virus devastadores. o virus
da hepatite B (HBV) e o virus da hepatite C (HCV). O
sistema imune exerce um forte controle sobre a replica-
¢aovira namaioriadosindividuosque seinfiltraram pelo
HBV. Entretanto, 0 mesmo nao é suficientemente eficaz
numa minoria deles e em quase todos os pacientes com
HCV, com aconseqiiénciaque areplicacdo viral em célu-
lasinfectadas e aliberac&o viral mensuréavel no meio ex-
tracelular persistem por todaavida. Este étambém o caso
do virusdaimunodeficiénciahumanal 1 (HIV-1) que atu-
almente é cada vez mais visto como um virus citopético
fraco por muitosimunol ogistas™, embora por muito tem-
po hajasido considerado como um virus citopéatico pelos
virologistas. E importante observar que osdanoscelulares
provocados por essas trés infecgOes persistentes ndo re-
sultam diretamente de replicacdo viral, mas de imunopa-
tologia associada com aliberacdo crénicado viruseres-
postainadequada do sistemaimune.

INFECCAO POR HIV

Dentre as 65 milhdes de pessoas que foram infec-
tadas pelo HIV desde o inicio da epidemia no final da
década de 1970, 25 milhdes ja morreram até agora de
AIDS e 38,6 milhdes—incluindo 25 milhdes na Africa—
estdo vivendo atual mente com HIV com umaincidéncia
de4,1 milhdes adquirindo o virus e 2,8 milhdes morrendo
de AIDS a cada ano.2

O HIV-1 penetra no corpo através da mucosa se-
xual, sangue e da mucosa digestiva e/ou oral-faringeo
(pelo menos em recém-nascidos). A transmisséo hete-
rossexua é atualmente a modalidade de contaminacdo
mais frequiente na Africa. A taxa de contaminagdo de
um paciente infectado para seu(s) parceiro(s) heteros-
sexuais é significantemente associada com o nivel da
carga viral do plasma (PVL) do parceiro infectado e
PVLs <1500 HIV RNA coépia mL-!" foram associados
com a auséncia de contaminagdo do parceiro sexual .¥

Uma importante caracteristica deste virus € que
suaprincipal célulaalvo—dentro daqual sereproduz—é
uma das células que regem o sistemaimune, o linfécito
CDA4. Durante a primeira fase da infecgdo priméria, o
HIV infecta uma proporgéo pequena de linfocitos CD4
com um fenétipo de memdria. Os anticorpos contra o
virus ndo sdo capazes de neutraliza-10® e o controle da
replicacdo viral em linfécitos CD4 se baseia, portanto,
na atividade de linfécitos CD8 T citotdxicos/supresso-

res®, conforme demonstrado pelo grande aumento na
viremiaque ocorre em model os animais deinfecgdo com
ovirusdaAlDS, ap6sremocado experimental das células
CD8 T ; entretanto este controle é parcial e melhor
com uma atividade de célula T citotdxica especifica
(CTL) com danos variados em diferentes pacientes de-
pendendo, pelo menos em certa medida, das caracteris-
ticas do sistema imunoldgico de cada paciente infecta-
dof®. Portanto os pacientes tém uma grande variagdo de
linfécitos CD4 infectados por HIV e eventuamente de
producdo viral por essas células. Por razbes que estdo
comegando a ser compreendidas® 1%, a liberagdo per-
sistente de HIV-1 provoca o desaparecimento progres-
sivo de células (ndo-infectadas) CD4 T e finamente a
destruicdo da arquitetura e das fungdes dos 6rgéos lin-
foides. Os niveisde PVL (que representam areplicagdo
viral global) observados apés a conclusao dafase dein-
fecgdo priméria, no inicio da fase crénica da infecgéo,
sdo altamente preditores da taxa de reducéo de células
CD4 e eventualmente do tempo apds o qual as manifes-
tacOes de AIDS (tais como certos tipos de cancer indu-
zidos por virus e vérios tipos de infecgdes que sdo nor-
mal mente controladas pelo sistemaimune) se desenvol-
vem!*, O prazo médio dainfeccdo por HIV para mani-
festacBes de AIDS é de aproximadamente 8 a 9 anos
nos paises ocidentais (e provavelmente mais curto em
areas menos desenvolvidas do mundo). Entretanto, exis-
tem grandes variages nos resultados. Uma peguenapor-
centagem de pacientes com taxas atas de replicagéo e
altos PVLs (acima de 200.000 copias de RNA de HIV
mL-1) tem seu sistemaimune destruido dentro de 3 anos
e sao referidos como progressoresrapidos (Fig. 1, linhas
vermelhas). Em contraste, 0s poucos pacientes com ta-
xas bem baixas de replicagdo viral e baixos niveis de
PVL (algumasvezes <1000 copiasde RNA deHIV mLM)
tém a sua contagem de células CD4 permanecendo qua-
se estavel aproximadamente 20 anos apds a contamina-
¢a0. Taisniveisbaixosde PVL limitam consideravelmente
seu risco de contaminar outras pressoas?. Esses pou-
Cos paci entes sGo denominados ndo-progressores delongo
prazo (Fig. 1, linhas verdes).

Os tratamentos anti-retrovirais (ARTS) sdo atual-
mente dados relativamente tarde (entre 300 e 200 célu-
las CD4 mL™, dependendo das diferentes diretrizes pre-
valecentes em cada pais) no curso da infeccdo, pois ja
foi demonstrado que sua eficacia pararestaurar parcial-
mente um sistema imune competente € quase 0 mesmo,
se 0s ARTs forem dados mais cedo ou mais tarde). Na
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realidade, 0SARTS (quando el es estdo funcionando bem
e quando sdo tomados diariamente durante toda a vida)
levam auma diminuic&o rapida e alongo prazo darepli-
cacdoviral, permitindo que o sistemaimune se estabilize
ou se regenere suficientemente para evitar uma evolu-
¢do para a AIDS. Ao mesmo tempo, 0s ARTs também
levam a reducdo da concentracdo de virus em fluidos
sexuais, 0 que diminui o risco de contaminagéo de pesso-
as saudaveis.

Entretanto, os ARTs ainda ndo estdo disponiveis
para a maioria dos pacientes que vivem em paises sub-
desenvolvidos, onde o nimero de pacientes infectados
ainda esté subindo, e hatambém um indice crescente de
pacientestratados sofrendo deresisténciaviral e/ou efei-
tos paralelos de longo prazo dosARTS. | sso fez com que
as ingtituicdes nacionais e internacionais de pesquisas,
bem como as firmas farmacéuticas, percebessem asva-
cinas como uma solugéo potencial.

DEFINICAO DE UMA VACINA

Umavacina contraumainfecgdo viral € um pre-
parado farmacéutico contendo um antigeno (que pro-
vocard uma resposta especifica do sistemaimune con-
tra o virus selvagem); este antigeno pode ser o préprio
virus, assim que houver sido inativado (de modo queele
n&o possa mais se multiplicar no corpo com os efeitos
negativos concomitantes) ou artificialmentefeito de par-
ticulas tipo virus; ele pode ser um virus enfraguecido,
isto é, ele perdeu seu poder patol6gico, mas pode se
multiplicar dentro do corpo. Finalmente, o antigeno pode
também ser constituido de proteinas virais ou de &cidos
nucléicos que os geram. Os preparados de vacina sem-
preincluem, em associagao com o antigeno, um ou mais
adjuvantes biol dgicos, quimicos ou minerais. O seu pa-
pel é estimular a transformagéo/apresentada do imu-
nogeno por células especializadas apresentadoras de
antigenos (taiscomo células B, células dentriticas [DCs]
ou células de Langerhans), a producgédo de CTLs capa-
zes de destruir as células dentro das quais 0s virus se
multiplicam ou aatividade de linfécitos B envolvidos na
producao de anticorpos capazes de neutralizar os virus
circulantes.

V ACINAS PREVENTIVAS

Até esta data, quase todas as vacinas preventivas
existentes eram desenvolvidas no sentido dos virus cito-

paticos que causavam as infecgles transientes (como a
poliomielite). Essas vacinas protegem as pessoas bas-
tante efetivamente contra os virus que o sistemaimune
teria na realidade erradicado espontaneamente (depois
que o virus produziu os seus ef eitos clinicos nocivos). A
administracdo de tais vacinas preventivas em pessoas
saudaveis provocaarapida producéo de grandes quanti-
dades de anticorpos dirigidos contra o virus. Por meses
0Ou anos apos a vacinagdo, mesmo niveis baixos de anti-
corpos circulantes especificos podem neutralizar/elimi-
nar o virus, assim que ele entra no corpo de pessoas
vacinadas. As vacinas contra a poliomielite em sua ver-
sdo Salk (virusinativado injetado de forma subcutanea)
ou em suaversao Sabin (virusenfraquecidos administra-
dos oralmente) séo excelentes exempl os de vacinas pre-
ventivas. Elas foram bem sucedidas na erradicacao total
dapoliomielite em paises desenvolvidos. Por duas déca-
das, jaexiste umavacina preventiva contrao HBV, pro-
tegendo a grande maioria de pessoas vacinadas contraa
infecgéo.

Até 0 momento ndo existe nenhuma vacina pre-
ventivacontrao HIV, e os diversos protétipos que foram
experimentados em milhares de pessoas com alto risco
nado |hes proporcionaram nenhuma protecéo'?. Entre-
tanto, o fato de que algumas prostitutas altamente ex-
postas permanecem livres dainfecgdo por HIV, com ni-
veisaumentados de CTLsanti-HIV, sugere gue umares-
postaimune celular pura pode oferecer protecéo em cer-
tas situacfes!*¥. O grupo com o qual coopero esta atual-
mente tentando reproduzir este fendmeno imunizando
(através da vagina) macacos fémeas com o virus inati-
vado daimunodeficiénciasimia(SIV).

V ACINAS TERAPEUTICAS

O conceito de vacinas terapéuticas se aplicaado-
encas que sdo cronicas (devido a uma falta de resposta
Ou a uma resposta esponténea insuficiente do sistema
imunol 6gico). De fato, amaioriados protétipos de vaci-
nas terapéuticas que foram desenvolvidas nos ultimos
anos almejavam certos tipos de cancer com resultados
decepcionantes. Entretanto, alguns novos desenvolvimen-
tos parecem promissores. Relativamente avacinas tera-
péuticas contrainfec¢esvirais cronicas, a pesguisaesta
s6 comegando.

A meta da vacina terapéutica contra HIV é aju-
dar o sistemaimunol 6gico de pacientesinfectados cro-
nicamente aproduzir anticorpos capazes de neutralizar
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o virus e/ou oslinfocitos T matadores, capazes de des-
truir os linfécitos CD4 infectados por HIV. A adminis-
tracdo de uma vacina terapéutica eficiente (provavel-
mente a ser repetida todo ano ou a cada dois anos) em
pacientes infectados por HIV deveria (caso bem-suce-
dida) levar aumareducéo naliberacdo e nareplicacio
viral. Isto resultaria na estabilizagao/reconstituicao par-
cial do sistemaimunol dgico, permitindo aos pacientes
vacinados evitar ou adiar os ARTs;, uma vacina tera-
péutica bem sucedida causaria também o declinio das
concentragfes de HIV em fluidos sexuais que deveri-
am diminuir o risco de pacientes vacinados contamina-
rem outras pessoas. Em resumo, amelhor possibilidade
para uma vacina terapéutica contra o HIV seria trans-
formar os pacientes vacinados em ndo-progressores de
longo prazo.

RESULTADOS EXPERIMENTAIS

Estupos“ INVITRO”

A atividadeinsuficiente de CTLscontralinfoci-
tos CD4 infectados por HIV, e aimpossibilidade pos-
terior de controle espontaneo da replicagdo de HIV
(que leva a persisténcia da infecc&o) foi a base sobre
aqual desenvolvemos nossa pesquisa. Em 2000, o gru-
po com o qual coopero levantou a hipétese de que a
apresentacdo de antigeno especifico de virus com si-
nalizag&o inapropriada ou inadequada poderia contri-
buir paraafalha persistente em montar imunidade efi-
ciente anti-HIV em pacientesinfectados por HIV (ex-
ceto em poucos com ndo-progressao de longo prazo
gue hajam retido esta capacidade).

O grupo com o qual coopero realizou um estudo
in vitro com 10 pacientes ndo tratados e com 20 paci-
entes tratados por ART. O virus de cada paciente,
assim que foi cultivado em quantidade suficiente, foi
inativado por aldrithiol-2 (AT-2), um compaosto quimi-
co que modifica cisteinas de dedo de zinco do “ nucle-
ocapsid” sem afetar a conformag&o das glicoprotei-
nas do envelopel*.

O virus inativado foi entao carregado em DCs
derivadas de mondcitos autélogos que lhes permite
apresentar antigenos HIV para células CD8 T autdlo-
gas em associagdo com as moléculas de classe | do
complexo principal de histocompatibilidade. O resulta-
do final foi a expansdo e a maturac&o/diferenciacdo
terminal de CTLs CD8 especificos para o virus, que

tornaram-se capazes de matar células infectadas por
HIV e de erradicar o virus da cultura das células mo-
nonucleares periféricas do paciente, independentemen-
te de estagios da doenca dos pacientes e da situacéo
da resposta ART. Entretanto, apos tratamento de 2
dias com uma cultura de sobrenadante derivada de cé-
lulas T imunoativadas (paraimitar o ambientein vitro
de tecidos linféides imunoativados e disseminados de
HIV), as DCs perderam sua capacidade de apresen-
tar novamente antigenos derivados de virus inativa-
dog®¥. Os resultados destes experimentos fornece-
ram o conhecimento das intera¢des de DCs com célu-
las T nafase crénica dainfec¢do por HIV-1 e abriu a
possibilidade de uma restauracgéo in vivo de imunida-
de anti-HIV em pessoas infectadas.

V ACINACAO DE MACACOS INFECTADOS

Em 2001, o grupo realizou umatentativadevacina
terapéutica em macacos chineses infectados por SIV,
que sdo o melhor modelo animal de infecgdo HIV-11€.
Dois meses apds haverem sido infectados pelo SIV 251,
10 macacos receberam umavacinafeitade DCs deriva
das de mondcitos autélogos, carregadacom SV inativa-
do por AT-2. Essavacinafoi aplicada de forma subcuta-
nea cinco vezes em interval os de 2 semanas; quatro ou-
tros macacos receberam DCs ndo carregados como con-
trole. Um ano ap0s a vacinagdo terapéutica, a carga de
SIV do plasmade 10 macacos vacinadosdiminuiu acima
de 99% (P<0,001), ao passo que a mesma permaneceu
estavel nos quatro macacos de controle. Além disso, a
andlise de bi6psias de n6dul oslinfati cos demonstrou um
forte declinio da carga de RNA ou de DNA de SIV a
células associadas, que se correl acionavam inversamen-
te com afregiiénciade células T exprimindo interferon-
y especifico do SIV (medidas por um ensaio de ELIS-
POT). A rede de DC folicular e os centros germinativos
dos 10 macacos vacinados foram bem preservados, ao
contrario dos quatro macacos de controle*”.

ExpPerIENCIA CLINICA

Em setembro de 2002, apds receber aprovacdo
do Comité Nacional de Etica do Brasil, nos langcamos
uma experiéncia clinica da fase I/lIl, em Recife. De
setembro de 2002 a janeiro de 2003, 18 pacientes ndo
tratados infectados por HIV foram incluidos na experi-
éncia. Elestinham idades de 18 aos 41 anos; eles eram
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positivosparaHIV ha, aproximadamente em média, dois
anos; eles ndo haviam recebido ARTS; a sua contagem
decélulas CD4 variavade 270 a 1009 células mli (mé-
diade 523) e seus PVL variavam de 11.000 a 300.000
copias de RNA viral miit (média de 48.000). A prepa-
racdo desta “auto-vacina’ foi complexa e cara; ela
incluiu diversos passos. Primeiramente, 10129 células
mononucleares foram colhidas por umaleucoferese de
3 horas. Aproximadamente 108 mondcitos foram entdo
isolados por adesao plastica. Depoisde 5 dias de cultu-
racom interleucina(IL) 4 e com o fator estimulante de
coldnia de mondcito granul 6cito (GM-CSF), os moné-
citos foram transformados em DCs imaturas. As DCs
imaturas derivadas de monécitos foram entdo coloca-
das em contato com cada virus autélogo por 2 horas
(que haviasido cultivado anteriormente e quimicamen-
teinativado por AT-2); as DCsimaturas carregadas com
HIV-1 inativado(s) foram entdo cultivadas com GM-
CSF, IL-4, IL-14, IL-6 e com fator de necrose tumoral
A por outros dois dias. Finalmente esta preparacéo va-
cinal constituidapor 3 x 10" DCs carregadas com HIV-
1 autdlogos inativados, foi injetada de forma subcutéa-
nea na raiz de ambos os bracos e de ambas as coxas
(0,25 mL/local) de cada paciente. Duas outras injecoes
do mesmo numero de DCs carregadas de HIV-1 inati-
vados foram dadas em interval os de duas semanas. To-
dos os pacientes foram acompanhados pelo prazo de
um ano a partir de entdo, sem ART.

A Unicamanifestacdo clinica associadacom ava-
cinafoi um pequeno mas significativo aumento no tama-
nho dosnédul oslinfaticos periféricosque aindapersistiu
por um ano. Nenhum sintomade imunodeficiénciamais
brando nem de AlDS clinicafoi desenvolvido durante o
periodo de estudo. Quatro meses apds a primeira vaci-
nacdo, o PVL médio dos 18 pacientes diminuiu em 80%
(P < 0,01) e acontagem de seus linfécitos CD4 se esta-
bilizou. Um ano apds a primeiravacinagdo, aconcentra-
¢ao viral sereduziu em mais de 90% em 8 dos 18 paci-
entes. Eles ainda estavam todos livres de ART.

Em gquatro pacientes a carga viral ficou abaixo
de 1000 particulas ml-1, ao passo que a carga viral dos
outros comegou a aumentar novamente.

Durante 0 ano seguinte & vacinagdo, o percentu-
a de células CD4 expressando y-interferon especifico
de HIV-1 teve um grande aumento, e depois de 1 ano,
ele se correlacionou altamente com a diminuicdo em
PVL. Semelhante foi 0 caso de células CD4 expres-
sando |L-2 especifico de HIV-1.

Por outro lado, o percentual de células CD8 espe-
cificasde HIV-1 expressando y-interferon aumentou so-
mente marginal mente em comparagdo com o ano de es-
tudo. Semelhantefoi o caso do percentual decélulasCD8
gag-tretdmer especificos de HIV-1 expressando y-inter-
feron nos 10 pacientespositivosHLA-A 0201; aémdis-
so, em 1 ano, a correlagdo desta porcentagem com a
mudanca de PVL ndo foi significativa. Em contraste,
entre os 10 pacientes nos quais a expressao de perfurina
foi testada, o percentual de células CD8 T especificas
deHIV-1, expressando perfurina, aumentou nitidamente
durante o estudo, e no final de 1 ano, correlacionava-se
fortemente com a mudanga em PVL.

Nés entdo queriamos descobrir se qualquer paré-
metro biolégicoinicial poderiaprever asrespostasde PVL
e descobrimos que as Unicas variaveis que se correlaci-
onavam positivamente com a diminui¢do durante o ano
de PVL eram a contagem de célula CD4 (P = 0,029) e
marginalmente, o percentual de células CD4'T expres-
sando IL-2 especifico de HIV-118,

CoNcLUSAO

Esta é a primeira demonstracdo em pacientes vi-
réticos ndo-tratados de que uma vacinaterapéutica é ca-
paz de induzir umarespostaefetivadacélulaT especifi-
ca de HIV-1 associada com a supressdo viral sustenta-
da. O dano de fung¢des das DCs associadas com ainfec-
¢do por HIV-1, que resultou nafalta de eficicia dos lin-
focitos matadores em comparagdo com oslinfécitos CD4
infectados pelo HIV, foi parcia mente restaurado pelava
cina terapéutica. Esta vacina baseada em DC provocou
aproliferacdo e amaturacio de CTLs que tinham agora
adquirido a capacidade de destruir os linfcitos CD4 in-
fectados por HIV em pacientes vacinados. Um ano ap6s
avacinagao, avacinaterapéutica permaneceu eficaz em
guase metade dos pacientes vacinados.

O fato de, um ano apos a vacinagdo, 0 percen-
tual de células CD8+T especificas de HIV-1 expres-
sando perfurinater sido positivamente rel acionado com
o declinio em PVL enfatiza o papel relevante de fato-
res que expressam perfurina no controle da replica-
¢do deHIV-1invivo. Além disso, arelacdo significa-
tiva entre a supressao viral e o aumento duravel no
percentual de células CD4+ TH1 especificas de HIV-
1 (representadas por células CD4+ T expressando IL-
2 e y-interferon especificas de HIV-1) observado em
pacientes vacinados favorece a nogdo de que uma
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resposta forte de células CD4+ TH1 especificas de
HIV-1 é necesséria para habilitar os efetores CD8+
especificos do virus a conter a replicacéo de HIV-1
in vivo. Isto esta de acordo com a correlagdo obser-
vada entre altos niveis de células CD4+T especificas,
e o controle dareplicagéo viral observado nos poucos
pacientes infectados por HIV-1 com n&o progressdo
alongo prazof¥ .

Considerando que o declinio maior de PVL duran-
te um ano, apods a vacinagdo DC, é associado com con-
tagens basais mais elevadas de célula CD4 ou com célu-
las CD4+ T expressando IL-2 especifico de HIV-1 (am-
bas diminuem progressivamente ao longo do curso natu-
ral dainfecgdo), é bastante provavel que umainterven-
¢80 precoce através de vacina terapéutica poderia ele-
var a probabilidade de se atingir a supressdo viral sus-
tentada. Esta nogado esta de acordo com a dramatica su-
pressdo viral que nds observamos em macacos infecta-
dos por SIV, que foram precocemente vacinados no cur-
so de sua infecgao cronical'’.

Por outro lado, nossos resultados sugerem que 0s
virus inteiros inativados com passagem em DCs podem
ser uma melhor preparacdo antigénica do que umasim-
ples proteing, tal como a proteina Gag, para expandir e
ativar CTLsespecificosde virusin vivo, porque permite
DCs aparentar uma variedade maior de epitopos. Além

disso, SIV/HIV inativados por AT-2 entrem nas células
dendriticas através de um mecanismo mediado por re-
ceptor? | induzindo uma resposta potente com restricéo
de HLA-1152Y enquanto proteinas virais recombinan-
tes entram nas DCs através de endocitose ndo-especifi-
ca, induzindo preferencia mente respostas humorais (an-
ticorpos).

FuTurROS DESENVOLVIMENTOS

Estamos agora preparando uma experiéncia ran-
démica em 100 pacientes para confirmar nossas desco-
bertas. Escolhendo pacientes com CD4 >450 mm-3, au-
mentando o nimero de DCs por vacinagao e acrescen-
tando diversas injecOes, nds iremos ter uma prova con-
clusiva se as vacinas com base em DC podem efetiva-
mente aumentar o percentual de pacientes que respon-
dem, bem como aintimidade e aduragéo daresposta. Se
for o caso, nossa vacina terapéutica devera em seguida
ser testada em pacientes resistentes ao ART bem como
em grande nimero de pacientes que gostariam de parar
com 0 ART. Entretanto, esta vacinade primeira geracéo
nado sera facilmente aplicavel a pacientes de paises em
desenvolvimento, porgque ela é uma preparacdo baseada
no paciente, que requer especificamenteinstal acbes equi-
padas (P3/classe D), bem como reagentes caros e dis-
positivos.
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ABSTRACT

Antibody response against human immunodefici-
ency virus-1 (HIV) is ineffective and cellular immune
response is not strong enough to achieve the complete
suppression or at least a strong control of viral replica-
tion in HIV- infected patients. In 2001, the group with
which | cooperate showed in vitro that dendritic cells
(DCs) of HIV-infected patients loaded with autologous
HIV chemically inactivated by aldrithiol-2 were capa-
ble of raising an HIV-specific celular immune response
powerful enough to allow the destruction of autologous
HIV- infected CD4 T cdlls. In 2003, the group with whi-
ch | cooperate showed that simian immunodeficiency
virus (SV)-infected macaques vaccinated with inacti-
vated SV-loaded autologous DCs raised a strong SV-
specific cellular response. Ten months after vaccinati-
on, plasma viral load of 7 out of the 10 vaccinated
monkeys remained 1000-fold lower than initially.

In December 2004, we published results obser-
ved in 18 untreated HIV-infected patients vaccinated
with autologous monocyte-derived DCs loaded with
autologous inactivated HIV. A year following vacci-
nation, 8 patients had a plasma viral load decrease
>90%; among them, 4 had viral load <1000 copies ml-
. Moreover, by one year, the viral load decline of the
18 patients was significantly correlated with their per-
centage of HIV-1-gag-specific CD8* T cells expres-
sing perforin and that of HIV-1-specific CD4* T 1
cells. This is the first demonstration of the capacity of
a therapeutic vaccine to induce an effective HIV-spe-
cific T cell response associated with sustained viral
suppression in untreated viremic patients. The mani-
pulation of antigen presenting cells to elicit virus-spe-
cific cellular responses is a promising tool to control
persistent viral infections.

BACKGROUND

VIRAL INFECTIONS

Viruses are obligate intracellular pathogens
and therefore depend on living hosts for their pro-
pagation.

Transient viral infections caused by cytopathic
viruses like smallpox or poliomyelitis generate the ear-
ly production of large amounts of specific antibodies
that allow the rapid eradication of the virus. The pati-
ents who survive these infections are immunized.

Persistent viral infections like the herpes sim-
plex 1 and 2 (HHV1 and 2) or the varicella/zoster vi-
rus (HHV3) infections are caused by intermittent cyto-
pathic viruses. After the primary infection, the repli-
cation of these viruses inside their target cells is stron-
gly controlled by the permanent pressure of specific T
cells which maintain them in a so-called state of laten-
cy. In fact, as soon as there is a transient or more pro-
longed weakness, disturbance or loss of anti-viral
immune functions (whether provoked by ageing, im-
munosuppressive therapies or immunosuppressive in-
fections), these viruses resume their replication with
their associated cytopathic effects (before being con-
trolled again or not depending on the level of impair-
ment of the immune system).

Persistent viral infections caused by poorly/non-
cytopathic viruses include two devastating viruses: the
hepatitis B virus (HBV) and the hepatitis C virus (HCV).
The immune system exerts a strong control on viral re-
plication in the majority of individuals who have ac-
quired HBV. However, it is not effective enough in a
minority of them and in almost all patients with HCV
with the consequence that the viral replication in in-
fected cells and measurable viral release in the extra-
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cellular milieu persist for life. This is also the case of
the human immunodeficiency virus -1 (HIV-1) which
is now more and more frequently viewed as a poorly
cytopathic virus by many immunologists¥, although it
has been considered for a long time as a cytopathic
virus by virologists. Importantly, cellular damages pro-
voked by these three persistent infections do not di-
rectly result from viral replication but from immunopa-
thology associated with the chronic release of the vi-
rus and inadequate response of the immune system

HIV INFECTION

Amongst the 65 million individuals who have
been infected by HIV from the onset of the epidemics
in the late 1970s, 25 million have so far died from
AIDS and 38.6 million — including 25 million in Africa
— are still presently living with HIV with an incidence
of 4.1 million acquiring the virus and 2.8 million dying
from AIDS every year [2.

The HIV-1 penetrates the body through sexual
mucosa, blood and the oro-pharyngeal and/or diges-
tive mucosa (at least in the newborn). Heterosexual
transmission is presently the most frequent contamina-
tion modality in Africa. The rate of contamination from
an infected patient to his’her heterosexual partner is
significantly associated with the plasma viral load
(PVL) level of the infected partner and PVLs <1500
HIV RNA copiesmL"! have been associated with the
absence of contamination of the sexual partnert3.

An important characteristic of this virus is that
its main target cell — inside which it replicates — is one
of the cells governing the immune system, the CD4 lym-
phocyte. During the first phase of primary infection,
HIV infects a small proportion of CD4 Iymphocytes
with a memory phenotype“. The antibodies targeted
against the virus are not capable of neutralizing it ®
and the control of viral replication in CD4 lympho-
cytes relies therefore on the activity of specific cytoto-
xic/suppressive CD8 T lymphocytes® as shown by the
dramatic increase in viraemia that occurs in animal
models of AIDS virus infection after experimental re-
moval of CD8 T celld™; however, this control is parti-
al at best with a specific cytotoxic T-cell (CTL) activity
variably impaired in different patients depending, at
least to some extent, on the immune system characte-
ristics of each infected patient [®. Hence patients have
a large range of HIV-infected CD4 lymphocytes and

eventually of viral production by these cells. For rea-
sons that are beginning to be understood® 1%, the per-
sistent release of HIV-1 provokes the progressive disa-
ppearance of (noninfected) CD4 T cells and finally
the destruction of the architecture and functions of
the lymphoid organs. PVL levels (which are represen-
tative of the global viral replication) observed after
the completion of the phase of primary infection, at
the beginning of the chronic phase of the infection are
highly predictive of the rate of CD4 cell decrease and
eventually of the time after which AIDS manifestations
(such as certain virus-induced cancers and various
types of infections which are normally controlled by
the immune system) develop ™. The median time of evo-
[ution from HIV contamination to AIDS manifestations
is approximately 8-9 years in Western countries (and
probably shorter in less developed areas of the world).
However, there are great variations in the outcome. A
small percentage of patients with high replication ra-
tes and high PVLs (above 200 000 HIV RNA
copies mliM) have their immune system destroyed wi-
thin 3 years and are referred to as rapid progressors.
In contrast, the few patients with very slow rates of
viral replication and low PVL levels (sometimes <1000
HIV RNA copies ml-Y) have CD4 cell counts remai-
ning almost stable 20 years after contamination. Such
low PVL levels considerably limit their risk of conta-
minating others@. These few patients are referred to
as long-term nonprogressors.

Anti-retroviral treatments (ARTS) are currently
given relatively late (between 300 and 200 CD4
cellsiL"? depending on the different guidelines pre-
vailing in each country) in the course of the infection,
because it has been shown that their effectiveness to
partially restore a competent immune system was al-
most the same whether ARTS were given earlier or la-
ter. Actually, ARTs (when they are working well and
when they are taken daily for life) lead to a rapid and
long-term decrease in viral replication, enabling the
immune system to stabilize or regenerate sufficiently
to avoid an evolution towards AIDS At the same time,
ARTs also lead to the lowering of virus concentration
in sexual fluids, which lessens the risk of contamina-
ting healthy subjects.

However, ARTs are still not available to a majo-
rity of patients living in underdeveloped countries
where the number of infected patients is till rising and
there is also a growing incidence of treated patients
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suffering from viral resistance and/or long-term side
effects of ARTs. This has led national and internatio-
nal research institutions, and pharmaceutical firms to
turn towards vaccines as a potential solution.

DEFINITION OF A VACCINE

A vaccine against a viral infection is a phar-
maceutical preparation containing an immunogen
(which will provoke a specific response of the im-
mune system against the wild virus); this immuno-
gen can be the virus itself once it has been inactiva-
ted (so that it can no longer multiply in the body
with its concomitant negative effects) or artificially-
made virus-like particles; it can also be a weake-
ned virus, i.e. it has lost its pathological power, but
can multiply inside the body. Finally, the immuno-
gen can also be made up of viral proteins or the
nucleic acids which generate them. Vaccine prepa-
rations always include, in association with the im-
munogen, one or more mineral, chemical or biolo-
gical adjuvants. Their role is to stimulate the trans-
formation/presentation of the immunogen by speci-
alized antigen presenting cells [such as B cells, den-
dritic cells (DCs) or Langerhans cells], the produc-
tion of CTLs capable of destroying the cells within
which the viruses multiply or the activity of B lym-
phocytes involved in the production of antibodies
capable of neutralizing circulating viruses.

PREVENTIVE VACCINES

To date, almost all existing preventive vaccines
were developed towards cytopathic viruses that cau-
sed transient infections (like poliomyelitis). These vac-
cines protect people very effectively against viruses
that the immune system would have actually eradica-
ted spontaneously (once the virus had produced its
harmful clinical effects). The administration of such
preventive vaccines to healthy persons provokes the
rapid production of large amounts of antibodies di-
rected against the virus. For months or years after the
vaccination, even low levels of specific circulating
antibodies can neutralize/eliminate the virus as it en-
ters the body of vaccinated individuals. Vaccines
against poliomyelitis in their Salk version (subcuta-
neously injected inactivated virus) or in their Sabin
version (orally administered weakened virus) are ex-

cellent examples of preventive vaccines. They have
succeeded in entirely eradicating poliomyelitis in de-
veloped countries. For two decades, a preventive vac-
cine against HBV, has been in existence, protecting
the large majority of vaccinated people not to be in-
fected.

So far there are no preventive vaccines against
HIV, and the various prototypes that have been tried
out on thousands of high-risk individuals have not
provided them with any protection*?. However, the fact
that some highly exposed female sex workers remain
free of HIV infection with increased levels of anti-HIV
CTLs suggests that a purely cellular immune response
could be protective in certain situationg*®. The group
with which | cooperate is currently trying to reprodu-
ce this phenomenon by immunizing (by the vaginal rou-
te) female macaques with inactivated simian immuno-
deficiency virus (V).

THERAPEUTIC VACCINES

The concept of therapeutic vaccines applies to
diseases which are chronic (due to a lack or an insu-
fficient spontaneous response of the immune system).
In fact, most prototypes of therapeutic vaccines that
were developed in recent years were aimed at certain
types of cancer with disappointing results. However,
some new developments seem promising. Concerning
therapeutic vaccines against chronic viral infections,
research is just beginning.

The goal of a therapeutic vaccine against HIV
is to help the immune system of chronically infected
patients to produce antibodies capable of neutralizing
the virus and/or killer T lymphocytes capable of des-
troying HIV-infected CD4 lymphocytes. The adminis-
tration of an efficient therapeutic vaccine (probably
to be repeated every year or every 2 years) to HIV-
infected patients should (if successful) lead to a de-
crease in viral replication and release. This would re-
sult in the stabilization/partial reconstitution of the
immune system allowing vaccinated patients to avoid
or postpone ARTSs; a successful therapeutic vaccine
would also result in the decline of HIV concentrations
in sexual fluids which should diminish the risk of vac-
cinated patients contaminating others. In short, the best
possibility for a therapeutic vaccine against HIV would
be to transform vaccinated patients into long-term
NONProgressors.
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EXPERIMENTAL RESULTS

IN VITRO STUDIES

The insufficient activity of CTLs towards HIV-
infected CD4 lymphocytes, and the subsequent impos-
sibility of spontaneously controlling HIV replication
(which leads to the persistence of infection) was the
basis on which we developed our research. In 2000,
the group with which | cooperate hypothesized that
an inadequate or inappropriate signalling virus-spe-
cific antigen presentation might contribute to the per-
sistent failure to mount efficient anti-HIV immunity in
HIV-infected patients (except in the few with long-term
nonprogression who had retained this capacity).

The group with which | cooperate first conduc-
ted an invitro study with 10 untreated and 20 ART-
treated patients. The virus of each patient, once it had
been cultivated in sufficient amount, was inactivated
by aldrithiol-2 (AT-2), a chemical compound which
covalently modifies zinc-finger cysteines of the nucle-
ocapsid without affecting the conformation of the en-
velope glycoproteing4,

The inactivated virus was then loaded in auto-
logous monocyte-derived DCs which allow them to pre-
sent HIV antigens to autologous CD8 T cells in asso-
ciation with major histocompatibility complex class |
molecules. The final result was the expansion and ma-
turation/terminal differentiation of virus-specific CD8
CTLs which became capable of killing HIV-infected
cells and eradicating the virus from the culture of pa-
tients' peripheral mononuclear cells independently of
patients disease stages and ART response status. Ho-
wever, following a 2-day treatment with a culture su-
pernatant derived from immune-activated T cells (to
mimic the in vitro environment of HIV-disseminated and
immune-activated lymphoid tissues), DCs lost their
capacity to present de novo inactivated virus-derived
antigend®®. Results of these experiments provided us
knowledge of the interactions of DCs with T cells in
the chronic phase of HIV-1 infection and opened up
the possibility of an invivo restoration of anti-HIV im-
munity in infected individuals.

V/ACCINATION OF INFECTED MACAQUES

In 2001, we carried out a therapeutic vaccine
trial in SV-infected Chinese rhesus macaques which
are the best animal model of HIV-1 infection'*®. Two
months after having been infected by SIV 251, 10
monkeys received a vaccine made of autologous mo-

nocyte-derived DCs loaded with AT-2-inactivated SV.
This vaccine was given subcutaneoudly five times at 2-
week intervals; four other monkeys received unloa-
ded DCs as control. One year after the therapeutic
vaccination, plasma SV load of the 10 vaccinated
monkeys decreased by more than 99% (P < 0.001)
whilst it remained stable in the four control monkeys.
Moreover, the analysis of lymph node biopsies sho-
wed a strong decline in cell-associated SI'V DNA or
RNA burden which inversely correlated with the fre-
guency of SV-specific &interferon-expressing T cells
(measured by an ELISPOT assay). The follicular DC
network and the germinal centres of the 10 vaccina-
ted monkeys were well preserved in contrast to the four
control monkeys 7.

CLINICAL TRIAL

In September 2002, after receiving approval from
the National Ethics Committee of Brazl, we launched
a phase I/Il clinical trial in Recife. From September
2002 to January 2003, 18 HIV-infected untreated pa-
tients were included in the trial. They were aged be-
tween 18 and 41 years; they were HIV-positive for a
median duration of 2 years; they had not received
ARTs; their CD4 cell counts ranged from 270 to
1009 cells ml-t (median 523) and their PVL ranged
from 11 000 to 300 000 viral RNA copiesml-t (median
48 000). The preparation of this ‘auto-vaccine’ was
complex and expensive; it included several steps. First,
10" mononuclear cells were collected by a 3-h leuka-
pheresis. Approximately 10 monocytes were then iso-
lated by plastic adhesion. After 5 days of culture with
interleukin (IL) 4 and granulocyte monocyte colony
stimulating factor (GM-CSF), monocytes were trans-
formed into immature DCs. Monocyte-derived imma-
ture DCs were then put in contact with each autolo-
gous virus for 2 h (that had been previously grown
and chemically inactivated by AT-2); inactivated HIV-
1-loaded-immature DCs were then cultivated with GM-
CSF, IL-4, IL-1A, IL-6 and tumour necrosis factor-A
for another 2 days. Finally this vaccine preparation
made of 3 x 107 autologous mature DCs loaded with
autologous inactivated HIV-1 was subcutaneously in-
jected at the root of both arms and both thighs (0.25 mL/
site) of each patient. Two further injections of the same
number of inactivated HIV-1-loaded DCs were given
at 2-week intervals. All patients were followed up for
a year thereafter without ART.

The only clinical manifestation associated with
the vaccine was a dight but significant increase in the
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size of peripheral lymph nodes which still persisted at
1 year. No clinical AIDS or milder immunodeficiency
symptoms developed during the study period. Four
months after the first vaccination, the median PVL of
the 18 patients decreased by 80% (P < 0.01) and their
CD4 lymphocytes count stabilized. A year after the first
vaccination, viral concentration decreased by more
than 90% in 8 of the 18 patients. They were all still
free of ART.

In four patients the viral load was below
1000 particles mli-1, meaning that they were most like-
ly noncontaminating. Two years after the vaccination,
PVLs of two of these eight patients remained below
1000 particlesml-* whilst the viral loads of the others
started to reincrease.

Over the year following vaccination, the per-
centage of HIV-1-specific &interferon-expressing CD4
cells significantly increased and by 1 year, it highly
correlated with the decrease in PVL. Smilar was the
case for HIV-1-specific IL-2-expressing CD4 cells.

On the other hand, the percentage of &interfe-
ron-expressing HIV-1-specific CD8 cells increased only
marginally over the year of the study. Smilar was the
case for the percentage of &interferon-expressing HIV-
1 gag-tetramer-specific CD8 cells in the 10 HLA-A
0201-positive patients;, moreover, at 1 year, the corre-
lation of these percentages with PVL change was not
significant. In contrast, amongst the 10 patients where
perforin expression was tested, the percentage of HIV-
1 gag-specific CD8 T cells expressing perforin clearly
increased over the year of the study, and by 1 year, it
strongly correlated with the change in PVL.

We then wanted to find whether any initial bio-
logical parameter predicted the 1-year PVL responses
and we discovered that the only initial variables whi-
ch correlated positively with 1 year decrease in PVL
were the CD4 cell count (P = 0.029) and marginally,
the percentage HIV-1-specific |L-2-expressing CD4*
T cellg®e,

CoNcLUSION

This is the first demonstration in untreated vira-
emic patients that a therapeutic vaccine is capable of
inducing an effective HIV-1-specific T-cell response
associated with sustained viral suppression. The im-
pairment of DC functions associated with HIV-1 in-
fection, which resulted in the lack of efficiency of kil-
ler lymphocytes vis-a-vis HIV-infected CD4 lympho-
cytes, was partly restored by the therapeutic vaccine.
This DC-based vaccine provoked the proliferation and

maturation of CTLs which had now acquired the ca-
pacity to destroy the HIV-infected CD4 lymphocytes in
vaccinated patients. A year after the vaccination, the
therapeutic vaccine remained effective in close to half
of the vaccinated patients.

The fact that, 1 year after vaccination, the per-
centage of HIV-1-gag-specific CD8" T cells expres-
sing perforin was positively correlated with the decli-
ne in PVL underscores the major role of perforin-ex-
pressing effectors in controlling HIV-1 replication
invivo. In addition, the significant correlation betwe-
en viral suppression and durable increase in the per-
centage of HIV-1-specific CD4* T,1 cells (represen-
ted by HIV-1-specific &interferon and IL-2-expressing
CD4*" T cells) observed in vaccinated patients favours
the notion that a strong virus-specific CD4* T 1-cell
response is required to enable virus-specific CD8*
effectors to contain HIV-1 replication in vivo. Thisisin
keeping with the correlation observed between high
levels of virus-specific CD4'T cells and the control of
viral replication observed in the few HIV-1-infected
patients with long-term nonprogression 29,

Given that stronger 1 year PVL decline following
DC vaccination is associated with higher baseline CD4
cell counts or HIV-1-specific IL-2-expressing CD4'T
cells (both of which decline progressively along the
natural course of the infection), it is most likely that
an early therapeutic vaccine intervention could incre-
ase the probability of achieving sustained viral sup-
pression. This notion is in keeping with the dramatic
viral suppression that we observed in SlIV-infected
macaques which were vaccinated early in the course
of their chronic infection !,

On the other hand, our results suggest that inac-
tivated whole virus-pulsed DCs could be a better anti-
genic preparation than a simple protein such as Gag
protein to expand and activate in vivo virus-specific
CTLs because it allows DCs to present a wider range
of epitopes and because AT-2-inactivated SIV/HIV
enters the DCs through a receptor-mediated mecha-
nism? eliciting a potent HLA-1-restricted CTL res-
ponse > 24 whereas recombinant viral proteins enter
DCs through nonspecific endocytosis inducing prefe-
rentially humoral (antibody) responses.

FUTURE DEVELOPMENTS

We are now preparing a randomized trial on 100
patients to confirm our findings. By selecting the pati-
ents with CD4 cells >450 cellsmm 3, by increasing the
number of DCs per vaccination and by adding seve-
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ral booster injections, we will have conclusive eviden-
ce whether DC-based vaccines can effectively increa-
se the percentage of responding patients, as well as
the depth and the duration of response. If it is the case,
our therapeutic vaccine should next be tested on pati-
ents who are resistant to ART as well as on the large

number who would like to stop ART. However, this first-
generation vaccine will not be easily applicable to
patients of developing countries because it is a pati-
ent-based preparation which requires specifically equi-
pped facilities (P3/class D) and costly reagents and
devices.

BiBLIOGRAPHICAL REFERENCES

1. Zinkernagel RM. Immunity, immunopathology and vaccines
against HIVV? Vaccine 2002; 20: 1913—7. CrossRef, Medline, |9,
Chemport, CSA

2. Centersfor Disease Control and Prevention (CDC). The global
HIV/AIDS pandemic. MMWR 2006; 55: 841-4.

3. Quinn TC, Wawer MJ, Sewan-Kambo N et a. Viral load and
heterosexual transmission of human immunodeficiency virustype
1. Rakai Project Study Group. N Engl JMed 2000; 342: 921-9.
CrossRef, Medline, 19, CSA

4. Veazay RS, Lakmner A. HIV swiftly gutsthe immune system. Nat
Med 2005; 11: 469—70. CrossRef, Medline

5. Parren PW, Moore JP, Burton DR, Sattentau QJ. The neutralizing
antibody response to HIV-1: viral evasion and escape from
humoral immunity response. AIDS 1999; 13 (Suppl. A): S137—
62. Medline

6. SchmitzJE, KurodaMJ, Santra Set al. Control of viremiainsmian
immunodeficiency virus infection by CD8" lymphocytes. Science
1999; 283:; 857-60. CrossRef, Medline, |9, Chemport, CSA

7. Jin X, Bauer DE, Tuttleton SE et al. Dramatic rise in plasma
viremia after CD8" T-cell depletion in simian immunodeficiency
virus-infected macaques. JExp Med 1999; 189: 991-8. CrossRef,
Medline, 19, CSA

8. TangJ, Tang S Lobashevsky E et al. Favourable an unfavourable
HLA class 1 alleles and haplotypes in Zambians predominantly
infected with clade C human immunodeficiency virus type 1. J
Virol 2002; 76: 8276-84. CrossRef, Medline, |19, Chemport, CSA

9. Herbeuval JP, Grivel JC, Boabo Aet d. CD4* T-cell deathinduced
by infectious and non-infectious HIV-1: role of type 1-interferon-
dependant, TRAIL/DR5-mediated apoptosis. Blood 2005; 106:
3524-31. CrossRef, Medline, 1S9, Chemport

10. Andrieu JM, LuW. Long-termclinical, immunologic and virologic
impact of glucocorticoids on the chronic phase of HIV infection.
BMC 2004; 5: 17-25.

11. MelorsJW, Renaldo CRJr, Gupta P, White RM, Todd JA, Kingsley
LA. Prognosis in HIV-1 infection predicted by the quantity of
virusin plasma. Science 1996; 272: 1167—70. CrossRef, Medline,
19, Chemport, CSA

12. Girard MP, Osmanov K, Kieny MP. Areview of vaccineresearch
and development: the human immunodeficiency virus. Vaccine
2006; 24: 4062-81. CrossRef, Medline, 19, Chemport

13. Alimonti JB, Kinani J, Wachihi C, Kaul R, Plummer FA, Fowke
KR. Characterization of CD8 T-cell responsesin HIV-1-exposed
seronegative commercial sex workers from Nairobi, Kenia.
Immunol Cell Biol 2006; 84: 482-5. CrossRef, Medline, |19,

Chemport

14. Rossio JL, Esser MT, Suryanarayana K, Schneider DK, Bess JW
Jr., Vasquez ????, Wtrout TA, Chertova E, Grimes MK, Sattenton
O, Arthur LO, Henderson LE, Lifson JD, Inactivation of human
immunodeficiency virus type 1 infectivity with preservation of
conformational and functional integrity of virion surface proteins.
JVirol 1998; 72: 7992-8001. Medline, IS, Chemport, CSA

15. Lu W, Andrieu JM. In vitro human immunodeficiency virus
eradication by autologous CD8" T cells expanded with inactivated-
virus-pulsed dendritic cells. JVirol 2001; 75: 8949-56. CrossRef,
Medline, IS, Chemport, CSA

16. Burdo TH, Marcondas MC, Lanigan CM, Penedo MC, Fox HS.
Susceptibility of Chinese rhesus monkeysto SV infection. AIDS
2005; 19: 1704-6. CrossRef, Medline, IS

17. LuW, Wu X, Lu'Y, Guo W, Andrieu JM. Therapeutic dendritic-cell
vaccine for simian AIDS. Nat Med 2003; 9: 27-32. CrossRef,
Medline, IS, Chemport, CSA

18. LuW, ArraesLC, Ferreirae Slva WT, Andrieu JM. Therapeutic
dendritic-cell vaccinefor chronic HIV-1 infection. Nat Med 2004;
10: 1359-65. CrossRef, Medline, 19, Chemport

19. Boaz MJ, Waters A, Murad S, Easterbrook PJ, Wakarnam A.
Presence of HIV-1 Gag-specific IFN-gamma* 1L2* CD4 T-cell
responses is associated with nonprogression in HIV-1
infection. J Immunol 2002; 169: 6376-85. Medline, 1S,
Chemport, CSA

20. Moris A, Nobile C, Buseyne F, Porrot F, Abastado JP, Schwartz
O. DC-SIGN promotes exogenous MHC-1 restricted HIV-1
presentation. Blood 2044; 103: 2648-54. CrossRef, Medline

21. Buseyne F, Le Gall S, Boccaccio C et al. MHC-16 restricted
presentation of HIV-1 virion antigens without viral replication.
Nat Med 2001; 7: 344-9.




M Esa REDONDA

I NFLUENZA PANDEMICA

Coordenacao Otavio Azevedo Mercadante, Diretor do Instituto Butantan, S&o Paulo, Brasil

ROUND TABLE
PANDEMIC INFLUENZA

Chair Otavio Azevedo Mercadante, Director of Butantan Institute, So Paulo, Brazil

ARTIGO / PAPER

A SITUAQAO ATUAL DA INFLUENZA E O RISCO DA INFLUENZA PANDEMICA
THE CURRENT GLOBAL INFLUENZA SITUATION AND THE RISK OF PANDEMIC INFLUENZA
OTAVIO OLIVA

ANEXO / APPENDANT

DIAGNOSTICO DA INFLUENZA E CARACTERIZACAO MOLECULAR
INFLUENZA DIAGNOS'S AND MOLECULAR CHARACTERIZATION
STEPHEN LINDSTROM

PLANO DE PRERPARACAO DOS EstaADOS UNIDOS DA AMERICA PARA A PANDEMIA AVIARIA
| NFLUENZA PANDEMIC PREPAREDNESS PLAN OF THE UNITED STATES OF AMERICA
ALICIA POSTEMA



81

A GRIPE E A PREPARACAO PARA UMA PANDEMIA REGIONAL

Otavio Oliva

Assessor Regional do Programade Prevencédo e Controle de Doengas,
Organizag¢ao Panamericana da Salide,Washington,D.C.,EUA.

A GRriPE HUMANA

A gripe € uma doenca viral que afeta milhdes de
pessoas no mundo inteiro e mata aproximadamente um
milhdo de pessoas anualmente. Os virus da gripe estdo
evoluindo continuamente, e periodicamente, suas glico-
proteinas de superficie alteram-se. Estas alteracdes, co-
mumentemente pequenas, na composi¢ao antigénica,
conhecidas como “drift” antigénico, provocam surtos
anuais e requerem mudancas anualmente na composi-
¢&o davacina da gripe.

As alteracOes antigénicas mais pronunciadas po-
dem ocorrer no surgimento de um novo subtipo deinflu-
enzaA em humanos. Quando uma nova cepadeinfluen-
Za aparece e se adapta para possibilitar atransmissao de
pessoa para pessoa, a doenca pode se espalhar rgpida e
fortemente resultando em uma pandemia. A falta de ex-
posicé&o anterior a esse virus torna a populagdo mundial
suscetivel, o quefacilitaadifusdo do virus.

No dltimo século ocorreram trés pandemias. A
mais devastadorafoi a gripe espanhola de 1918 a 1919,
com uma estimativa de 50 milhdes de mortes no mundo
todo. As outras duas pandemias ocorreram em 1957 a
1958 (gripe asidtica) e 1968 a 1969 (gripede Hong Kong),
cada uma responsavel por um excesso de mortalidade,
estimada em 4 milhdes de pessoas, quando comparada
com anos sem pandemia.

E impossivel fazer uma previsio de quando pode-
ra ocorrer a préxima gripe pandémica. Entretanto ja
transcorreram gquase 38 anos desde a Ultima pandemiae
o intervalo maislongo registrado entre pandemiasfoi de
39 anos. A carga de doenca da proxima pandemia de
gripe é também dificil de se prever, com estimativas de
pelo menos 2 a 7 milhdes de mortes e dezenas de mi-
Ihdes de pessoas necessitando de cuidados médicos du-
rante muitos meses.

A GRIPEAVIARIA

A gripetipo A é também responsavel por surtos
em animais, especialmente em galinhas. E possivel
parao virus dagripe aviariacom potencial pandémico
transformar-se em endemia nas fazendas de criagéo
de frangos, particularmente em produc&o ndo comer-
cial, em granjas de pequena producdo comercial, cria-
¢Oes de quintal e nos locais onde sdo comercializadas
aindavivas. Entretanto, alguns surtos em aves por vi-
rus de gripe aviaria até esta data tém demonstrado
um nivel surpreendente de agressividade, ultrapassan-
do as precaucdes de bio-seguranga nas maiores gran-
jas de producéo de larga escala, com precaucgoes sa-
nitérias adequadas.

De acordo com as estimativas da Organizacdo
das NagBes Unidas para Agricultura e Alimentagéo
(FAO, em inglés), as Américas s80 responsaveis pela
producéo de 46,8% dos 67 milhdes de toneladas de
aves produzidas no mundo, sendo a maior regiéo de
exportacdo de aves do mundo (58,3% de 7,7 bilhdes
de toneladas). A producéo industrial esta concentrada
em 12 paises, que produzem 98% do total de aves na
regidol!, embora somente cinco paises sejam respon-
saveis por 99% do total de exportacbes? em 2004, a
FAO estimou que exista aproximadamente 16 bilhdes
de frangos na América Latina e no Caribe. Também
varias atividades importantes estdo, direta ou indire-
tamente, dependentes daindustria de aves, tais como:
producdo de gréos, comércio, servicos de avicultura,
transporte de frangos, entre outros.

Considerando a escala de producéo de aves, as
perdas por virus A dagripe avidriacom altatransmis-
sibilidade, morbidade e mortalidade poderiam implicar
em um maior impacto econdmico para a regiao.
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INFLUENZA HE5N1

Um surto de infecgBes severas em humanos com
oVvirusA dagripe aviariafoi primeiramente documenta-
do em Hong Kong em 1997, com o virus H5N 1 causan-
do doengarespiratoriaem dezoito pessoas, dasquaisseis
morreram. Este surto coincidiu com o episadio de influ-
enzaaviariaA atamente patogénico (H5N1) na popula-
¢do de aves de Hong Kong. Uma investigac&o extensa
do surto verificou que o contato proximo com as aves
vivas infectadas foi afonte deinfec¢do humana. De de-
zembro de 2003 até 24 de marco de 2005, um total de
186 casos de gripe H5N1 em humanos, com 105 mortes,
foram relatados para a Organizagdo Mundia da Salide
(OM9)E indicando umal etalidade muito altade 56% entre
0s casos relatados até esta data. Uma provéavel e limita-
da transmissdo de pessoa para pessoa foi relatada na
Tailandiae no Vietnam.

Tudo o0 que é necessario paraaocorrénciade uma
pandemia € o virus H5N1 tornar-se adaptado a trans-
missdo sustentada de pessoa para pessoa. Os especia
listas concordam que os episddios sem precedentes da
gripe avidria na Asia, a possibilidade para do H5N1 se
adaptar para a transmisséo de pessoa para pessoa, 0S
recentes achados virol 6gicos e devigilanciaindicam que
umapandemiapode estar iminente. Uma propagagéo hu-
managlobal é provavel de ocorrer mais rapidamente do
gue as pandemias anteriores, devido ao aumento devia-
gens e também o aumento da urbanizacéo.

A populagdo da Ameérica Latina e Caribe € esti-
mada para 2005 estar em torno de 560 milhdes de pesso-
as (aproximadamente 9% da populagdo mundial e perto
de 15% dos paises em desenvolvimento, excluindo a
China, 77% dessa populagéo é urbana). O Banco Mun-
dia estima que 11% da populacdo da América Latina
viva abaixo da linha de pobreza internacional e aproxi-
madamente 130 milhdes de pessoas vivam nas zonas
rurais, amaioria delas em contato direto com frangos e
porcos, que fornecem amaior fonte de proteinas para os
habitantes rurais. Um impacto de pandemia da regiéo
ndo sera somente um problema de salde publica, mas
um desastre econdmico paraapopulagdo mais pobre nas
areas rurais e para as economias nacionais.

PaNDEMIA DE GRIPE

As pandemias de gripe tém historicamente toma-
do o mundo de surpresa, dei xando um tempo minimo para

0s servicos de salide prepararem-se para 0s aumentos
abruptos nos casos e mortes que caracterizam esses
eventos e os tornam t&o perturbadores. A ameaca atual
de pandemia pelo H5N1 é acentuadamente diferente, na
medida em que o mundo esta sendo anteci padamente
alertado. Este alerta antecipado trouxe uma oportunida-
de sem precedentes para se preparar para uma pande-
mia e desenvolver caminhos para mitigar seus efeitos
mesmo nas areas com problemas de acesso aos Sservi-
¢os bésicos de saude.

Uma preparacdo deve ser estabelecida a partir
das infraestruturas e mecanismos existentes para me-
lhorar a capacidade de responder a situacdo atual e a
uma pandemia. Também, medidas de preparacdo de
emergéncia imediata devem ser combinadas com me-
didas de longo prazo, no fortal ecimento das capacida-
desinstitucionais, melhorando a capacidade dos paises
pararesponder aqualquer emergéncia epidemiol gica.
A OMS identificou cinco agdes estratégicas para ga-
rantir atotal exploragéo de todas as oportunidades para
impedir o virusH5N 1 de desenvolver umapandemiae,
se este esforgo falhar, assegurar que medidas devem
ser tomadas para mitigar o impacto esperado de tal
evento. Essas agOes estratégicas incluem: a reducéo
da exposic¢do humana ao virus H5N1, fortalecimento
dos sistemas de al ertaexistentes, intensificacéo das ope-
racdes rapidas de contengdo e capacitacdo para en-
frentar uma pandemia. Uma quinta estratégia é a coor-
denac&o de pesquisa cientifica e desenvolvimento glo-
bal para encorgjar a fabricagdo de quantidades sufici-
entes de vacinas pandémicas e drogas antivirais, nave-
locidade suficiente paratornar essas intervencdes am-
plamente acessiveis a todos 0s paises.

PREPARAQAO PARA AS GRIPES REGIONAIS

A Organizagdo Panamericana de Saude (OPAYS)
desenvolveu o Plano Estratégico e Operacional parares-
ponder a pandemia de gripe”, o qual direciona as ativi-
dades de cooperagao técnica para preparar aregido para
umagripe pandémica. O plano objetiva ajudar os paises
nas acdes de suporte que precisam ser executadas em
paralelo com o plangjamento para detectar e responder
auma pandemia de gripe.

A implementacdo deste plano de cooperagao téc-
nica esta em curso. O mais recente Conselho das Amé-
ricas em Mar Del Plata, Argentina, produziu um com-
promisso dos paises para finalizar planos nacionais em
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Junho de 2006, com o apoio da OPAS. Para esta finali-
dade, a OPAS esta promovendo ativamente o desenvol-
vimento dos planos de preparacéo para pandemias naci-
onais de gripe e apoiando os Estados Membros neste
esforgo.

Umavez delineados os planos, aUnidade de Doen-
¢as Transmissiveis da OPAS vem realizando avaliages
inicials desses planos por intermédio daListade Verifica
¢Oes da Organizagdo Mundia da Salde para o Plangja-
mento de Preparacdo de Pandemia de Gripe®. Além de
promover o desenvolvimento dosplanosnacionais, osme-

canismos e capacidades para permitir a implementacéo
total detaisplanosesto sendo intensificados. Estesinclu-
emvigilancia, servicosde salide, tecnologiaanti-viral ede
vacinas e comunicagdo, entre outros.

Alémdo mais, apreparacdo paraagripeimpeliua
pesquisa para a colaboragdo inter-agéncial. Sessdes de
instrucdes tém ocorrido no Consel ho de Governantes dos
Estados Americanos, na Organizagdo dos EstadosAme-
ricanos (OEA) eno Banco Mundial, explorando apossi-
bilidade detal colaboracéo em nivel de paises naAméri-
ca Latina e na Regido Caribenha.
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INFLUENZA AND REGIONAL PANDEMIC PREPAREDNESS

Otéavio Oliva
Regional Advisor on Viral Diseases,
Pan American Health Organization, Washington, D.C., USA

HuMAN INFLUENZA

Influenza is a viral disease that affects millions
of people worldwide and kills approximately one mi-
[lion people annually. Influenza viruses are conti-
nuously evolving, and periodically, their surface
glycoproteins change. Constant, usually small, chan-
ges in antigenic composition, known as antigenic drift,
cause annual outbreaks and require influenza vacci-
ne composition to be changed annually.

Major antigenic changes can occur resulting
in the emergence of a novel influenza A subtype in
humans. When such a new strain of influenza virus
emerges and adapts to enable transmission from per-
son-to-person, the disease can quickly spread far and
wide, resulting in a pandemic. The lack of previous
exposure to this virus renders the world population
susceptible which facilitates the spread of the virus.

In the last century three pandemics occurred.
The most devastating was the Spanish Flu of 1918-
1919, with an estimated 50 million deaths world-wide.
The other two pandemics occurred in 1957-1958 (Asi-
an Flu) and 1968-1969 (Hong Kong Flu), each one
responsible for an estimated excess mortality of 4 mi-
Ilion people when compared to previous non-pande-
mic years.

It is impossible to predict when the next influ-
enza pandemic will occur. Nevertheless, it has been
almost 38 years since the last pandemic, and the lon-
gest recorded inter-pandemic interval is 39 years. The
burden of disease posed by the next pandemic of in-
fluenza is also difficult to predict, with estimates of
at least 2-7 million deaths and tens of millions requi-
ring medical attention in a matter of several months.

AVIAN |NFLUENZA

Type A Influenza is also responsible for out-
breaks in animals, particularly in poultry. It is pos-
sible for avian influenza A viruses with pandemic
potential to become endemic in poultry farms, par-
ticularly non-commercial production, small-scale
commercial poultry farms, backyard flocks, and
places where live poultry is traded. However, some
poultry outbreaks of avian influenza viruses to
date have demonstrated a surprising level of
aggressiveness, surpassing biosafety precautions
in larger-scale poultry farms with adequate sani-
tary precautions.

According to estimates from the Food and
Agriculture Organization (FAO), the Americas are
responsible for the production of 46.9% of the 67
billion tons of poultry produced worldwide, being
the largest poultry exporting region in the World
(58.3% of 7.7 billion tons). Industrial production
is concentrated in 12 countries which produce 98%
of total poultry in the regionit. Nevertheless, only
5 countries are responsible for 99% of total ex-
ports?. In 2004, FAO estimated that there were ap-
proximately 16 billion chickens in Latin America
and the Caribbean. Also, several important activi-
ties are directly or indirectly dependent on the poul-
try industry such as grain production, trade, far-
ming services, poultry transportation, among
others. Considering the Regional poultry produc-
tion scale, outbreaks of highly pathogenic avian
influenza A viruses with high transmissibility, mor-
bidity, and mortality would imply a major econo-
mic impact for the region.
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INFLUENZA H5N1

A cluster of severe infection of humans with
an avian influenza A virus was first documented in
Hong Kong in 1997, with H5N1 virus causing res-
piratory disease in 18 humans, of whom 6 died.
This cluster coincided with an epizootic of highly
pathogenic avian influenza A (H5N1) in Hong
Kong's poultry population. Extensive investigati-
on of that outbreak determined that close contact
with live infected poultry was the source of human
infection. From December 2003 until March 24th
2005, a total of 186 human cases of influenza
H5N1 with 105 deaths were reported to the WHO!!
indicating a very high case fatality rate of 56%
among reported cases to date. Probable, limited,
person-toperson transmission has been reported in
Thailand and Vietnam.

All that is necessary for a pandemic to occur
is for the H5N1 virus to become adapted to sustai-
ned person-to-person transmission. Experts agree
that the unprecedented epizootics of avian flu in
Asia, the possibility for the H5N1 to adapt to per-
son-to-person transmission, and recent virological
and surveillance findings are signs that a pande-
mic may be imminent. Human global spread is like-
ly to occur more rapidly than in previous pande-
mics due to increased travel and urbanization.

The population of Latin America and the Ca-
ribbean is estimated for 2005 to be around 560
million people (approximately 9% of the world po-
pulation and close to 15% of the population of the
developing world, excluding China); 77% of this
population is urban. The World Bank estimates that
11% of the population of Latin America lives be-
low the international poverty line and around 130
million people live in rural areas, most of them in
direct contact with chickens and pigs that provide
a major source of protein for rural inhabitants. The
impact of a pandemic in the Region will be not only
a public health problem, but an economic disaster
for the poorest population in rural areas and for
national economies.

INFLUENZA PANDEMIC

Influenza pandemics have historically
taken the world by surprise, leaving minimal time
for health services to prepare for the abrupt in-
creases in cases and deaths that characterize
these events and make them so disruptive. The
present pandemic threat posed by H5N1 is ma-
rkedly different as the world has been warned
in advance. This advance warning has brought
an unprecedented opportunity to prepare for a
pandemic and develop ways to mitigate its effects
even in areas with problems of access to basic
health services.

Preparedness must build on existing infras-
tructures and mechanisms to improve capacity to res-
pond to both the present situation and a pandemic.
Also, immediate emergency preparedness measures
should be combined with longer-term measures ai-
med at strengthening institutional capacities, thus
strengthening countries’ capacity to respond to any
epidemiological emergency. The WHO has identifi-
ed five strategic actions to ensure full exploitation
of all opportunities to prevent the H5N1 virus from
developing into a pandemic strain and, should this
effort fail, to ensure that measures are in place to
mitigate expected impact of such an event. These
strategic actions include the reduction of human
exposure to the H5N1 virus, strengthening of early
warning systems, intensification of rapid contain-
ment operations, and building the capacity to cope
with a pandemic. A fifth strategy concerned the co-
ordination of global scientific research and develo-
pment to foster the manufacture sufficient quantiti-
es of pandemic vaccines and antiviral drugs, at su-
fficient speed, and to make these interventions bro-
adly accessible to all countries.

ReGIONAL INFLUENZA PREPAREDNESS

The Pan American Health Organization
(PAHO) has developed the PAHO Strategic and Ope-
rational Plan for responding to pandemic influenza®
which directs technical cooperation activities to pre-
pare the Region for an influenza pandemic. The plan
aims not only to assist countries in the development
of national influenza pandemic preparedness plans,
but to assist countries in the supporting actions that



86 | SIMPOSIO INTERNACIONAL DE IMUNOBIOLOGICOS E SAUDE HUMANA

| INTERNATIONAL SrMPOSIUM ON | MMUNOBIOLOGICALSAND HUMAN HEALTH

need to be carried out in parallel to drafting plans
to have capacity to detect and respond to an influ-
enza pandemic.

Implementation of this technical cooperati-
on plan is well underway. The most recent Summit
of the Americas in Mar del Plata, Argentina, yiel-
ded a commitment from the countries to finalize
national plans by June, 2006 with the support of
the PAHO. To this end, PAHO is actively promo-
ting the development of national influenza pan-
demic preparedness plans and supporting Mem-
ber States in this effort. Once draft plans have
become available, the Communicable Diseases
Unit has been performing initial assessments of
such plans through use of WHO’s checklist for in-

fluenza pandemic preparedness planning®. In addi-
tion to promoting the development of national
plans, mechanisms and capacities to enable full
implementation of such plans are being strengthe-
ned. These include surveillance, health services,
vaccine and antiviral technology, and communi-
cation, among others.

Furthermore, influenza preparedness has pro-
pelled the search for inter-agency collaboration.
Briefing sessions have taken place for the Inter-Ame-
rican Development Bank Board of Governors, the
Permanent council of the Organization of American
Sates, and the World Bank, exploring the possibili-
ty such collaboration at the country level in the La-
tin America and the Caribbean Region.
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A OPORTUNIDADE

A Chembio Diagnostic Systems, Inc (Chem-
bio) esta of erecendo oportunidades comerciais com
IVD e outras empresas qualificadas que buscam
uma plataforma através da qual entrar para o mer-
cado de teste de diagndstico rapido ou suplementar
seu portfdlio com produtos POC (Ponto de Servi-
¢o). Em 13 de mar¢o de 2007, foi concedida a
Chembio a patente americana US 7.189.522, para
seu Dispositivo de Imunoensaio Bidimensional, tam-
bém conhecido como Plataforma de Caminho Du-
plo (DPP™), um sistema de imunoensaio novo e
Unico, conforme se descreve a seguir. Também esta
pendente nos Estados Unidos e no mundo protecao
adicional de patente.

A Chembio esta explorando oportunidades fora
da licenca, bem como colaboragdes para projeto de
produto, desenvolvimento e elaboragdo de contrato.
A Chembio é uma desenvolvedora de imunoensaios
de diagnostico rapido, totalmente integrado e de fa-
bricante localizado em Medford, NY e préxima aos
varios aeroportos. A instalacdo de fabricacdo da
Chembio é licenciada pelos US Food and Drug
Administration (FDA) bem como pelos US Depart-
ment of Agriculture e certificagdo 1SO 13485. Em
2006, o FDA aprovou duas aplicacdes de aprovacao
de pré-comercializacdo para testes rapidos de HIV
e nessa ocasido a Chembio assinou um acordo co-
mercial com a Inverness Medical Innovations para
esses produtos.

V1sAo GERAL DA TECNOLOGIA
DE IMUNOENSAIO DPP™

Estudos mostraram que o imunoensaio DPP™ ¢é
tecnol ogicamente superior aos ensaios de SPLF (Ensaio
de Imunocromatografia) quando ele vem com a capaci-
dade de deteccbes de desempenho completo. O DPP™
estd também fora das restrigdes normais de propriedade
intelectual (IP, em inglés) e proporciona uma completa
liberdade para operar. O imunoensai o tem uma aplicabi-
lidade para Teste Rapido para Uso em Ponto de Servico
ao longo de uma faixa diversa e extensiva de andlises
alvo. As aplicagdes de imunoensaio DPP™ s&o muito
mais amplas que o teste rapido de doenca contagiosa e
pode se estender as areas de teste ambiental, forense,
veterinaria e alimentar.

Embora praticamente qual quer plataforma detes-
te SPLF possa ser desenvolvidano dispositivo DPP™, o
imunoensaio DPP™ ser4 utilizado mais efetivamente nas
aplicactes onde as limitagdes inerentes as plataformas
SPLF em deteccéo, sensibilidade, controle daamostrae
multiplexacdo, simplesmente ndo podem obter um nivel
aceitavel de desempenho analitico.

O Imunoensaio de Plataformade Caminho Duplo
emprega tiras de membrana separadas para migragéo
de amostra e reagentes de teste. O projeto do imunoen-
saio DPP™ permite o controle e 0 gerenciamento com-
pletos do fluxo da amostra e como resultado a reacdo
imunol 6gicaé mais eficiente do que nos testes convenci-
onais de SPLF. Estas caracteristicas tecnoldgicas cha-
ves possibilitam que o Imunoensaio DPP™ demonstre
capacidade de deteccdo, sensibilidade e especificidade
guando comparado com os testes SPLF.
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AsVANTAGENS TECNOLOGICAS
DO IMUNOENSAIO DPP™

V ANTAGENS DE ESPECIFICIDADE

O uso de fitas independentes e separadas para a
amostrae conjugado é umadiferencafundamental evan-
tagem nos testes desenvolvidos no imunoensaio DPP™
guando comparado com os testes SPLF nos quais estes
materiais migram juntos. Estadiferencatecnol 0gicaleva

em consideragdo uma por¢do substancial damelhoriana
sensibilidade com testes que empregam o0 imunoensaio
DPP™ quando comparado com os testes SPLF. Dados
iniciais indicam gque 10-50 vezes mais sobre 0s ensaios
convencionais SPL F foram observados em estudos com-
parativos diretos. A especificidade e sensibilidade sdo
também aumentadas através da capacidade do imuno-
ensaio, quando comparado com os testes SPLF, de per-
mitir umaligagdo maisefetivado analito ao local deliga-
¢80 nazonade teste, anterior areagdo do marcador con-
jugado com o complexo.

A tecnologia do imunoensaio DPP™ pode supe-
rar uma outra limitagdo maior datecnologia SPLF con-
venciona quando andlises de grande particula sdo en-
saiadas (exempl o, bactéria) —estalimitacéo setornaevi-
dente nesta area como um resultado de agregacéo / aglu-
tinacdo de material de amostra durante a migracéo nos
testes SPLF. Nos teste que empregam 0 imunoensaio
DPP™ estas amostras particuladas maiores podem ser
aplicadas diretamente a zona de teste do dispositivo de
imunoensaio DPP™ e s8o mobilizadas quando o conju-
gado marcador estiver livre para migrar para a zona de
teste sem interferénciada amostra. Esta abordagem per-
mite que o imunoensaio DPP™ sgja extremamente sen-
sivel e especifico.

DPP™ ResuLTADO DE AVALIACAO IN-HOUSE —
Teste pe HIV JunHo DE 2006

DETECGAO DE ANTICORPOS PARA HIV-1
EM AMOSTRAS DE INDIVIDUOS COM ALTO RISCO
DE INFECGAQ OU INFECTADOS
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A sensibildade do DPP™ HIV foi 100% (846/846 = 100%)

Nota: amostras soro congelado da experiéncia clinica Chembio US
(HIV Y2 Sat-Pak e Sure Check HIV Y%) usado para esta avaliagcdo na
Chembio.

DesempPeENHO DE DPP™ HIV TEesT
EM AMOSTRAS DE INDIViDUOS PRESUMIDOS
PRESUMIVELMENTE NAO INFECTADOS coM HIV-1
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(HIV Y2 Sat-Pak e Sure Check HIV ¥2) usado para esta avaliagéo na

Chembio.
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DesempenHo bE DPP™ HIV Test
EM AMOSTRAS DE INDIVIDUOS NAO INFECTADOS
BANCO DE SANGUE DA FLORIDA (M A0 2006)
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A especificidade do DPP™ HIV foi 100% (557/557 = 100%)

SORO DE PACIENTE DILUIDO COM SORO NORMAL
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TrADUCAO

Membro # 11 (HIV2, Costa do Marfim)
Multiponto: Weak Pos

Stat-Pak: Negativo

Abbott EIA %2 Negativo (OD 0,3)
Sstema Geral EIA ¥ Pés (OD 2,0)

GripEA DPP™ vERSUs GRIPEA
DE FLUXO LATERAL
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Sample: ABI® Human Influanza A Purified Viue
Calalog A 10-210-000
Winus Partichs Court: 1.8 10" vpim

Al dilufipns. wane done in butffer provded with the lests.
Sample volume: 100 pliest — OPP™ Flu & detection lmit 180 vpiest | by wisual)

Raader cut-off, 2.0 Canfidantial informatian

TrADUCAO

Amostra: Virus Purificado de Gripe Humana ABI®
Catalogo n°: 10-210-000
Contagem de Particula do Virus:
1,9 x 1011 vp/ml
Todas as dilui¢Ges foram feitas em “ buffer” providenciado
com os testes.

» Volume da amostra: 100 pl/teste — Limite de deteccédo de
Gripe A DPP™: 190 vp/teste (por visual).
* Corte do Leitor: 2,0

Tempo DE REACAO TOTAL REDUZIDO

Amostras biolégicas tais como sangue, fezes,
saliva, fluido oral etc., tendem amigrar maisvagarosa-
mente nos ensaios SPLF convencionais. Entretanto,
com as fitas separados e independentes do imunoen-
saio DPP™, materiais cromatograficos com atributos
diferentes, tais como o tamanho do poro, podem ser
empregados para permitir uma migracdo mais rapida
sem afetar as exigéncias de migracdo do conjugado,
gue sdo, em geral, completamente diferentes, resultan-
do em um compromisso na exigéncia de bloqueio ex-
tensivo nostestes desenvolvidos utilizando atecnologia
convencional SPLF. Sob este cenario no imunoensaio
DPP™ | ndo somente sensibilidade e especificidade so
melhoradas, mas também o tempo requerido para o
ensaio completar suas interagdes é substancialmente
reduzido devido amaiseficientediminui¢do do sinal es-
pecifico e melhor uniformidade e consisténcia da mi-
gracdo das particulas de amostra.

ProtocoLos DE TESTE
DE FAciL UTiLiZzACAO

Ostestes desenvolvidos no imunoensaio DPP™
sdo manufaturados com um “cronémetro de reacdo
embutido” proprietario. Observacdoinicial do disposi-
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tivo de teste ird revelar linhas coloridas; essas linhas
irdo desaparecer uma vez gque a mostra tenha com-
pletada a sua migracéo através dazonadeteste. Neste
ponto (usualmente 2 a4 minutos) o usuério pode apli-
car 0 conjugado apropriado. Nos testes do SPLF onde
a amostra e conjugado migram juntos, estas etapas
sdo executadas rotineiramente em sequiéncia— as ve-
zesimediata, as vezes com um retardo — que necessi-
ta freqlientemente ser regulada. Entretanto, com os
testes desenvolvidos no imunoensaio DPP™, o desa-
parecimento das linhas indica que amigracéo daamos-
tra estd completa. Nenhum equipamento externo, re-
|6gios ou crondmetros, sdo requeridos - aumentando a
utilidade do imunoensaio DPP™ como o0 ensaio de
POCT ou hospitalar.

ADAPTAVEL A MULTIPLOS TIPOS DE AMOSTRA

Asfitasindependentes e duplas acopladas a opor-
tunidade de empregar materiai s cromatograficosdiferen-
tes of erece muitas possibilidades de desenvol vimento de
testes rapidos utilizando o imunoensaio DPP™. Primei-
ro, conforme exposto acima, €le permite o uso de uma
faixadiversa de tipos de amostra, incluindo, masnéo li-
mitado afluidos corporais, tais como sangue, soro, sali-
va, fluido oral, fezese urina. A tecnologialnicadoimu-
noensaio DPP™ permite testes da maioria dos analitos,
n&o sd amostras biol dgicas.

Além das vantagens ja declaradas, sdo neces-
sarios volumes minimos de amostra de modo a se ob-
ter niveis elevados de sensibilidade e especificidade.
Subsegiientemente, quantidades menores de reagen-
tes sdo requeridas. Isto pode levar a uma reducéo to-
tal no custo quando reagentes protegidos por patente
séo dispendiosos.

DPP™ HIV 1/2 paSSO-A-PASSO
PROCEDIMENTO COM FLUIDO ORAL,
SANGUE/SORO/PLASMA

& v
"y AT

CapraciDADE MULTIPLEX coMm POTENCIAL
TEeEsTES CONFIRMATORIOS E RESULTADOS
PARA QUANTITATIVOS

Reatividade cruzada (isto &, falso — positivo) que
freglientemente afeta osteste convencionais SPLF elimi-
ta sua utilidade quando mdiltiplos parémetros so ensaia
dos, sdo diminados virtualmente pela tecnologia DPP™
daChembio. O material de amostrapode ser smultaneae
uniformemente distribuido para miltiplas linhas de teste.
I sto é permitido através damigracéo independentedo ana-
lito (sem o conjugado). Isto resulta em umaligacdo mais
eficiente e portanto, sensibilidade maisel evadaquando com-
parada com os ensaios SPLF.

M ltiplos conjugados marcados que incluem imu-
no-fluorescéncia (IFA), podem ser utilizados com apla-
taforma patenteada DPP™ de imunoensaio. Um leitor
pode ser usado para fornecer resultados quantitativos.
Atuamente até cinco linhas de teste podem ser ensaia-
das simultaneamente utilizando atecnol ogiado imunoen-
saio DPP™., Esta capacidade pode ser expandida.
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DFP™ IV U7 CONFIRMATORY TEST PROCEDURE
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TrADUCAO

Procedimento de teste confirmatério DPPTM HIV 1/2
DPP™ HIV 1/2 Confirmtory Test Prodedure

1. Adicione 10 pl de soro/sangue na vasilha de amostra (St+B)
2. Adicione 1 gota (30 pl) de buffer na vasilha de amostra
(5+B)

3. Adicione 3 gotas (90 pl) de buffer na vasilha de buffer (B)
quando as linhas coloridas desaparecerem completamente.

4. Leia os resultados em 20 minutos.

Resultado Negativo: uma linha ou O

Resultado Positivo indica a presenga de antigeno ou de
antigenos (2 a 6 linhas)

Resultado Negativo

« Resultado Positivo de HIV1 (pelo menos dois reagentes de
antigens HIV1)

 Resultado Positivo de HIV2: (somente o reagente antigen de
HIV2)

* Resultado Y2 Positivo de HIV: (Pelo menos dois antigens
para HIV1 e antigen HIV2 de reagente)

TesTE CONFIRMATORIO
pE HIV1 CHemBio DPP™

RepucAo bo SINAL INESPECiFICO

ABERTURA DE FUNDO MELHORADA
po DPPFACILITA USO COM SISTEMA LEITOR

A Chembio completou os estudos de viabilidade
gue estabel eceram as vantagens de DPP com véariosins-

trumentos portéteis e de bancada. Estes sistemas leito-
res podem aumentar significativamente a sensibilidade,
0 que é facilitado pela limpeza das membranas quando
comparada com o SPLF.

Esses |eitores podem também, quantificar, arma-
zenar e transmitir os resultados de testes.

LETorR ManuaL DPP™
INTERPRETACAO DE RESULTADOS
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TrADUCAO

Tecnologia DPP combinada com tecnologia de latex fluores-
cente com uma simple luz UV ao invés do leitor digital.

Um sistema sensivel de quimica seca FL para deteccéo de
patogenia sem um leitor.

A Tecnologia de conjugagdo do Latex Chembio com vida em
estante de pelo menos 2 anos em RT.
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APLICACOES POTENCIAIS DIVERSAS

Oimunoensaio pode ser usado paraumaamplagama
de diagndsticos médicos, incluindo doencas infecciosa,
cardiacas, cancer etc. Outras aplicagdes incluem ensaios
detestesambientais, segurancaaimentar, veterinaria, agri-
cultura, industria e bio-terrorismo onde as limitagdesine-
rentes datecnol ogia SPLF tem atrapal hado o desenvolvi-
mento dos testes rgpidos com desempenho aceitéavel. O
desempenho do imunoensai o e caracteristicas proprietari-
as fornecem aos licenciados potenciais e Socios estratégi-
cos uma oportunidade substancial de mercado.

APLICACOES POTENCIAIS
DEIVD mra DPP

* Virus de Hpatite C

* Virusdo papilomahumano
* Adenovirus

* Rotavirus

* RSV

« Sifilis

* Doenca de Lyme

» Chagas

* Clamidia

» GripeA/B

e HIV

*TB

* Estrepe Grupo A

» DoencadosL egion&rios
* Virus Epstein Barr

* H piloro
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THE DuAL PAaTH PLatForm (DPP™) IMMUNOASSAY

THE NEw PaATH TO RAPID TESTING

Javan Esfandiari

Senior Vice-President R&D,
Chembio Diagnostic Systems

THE OPPORTUNITY

Chembio Diagnostic Systems, Inc. (Chem-
bio) is entertaining commercial opportunities
with 1VD and other qualified companies that are
seeking a platform through which to enter the
point of care lateral flow rapid diagnostic test
market or supplement their existing portfolio of
POC products. On March 13, 2007 Chembio was
granted U.S. patent #7189522 for its Dual Path
Immunoassay Device, otherwise known as the
Dual Path Platform (DPP™), a unique and in-
novative immunoassay system as described be-
low. Additional patent protection is also pen-
ding both in the U.S. and worldwide.

Chembio is exploring out-licensing opportuni-
ties as well as collaborations for product design, de-
velopment and contract manufacturing. Chembio is
a fully integrated rapid diagnostic immunoassay de-
veloper and manufacturer located in Medford, NY,
convenient to New York City and in close proximity
to several major airports. Chembio’s manufacturing
facility is licensed by the US Food and Drug Admi-
nistration as well as by the US Department of Agri-
culture and 1SO 13.485 certification is pending. In
2006, the FDA approved Chembio’s two pre-marke-
ting approval applications for rapid HIV tests and at
that same time Chembio entered into a marketing
agreement with Inverness Medical Innovations for
those products.

THe DPP™T™ [ MMUNOASSAY
TecHNoLoGY OVERVIEW:

Sudies have shown that the DPP™ immunoas-
say is technologically superior to conventional sin-
gle path lateral flow (SPLF) assays when it comes to
detection capability and overall performance. The
DPP™ is also outside of all standard SPLF intellec-
tual property (IP) constraints and provides a com-
plete freedom to operate. The DPP™ immunoassay
has applicability for rapid point of care testing
(POCT) over an extensive and diverse range of tar-
get analytes. DPP™ immunoassay applications are
much broader than infectious disease rapid testing
and can extend to areas such as environmental, fo-
rensic, veterinary and food testing.

Although practically any SPLF test platform can
be developed on the DPP™ device, DPP™ immuno-
assay will most effectively be utilized for applicati-
ons where the SPLF platforn's inherent limitations in
detection, sensitivity, sample control, and multiplexing
simply cannot achieve an acceptable level of analy-
tical performance.

The Dual Path Platform immunoassay employs
separate membrane strips for sample migration and
test reagents. The DPP™ immunoassay design allows
for complete control and management of the sample
flow, and as a result the immunological reaction is more
efficient than conventional SPLF tests. These key te-
chnological features enable the DPP™ immunoassay
to demonstrate improved detectability, sensitivity and
specificity when compared with SPLF tests.
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THe DPP™ |MMUNOASSAY' s TECHNOLOGICAL
ADVANTAGES, SENSTIVITY & SPECIFICITY
ADVANTAGES

The use of separate and independent migrati-
on paths for the sample and conjugate is a funda-
mental difference and advantage in tests developed
on the DPP™ immunoassay as compared with SPLF

tests in which these materials migrate together. This
technological difference accounts for a substantial
portion of the improvement in sensitivity with tests
employing the DPP™ immunoassay as compared with
comparable SPLF tests. Initial data indicates that as
much as 10-50 times over conventional SPLF assays
has been observed in direct comparative studies. Spe-
cificity and sensitivity are also enhanced through the
DPP™ immunoassay's ability to permit more effecti-
ve binding of the analyte to the binding site in the
test zone prior to the reaction of the conjugate ma-
rker with the test complex.

The DPP™ immunoassay technology can over-
come another major limitation of conventional SPLF
technology when large particle analytes are assayed
(e.g., bacteria) — this limitation becomes apparent in
this area as a result of aggregation/agglutination of
sample material during migration in SPLF tests. In
tests employing the DPP™ immunoassay, these lar-
ger particulate samples can be applied directly to the
test zone of the DPP™ immunoassay device and are
immobilized while the marker conjugate is free to mi-
grate to the test zone without sample interference. This
approach allows the DPP™ immunoassay to be ex-
tremely sensitive and specific.

IN-HOUSE EVALUATION
ResuLt DPP™ HIV Test June 2006

DEeTeCTION OF ANTIBODY TO HIV-1 IN SPECIMENS FROM
INDIVIDUALS KNOWN TO BE INFECTED WITH HIV-1 AND AT HIGH
RISK FOR INFECTION WITH HIV-1
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The sensivity of DPP™ HIV was 100% (846/846=100%)

Note: Frozen serum samples fom Chembio US clinical trial(HIV 1/2
Stat-Pak ans Sure Check HIV 1/2) used for this evaluaton at
Chembio.

PerrormaNcE oF DPPtv HIV TEST ON SPECIMENS FROM
INDIVIDUALS PRESUMED TO BE NEGATIVE TO HIV-1 INFECTION
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The specifity of DPP™ HIV test was 99% (1430/1431=99.9%)
Note: Frozen serum samples fom Chembio US clinical trial(HIV 1/2
Sat-Pak ans Sure Check HIV 1/2) used for this evaluaton at
Chembio.
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PerForvANCE oF DPP™ HIV TEST ON SPECIMENS FROM
NEGATIVE HIV-1 INDIVIDUALS FROM BLOOD BANK FLORIDA

(May 2006)
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The Specifity of DPP™ Test was 100%(557/557=100%)
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Biological samples such as blood, feces, spu-
ta, oral fluid, etc., tend to migrate more slowly in
conventional SPLF assays. However, with the DPP™
immunoassay’s separate and independent migrati-

on paths, sorbent materials with different attributes
such as pore size may be employed to permit faster
migration without concern for conjugate migration
requirements, which are usually quite different, re-
sulting in a compromise and extensive blocking re-
guirements in tests developed using conventional
SPLF technology. Under this scenario in the DPP™
immunoassay, not only are both sensitivity and spe-
cificity enhanced, but also the time required for the
assay to complete its interactions is substantially
improved (reduced) due to more efficient background
clearance and better uniformity and consistency of
the migrating conjugate particles in the absence of
the sample particles.

User-FRIENDLY TEST PROTOCOLS

Tests developed on the DPP™ immunoassay
are manufactured with a proprietary “ built-in reac-
tion timer” : initial observation of the test device will
reveal colored lines; these lines will disappear once
the sample has successfully completed its migration
through the test zone.

At this point (usually with 2-4 minutes) the
user may apply the appropriate conjugate. In SPLF
tests where sample and conjugate migrate together,
these steps are routinely performed in a sequence
mode - sometimes immediate, sometimes with a de-
lay - that frequently needs to be timed. However,
with tests developed on the DPP™ immunoassay,
the disappearance of the lines indicates that sam-
ple migration is complete. No external equipment,
clocks, or timers are required—enhancing the
DPP™ immunoassay’s capabilities as a field or
bedside POCT.

DPFP™ AdanovirusRotavinue
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ADAPTABLE TO MULTIPLE SaMPLE TYPES

The dual, independent migration paths coupled
with the resulting opportunity to employ different sor-
bent materials offers many possibilities for develo-
ping rapid tests on the DPP™ immunoassay. First, as
stated above, it permits the use of a diverse range of
sample types including but not limited to body fluids
such as blood, serum, oral fluid, feces, sputum and
urine.

The DPP™ immunoassay’'s unique technology
allows for the testing of most ligands, not just biolo-
gical samples.

In addition to the advantages already stated,
minimal sample volumes are required in order to
achieve high levels of sensitivity and specificity. Sub-
sequently smaller quantities of reagents are required.
This can lead to an overall cost reduction when pa-
tent-protected reagents are expensive and/or are in
short supply.

DPPTM HIV 1/2 Srep-By-Srep ProceDpURE ORAL FLuID
AND BrLoop / Serum / PLasvia [ SPECIMENS

:n"-mu:

s

MuLTiPLEX CAPABILITY WITH CONFIRMATORY
TeSTING POTENTIAL AND QUANTIFIABLE RESULTS

Cross-reactivity (i.e. false-positives) that often
plagues conventional SPLF tests and limits their utility
when multiple parameters are assayed, are virtually
eliminated by Chembio's DPP™ technology. Sample
material can be simultaneously and uniformly delive-
red to multiple test lines. This is enabled through inde-
pendent analyte migration (without the conjugate). This
results in more efficient binding and therefore, higher
sensitivity as compared with SPLF assays.

Multiple conjugate labels including immuno-
fluorescence (IFA) may be used with Chembio’s pa-
tented DPP™ immunoassay platform. A reader may
be used to provide quantifiable results...

Currently up to five (5) test lines can be simul-
taneously assayed using the DPP™ immunoassay te-
chnology. This capability can be further expanded.

DPP™ HIV 112 CONFIRMATORY TEST PROCEDURE
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DPP’ s IMProVED BACkGROUND CLEARANCE
FaciLitates Uss wiTH READER SrsTEM

Chembio has completed feasibility studies that
establish the advantages of DPP with various desktop
and handheld instruments. These reader systems can
significantly enhance sensitivity, which is facilitated
by the improved membrane clearance in DPP™ as
compared with SPLF. These readers can also quanti-
tate, store and transmit test results.

DPPF™ Handhald Reader
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DivERsE POTENTIAL APPLICATIONS

The DPP™ immunoassay can be used for a bro-
ad range of medical diagnostics including infectious
diseases, cardiac, cancer, etc. Other applications in-
clude environmental testing, food safety, veterinary,
agricultural, industrial and bioterrorism assays where
the inherent limitations of SPLF technology have hin-
dered the development of rapid tests with acceptable
performance.

THE DPP™ |MMUNOASSAY' S PERFORMANCE AND
PROPRIETARY FEATURES PROVIDE PROSPECTIVE
LICENSEES AND STRATEGIC PARTNERS A
SUBSTANTIAL MARKET OPPORTUNITY.

« Potential VD applications for DPP:
 Hepatitis C Mirus

* Human Papalloma Virus
» Adenovirus

* Rotavirus

* RSV

* Syphilis

* Lyme Disease

» Chagas

12

e Chlamydia

* Influenza A/B

* HIV

*TB

e Group A Srep

* Legionnaires Disease

e Epstein Barr Mirus

* H pylori
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NEW ADJUVANTS AND NEWWAYS OF DELIVERY

President Reinaldo Menezes Martins
Head of Clinical Sudies of Bio-Manguinhos, Oswaldo Cruz Foundation, Rio de Janeiro, Brazl

ANEX0 / APPENDANT

NOVOS ADJUVANTES E NOVAS FORMAS DE ADMINISTRAGAO
NEW ADJUVANTS AND NEW WAYS OF DELIVERY
LORNEA.BABIUK
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DA INDUSTRIA DE IMUNOBIOLOGICOSNO BRASIL

Coordenacéo Jodo BaptistaRisg Jr.,
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ROUND TABLE
PUBLIC POLICIESTO STRENGTHEN THE
IMMUNOBIOLOGICALSINDUSTRY IN BraZIL

Chair Jodo BaptistaRisi Jr.,
Pan American Health Organization, Brasilia, Brazl

ARTIGO / PAPER

PROGRAMAS DE CIENCIA E TECNOLOGIA
PARA IMUNOBIOLOGICOS
PROGRAMS OF SCIENCE AND TECHNOLOGY
FOR IMMUNOBIOLOGICALS
MOISESGOLDBAUM

O PAPEL DO COMERCIO EXTERIOR E DA POLITICA
INDUSTRIAL E TECNOLOGICA
PARA O FORTALECIMENTO DA INDUSTRIA
THE ROLE OF FOREIGN TRADE,
TECHNOLOGICAL AND INDUSTRIAL POLICY TO
STRENGTHEN INDUSTRY
ADRIANA DIAFERIA

REGULACAO INTELIGENTE DO SETOR
DE IMUNOBIOLOGICOS
INTELLIGENT REGULATION OF THE
IMMUNOBIOLOGICALS SECTOR
FLAVIA CARDOSODEMELO

PaPeL Do PrRoGRAMA NACIONAL
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DA INDUSTRIA DE VACINAS NO BRASIL
THE ROLE OF THE NATIONAL | MMUNIZATION
PROGRAM TO STRENGTHEN THE VACCINE
INDUSTRY IN BraZIL
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ProcramMA DE CIENCIA E TECNOLOGIA PARA IMUNOBIOLOGICOS

M oisés Goldbaum

Secretério de Ciéncia, Tecnologiae lnsumos
Estratégicos, Ministério da Salde, Brasilia, Brasil

Paraanalisar o Programa de Ciéncia e Tecnologia
para Imunobiol6gicos do Ministério da Saude (MS) é
necessaria contextualiz&|o dentro das novas perspecti-
vasdaPoliticaNacional de Ciéncia, Tecnologiae Inova
¢do em Saude (PNCTI/S) abertas e implementadas no
ambito do M 'S, nos Ultimos quatro anos.

Com acriagdo, em 2003, da Secretaria de Cién-
cia, Tecnologiae Insumos Estratégicos (SCTIE) no Mi-
nistério da Salide e da absor¢éo no seu organograma
do Departamento de Ciéncia e Tecnologia (DECIT),
organizado em 2000, atendendo aantiga e reiterada de-
manda da comunidade de érea de Ciéncia e Tecnolo-
gia, pdde-se executar a proposta de recolocar o MS no
seio dos foruns de definicdo e decisdo das PNCTI/S.
Este papel reitor do Ministério, permitindo a confluén-
cia das politicas de setores da governanca brasileira,
ou seja, de salde, de ciéncia e tecnologia e de educa-
¢ao, jahouverasido praticado com sucesso no inicio do
secul o passado, jamais fora exercitado desde a criagéo
do atual MS.

Oinicio do movimento de criacdo da SCTIE pode
ser datado em fins do ano de 1994, por ocasido dareali-
zacao da 12 ConferénciaNacional de Ciénciae Tecnolo-
gia em Salde, em Brasilia. As proposicoes emanadas
deste evento foram reiteradas na 22 Conferéncia Nacio-
nal de Ciéncia, Tecnologia e Inovacdo em Salide, reali-
zadaem 2004, Também na Capital Federal. Nesteseven-
tos que contaram com ampla participagdo social, tradi-
¢ao maior de nossas conferéncias de sallde, pode-se ex-
pressar aconsignamaior de que a“Politica Nacional de
Salde é um componente da Politica Nacional de Sau-
de’. Assim, estabel eceu-se que os ditames da condugéo
das PNCTISdeveriam tomar como Sseu norteador os prin-
cipios e diretrizes do Sistema Unico de Salde, uma das
conquistas maisinclusivas dasociedade brasileira.

Neste movimento, doisdocumentosbasilares para
reorganizar o campo da Ciéncia, Tecnologia e Salde
(CIT/S) foram elaborados e aprovados pela Conferén-
ciade 2004: “PoliticaNacional de Ciéncia, Tecnologiae
Inovacdo em Salde” e “Agenda Naciona de Priorida
des de Pesquisa em salide (ANPPS). Estes dois docu-
mentos of erecem os elementos para a conducéo das ini-
ciativas no campo da PNCTIS no ambito do MS, com
amplarepercussdo no seio da CTIS nacional. Estanova
estrutura possibilitou a retomada da programagéo que
atendesse as concepcdes emanadas da Organizagéo
Mundial da Salide, propondo um sistemano qual o plane-
jamento, agerénciae o monitoramento das atividades de
pesquisa em salide considere a promogao e 0 apoio a
pesquisavoltadaao desenvolvimento efetivo e eqliitativo
da salde nacional .

Paralelamente, o Brasil assiste adefinico deinédi-
ta Politica Industrial, Tecnol6gica e Comércio Exterior
(PITCE), coordenada pela Agéncia Brasileira de Desen-
volvimento Industrial (ABDI). Criam-se, assim, condi¢des
privilegiadas para aproximar a Salde de setores como da
IndUstria, do Comércio Exterior, daAgricultura, do Meio
Ambiente, além de fortalecer as articulagdes desenvolvi-
das com aqueles de Ciéncia e Tecnologia e da Educagéo.
Ressalte-se ard evancia desse movimento namedida que
um dos seus eixos estratégicos refere-se a “Farmacos e
Medicamentos’, evidenciando aimportanciado setor sal-
de e a necessidade de sua vinculag&o e participagéo.

Aindano plano dacontextualizacdo danovaplata
formade PNCTIS, devem ser destacadas iniciativas do
MS que visaram adar maior racionalidade e sua melhor
interveniéncia. De um lado, o estabel ecimento do Con-
selho de Ciéncia, Tecnologia e Inovagdo em Saude no
ambito do M S. Este Conselho, constituido e representa-
do por todas as esferas do MS, seus institutos e suas
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agéncias, vem a oferecer a possibilidade para ainstitui-
¢do de mecanismos de planegjamento, monitoramento e
reconhecimento mutuo das atividades e a¢les postas em
préticanos diversasinstancias do ministério. Essasativi-
dades, que sempre careceram de umaharmonizag&o, com
consequiente dispersdo de esforgos e recursos, encon-
tram no Conselho 0 “l6cus’ para efetivaracionalizacao.
De outro lado, duas a¢des sdo impulsionadas e facilitam
a expresséo do M S no debate da PNCTIS:

- 0 significativo incremento de recursos financeiros
proporcionados pela SCTIE, por intermédio do DE-
CIT, para o apoio e fomento a pesguisa na érea de
salde. Destacando-se o fato de se tratar de recur-
sos incrementais ao setor de C& T em salide, houve
um significativo aporte de recursos de 2004 até os
dias de hoje. Se em 2003, tivemos a cifra de 3 mi-
Ihdes de reais, em 2004, este valor foi de 69 mi-
Ihes, em 2005 de 71 milhdes a para este ano de
2006, algo emtorno de 101 milhdes,

- e, a assinatura do Termo de Cooperagdo Técnica
entre 0 MS e o MCT. Este termo, que se constitui
em uma articulagdo necessaria, permite imprimir
mai s visibilidade e consequiénciaadesejada aproxi-
macao entre os setores de C& T e de salide, com o
envolvimento das agéncias do MCT, CNPq e FlI-
NEP, apresentando-as como importantes instancias
técnicas e politicas naorientagdo do fomento of ere-
cido e naaproximagao ao atendimento do papel rei-
tor do MS naconducéo daPNCTIS. Vale dizer que
se opera uma grande transformag&o no MS na for-
ma de apoio, invertendo-se a l6gica da “ demanda
por encomenda’, paraagueladitadapor editais, res-
peitando a ANPPS.

Este cenério permite as formulagdes para a cria-
¢do de Sistema Nacional de Inovacdo em Salde onde se
conjuga o alto dinamismo do setor, com altissimo valor
agregado, oselevados graus deinovagdo einegével inte-
resse social, politico e econdémico. A conjuncéo daPNC-
TIS e a PITCE estabelecem as condic¢des para se pen-
sar, elaborar e praticar politicas industriais e de inova-
¢do, onde se alojam perfeitamente as politicas na area
de biotecnol ogiaem salide humana, privilegiando apro-
ducéo de vacinas, imunobiol 6gicos e novas tecnol ogias
parao diagnostico.

No campo dabiotecnologia, a PITCE encontrano
Forum de Competitividade em Biotecnol ogia, dentro de

sualinha de estimul o as atividades portadoras de futuro
0 espaco privilegiado para a definicdo e condugdo de
uma PoliticaNacional de Desenvolvimento daBiotecno-
logia. Neste forum, reunindo todos os setores e atores
envolvidos no campo dabiotecnologia, analisa-seosele-
mentos para o desenho dessa politica voltados para os
seguintes pontos:
* recursos humanos e infra-estrutura
* marcos regul atérios
* investimentos
* biotecnologiaagropecuéaria
* biotecnologiaindustrial e outras aplicagtes
» com destaque para a biotecnologia humana, cujos
desdobramentos propostos compreendem hemode-
rivados, kitsdiagndsticos, biomateriaise vacinas.
Os grupos de produtos ja identificados, com base
nalistadevaloresdeimportacdo/2004™, em dolaresame-
ricanos e gque podem ser produzidos pela bioindustria
nacional s&0 0s que se seguem:

Vacinas 133 milhdes
Hemoderivados 118 milhdes
Antibidticos 40 milhdes
Horménios 54 milhdes
Enzimas 7 milhGes

Em relagéo aproducéo de vacinas eimunobiol 6gi-
Cos as estratégias propostas definem-se em:

- criag&o do programanacional de competitividade em
vacinas e imunobiol 6gicos, visando ndo apenas a
producdo de vacinas conhecidas, mas também ao
desenvolvimento de novasvacinas;

- elaboragdo e implantagdo de uma politica de expor-
tacdo para a producdo nacional excedente;

- estimulo & criagdo de empresas nacionais de biotec-
nologia;

- incentivo aos investimentos em P& D no Pais pelos
produtores nacionais e internacionais de vacinas e
imunobioldgicos, e

- estimulo a mecanismos eficientes de transferéncia
de tecnol ogias paravaci nas tecnol ogi camente avan-
cadas.

A implementac&o dessas estratégias implicaa

- alianca entre os laboratorios publicos produtores de
vacinas, com a definicdo de nichos de especializa-
¢do entre eles,

- modernizac&o organizacional gerencial e daestrutu-
rajuridico-ingtitucional desseslaboratorios;

" Fonte;: SSSCOMEX/MDIC



104 | SIMPOSIO INTERNACIONAL DE IMUNOBIOLOGICOS E SAUDE HUMANA

| INTERNATIONAL SrMPOSIUM ON | MMUNOBIOLOGICALSAND HUMAN HEALTH

- capacitacdo de pessoal estratégico;

- certificacdo naciona e internacional das fébricas,
segundo os principios de biosseguranca exigidos;

- apoio aindustrianacional do complexo produtivo da
salide, inclusive com financiamento de projetos de
P&D;

- garantia de compra e outros incentivos; e,

- fortalecimento da capacidade de realizac&o de en-
saiosclinicos (plataformabrasileiraparaensaioscli-
nicos), das capacidades produtiva e regulatéria do
Estado e da protegdo a propriedade intelectual .

As acbes em curso no que diz respeito as vaci-
nas podem ser resumidas pela articulagéo das priorida-
des definidas no programa INOVACINA, do Ministé-
rio da Salde, que compreendem a producéo, entre ou-
tras, de vacinas (raiva, uso humano; meningite menin-
gocdécicaB e C; raiva, uso animal, meningite meningo-
cdcica C conjugada; hepatite A e |eishmaniose canina)
envolvendo os nossosinstitutos como Butantd, Bioman-
guinhos, Adolfo Lutz, Tecpar, Centro Gongalo Moniz/
FIOCRUZ). Osrecursosfinanceirosjadisponiveispelo
MS comportam a cifrade 16 milhdes de reais operados
dentro do acordo de cooperagdo MS (DECIT/SCTIE)/
MCT (FINEP).

Em relagé@o aos hemoderivados, as prioridades
estdo voltadas parafatores de coagulacao fatores VIl|
e | X; colade fibrina e complexo protrombinico (em-
pregados em portadores de hemofilia e outras doen-

¢as e em situacdes hemorragicas); albumina (usada
em grandes queimaduras, insuficiénciarenal e hepati-
cagraves, etc.) e imunoglobulinas (Gteis em casos de
deficiéncias imunol6gicas e doengas auto-imunes).
Destaque-se que destes hemoderivados apenas a al-
bumina é de producdo brasileira e aindade formabas-
tante insuficiente.

Quanto aos kits diagnosticos, as prioridades en-
contram-se no desenvolvimento de reativos para di-
agndstico da aids, hepatite B, Ttxoplasmose; reativos
paradiagnostico de doencasinfecto-parasitarias, como
maléria, tuberculose; e doengas virais. dengue e rota-
virus; e reativos para diagnostico de doencas negli-
genciadas, como |eishmaniose, |eptospirose. Este se-
tor apresenta uma forte dependéncia tecnoldgica. A
maioria dos insumos, reagentes e equipamentos para
diagndstico sdo importados, com alto énus para o sis-
tema de salde.

Cumpre, por fim, destacar a ac8o tranversal im-
plementada no &mbito do Fundo Setorial de Salde que
visa a estimular a Cooperacéo entre Institutos de Cién-
cia e Tecnologia (ICT) e Empresas buscando a Inova-
¢ao em Produtos Terapéuticos e Diagnosticos. A parce-
ria proposta esta voltada para a realizagdo de projetos
gue permitam aimplementac&o de atividades destinadas
ao desenvolvimento tecnol 0gico e ainovagao rel aciona-
das com: Farmacos e M edicamentos e |nsumaos, equi pa-
mentos e reativos (Kits) para diagndstico.
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In order to analyze the Brazilian Health
Ministry's Science and Technology Program for Im-
munobiological Products (MS), it is necessary to exa-
mine it within the new perspectives of the National
Policy for Health Science, Technology (PNCTI/S)
opened and implemented by the Health Ministry over
the last four years.

With the creation, in 2003, of the Science, Te-
chnology and Strategic Consumables (SCTIE) in
the Health Ministry and with the absorption in its
organization chart of the Science and Technology
Department (DECIT), organized in 2000, fulfilling
an old and reiterated demand from the Science and
Technology area community, it was possible to carry
out a proposal for placing the Health Ministry at
the head of PNCTI/S definition and decision foru-
ms. Such role performed by the Health Ministry,
allowing the confluence of Brazilian governing sec-
tors policies, i.e., of health, science, technology and
education, had already been successfully perfor-
med in the beginning of last century, but had ne-
ver been exercised since the creation of the pre-
sent Health Ministry.

SCTIE's creation movement started by the end
of 1994, at the time when it was being held the | Na-
tional Conference on Health Science and Technolo-
gy, in Brasilia. The propositions emanated from this
event were reiterated in the Il National Conference
on Health Science and Technology, held in 2004, also
in Brasilia. In these events, which have counted with
a substantial social participation, the greatest tradi-
tion of our health conferences, could be expressed
that the “ National Health Policy is a component of
the National Health Policy”. This way were establi-
shed PNCTIS governing rules, which should take as

its guidelines the National Health System, one of the
most inclusive conquests of the Brazilian society.

In this movement, two basilar documents to re-
organize CIT/S field were elaborated and approved
by the 2004 Conference: “ Health Science, Techno-
logy and Innovation National Policy” and “ National
Agenda on Health Research Priorities” (ANPPS).
These two documents provide elements for conduc-
ting the initiatives in PNCTIS field within the Health
Ministry, with a great repercussion in the core of the
national CTIS. This new structure has made possible
to restart a program which would fulfill the concepti-
ons emanated from the World Health organization
proposing a system in which the planning, manage-
ment and monitoring of health research activities con-
siders the research promotion and support aiming at
the effective and equitable development of the natio-
nal health.

On the other hand, Brazil awaits for the defini-
tion of an unprecedented Foreign Trade and Indus-
trial and Technological Policy (PITCE), coordinated
by ABDU (Brazilian Agency for Industrial Develop-
ment). Therefore are created privileged conditions in
order to approach the Health Ministry to other sec-
tors such as Industry, Foreign Trade, Agriculture and
Environment, in addition to strengthen the articulati-
ons developed with those sectors of Science, Tech-
nology and Education. It should be pointed out the
relevance of this movement, since one of its strategic
axles refers to “ Pharmaceutical Products and Medi-
cations’, evidencing the health sector importance and
the need for its connection and participation.

Sill in terms of the plan for the new PNCTIS
platform, it should be emphasized the Health
Ministry’s initiatives aiming at providing more ratio-
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nality and its best intervention. On the one side, the
establishment of the Health Science, Technology and
Innovation Board of the Health Ministry. Such Board,
constituted and represented by all Health Ministry’s
spheres, its ingtitutes and its agencies, offers the pos-
sibility for instituting mechanisms for planning, mo-
nitoring and mutual recognition of the activities and
actions carried out in several instances of the Health
Ministry. Such activities, which have always lacked
harmonization, with a consequent dispersion of
efforts and resources, have found in such Board the
“locus” for their effective rationalization. On the
other side, two actions are driven and facilitate the
Health Ministry's expression in PNCTIS debate:

- the significant increase of financial resources pro-
vided by SCTIE, through DECIT, for health re-
search support and development. It should be
pointed out the fact that in view of having addi-
tional resources for Health Science and Techno-
logy, there was a significant amount of resour-
ces from 2004 until nowadays. As a comparison,
in 2003 we had a R$ 3 million budget, in 2004
such amount went up to R$ 69 million, in 2005
up to R$ 71 million and in 2006 it reached R$
101 million.

- and the signature of the Technical Cooperation
Deed by and between the Health Ministry and
MCT. Such Deed, which constitutes a necessary
articulation, provides more visibility and conse-
quence to the desired approach between the
Health Science and Technology sectors, with in-
volvement of agencies of MCT, CNPq and FI-
NEP, presenting them as important technical and
political instances in the development guidance
offered and in the approach to the Health
Ministry’s governing role in the conduction of
PNCTIS. It should be pointed out that a great
transformation is being carried out in the Heal-
th Ministry as support, inverting the “ demand
by order” logic, for the one published in Public
Notices, being respected ANPPS.

This scenery provides for formulations for the
creation of the National Health Innovation System,
consisting of a mixture of the high dynamism of the
sector, which has a very high aggregated value, with
high degrees of innovation and an undeniable eco-
nomic, political and social interest. The conjunction
between PNCTIS and PITCE establish the conditions

in order to think, prepare and carry out industrial
and innovation policies, where are perfectly inclu-
ded the biotechnology area policies in human heal-
th, being privileged the production of vaccines, im-
munobiological products and new technologies for
the diagnosis.

In the biotechnology field, PITCE finds in the
Biotechnology Competition Forum, within its line
of encouragement to activities for the future, the
privileged space for defining and conducting a Na-
tional Policy on Biotechnology Development. In this
forum, gathering all sectors and actors involved
in the biotechnology field, are analyzed the ele-
ments for the design of such policy aiming the fo-
llowing points:

* Infrastructure and human resources

* Regulatory marks

* Investments

 Agriculture and cattle raising biotechnology

* Industrial biotechnology and other applicati-
ons.

» With special emphasis for the human biotech-
nology, whose proposed developments con-
sist of hemo-derivatives, diagnosis kits, bio-
materials and vaccines.

The groups of products already identified, ba-
sed on the 2004 Importation List?, in U.S. dollars,
and which may be produced by the Brazlian bio-in-
dustry, are the following:

Vaccines US$ 113 million
Hemo-Derivatives US$ 118 million
Antibiotic US$ 40 million
Hormones US$ 54 million
Enzymes US$ 7 million

In relation to the production of vaccines and
immunological products, the proposed strategies are
the following:

- creation of the national competitivity program in
vaccines and immunobiological products, aiming
not only at the production of known vaccines,
but also at the development of new vaccines;

- preparation and implantation of an exportation
policy for the exceeding Brazlian production.

- encouragement to the creation of national biote-
chnology companies;

- incentive to P & D investments in Brazl by the
national and international producers of vacci-
nes and immunobiological products; and
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- encouragement to efficient mechanisms of trans-
fer of technologies for technologically advan-
ced vaccines.

The implementation of such strategies shall
imply in:

- alliance among public laboratories for producti-
on of vaccines, with the definition of specializa-
tion sectors among them.
modernization of management and of the legal
institutional structure of these laboratories;
strategic personnel qualification;
national and international certification of the fac-
tories, according to required bio-security prin-
ciples.
support to the national industry of the health pro-
ductive complex, inclusively with P&D projects
financing;

- guarantee of purchase and other incentives; and

- strengthening of the capability of carrying out
clinical essays (Brazilian platform for clini-
cal essays), productive and regulatory capa-
cities of the State and intellectual property pro-
tection.

The current actions regarding the vaccines may
be summarized by the articulation of the priorities
defined in the Health Ministry’'s INOVACINA Pro-
gram, consisting of the production, among others, of
recombinant vaccines, rabies, human use; B/C com-
bined meningococcal; rabies, animal use; hepatitis
A and canine leishmaniosis involving our institutes,
such as Butantan, Biomanguinhos, Adolfo Lutz, Te-
cpar, Centro Gongalo MonizZFIOCRUZ. The financi-
al resources already made available by the Health
Ministry consist of R$ 16 million, operated within the

Health Ministry cooperation agreement (DECIT / SC-
TIE) and MCT (FINEP).

In relation to the hemo-derivatives, the prioriti-
es are for coagulation factors VIII and IX; fibrin glue
and prothrombin complex (used for hemophilia and
other diseases and in hemorrhagic situations); albu-
min (used for major burns, serious renal and hepatic
failures, etc.) and immunoglobulines (useful in cases
of immunological deficiencies and self-immune disea-
ses). It should be pointed out that out of these hemo-
derivatives, only albumin is made in Brazl and even
in an insufficient manner.

As to the diagnostic kits, the priorities are in
relation to the development of reagents for diagnosis
of aids, hepatitis B, Toxoplasmosis, reagents for di-
agnosis of infecto-parasitic diseases, such as mala-
ria, tuberculosis and viral diseases:. dengue and ro-
tavirus;, and reagents for diagnosis of neglected di-
seases, such as leishmaniosis, leptospirosis. This sec-
tor presents a strong technological dependence. Most
of the consumables, reagents and equipment for di-
agnosis are imported, with a high burden for the
Health System.

At lagt, it is worthwhile emphasizing the trans-
versal action implemented within the Health Sector
Fund, aiming at encouraging the Cooperation be-
tween Science and Technology Institutes (ICT) and
Companies, aiming at the Innovation in Therapeutic
Products and Diagnosis. The proposed partnership
is dedicated to the carrying out of projects for imple-
menting activities destined to the technological deve-
lopment and to the innovation related with: Pharma-
ceutical Products and Medications and Consumables,
equipment and reagents (kits) for diagnosis.
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A POLITICA INDUSTRIAL, TECNOLOGICA
E DE COMERCIO EXTERIOR E SEUS INSTRUMENTOS

AdrianaDiaféria

Em 2006, Coordenadora da area de biotecnol ogia, farmacos
emedicamentos daAgénciaBrasileirade Desenvolvimento Industrial (ABDI)

Em 2008, Diretorado Departamento de Economia da Salde, na Secretariade Ciéncia,
Tecnologia e Insumos Estratégicos do Ministério da Satde

Resumo

O presente texto tem como objetivo apresentar
os dados e informagdes que subsidiaram a estrutura-
¢do da Politica Industrial, Tecnolgica e de Comércio
Exterior (PITCE), revelando a importancia central da
Inovagdo como elemento propul sor de desenvolvimen-
to econdmico e social do Brasil e indicando as éreas
estratégicas com potencial de mudar o patamar de com-
petitividade daindUstriabrasileirano cenério internaci-
onal nos préximos anos.

EsTRUTURA DA APRESENTACAO

- A justificativa da Politica Industrial, Tecnolgica e de
Comércio Exterior (PITCE)
- Institucionalidade da PITCE e papel daABDI
- Eixos e programas da PITCE
- Incentivos &inovagao:
* lel deinovagdo (lei 10.973, de 2/12/2004)
* “lei dobem” (lei 11.196, de 21/11/05)
- Macroprogramas ABDI
* Industria Forte
* InovaBrasil
* Iniciativa Nacional paralnovagéo (INI)

PTce

A inovacdo e diferenciacdo de produto € elemento
central para a sustentacdo do crescimento. Empresas
industriais que inovam e diferenciam produtos crescem
mais, exportam mais, pagam maiores sal ari os e apresen-
tam melhores condi¢des de trabal ho. Nas condi ¢bes atu-
ais, adisputaconcorrencial se daem todos os mercados,
interno e externo e por exemplo, as vezes é dificil saber
onde foi realmente produzido um equipamento médico
ou medicamento. Dai o objetivo de ser competitivo inter-
nacional mente, disputando mercados onde estiverem. E
isso que diferencia a Politica atual das anteriores. Por
isso, € Politica Industrial e Tecnolégica e de Comércio
Exterior (PITCE).

NOVAGAO PUXA O DESENVOLVIMENTO

» Pesquisado | PEA sustentao rumo das diretrizes
da PITCE

» Maior conjunto deinformagfes sobre aindistria
brasileirajamaisreunido

* PINTEC/IBGE; PIA/IBGE; RAIS/MTE;
SECEX/MDIC; BACEN; MPOG (1996-2002)

* 95% do VTI; 72.000 empresas, 5,6 milhdes de
trabalhadores

Este texto reflete as transpar éncias apresentadas no | Smpésio Internacional de Imunobiol égicos e Saide Humana de Bio-Manguinhos, as
quais foram produzidas com base nos estudos e trabal hos realizados pelo Prof. Mario Sérgio Salerno (USP), ao longo da implantagéo das
fasesiniciaisda PITCE, conformereferendado ao final do presente texto.
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» Categorizagdo das empresas por estratégia
competitiva e desempenho:
A) Firmas que inovam e diferenciam produto
- Lancaram produto novo para o mercado
- Obtiveram preco-prémio nas exportacdes de
no minimo 30% com relagdo aos demais ex-
portadores brasileiros do mesmo produto
B) Firmas especializadas em produtos
padronizados
 Exportadoras sem prego-prémio (ndo incluidas
No grupo acima)
» Né&o exportadoras com produtividade maior ou
igual as exportadoras
C) Firmas que ndo diferenciam produto
etém produtividade menor
» Né&o classificadas nas categorias anteriores
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ESFORCO PARA INOVAR
P& D INTERNO / FATURAMENTO

[ Inovam e diferenciam produtos

| Especinlizados em produtes padronizados
¥

| Mo diferenciam produtos e tbm produtividade menor

| Total da Indistria

(%) Alemanha: L.7% Franga: 2.5%

ESsFORCO PARA INOVAR
E MAIOR NAS EMPRESAS NACIONAIS

As empresas nacionais investem 80,8% mais em
P& D interno como proporgdo do faturamento do que as
filiais das estrangeiras.
Esforco inovativo = gastos internos de P&D /fa
turamento.
e Dado bruto médio por empresa as nacionais:
0,75%; TNCs: 0,62%
» Andliseprobabilisticaapartir de consolidacéo firma
a firma, controlando cerca de 200 variaveis de
esforgos hacionais 80,8% maior
- faturamento, setor, pessoal, coeficientes de exportagdo
e importacdo etc
- TNCs: menosgastosinternos e maisaquisicoes externas
- TNCs: impacto positivo sobre o esforgo inovativo das
nacionas
* + 1% de part. mercado das TNCs = + 9% gasto
total de P&D das nacionais
* + 1% de gasto de P& D num setor = + 4% gasto
P&D das nacionais
79% das TNCs ndo inovam e diferenciam produto
* Esforgo tecnol 6gico concentrado nas matrizes
 Subsidiarias brasileiras estabelecidas para o
mercado interno

INOVAR AJUDA A EXPORTAR

O Brasil € muito competitivo nas exportacdes de
commodities e produtos padronizados.

» Commodities primarias - cercade 40% do total
exportado no Brasil

* Produtos de alta e médiaintensidade tecnol égica
—>cerca de 30%

* 60% das exportacOes mundiais > produtos de alta
e médiaintensidade tecnol 6gica

» commodities > 13%

A inovagao tecnol 6gicaimpulsionaexportacbesde

maior valor agregado.

Firmas que inovam tém probabilidade 16% maior
de serem exportadoras.

As mais inovadoras exportam mais. comércio de
produtos com maior contelido tecnoldgico apresentam
maiores taxas de crescimento em nivel internacional.

Inovacdo de produto e preco-prémio estdo corre-
lacionados.
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I NVESTIMENTO DIRETO
BRASILEIRO NO EXTERIOR

Internacionalizagdo de empresas brasileiras faz
bem para as exportacdes e para 0s empregos.
US$ 13,7 bilhdes deinvestimentosdiretos (D) da
industriabrasileirano exterior (2003).
Salariosmédios
* Firmas com investimento direto no exterior: R$
1.318,40
 Firmassem investimento no exterior: R$ 505,60
e Firmas com ID nos EUA e Europa: 17,4% e
14,0% amais de chance de exportarem com pre-
co-prémio
A internacionalizacdo € um dos caminhos para o
fortal ecimento, crescimento, inovacdo ediferenciacio de
produtosdasfirmasindustriaisbrasileiras.

INVESTIMENTO DIRETO
BRASILEIRO NO EXTERIOR

Mialia aritisacingn de 10K
Tigna iy Mimern de
TMirmtiis (LT
Eraslieiras ML BT 4
sem JE]

Fmprugn Fabmramumis Eapnrtagnem

Herasileiras [ 77 (L4 1 [N T g |

com [11HE | |

Transsacinnals | | 356 12.2% | 15.01 | 2

i adl | Ay o | [TT} ] ]

O QUE A PESQUISA MOSTRA

Inovar e diferenciar produtos é o caminho paraa
industria brasileira ganhar maior destague no cenario
mundial.

Firmas que inovam e diferenciam produtos repre-
sentam 26% do faturamento daindustria

* 39% delas realizaram mudancas na estratégia
corporativa

Inovac&o ndo é prerrogativa exclusiva de grandes
empresas nem de determinados setores.

Parcela do empresariado est4 conectado com as
transformagdes e oportunidades abertas no mundo, ino-
vando e diferenciando produtos, buscando seu lugar na
competicaointernacional.

Inovac&o geraefeitos positivos sobre salarios, ex-
portacdes, produtividade, crescimento das empresas.

Politicalndustrial relevante et orientadaparafor-
talecer estratégias competitivas marcadas pela inovacéo
e devem gjudar a disseminar a cultura dainovaco.

PITCE: INDUZIR NOVO PATAMAR
COMPETITIVO NA INDUSTRIA

PoLiTICAS ANTERIORES

* Anos 60/70: foco na construcéo de setores

(fébricas)

« Anos 90: abertura comercial e acdes

fragmentadas

» “amelhor politica industrial € ndo ter politica

industrial”

PTce

Perseguir padrbes de competitividade
internaciona

Incentivar a indlstria a inovar e diferenciar
produtos para concorrer num patamar mais
elevado, mais dindmico, de maior renda e mais
virtuoso sociamente

Extrapolar muros das fabricas; considerar a
eficiénciadetodaaatividade envolvida
Negécio é mais do que producdo fisica: P&D,
concepcdo e projeto de produto, design,
certificacdo, distribuicdo, marca

DesaFios

Recuperar a prética de formular e gerenciar
politicaindustrial etecnol 6gicaintegradalntegrar
e coordenar instrumentos e 6rgéos do Estado
MDIC, MF, MPOG MCT, MAPA, MRE, MIN,
MS, BNDES, FINEP, APEX, SEBRAE, Agéncias
Reguladoras, CNPq / CAPES / FAPes...
Aumentar o investimento privado em P& D

Aumentar a inovatividade das empresas
brasileiras
Aumentar o porte das empresas brasileiras

OPORTUNIDADES

» Base cientifica que pode ser acionada para

desenvolvimento tecnol 6gico einovacdo

* Fundos setoriais
* Baseindustrial com razoavel escala parapadrdes

de paises emergentes
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» Compras governamentais
- Prominp / compras da Petrobras
- Tecnologias e oportunidades emergentes
- Biotecnol ogia/nanotecnol ogi a/sof tware/biomassa
e energias renovavei atividades derivadas do protocolo
deQuioto

MissAo E oBJETIVOS DA ABDI

MissAo

Promover o desenvolvimento industrial etecnol ¢-
gico brasileiro, por meio do aumento da competitividade
e da inovagéo.

OBJETIVO GERAL

Articular, coordenar e promover a execucdo da
PITCE em interagcdo com os diversos 6rgéos publicos e
com ainiciativaprivada.

INSTITUCIONALIDADE

PREMISSA BASICA I

PROMOVER, ARTICULAR, RACIONALIZAR 1
E COMPLEMENTAR AS ACOESDAPITCE ¢

= = 5

i | NUNCA SE BUPERPOR AS
- ATIVIDADES DOS PARCEIRGS

ABD! ||

ELEMENTO CHAVE

IDENTIFICAR E CONHECER
05 PROJETOS DOS PARCEIROS

VISAO GERAL DA ESTRATEGIA

VISAO DE PRESENTE - Indistriaameagada“ por bai-
X0" pela concorréncia de produtores que se apdiam em
baixos sal&rios e por cima’ por produtores que tém alto
potencial de inovagdo e criagdo de produtos e servigos.
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VISAO DE FUTURO - Mudanca do patamar da in-
dustria pelainovacéo e diferenciacéo de produtos e ser-
Vigos, com insercdo e reconhecimento nos principais mer-
cados do mundo.

A PITC SE ARTICULA EM TRES PLANOS

LINHASDE ACAO HORIZONTAIS

Inovac&o e desenvol vimento tecnol 6gico
Insergcdo externa

Modernizag&o industrial

Ambienteinstitucional / investimento, capacidade

OPCOES ESTRATEGICAS

Semicondutores (aplicacdo especifica), software,
bens de capital, farmacos e medicamentos
Atividades portadoras de futuro

Biotecnologia, nanotecnologia, biomassa e
energias renovaveis

| NOVACAO E DESENVOLVIMENTO TECNOLOGICO

LEISDE INOVACAO E DE
BIOSSEGURANCA, LEI DO BEM

Lei 11.196 de 21/11/05 (“Lei do Bem”) -
incentivos ainovagao (automéaticos)

Apoio a P&D (R$ 1,8 bi s6 em programas
BNDES e Finep)

Nova linha BNDES, ProFarma PD&I, Pré-
Inovacdo Finep e outros — reducdo do custo e
risco parainovacgdo (médias/grandes empresas).
Pappe / Finep + Fapes: R$ 1 bilhdo em 2006
(reducéo de risco para micro e pequenas
empresas)

Juro Zero para peguenas empresas (em expansao
— depende de contrapartidas estaduais)

Fundos Setoriais (execugdo de 99%)

Fundo de capital empreendedor para apoio a
empresas de base tecnoldgica (ABDI/Finep)
Reestruturacéo do INPI (INPI sem papel -
registro de marcas pelainternet)
Fortalecimento da infra-estrutura para TIB
(tecnologiaindustrial basica)

Programa nacional de revigoramento da rede
brasileirade metrologia

) I i
CERRE

* Criagdo delaborat6rios de metrologiaquimicae

de novos materiais

- Modernizagdo e articulagdo dos centros de

pesquisa

* Laboratdrio deandisespré-clinicas; prototipacéo,

Proinco / BNDES

» Programas para é&reas especiais (ex.:

aeroespacial / satélites, computador popular,
Prominp etc.)

EvoLucAo bos FUNDOS SETORIAIS

AUTORIZACAO E EXECUCAO ORCAMENTARIA

T T T o T WL, |

Wi oAE om0

. Expiaia

Airorieado

EvoLuCAO DA EXECUCAO
DOS FUNDOS SETORIAIS

Funbos SeToriAls EvoLucAo
DE PeErceNTUAL Executapo - 1999 A 2005
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" 2004

1999 2000 2001 2002 i
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2005
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INSERCAO EXTERNA / EXPORTACOES

ProcraMA BrASIL EXPORTADOR

Financiamento, seguro, simplificacéo,
desoneragdo tributéria, aduana expressa

Ventros de distribuicéo e negécios no exterior
(MDIC/APEX)

EUA (16/5/2005 — 112 empresas), Alemanha (1o
Semestre 06), Dubai, Russia, China, Af.do Sul
RECAP - programa plataformas de exportagéo
(desoneracdo) / Lei do Bem
Melhoriadaimagem externado Brasil

Marca Brasil, promogdes Apex / MRE / Min.
Turismo

Indicacdes de origem (café, carne, cachaca,
biomas etc.)

Promoc&o comercia e prospeccdo de mercados
| Apex
Internacionalizag&o de empresas brasileiras

Financiamento de ativos e consolidag&o de marcas
(BNDES)

M ODERNIZACAO INDUSTRIAL

M ODERNIZAGAO DE EQUIPAMENTOS

Modermaq

Programa bens de capital por encomenda /
prestadores de servico

Programas de certificagdo de produto
Software, florestal e mais 55 produtos

FORTALECIMENTO DA PEQUENA E MEDIA EMPRESA / APL s
M ODERNIZACAO DE ORGANIZAGAO / GESTAO / DESIGN

Cartéo BNDES/ giro Caixa

Articulagdo dos diferentes programas nosAPLS
/ sinergia entre os programas

GTP-APL (Coord. MDIC)

PEIEX - programa extens&o industrial
exportadora (MDIC)

Capacitacdo (MDIC/Sebrae/...)
Inovagdo tecnol 6gica em APLs (Finep)
Bonusde metrologia

Boénusde certificacdo (70% custo) / 53 categorias
de produtos

AMBIENTE INSTITUCIONAL / INVESTIMENTO

APOIO AO INVESTIMENTO / DESONERAGAO

Desoneracdo do IPI para equipamentos (18
meses antes do cronogramainicial)

Nova sistemética de recolhimento do |PI,
sistemética Cofins

Reducdodoll p/ egtossem similar nacional, 1.251
ex-tariférios (jan-nov 2005)

Depreciacdo acelerada, programa pré-empresa
Financiamento a eqto importado sem similar
naciona (BNDEYS)

Prominp-Recebiveis. antecipacdo de recebivels
contratuais (dez 05)

Simplificagdo da abertura e fechamento de
empresas

Financiamento para aumento de capacidade
Simplificagdo aduaneira / regime aduaneiro
espacia

Instalac&o da sala do investidor (PR)

Agenda de atrac&o de investimentos em &reas-
chave

Politica para transnacionais. atrair centros de
desenvolvimento

ABDI, CNDI e Férum de Secretérios

OPCOES ESTRATEGICAS BASEADAS EM
ATIVIDADES:

» Portadoras de dinamismo crescente e sustentavel

Responsaveis por parcelas expressivas do
investimento internacional em P& D

Promotoras de novas oportunidades de negdcios
Envolvidas diretamente com a inovacéo de
processos, produtos e formas de uso

Capazes de adensar o tecido produtivo
Importantes para o futuro do Pais

Com potencial para o desenvolvimento de
vantagens comparativas dinamicas

OPCOES ESTRATEGICAS

SEMICONDUTORES

Atracdo de investimento direto externo
Aduana rgpida (novo Recof)

1°investimento: SMART (memérias e modul 0s)
Possivel foundry para AS Cs (el etr. embarcada)
Capacitacdo local
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» Design houses (5 centros vencedores)
» Editais Finep paraco-projeto de chips (R$8 mi)
» Formacédo de recursos humanos (CNPQ)

SOFTWARE

» Exportacdo (produtos e servigos)

* Repes; PSI Apex; PDS ABDI

* Fortalecimento daindistria

* Financiamento (novo Prosoft: produg&o, “risco”,
comercializac8o, exportacdo)

- 71operacdesatéjan06, investimento de R$ 284 mi

- ViaCartdo BNDES: 232 op.e R$3,8mi/mar 03-
jan 06

» Apoio afusio de empresas

* Certificagdo, bibliotecade components

« Areas de futuro: grid, alto desempenho,
visualizag&o, seguranca

Bens be CAPITAL
* Facilitar aaquisi¢do de magquinas e equipamentos
por todos os segmentos da.economia (M odermag,
Cartdo BNDES e outros)
* Modermaq: 5.194 operagfes, R$ 2,2 bi em
créditos até dez/05
» Esforcosdecomercializagdo internacional (Apex)

FArRMACOSE M EDICAMENTOS

e Estimular a producdo de farmacos e
medicamentos: Genéricos, alto impacto nasalde
publica(doencas negligenciadas, DST/AIDS, alto
custo), vacinas, radiofdrmacos e hemoderivados

 Profarma: 33 op, investimentos R$1,69 bi (jan06)

* Apoio a centros de P&D (ex:CDTS/Fiocruz,
UFC, IPEPATRO)

» Modernizar |aborat6rios publicos

ATIVIDADES PORTADORAS DE FUTURO

BioTECNOLOGIA

* |nvestimentos em infra-estrutura

» Forum de competitividade

Infra-estrutura, recursos humanos, i nvestimentos,
bio animal, bio vegetal, quimica de espécies
renovaveis

Apoio acentros de exceléncialigados a geracéo
denegdcios

IniciativaNacional em Farmacos e Biotecnologia
daABDI

- Politica de Desenvolvimento da Biotecnologia
(Decreto n° 6.041/07)
- Comité Nacional de Biotecnologia

NANOTECNOLOGIA

» Fortalecimento darede brasileira
* R$ 75 milhdesem editais
* Articulac8o de programanacional

ENERGIAS RENOVAVEIS

e Estimulo ao desenvolvimento de novas
alternativestecnol 6gicas

V ALORIZAGAO DOS SETORES TRADICIONAIS

AMPLIAR A COMPETITIVIDADE VIA

Linhas de agéo horizontais
Integracdo com as opgoes estratégicas
» Microeletrdnica, software, bens de capital
Integracéo com atividades portadoras de futuro
* Biotecnologia, nanotecnologia, biomassa
Articulacdo naABDI e nos Foruns de Competiti-
vidade.

ABDI - MACRO PROGRAMAS MOBILIZADORES

M ACROPROGRAMAS M OBILIZADORES

» S&o agesou iniciativas capazes de arregimentar,
aglutinar, organizar e por em movimento o
potencial nacional disponivel numaagdo efetiva,
visando o desenvolvimentoindustrial brasileiro

Forslecer e axpandir a basa
indusinal brazilgira

v
Macroprograeia mobslizador 1
BDUSTEIA FORTE
1
Ees-.ali: 1 Dezafo 2 Dezafio 3
Fortalecar as Foerelecer g Inzarcéo
cadesas nroduties asinsura produliva riemacional aliva
\‘ / regioral 'L
Programa de aMfﬂi’-::u;|drarT1:a. 1
Desenvolvimento giraCa0 Ue ceniros
Salarial de P, D& E esedes
FDS de Negooos de
IFlal multinacionais
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ABDI - MACRO PROGRAMAS MOBILIZADORES

M ACROPROGRAMAS M OBILIZADORES

e Sdo acgbBes ou iniciativas capazes de

arregimentar, aglutinar, organizar e por em

movimento o potencial nacional disponivel numa

acdo efetiva, visando o desenvolvimento
industrial brasileiro

Aumentar a capacidade Inovadora das empresas

Macroprograma mobilizador 2 - INOVA BRASIL

v

Imeialiva necional para movacao
x Articulacao das
Igentificagan de Articulacie & Moblizacsio : .
il & Eomtin e alividades porladoras
nacional de movagao Eventns cursos
articulacdo de aghes com
enfidades de inovacao

de fulurg com
atnvidade empresanal

SINTESE

A PITCE se baseia num conjunto articulado de
medidas que buscam amudancgado patamar competitivo

daindustriabrasileira

Voltada para o futuro — o que queremos do Pais?
Integracdo das acbes governamentais e interacdo

com o setor privado, comunidade cientificaetecnoldgica
e trabalhadores

* Diretrizes alinham os diversos entes do governo
federal

 Sinalizam paraosniveisestadual e municipal

» Sinalizam paraainiciativaprivada

- Fazendo escol has, incorporando riscos

- Avdiando o desempenho dosprogramasedapoalitica

M AIORES DETALHES

DIRETRIZES E PROGRAMAS DA PITCE:

» www.abdi.com.br

» www.desenvolvimento.com.br

e Www.mct.gov.br

« SALERNO, Mario S.A politica industrial,
tecnol6gica e de comércio exterior do governo
federal. Revista Parcerias Estratégicas, CGEE,
n.19, p.13-36, dez.2004 (www.cgee.org.br)

SOBRE A PESQUISA | PEA:

« DENEGRI, JodoA.; SALERNO, Mario S, eds.
InovacOes, padrbes tecnol 6gicos e desempenho
dasfirmasindustriais brasileiras. Brasilia, |pea,
2005. (www.ipea.gov.br).
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THE INDUSTRIAL, TECHNOLOGICAL AND FOREIGN
TrRADE PoLicy AND ITS INSTRUMENTS

Adriana Diaféria

In 2006, Coordinator of Biotechnology, Pharmaceutical and Drugs,Brazilian
Agency four Industrial Development (ABDI), Brasilia, Brazil

In 2008, Director of the Health Economy Department, in the Secretary of Science
and Technology and Srategic Inputs for Health, Ministry of Health, Brasilia, Brazl

ABSTRACT

The objective of this text is to present the data
and information that subsidized the structuring of the
Industrial, Technological and Foreign Trade Policy
(PITCE), disclosing the core importance of Innovati-
on as a propelling element of the social and econo-
mical development of Brazil and pointing out the stra-
tegic areas with potential to change the competitive-
ness level of the Brazilian industry in the internatio-
nal scenario in the following years.

STRUCTURE OF PRESENTATION

- The reason for the Industrial, Technological and
Foreign Trade Policy (PITCE)

- PITCE'S Ingtitutionality and ABDI’S role
- PITCE'S axles and programs.

- Incentives to innovation
 Innovation law (Law 10,973 of December 2,
2004)
e “Assets law” (Law 11,196, of November 21,
2005)

- ABDI’ S Macro programs
e Srong industry
* Inova Brasil
» National initiative for Innovation (INI)

THE REASON FOR PITCE

The product innovation and differentiation
is the core element to support the growth. Indus-
trial companies that innovate and differentiate
products grow further, export further, pay higher
wages and have better work conditions. Under
current conditions, the competition occurs in all
internal and external markets — e.g., sometimes it
is difficult to know where a medical equipment or
medicine was really produced. The objective of
being internationally competitive, contending for
markets where they are derives from it. This is
what differentiates the current Policy from the
previous ones. Due to this fact, it is an Industrial
plus Technological plus Foreign Trade Policy (PI-
TCE).

I NNOVATION ENCOURAGES DEVELOPMENT

» |pea’s research supports the direction of
PITCE'S guidelines

* It is the hugest data basis on the Brazilian in-
dustry ever

* PINTEC/IBGE; PIA/IBGE; RAISMTE; SECEX/
MDIC; BACEN; MPOG (1996-2002)

* 95% of VTI; 72,000 companies, 5.6 million
workers

» Rating of companies pursuant to competitive
strategy and performance:

A) Companies that innovate and differentiate pro-
duct

Thistext reflects the transparencies presented in the | International Symposium on |mmunobiologics and Human Health of Bio-Manguinhos,
which were produced based on the studies and works carried out by Professor Mario Sérgio Salerno (USP), along theimplantation of theinitial

phases of the PITCE, as confirmed at the end of thistext.
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- Released a new product in the market;

- Received a premium price in the exports of at
least 30% compared to other Brazilian expor-
ters of the same product

B) Companies specialized in standardized pro-
ducts

- Exporters without premium price (not inclu-
ded in the above mentioned group)

- Non exporters with productivity equal or su-
perior to exporters

C) Companies that do not differentiate product
and have a smaller productivity

- Not classified in the previous categories. (Foo-
tnotes)

CompaNiES PROFILES
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EFFORT TO INNOVATE
Dowmestic R&D / REVENUE

! Ianovate asd differentiate produets

E Specialized in standardized prodocis

E [ poe differentlate and have lower produetivity

E Indusiry Total

(") Germamy: L.7% Franee: 2.5%

EFFORT TO INNOVATE
IS GREATER IN DomEsTic ComPalES

The national companies invest 80.8% more in
internal R&D as a proportion of the revenue, than
the foreign companies’ branches

Innovative effort = internal expenses of R&D /
Revenue.

» Average Gross data per company aDomestic:
0.75%, TNCs: 0.62%

- Probability analysts after consolidation of a
firm by firm basis, controlling about 200 vari-
ables & Domestic effort 80.8% greater

- Revenue, section, personal, export coefficients
and import etc

- TNCs: Less domestic expenses plus external
purchases

- TNCs. positive impact on the innovative effort
of the national companies

- + 1% of market share of TNCs = + 9% total
charge of R&D of the national companies

- + 1% of charges of R&D in a sector = + 4%
charge R&D of the domestic companies.

79% of TNCs do not innovate and differentiate
product

- Technological effort focused on matrixes

- Brazilian subsidiaries organized to domestic
mar ket

| NNOVATING HELPS TO EXPORT

Brazl is quite competitive in the exportation of
commodities and standardized products

Primary Commodities>  40% of the total ex-
ported in Brazil> High and medium technological
intensity products=>  around 30%

60% of the world exports 2>
dium technological intensity products

-2 commodities al3%

The technological innovation stimulates the ex-
portation of higher value added

Companies that innovate are 16% more likely
to be exporters

The most innovative export more: trade of pro-
ducts with larger technological content shows larger
growth rates at the international level

Product Innovation and premium price are as-
sociated.

High and me-
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BraziLiAN DIRECT INVESTMENT ABROAD

The internationalization of Brazilian compani-
es is good for exports and employment

US$ 13.7 hillion of direct investments (ID) of
the Brazilian industry abroad (2003)

Medium wages
- Companies with direct investment abroad: R$

1,318.40

- Companies without investment abroad: R$ 505.60

Companies with ID in the USA and Europe:
17.4% and 14.0% additional chance of exporting with
premium price

The internationalization is one of the ways to
strength, grow, innovate and differentiate products
of the Brazilian industrial firms

BraziLiAN DIRECT INVESTMENT ABROAD
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WHAT RESEARCH SHOws

Innovating and differentiating products is the
solution for the Brazlian industry reaching an outs-
tanding position in the world scenario

Companies that innovate and differentiate pro-
ducts represent 26% of the industry’s revenue

* 39% of them accomplished changes in the cor-
porate strategy

Innovation is not the exclusive prerogative of
large companies or certain sections

A number of entrepreneurs are aware of the
transformations and opportunities disclosed in the
world, innovating and differentiating products,
looking for its place in the international competition

Innovation generates positive effects on wages,
exports, productivity, and growth of companies.

A relevant Industrial Policy is directed to
strengthen competitive strategies marked by inno-
vation and it shall support the dissemination of the
innovation culture.

PITCE: INDUCE A NEW
COMPETITIVE LEVEL IN THE INDUSTRY

FORMER POLICIES
60's and 70’s. focus on the construction of in-
dustries (plants)
90’s: commercial opening and partitioned acti-
ons “the best industrial policy is to do not have an
industrial policy”

Pitce
Look for international competitiveness standards
Encourage industry to innovate and differentiate pro-
ducts to compete at a higher and more dynamic level,
with a higher income and more socially virtuous.
Extrapolate plant walls; consider the efficiency of
all activity involved.
* business is more than physical production:
R&D, conception and product project, design,
certification, distribution, brand

CHALLENGES

» Recover the practice of developing and ma-
naging an integrated industrial and technolo-
gical policy

* Integrate and coordinate Sate bodies and ins-
truments MDIC, MF, MPOG, MCT, MAPA,
MRE, MIN, MS, BNDES, FINEP, APEX, SE-
BRAE, Regulatory Agencies, CNPq / CAPEY
FAPes...

» WPB ParticipagOes e Empreendimentos SA.

* Increase the Brazilian companies innovation

* Increase the Brazilian companies size

OPPORTUNITIES
Scientific basis that can be driven for the tech-
nological development and innovation
Sectorial Funds
Industrial basis with reasonable scale for emer-
ging countries standards
Government purchases
* Prominp / Petrobras purchases Emerging te-
chnologies and opportunities
 Biotechnology/nanotechnology /software/bio-
mass and renewable energies /activities resul-
ting from the Kyoto Protocol.

ABDI’SMisson AND OBJECTIVES
Mission:
Promote the Brazilian industrial and technolo-
gical development, through the increase of competi-
tion and the innovation.
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General Objective:

Articulate, coordinate and promote the perfor-
mance of the PITCE upon interacting with the seve-
ral public bodies and the private initiative.

| NSTITUTIONALITY

IDENTIFY ARD KRNOAY
PROJECTS PARTHERS

StrRATEGY OVERVIEW

Edualon  TaxBuden  Wiasiucre  Invasliners for e profucimara  Regulaloy e
| | | ‘ | |

VISION OF CURRENT TIME —Industry chal-
lenged in the “ bottom” side by competition of pro-
ducers supported on low wages and “in the upper
side” by producers with a high potential for innova-
ting and creating products and services.

VISION OF FUTURE - Change of the level
of the industry through innovation and differen-
tiation of products and services, upon the inserti-
on and acknowledgment in the main markets of
the world.

PiTCE 1S ARTICULATED
IN THREE PLANS

Horizontal Action Lines
¢ Innovation and technological development
* External Insertion

e Industrial updating
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* Institutional environment / investment, capacity
Strategic options

e Semi drivers (specific application), software,
capital assets, drugs and medicines
Activities for the future

 Biotechnology, nanotechnology, biomass and
renewable energies

| NNOVATION AND
TecHNoLoGIcAL DEVELOPMENT

| NNOVATION AND BIOSAFETY LAW, ASSETS LAW

e Law 11,196 of November 21, 2005 (* Assets
Law”) — Incentives to innovation (automatic)

» Support to P&D (R$ 1.8 billion only in BN-
DES and FINEP programs)

* new BNDES line, ProFarma R,D&I, Proé-Ino-
vagdo Finep and others — reduction of the cost
and risk for innovation (medium/large compa-
nies)

» Pappe / Finep + Fapes: R$ 1 billion in 2006
(risk reduction for micro and small companies)

e Zero Interest for small companies (in expansi-
on — Depends on Sate compensations)

e Sectorial Funds (performance of 99%)

» Enterprising capital fund to support techno-
logical-based companies (ABDI/Finep)

e INPI Restructuration (INPI without paper —
mark registration by internet)

» Srengthening of the infrastructure for TIB (ba-
sic industrial technology)

» National refreshment program of the Brazlian
Metrology Network

 Creation of chemical metrology laboratories
and new materials

» Research Centers' updating and articulation

 Pre-clinical analyses lab; Development of pro-
totypes, Proinco / BNDES

» Programs for special areas (e.g, aerospacial /
satellites, popular computer, Prominp etc.)

EvoLuTioN oF THE SEcTORIAL FUNDS
BUDGET AUTHORIZATION AND EXECUTION

SecToriAL FUNDS

EvoLuTioN (AUTHORIZATION AND BUDGET PERFORMANCE)

1999 to 2005

T T T o I.:"'I.‘_- =1

) I i
CERRE
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Murhoizas B Forome

EVOLUTION OF THE EXECUTION
OF THE SEcTORIAL FUNDS

SectoriAL Funbs EvoLuTioN oF PERFORMED PERCENTAGE

1999 T0 2005

50

" 2004

1999 2000 2001 2002 2003 2005

ExTeERNAL INSERTION / EXPORTS

ProGram BrasiL ExPoRTADOR (EXPORTER BrAZIL)

» funding, insurance, simplification, tax relea-
Se, express custom

» distribution and business centers abroad
(MDIC/APEX)
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- USA (May 16, 2005-112 companies), Germany (1%
Semester 06), Dubai, Russia, China, South Africa
» RECAP — Export platforms program (release)

/| Assets Law

I MPROVEMENT OF BRAZIL' SIMAGE OVERSEAS
e brand Brazl, promotions Apex / MRE / Tou-
rism Ministry
« Origin indications (coffee, meat, sugar cane
brandy, biomass etc.)

COMMERCIAL PROMOTION AND SEARCH OF MARKETS/ APEX
| NTERNATIONALIZATION OF BraziLIAN COMPANIES
» Asset management and consolidation of ma-
rks (BNDES)

INDUSTRIAL UPDATING

EquipmMENT UPDATING
* Modermaq
» Capital assets program upon order / service
providers

ProbucTt CerTIFICATION PROGRAMS
« software, forest plus 55 products

STRENGTHENING OF THE SMALL AND MEDIUM COMPANY / APLs
ORGANIZATION/ MANAGEMENT / DESIGN UPDATING
» BNDES card / giro Caixa
 Articulation of the different programs in APLs
/ synergy among programs
» GTP-APL (Coord. MDIC)
e PEIEX — Extension Industrial Exporting Pro-
gram (MDIC)
Qualification (MDIC/Sebrae /...)
Technological innovation in APLs (Finep)
Metrology bonus
Certification bonus (70% cost) / 53 categori-
es of products

INSTITUTIONAL ENVIROMENT / INVESTMENT

SUPPORT TO INVESTMENT / RELEASE

* Release of the Excise Tax (IPI) for equipment
(18 months before the initial schedule)

* New Excise Tax (IPI) collection systematic,
Cofins systematics

* Reduction of Il for equipment without domes-
tic similar, 1,251 former tariff values (Jan-Nov
2005)

» Accelerated depreciation, pre-company pro-
gram

» Funding of imported equipment without domes-
tic smilar (BNDES)

» Prominp-receivables. Advance of contractual
receivables (December 05)

SIMPLIFICATION OF COMPANY' S OPENING AND CLOSING

» Funding for capacity increase

e Customs Simplification / special customs regi-
me

Installation of investor’s room (PR)

* Investment attraction schedule in key areas
Policy for transnational: Attract development
centers

ABDI, CNDI and Forum of Secretaries

SrraTEGIC OPTIONS BASED ON ACTIVITIES.

» Bearers of growing and sustainable dynamism

» Responsible for expressive portions of the in-
ternational investment in R&D

» Promoters of new business opportunities

* Directly involved with the innovation of pro-
cesses, products and forms of use

» Able to condense the productive tissue

* Important for the future of the Country

» With potential for the development of dynamic
comparative advantages

SrraTEGIC OPTIONS

SEMI DRIVERS
 Attraction of external direct investment
» Fast customs (new Recof)
e 1° Investment: SMART (memories and modules)
» Possible foundry for ASICs (eletr. on board)
* Local training
* Design houses (5 winner centers)
 Finep’s invitation to bid for co-project of chips
(R$ 8 million)
e Instruction of human resources (CNPq)

SOFTWARE
» Export (products and services)
* Repes;, PS Apex; PDS ABDI
 Industry Srengthening
» Funding (new Prosoft: production, “risk”, tra-
ding, export)
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- 71 operations until January 06, investment of R$

284 million

- Through BNDES Card: 232 op. and R$3.8 million /

March 03 — Jan 06

e Support to companies’ merger

* Certification, components library

 Areas for future: grid, high performance, vi-
sualization, safety

CAPITAL AssETS
» Facilitate the acquisition of machines and
equipment by all segments of the economy (Mo-
dermaqg, BNDES card and other)
* Modermag: 5,194 operations, R$2.2 billion
in credits up to Dec/05
* International trading efforts (Apex)

DRruGs AND MEDICINES

» Encourage the production of drugs and medi-
cines. Generic, high impact in public health
(neglected diseases, DST/AIDS, high cost),
vaccines, radio medicines and hemoderivati-
ves

» Profarma: 33 op, investments R$1.69 bi (Jan 06)

» Support to centers of P&D (e.g.: CDTSFio-
cruz, UFC, IPEPATRO)

» Update public laboratories

ACTIVIES FOR THE FUTURE

BioTECHNOLOGY
Investments in infrastructure
» Competitiveness Forum

VALORIZATION OF TRADITIONAL | NDUSTRIES

|NCREASE COMPETITIVENESS BY
» Horizontal action Lines
* Integration with strategic options
» Micro electronics, software, capital assets
* Integration with activities for the future
» Biotechnology, nanotechnology, biomass

 Articulation in ABDI and in the Competitive-
ness Forums

ABDI
Macro MoBiLIZING PROGRAMS

MosiLizine Macro ProGgrams

 Actions or initiatives able to gather, aggluti-
nate, organize and start the national potential
available in an effective action, aiming at the
Brazilian industrial development

Slrangthen and axpand
the Braziien ndusirial besis

v

Mobiizing Macro program 1 Sinang ndusiy

Challanga * Chalenge 2 Chaliange 3
E'.'n:nFII'.t:-ﬂ tha E!.-'I.'-F-ilﬂ'E"I tha ragiona Irdamaticnal
pioduchive chans preduclive !_;I|.||:II|,.:|_- Eyraamic rsation

Infrastructure, human resources, investments, bio- k) l-/ l

animal, bio-vegetable, renewable species chemistry tIF’mgram for
- i i alliracton cenlers
Support _to excellence centers associated to business Industry of R, D & E and
generation _ Development Business Headquarters
- National Initiative in Drugs and Biotechnology of Pragram of Multinaticnal
ABDI companies
- Biotechnology Development Policy (Decree no.
6,041/07)

- National Biotechnology Committee

ABDI

NANOTECHNOLOGY Macro MoBiLIZING PROGRAMS
Srengthening of Brazilian network
R$ 75 million in invitation to bids

Articulation of national program

MosiLizine Macro ProGgrams

» Actions or initiatives able to gather, aggluti-
nate, organize and start the national potential
available in an effective action, aiming at the
Brazilian industrial development

RENEWABLE ENERGIES
Incentive to the development of new technolo-
gical alternatives
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Increass campanies’ innovative -:E|:|HI:I[:|I

Mobilizing Macro Program 2: Innowa Brazil

A\

Mational kndiglive for Innovalion

'S . “

|dentificabon of assais Socaety’s Arficulabon Articulation of actiwties
of the Malional and Mobdization — for the fulure with
Innovation System EvEnts, Courses, Business actvity

articulation of aclions
wilh mnowalion enbilies

SUMMARY

The PITCE is based on an articulated set of
measures that aims at changing the competitive level

of the Brazilian industry

Future Focused — What do we want from the

Country?

Integration of governmental actions and inte-
raction with the private industry, scientific and tech-

nological community and workers

Guidelines align the several entities of the fe-
deral government

Sgn to the Sate and Local levels

Sgn to private initiative

Making choices, incorporating risks
Assessing the performance of programs and
policy

FURTHER DETAILS

OnN PITCE:

PITCE’' SGUIDELINES AND PROGRAMS:
www.abdi.com.br
www.desenvolvimento.com.br
www. mct.gov.br
SALERNO, Mario SA politica industrial, tec-
nolégica e de comércio exterior do governo
federal. Revista Parcerias Estratégicas, CGEE,
n.19, p.13-36, dez.2004 (www.cgee.org.br)

ON |PEA’ S RESEARCH:
DE NEGRI, Joao A.; SALERNO, Mario S, eds.
Inovacgdes, padrdes tecnoldgicos e desempe-
nho das firmas industriais brasileiras. Brasi-
lia, Ipea, 2005. (www.ipea.gov.br)
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REGULA(;AO INTELIGENTE DO SETOR DE IMUNOBIOLOGICOS

Flavia Cardoso de Melo
Chefe da Unidade de Produtos Biol 6gicos e Hemoterapicos,
AgénciaNacional deVigilanciaSanitéria,
Ministério daSalde, Brasilia, Brasil

A Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) é a agéncia reguladora de medicamentos no
Brasil. E responsavel pelavigilancia sanitaria de produ-
tos e servicos, incluindo o registro de medicamentos.

A Anvisa cumpre as seis fungdes de uma agéncia
reguladora, sendo responsavel pelo registro de produtos
bioldgicos, inspecdo de Boas Préticas de Fabricagédo
(BPF), controle de qualidade, liberac&o delotes, pesqui-
saclinicaefarmacovigilancia.

Os procedimentos de registro dos produtos biol 6-
gicos terminados, naAnvisa, séo determinados pela ori-
gem bioldgicado principio ativo e também pelastecnol o-
gias de fabricagdo utilizadas.

De acordo com a RDC 315/05, resolucéo que es-
tabel ece 0 Regulamento Técnico de Registro, Alteragdes
Pés-Registro e Revalidacdo de Registro dos Produtos
Biol 6gicos Terminados, os medicamentos biol 6gicos sdo:
vacinas, soros hiperimunes, hemoderivados, biomedica-
mentos (medicamentos obtidos a partir de fluidos biol 6-
gicos ou detecidos de origem animal, medi camentos ob-
tidos por procedimentos biotecnoldgicos), anticorpos
monoclonais, medicamentos contendo microorganismos
vivos, atenuados ou mortos, probi6ticos e alergénicos.

A Anvisafoi criada em 1999, instituida pela Lei
9782, com a missdo de proteger e promover a salide da
popul acdo, garantindo a segurancga sanitéaria de produtos
e servicos e participando da construcéo de seu acesso.
Com sua criacdo € ingtituido pelo Regimento Interno
(Port. 593 de 25.08.2000) um setor especifico, respon-
savel pelas atividades de Registro de Produtos Biol 6gi-
cos que é a Unidade de Produtos Biol gicos e Hemote-
répicos (UPBIH).

Em 18 de margo de 2002 é publicada a RDC 80
gue aprova o Regulamento Técnico dos Procedimentos
de Registro, Alteractes Pés-Registro e Revalidacéo de
Registro de Produtos Biol 4gicos, e que depoisfoi atuali-

zada e publicadaa RDC 315 em 26.10.2005.

Apresentarei aqui algumas resolucdes referentes
avigilanciasanitériade produtos biol 6gicos:

m RDC 25 de 09.12.99: aprova o Regulamento Téc-
nico aplicavel arealizacdo de inspecles em esta-
bel ecimentos produtores de medicamentos, insta-
lados em paises fora do &mbito do MERCOSUL;

m RDC 210 de 04.08.03: determina a todos os esta-
bel ecimentos fabri cantes de medi camentos o cum-
primento das diretrizes estabel ecidas no Regula-
mento Técnico das Boas Préticas para a fabrica-
¢80 de medicamentos;

m RDC 350 de 28.12.05: aprova o Regulamento Téc-
nico parafinsdevigilanciasanitariade mercadori-
as importadas. Os produtos biol 6gicos estéo esta-
belecidos nos Procedimentos 2 e 2A. Nele estéo
estabel ecidos aautorizagdo pré-embarque, andlise
de documentos e inspegéo visual.

m RDC 46 de 18.05.00: regulamenta 0S processos
de Producéo e Controle de Qualidade dos Produ-
tos Hemoderivados de Uso Humano

m RDC 305 de 14.11.02: dispde sobreoingresso ea
comercializag8o de matéria-primae produtos aca-
bados, semi-elaborados ou a granel para uso em
seres humanos, cujo material de partida seja obti-
do apartir de tecidos/fluidos de animais ruminan-
tes, relacionados as cl asses de medicamentos, cos-
méticos e produtos para a salde.

m RDC 68 de 28.03.03: estabelece condigdes para
importac&o, comercializagdo, exposi Gao ao consu-
mo dos produtosincluido naRDC 305/02.

A Unidade de Produtos Biol 6gi cos e Homoterapi-
cos (UPBIH), a Geréncia Geral de Medicamentos
(GGMED) sdo responsaveis também pela atualizacéo
anual dascepasdevirusinfluenzaque devem ser utiliza-
das na formulagéo de vacinas contra a gripe, usadas no
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Hemisfério Sul, de acordo com as recomendacdes da
Organizagdo Mundia da Satide.

Sobre aregulagéo de Produtos Biol 6gicos no Bra-
sil podemos informar que somente os Produtos Biol 6gi-
cosregistrados naAnvisa/M S, fabricados ou importados
por estabel ecimentos devidamente autorizados pelo go-
verno federal e licenciados pelo governo estadual, po-
dem ser comerciaizados, distribuidose utilizadosno pais.

A qualidade damatéria-prima e do produto biol 6-
gico terminado € de responsabilidade do produtor. A va-
lidade do registro € de cinco anos e suarevalidacdo é de
sei's meses antes de expirar a data da validade.

O deferimento do registro esta condicionado a
avaliacdo técnica e legal de documentos pela Unidade
de Produtos Biolégicos, ao parecer favoravel de grupo
ad hoc referente aos estudos clinicos, ao parecer favo-
ravel da Geréncia Geral de Inspecéo de Medicamentos
e Produtos (GGIMP) referente ao Certificado de Boas
Praticas de Fabricacéo, ao parecer favoravel do Institu-
to Nacional de Controle de Qualidade em Salide — IN-
CQS - referente ao controle de qualidade da matéria-
primae do produto biol dgico terminado. Narevalidagdo
de registro o deferimento esta condicionado também ao
parecer favoravel da Unidade de Farmacovigilancia
(UFARM) - referente ao relatério de farmacovigilancia
emitido pelaempresa.

Os produtos biol 6gicosregistrados, fabricadosfora
do Brasil, sfo importados mediante as Licencas de Im-
portacdo (LI) - que sdo analisadas pela UPBIH, com-
preendendo a analise do protocolo resumido de produ-
¢do emitido pelo fabricante; do certificado de andlise do
controle de qualidade damatéria-primaemitido pelo fa-
bricante; do certificado de analise do controle de quali-
dade do produto acabado emitido pel o fabricante; do cer-
tificado de liberag&o de | ote emitido pelaAutoridade Re-
gulatériaNacional onde o produto éfabricado ede mais
alguns documentos técnicos quando necessario.

A liberagdo de imunobiol 6gicos no Brasil € feita
pelaAnvisa e INCQS onde é feita analise de documen-
tos, andlise laboratorial, emissdo de laudo de andlise e
emissdo de Certificado de Autorizacdo de Distribuicéo e
Comercializagao.

Os desafios na regulacéo de produtos biol 6gicos
estdo centrados na definicéo do que sdo produtos biol 6-
gicos, do porque eles precisam de atencdo especial e
também da importancia da padronizacdo destes produ-
tos. A importancia € devido a sua origem, pois ha uma
grande preocupacdo quanto a qualidade e seguranca,

sendo necessario uma atencgao especial e umavigilancia
continua e também por serem de grande interesse paraa
salde mundial.

Estes produtos apresentam particularidades, pois
sdo diferentes dos farmoquimicos, suaestruturamolecu-
lar é altamente complexa e impossiveis de serem carac-
terizadas adequadamente por conceitos fisico-quimicos
isoladamente; e pela extragcdo da matéria-prima e/ou
processo de fabricacgéo.

Alguns produtos consistemn de organiSmos vivos
atenuados (vacinas) e os testes de caracterizacdo sdo
de naturezabiol égica (bioensaios). A vigilanciacontinua
€ necessdria, poisum contaminante viral em um produto
bi ol 6gi co pode disseminar para os contatos podendo tor-
nar-se uma ameaca para a salde nacional ou mundial.
Portanto ndo ha chances para erros.

A consisténcia de producéo é de extremaimpor-
tancia, poiso produto ndo devediferir doslotesosquais
foram demonstrados ter seguranca e eficécia nos estu-
dos clinicos. Os testes no produto final séo t&o impor-
tantes quanto a padronizac&o e o controle de qualidade
do processo de producéo onde € realizado o controle da
matéria-prima, dos produtos intermediarios e do produ-
tofinal.

O controle damatéria-primainclui a definicdo da
origem, a selecdo de doadores (para os hemoderivados),
0s testes para agentes adventicios, o banco de células.
Nos produtosintermediérios sdo realizados ostestes para
toxicidade residual, areversio datoxicidade, apurezae
0s agentes adventicios. No produto final é realizado o
teste de pureza, de poténcia e também das caracteristi-
cas do produto.

A importanciadapadronizagdo em biol égicosére-
conhecidanoinicio do século X X, onde agrande questéo
€ COmMo assegurar a expressao idéntica da atividade de
um produto biol gico de um lote paraoutro. A Organiza-
¢do Mundia da Saiude (OMS) - possui um programa de
padronizacdo de biol dgicos: fisicos, que elaboram e esta-
belecem Padrdes Internacionais em Bioldgicos e Rea-
gentes de Referéncia e os escritos, que elaboram Reco-
mendacBes ou Requerimentos e Guias para producdo e
controle de qualidade de produtos bi ol 6gicos.

Existem muitos desafios regulatdrios para no-
vos produtos biolégicos, desde a aplicagcdo e a ade-
quacdo de guias regulatorios existentes para 0s Novos
produtos biol 6gicos/ biotecnol 4gicos, as novas tecno-
logias onde aindustria e as agéncias reguladoras de-
vem considerar um novo cenario relacionado a quali-
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dade, eficécia e seguranca do produto, a interacéo
entre o fabricante e as autoridades regul atérias desde
os primeiros estagios do desenvolvimento do produto.
Devemos reconhecer e lidar com os problemas cienti-
ficos e técnicos, assegurar a disponibilidade de uma
base de dados cientificos para a tomada de decisao
regulatéria. Um dos grandes desafios esta voltado para
reguladores de paises em desenvolvimento, pois seus
produtos estardo disponivei s mundial mente e cumprindo
as regulamentacdes internacionais.

Neste sentido, aAnvisa, como Autoridade Regu-
latéria Nacional (ARN) faz parte de alguns grupos de
trabal ho discutindo estas questbes. Podemos citar alguns
grupos que sdo GTVAC, PANDRH, DCVRN /WHO e
também grupos de trabalho no MERCOSUL .

Acredito que um dos grandes desafios regul atéri-
0s para produtos de novas tecnol ogias é assegurar a sal-
de publica, disponibilizando a popul agdo produtos biol 6-
gicos seguros, eficazes e de qualidade e ndo inibir o de-
senvolvimento técnico-cientifico do nosso pais.
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INTELLIGENT REGULATION OF THE IMMUNOBIOLOGICALS SECTOR

Flavia Cardoso de Melo
Chief, Haemotherapic and Biological Products Unity,
National Health Surveillance Agency,Ministry of Health,Brasilia,Brazl

The National Health Surveillance Agency (AN-
VISA) — is the regulatory agency for medications in
Brazl. It is responsible for the sanitary surveillance
of products and services, including medications re-
gistration.

ANVISA complies with the six functions of a
regulatory agency, being responsible for the regis-
tration of biological products, inspection of Good
Manufacturing Practices (BPF), quality control, re-
lease of lots, clinical research and pharmacosurvei-
Ilance.

The registration procedures at ANVISA for fi-
nished biological products are determined by the bi-
ological origin of the active principle and also by
the used manufacturing technologies.

Under RDC 315/05, a resolution which esta-
blishes the Technical Regulation for Registration,
Post-Registration Alterations and Revalidation of
Finished Biological Products Registration, the biolo-
gical medications are the following: vaccines, hyper-
immune serum, hemoderivatives, bio-medications (me-
dications obtained from biological fluids or from ani-
mal origin tissues, medications obtained by biotech-
nological procedures), monoclonal antibodies, me-
dications containing living microorganisms, attenua-
ted or dead, pro-biotical and allergenic microorga-
nisms.

ANVISA was created in 1999, instituted by Law
9782, with the mission of protecting and promoting
the population’s health, guaranteeing the sanitary se-
curity of products and services and participating in
the construction of its access. With its creation, it
was instituted by the Internal Regulation (Ordinance
593 of August 25, 2000) a specific sector, responsi-
ble for the activities of Registration of Biological
Products, which is the Unit of Biological and Hemo-
therapeutical Products (UPBIH).

On March 18, 2002, Resolution RDC80 was
published, which approves the Technical Regulation
of Procedures for Registration, Post-Registration Al-
terations and Revalidation of Biological Products Re-
gistration. Later on, RDC 315 was updated and pu-
blished in October 26, 2005.

| will present below some resolutions regarding
sanitary surveillance of biological products:

m RDC 25 of December 9, 1999, approving the
Technical Regulation applicable to the carrying
out of inspections in medications producing
units, established in countries out of MERCO-
SUL.

m RDC 210 of August 4, 2003, determining that
all medications manufacturing plants must com-
ply with the guidelines set forth in the Techni-
cal Regulation of Good Practices for the ma-
nufacture of medications;

m RDC 350 of December 28, 2005, approving
the Technical Regulation for purposes of sani-
tary surveillance of imported merchandises. The
biological products are established in Proce-
dures 2 and 2AA. Therein are established the
pre-shipment authorization, documents analy-
sis and visual inspection.

m RDC 46 of May 18, 2000, regulating the pro-
cesses of Production and Quality Control of He-
moderivative Products for Human Use.

m RDC 305 of November 14, 2002, providing on
the entrance and trade of raw materials and
finished, semi-finished or bulk products for
human beings use, whose starting material is
obtained from ruminative animals tissues / flui-
ds, related to the classes of medications, cos-
metics and health products.

m RDC 68 of March 28, 2003, establishing con-
ditions for importation, marketing, exhibition
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for consumption of the products included in

RDC 305/02.

UPBIH / GGMED / ANVI&A is also responsible
for the annual updating of the influenza virus speci-
es, which must be used in the formulation of vaccines
against flu, used in the South Hemisphere, in accor-
dance with the World Health Organization’s recom-
mendations.

Regarding the regulation of Biological Products
in Brazl, we hereby inform you that only the Biologi-
cal Products filed with ANVISA/Health Ministry, ma-
nufactured or imported by agencies duly authorized
by the Federal Government and licensed by the Sate
Government, may be marketed, distributed and used
in the country.

Deferment of the registration is conditioned to
a technical and legal assessment of the documents
by the Biological Products Unit, to an ad hoc group’s
favorable legal opinion regarding clinical studies, to
a favorable legal opinion from the General Manage-
ment of Inspection of Medications and Products
(GGIMP), regarding the Certificate of Good Manu-
facturing Practices, to a favorable legal opinion from
the National Institute of Health Quality Control (IN-
CQYS) regarding the quality control of the raw mate-
rial and of the finished biological product. At the re-
gistration revalidation, deferment is conditioned also
to a favorable legal opinion from Pharmaco-survei-
[lance Unit (UFARM) regarding the pharmaco-sur-
veillance report issued by the company.

The registered biological products, made out-
side Brazil, are imported through Importation Licen-
ses, which are analyzed by UPBIH, comprising an
analysis of the summarized production protocol is-
sued by the manufacturer; of the quality control
analysis certificate of the finished product, issued
by the manufacturer; of the lot release certificate
issued by the National Regulatory Authority, where
the product is manufactured. The release of immu-
no-biological products in Brazl is done by ANVISA
and INCQS, where is carried out a documents analy-
sis, laboratory analysis, issue of an analysis report
and issue of a Distribution and Marketing Authori-
zation Certificate.

The challenges in the regulation of biological
products are centered on the definition of what are
biological products, of why they require a special at-
tention and also on the importance of the standardi-

zation of such products. The importance is due to their
origin, because there is a great concern as to their
quality and security, being necessary a special at-
tention and a permanent surveillance and also for
being of great interest to the world health.

These products present particularities, becau-
se they are different from pharmo-chemical products,
their molecular structure is highly complex and im-
possible of being adequately characterized separa-
tely by physical-chemical concepts; and by the ex-
traction of raw material and/or manufacturing pro-
cess.

Some products consist of attenuated living or-
ganisms (vaccines) and the characterization tests are
of biological nature (bio-essays). The continuous sur-
veillance is necessary, because any viral contaminant
in any biological product may disseminate to the con-
tacts and it may become a threat to the national or
world health. Therefore, there are no chances for
errors.

The production consistency is of great impor-
tance, because the product should not differ from the
lots, which have shown security and efficiency in their
clinical studies. The final product tests are as impor-
tant as the quality control and standardization of the
production process, where is carried out a control of
the raw material, of the intermediary products and of
the final product.

The raw material control includes a definition
of its origin, selection of donors (for the hemoderi-
vatives), tests for adventicious agents. In the final
product is carried out a test for purity, power and
also for the products features.

The standardization importance of biological
products was recognized in the beginning of the 20",
Century, where the great question is how to ensure
the identical expression of the activity of a biological
product from a lot to another. The World Heath Or-
ganization (WHO) has a standardization program for
biological products; a physical program which pre-
pares and establishes International Sandards for
Biological products and Reference Reagents and a
written program which prepares Recommendations or
Requirements and Guides for quality control and pro-
duction of biological products.

There are many regulatory challenges for
new biological products, since the application and
adaptation of existing regulatory guidelines for
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the new biological/bio-technological products, the
new technologies where the industry and the re-
gulatory agencies must consider a new scenario
related to the product quality, efficiency and se-
curity, interaction among the manufacturer and
the regulatory authorities since the first stages of
the product development. We must recognize and
deal with the technical and scientific problems,
ensure the availability of a scientific database for
regulatory decision-making. One of the major
challenges is regarding regulators from develo-
ping countries, because their products shall be
available worldwide and complying with interna-
tional regulations.

In this sense, ANVISA, as the National Regula-
tory Agency participates in some work groups dis-
cussing such questions. We may mention the follo-
wing groups: Vaccine Group Working (GIVAC), Pan
American Networking on Drugh Regulatory Harmo-
nization (PANDRH), Developing Countries Vaccines
Regulators (DCVRN) and WHO, in addition to work
groups in MERCOSUL.

| believe that one of the major regulatory chal-
lenges for products of new technologies is to assure
public health, making available safe, efficient and
high quality biological products for the population,
without inhibiting Brazil’s technical scientific deve-
lopment.
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PAPEL DO PROGRAMA NACIONAL DE IMUNIZACOES PARA
O FORTALECIMENTO DA INDUSTRIA DE VACINAS NO BRASIL

Luiza de Marilac Meireles Barbosa
Em 2006, Coordenadora Geral do ProgramaNacional de Imunizacbes, Ministério da Salde, Brasilia, Brasil
Em junho de 2008, Chefe do Nucleo de Gestdo do SistemaNacional de Notificagdo e Investigagdo em Vigilancia
Sanitaria(NUVIG) daAgénciaNacional deVigilanciaSanitaria(ANVISA),
Ministério daSalide, Brasilia, Brasil

E com imensa sati sfag&o que na qualidade de co-
ordenadora do Programa Nacional de Imunizagdes
(PNI), participamos do Simpésio Internacional sobre
Imunobiol 6gicos e Salide Humana, em maio de 2006,
para em breves palavras falarmos do papel do PNI no
fortalecimento daindustria de vacinas no Brasil.

O Programa Nacional de Imunizag8es (PNI) foi
criado em 1973 com o propdsito de reunir atividades de
imunizagdes antes organizadas em programas isolados
de controle de doencas paracumprir afinalidade de con-
tribuir para o controle, eliminagcdo e ou erradicacdo de
doencasimunopreveniveis, utilizando estratégias basicas
de vacinagdo de rotina e de campanhas anuais, desen-
volvidasdeforma hierarquizada e descentralizadano pais.
A sustentabilidade do PNI baseia-se naaquisi¢céo deimu-
nobiol 6gi cos estratégicos para serem utilizados em vaci-
nacdes de rotina e campanha, em quantidades suficien-
tes e com qualidade, provindos de tecnologias adequa-
das, de forma a permitir a seguranca e a eficacia da
imunoprotegdo a populagdo e conseguentemente uma
favoravel situacdo epidemiol dgicae sanitaria.

Inicialmente, em 1973, o Programa contava ape-
nas com seisvacinas, asaber: 1) contrapoliomielite,
2) contra sarampo, 3) contra variola, 4) contra tu-
berculose (BCG oral e intradérmica), 5) contra dif-
teria, tétano e coqueluche (DTP) e contratétano (to-
xo6ide tetanico). Em 2006 o rol de imunobiol 6gicos
cresceu para 44 produtos, sendo 26 vacinas, 14 so-
ros heterélogos e 4 soros homélogos, asimunoglobu-
linas. Em termoslaboratoriais, o controle de qualida-
de dos referidos imunobiol égicos é conferido pelo
Instituto Nacional de Controle de Qualidade em Sau-
de (INCQS) da Fundagéo Oswaldo Cruz do Ministé-
rio da Satde. O INCQS emite o laudo de analise de
carater de orientacéo ao PNI antes dos imunizantes
serem liberados para a rede das salas de vacinas.

Os imunobiol 6gicos de utilizagdo pelo PNI pro-
cedem de sete laboratérios nacionais: 1) Bio-Mangui-
nhos/ FIOCRUZ - RJ (febre amarela, DTP + Hib [Ha-
emophilus influenzae tipo b)), Hib, triplice vira (sa-
rampo, rubéola, caxumba), poliomielite; 2) Fundacéo
Ataulpho de Paiva / FAP - RJ (BCG); 3) Fundagdo
Ezequiel Dias/ FUNED - MG (soros antiofidicos e an-
titoxicos); 4) Instituto de Tecnologia do Parana/ TE-
CPAR - PR (anti-rébica de uso animal); 5) Instituto
Vital Brazil / 1VB - RJ(soros antiofidicos, anti-rébico e
antitoxicos); 6) Instituto Butantan - SP (hepatite B, in-
fluenza, raivaem cultivo celular, duplaadulto, DTPR, so-
ros anti-ofidicos, anti-téxicos e anti-rébico); 7) Centro
de Producéo e Pesquisa de Imunobiol 6gicos do Parana
/ CPPI - PR (soros loxoscélico e botropico).

As vacinas atuamente existentes sdo dirigidas a
familia, desde a crianca ao nascer até o idoso, e fazem
parte dos calendarios de vacinagdo dacrianca (BCG, va-
cina contra hepatite B, vacina oral contra poliomielite,
vacina contra difteria, tétano, coqueluche e Haemophi-
lus influenzae tipo b, vacina ora de rotavirus humano,
vacina contra febre amarela, vacina contra sarampo, ca-
xumba e rubéola, vacina contra difteria, tétano e coque-
luche, e em area de risco, a vacina contra febre amare-
I); calendario de vacinag&o do adol escente (vacinacontra
hepatite B, vacina contradifteria e tétano, vacina contra
sarampo, caxumba e rubéola, e em area de risco, avaci-
na contra febre amarela); calendario de vacinagdo do
adulto e idoso (vacina contra influenza; vacina contra
difteria e tétano, vacina pneumococica 23 valente, e em
area de risco, a vacina contra febre amarela).

A populacdo indigena, por suas peculiaridades
etno-culturais, epidemiol égicas, ou sgja, faltade memo-
riaimunol 6gica dos grupos de contato a certas doencas
infecciosas, é beneficiada por um calendério de vaci-
nagcdo com um nimero maior de vacinas do que o ofer-
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tado para a populacdo ndo indigena, na vacinagcao de
rotina. Além das vacinas dos calendarios citados ante-
riormente, outras contemplam os povos indigenas: va-
cina pentavalente (contra difteria, tétano, cogueluche,
Haemophilus influenzae tipo b e hepatite B), vacina
contra varicela, vacina contrainfluenza, e vacina con-
tra pneumococo 23 valente.

Nos Centros de Referéncia de |munobiol 6gicos
Especiais (CRIE), implantados a partir de 1993 pelo
Ministério da Sallde, sdo encontrados os i munobiol 6-
gicos destinados aos portadores de quadro clinicos es-
peciais, isto é, individuos com uma suscetibilidade au-
mentada as doencas ou risco de complicacdes para si
ou paraoutros, decorrentes de motivos biol 6gicos, ou
por causade convivio com pessoas imunodeprimidas,
por intol eréncia aos i munobiol dgicos comuns devido a
alergiaou aevento grave depois de recebé-los, ou por
exposicao inadvertida a agentes i nfecci0sos.

A listadosimunobiol 6gicos dos CRIE inclui: va-
cina contra hepatite A e B; vacina contra Haemophi-
lus influenzae b; vacina polissacaridica 23 valente
contra pneumococo; vacina conjugada 7 valente con-
trapneumococo; vacinainativada contrapoliomielite;
vacinacontravaricela; vacina contrainfluenza; vaci-
na contra difteria, tétano e coqueluche acelular; vaci-
na meningocacica conjugada do grupo C; vacina pen-
tavalente (contradifteria, tétano, coguel uche, Haemo-
philus influenzae tipo b e hepatite B); imunoglobuli-
na humana contra hepatite B, anti-rébica, anti-tetani-
cae antivaricela-zoster. O conjunto de imunobiol 6gi-
cos dos CRIE ofertado a grupos especiais da popul a-
¢do vem em atendimento aos principios de universali-
dade, equidade e integralidade do Sistema Unico de
Salde brasileiro.

O sucesso do PNI pode ser exemplificado pela
demonstracdo da situag&o epidemiol 6gica de doengas
imunopreveniveis, em fungdo da contribuicado das al-
tas coberturas vacinais de rotina e de campanha de
vacinagdo: a poliomielite erradicada (Gltimo caso au-
téctone em 1989); o sarampo em processo de elimina-
¢ao (Ultimos casos autéctones em 2000); reducdo dras-
ticadaincidénciade rubéola, difteria, tétano, coquelu-
che, meningite por hemofilo influenza b; auséncia de
surtos de febre amarela a partir de 2004.

O atual pargue produtor nacional de imunobio-
|6gicos, ao atender a maior parte das necessidades do
imunizantes do PNI, representa garantiado suprimento
adequado de imunobiol 6gicos, sem depender de possi-
veis oscilages do mercado internacional. O governo
brasileiro investiu nos laboratérios nacionais produto-
res de imunobiol 6gicos um montante de U$ 110 mi-

Ihdes no periodo de 1986 a 2005, e para 2006, a previ-
sdo de investimento € de U$ 3 milhdes. Para a aquisi-
¢do de vacinas, soros e imunoglobulinas, o orcamento
do Ministério da Saude vem sendo crescente; U$43,5
milhdes em 1995 e previsao de U$341 milhdes para
2006. Os recursos sao garantidos pelo governo fede-
ral em agdo programética orcamentaria por meio do
Plano Plurianual (PPA) realizado de quatro em quatro
anos.

A série historica do Brasil, de 1992 a 2005 dos
guantitativos de doses de imunobiol 6gicos adquiridos
segundo procedéncia, ilustra que de 1992 a 1997 os
percentuai s de dosesimportadas superavam os de pro-
ducdo nacional. Entretanto a partir de 1998, a situa-
¢do se inverte até chegar em 2005 com 96% da aqui-
si¢éo de procedéncia nacional, ou seja, nesse ano, do
total de 182.922.230 doses de imunobi ol 6gicos adqui-
ridas pelo PNI, 176.051.050 s&o de origem do parque
produtor nacional.

Com o objetivo de vacinar mais pessoas com
mai s vacinas, ha perspectiva deinclusdo de novasva-
cinas nos calendarios de vacinag&o de rotina do PNI,
por ordem alfabética de nome de vacina: hepatite A,
meningocécica conjugada do grupo C, pneumocécica
conjugada 7 valente, varicela. Estudos de custo-efeti-
vidade dessas vacinas estdo em andamento. Os refe-
ridosimunobiol 6gicos constam dos CRIE e séo de cus-
to elevado, mas espera-se que com a possibilidade de
transferénciade tecnologia para producéo dessesimu-
nizantes, possa haver a reducdo dos custos e sua in-
clusdo na vacinagédo de rotina, que devera ocorrer de
forma paulatina.

Narelagdo do PNI com o setor de industria de
vacinas no Brasil, destacam-se alguns pontos positi-
vos, nos dias de hoje: o Ministério da Salude apdiain-
vestimentos financeiros no parque produtor, demanda
e financia pesquisas de eficacia e seguranca de vaci-
nas de producéo nacional, discute a formacéo do Co-
mité Técnico de Imunobiol 6gicos e arecente retoma-
da do Projeto Inovacina. Entende-se que o fortaleci-
mento daindustria nacional de vacinas depende tam-
bém de defini¢&o de politicas multisetoriais e de coo-
peracdo internacional para que haja a sustentabilida-
de da oferta de imunobi ol 6gi cos nos quantitativos ne-
cessarios e tempos oportunos, como uma forma de
assegurar ainclusdo social de camadas populacionais
imunoprotegidas na area da salde. Portanto, navisao
do Ministério da Salide, a parceria PNI e industria de
vacinas no Brasil, ao contribuir para maior expectati-
va e qualidade de vida da popul agdo vacinada, € bem
sucedida e necessita manter-se e fortal ecer-se.
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THE ROLE OF THE NATIONAL IMMUNIZATION PROGRAM
TO STRENGTHEN THE VACCINE INDUSTRY IN BRAZIL

Luiza de Marilac Meireles Barbosa
In 2006, General Coordinator,National |mmunization Program, Ministry of Health, Brasilia, Brazil
In june 2008, Head of the Management Nucleus of NUVIG (National System of Notification and Investigation in
Sanitary Surveillance) of the National Health Surveillance Agency (ANVISA)

It is with a great pleasure that, as coordinator
of the National Immunizations Program (PNI), we
participated in the International Symposium on Hu-
man Health and Immune-biological Products, in May
2006, to describe in a few words the role of the Nati-
onal Immunizations Program (PNI) in the strengthe-
ning of the industry of vaccines in Brazl.

The National |mmunizations Program (PNI) was
created in 1973 with the purpose of bringing toge-
ther immunizations activities which were previously
organized in separate programs of diseases control,
in order to contribute for the control, elimination and
eradication of immune-preventable diseases, using
basic strategies of routine vaccination and annual
campaigns, developed in a hierarchic and decentra-
lized manner in Brazl. The sustainability of the Nati-
onal Immunization Program is based on the acquisi-
tion of strategic immunobiological products to be used
in routine and campaign vaccinations, in sufficient
guantities and with quality, from adeguate technolo-
gies, so as to provide safety and efficacy of the im-
muneprotection to the population and consequently
a favorable sanitary and epidemiological situation.

Initially, in 1973, the Program had only six vac-
cines, as follows: 1) against polio; 2) against meas-
les;, 3) against smallpox; 4) against tuberculosis (oral
and intra-dermal BCG); 5) against diphtheria, teta-
nus and whooping cough (DTP) and against tetanus
(tetanus toxoid). In 2006, the number of immunobio-
logical products went up to 44 products, being 26
vaccines, 14 heterologal serums and 4 homologal
serums, as immunoglobulins. In laboratory terms, the
quality control of such immunobiological products is
checked by National Institute of Health Quality Con-

trol (INCQS), fom Oswaldo do Cruz Foundation,
Ministry of Health. INCQS issues the analysis report
to the National Immunizations Program before the re-
lease of the immunizers to the vaccine office network.

The immunobiological products used by PNI
come from seven Brazilian laboratories. 1) Bio-Man-
guinhos/FIOCRUZ —RJ (yellow fever, DTP + Hib [Ha-
emophilus influenzae type B]), Hib, triple viral (me-
asles, rubella, mumps), poliomyelitis; 2) Ataulpho de
Paiva Foundation/FAP — RJ (BCG); 3) Ezequiel Dias
Foundation/FUNED — MG (antitoxic and antiophi-
dic serums); 4) Parana Technology Institute/ TECPAR
— PR (anti-rabies for animal use); 5) Vital Brazl Ins-
titute/l VB — RJ (antiophidic, anti-rabies and antito-
xic serums); 6) Butantan Institute — SP (Hepatitis B,
influenza, rabies in cellular cultivation, adult DT,
DTP, antiophidic, antitoxic and anti-rabies serums);
7) Parana Center of Immunobiological Products Re-
search and Production/CPPI — PR (loxoscelic and bo-
tropic serums).

The currently existing vaccines are addressed
to the family, from childhood to the old aged, and
are part of children’s vaccination calendar (BCG,
vaccine against hepatitis B, oral vaccine against po-
liomyelitis, vaccine against diphtheria, tetanus, who-
oping cough, and Haemophilusinfluenzae type b, oral
vaccine against for human rotavirus, vaccine
against yellow fever, vaccine against measles,
mumps and rubella, vaccine against diphtheria, te-
tanus and whooping cough, and in risk areas, vac-
cine against yellow fever); adolescents vaccinati-
on calendar (vaccine against hepatitis B, vaccine
against diphtheria and tetanus, vaccine against me-
asles, mumps and rubella, and in risk areas, vacci-
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ne against yellow fever); vaccination calendar for
adults and old people (vaccine against influenza,
vaccine against diphtheria and tetanus, pneumococ-
cal vaccine 23 valent, and in risk areas, vaccine
against yellow fever).

The native indigenous population, due to their
ethnical, cultural and epidemiological peculiariti-
es, that is, lack of immunological memory regarding
contact to certain infectious diseases, is favored by
a vaccination calendar with a larger number of vac-
cines than the number offered to the non-indigenous
population, in the routine vaccination. In addition
to the vaccines of the above-mentioned calendars,
other vaccines are offered to the indigenous peo-
ple: pentavalent vaccine (against diphtheria, teta-
nus, whooping cough, Haemophilus influenzae type b
and hepatitis B), vaccine against varicella, vaccine
against influenza and vaccine against pneumococ-
cus 23 valent.

At the Reference Centers of Special |mmunobi-
ological Products (CRIE) implemented from 1993 on
by the Health Ministry, can be found immunobiologi-
cal products destined to special patients, that is, in-
dividuals with an increased susceptibility to diseases
or complication risks for themselves and for others,
as a consequence of biological reasons, or due to
living with immune-depressed persons, by intoleran-
ce to regular immunobiological products, due to al-
lergy or to any serious event after receiving them, or
by inadvertent exposure to infectious agents.

The list of immunobiological products on the
CRIE include: vaccine against hepatitis A and B,
vaccine against Haemophilus influenzae b; polysaccha-
ridic vaccine 23 valent against pneumococcus; con-
jugate 7 valent vaccine against pneumococcus; non-
activated vaccine against poliomyelitis; vaccine
against varicella; vaccine against influenza; vacci-
ne against diphtheria, tetanus and non-cellular who-
oping cough; group C conjugate meningococcal vac-
cine; pentavalent vaccine (against diphtheria, teta-
nus, whooping cough, Haemophilus influenzae type b
and hepatitis B); human immunoglobulin against he-
patitis B, anti-rabies, anti-tetanic, and anti-varice-
Ila-zoster. The group of immunobiological products
of the CRIES offered to special groups of the popu-
lation aims at fulfilling the principles of universality,
equity and integrality of the Brazilian Welfare Heal-
th System.

An example of the success of the National Im-
munization Program may be shown by the epidemio-
logical situation of the immune-preventable diseases,
in view of the contribution of the high routine and
campaign vaccine coverage: poliomyelitis has been
totally eradicated (the last case occurred in 1989);
measles is in process of elimination (last cases oc-
curred in 2000); a drastic reduction of incidence of
rubella, diphtheria, tetanus, whooping cough, menin-
gitis by hemophilus influenzae B; absence of yellow
fever outbreaks from 2004 on.

The present Brazilian producing park of im-
munobiological products, since it supplies most of
the needs for immunizants of the National Immuni-
zations Program, represents a guarantee of an ade-
guate supply of immunobiological products, wi-
thout depending on possible oscillations of the in-
ternational market. The Brazilian government has
invested in national laboratories producers of im-
munobiological US$ 110 million from 1986 to 2005,
and for 2006, it is expected a US$ 3 million inves-
tment. For the purchase of vaccines, serums and
immunoglobulins, the Ministry of Health budget
has increased substantially: US$ 43.5 million in
1995 and an estimated budget of US$ 341 million
for 2006. The funds are guaranteed by the federal
government in a budgetary programmatic action
through the Pluriannual Plan (PPA), held at every
other four years.

The historical series of Brazil, from 1992 o
2005, of the quantities of doses of immunobiological
products acquired according to origin, illustrates that
from 1992 to 1997, the percentages of imported do-
ses were higher than those of Brazilian production.
However, from 1998 on, the situation has inverted
until 2005, with 96% of the acquisition from Brazli-
an origin, that is, in that year, from a total of
182,922,230 doses of immunobiological products ac-
quired by the National Immunization Program (PNI),
176,051,050 were made in Brazil.

Wth the purpose of vaccinating more people
with more vaccines, there is a perspective of inclu-
ding new vaccines in PNI’s routine vaccinations ca-
lendars, by alphabetical order of vaccine name: he-
patitis A, group C conjugate meningococcus, 7 va-
lent conjugate pneumococcus, varicella. The cost-
effectiveness studies of such vaccines are in progress.
Such immunobiological products are provided by the
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CRIE and have a very high cost, however it is expec-
ted that with the possibility of technology transfer
for the production of such immunizants, there may
occur a cost reduction and their inclusion in the rou-
tine vaccination, which shall gradually take place.
In the relationship between the National Im-
munization Program and the vaccines industry in
Brazil, we may currently emphasize some positive
points, as follows: the Health Ministry supports fi-
nancial investments in the producing park, deman-
ds and finances safety and effectiveness researches
of vaccines made in Brazil, discusses the formation
of a Technical Committee of Immunobiological pro-
ducts and the recent retaking of the Inovaccine Pro-

ject. It is understood that the strengthening of the
national industry of vaccines also depends on the
definition of international cooperation and multi-
sectorial policies, in order to have sustainability of
the offer of immunobiological products in the ne-
cessary quantities and within convenient time peri-
ods, as a way to ensure the social inclusion of im-
mune-protected populations in the health area. The-
refore, in the Health Ministry’s viewpoint, the part-
nership between PNI (National Immunization Pro-
gram) and the industry of vaccines in Brazil, as it
contributes to a higher life quality and expectancy
of the vaccinated population, is well-succeeded and
needs to be maintained and strengthened.
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Fover, NiveL E

WEeLcome CoFFEE —
Fover, LEveL E

CERIMONIA DE ABERTURA —
SaLAo Rio pe JANEIRO, NivEL E

Ministro da Salde
José Agenor Alvares da Silva

Paulo Marchiori Buss,
Presidente da Fundacdo Oswaldo
Cruz, Riode Janeiro, Brasil

AkiraHomma,Diretor de Bio-
Manguinhos, Fundagdo Oswaldo
Cruz, RiodeJaneiro, Brasi|

Jarbas Barbosada Silva
Jr.,Secretério deVigilanciaem Salde,
Ministério da Salde

M oi sés Goldbaum,Secretério de

Ciéncia, Tecnologiae Insumos
Estratégicos, Ministério da Salde

Antonio Horacio Toro Ocampo,
Representante da Organizag&o
Panamericanada Salde,
Organizagdo Mundia da Saide

OPENING CEREMONY — Rio DE
JaneEiro Room, LEVEL E

Minister of Health José Agenor
Alvares da Slva

Paulo Marchiori Buss, President
of Oswaldo Cruz Foundation,
Rio de Janeiro, Brasil

Akira Homma,Director of
Bio-Manguinhos, Oswaldo Cruz
Foundation, Rio de Janeiro, Brazl

Jarbas Barbosa da Slva
Jr.,Secretary of Health
Surveillance, Ministry of Health

Moisés Goldbaum, Secretary
of Science and Technology
and Srategic Inputs of Health,
Ministry of Health

Antonio Horacio Toro Ocampo,
Representative of Pan American
Health Organization/World Health
Organization

CONFERENCIAS DE ABERTURA

Presidente Mariada Luz Fernandes
Leal, Vice-Diretorade Producdo de
Bio-Manguinhos, Fundagéo
Oswaldo Cruz, Rio de Janeiro, Brasil

| NOVACAO TECNOLOGICA NA
Fiocruz

Paulo Marchiori Buss,Presidente
da Fundagdo Oswaldo Cruz,

Rio de Janeiro, Brasi

Bio-M ANGUINHOS E SUA
CONTRIBUICAO PARA A SAUDE NO
BrAsIL

AkiraHomma, Diretor de
Bio-Manguinhos, Fundago
Oswaldo Cruz, Rio de Janeiro, Brasil

OpPeENING CONFERENCES

President Maria da Luz Fernandes
Leal, Vice-Director of Production of
Bio-Manguinhos,Oswaldo Cruz
Foundation, Rio de Janeiro, Brazl

TECHNOLOGICAL INNOVATION AT
Fiocruz

Paulo Marchiori Buss, President
of Oswaldo Cruz Foundation,
Rio de Janeiro, Brasil

Bio-MANGUINHOS AND I TS
CONTRIBUTION FOR HEALTH IN
BraziL

Akira Homma, Director of Bio-
Manguinhos, Oswaldo Cruz
Foundation, Rio de Janeiro, Brazl

HOMENAGENS

HomAGES
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ALMOCO — SaLOES COPACABANA,
FLamENGO E BoTAFOGO,
NiveL E

LunNcH — CorpAcABANA, FLAMENGO
AND BoTtarFoco Roowms, LEVEL E

M Esa REDONDA: VACINAS

EM DESENVOLVIMENTO
Coordenador Samuel Goldenberg,
Diretor do Instituto de Biologia
Molecular do Parand, Parang, Brasil

VACINASCONTRA HIV

Esper GeorgesKallas, Diretor
do Laboratério de Imunologia,
Faculdade de Medicina,
Universidade Federal

de Séo Paulo, Sao Paulo, Brasil

V ACINASCONTRA HPV
LuisaL. Villa,Departamento de
Virologia, Instituto Ludwig de
Pesquisaparao Cancer,

S&o Paulo, Brasil

V ACINAS CONTRA M ALARIA

W. R. Ballou,Vice-Presidente
Internacional de Desenvolvimento
deNovas Vacinas, GlaxoSmithkline
Biologicals, Bélgica

RouND TABLE: VACCINES

IN DEVELOPMENT

Chair Samuel Goldenberg,Director
of Paran& Molecular Biology
Institute, Parand, Brazl

HIV vaccINES

Esper Georges Kallas, Immunology
Laboratory Director, Medical
College, Federal University of Sdo
Paulo, Sao Paulo, Brazl

HPV VAcciNES

LuisaL. Villa,Department of
Virology, Ludwig Institute for
Cancer Research, S&o Paulo Branch,
Séo Paulo, Brazil

M ALARIA VACCINES

W. Rippley Ballou,Vice-President,
WorldWide Clinical Development
Emerging Diseases Vaccines,
Adolescent and Adult Vaccines,
GlaxoSmithklineBiologicals,
Begium

CONFERENCIA: DESENVOLVIMENTO
TECNOLOGICO E O PAPEL DOS
PRODUTORES NACIONAIS DE
VACINAS NOS PAISES EM
DESENVOLVIMENTO

Presidente Suresh Jadhav, Diretor-
Executivo, Instituto Serum, india

Julie Milstien,Pesquisadora
do Centro de Vacinas da
Universidade de Maryland,
Escolade Medicina, EUA

CONFERENCE: TECHNOLOGI CAL
DEVELOPMENT AND ROLE OF
NATIONAL VACCINE PRODUCERS
IN DEVELOPING COUNTRIES

President Suresh Jadhav,
Executive-Director of Serum
Institute of India, India

Julie Milstien ,Researcher of the
Center for Vaccine Development,
University of Maryland, School
of Medicine, U.SA

REecepcAo bE Boas-VINDAS —
Fover, NiveL E

WELcomE CockTalL— FOYER,
LeveL E
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CONFERENCIA: VACINOLOGIA:
PASSADO, PRESENTE E FUTURO

Presidente Reinal do Guimaraes,
Vice-Presidente de Pesquisa e
Desenvolvimento Tecnol égico
daFundac&o Oswaldo Cruz,
Riode Janeiro, Brasil

Ciro de Quadros, Presidente,
Diretor-Executivo e Diretor de
Programas Internacionais, Instituto
deVacinasAlbert B. Sahin,
Washington, D. C., EUA

CONFERENCE : VACCINOLOGY: PAST,
PRESENT AND FUTURE

President Reinaldo Guimaraes,
Vice-President of Research and
Technological Development,
Oswaldo Cruz Foundation,

Rio de Janeiro, Brazil

Ciro de Quadros ,President and
CEQ, a.i., Director of International
Programs, Albert B. Sabin Vaccine
Institute, Washington, D.C., U.SA

INTERVALO — FOYER, NiVvEL E

CoOoFFEE BREAK —
Fover, LEveL E

M Esa REDONDA: NOVAS VACINAS
CONTRA PNEUMOCOCOS

Coordenadora Téania Cremonini de
Araljo Jorge, Diretorado Instituto
Oswaldo Cruz, Fundag&o Oswaldo
Cruz, Rio de Janeiro, Brasil

A IMPORTANCIA DAS INFECCOES
PNEUMOCOCICASNO BRASIL
LuizadeMarilac MeirelesBarbosa,
CoordenadoraGeral do Programa
Naciona delmunizagdes, Ministério
daSalde, Brasilia, Brasil

V ACINA CONJUGADA E COMBINADA
CONTRA SOROTIPOS
PNEUMOCOCICOS E HAEMOPHILUS
INFLUENZAE NAO-TIPO B

Ricardo Rittimann, Diretor Médico
e de Pesquisa e Desenvolvimento
Clinico do Cone Sul,
GlaxoSmithklineBiologicals,
Argentina

NoOvVOSALVOSANTIGENICOS
David Briles,Professor do
Departamento de Microbiologia,
Universidade do Alabama,
Birmingham, Birmingham, EUA

RounD TABLE :NEW
PNEUMOCOCCAL VACCINES

Chair Tania Cremonini de
Araujo Jorge,Director of Oswaldo
Cruz Institute, Oswaldo Cruz
Foundation, Rio de Janeiro,
Brazil

| MPORTANCE OF PNEUMOCOCCAL
INFECTIONS IN BraZIL

Luiza de Marilac Meireles
Barbosa, General Coordinator,
National Immunization Program,
Ministry of Health, Brasilia,
Brazil

CONJUGATE AND COMBINED
VACCINE AGAINST PNEUMOCOCCAL
SOROTYPES AND NON-TYPE B
HAEMOPHILUS INFLUENZAE
Ricardo Rittimann,Clinical
Research and Development and
Medical Affairs Director,
Southern Cone,GlaxoSmithkline
Biologicals, Argentina

NEW ANTIGENIC TARGETS
David Briles,Department of
Microbiology, The University of
Alabama at Birmingham,
Birmingham, U.SA

ALMOCO — SALOES
CopracaBANA, FLAMENGO
E BotarFoco, NiveL E
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LuncH — CopacABANA, FLAMENGO
AND BoTtaroco Roowms, LEVEL E

CoraL pA Funbacio
OswaLbo Cruz

CHoraLE oF OswaLbo Cruz
FounbpaTiON

CONFERENCIA: DESENVOLVIMENTO
DE VACINA DENDRITICA CONTRA
HIV No NORDESTE DO BRASIL:
LICOES APRENDIDAS

Presidente Ciro de Quadros,
Diretor-Executivo e Diretor de
Programas Internacionais, Instituto
de VacinasAlbert B. Sahin,
Washington, D. C., EUA

Luiz ClaudioArraesdeAlencar,
Departamento deMedicinaTropical,
Universidade Federal de
Pernambuco, Pernambuco, Brasil

CoNFERENCE DEVELOPMENT OF
DENTRITIC VACCINE AGAINST HIV

IN NORTHEAST OF BRAZIL:
LESSONS LEARNED

President Ciro de Quadros
President and CEO, a.i., Director
of International Programs, Albert
B. Sabin Vaccine Institute,
Washington, D.C., U.SA

Luiz Claudio Arraes de

Alencar, Tropical Medicine
Department, Federal University of
Pernambuco, Pernambuco, Brazl

INTERVALO — FOYER, NiVEL E

Tea Break — FovER, LEVEL E

M EsA REDONDA: | NFLUENZA
PANDEMICA

Coordenador Otavio Azevedo
Mercadante, Diretor do Instituto
Butantan, Sao Paulo, Brasil

DIAGNOSTICO DA INFLUENZA E
CARACTERIZAGAO MOLECULAR
Stephen Lindstrom,Representante
daDivisdo de Doencas por Viruse
Rickettsias, Area de Estudos da
Gripe, Centrosde Prevencdo e
Controlede Doengas, Atlanta, EUA

A SITUAGAO ATUAL DA INFLUENZA E
O RISCO DA INFLUENZA PANDEMICA
Otévio Oliva,Assessor Regional do
Programade Prevenc&o e Controle
de Doencas, Organizagéo
Panamericanada Salde,
Washington, D.C., EUA.

PLANO DE PREPARACAO DOS
Estapos UNIDOS DA AMERICA
PARA A PANDEMIA AVIARIA
Alicia Postema, Areade Estudo
da Gripe, Centros de Prevencéo
e Controle de Doengas,
Washington, D. C., EUA.

RouNnD TABLE: PANDEMIC
INFLUENZA

Chair Otavio Azevedo Mercadante,
Director of Butantan Institute,
S50 Paulo, Brazil

| NFLUENZA DIAGNOSI S AND
MOLECULAR CHARACTERIZATION
Sephen Lindstrom,Representative
of the Division of Viral and
Rickettsial Diseases, Influenza
Branch, Centersfor Disease
Control and Prevention,

Atlanta, U.SA.

THE CURRENT GLOBAL INFLUENZA
SITUATION AND THE RISK OF
PANDEMIC INFLUENZA

Otévio Oliva,Regional Advisor on
Viral Diseases, Pan American
Health Organization, Washington,
D.C,U.SA

| NFLUENZA PANDEMIC
PREPAREDNESS PLAN OF THE
UNITED STATES OF AMERICA
Alicia Postema, | nfluenza Branch,
Centers for Disease Control and
Prevention, Washington, D. C.,
U.SA
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CoNFERENCIA: DESENVOLVIMENTO
DE UMA VACINA TETRAVALENTE
CONTRA DENGUE ATENUADA
CLASSICAMENTE

Presidente Ricardo Galler,
Vice-Diretor de Desenvolvimento
Tecnol 6gico de Bio-Manguinhos,
Fundacdo Oswaldo Cruz,
RiodeJaneiro, Brasi|

BruceInnis,Vice-Presidentede
Pesquisa e Desenvolvimento para
aAmeérical atina, GlaxoSmithkline,
Pensilvéania, EUA

CoNFERENCE: DEVELOPMENT
OF A CLASSICALLY ATTENUATED
TETRAVALENT DENGUE VACCINE

President Ricardo Galler,Vice-
Director of Technological
Development of Bio-Manguinhos,
Oswaldo Cruz Foundation, Rio de
Janeiro, Brazl

Bruce Innis,Vice-President for Latin
America Research and
Development, GlaxoSmithkline,
Pennsylvania, U.SA

INTERVALO — FOYER, NivEL E

CooFFEE BREAK —
Fover, LEveL E

M EsA REDONDA: BIOFARMACOS E
REATIVOS PARA DIAGNOSTICO

Coordenador Ricardo Galler,
Vice-Diretor de Desenvolvimento
Tecnol 6gico de Bio-Manguinhos,
Fundagdo Oswaldo Cruz,

Riode Janeiro, Brasil

BIOFARMACOS, SITUACAO ATUAL E
PERSPECTIVAS PARA O BRASIL
Dirceu BrésAparecido Barbano,
Diretor do Departamento de
Assisténcia Farmacéutica

e Insumos Estratégicos,

Ministério daSalde, Brasilia, Brasil

DIAGNOSTICO MOLECULAR DE
VIROSES

MarcoAurdlio Krieger,Diretor

do Instituto de Biologia Mol ecular
do Parand, Parang, Brasil

DIAGNOSTICO SOROLOGICO,
AVANGOS RECENTES

Javan Esfandiari, Diretor
Vice-Presidente de Pesquisa e
Desenvolvimento, Chembio
Diagndsticos, Novalorque, EUA

RouND TABLE:
Bi1OPHARMACEUTICAL DRUGS AND
REAGENTS FOR DIAGNOSIS

Chair Ricardo Galler, Vice-
Director of Technological
Development, Bio-Manguinhos,
Oswaldo Cruz Foundation, Rio de
Janeiro, Brazl

B1OPHARMACEUTICAL DRUGS,
CURRENT SITUATION AND
PERSPECTIVES FOR BRAZIL

Dirceu Bras Aparecido
Barbano,Director, Department of
Pharmaceutical Assistance and
Strategic Inputs/ SCTIE, Ministry of
Health, Brasilia, Brazl

MOLECULAR DIAGNOSIS OF VIRAL
INFECTIONS

Marco Aurélio Krieger,Director of
Parana Molecular Biology
Institute, Parand, Brazil

SEROLOGICAL DIAGNOSIS RECENT
ADVANCES

Javan Esfandiari,Vice-President
Director of Research &
Development, Chembio
Diagnostics, NY, U.SA

ALMOCO — SaLOES COPACABANA,
FLAMENGO E BOTAFOGO,
NiveL E

LuncH — CorpAcABANA, FLAMENGO
AND BoTtarFoco Roowms, LEVEL E

ConFerenciA: Novos
ADJUVANTES E NOVAS FORMAS DE
ADMINISTRACAO

Presidente Reinaldo Menezes
Martins, Chefe da Assessoria
Clinicade Bio-Manguinhos,
Fundacdo Oswaldo Cruz,

Rio de Janeiro, Brasil
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LorneA. Babiuk, Professor de
MicrobiologiaVeterinariae Diretor
da Organizac&o de Estudos sobre
Doencas Veterinérias | nfecciosas,
Universidade de Saskatchewan,
Canada

CoNFERENCE: NEW ADJUVANTS AND
NEW WAYS OF DELIVERY

President Reinaldo Menezes
Martins, Head of Clinical Sudies
of Bio-Manguinhos, Oswaldo Cruz
Foundation, Rio de Janeiro, Brazl

Lorne A. Babiuk, Professor of
\eterinary Microbiology, Western
College of Veterinary Medicine and
Director of the Veterinary
Infectious Disease Organization,
University of Saskatchewan,
Canada

INTERVALO — FOYER, NivEL E

Tea Break — FoveR, LEVEL E

M EsA REDONDA: PoLiTicAs
PUBLICASPARA O FORTALECIMENTO
DA INDUSTRIA DE IMUNOBIOLOGI -
cos No BrasiL

Coordenador Jodo BaptistaRisi Jr,
Organizacdo Panamericanade Salide
no Brasil, Brasilia, Brasil

PROGRAMASDE CIENCIA E
TECNOLOGIA PARA
IMUNOBIOLOGICOS

M oisés Goldbaum, Secretério

de Ciéncia, Tecnologiae Insumos
Estratégicos, Ministério da Salde,
Bradilia

O PAPEL DO COMERCIO EXTERIOR
E DA POLITICA INDUSTRIAL E
TECNOLOGICA PARA O
FORTALECIMENTO DA INDUSTRIA
AdrianaDiaféria, Coordenadorade
Biotecnologia, Farmacose
Medicamentos, AgénciaBrasileira
de Desenvolvimento Industrial,
Brasilia, Brasi

REGULACAO INTELIGENTE DO
SETOR DE IMUNOBIOLOGICOS
FlaviaCardoso de Melo, Chefeda
Unidade de Produtos Bioldgicos e
Hemoterapicos, AgénciaNacional
deVigilancia Sanitéria, Ministério da
Salde, Brasilia, Brasil

PapPeL bo PRocrAMA NACIONAL
DE IMUNIZACOES PARA O
FORTALECIMENTO DA INDUSTRIA DE
VACINAS NO BRASIL
LuizadeMarilac MeirelesBarbosa,
Coordenadora Geral do Programa
Nacional deImunizagdes, Ministério
daSalide, Brasilia, Brasil

RouND TABLE :PuBLIC POLICIES
TO STRENGTHEN THE
IMMUNOBIOLOGICALS INDUSTRY
IN BrazIL

Chair Joéo Baptista Risi Jr,Pan
American Health Organization,
Brasilia, Brazl

PROGRAMS OF SCIENCE AND
TECHNOLOGY FOR
IMMUNOBIOLOGICALS

Moisés Goldbaum,Secretary of
Science and Technology and
Strategic Inputs for Health,
Ministry of Health, Brasilia, Brazl

THE ROLE OF FOREIGN TRADE,
TECHNOLOGICAL AND INDUSTRIAL
POLICY TO STRENGTHEN INDUSTRY
Adriana Diaféria,Coordinator of
Biotechnology, Pharmaceuticals
and Drugs, Brazilian Agency for
Industrial Devel opment,
Brasilia, Brazil

| NTELLIGENT REGULATION OF THE
IMMUNOBIOLOGICALS SECTOR
Flavia Cardoso de Melo, Chief,
Haemotherapic and Biological
Products Unity, National Health
Surveillance Agency, Ministry of
Health, Brasilia, Brazil

THE ROLE OF THE NATIONAL

| MMUNIZATION PROGRAM TO
STRENGTHEN THE VACCINE
INDUSTRY IN BRrRAZIL

Luiza de Marilac Meireles
Barbosa, General Coordinator,
National Immunization Program,
Ministry of Health, Brasilia, Brazl

ENCERRAMENTO

CLOSING SESsION
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