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Uma demanda

inadiavel
Asalde humana estd intrinsecamente
ligada ao clima e a biodiversidade do pla-
neta. Uma das consequéncias criticas das
alteracBes ambientais € o iminente risco de

surgimento de novas doencas infecciosas,
epidemias e pandemias.

Evidéncias cientificas estimam que surtos
de doencas emergentes e a proliferacao
de virus e outros patégenos ainda pouco
conhecidos deve ser uma ténica nas pro-
ximas décadas. Projecdes da Organizacao
Mundial de Satude (OMS) indicam que pan-
demias devem surgir com mais frequéncia
nas proximas décadas, causando maior
morbidade e mortalidade.

Assim, torna-se crucial o estabelecimento
de condicbes adequadas para enfrentar
agentes patogénicos que representam
riscos individuais e comunitarios. Acdes de
vigilancia sanitaria e o desenvolvimento

de estratégias de prevencdo e controle de
novas epidemias exigem infraestruturas
avancadas de pesquisa e recursos humanos
capacitados para responder a esse tipo de
desafio em saude.

Nesse contexto, surge o Orion, proje-
to de um complexo laboratorial para
pesquisas avancadas em patdgenos,
que prevé instalacdes de maxima
contencdo bioldgica (NB4) inéditas
na Ameérica Latina, e as primeiras do
mundo conectadas a um acelerador de
elétrons, o Sirius.

Laboratorios de maxima biosseguranca
sao fundamentais para que os paises
latinos, incluindo o Brasil, possam con-
duzir pesquisas com agentes biolégicos
de classe derisco 4, incluindo patégenos
desta categoria atualmente em circulacao
nestaregido do planeta.

ALGUMAS DAS EPIDEMIAS MAIS RECENTES
E O NUMERO DE MORTES ASSOCIADO AELAS

No Brasil, por exemplo, ha o virus Sabia
(SABV), patdégeno de classe de risco
biolégico 4, causador de uma febre
hemorragica grave. ldentificado em
territdrio brasileiro, as amostras desse
virus estdo armazenadas no exterior

e ndo podem ser estudadas no Pafs,
devido a auséncia de infraestrutura de
maxima contencdo bioldgica. Além do
virus Sabia, had outros arenavirus cir-
culantes na América Latina, como por
exemplo o Junin - causador da febre
hemorragica argentina, Guanarito -
causador da febre hemorragica vene-
zuelana e Machupo - causador da febre
hemorragica boliviana.

0 Orion surge, portanto, como uma res-
posta inadiavel e arrojada aos iminen-
tes desafios de saude da atualidade.
Planejado para responder a demandas
diversas, de vigilancia em saude a pes-
quisas fundamentais com patdgenos,

o Orion é um instrumento de soberania
nacional que colocara o Brasil em con-
dicdes de igualdade com os diversos
paises que ja dispdem de infraestrutura
para lidar com patégenos que podem
causar doencas graves, incluindo os

BRASIL NO RADAR

O Brasil é identificado como
um dos locais de alto risco para
o surgimento de novas pan-
demias. Esse cenario € atri-
buido a combinacdo de alguns
fatores, incluindo eventos de
perturbacdao ambiental, como
aumento do desmatamento

e mudancas climaticas, vas-
ta biodiversidade e desafios
socioecondmicos, que criam
condicdes propicias a novas
crises sanitarias.

que podem vir a surgir. O complexo
laboratorial deve ainda possibilitar a
realizacdo de experimentos inéditos
no mundo, devido a conexdo com trés
estacOes de pesquisa do Sirius.
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como microscopias. Toda essa MUITO ALEM DO EBOLA:
infraestrutura estard a disposicdo OS ALVOS DE PESQUISA

da comunidade cientifica nacional e
internacional que atua na investiga- Varios patégenos sdo enquadrados na mais
cdo de agentes patogénicos (virus, alta classe de risco a saude individual e
bactérias, fungos) e seus efeitos para coletiva, a chamada classe de risco 4 dos
a saude humana. agentes bioldgicos. Dentre eles, provavel-
mente, o virus Ebola é o mais conhecido.
As atividades a serem conduzidas no Entretanto, ha agentes ainda pouco popu-
Orion promoverdo o avanco do conhe- lares desta classe de risco atualmente em
cimento sobre patdégenos e doencas circulacdo no Brasil ou em paises vizinhos,
correlatas e poderdo subsidiar acées como 0s ja mencionados virus Sabia, Junin,
de vigilancia e politicas publicas de Guanarito e o Machupo. No contexto global
saude. Toda essa infraestrutura deve ha, entre outros, os henipavirus Hendra
O Brasil sera o primeiro pais do mundo a ter um laboratério de maxima contencao beneficiar, por exemplo, o desenvol- e Nipah, recentemente identificados na
biolégica, conhecido como NB4 - abreviacdo para nivel de biosseguranca 4, conecta- vimento de métodos de diagndstico, Australia e Malasia, respectivamente. Para
do a uma fonte de luz sincrotron. vacinas, tratamentos e estratégias lidar com esses agentes infecciosos capa-
epidemiologicas, fortalecendo, as- zes de causar doencas graves e com alto
0 Qrion reunird instalacées de alta e maxima contencdo bioldgica (NB3 e NB4), trés sim, o sistema brasileiro de saude e grau de transmissibilidade € imprescindi-
estacOes de pesquisa com técnicas de luz sincrotron, além de laboratdrios de pes- estimulando a soberania nacional no vel contar com instalacdes de nivel maximo
quisa basica, técnicas analiticas e competéncias avancadas para imagens hiologicas, enfrentamento de crises sanitarias. de biosseguranca (NB4).

re

“ Projefb conceitual do Orion -
infraeStEutura iréd se beneficiar da
- \,.. - ~ . e
conexao ¢com trés linhas de ll..I’ZJ.dO Sirius



Q110

L

0 PORQUE
DO NOME

A constelacao que deu nome ao pro-
jeto, tem em seu centro trés estrelas
alinhadas e com brilhos similares,
cujo arranjo é conhecido popular-
mente como "As Trés Marias", e que
configura o cinturdo de Orion. No

céu, esse cinturao aponta para a es-
trela Sirius. No campus do CNPEM,
localizado na cidade de Campinas,
interior de Sdo Paulo, o projeto Orion
tera conexao com trés linhas de luz
do acelerador de elétrons Sirius.
Essa conexao cria um fato inedito

no mundo: o primeiro laboratdrio

de mais alto nivel de biosseguranca
ligado a uma fonte de luz sincrotron.

Para atender a desafios de dife-
rentes naturezas, os requisitos e
0s programas cientificos do Orion
vém sendo estruturados a partirdo
debate com diversas entidades de
pesquisa e saude do Pais, envol-
vendo pesquisadores da comuni-
dade cientifica nacional e interna-
cional, bem como érgaos publicos,
como o Ministério da Saude.

Aimplementacao do projeto deve
ser concluidaem 2026. Ao longo
deste periodo de quatroanos, o
investimento no Orion deve totalizar
cercade R$ 1 bilhdo em recursos
destinados a construcao civil, es-
tabelecimento de diversas técnicas
cientificas, além do custeio de recur-
sos humanos envolvidos no projeto.

0 CNPEM se integra de forma sinér-
gica ao Sistema Nacional de Ciéncia,
Tecnologia e Inovacdo (SNCTI), cola-
borando com diferentes atores desse
sistema para atender com eficiéncia
as agendas relacionadas com suas
areas de atuacdo. Alinhado as diretri-
zes do MCTI, o Centro é configurado
para responder a desafios estratégi-
cos e demandas emergentes do cena-
rio cientifico e tecnologico do Pais.

0 modelo de Organizacao Social con-
fere agilidade a gestao e flexibilidade
as atividades do CNPEM. As acbes do
Centro beneficiam diferentes atores,
seja por meio da disponibilizacao de
suainfraestrutura, compartilhamento
de sua expertise técnico-cientifica

ou desenvolvimento de projetos em
colaboracao com os setores acadé-
mico e produtivo. 0 CNPEM promove
também a capacitacdo de recursos
humanos, por meio de seu curso de
formacao superior, orientacao de
alunos e eventos cientificos.

sobre o Sirius
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Versatilidade
para pesquisa &
desenvolvimento

Os requisitos técnico-cientificos do projeto Orion foram concebidos para atender
necessidades diversas, que vao desde problemas estratégicos de saude publica a
pesquisas fundamentais nas areas de microbiologia e infectologia. As instalacdes do
prédio, a infraestrutura para pesquisa, as técnicas a serem disponibilizadas e os times
altamente especializados foram idealizados para responder a diferentes desafios.

A seguir sdo apresentadas algumas das atividades que poderdo ser realizadas no
QOrion, ilustrando sua versatilidade e importancia estratégica para o avanco cientifico,
soberania nacional e acOes de saude publica.

. _ .

Todo o aparato estrutural

e técnico-cientifico do Orion
proporcienara condicoes
Unicas para investigacao de
patégenos das classes de
risco2, 3 e 4, capazes de
causar doencas graves e po-
tencialmerlte ransmissiveis

13

VETORES
ARTROPODES

No Orion, pesquisadores terdo condicfes
para investigar infeccdes transmitidas por
vetores artropodes, como mosquitos e car-
rapatos. O estudo da interacao entre esses
vetores e 0s microrganismos patogénicos
podem ajudar a desenvolver estratégias
mais eficazes para o controle da transmis-
sdo dessas doencas e para o manejo de
surtos e epidemias, como € o caso da den-
gue, chikungunya, febre amarela e febre maculosa.

PESQUISA BASICA

A pesquisa basica relacionada a bactérias, virus,
fungos e toxinas subsidia a descoberta e o desen-
volvimento de estratégias para combater doencas e
preservar a saude. Avancos nesta frente sao a chave
para entender, por exemplo, mecanismos de infeccdo
e disseminacao de agentes infecciosos, mecanismos
de patogenicidade no hospedeiro, caracterizacdo de
alvos moleculares que possam ser utilizados para de-
senvolvimento de tratamentos e vacinas, descoberta
de novos microrganismos e toxinas, entre outros.

BIOLOGIA CELULAR, MOLECULAR
E ESTRUTURAL

O Orion disponibilizara diferentes técnicas

de bioimagens para que um mesmo problema
possa ser estudado em diferentes escalas. Ao
olhar para o nivel molecular de agentes patogé-
nicos, € possivel revelar moléculas ou complexos
moleculares que tém papéis chave nainfeccao ou
que sdo essenciais para a replicacdo de patégenaos
no hospedeiro. Essas descobertas moleculares
podem subsidiar o desenvolvimento de vacinas,
novos medicamentos e métodos diagnosticos.
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TESTES DEVACINASE
POTENCIAIS COMPOSTOS
TERAPEUTICOS

Para que uma vacina ou um novo
composto terapéutico seja dis-
ponibilizado para uso humano,
uma série de testes prévios sao
exigidos pelas agéncias regula-
doras em saude. Os chamados
testes pré-clinicos atestam a
seguranca, a toxicidade e a efi-
cacia destes novos candidatos a
vacinas ou medicamentos e sao
realizados in vitro e em modelos
experimentais animais.

VIGILANCIA &
DIAGNOSTICO

Quando uma amostra suspeita é identifi-
cada, 6rgaos competentes em vigilancia
e saude entram em acao para lidar com o
agente desconhecido ou com evidéncia
de problematica. A manipulacao, iso-
lamento e caracterizacdo de amostras
desta natureza comecam em ambientes
de alta ou maxima contencdo bioldgica
para preservar a saude e o meio am-
biente. Essa etapa permite ainativacao e
subsequente sequenciamento genético,
identificacdo e caracterizacao de um
agente infeccioso, etapas que podem ser
conduzidas em instalacdes de biossegu-
ranca de nivel 1 ou 2.

O Orion pode beneficiar di-
versas areas, como saude,
ciéncia e tecnologia, defesa e
meio ambiente. A conexao de
um sincrotron a laboratorios
de maxima contencao biolo-
gica traz uma oportunidade
unica no mundo para a area
de estudos de patdgenos.

ESCOPO CONSTRUIDO
COM DIALOGOS TECNICOS

Desde o inicio, 0 escopo do projeto Orion

vem sendo discutido com representantes de
diversas instituicdes, para que sua infraestru-
tura seja adequada para atender demandas
de diferentes naturezas, desde questdes
estratégicas do Sistema Nacional de Salde, a
problemas cientificos e tecnologicos em dife-
rentes frentes das biociéncias e medicina.

Para envolver parceiros estratégicos e membros
da comunidade académica, foi realizada uma
série de eventos desde a concepcdo do projeto,
abordando demandas, premissas centrais e as
capacidades de experimentacao do Orion.

Destacam-se workshops realizados com a
participacao de representantes do Instituto
Butantan, Instituto Adolfo Lutz (IAL), Instituto
Evandro Chagas (IEC), Hospital Israelita Albert
Einstein, Fundacdo Oswaldo Cruz (Fiocruz),
além dos Ministérios da Ciéncia, Tecnologia e
Inovacdo (MCTI), Saude (MS), Defesa (MD),
Justica e Seguranca Publica (MJSP), Meio Am-
biente (MMA), Agricultura e Pecuéria (Mapa) e
Educacdo (MEC). As discussdes incluiram tam-

APOIO DA SOCIEDADE
BRASILEIRA DE VIROLOGIA
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bém especialistas de Universidades, como a
Universidade Federal de Minas Gerais (UFMG),
Universidade de S&o Paulo (USP), Universida-
de Estadual de Campinas (UNICAMP), Univer-
sidade Estadual Paulista (Unesp), Faculdade
de Medicina de Sao José do Rio Preto (FA-
MERP), Universidade Federal do Rio de Janeiro
(UFRJ), Universidade Federal de Pernambuco
(UFPE), Universidade Estadual de Maringa
(UEM) e Universidade Feevale.

Instituicdes internacionais também coopera-
ram com as equipes técnicas do projeto, como,
por exemplo, Instituto Robert Koch (Alema-
nha), Agéncia de Saude Publica da Suécia,
University of Texas Medical Branch (UTMB/
EUA), National Institute of Allergy and Infec-
tious Diseases (NIAID/EUA), National Institu-
tes of Health (NIH/EUA), National Emerging
Infectious Diseases Laboratories (NEIDL/Uni-
versidade de Boston), Canadian Science Centre
for Human and Animal Health (CSCHAH/CA),
National Virology Laboratory (VNL - University
of Pécs/GU), Universidade de Nottingham e
Oxford (UK), entre outros.

- ooy
==mg
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0 Orion abrigara uma variedade de instalacdes, incluindo laboratérios de pesquisa ba-
sica e dos niveis de biosseguranca 2, 3 e 4, técnicas analiticas, competéncias avancadas
de bioimagem, biotérios, laboratério de treinamento que simula instalactes de alta e
maxima contencdo bioldgica, setores de conexdo com as linhas de luz do Sirius (Sibipi-
runa, Timbd e Hibisco), entre outras dependéncias de apoio previstas.

Assim como as demais instalacdes do CNPEM, o Orion estara a servico da comuni-
dade cientifica e 6rgdos publicos para responder aos desafios de saude da socieda-
de brasileira e para atender necessidades de alta contencdo em acfes de pesquisa,
desenvolvimento e inovacao. A sequir, sdo apresentadas algumas das competéncias
que estardo reunidas nesta infraestrutura.

Cientistas terdo acesso a um con-
junto de técnicas de analise celular
de alta precisdo, abrindo caminhos
para descobertas fundamentais
no campo das doencas infeccio-
sas. Equipamentos de ponta como
plataformas de ensaios metabo-
licos e citometria de fluxo espec-
tral, permitirdo estudos aprofun-
dados de metabolismo celular

e identificacdo e caracterizacao

de populactes de leucocitos. Em
outra escala, a espectrometria de
massas de alta resolucdo permi-
tira a identificacao e quantificacdo
de proteinas e outras biomolécu-
las. Portanto, cientistas poderdo
combinar tecnologias avancadas
disponiveis no Orion para avancar
as fronteiras do conhecimento.

Tecnologias avancadas paraimagea-
mento abrem caminhos para uma
compreensao cada vez mais profun-
da do mundo microscépico. Técnicas
como a microscopia de fluorescéncia
light sheet permitirdo analisar, em
3D, processos celulares dinamicos
como o desenvolvimento embrio-
nario e a replicacao de virus dentro
das células. O Orion também tera a
disposicdo equipamentos para mi-
croscopiaintravital, na qual células
sdao imageadas in vivo, permitindo a
analise em tempo real da progressdo
de doencas em ambientes de bios-
seguranca. Também estarao dispo-
niveis tecnologias que permitem a
analise rapida de um grande volume
de amostras e de dados, através da
aquisicdo de imagens e triagem de
alto desempenho, dando agilidade
as pesquisas realizadas no Orion.

A biologia molecular é essencial a
identificacdo e caracterizacao de
agentes infecciosos e toxinas. O Orion
contara com tecnologias de sequen-
ciamento de terceira e quarta geracao,
e plataformas para PCR quantitativo e
digital visando uma quantificacdo rapi-
da e precisa de genes e genomas. Ain-
da, ferramentas para clonagem mole-
cular e modificacdo de genoma, como
CRISPR-Cas?9, poderdo ser usados para
explorar a biologia de alvos molecula-
res e microrganismos patogénicos.




CAPACIDADES DE PESQUISA
E ENSAIOS PRE-CLINICOS

O Orion contara com infraestrutura e
capacidades para ensaios pré-clini-
cos, cruciais para o desenvolvimento
de vacinas, métodos diagnaosticos e
tratamentos. Infraestrutura analitica,
ampla capacidade para experimenta-
cdo em cultura de células, capacidades
para bioensaios semiautomatizados
em multiplos niveis de biosseguran-
ca, e variados modelos animais para
experimentacdao em niveis de bios-
seguranca 3 e 4 permitirdao o avanco
de pesquisas que podem evoluir para
estudos clinicos.

%
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CRIOMICROSCOPIA E MICROSCOPIA ELETRONICA DE VOLUME

0 Orion contara com uma infraestrutura de microscopia eletrénica de ultima geracao
operando em niveis de biosseguranca 2 e 3, que posicionara o projeto na vanguarda
das técnicas correlativas e da biologia estruturalin situ. Entre os principais recursos,
destacam-se a criotomografia eletronica e a microscopia eletronica de volume.

A criotomografia eletronica permitira visualizar, com alta resolucdo, o comportamen-
to de virus, bactérias e outros patdgenos no interior das células. Ja a microscopia
eletrénica de volume possibilitara a reconstrucao tridimensional de células e tecidos.

19

SIBIPIRUNA

Linha de luz especia-
lizada em tomografia
computadorizada de
raios X de baixas ener-
gias (raios X moles).
Seus instrumentos serdo
projetados para criar
mapas tridimensionais
quantitativos com reso-
lucdo nanomeétrica das
estruturas e organelas
de celulas infectadas por
patogenos de alto risco.
O nome dessalinha é
inspirado em uma arvore
brasileira de grande
porte e forma um acro-
nimo em inglés que se
refere a sua capacidade
de imagem biologica por
raios X moles.

TIMBO

Linha de luz especializada
em holotomografia de raios
X, operando em uma faixa de
energia intermediaria entre
as linhas Sibipiruna e Hibisco.
Esta linha sera utilizada para
produzirimagens tridimen-
sionais de alta resolucao, em
escala nanomeétrica, de teci-
dos, miniorgdos e artropodes
infectados por patégenos
perigosos. O seunome € ins-
pirado em uma planta conhe-
cida por suas propriedades
fitoquimicas e repelente de
insetos, e o nome também é
um acrénimo em inglés para
uma linha de luz dedicada a
imagem coerente de raios

X para 6rgaos e tecidos de
peguenos animais in vivo.

HIBISCO

Linha de luz focada em
tomografia computadorizada
de raios X de altas energias
para estudos longitudinais
em pequenos animais infec-
tados com patogenos de alto
risco. Seu grande diferencial
sera a capacidade de fazer
imagens de resolucao micro-
métrica, cerca de 100 vezes
mais detalhada que tomo-
grafia médica convencional,
utilizando uma dose baixa de
radiacao. O nome dessa linha
éinspirado em um género de
plantas com folhas e flores
vistosas e também é um
acrénimo eminglés que des-
creve sua funcao de tomo-
grafia de alta energia para
peguenos animais in vivo.
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TRANSVERSALIDADE INEDITA
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rescéncia, microscopios de alta resolucao, de,senvolV|mgnto (lje futuros
varredura e plasma. Toda esta plataforma métodos de diagnaostico,
de competéncias transversais e integra- vacinas e tratamentos. TECIDOS PANIMALS

das permitira explorar diferentes facetas
de um mesmo caso cientifico, por meio de
investigacoes de amostras de diferentes
tamanhos, em diferentes resoluctes, com
aplicacdes da pesquisa basica ateé estudos
de vigilancia.

0 Orion disponibilizara as condicdes para

gue patogenos, celulas, tecidos e organis-
mos sejam pesquisados de forma segura,

0 que tornara possivel a compreensao dos
fenomenos bioldgicos relacionados ao de-
senvolvimento de doencas e podera guiar
0 desenvolvimento de futuros métodos de

PROTEINAS E
COMPLEXO0S DE
PROTEINAS

BACTERIAS E
ORGANELAS

Técnica ja disponivel no Sirius, e ndo
depende de infraestrutura de biosseguranca
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diagnostico, vacinas e tratamentos. Aimagem apresenta as principais abordagens experimentais associadas ao Orion e

como elas beneficiardo o estudo de diferentes amostras em varias resolucdes.
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Biosseguranca

0S DIFERENTES NIVEIS

Os agentes bioldgicos sao classificados por
autoridades em saude em diferentes classes
derisco. Essa classificacdo considera diver-
sos critérios, como infectividade, patogeni-
cidade e viruléncia dos agentes biologicos,
disponibilidade de medidas terapéuticas e
profilaticas eficazes, modo de transmissdo,
dose infectante, entre outros.

Em grande parte, os agentes bioldgicos sdo
classificados de forma similar mundialmente.
Entretanto, ha variacOes entre paises, pois fato-
resambientais e regionais especificos também
sao critérios de avaliacdo, ja que influenciam

na sobrevivéncia e distribuicdo geografica dos
agentes bioldgicos. No Brasil, essa classifica-
cdo é uma atribuicdo do Ministério da Saude.

Risco Individual | Risco Comunitario Exemplos de agentes
Cla55|f|cag§o, = Baixo Baixo Lactobacillus spp, E. coli
linhas gerais, dos
agentes biologicos Moderado Limitado Virus darubéola
que afetam SARS-CaV, HIV, Oropouche, Monkeypox
e v Alto Moderado (variola do macaco), Rocio virus
animais e plantas Virus Ebola, Sabia, Junin,
Alto Alto Guanarito, Machupo

Adaptado de: https://bvsms.saude.gov.br/bvs/publicacoes/classificacao_risco_agentes_biologicos_1ed.pdf

NB1 NB2
Trabalho pode serrealizado em
bancadas ou mesas. Usuario veste
jaleco, calcados fechados, luvas e
6culos de protecdo, se necessario.

Todas as atividades sdo desenvolvidas em cabines de
seguranca. Usuario veste jaleco ou avental, calcados
fechados, luvas, dculos e mascara de protecao, se
necessario.

A determinacdo do nivel de biosseguranca
laboratorial considera a classe de risco do
agente bioldgico associada a avaliacao de
risco correspondente. Esses niveis se dife-
renciam, principalmente, pela estrutura de
construcao das instalacdes, equipamentos
de seguranca, procedimentos e praticas
laboratoriais. Quanto maior o nivel de
biosseguranca, maior a complexidade e re-
dundancia de medidas de biocontencao. As
abreviacdes para cada nivel de biossegu-
ranca sdo descritas como NB1, NB2, NB3

e NB4, e cada um deles atende a rigorosos
regulamentos de seguranca, consolidados
internacionalmente.
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O Orion abrigara laboratdrios dos quatro
niveis de biocontencdo, além de instala-
cOes de pesquisa basica, técnicas ana-
liticas e competéncias avancadas para
imagens bioldgicas.

Instalacdes de alta e maxima contencao
passam por processos de certificacdo e
manutencdes periodicas obrigatorias.
Para que o Orion esteja sempre disponi-
vel para operacao, parte de suas insta-
lacdes serd redundante. Desta forma,
assegura-se atividade ininterrupta,
mesmo em periodos de manutencdes
programadas.
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POR DENTRO DO NiVEL DE BIOSSEGURANCA MAXIMA

Embora os detalhes do projeto Orion ainda este-
jam em fase final de desenvolvimento, algumas
premissas de construcdo e operacdo Sao comuns
as instalacoes de maxima contencao biologica.
As principais caracteristicas deste tipo de in-
fraestrutura, que devem ser aplicadas ao Orion,
sao apresentadas a seguir.

0 EDIFICIO

Laboratorios de maxima contencdo exigem

um prédio robusto, com diferentes andares,
projetados para acomodar sistemas e equi-
pamentos de seguranca e operacao.

Os pavimentos do Orion devem seguir

a distribuicdo ao lado.

MERGULHO NA CIENCIA

Asensacdo de estarno
fundo do mar é um efeito
que pode ocorrerem
usuarios de instalacdes
NB4. Isso ocorre porque,
assim como mergulhado-
res submersos em aguas
oceanicas, o pesquisador
depende completamente
do arexterno. Usuarios
podem relatar sensacdes

de diferenca de pressao,
algo semelhante ao que
passageiros em avides
podem sentir.

Veja a sequir as etapas
que um pesquisador
deve cumprir para
entrar e sairdeum
ambiente de maxima
biocontencao.

Area de apoio: carga e
descarga de materiais,
equipamentos de
elétrica e informatica,
estoques, etc. Caldei-
ras para tratamento

& térmico de efluentes.

o~

Principalacesso. Loca-
lizacdo dos laboratadrios
NB2, NB3 E NB4, escri-
torios dos pesquisado-
res e técnicas experi-
mentais, incluindo as
linhas de luz.

Escritérios
administrativos,
areas tecnicas das
instalacoes NB3 e
NB4, equipamen-
tos de filtragem de
ar - filtros HEPA.
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Areas técnicas gerais,

incluindo sistemas de

ar-condicionado.

Unidade de trata-

mento e armazena-

mento de ar respira-
o vel para NB4.

Remover roupas pessoais = ; x Estacdo de
Entrada =" 0 0 niforme » Testar e vestir macacao trabalho
CONTROLE CONTROLE
DEACESSO iR DEACESSO
=
{( - )
[ T
I ‘/ 1
‘ = H =
CORREDORDE  VESTIARIO CHUVEIRO TROCA SALADOS MACACOES BANHO QUIMICO LABORATORIO NB4
SEGURANCA o f
f emover uniformes, x Tomar banho Estacdode
Saida « tomar banho na saida Remover macacao quimico trabalho




O macacao possui capacete, botas e luvas acopla-
dos e é conectado a uma mangueira que fornece ar
respiravel. Essa roupa é constantemente inflada,
mantendo pressao positiva. Assim, caso haja um
rompimento no grosso material de revestimento,

0 usuario nao é exposto ao patégeno e pode se
deslocar para o banho quimico em seguranca.

Apobs o uso, aroupa
hospitalar utilizada
por baixo do ma-
cacao de protecao

é autoclavada (es-
terilizada em altas
temperaturas) para,
entdo, sequir para
lavagem comum.

Ainstalacdo apresenta
diferentes pontos de con-
trole de acesso, que pode
serrealizado por leitura de
iris e acontece, por exem-
plo, na entrada, na sala de
trajes de protecao e nasala
de descarte de materiais.

Laboratorios NB4
reunem diferentes e re-
dundantes medidas de
seguranca, que visam
conter os agentes de
classe 4, preservando,
assim, os trabalhado-
res destas instalacdes,
assim como a salde co-
munitaria e ambiental.
Confira algumas delas.

Na saida, ao se despir dos

equipamentos de protecaoin-
dividual, o usuario deve tomar
um banho pessoal com agua e

produtos de higiene pessoal.

Assim que deixa as instalacdes de maxima contencdo, o usuario
passa obrigatoriamente por um banho quimico, ainda trajado com
0 macacao de protecdo, para eliminar eventuais contaminantes.
Esse banho demora cerca de sete minutos: quatro deles sao com
um detergente desinfetante de limpeza, conforme padroes inter-
nacionais, e os outros trés com agua corrente. Finalizado o banho,
0 macacao descontaminado é guardado para novo uso.

Nos laboratérios NB4, depois de passar
por uma filtragem na cabine de segu-
ranca, o ar exalado é submetidoa um
rigoroso processo de dupla filtragem
antes de ser liberado para o meio am-
biente. Esse cuidado garante que ape-
nas o ar limpo e seguro seja dispersado.
O tratamento do ar é realizado por
filtros HEPA (High Efficiency Particula-
ted Air) abrigados no andar técnico.

Dispositivos de exaustdo sdo
encarregados de preservara
pressdo negativa tanto nas cabi-
nes de manipulacao de amostras,
guanto no fluxo de ar presente
nas areas adjacentes. Assim, o ar
das cabines ndo entra em contato
com a area externa. Um sensor
localizado na parte superior das
portas realiza a medicdo conti-
nua da pressdo do ar e garante
monitoramento preciso. Um
corredor de seguranca ao redor
do laboratorio, também com
pressdo negativa, garante mais
uma barreira de protecao.

Efluentes deste tipo de instalacao pas-
sam por dois estagios de tratamento:
quimico, realizado internamente nos
laboratdrios, seguido do térmico, no
qual os efluentes sao encaminhados
para um sistema de Effluent Decon-
tamination System (EDS). Este ultimo
processo ocorre no subsolo, onde os
efluentes sao submetidos a altas tem-
peraturas em caldeiras, garantindo
total descontaminacao.

As amostras de agentes de classe de
risco 4 sao manipuladas somente nas
cabines de seguranca. As cabines

de manipulacdo de amostra filtram

o0 ar para proteger experimentador,
amostras e 0 meio ambiente.

Todo material de descarte deve ser esterilizado para sair da instalacdo de maxima contencao
bioldgica. O processo acontece em equipamentos chamados autoclaves, e o ciclo de esterili-
zacdo envolve altas temperaturas, umidade e pressdo - a depender do material a ser tratado
(sélido ou liquido). Neste tipo de instalacdo, a autoclave opera com portas duplas. Pelo lado
do laboratorio, entra o material a ser esterilizado. Do outro, o material tratado é recolhido para

descarte fora da drea biocontida.



Programa de
treinamento
&l capacitacao

Um dos aspectos mais relevantes para a
operacao de infraestruturas de alta e ma-
xima contencao bioldgica é a necessidade
de recursos humanos altamente capa-
citados para atuar em instalacdes deste
porte. Por essarazao, paralelamente as
obras e aos desenvolvimentos tecnologi-
cos do projeto Orion, 0 CNPEM conduz o
programa de treinamento e capacitacao
em infraestruturas NB3 e NB4. Inédito

no Pais, ainiciativa visa a formacao de
recursos humanos em competéncias ain-
da pouco desenvolvidas no Brasil e nos
demais paises da América Latina.

O programa inclui atividades tedéricas e
sessOes praticas, realizadas em labora-
tério de treinamento - espaco mock-up,
uma copia fiel das instalactes reais de
um laboratério de maxima contencao
biolégica - ja disponivel no campus do
CNPEM. Neste espaco de simulacao,
pesquisadores em treinamento podem

Antes mesmo de entrarem
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exercitar protocolos de seguranca, sem
a manipulacdo de materiais infecciosos
ourisco de contagio, sob a supervisao de
instrutores especializados em conduzir
avaliacdes individuais.

Além dos times de pesquisadores que
atendem ao treinamento, o programa
envolve também instituices internacionais
que colaboram com a troca de conheci-
mento, intercAmbio de alunos e habilitam
as equipes do Orion para realizar treina-
mentos nas melhores praticas de trabalho,
documentacao e manutencdo de instala-
cOes de alta e maxima contencao biolagica.

Esse virtuoso circulo de troca e mul-
tiplicacdo de conhecimentos promove
a formacdo de equipes que, no futuro,
poderdo atuar no Orion, utilizando todo
potencial dessa infraestrutura para
avancar as fronteiras do conhecimento
sobre patogenos e doencas correlatas.

operacao, o Orion beneficia o

Pais com seu programa de ca-

pacitacao de recursos humanos

em infraestruturas de alta e ma- Confira registros

xima contencao bioldgica. For-

do Programa de
Treinamento

talecer essas competéncias no

Pais é fundamental para preve-

nir e enfrentar crises sanitarias.
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a laboratory

Orion is overseen by the Brazilian Center for

Research in Energy and Materials (CNPEM), Complex for
a private, non-profit organization super- advanced
vised by the Ministry of Science, Technol-

ogy, and Innovation (MCTI). The project pathogen

is part of the federal government’s New research

Growth Acceleration Program (PAC) and
funded with resources from the National
Scientific and Technological Development
Fund (FNDCT/MCTI) and supported by the
Ministry of Health (MS).

This initiative is part of New Industry Brazil
(Nova Industria Brasil/NIB) - an industrial
policy to boost national development up to
2033. Orion will serve as an instrument of
national sovereignty, competence, and se-
curity in the fields of science and technology
for research, defense, and human, animal,

and environmental health. The creation of hea[th,

Orion |s.|ntended t_o strengthen the Health : Survei[[ance,
Economic-Industrial Complex (CEIS), an ini-

tiative coordinated by the Ministry of Health researCh

to meet priority needs from the Brazilian &

Unified Heath System (SUS). innovation
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An urgent
demand

Human health is intrinsically linked to
the climate and the planet's biodiver-
sity. One critical consequence of en-
vironmental changes is the imminent
risk that new infectious diseases will
emerge, along with new epidemics
and pandemics.

Scientific evidence indicates that out-
breaks of emerging diseases and the
proliferation of viruses and other under-
studied pathogens will be a majorissue
in the coming decades. Projections by
the World Health Organization (WHO)
expect pandemics to become more
frequentin the coming decades, with
greater morbidity and mortality.

Itis essential to establish suitable
conditions for handling pathogenic
agents that present a risk to individuals
and communities. Advanced research

infrastructures are required for health
surveillance activities and to develop
strategies for the prevention and control
of new epidemics, along with human
resources trained to respond to this type
of health challenge.

Orion emerges against this backdrop, a
laboratory complex for advanced patho-
gen research which willinvolve estab-
lishing Latin America's highest biologi-
cal containment level facilities (BSL-4)
and the only laboratory of this kind in
the world connected to a synchrotron
light source, Sirius.

Maximum biosafety containment labo-
ratories are crucial for Latin American
countries (including Brazil) to conduct
research involving group 4 biological
risk agents, which include pathogens
that are currently circulating in this

SOME OF THE MOST RECENT EPIDEMICS
AND ASSOCIATED DEATH TOLL

region of the world.

One example in Brazil is the Sabia virus
(SABV), a group 4 biological pathogen
which causes a severe hemorrhagic
fever. Samples of this virus identified

in Brazil are stored abroad, and can-

not be studied here due to the lack of a
maximum containment infrastructure.
Alongside Sabia, other arenaviruses cir-
culate in Latin America such as the Junin
(which causes Argentinean hemorrhagic
fever), Guanarito (the agent of Venezu-
elan hemorrhagic fever), and Machupo
(the cause of Bolivian hemorrhagic
fever) viruses.

Orion emerges as a bold and urgent
response to today's imminent health
challenges. Designed in response to a
variety of demands from health sur-
veillance to fundamental pathogen
research, Orion is an instrument of
national sovereignty that will put Brazil
on equal footing with the various coun-
tries that already have the infrastruc-
ture required to handle pathogens that
can cause severe disease, including
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BRAZIL ON THE RADAR

Brazilis one of the places
identified as facing high risk
for the emergence of new
pandemics. This is because
of a combination of factors,
including environmental
disturbances such as increa-
sed deforestation and cli-
mate change, the country’s
vast biodiversity, and so-
cioeconomic challenges, all
of which combine to create
conditions that can lead to
new health crises.

those which may appearin the future.
The laboratory complex will also permit
internationally groundbreaking exper-
iments because of its connections with
three beamlines at Sirius.
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o

ing such as electron microscopy and FAR BEYOND EBOLA:
cryomicroscopy. All this infrastruc- THE RESEARCH SUBJECTS

ture will be available to the scientific
community in Brazil and abroad that Various pathogens are included in the
investigates pathogenic agents (vi- highest biological risk class (group 4)
ruses, bacteria, and fungi) and their due to the risk they present to individ-
effects on human health. ual and collective health; Ebola is likely
the most familiar. But there are other
The activities that will be undertaken less well-known viral agents within
at Orion willadvance knowledge on this risk group currently circulating in
pathogens and related diseases and Brazil or neighboring countries, like
may serve as the foundation for sur- the Sabia, Junin, Guanarito, and Ma-
veillance activities and public health chupo viruses mentioned previously.
policies. All this infrastructure will Otherinternational examples include
Brazil will be the first country in the world to have a maximum biosafety contain- benefit the development of diagnos- Hendra and Nipah, henipaviruses which
ment laboratory (known as biosafety level 4 or BSL-4) connected to a synchrotron tic methods, vaccines, treatments were recently identified in Australia
light source. and epidemiological strategies, for and Malaysia, respectively. Maximum
example, in turn strengthening the biosafety containment facilities (BSL-4)
Orion will combine high and maximum containment facilities (BSL-3 and BSL-4) and Brazilian health system and fos- are essential to handle these infectious
three stations for research involving synchrotron light techniques, as well as basic tering national sovereignty to face agents capable of causing severe and
research laboratories, analytical techniques, and advanced skills for biological imag- health challenges. highly transmissible diseases.

3 - - . 3 ‘ - i | ; - I —— . 1 .__,I_._r_,
!

l:",Desiirilqn for the Orion complex: infra-
structle 'will benefit from the connec-

tion with three of the Sirius bg,gmliqes
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WHY THE
NAME ORION?

The constellation that lends

its name to the project has at

its center three stars of similar
brightnessin a line. In Brazil they
are known as the Three Marias,
as wellas Orion's Belt. In the sky,

this belt points toward the star
Sirius. On the CNPEM campus in
the city of Campinas in Sao Paulo
state, Orion will be connected to
three beamlines from the Sirius
particle accelerator. This con-
nection is the first of its kind in
the world: a maximum biosafety
containment laboratory linked to
asynchrotron light source.

To address various types of chal-
lenges, the requirements and sci-
entific programs at Orion involved

in this project have been structured
through discussions with various na-
tional research and health entities,
researchers from the domestic and
international scientific communities,
as well as publicagencies such as
the Ministry of Health.

The project is scheduled for com-
pletionin 2026. Over this four-year
period, investmentsin Orion are
expected to total approximately

RS 1 billion in resources directed
toward construction, establish-
ing various scientific techniques,
and funding the human resources
involved in the project.

CNPEM is integrated in synergy
with the National System for Sci-
ence, Technology and Innovation
(SNCTI), and collaborates with
various actors in this system to
respond effectively to agendas re-
lated to its areas of interest. In line
with the directives of the MCTI, the
Centeris configured to address the
strategic challenges and demands
that emerge from the scientific and
technological scenario in Brazil.

CNPEM adopts corporate governance
practices that provides more agility in
its management and flexibility in its
activities. The Center's work bene-
fits various actors through its open
infrastructure available, sharing of
its scientific and technical expertise,
and collaborative projects with the
academic and productive sectors.
CNPEM is also involved with training
human resources through its under-
graduate degree program, student
guidance, and scientific events.
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Learn more
about Sirius
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Versatility for
research &
development

The technical and scientific requirements of Orion Project were developed to meet a
variety of needs ranging from strategic problems in public health to fundamental re-
search in the areas of microbiology and infectology. The facilities in the building, the
research infrastructure, the techniques available, and the highly specialized teams
were planned to respond to different challenges.

Ontheright are some of the activities that will be possible at Orion, illustrating its
versatility and strategic importance for advancing science, national sovereignty, and
public health activities.

. _ .

All of Orion's structural, tech-
nical, andsscientific resources
will provide unrivaled condi-
tions for investigating group
3 and 4 pathogens capable of
causing severe and potential-

\Y% transmittae diseases.
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ARTHROPOD
VECTORS

At Orion, researchers will be able to inves-
tigate infections transmitted by arthropod
vectors such as mosquitoes and ticks.
Studying the interactions between these
vectors and pathogenic microorganisms
can help develop more effective strategies
to control the transmission of these diseas-
es and manage outbreaks and epidemics,
asin the case of dengue, chikungunya,
yellow fever, and spotted fever.

BASIC RESEARCH

Basic research related to bacteria, viruses, fungi, and
toxins forms the foundation of strategies to combat
diseases and protect health. Advances on this front
are key to understanding mechanisms of infection and
spread of infectious agents, for example, pathogenic-
ity mechanisms in disease hosts, characterization of
molecular targets that can be used to develop treat-
ments and vaccines, and discoveries of new microor-
ganisms and toxins.

CELLULAR, MOLECULAR
AND STRUCTURAL BIOLOGY

Orion will offer different bioimaging tech-
niques so that a single problem can be
studied on various scales. When we look at
pathogenic agents at the molecular level, we
canreveal molecules or complexes of mol-
ecules that play a crucial role in infection or
are essential for the replication of pathogens
in the host. These molecular discoveries can
support the development of new vaccines,
medications, and diagnostic methods.
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TESTING VACCINES AND
POTENTIAL THERAPEUTIC
COMPOUNDS

Before avaccine or new thera-
peutic compound can be made
available for use in humans,

a series of previous tests are
required by regulatory agen-
cies. Pre-clinical trials confirm
the safety, toxicity, and efficacy
of these new vaccine or drug
candidates, and are conducted
in vitro and in experimental
animal models.

SURVEILLANCE
AND DIAGNOSTICS

When a suspicious sample is identified,
health surveillance agencies take action
to deal with the unknown agent or gath-
er evidence. Manipulation, isolation, and
characterization of samples of this na-
ture begin in high or maximum biosafety
containment environments to protect
the health of humans and animals as
well as the environment. This stage
permits subsequent genetic sequenc-
ing, identification, and characterization
of infectious agents, stages which can
be doneinalevel 1 or 2 facility.

Orion can benefit various
areas including health, scien-
ce and technology, defense,
and the environment. The
connection to a synchrotron
light source and the maximum
biological containment labo-
ratories offer a globally uni-
que opportunity for the area
of pathogen research.

SCOPE ESTABLISHED
THROUGH TECHNICAL DIALOG

From the very beginning, the scope of the Orion
project has been discussed with representatives
from various institutions so that its infrastruc-
ture will be capable of meeting a variety of
different demands, ranging from strategic
questions involving the National Health System
to scientificand technological problems ona
range of fronts in bioscience and medicine.

Toinclude strategic partners and members of
the academic community, a series of events
were held from the initial planning and design
of the projectin order to address require-
ments, central concepts, and the experimen-
tal capabilities of Orion.

Notable among these were workshops involving
representatives from the Butantan Institute, Ad-
olfo Lutz Institute (IAL), Evandro Chagas Institute
(IEC), Israelita Albert Einstein Hospital, and
Oswaldo Cruz Foundation (FIOCRUZ), as well as
the Brazilian Ministries of Science, Technology
and Innovation (MCTI), Health (MS), Defense

SUPPORT FROM THE BRAZILIAN
SOCIETY FOR VIROLOGY
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(MD), Justice and Public Safety (MJSP), the
Environment (MMA), Agriculture and Livestock
(MAPA), and Education (MEC). The discussions
alsoincluded specialists from academic insti-
tutions such as the Federal University of Minas
Gerais (UFMG), University of Sdo Paulo (USP),
University of Campinas (UNICAMP), Sao Paulo
State University (UNESP), the Sdo José do Rio
Preto School of Medicine (FAMERP), Federal
University of Rio de Janeiro (UFRJ), Federal
University of Pernambuco (UFPE), Maringa State
University (UEM), and Feevale University.

Representatives from international institu-
tions also collaborated with the technical
planning teams, for example from the Robert
Koch Institute (Germany), Swedish Public
Health Agency, University of Texas Medical
Branch, the US National Institute of Aller-

gy and Infectious Diseases (NIAID/EUA),
National Institutes of Health (NIH/EUA), and
National Emerging Infectious Diseases Labo-
ratories (NEIDL/Boston University).
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Orion will be constructed in an area of approximately 24,500 square meters, and will
house a variety of facilities. The complex willinclude basic research laboratories as well
as biological containment level 2, 3, and 4 facilities, analytical techniques, advanced
bioimaging competencies, animal facilities, a training laboratory simulating high and
maximum containment facilities, divisions connected to the synchrotron beamlines
(Sibipiruna, Timbd, and Hibisco), as well as other planned support structures.

Like CNPEM's other facilities, Orion will be available to the scientific community and
public agencies in order to respond to health challenges facing Brazilian society and
to meet high-containment needs for activities in research, development and inno-
vation. The section below describes some of the competencies which will be united
within this infrastructure.

Scientists will have access to a set
of techniques for high-precision
cell analysis, paving the way for
fundamental discoveries in the
field of infectious diseases. Cut-
ting-edge equipment like meta-
bolic assay platforms and spectral
flow cytometry will allow in-depth
studies of cellular metabolism and
the identification and character-
ization of leukocyte populations.
On a different scale, high-resolu-
tion mass spectrometry will make
it possible to identify and quantify
proteins and other biological mol-
ecules. Scientists will be able to
combine the advanced technolo-
gies available at Orion to advance
the frontiers of knowledge.

Advanced imaging technologies
create possibilities forincreas-
ingly deeper understanding of the
microscopic world. Techniques
like light sheet fluorescence
microscopy will permit 3D analy-
sis of dynamic cell processes like
embryonic development and the
replication of viruses within cells.
Orion will also have equipment
available forintravital microsco-
py, in which cells are observed

in vivo, permitting real-time
analysis of disease progression
in biosafety environments. There
will also be technologies avail-
able that permit rapid analysis of
large quantities of samples and
data through image acquisition
and high-throughput screening,
adding agility to the research
conducted at Orion.

Molecular biology is essential for
identifying and characterizing infec-
tious agents and toxins. Orion will
have third- and fourth-generation
sequencing technologies and plat-
forms for quantitative and digital PCR
forrapid and precise quantification of
genes and genomes. There will also
be tools for molecular cloning and ge-
nome modification like CRISPR-Cas?9,
which can be used to explore the bi-
ology of molecular targets and patho-
genic microorganisms.




CAPACITY FOR RESEARCH
AND PRE-CLINICAL TRIALS

Orion will have infrastructure
and capabilities for pre-clini-
cal trials, which are crucial for
developing vaccines, diagnostic
methods and treatments. Analyt-
icinfrastructure, ample capacity
for cell culture experimentation,
capabilities for semi-automated
bioassays at various biosafety
containment levels, and various
animal models for experimenting
at biosafety levels 3 and 4 will
allow advances in research that
could evolve into clinical trials.

CRYOMICROSCOPY

Cryomicroscopy is a powerful tool for obtaining the structure of biological macro-
molecules with atomic resolution; this includes the architecture of cells, viruses, and
protein complexes. Orion will have state-of-the-art transmission electron cryomicro-
scopes and detectors, as well as the full infrastructure necessary to prepare samples,
making it possible to conduct in situ analysis of pathogen structures. These analyses
will utilize electron cryotomography, a technique that can reveal details of cell super-
structures as well as mechanisms of infection.
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SIBIPIRUNA

Beamline specialized

in low-energy X-ray
computed tomography
(soft X-rays). The in-
struments are designed
to create quantitative
three-dimensional
maps with nanometric
resolution of the struc-
tures and organellesin
cellsinfected with high-
risk pathogens. The
name of this beamline is
inspired by a large Bra-
zilian tree, and is also
anacronym: Soft X-ray
Bio-Imaging Beamline
with Partially Coherent
Illumination for Resolv-
ing Cellular Ultra-Struc-
turein NAnometers.

TIMBO

This beamline is spe-
cialized in X-ray holoto-
mography and operates
atanintermediate en-
ergy range between the
Sibipiruna and Hibisco
beamlines. It will be used
to produce three-dimen-
sional nano-scale imag-
esin high resolution of
tissues, organoids, and
arthropods infected by
dangerous pathogens. Its
name is inspired by a plant
known for its phytochem-
icalandinsect repellent
properties, and is also an
acronym for Tender X-ray
Coherent IMaging Beam-
line for Ex-Vivo Small Ani-
mal Organs and Tissues.

HIBISCO

Beamline focused on
high-energy X-ray com-
puted tomography for
longitudinal studies on
small animals infected with
high-risk pathogens. The
major differential of this
beamline will be its capa-
city to generate images
with millimetric resolution,
roughly 100 times more
detailed than conventional
medical tomography, using
a low dose of radiation. The
beamline is named aftera
genus of plants with beau-
tiful foliage and flowers
andis also an acronym:
Hlgh-Energy Beamline for
In Vivo Small Animal COm-
puted Tomography.
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UNPRECEDENTED TRANSVERSALITY
TO SEE BEYOND

Brazil will be the first country in the
world to have a maximum biological
containment infrastructure connected
to a synchrotron light source. The three
beamlines from Sirius that will be part
of Orion are being planned to allow
studies on biological materials at differ-
ent scales.

These beamlines will use X-rays to
generate three-dimensional images
that will permit research ranging from
studies of cells on a nanometric scale to
the dynamics of inflammation in tissues
and organ damage up to monitoring the
infection process in the entire body.

Along with the beamlines, Orion will
have an expansive complex with bioim-
aging resources such as fluorescence
devices and high-resolution, scanning,
and plasma microscopes. This entire
platform of transversal and integrated
competencies will make it possible to
explore different facets of a single sci-
entific case by investigating samples of
different sizes, at different resolutions,
with applications for everything from
basic research to surveillance studies.

Orion will provide the conditions re-
quired to safely conduct research on
pathogens, cells, tissue, and organisms,
making it possible to understand biolog-
ical phenomena related to the develop-
ment of illnesses and potentially guiding
the development of future diagnostic
methods, vaccines, and treatments.

By providing 3D images at
different scales, the bioim-
aging capabilities integrated
into Orion will permit research
ranging from cell studies on

a nanometric scale to the dy-
namics of inflammation in
tissues and organ damage up
to monitoring the infection
process throughout the entire
body. This will allow us to ad-
vance our understanding of the
biological phenomena related
to the development of diseas-
es and guide the development
of future diagnostic methods,
vaccines, and treatments.
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This technique is already available at Sirius,
and does not require advanced biosafety containment infrastructure.

This figure depicts the main experimental techniques associated with Orion and how

they will benefit investigations of different samples at various resolutions.
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Biosafety

THE DIFFERENT LEVELS

Biological agents are classified by health
authorities according to different risk class-
es. This classification considers various
criteria such as the infectiousness, patho-
genicity, and virulence of the biological
agents, availability of effective therapies
and prophylactic measures, mode of trans-
mission, and infective dose.

For the most part, biological agents are classi-
fied similarly around the world. There are some
variations from country to country, however,
since specific environmental and regional fac-
tors are also evaluation criteria because they
affect the survivaland geographic distribution
of the biological agents. In Brazil, the Ministry
of Health is responsible for this classification.

Risk group | Individualrisk | Community risk Examples of agents
Basic classifica- 1 Low Low Lactobacillus spp, E. coli
tion of t;]iolo?fical 2 Moderate Limited Rubella virus
agents that affect
hSmans, animals, 3 High Moderate SA?;B%%&,EL\Q)?E%%?;Sir:,igl\ellspox
and plants = , ;
4 High High Ebola, azljclr?ﬁélén\;ﬂlugggnarltc}'

From https://bvsms.saude.gov.br/bvs/publicacoes/classificacao_risco_agentes_biologicos_1ed.pdf

DIFFERENCES BETWEEN THE LEVELS

BSL-1 W BSL-2

Eachrisk classindicates the biosafety
containment level (BSL) of the laborato-
ries dedicated to handling these biological
agents. These levels mainly differ accord-
ing to the way the facilities are construct-
ed, the safety equipment, and laboratory
practices and procedures. The higher the
biosafety level, the greater the complexity
and redundancy of the containment mea-
sures. The different levels are abbreviated
as BSL-1, BSL-2, BSL-3, and BSL-4, and
each must meet rigorous international-
ly-established safety requirements.
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Orion will be home to laboratories for all
four biological containment levels, as well
as facilities for basic research, analysis
techniques, and advanced competencies
for biological imaging.

High and maximum level containment facil-
ities must undergo certification processes
and periodic maintenance. The infrastruc-
ture will also feature redundant installa-
tions that will make it possible to operate
Orion without interruptions, even during
scheduled maintenance periods.

Work can be done at lab bench- Activities that can generate aerosols or droplets containing patho-
esortables. Users wear lab genic agents are conducted using physical containment, in safety
coats, closed shoes, gloves, and cabinets. Users wear lab coats or aprons, closed shoes, gloves,
protective eyewear, if necessary.  protective eyewearand protective masks, if necessary.
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INSIDE THE MAXIMUM BIOSAFETY CONTAINMENT FACILITY

General technical

areas, including air

conditioning systems.

Unit for treatment

and storage of

breathable air for the
& BsL-4 laboratory.

Administrative
offices, tech-
nical areas for
the BSL-3 and
BSL-4 facilities,
HEPA air filtering
equipment.

THE BUILDING

Maximum containment laboratories

require a sturdy building, with various

floors designed to house systems and

equipment for safety and operations.

The floor layout at Orion will be as 2
follows:

Main access. BSL-2,

BSL-3, and BSL-4

laboratories, offices

forresearchers and

experimental tech-

niques, including the
& beamlines.

Although the details of Orion Project are
stillin the final phase of development,
some aspects of construction and opera-
tion are the same in all maximum contain-
ment facilities. The main characteristics
of this type of infrastructure that will be
featured at Orion are presented above.

Support area: load-
ing dock for materi-
als, electricaland IT
equipment, deliver-
ies, etc. Boilers for
heat treatment of
wastewater.

Remove street clothes _ ‘ _
Entrance —> and put on uniform » Testand put on suit » Labwork
ACCESS ACCESS
DIVING INTO SCIENCE CONTROL 0 CONTROL __
Some users of BSL-4 fa- to those felt when by = [ L = |
cilities may feelasif they | airplane passengers. e o
were at the bottom of the i g
ocean. Thisis because, The diagram below = | '
like underwater divers, illustrates the steps Il = i 1
the researchers are researchers must fol- = L = ; L i
completely dependent low when entering and H/ \—‘E ) } } h
on external air. Users leaving a maximum = = J
may report feeling pres- containment environ-
sure differences similar ment. SECURE  LOCKERROOM SHOWER CHANGE SUITROOM BSL-4 LABORATORY
CORRIDOR
o Remove scrubs, ; Chemical descontami-
Exit < showeronexit € Remove suit «<—— nation shower <«—— Lab work




Ahelmet, boots, and gloves are incorporated into
the suit, which is connected to a hose that pro-
vides breathable air. The suit is constantly inflated,
maintaining positive pressure; this means that
even if the suit's outer material ruptures, the user

is not exposed to pathogens and can safely pro-
ceed to the chemical decontamination shower.

After use, the sur-
gicalscrubs worn
underneath the full-
body protective suit
are sterilized at high
temperaturesin an
autoclave, and then
laundered normally.

The facility contains various
points for controlling access,
which can be done by iris
scanning. This can happen at
the entrance to the suit room
(where researchers put on
and take off their protective
suits) and in the discarded
materials room, for example.

BSL-4 laboratories
combine different

and redundant safety
measures intended to
contain group 4 patho-
gensin order to protect
those who work in these
facilities, along with the
community and the envi-
ronment. Some of these
measures are listed:

After removing their personal
protective equipment, users now
take a standard shower with
water, soap, and shampoo.

As soon as users exit the maximum containment environ-
ment, they go directly to a decontamination shower (still
wearing their protective pressure suit), which eliminates
any potential contaminants. This shower takes around
seven minutes: four with a disinfectant cleaning solution, in
accordance with international standards, and the remaining
three with running water. After the shower users remove the
decontaminated suits, which are stored for reuse.

In BSL-4 labs, after exhaled air

is filtered in the safety cabinet it Exhaust devices maintain
passes through a rigorous double negative pressure in the
filtering process before being re- safety cabinets where sam-
leased into the environment. This ples are handled, as well
ensures that only clean and safe air as the airflow in adjacent

is released. This treatment involves areas. This means the airin
HEPA (high efficiency particulated the cabinets does not come

into contact with the out-
side space. Asensorin the
top of the doors constantly
measures air pressure and
ensures precise monitoring.
Asafety corridoraround the
laboratory, also has nega-
tive pressure, and ensures
another level of protection.

air) filters, which are located on
the technical support floor.

Liquid waste from this type of
facility undergoes treatment
intwo stages: chemical disin-
fection (done internally in the
laboratory), followed by heat-
based treatmentin an effluent
decontamination system (EDS).
This latter process takes place
in the basement of the building,
where the liquid waste is heated
to high temperaturesin boilers,
ensuring total decontamination.

Samples of group 4 agents are only
handled within safety cabinets. The-
se chambers for handling samples
filter the air to protect the researcher
the samples, and the environment.

All discarded materials must be sterilized in order to leave a maximum biological containment
facility. This process takes place in devices called autoclaves, and the sterilization cycle involves
high temperatures, humidity and pressure, depending on the material being treated (solid or
liquid). In this type of facility, the autoclave operates with two doors: one on the laboratory side
where the material that will be sterilized enters, and another on the outer side where the treated
material is retrieved for disposal outside the biocontained area.



Trnaining and

quall

PrOQ

fication

"dm

One of the most important aspects of
running high and maximum biosafety
containmentinfrastructures is the need
for staff who are highly trained to work in
these facilities. For this reason, along-
side the construction work and techno-
logical developments involved in Orion
Project, CNPEM also provides a training
and qualification program for BSL-3 and
BSL-4 infrastructures. This unprece-
dented initiative in Brazil is intended to
train human resources in competencies
that are still not widespread in Brazil and
other Latin American countries.

The programincludes lectures as well
as hands-on sessions in a simulated
training laboratory, a faithful replica of
real facilities inside a maximum con-
tainment biosafety facility (BSL-4),
which is already available on the CNPEM
campus. Within this simulated space,

Even before becoming

researchers in training will be able to
carry out security protocols without
actually handling infectious materials or
risking infection, under the supervision
of instructors specialized in performing
individual assessments.

The program also involves international
institutions that collaborate in knowled-
ge-sharing and that certify the teams
at Orion to conduct training in best
working practices, documentation, and
maintenance of high biological contain-
ment facilities.

This virtuous circle of exchange and
multiplication of knowledge promotes
the formation of teams that will be able
to work at Orion in the future, using the
full potential of this infrastructure to ad-
vance the frontiers of knowledge about
pathogens and related disease.

operational, Orion benefits the

country with its program to train

human resources in high and

maximum biological containment See moments

from the training
program at

infrastructures. Strengthening
these competenciesin the

country is essential to prevent

and face health crises.
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Aexecucdo do projeto Orion é de responsabilidade do Centro Nacional de Pesqui-

sa em Energia e Materiais (CNPEM), uma organizacdo social vinculada ao Minis-

tério da Ciéncia, Tecnologia e Inovacdo (MCTI). O Projeto integra o Novo Progra-

ma de Aceleracdo do Crescimento (PAC) do Governo Federal, é financiado com

recursos do Fundo Nacional de Desenvolvimento Cientifico e Tecnoldgico
(FNDCT) do MCTI e apoiado pelo Ministério da Saude (MS).

Aliniciativa faz parte da Nova IndUstria Brasil (NIB), politica industrial do Governo
Federal, atuando como um instrumento de soberania, competéncia e seguranca
nacional nos campos cientifico e tecnologico para pesquisa, defesa, saude humana,
animal e ambiental. A concepcdo do Orion deve ainda fortalecer o Complexo
Econdmico-Industrial da Sadde (CEIS), iniciativa coordenada pelo MS, voltada ao
K atendimento de demandas prioritarias do Sistema Unico de Satde (SUS).

Projeto

l I CNPEM

Instrumento Financiamento

NOV. (N
INDUSTRIA FNDCT NOVO PA‘

Parceria Realizacdo

- GOVERNO DO
MINISTERIO DO

DESENVOLVIMENTO MINISTERIO DA MINISTERIO DA MIL
o ! . CASA CIVIL CIENCIA, TECNOLOGIA
INDUSTRIA, COMERCIO SAUDE E INOVAGAO

E SERVIGOS DO LADO DO POVO BRASILEIRO
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