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Capitulo 6

Saude humana e os
desatios globais das
doencas cronicas e

infecciosas

Chapter 6

Human health and the global challenges of chronic

and infectious diseases

SAUDE E OS OBJETIVOS DE
DESENVOLVIMENTO SUSTENTAVEL (ODS)
Garantir o direito a saide e vida sauddvel,
bem como promover o bem-estar para to-
das as pessoas, em quaisquer idades, sdo
alicerces do desenvolvimento social e eco-
ndmico das nagdes. Os Objetivos de De-
senvolvimento Sustentédvel (ODS) sdo um
apelo global 4 acdoindispensdvel para aca-
bar com a pobreza e fome; reduzir as desi-
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gualdades; oferecer educagio de qualida-
de; investir em infraestrutura; proteger o
meio ambiente e clima; bem como garan-
tir que as pessoas possam desfrutar de paz
e prosperidade em todos os lugares (Uni-
ted Nations, 2022a).

Aotodo, s3017 ODS, interconectados com
169 metas. Esses objetivos compreendem os
principais desafios sociais, econdmicos e am-
bientais que devem ser enfrentados paraque
sejacumprida a Agenda2030.0 ODS 3 (Sau-
de e Bem-estar) dialoga com varios ODS, in-
cluindo, entre suas metas, o enfrentamento
dasdoengas cronicas einfecciosas (Figural).

Sem saude, n3o hd vida sauddvel, dig-
na e produtiva que possibilite a geragdo de
renda, emprego e o crescimento econémi-
co sustentavel. Embora seja alta priorida-
de investir em saide publica em um pafs
com tantas desigualdades como o Brasil, os
gastos do governo com saude estio muito
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HEALTH AND SUSTAINABLE DEVELOPMENT
GOALS (SDGs)

Ensuringthe right to health and a healthy
life, as well as promoting well-being for all
people at all ages, is a foundation for the
social and economic development of na-
tions. The Sustainable Development Goals
(SDGs) are anindispensable global call to
action to end poverty and hunger, reduce
inequalities, provide quality education,
invest in infrastructure, protect the envi-
ronment and climate, and ensure that all
people enjoy peace and prosperity (Unit-
ed Nations, 2022a).

There are 17 SDGs and 169 associated
targets. These objectives comprise the
main social, economic, and environmen-
tal challenges that must be faced to ful-
fill the 2030 Agenda. SDG 3 (Good Health
and Well-being) is associated with sev-
eral other SDGs and includes the fight
against chronic and infectious diseases
among its goals (Figure 1).

Without health, there is no healthy, dig-
nified, and productive life to enable in-
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come generation, employment creation,
and sustainable economic growth. While
investing in public health is a high prior-
ity in a country with as many inequalities
as Brazil, government spending on health
is far below average compared with that
of the 43 countries (38 members and
5 strategic partners) of the Organization
for Economic Co-operation and Develop-
ment (OECD).

In 2021, Brazil spent 3.93% of its gross
domestic product (GDP) on health, while
the United States, Germany, and France
spent 15.95%, 11.02% and 10.34%, respec-
tively (Our World in Data, 2022).

As the largest economy in Latin Ameri-
ca, Brazil spends, in percentage, less than
other countries in South America, such as
Colombia (7.07%), Argentina (5.95%), and
Chile (5.83%), and even less than some
countries in Central America, such as
Costa Rica (5.98%). A 2021 map of public
expenditures in relation to GDP percent-
age shows Brazil in a disreputable posi-
tion among OECD countries (Figure 2).
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abaixo da média quando comparados aos
dos 43 paises (membros e parceiros estra-
tégicos) da Organizagio para Cooperagio
e Desenvolvimento Econdmico (OCDE).

Em 2021, as despesas do governo brasi-
leiro com saude corresponderam a 3,93%
do Produto Interno Bruto (PIB) do pafs, en-
quanto Estados Unidos, Alemanha e Franca,
por exemplo, realizaram gastos de 15,95%,
11,02% e 10,34% de seus PIBs, respectiva-
mente (Our World in Data, 2022).

Maior economia da América Latina, o
Brasil gasta, em termos percentuais, me-
nos que outros paises da parte sul do con-
tinente, como Colémbia (7,07% do PIB), Ar-
gentina (5,95%) e Chile (5,83%) —e até que
alguns da América Central, como a Costa
Rica (5,98%). Um mapa de 2021 das des-
pesas publicas em relacdo ao PIB mostra
o Brasil em posi¢do nada honrosa entre os
paises da OCDE (Figura 2).

Garantir o direito a
saude e vida saudavel,
bem como promover o

bem-estar para todas as
pessoas, em quaisquer
idades, sdo alicerces do
desenvolvimento social
e econdmico das nagoes.
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Fortalecer o controle do tabaco OoDS 3

Strengthen tobacco control ’
SAUDE E BEM-ESTAR
HEALTH AND WELL-BEING
Até 2030 | until 2030

4

Reduzir as mortes e doengas por produtos
quimicos e poluigéo do ar e da dgua do solo
Reduce the number of deaths and ilinesses from
hazardous chemicals and air, water and soil pollution

Apoiar a pesquisa e o desenvolvimento
de vacinas e medicamentos

Support the research and development

of vaccines and medicines

Melhorar o financiamento e a formagéo
do pessoal de saude
Increase health financing and training of the health workforce

Reforgar o alerta precoce e a reducéo de
riscos nacionais e globais de satde
Strengthen the capacity for early warning and risk
reduction of national and global health risks

Figura 1.0 ODS 3 busca assegurar uma vida saudavel e promover a salide e 0 bem-estar
para todas as pessoas, em todos os lugares; entre suas principais metas, esté a de acabar
com as epidemias de AIDS, tuberculose, maléria e doencas tropicais negligenciadas, bem
como reduzir em um tergo a mortalidade prematura por doengas néo transmissiveis.
Fonte: Os autores.

Figure 1. SDG 3 seeks to ensure healthy lives and promote the health and well-being of all people.

Its main targets include ending the epidemics of AIDS, tuberculosis, malaria and neglected tropical
diseases, as well as reducing premature mortality from noncommunicable diseases by one-third.
Source: The authors.
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Figura 2. Despesas publicas em relag&do ao percentual do PIB dos paises membros
e parceiros da OCDE, em 2021 - os paises sem dados ndo fazem parte da OCDE.
Fonte: Preparada pelos autores com base em dados da OMS (Global Health
Observatory) extraidos do Our World in Data (World Health Organization, 2022b).
Figure 2. Public expenditure as a percentage of GDP of OECD member and partner

countries in 2021. Countries without data are not part of the OECD.

Source: Elaborated by the authors based on data by GHO (Global Health Observatory)
extracted from Our World in Data (World Health Organization, 2022b).
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Acabar com as epidemias de AIDS, tubercul
maléria e DTNs.
End the epidemics of AIDS, tuberculosis, malaria and NTDs

Reduzir a mortalidade por DCNTs

Reduce by one third premature mortality from
non-communicable diseases through prevention and
treatment and promote mental health and well-being

Acabar com as mortes evitaveis de
recém-nascidos e criangas menores de 5 anos
End preventable deaths of newborns and

children under 5 years of age

Reforgar a prevencéo e o tratamento do
abuso de drogas e alcool

Strengthen the prevention and treatment of narcotic
drug abuse and harmful use of alcohol

Reduzir as mortes e os ferimentos por
acidentes em estradas

Halve the number of global deaths and injuries from road
traffic accidents

Family health spendingin Brazilin2019is
alsointhe opposite direction compared with
that of other OECD countries. According to
data from the Brazilian Institute of Geog-
raphy and Statistics (IBGE), Brazil spent
5.8% of its GDP on family health, while the
average GDP percentage spent by OECD
members was 2.3. These data show that
the Brazilian population is poorly served
by public health, which leads to more ex-
penses associated with medicines and
services in the private network.

Itis essential that this scenario change
quickly, with an increase in public health
funding and strengthening of the Unified
Health System (SUS), so the financial and
life quality of Brazilian families can be im-
proved. Otherwise, at the current pace, Bra-
zil will hardly fulfill the SDG 3 targets that
it has committed, together with 192 oth-
er countries, to the United Nations Orga-
nization (UN).

DEMOGRAPHIC CONTEXT

Demographic transition is character-
ized by the passage from high to low lev-
els of mortality and fertility. In Brazil, this
transition began with the sustained drop
in mortality levels as of the 1930s and

1940s, when life expectancy at birth ex-
ceeded 40 years.

From the 1950s to the 1970s, the transi-
tion in mortality was accompanied by a de-
clinein fertility. The total fertility rate (TFR),
which was 6.3 children in 1960, dropped
to 4.3in 1980 and progressively declined
until reaching levels below replacement
in 2010 (Simées, 2016).

The infant mortality rate (IMR) dropped
from 162 (per1,000 live births) in1930to156in
2010. Life expectancy at birth (45.5 years
in 1945) should have reached 76.8 years
in 2020 (Instituto Brasileiro de Geogra-
fia e Estatistica, 2021), but the high mor-
tality caused by the COVID-19 pandemic
led to a decline in this expectation, with
greater losses observed in the northern
region of the country (Castro et al., 2021).

As aresult of changes in mortality and
fertility rates, the age structure of the
Brazilian population has become old-
er (Figure 3). In 1970, for every 100 adults
aged 25-64 years, there were 176.1 young
people up to 24 years of age. By 2015, the
latter number had dropped to 74.2, i.e.,
less than half.

It is worth noting that the population
has become more urbanized, from 36.2%
in 1950 to 84.4% in 2010. However, this ur-
ban growth occurred in a disorderly man-
ner, with precarious infrastructure re-
garding drinking water supply, sewage
treatment, street cleaning, and garbage
collection. From 1985 to 2020, informal
urban growth represented, for example,
52% of urban expansion in Belém, 48% in
Manaus, 24% in Sao Paulo, and 10% in Rio
de Janeiro (MapBiomas, 2022). This sce-
nario favors the transmission and spread
of infectious diseases.

Population changes have occurred in
all regions and among different socioeco-
nomic groups. Brazil is a country marked
by inequalities that are reflected in health
indicators and create an adverse context
portrayed by the conceptual model of so-
cial determinants of health. Therefore, it is
essential to understand that certain pop-
ulation groups and geographic areas are
more vulnerable to diseases to create so-
cial policies that reduce inequalities and
improve the population’s health conditions.

EPIDEMIOLOGICAL TRANSITION

The epidemiological transition is char-
acterized by a progressive reduction in
the number of deaths due to infectious
diseases and an increase in mortality
from chronic noncommunicable diseas-
es (NCDs). The epidemiological pattern of
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As despesas das familias com saude no
Brasil, em 2019, também estio na contra-
m3io quando comparadas as de outros pa-
ises da OCDE. O Brasil gastou 5,8% de seu
PIB, segundo dados do Instituto Brasileiro
de Geografia e Estatistica (IBGE), enquan-
to amédia despendida pelos membros da
OCDE foi de 2,3%. Esses dados mostram
que a populacgo brasileira estd mal aten-
dida pela saude publica, 0 que aleva amais
despesas com medicamentos e servicos na
rede particular.

E fundamental uma célere mudanca
desse cendrio, com o aumento do finan-
ciamento publico da saide e fortalecimen-
to do Sistema Unico de Sadde (SUS), para
melhorar a qualidade tanto de vida quan-
to financeira das familias brasileiras. Caso
contrério, no ritmo atual, o Brasil, dificil-
mente, alcancard as metas do ODS 3, com
as quais ele e mais 192 paises se compro-
meteram com a ONU.

CONTEXTO DEMOGRAFICO
Atransi¢do demografica é caracterizada pe-
la passagem de altos para baixos niveis de
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mortalidade e fecundidade. No Brasil, essa
transic3o seiniciou com a queda sustentada
dosniveis de mortalidade a partir da déca-
dade1930 e da seguinte, quando a expecta-
tiva de vida ao nascer superou os 40 anos.

Da década de 1950 a de 1970, a transi-
¢dodamortalidade foi acompanhada pela
queda da fecundidade. A taxa de fecundi-
dade total (TFT), que era de 6,3 filhos em
1960, caiu para 4,3 em 1980, apresentando
quedas progressivas até atingir, em 2010,
niveis abaixo dareposi¢io (Simdes, 2016).

A taxa de mortalidade infantil (TMI) se
reduziu de 162 (por 1 mil nascidos vivos),
em 1930, para 15,6, em 2010. A expectativa
de vida ao nascer (em 1945, de 45,5 anos)
deveria chegar a 76,8 anos, em 2020 (Ins-
tituto Brasileiro de Geografia e Estatistica,
2021). Mas a altamortalidade causada pela
pandemia de covid-19 levou a declinio des-
saexpectativa, com perdas maiores obser-
vadas naregido Norte (Castro etal., 2021).

Comoresultado das alteracdes nas taxas
de mortalidade e fecundidade, a estrutura
etdria da populacio envelheceu (Figura 3).
Em 1970, para cada 100 adultos entre 25 e
64 anos de idade, havia 176,1 jovens com
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Figura 3. Distribuic&o percentual de grupos etarios na populagéo
brasileira; a partir de 2022, os valores s&o projetados.

Fonte: United Nations (2022b).

Figure 3. Percentage distribution of age groups in the
Brazilian population - values are projected as of 2022.
Source: United Nations (2022b).
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até 24 anos. Em 2015, este Ultimo nime-
ro havia caido para 74,2 — ou seja, menos
da metade.

Vale destacar que a populagio se tor-
nou mais urbanizada: de 36,2%, em 1950,
para 84,4%, em 2010. Mas esse crescimen-
to urbano se deu de forma desordenada,
com infraestrutura precdria em relacdo
ao abastecimento de dgua potdvel, trata-
mento de esgoto, a limpeza e coleta de li-
x0.De 1985 a2 2020, o crescimento urbano
informal representou, por exemplo, 52% da
expansio urbana em Belém; 48%, em Ma-
naus; 24%, na cidade de S3o Paulo; e 10%,
na cidade do Rio de Janeiro (MapBiomas,
2022). Esse cendrio cria condi¢des favora-
veis a transmiss3o e propagagio de doen-
cas infecciosas.

As mudangas populacionais ocorreram
em todas asregides e entre diversos grupos
socioecondmicos. Mas o Brasil é um pafs
marcado por desigualdades que se refletem
nosindicadores de saide e criam contexto
adverso retratado pelo modelo conceitu-
al de determinantes sociais de saide. Por-
tanto, entender que certos grupos popu-
lacionais e dreas geograficas apresentam
maior vulnerabilidade a doencas é funda-
mental para criar politicas sociais que re-
duzam desigualdades e melhorem as con-
di¢Bes de saude da populagio.

TRANSIGAO EPIDEMIOLOGICA

A transi¢3o epidemioldgica € caracteriza-
da pela progressiva reducdo das mortes
por doengas infecciosas e pelo aumento
da mortalidade por doengas cronicas néo
transmissiveis (DCNTs). O padrio epide-
mioldgico de carga de doengas no Brasil se
alterou, acompanhando as mudancas po-
pulacionaisresultantes tanto das transi¢oes
demogrificas e epidemioldgicas quanto do
padrdo de crescimento desigual.

A proporgio de mortes totais decorren-
tes de doengas infecciosas e parasitdrias —
a qual representava quase 46% dos 6bitos
em 1930 — caiu para menos de 5% no fim
do século passado. A incidéncia e preva-
léncia dessas doencas persistem por cau-
sa dos lentos avanc¢os sanitdrios, de novos
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desafios —a emergéncia de doengas, como
Zika, chikungunya e covid-19 —e perigosos
retrocessos — por exemplo, a reemergén-
cia de doengas que haviam sido elimina-
das (sarampo).
Apesar das contribui¢des do SUS para
a redug¢do da mortalidade e melhoria do
acesso 4 saude (Castro et al. 2019), as de-
sigualdades relacionadas a servicos bési-
cos e hospitalares, bem como a distribuigdo
regional de profissionais de saude, persis-
tem em niveis expressivos. Os gastos pu-
blicos escassos em saude e as disparida-
des derenda da populagio se refletem nos
indicadores de saude, caracterizando pa-
drdo regional e social de vulnerabilidade.
As doengas cardiovasculares sdo a prin-
cipal causa de morte no mundo—inclusive
no Brasil (Figura 4). Apesar do grave qua-
dro, os principais fatores de risco tém pio-
rado, como sobrepeso, obesidade e seden-
tarismo. As mortes violentas s3o a principal
causa de morte prematura de homens com
menos de 30 anos de idade, afetando des-
proporcionalmente pobres, pretos e pardos.
Jé avioléncia contra mulheres tem au-
mentado no Brasil. Em 2020, os feminici-
dios corresponderam a 35% dos assassina-
tos de mulheres — 82% desse total (35%)
foram cometidos ou por companheiro, ou
ex-companheiro. A desigualdade também é
marcante nesse tipo de homicidio: 62% dos
feminicidios e 71% dos demais assassinatos
de mulheres foram de pretas e pardas (F6-
rum Brasileiro de Seguranga Publica, 2021).
Em relac3o 4 saude mental, a Organiza-
¢do Mundial da Saide (OMS) estima que o
Brasil seja o quinto pais em prevaléncia de
disturbios depressivos (6% da populagio)
e o primeiro em prevaléncia de ansiedade
(9% da populacio).
Sse panorama se agravou na pan-
demia de covid-19 (Vitorino et al.,
2021; World Health Organization,
2017), por causa de fatores comoisolamen-
to social, desemprego, reducdo derenda e
traumas psicoldgicos. Atualmente, o Brasil
enfrenta um cendrio complexo, em que, si-
multaneamente, atuam doencas nio trans-
missiveis, doengas infecciosas, causas ex-
ternas e saude mental.

disease burden in Brazil has changed, fol-
lowing population changes resulting from
both demographic and epidemiological
transitions and uneven growth patterns.

The percentage of deaths caused by
infectious and parasitic diseases, which
represented almost 46% of deaths in 1930,
dropped to less than 5% at the end of the
last century. The incidence and prevalence
of these diseases persist because of slow
health advances; new challenges, including
the emergence of diseases such as Zika,
chikungunya, and COVID-19; and danger-
ous setbacks, such as the re-emergence
of diseases that have been eliminated,
e.g, measles.

Despite the contributions of SUS to re-
ducing mortality and improving access
to health (Castro et al,, 2019), inequali-
ties related to basic and hospital servic-
es, as well as the regional distribution of
health professionals, persist at signif-
icant levels. Scarce public spending on
health and disparities in the population’s
income are reflected in health indicators,
characterizing a regional and social pat-
tern of vulnerability.

Cardiovascular diseases are the leading
cause of death worldwide, including in Bra-
zil (Figure 4). Despite being serious condi-
tions, their main risk factors, such as over-
weight, obesity and sedentary lifestyle, have
worsened. Violent deaths are the leading
cause of premature death for men under
30 years of age, disproportionately affect-
ing the poor, black and brown populations.

Violence against women has increased
in Brazil. In 2020, femicides accounted
for 35% of the murders of women; 82%
of them (35%) were committed either by
a partner or ex-partner. Inequality is also
striking in this type of homicide: 62% of
femicides and 71% of other murders in-
volved black and brown women (Férum
Brasileiro de Seguranga Publica, 2021).

Regarding mental health, the World
Health Organization (WHO) estimates that
Brazil ranks fifth according to depressive
disorder prevalence (6% of the popula-
tion) and first in anxiety prevalence (9%
of the population).

This scenario worsened during the
COVID-19 pandemic (Vitorino et al., 2021;
World Health Organization, 2017) because
of factors such as social distancing, un-
employment, reduced income, and psy-
chological trauma. Currently, Brazil faces
acomplex scenario where noncommuni-
cablediseases, infectious diseases, exter-
nal causes, and mental health disorders
arise simultaneously.

SCIENCE AND PUBLIC HEALTH POLICIES

In Brazil, the lack of coordination and of
a state agenda has limited the scope of
public, economic, and health policies.
The COVID-19 pandemic established a
new reality in various scenarios of soci-
ety and, consequently, in relation to the
priority agendas of public debate. Issues
related to health have grown in relevance,
and the Brazilian population recognizes
today, more than ever, that investments
in science are indispensable to promote,
recover, and maintain their health.

It is important for scientific, techno-
logical, and innovative research in health
to include new knowledge and technolo-
gies aimed at strengthening SUS. In 2018,
the Department of Science and Technol-
ogy (DECIT) of the Secretariat of Science,
Technology, Innovation and Strategic
Inputs (SCTIE), together with the other
technical areas of the Ministry of Health
(MS), prepared the Health Research Prior-
ity Agenda for the Ministry of Health (AP-
PMS) (Brasil, 2018).

With 172 lines of research distributed in
14 thematic axes, this document sought
to align health priorities with scientific,
technological, and innovative research
activities to direct investments in stra-
tegic research topics for SUS.

The 14 thematic axes are: 1) environ-
ment, work, and health; 2) pharmaceu-
tical assistance; 3) postmerger evalua-
tion; 4) health technology development
and innovation; 5) chronic noncommu-
nicable diseases; 6) communicable dis-
eases; 7) health economics and manage-
ment; 8) work management and health
education; 9) health programs and poli-
cies; 10) women’s health; 11) health of the
black population and traditional com-
munities; 12) health of older people; 13)
indigenous health; and 14) maternal and
child health.

Most of the thematic axes address im-
mediate issues and needs without con-
sidering the demands arising from the
current and future development of sci-
ence. It is up to research funding agen-
cies and foundations to look more com-
prehensively at the needs of the public
system regarding innovations and scien-
tific advances in health. It is necessary to
create an agenda of research topics that
fills current gaps and, at the same time,
strengthens the country’s competitive-
ness so that it meets future demands
and challenges.
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Taxa de mortalidade por idade por doengas cardiovasculares em 2020
Age-standardized mortality rate of cardiovascular diseases in 2020

Mortalidade (por 100.000)
Mortality (per 100,000)

I:l [0 -114,78]

[0-114.78]

I:‘ (114,78 - 145,87]
(114.78 - 145.87]

D (145,87 - 175,85]
(145.87 - 175.85]

(178,85 - 574,10]
(178.85 - 574.10]

Figura 4. Mortalidade por doengas
cardiovasculares por idade.

Fonte: Obitos extraidos do Open DataSUS
(2022), taxas calculadas com base nas
estimativas populacionais do Instituto
Brasileiro de Geografia e Estatistica (2020).
Figure 4. Mortality from

cardiovascular diseases by age.

Source: Deaths extracted from the Open
DataSUS (2022), rates calculated based on

the population estimates by the Brazilian
Institute of Geography and Statistics (Instituto
Brasileiro de Geografia e Estatistica, 2020).

CIENCIA E POLITICAS PUBLICAS DE SAUDE

No Brasil, a falta de articulagio e de uma
agenda de Estado tem limitado o alcan-
ce das politicas publicas, econdmicas e de
saude. A pandemia de covid-19 estabeleceu
uma novarealidade em vérios cendrios da
sociedade e, consequentemente, em rela-
¢do as pautas prioritdrias do debate publi-
co. As questBesrelacionadas a saude cresce-
ram em relevancia, e a populagio brasileira

1.000 km
1,000 km

reconhece hoje, mais do que nunca, que os
investimentos em ciéncia sdo indispensa-
veis & promogio, recuperacio e conserva-
¢do da saude da populagio.

Apesquisa cientifica, tecnoldgica eino-
vadora em saude € essencial & inclusdo de
novos conhecimentos e tecnologias para o
fortalecimento do SUS. Em 2018, o Depar-
tamento de Ciéncia e Tecnologia (Decit), da
Secretaria de Ciéncia, Tecnologia, Inovagio
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e Insumos Estratégicos em Saude (SCTIE),
em conjunto com as demais dreas técnicas
do Ministério da Satude (MS), elaborou a
Agenda de Prioridades de Pesquisa do Mi-
nistério da Saude (APPMS) (Brasil, 2018).

Com 172 linhas de pesquisa, distribui-
das em 14 eixos temdticos, esse documen-
to buscou alinhar as prioridades de saide
com as atividades de pesquisa cientifica,
tecnoldgica e de inovacgdo, para direcionar
os investimentos em temas de pesquisas
estratégicos para o SUS.

Os 14 eixos temdticos definidos incluem:
1) ambiente, trabalho e saide; 2) assisténcia
farmacéutica; 3) avalia¢io pds-incorporacio;
4) desenvolvimento de tecnologias e ino-
vag¢io em saude; 5) doencas cronicas nio
transmissiveis; 6) doengas transmissiveis;
7) economia e gestdo em sauide; 8) ges-
tdo do trabalho e gestdo em saide; 9) pro-
gramas e politicas em satde; 10) saide da
mulher; 11) saide da populagdo negra e
das comunidades tradicionais; 12) satde
do idoso; 13) saide indigena; e 14) satde
materno-infantil.

Em suamaioria, 0s eixos tematicos aten-
dem as questoes e necessidades imediatas,
sem atencdo as demandas decorrentes do
desenvolvimento atual e futuro da ciéncia.
Cabe as agéncias e fundagdes de fomento
a pesquisa reservarem um olhar profun-
do para as necessidades do sistema pu-
blico em relagio as inovagdes e aos avan-
cos cientificos em saude. E preciso criar
agenda de temas de pesquisa que preen-
cha aslacunas atuais e, a0 mesmo tempo,
fortalega a competitividade do pais, para
que este atenda as demandas e aos desa-
fios futuros.

MEDICAMENTOS E VACINAS PARA
DOENCAS INFECCIOSAS

Causadas por virus e micro-organismos,
como bactérias, protozodrios e fungos, as
doengas infecciosas (maldria, dengue, tu-
berculose, febre amarela, doenca de Cha-
gas, leishmaniose, Zika, sarampo, caxum-
ba, HPV, hanseniase, hepatites A, B,C,D e
E, leptospirose etc.) geram incapacidade,
sofrimento, mortes e perdas econémicas.

172

O acesso limitado a 4gualimpa, ao sane-
amento, a limpeza e coleta de lixo contri-
bui para a propagacido das doengas infec-
ciosas e perpetuacgio do ciclo de pobreza,
desigualdade e subdesenvolvimento das
dreas endémicas.

Outro elemento preocupante é a queda
nos niveis de cobertura vacinal da popu-
lag3o brasileira, os quais vém se distan-
ciando do patamar de 95% preconiza-
do pelo Ministério da Saude. Em 2021,
s6 59% dos brasileiros foram imuniza-
dos, enquanto os indices de imuniza-
cdo foram de 67% e 73%, respectivamen-
te, em 2020 e 2019 (Instituto Oswaldo
Cruz, 2022).

Afebre amarela vitimou milhares de bra-
sileiros nos dltimos anos, causando cen-
tenas de mortes, em decorréncia da bai-
xa cobertura vacinal. Em relag3o a gripe, a
situagdo é semelhante: o aumento de ca-
sos e mortes, apesar das campanhas anu-
ais de vacinagfo. Sé nos primeiros dois me-
ses de 2022, a gripe matou mais de 1,7 mil
brasileiros.

A poliomielite — cuja ultima notificagio
no pais foi em 1989 — tem gerado apreen-
sdo das autoridades sanitdrias em relagio
apossivel retorno da doenca, por causa dos
baixos indices de vacinag¢do. Em 2021, me-
nos de 70% do publico-alvo estavam com
as doses em dia.

Asituacgdo com o sarampo n3o € diferen-
te. O sucesso das campanhas de vacinagio
e oregistro dos ultimos casos da doenca em
2015 levaram o pafs areceber a certificagio
da eliminagdo do virus em 2016. Mas, em
2018, foram confirmados 10.346 casos e,no
ano seguinte — depois de periodo de fran-
ca circulacgio do virus em vdrios estados
—, 0 pais perdeu o reconhecimento de pa-
is livre do virus do sarampo (Brasil, 2021).

E preciso novos tratamentos e vacinas
paravidrias doencas infecciosas que sdo en-
trave ao desenvolvimento humano e eco-
némico no mundo. Para o Brasil, sdo de
especial interesse as doencas tropicais ne-
gligenciadas (DTNSs), que, segundo a OMS,
atingem mais de 1 bilh3o de pessoas emre-
gides tropicais e subtropicais de 150 paises
(Martins-Melo et al., 2016).

MEDICINES AND VACCINES FOR
INFECTIOUS DISEASES

Caused by viruses and microorgan-
isms, such as bacteria, protozoa and
fungi, infectious diseases (e.g., malar-
ia, dengue, tuberculosis, yellow fever,
Chagas disease, leishmaniasis, Zika,
measles, mumps, HPV, leprosy, hepa-
titis A, B, C, D and E, leptospirosis) re-
sultin disability, suffering, death, and
economic losses.

Limited access to clean water, sanita-
tion, and garbage collection contributes
to the spread of infectious diseases and
perpetuation of the cycle of poverty, in-
equality, and underdevelopment in en-
demic areas.

Another concerning issue is the de-
creased levels of vaccination coverage of
the Brazilian population, which has been
moving away from the level of 95% rec-
ommended by the MS. In 2021, only 59%
of Brazilians were immunized, while im-
munization rates were 67 and 73%, respec-
tively, in 2020 and 2019 (Instituto Oswal-
do Cruz, 2022).

Yellow fever has killed thousands of
Brazilians in recent years, causing hun-
dreds of deaths due to low vaccination
coverage. Regarding influenza, the sit-
uation is similar: the number of cases
and deaths has increased despite annu-
alvaccination campaigns. In the first two
months of 2022 alone, the flu killed more
than 1,700 Brazilians.

Poliomyelitis, which last appeared in
the country in 1989, has generated con-
cern by health authorities regarding the
possible return of this disease based on
low vaccination rates. In 2021, less than
70% of the target population were up to
date on their vaccination.

For measles, the situation is not differ-
ent. The success of the vaccination cam-
paigns and the registration of the last
cases of the disease in 2015 led the coun-
try to receive certification for the elimina-
tion of this virus in 2016. However, in 2018,
10,346 cases were confirmed, and in the
following year, after a period of free circu-
lation of the virus in several states, Bra-
zil lost its status as a measles-free coun-
try (Brasil, 2021).

New treatments and vaccines are need-
ed to prevent and treat several infectious
diseases that are an obstacle to human
and economic development worldwide.
For Brazil, neglected tropical diseases
(NTDs) are of special interest. According to
the WHO, NTDs affect over 1billion people
in the tropical and subtropical regions of
150 countries (Martins-Melo et al., 2016).

Responsible for approximately 11% of the
global disease burden, NTDs comprise a
group of 20 diseases, namely, Chagas dis-
ease, leishmaniasis, leprosy, dengue and
chikungunya, schistosomiasis, rabies, tra-
choma, onchocerciasis, African trypanoso-
miasis, lymphatic filariasis, Buruli ulcer,
echinococcosis, foodborne trematodiasis,
geo-helminthiasis, snakebite poisoning,
mycetoma and chromoblastomycosis, te-
niasis and cysticercosis, yaws, ectopara-
sitosis, and dracunculiasis.

NTDs have profound socioeconomic con-
sequences (Mitra & Mawson, 2017) and
cause alarming morbidity, expressed by
anindicator called Disability-Adjusted Life
Years (DALYs), which measures the years of
healthy life lost by a person who has con-
tracted a disease (morbidity and mortality).

It is estimated that NTDs collectively
cause 26 million DALYs worldwide (Mitra
& Mawson, 2017; Anderson, 2021). Due to
the high mobility of the world popula-
tion, some of these diseases have gener-
ated concern in countries in North Amer-
ica, Europe, Asia, and the Pacific Islands.
The graphs in Figure 5 show the number
of reported cases per year by region in Bra-
zil for some of these diseases.

Most priority topics related to axis 6 of
the APPMS refer to NTDs (Brasil, 2018).
Targets 3.2, 3.3, 3.8, 3.b, 3.c and 3.d of UN
SDG 3 (Good Health and Well-being) are
alsodirectly orindirectly associated with
NTDs (United Nations, 2022).

In 2012, the WHO launched its first NTD
plan, called the 2012-2020 Road Map for
Neglected Tropical Diseases, with ambi-
tious global targets aimed at prevent-
ing, controlling, and eradicating many
of these diseases (World Health Organi-
zation, 2012). Despite the advances and
progress made, some of the goals were
not achieved until 2020. In 2021, a new
plan for NTDs (2021-2030 A Road Map
for Neglected Tropical Diseases) was an-
nounced by the WHO (World Health Orga-
nization, 2021), expanding global strate-
gic goals and actions until 2030.

The search for new drugs and therapeutic
alternatives is considered a priority by the
WHO, but global investments in research
and development (R&D) are insufficient,
which reflects a disturbing lack of inno-
vation. Products registered for NTDs in
recent years correspond to repositioned
drugs, biologics, and new formulations.
These products include miltefosine, ap-
proved in 2014 by the US Food and Drug
Administration (FDA) and used to treat
leishmaniasis; moxidectin, approved in
2018 by the FDA to treat onchocerciasis;
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Responsdveis por cerca de 11% da carga
global de doengas, as DTNs compreendem
um grupo de 20 doengas, a saber: doenca
de Chagas; leishmaniose; hanseniase; den-
gue e chikungunya; esquistossomose; rai-
Va; tracoma; oncocercose; tripanossomiase
africana; filariose linfdtica; tlcera de Buru-
li; equinococose; trematodiases de origem
alimentar; geo-helminti{ases; envenena-
mento ofidico; micetoma e cromoblasto-
micose; teniase e cisticercose; bouba; ec-
toparasitoses; dracunculiase.

As DTNs tém profundas consequén-
cias socioecondmicas (Mitra & Mawson,
2017) e provocam alarmante morbidade,
expressa por indicador denominado Anos
de vida perdidos ajustados por incapaci-
dade (DALY, Disability-Adjusted Life Years),
que, como o nome indica, mede os anos
de vida sauddveis perdidos por uma pes-
soa que contraiu uma doenga (morbida-
de e mortalidade).

Estima-se que as DTN, coletivamente,
causaram 26 milhdes de DALYs no mundo
(Mitra & Mawson, 2017; Anderson, 2021).
Por causa da intensa mobilidade da po-
pulacdo mundial, algumas dessas doen-
cas tém gerado preocupagio em paises da
América do Norte, Europa, Asia e Oceania.
A Figura 5 mostra graficamente o nimero
de casos notificados por ano e a regido do
Brasil para algumas dessas doengas.

Grande parte dos temas prioritdrios re-
lacionados ao eixo 6 da APPMS do MS se
refere 4s DTNs (Brasil, 2018). As metas
3.2,3.3,3.8,3.b, 3.ce 3.d do ODS 3 (Satide
e Bem-estar), da ONU, também estdo di-
reta ouindiretamente associadas 4s DTNs
(United Nations, 2022).

Em 2012, a OMS lancou seu primeiro pla-
no para DTNs, denominado 2012-2020 Road
Map for Neglected Tropical Diseases, com metas
globais ambiciosas que visavam & preven-
¢do, a0 controle, A eliminagio e erradicagio
de muitas dessas doengas (World Health
Organization, 2012). Apesar dos avangos
e progressos obtidos, parte das metas nio
foi alcancada até 2020. Em 2021, um no-
vo plano para as DTNs (2021-2030 A Road
Map for Neglected Tropical Diseases) (World
Health Organization, 2021) foi anunciado

Para o Brasil, sdo de
especial interesse

as doencas tropicais
negligenciadas (DTNs),
que, segundo a OMS,
atingem mais de 1 bilh3o
de pessoas em regioes
tropicais e subtropicais
de 150 paises.
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Figura 5. Nimero de casos registrados por regido do Brasil

e por ano de algumas das DTNs - chikungunya: incluidos
todos os registros notificados - dados de 2020, atualizados
em 23/07/2021; dengue: casos provaveis, exceto aqueles
descartados - dados de 2020, atualizados em 23/07/2021;
Zika: incluidos todos os registros notificados - dados

de 2020, atualizados em 27/01/2022; esquistossomose:
casos confirmados por Ano 1° Sintoma - dados de 2017,
atualizados em 30/01/2019, sujeitos a revisdo; leishmaniose
tegumentar: casos confirmados - dados de 2020,
atualizados em 08/10/2021; leishmaniose visceral: casos
confirmados - dados de 2020, atualizados em 08/10/2021.
Fonte: Dados coletados do Sistema de Informacéo de

Agravos de Notificag&o (Sinan Net), Ministério da Saude
(MS)/Secretaria de Vigilancia em Sadde (SVS). Casos em

que o estado nao foi informado constam no total de casos;
porém nao estéo identificados por regido. DataSUS (2022).
Figure 5. Number of cases registered by region of Brazil and year

of some of the NTDs: chikungunya, including all notified records

- 2020 data, updated on 07/23/2021; dengue, probable cases,

except those discarded - 2020 data, updated on 07/23/2021; Zika,

all notified records included - 2020 data, updated 01/27/2022;
schistosomiasis, confirmed cases by Year 1 Symptom - 2017 data,
updated on 01/30/2019, subject to review; cutaneous leishmaniasis,
confirmed cases - 2020 data, updated on 10/08/2021; visceral
leishmaniasis, confirmed cases - 2020 data, updated 10/08/2021.
Source: Data collected from the Notifiable Diseases Information System
(Sinan Net), Ministry of Health (MS)/Secretariat of Health Surveillance
(SVS). Cases in which the state was not informed are included in the
total number of cases, but are not identified by region. DataSUS (2022).
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pediatric benznidazole, approved by the
FDA to treat Chagas disease; fexinida-
zole, approved by the FDA in 2021 to treat
African trypanosomiasis (Figure 6); and
three biological products against chol-
era and rabies.

Controlling NTDs without vaccines re-
mains a challenge, but the recent success-
ful example of COVID-19 brings hope for
the development of a new generation of
immunizers for other infectious agents,
taking advantage of emerging technol-
ogies such as messenger RNA (MRNA).

However, the inability of the human host
to generate protective immunity to rein-
fection by some infectious diseases in-
dicates that control can only be achieved
with the repeated treatment of individu-
als, depending on the infection, transmis-
sion intensity, and life expectancy of the
pathogen in the human host.

Interest in NTD control is not limited to
country ministries of health. It includes
major international pharmaceutical com-
panies that, following the London Declara-
tion on NTDs (2012), have been donating
drugs to control various infections in low-
and middle-income countries. The endless
cycle of mass drug administration, when
there is no interruption of transmission,
highlights the urgent need for other in-
terventions.

Toachieve the targets established in UN
SDG 3 and the WHO 2021-2030 A Road Map
(World Health Organization, 2021), NTDs
must be brought under control. In this
sense, endemic countries must include
resources in their national health bud-
gets to finance the fight against these
diseases. In addition, this funding must
be maintained on an ongoing basis un-
til elimination or eradication targets are
reached and infected people are treated
with safe and effective drugs.

DRUGS AND VACCINES FOR CHRONIC
DISEASES

Chronic NCDs are the main cause of mor-
tality worldwide. According to the WHO, car-
diovascular diseases (17.9 million deaths),
including heart attack and stroke, cancer
(9.3 million), respiratory diseases (4.1 mil-
lion), and diabetes (1.5 million), are re-
sponsible for 71% of all deaths caused by
NCDs worldwide.

Together, NCDs take approximately
41million lives each year. Of these deaths,
over 15 million are premature deaths (be-
fore age 70), and 85% of these deaths oc-
curinlow-and middle-income countries.
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Demographic, epidemiological, and nu-
tritional transition processes contribute
toincreasing the prevalence of NCDs and
put a strainon public and private health
systems. In countries with few health re-
sources, the exorbitant costs of these
diseases, including long and expensive
treatments, force millions of people in-
to poverty and stifle development. This
outlook threatens progress toward the
UN’s 2030 Agenda, which includes a tar-
get to reduce premature deaths caused
by NCDs by one-third by 2030.

Tobacco use, alcohol abuse, physical
inactivity, and unhealthy diets increase
therisk of death from NCDs. Metabolic al-
terations (overweight/obesity, high blood
pressure, hyperglycemia, and hyperlipid-
emia) also contribute to this.

Factors such as population growth and
aging willworsen the situation in the com-
ing decades, making primary health care
(PHC) actions, such as prevention and re-
duction of risk factors, as well as early de-
tection, increasingly essential against NCDs.

To mitigate the impact of NCDs on the
population and society, a more compre-
hensive and economically viable approach
is needed, with the collaboration of vari-
ous sectors (e.g, health, management, re-
sources, education, planning). The WHO
Toolkit document for Developing a Multi-
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pela OMS, ampliando metas e a¢des estra-
tégicas globais até 2030.

Abusca por novos medicamentos e al-
ternativas terapéuticas é considerada prio-
ritdria pela OMS, mas os investimentos
globais em pesquisa e desenvolvimento
(P&D) sio insuficientes, o que reflete in-
quietante falta de inovag3o. Os produ-
tos registrados para as DTNs nos ultimos
anos correspondem a medicamentos re-
posicionados, bioldgicos e novas formu-
lagSes. Sdo estes: a miltefosina, aprovada
em 2014 pela Administra¢do de Alimentos
e Medicamentos (FDA, Food and Drug Ad-
ministration), dos Estados Unidos, e usada
no tratamento das leishmanioses; a moxi-
dectina, aprovada em 2018 pela FDA para
o tratamento da oncocercose; o benzoni-
dazol pedidtrico, aprovado pela FDA para
o tratamento da doencga de Chagas; e o fe-
xinidazol, aprovado pela FDA em 2021 pa-
ra o tratamento da tripanossomiase afri-
cana (Figura 6); e trés produtos bioldgicos
contra clera e raiva.

O controle das DTNs sem vacinas con-
tinua sendo um desafio, mas o recente
exemplo de sucesso da covid-19 traz espe-

rangas em relagdo ao desenvolvimento de
nova geracdo de imunizantes para outros
agentes infecciosos, aproveitando as tec-
nologias emergentes, como o RNA men-
sageiro (mRNA).

Mas a incapacidade do hospedeiro hu-
mano de gerar imunidade protetora a rein-
fecgdo por algumas doengas infecciosas in-
dica que o controle s6 poderd ser alcancado
com o tratamento repetido dos individuos,
segundo a infec¢do, intensidade de trans-
missio e expectativa de vida do patdgeno
no hospedeiro humano.

Ointeresse no controle das DTNsnéo se
limita aos ministérios da saude dos paises.
Eleinclui grandes empresas farmacéuticas
internacionais que, apds a Declaragio de
Londres para DTNs (2012), tém doado me-
dicamentos para o controle de diversasin-
feccOes em paises de baixa e média renda.
O intermingvel ciclo de administra¢do em
massa de medicamentos — quando nfo hd
interrup¢do da transmissio — evidencia a
necessidade urgente de outras intervengdes.

Para atingir as metas estipuladasno ODS
3,daONU, eno 2021-2030 A Road Map, da
OMS (World Health Organization, 2021), as

Miltefosina
Miltefosine

Moxidectina
Moxidectin

Benzonidazol
Benznidazole

Fexinidazol
Fexinidazole

Figura 6. Medicamentos usados no

tratamento de DTNs; nenhuma nova entidade
quimica (medicamento inovador) foi aprovada

para qualquer das DTNs neste século.
Fonte: Os autores.

Figure 6. Drugs used to treat NTDs; no new
chemical entity (innovative drug) has been
approved for any of the NTDs in this century.
Source: The authors.
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DTNs devem ser controladas. Nesse senti-
do, faz-se necessdrio que os paises endé-
micos incluam em seus or¢amentos na-
cionais de saude recursos para financiar
o combate a essas doengas. Além disso, €
preciso que esse financiamento se mante-
nha de forma continua, até que as metas
de eliminacdo ou erradicagdo sejam atin-
gidas, e os infectados tratados com medi-
camentos seguros e eficazes.

MEDICAMENTOS E VACINAS PARA
DOENGAS CRONICAS

As doencas cronicas n3o transmissiveis
(DCNT) sdo as principais causas de mor-
talidade no mundo. Segundo a OMS, doen-
cas cardiovasculares (17,9 milhdes mortes)
— principalmente, ataque cardiaco e aci-
dente vascular cerebral —, cAncer (9,3 mi-
lhdes), doencas respiratdrias (4,1 milhdes)
e diabetes (1,5 milh3o) sdo responsdveis
por 71% de todas as mortes causadas por
DCNTs no mundo.

Juntas, as DCNTs ceifam, a cada ano, cer-
cade 41 milhdes de vidas. Desse total, mais
de15milhdes sdo mortes prematuras (antes
dos 70 anos deidade) —85% dessas mortes
ocorrem em paises de baixa e médiarenda.

Os processos de transi¢do demogréfica,
epidemioldgica e nutricional contribuem
para o aumento da prevaléncia das DCNTs
e sobrecarregam os sistemas de saude pu-
blicos e privados. Em paises com poucos
recursos em saude, os custos exorbitantes
dessas doengas — incluindo tratamentos
longos e caros — forcam milhdes de pesso-
as & pobreza e sufocam o desenvolvimento.
Esse panorama ameaca o progresso em di-
recdo a Agenda 2030 da ONU, que inclui a
meta de reduzir as mortes prematuras por
DCNTs em um tergo até 2030.

O uso de tabaco, consumo abusivo de 41-
cool, inatividade fisica e dietas pouco sau-
daveis aumentam os riscos de morte por
DCNTs. Também contribuem para isso as
altera¢des metabdlicas (sobrepeso/obesi-
dade, pressdo arterial elevada, hiperglice-
mia e hiperlipidemia).

Fatores como o aumento e envelheci-
mento populacional irdo agravar a situa-

176

cdonas proximas décadas, tornando a¢des
de atengdo primdria a saide — como pre-
vencio ereducdo dos fatores de risco, bem
como detec¢do precoce —cada vez maisim-
prescindiveis contra as DCNTs.

Para atenuar o impacto das DCNTs na
populacdo e sociedade, € preciso aborda-
gem mais abrangente e economicamente
vigvel, com colaborag¢io de varios setores
(saude, gestio, recursos, educacdo, plane-
jamento etc.). O documento da OMS Toolkit
for Developing a Multisectoral Action Plan for
Noncommunicable Diseases: Overview (2022)
€ um guia para desenvolver,implementar e
avaliar um plano de a¢io multissetorial pa-
ra prevencdo e controle das DCNTs (World
Health Organization, 2022a).

Esse guia se destina a auxiliar gestores
de politicas e programas de saide publi-
ca a alcancar metas globais e nacionais de
DCNTs e a Agenda 2030. O Plano de Agdes
Estratégicas para o Enfrentamento das Doen-
¢cas Cronicas e Agravos Ndo Transmissiveis no
Brasil, 2021-2030 (Plano de DANT), do Mi-
nistério da Saude, apresenta diretrizes pa-
ra a prevencdo dos fatores de risco e pro-
mogdo da saude da populagio.

Mas os desafios s3o imensos em relacgo
ao fortalecimento de politicas e programas
intersetoriais; & organizacdo de servicos em
rede; a produgio deinformacges direciona-
das 4 tomada de decisio baseada em evi-
déncias; e 2 inovagdo em gest3o, pesquisa
e servigos de saude.

Porém, as necessidades urgentes por no-
vos tratamentos ndo encontram respostas
imediatas. Aintricadainteragio entre saide
e DCNTs torna as pesquisas por inovacoes
terapéuticas complexas e longas. Métodos
tradicionais e modernos, como as triagens
fenotipicas e o planejamento baseado em
estruturas de alvos moleculares e compos-
tos bioativos, continuargo a exercer papel
fundamental no desenvolvimento de no-
vos farmacos.

Mas o avanco de pesquisas —incluindo
genoma individual, microbioma, metabolo-
ma, estado imunoldgico e fatores ambien-
tais — poderd levar ao desenvolvimento de
modelos precoces e personalizados, com
base na integracido de perfis moleculares

sectoral Action Plan for Noncommunica-
ble Diseases: Overview (2022) is a guide
for developing, implementing, and eval-
uating a multisectoral action plan to pre-
vent and control NCDs (World Health Or-
ganization, 2022a).

This guide is intended to help pub-
lic health policy and program managers
achieve global and national NCD targets
and the 2030 Agenda. The Strategic Action
Plan to Combat Chronic and Noncommuni-
cable Diseases in Brazil, 2021-2030 (DANT
Plan), of the MS presents guidelines to pre-
vent risk factors and improve the popu-
lation’s health.

Nevertheless, the challenges areimmense
regarding strengthening cross-sectoral
policies and programs, the organization
of network services, the production of
information aimed at evidence-based
decision-making, and innovation in man-
agement, research, and health services.

However, there are no immediate solu-
tions regarding the urgent need for new
treatments. The intricate interaction be-
tween health and NCDs makes the search
for therapeutic innovations complex and
lengthy. Traditional and modern methods,
such as phenotypic screening and plan-
ning based on molecular targets and bio-
active compounds, will continue to play
a fundamental role in the development
of new drugs.

Nonetheless, advancing research, in-
cluding individual genome, microbiome,
metabolome, immune status, and en-
vironmental factors, could lead to the
development of early and personalized
models based on the integration of mo-
lecular profiles and biomarkers aimed
at the search for new therapeutic tar-
gets and drugs.

The great evolution achieved with vac-
cines against COVID-19 provides new per-
spectives on the development of immuni-
zations for NCDs, cancer (e.g,, lung, breast,
prostate, ovary, pancreas, colorectal, liv-
er), type 2 diabetes, cardiac insufficien-
cy, and cystic fibrosis.

MICROBIAL RESISTANCE AND THE FUTURE
OF ANTIBIOTICS
Microbial resistance occurs when anti-
viral, antibiotic, antifungal, and antipar-
asitic drugs become ineffective in fight-
ing infections caused by viruses and
microorganisms, such as bacteria, fun-
gi, and protozoa.

Antibiotics have revolutionized the
treatment of fatal infectious diseases,
but one of the great challenges of public

health is to combat their indiscriminate
and excessive use, which has led to the
emergence of resistant strains of bacte-
riaand superbugs endowed with different
mechanisms of drug inhibition.

For decades, new antibiotics from nat-
ural sources, such as microorganisms,
have been created to compensate for the
emergence of resistant strains, but the
source was depleted, and this cycle was
interrupted. The present and future are
threatened by the accelerated spread of
resistance and the lack of R&D projects
for new antibiotics.

Initiatives have been encouraging global
actions for the development of new drugs,
namely, Combating Antibiotic-Resistant
Bacteria (CARB-X), Global Antibiotic Re-
search and Development Partnership
(GARDP), and Replenishing and Enabling
the Pipeline for Anti-Infective Resistance
(REPAIR).

Antibiotic resistance has caused in-
creased morbidity, mortality and health
care costs because of the need for more
expensive drugs and prolonged hospital
stays. According to the WHO, the unnec-
essary use of antimicrobials is estimat-
ed in 50% of cases, potentiated not only
by factors such as the low availability of
diagnostic tests to distinguish between
bacterial and viral infections but also by
the (mistaken) idea that antibiotics are
useful to treat common colds.

To address this problem, it is neces-
sary to coordinate actions such as con-
tinuing education in health; proper use
and prescription of medications; training
of health professionals; providing access
to quality health consultations and ser-
vices; combating self-medication, abu-
sive use, and illegal sale of these drugs;
and ensuring compliance with legislation
on the use and dispensing of antibiotics.

In this context, it is also worth noting
the importance of both innovation and
more investment aimed at the R&D of
narrow-spectrum antibiotics, bacterio-
phages, monoclonal antibodies, and vac-
cines, as well as achieving more accurate
diagnoses.

BIODIVERSITY AND NEW DRUGS
Most drugs approved (67%) for use in hu-
mans are either natural products or semi-
synthetic and synthetic derivatives of nat-
ural compounds (Newman & Cragg, 2020).
Examples of these drugs include mor-
phine, a powerful analgesic drug obtained
from opium; acetylsalicylic acid, derived
from salicylic acid obtained from willow
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e biomarcadores voltada para a busca por
novos alvos terapéuticos e medicamentos.

Agrande evolucgo alcancada com as va-
cinas contra a covid-19 abre novas perspec-
tivas de desenvolvimento de imunizantes
para DCNTs; cAncer (pulm3o, mama, prés-
tata, ovario, pancreas, colorretal, figado
etc.); diabetes tipo 2; insuficiéncia cardia-
ca; e fibrose cistica.

RESISTENCIA MICROBIANA E O FUTURO
DOS ANTIBIOTICOS
Aresisténciamicrobiana ocorre quando me-
dicamentos, como antivirais, antibidticos,
antifungicos e antiparasitdrios, se tornam
ineficazes no combate a infec¢bes causa-
das por virus e micro-organismos, como
bactérias, fungos e protozodrios.

Os antibidticos revolucionaram o trata-
mento de doengasinfecciosas fatais. Masum
dos grandes desafios da saude publica é
combater seu uso indiscriminado e exces-
sivo, o qual tem levado ao surgimento de
cepas de bactérias resistentes e superbac-
térias, dotadas com diversos mecanismos
de inibi¢do aos medicamentos.

Por décadas, novos antibidticos de fon-
tes naturais, COmo micro-organismos, sur-
giram para compensar o aparecimento de
cepas resistentes, mas a fonte foi se esgo-
tando, e esse ciclo foi interrompido. O pre-
sente e futuro estdo ameacados pela disse-
minac3o acelerada da resisténcia e a falta
de projetos de P&D de novos antibidticos.

Iniciativas vém incentivando acdes glo-
bais para o desenvolvimento de novos me-
dicamentos. Por exemplo, Combate as Bac-
térias Resistentes a Antibidticos (CARB-X,
Combating Antibiotic-Resistant Bacteria),
Parceria Global para Pesquisa & Desen-
volvimento em Antibiéticos (GARDP, The
Global Antibiotic Research and Development
Partnership); e Abastecimento e Habilita-
¢do do Duto de Resisténcia Anti-infecciosa
(REPAIR, Replenishing and Enabling the Pi-
peline for Anti-Infective Resistance).

Aresisténcia a antibidticos tem causado
aumento damorbimortalidade e dos custos
de assisténcia médica por causa danecessi-
dade de medicamentos mais caros einter-

nacdes hospitalares prolongadas. Segundo
a OMS, o uso desnecessdrio de antimicro-
bianos é estimado em 50% dos casos, po-
tencializado n3o sé por fatores como pou-
cadisponibilidade de exames diagnésticos
paradistinguir entre infec¢des bacterianas
evirais, mas também pela ideia (equivoca-
da) de que os antibidticos sdo Uteis para o
tratamento de gripes comuns.

Para enfrentar esse problema, é preci-
so coordenar agdes, como educagio con-
tinuada em saude; uso e prescri¢do ade-
quados de medicamentos; capacitac¢do de
profissionais de saude; acesso a consultas
e servicos de saude de qualidade; combate
aautomedica¢3o, a0 uso abusivo e A venda
ilegal desses medicamentos; cumprimen-
to dalegislagdo sobre uso e dispensacdo de
antibidticos etc.

Nesse sentido, vale destacar também a
importéincia tanto da inovag3o quanto de
mais investimentos voltados para P&D de
antibidticos de espectro estreito, bacterid-
fagos, anticorpos monoclonais, vacinas e
diagndsticos mais precisos.

BIODIVERSIDADE E NOVOS
MEDICAMENTOS

A maioria dos medicamentos aprovados
(67%) para uso em humanos s3o ou pro-
dutos naturais, ou derivados semissinté-
ticos e sintéticos inspirados em compos-
tos extraidos da natureza (Newman &
Cragg, 2020).

Exemplos desses medicamentos: amor-
fina, poderoso farmaco analgésico obtido
do 6pio; o 4cido acetilsalicilico, derivado
do 4cido salicilico obtido da casca do sal-
gueiro e usado como anti-inflamatdrio,
antipirético e analgésico; a penicilina, an-
tibidtico produzido por fungos do género
Penicillium, que salvou milhdes vidas até
hoje; a anfotericina B, antifungico isola-
do de Streptomyces nodosus; a ciclosporina,
imunossupressor isolado do fungo Toly-
pocladium inflatum; o captopril, desenvol-
vido a partir de peptideo isolado da jara-
raca brasileira (Bothrops jararaca) e usado
no tratamento da hipertensio; o paclitaxel
(Taxol), quimioterdpico extraido da cas-
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bark and used as an anti-inflammatory,
antipyretic and analgesic; penicillin,an an-
tibiotic produced by fungi of the Penicilli-
um genus that has saved millions of lives
to date; amphotericin B, an antifungal iso-
lated from Streptomyces nodosus; cyclo-
sporine,animmunosuppressant isolated
from the fungus Tolypocladium inflatum;
captopril, developed from a peptide iso-
lated from the Brazilian venomous snake
jararaca (Bothrops jararaca) and used to
treat hypertension; paclitaxel (Taxol), a
chemotherapeutic drug extracted from
the bark of the Pacific yew and used in the
therapy of ovarian, breast and lung cancer;
and atorvastatin, a synthetic cholesterol
reducer originating from the fungi Peni-
cillium citrinum and Aspergillus terreus.

These and many others are notable ex-
amples of drugs obtained from nature or
developed from natural products (Figure 7).
Acheflan, an anti-inflammatory drug for
topical use, was obtained from the essen-
tial oil of Cordia verbenacea Al. DC. (black
sage) and is an example of an herbal med-
icine developed in Brazil.

Brazil has extraordinary biodiversity,
which favors the development of high
value-added products such as state-of-
the-artcosmetics and innovative medicines.

The Legal Framework for Biodiversity
has helped facilitate access to genetic
heritage, stimulating the development
of new drugs, but the Brazilian pharma-
ceutical industry remains oblivious to the
therapeutic innovations developed at the
headquarters of multinational corpora-
tions in other countries. Despite having
15-20% of the Earth’s biodiversity, Brazil
has not yet been able to take advantage
oftheimmeasurable unexplored diversity
of chemical substances of natural origin
(plants and microorganisms).

The inexpressive national share in the
world market for innovative medicines is
not up to the standard of a country that
is the sixth largest pharmaceutical mar-
ket in the world. In Brazil, the low invest-
ments in R&D in the sector, which do not
even reach 1% of the global amount, reflect
the low innovative profile of the national
pharmaceutical companies and the insip-
id role played by the state in promoting in-
novation and development in this sector.

To reverse this situation, a profound
change in the relationship between the
national pharmaceutical companies and
the state-of-the-art university research
centers is necessary such that obsta-
cles in the scientific and technological
R&D structures can be overcome, thus
encouraging collaboration with highly

© MICROGEN / ISTOCKPHOTO.COM

innovative startups. The state must as-
sume the role of inductor of R&D activi-
ties focused on innovation.

DIAGNOSTIC TESTS, SUPPLIES, AND DRUGS
Laboratory tests are fundamental in public
health and contribute to decision-making
at SUS, especially in PHC,where early diag-
nosis provides patients a greater chance
of cure with the help of adequate phar-
macotherapy.

Despite the advances achieved in ba-
sic and translational research, produc-
ing diagnostic tests independently has
faced significant difficulty. The identifi-
cation of new biomarkers is complex and
depends on multidisciplinary research
environments.

The lack of technological innovation
and investment in R&D hinders the de-
velopment of diagnostic tests and re-
mote laboratory tests (Point-of-Care Test-
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ca do teixo-do-pacifico e usado na terapia
do céncer de ovdrio, mama e pulmio; e a
atorvastatina, redutor de colesterol sinté-
tico inspirado em produtos naturais pro-
duzidos pelos fungos Penicillium citrinum
e Aspergillus terreus.

Esses e tantos outros sdo exemplos no-
tdveis de farmacos obtidos da natureza ou
desenvolvidos a partir de produtos naturais
(Figura7). O Acheflan, anti-inflamatdrio de
uso tépico obtido do bleo essencial das fo-
lhas de Cordiaverbenacea DC (erva-baleeira),
éexemplo de medicamento fitoterdpico de-
senvolvido no Brasil.

O Brasil é um pafs com extraordindria
biodiversidade, o que favorece o desenvol-
vimento de produtos de alto valor agrega-
do, como cosméticos de ultima geracdo e
medicamentos inovadores.

O Marco da Biodiversidade reduziu a
burocracia de acesso ao patriménio gené-
tico, estimulando as pesquisas e o desen-
volvimento de novos fairmacos. Mas a in-
dustria farmacéutica brasileira permanece
alheia asinovacGes terapéuticas desenvol-
vidas nas matrizes das multinacionais de
outros paises. Mesmo tendo de 15% a 20%
dabiodiversidade do planeta, o Brasil ain-
da n3o foi capaz de aproveitar o imensu-
ravel universo inexplorado de substin-
cias quimicas de origem natural (plantas
e micro-organismos).

Ainexpressiva participagdo nacional no
mercado mundial de medicamentos ino-
vadores n3o estd a altura de um pais que
€ 0 sexto maior mercado farmacéutico do
mundo. No Brasil, os baixos investimentos
em P&D do setor —que nfo alcangam nem
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Figura 7. FArmacos obtidos da natureza
ou inspirados em produtos naturais.
Fonte: Os autores.

Figure 7. Drugs obtained from nature

or originating from natural products.

Source: The authors.
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1% do volume do cendrio global —refletem
o baixo perfil inovador das industrias far-
macéuticas nacionais e o papel insipido do
Estado na promocdo da inovacgo e do de-
senvolvimento do setor.

arareverter essa situagao, € preciso

mudanca profunda dasrelacGes en-

tre asindustrias farmacéuticas e os
centros de pesquisa de exceléncia das uni-
versidades, para que possam ser superados
obstdculos das estruturas cientificas e tec-
noldgicas de P&D, incentivando, assim, a
colaboragdo com startups altamente inova-
doras. E importante que o Estado assuma
o papel de indutor das atividades de P&D
voltadas para a inovac3o.

TESTES-DIAGNOSTICOS, INSUMOS E
MEDICAMENTOS

Testes laboratoriais sdo fundamentais em
saude publica e contribuem para a toma-
da de decisdes no SUS — principalmente,
na atencdo primdria, em que o diagndsti-
co precoce possibilita ao paciente chance
maior de cura com o auxilio da farmacote-
rapia adequada.

Apesar dos avangos alcangados em pes-
quisabdsica e translacional, existem enormes
dificuldades para produzir testes diagnds-
ticos de formaindependente. Aidentifica-
¢do de novos biomarcadores é complexa e
depende de ambientes de pesquisa mul-
tidisciplinares.

Afalta deinovagio tecnoldgica e inves-
timentos em P&D dificulta o desenvolvi-
mento de testes diagndsticos e testes la-
boratoriais remotos (PoCT, Point-of-Care
Testing) que possam ser usados para o
diagndstico rdpido de pacientes em dre-
asremotas ouna atencdo primdria. O alto
custo das tecnologias externas compro-
mete seu acesso ao SUS, da atengdo bé-
sica a tercidria.

Portanto, é preciso melhorar a infraes-
trutura da pesquisa e qualificar a m3o de
obra, para nfo sé reduzir o caminho entre
a bancada e a producio em grande esca-
la de novos produtos farmacéuticos, mas
também promover sua incorporagdo 4 pra-
tica clinica do pais.
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Apandemia deixou clara a dependéncia
nacional em relagio a importacgo de pro-
dutos einsumos farmacéuticos ativos (IFA)
para a produgdo de medicamento e vacinas.
Reverter esse quadro € quest3o estratégica
que exige tanto investimentos em pesquisa
bdsica e aplicada quanto estimulos ao de-
senvolvimento da quimica fina e biotecno-
logialigados a politicas industriais capazes
deresponder aos grandes desafios do setor.

Para dar impulso & producgo de IFAs e
assegurar o acesso da populacio, ao me-
nor custo possivel, amedicamentos seguros
e eficazes, € necessdrio promover mudan-
¢as estruturais no setor. Além dos avangos
cientifico-tecnoldgicos, demanda especial
atengdo a capacidade produtiva, paraque se
reduza a dependéncia brasileira de cadeias
de produgdointernacionais de baixo custo.

Outro desafio é incentivar empresas/
startups que possam contribuir para o for-
talecimento da inovagdo em saide no pa-
is —em especial, o do SUS.

Para tornar as politicas de ciéncia e ino-
vagdo mais assertivas e eficientes, € funda-
mental entender ndo sé asiniciativas de de-
senvolvimento de tecnologias e produtos,
mas também o direcionamento do fomen-
to a pesquisa em saude feita pelo MS, em
seu Programa Pesquisa para o SUS (PPSUS).

INFORMAGAO EM SAUDE, INTELIGENCIA
ARTIFICIAL E CIENCIA DE DADOS
A drea de saude vem passando por trans-
formacgdes profundas em raz3o dos avan-
cos tecnoldgicos proporcionados pela ci-
énciade dados e inteligéncia artificial (1A).
O Brasil poderia ocupar lideranganessa drea
estratégica, caso os dados do SUS estives-
sem organizados e acessiveis para analise.
Nos ultimos 30 anos, o MS desenvolveu
uma série de sistemas para controlar seus
processos, mas eles no se comunicam en-
tre si, e os pesquisadores tém acesso limita-
do aosdados. O desenvolvimento de ferra-
mentas e sistemas que possibilitem analisar
essas informag0es auxiliaria o aprimora-
mento de diagndsticos por meio do cru-
zamento de dados clinico-laboratoriais e
epidemioldgicos.

ing, PoCT) that can be used for the rapid
diagnosis of patients in remote areas or
PHC. The high cost of external technolo-
gies compromises their access to SUS,
from primary to tertiary care.

Therefore, it is necessary toimprove the
research infrastructure and qualify the
workforce not only to shorten the path be-
tween the bench and the large-scale pro-
duction of new pharmaceuticals, but al-
sotoincorporate them into the country’s
clinical practice.

The pandemic clearly revealed the na-
tional dependence on imported products
and active pharmaceutical ingredients
(APIs) to produce medicines and vac-
cines. Reversing this situation is a strate-
gicissue that requires both investments
in basic and applied research and incen-
tives to develop fine chemicals and bio-
technology linked to industrial policies
capable of responding to the great chal-
lenges of the sector.

To boost the production of APIs and en-
sure the population’s access to safe and
effective medicines at the lowest possi-
ble cost, itis necessary to promote struc-
tural changes in the sector. In addition to
scientific-technological advances, special
attention should be given to the produc-
tive capacity to decrease Brazil’s depen-
dence on low-cost international produc-
tion chains.

Anotherchallenge is to encourage com-
panies/startups that can contribute to
strengthening innovation in health care
in the country, particularly in SUS.

To make science and innovation poli-
cies more assertive and efficient, it is es-
sential to understand not only the initia-
tives to develop technologies and products
but also the direction of the promotion of
health research conducted by the MS in
its Research Program for SUS (Programa
Pesquisa para o SUS - PPSUS).

HEALTH INFORMATION, ARTIFICIAL
INTELLIGENCE AND DATA SCIENCE

The health care area has been undergoing
profound transformations resulting from
technological advances provided by da-
ta science and artificial intelligence (Al).
Brazil could take the lead in this strate-
gic area if SUS data were organized and
accessible for analysis.

Over the past 30 years, the MS has de-
veloped several systems to control its
processes; however, they do not commu-
nicate with each other, and researchers
have limited access to data. The devel-
opment of tools and systems that enable

analysis of this information would help
improve diagnoses through the combi-
nation of clinical, laboratory and epide-
miological data.

The lack of data integration and orga-
nization,combined with the lack of famil-
iarity of scientists and developers with
health care processes, is a barrier to be
overcome. Certifying the quality and reli-
ability of information to implement Al is
another obstacle.

Health innovation policies need to prior-
itize the development of operational sys-
tems that facilitate each stage of care in
SUS, from process control to data transfer
and visualization, such that telemedicine
and remote consultations can be conduct-
ed. Instruments that allow the monitor-
ing of chronic or tertiary care patients in
their homes or close to them are needed.

The structuring of operating systems
at SUS would make Brazil a world refer-
ence for Alin health. It is also essential to
implement health education strategies
at SUS, as well as their evaluation, as de-
tailed in axis 8 of the APPMS (Brasil, 2018).

The combination of these actions, with
special attention to data science, health
surveillance, and community care, should
be encouraged to improve the quality of
life of the Brazilian population. Improve-
ment of specialized training and a bet-
ter distribution of professionals in the
national territory are equally important
(Girardi et al., 2016).

However, Al is also present in the R&D
process for new drugs. Tools for the gen-
eration of 3D protein structures and pre-
dictive models of properties, as well as for
the application of drug design methods
based on target and ligand structures,
have provided important scientific and
technological advances in the develop-
ment of clinical candidates.

GENETIC DATA AND PRECISION MEDICINE
Large-scale sequencing is a reality ca-
pable of transforming the diagnosis and
prevention of genetic diseases, as well as
the risk classification of polygenic con-
ditions, and may extend to personalized
medicine provided by pharmacogenetics.
The impacton cancer therapy could be
significant, as the diagnosis of this dis-
ease at an early stage increases the pa-
tient’s chances of survival. Liquid biopsy
is being used in cancer staging and can
be employed in the screening of healthy
people and in the follow-up of tumor evo-
lution (Kristensen et al.,, 2022). This tech-
nology requires only a simple blood test,
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A falta de integracdo e organizacdo dos
dados, aliada a poucafamiliaridade dos cien-
tistas e desenvolvedores com os processos
de cuidados de saude, é barreira a ser supe-
rada. Outro obstdculo a ser vencido é a cer-
tificagdo da qualidade e confiabilidade das
informacgdes para a implementagio da IA.

As politicas deinovag¢io em saude preci-
sam priorizar o desenvolvimento de siste-
mas operacionais que facilitem cada etapa
do atendimento no SUS, desde o controle
de processos até a transferéncia e visuali-
zac3o de dados, para que a telemedicina e
as consultas a distincia possam ser feitas.
Instrumentos que permitam monitorar —
em suas residéncias ouna proximidade de-
las—pacientes crénicos ou da atencgdo ter-
cidria se fazem necessdrios.

A estruturagdo de sistemas operacio-
nais no SUS faria do Brasil referéncia mun-
dial de IA em saude. E ainda fundamental
a implanta¢3o de estratégias de educa-
¢do em saude no SUS, bem como sua ava-
liagdo —item previsto no eixo 8 da APPMS
(Brasil, 2018).

A articulagdo dessas a¢Bes — com espe-
cial atenc¢@o a ciéncia de dados, vigilincia
em saude e ateng¢do comunitdria —deve ser
estimulada, para proporcionar melhoriasna
qualidade de vida da populagio brasileira.
O aprimoramento do treinamento especia-
lizado e uma melhor distribuic¢do dos pro-
fissionais no territério nacional sdo igual-
mente importantes (Girardi et al., 2016).

Por outrolado, aIA também estd presen-
te no processo de P&D de novos fdrmacos.
Ferramentas para a geragio de estruturas
3D de proteinas e modelos preditivos de
propriedades, bem como para a aplicagio
de métodos de planejamento de fdrmacos
baseado em estruturas de alvos e ligantes,
tém proporcionado avancos cientificos e
tecnoldgicos importantes no desenvolvi-
mento de candidatos clinicos.

DADOS GENETICOS E MEDICINA DE
PRECISAO

O sequenciamento em larga escala é reali-
dade capaz de transformar o diagndstico
e a prevencdo de doengas genéticas, bem

como a classifica¢do de riscos de quadros
poligénicos, podendo se estender a medi-
cina personalizada proporcionada pela far-
macogenética.

O impacto na terapia do cincer pode-
rd ser significativo, pois o diagndstico da
doenca em fase inicial aumenta muito as
chances de sobrevida. A bidpsia liquida ja
vem sendo usada no estadiamento de tu-
mores e poderd ser empregada na triagem
de pessoas sadias e no acompanhamento
da evolugdo do cincer (Kristensen et al.,
2022). Essa tecnologia requer apenas um
simples exame de sangue — o0 que torna o
procedimento mais rdpido e seguro —, mas
os altos custos e a falta de acessibilidade
sdo fatores consideravelmente limitantes.

O sequenciamento tanto de tumores
quanto metdstases possibilitard detectar
antigenos neoformados e levar ao desen-
volvimento de vacinas de mRNA. A andlise
de dados genéticos e epigenéticos da po-
pulacdo brasileira, associada a desfechos
clinicos, é um grande aliado da medicina
da precis3o, a qual contribui para o trata-
mento mais assertivo e direcionado de vé-
rios tipos de tumores.

VACINAS E IMUNOBIOLOGICOS
Asvacinas salvam vidas e s30 essenciaisna
prevencdo e no controle de doencas, salva-
guardando a saide das pessoas em todas
as faixas etdrias e grupos populacionais.

No Brasil, o Calenddrio Bdsico de Vaci-
nacdo, definido pelo Programa Nacional de
Imunizacdes (PNI), conta com 19 vacinas
prioritdrias, distribuidas gratuitamente pe-
lo MS, por meio da rede publica de saude.

Apesar de o SUS oferecer um conjun-
to fundamental de vacinas, nem todas as
doencas graves evitdveis s3o cobertas pe-
los imunizantes disponiveis narede publi-
ca. O calenddrio da Sociedade Brasileira de
Imunizag¢des (SBIm) norteia as recomenda-
¢Oes devacinacio darede privada, na qual
as vacinas sio frequentemente mais com-
pletas e previnem nimero maior de infec-
¢Oes causadas por bactérias e virus.

Mas o alto custo dessas vacinas, em gran-
de parte produzidas por fabricantes inter-
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nacionais, impossibilita o acesso da maio-
ria da populagdo a elas. Exemplo recente €
odavacina Shingrix contra o herpes-zdster,
cujo esquema vacinal consiste em duas do-
ses com intervalo de dois meses entre as
aplicagdes. Disponivel s6 na rede privada,
o custo por dose pode chegar a R$ 1 mil.

O Instituto de Tecnologia em Imuno-
bioldgicos (Bio-Manguinhos), da Funda-
¢80 Oswaldo Cruz (Fiocruz), é responsdvel
pelo desenvolvimento tecnoldgico e pela
producdo de vacinas essenciais do Calen-
ddario Bésico de Imuniza¢3o, do Ministério
da Saude. As vacinas produzidas sdo: DTP;
Haemophilus influenzae tipo B; febre amare-
la; Haemophilus influenzae B; meningite A e
C; pneumocdcica 10-valente; covid-19; po-
liomielite (1, 2, 3; e 1, 3); rotavirus humano;
tetravalente viral; e triplice viral (sarampo,
caxumba e rubéola).

Bio-Manguinhos também produz

biofdrmacos, como a adalimuma-

be; alfaepoetina; alfainterferona
2b; alfataliglicerase; betainterferona la; in-
fliximabe; etanercepte; somatropina; ritu-
ximabe; trastuzumabe; golimumabe; além
de reativos para diagndstico (testes mole-
culares, testes rdpidos, ensaios parasitold-
gicos e ensaios soroldgicos).

Vale destacar que esse instituto —maior
laboratdrio farmacéutico oficial vinculado
a0 MS—produz medicamentos (moléculas
pequenas) essenciais para o pafs, como anti-
bidticos, anti-hipertensivos, anti-infecciosos,
antidiabéticos, anti-inflamatdrios, analgé-
sicos, antimaldricos e antirretrovirais (Al-
DS e hepatites virais).

O Instituto Butantan — outra referéncia
nacional na produco de imunobioldgicos
—produz 65% das vacinas distribuidas, pelo
SUS, de forma gratuita, a popula¢io, bem
como a totalidade das vacinas contra o vi-
rusinfluenza usadasna Campanha Nacio-
nal de Vacinag3o contra a gripe.

Asvacinas produzidas para o PNIincluem
avacinainfluenza sazonal trivalente; vaci-
na adsorvida hepatite A; vacina adsorvida
hepatite B; vacina papilomavirus humano
6,11, 16 e 18; vacina contra a raiva; vacina
triplice bacteriana (DTP adulto e infantil;
e DTPa/acelular).
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O Butantan tem longo histérico de su-
cessona produgio de diversos tipos de so-
ros contra toxinas de animais peconhentos
€ micro-organismos, como os soros antibo-
trépico, antiescorpidnico, antitetanico, an-
tibotulinico AB e antirrabico.

Desde oinicio da pandemia, o mundo as-
sistiu a grande evolucio cientifica e tecno-
l6gicano desenvolvimento deimunizantes
contra a covid-19. A rapidez no surgimen-
to devacinas eficazes e seguras superou as
expectativas, reacendendo esperangas em
relagdo a investigacdo de imunizantes pa-
ra outras doengas.

O cendrio internacional indica grande
demanda futura por novas vacinas, a par-
tir de diferentes tipos de tecnologias (vaci-
nasinativadas, fragmentadas, virus atenu-
ados,mRNA, DNA, vetores virais). Segundo
a OMS, sé para a covid-19, existem 170 no-
vas vacinas em desenvolvimento clinico e
outras 198 em fase pré-clinica, totalizando
mais de 700 triagens.

Estima-se ainda que estdo atualmente
em desenvolvimento cerca de 140 vacinas
de mRNA: 76% em fase pré-clinica, e 24%
em fase clinica (Chaudharyetal.,2021; Ku-
mar etal.,,2022). Estas tltimas incluem va-
cinas contra doencas infecciosas (Zika vi-
rus, chikungunya, maldria, influenza A e
B, ebola, raiva, citomegalovirus, HIV, virus
sincicial respiratdrio, SARS-CoV-2) e contra
vérios tipos de cAncer (mama, ovdrio, co-
lorretal, cervical, pulm3o, figado, pancre-
as, prostata, tumores sélidos, melanomas
e neoplasias do sistema digestivo).

O Brasil precisa investir tanto em P&D
quanto na criagdo de centros especializa-
dos na produgio de vacinas. E fundamen-
tal estar na fronteira do conhecimento no
que tange a novas tecnologias, para que o
pais tenha acesso rdpido as inovacdes pa-
ra a protegdo de sua populagio.

O FUTURO DA MEDICINA

As ultimas décadas viram feitos impres-
sionantes nas dreas da medicina e biolo-
gia. Alguns desses marcos: a clonagem da
ovelha Dolly, em 1996; o sequenciamento
do genoma humano, em 2003; adescoberta

which makes the procedure faster and saf-
er, butthe high costs and lack of accessi-
bility limit its widespread use.

Sequencing of both tumors and metas-
tases will allow detection of newly formed
antigens and lead to the development of
MRNA vaccines. The analysis of genet-
ic and epigenetic data of the Brazilian
population, associated with clinical out-
comes, is an important aspect of preci-
sion medicine, which contributes to more
assertive and targeted treatment of vari-
ous types of tumors.

VACCINES AND IMMUNOBIOLOGICALS
Vaccines save lives and are essential to
prevent and control diseases, safeguard-
ing the health of all population groups.

In Brazil, the Basic Vaccination Calen-
dar, defined by the National Immunization
Program (Programa Nacional de Imuniza-
¢oes - PNI), has 19 priority vaccines, which
are distributed free of charge by the MS
through the public health network.

Although SUS offers a fundamental set
ofvaccines, not all preventable serious dis-
eases are covered by the immunizations
available in the public health network.
The calendar of the Brazilian Society of
Immunizations (Sociedade Brasileira de
Imunizagdes - SBIm) guides the vaccina-
tion recommendations of the private health
network, in which vaccines are often more
complete and prevent a larger number of
infections caused by bacteria and viruses.

However, the high cost of these vac-
cines, produced by international manu-
facturers, prevents most of the popula-
tion from having access to them. A recent
example is the Shingrix vaccine against
herpes zoster,whose schedule consists of
two doses with an interval of two months
between applications. Available only in the
private health network, the cost per dose
can reach BRL 1,0000.00.

The Immunobiological Technology In-
stitute (Bio-Manguinhos), Oswaldo Cruz
Foundation (Fiocruz), is responsible for
the technological development and pro-
duction of essential vaccines for the Ba-
sic Immunization Calendar of the MS.
Bio-Manguinhos produces the following
vaccines: DTP (diphtheria, tetanus, and
pertussis), Haemophilus influenzae type
B, yellow fever, Haemophilus influenzae
B, meningitis A and C, 10-valent pneumo-
coccal, COVID-19, poliomyelitis (1,2, 3, and
1, 3), human rotavirus, viral tetravalent,
and MMR (measles,mumps, and rubella).

Bio-Manguinhos also produces biophar-
maceuticals such as adalimumab, epoetin
alfa, interferon alfa 2b, alpha-talyglycerase,
beta interferon 1a, infliximab, etanercept,
somatropin, rituximab, trastuzumab,

and golimumab, in addition to diagnos-
tic reagents (e.g, molecular tests, rapid
tests, parasitological assays, and sero-
logical assays).

Itis worth noting that this institute, the
largest official pharmaceutical laborato-
ry linked to the MS, produces medicines
(small molecules) that are essential for
the country, such as antibiotic, antihy-
pertensive, anti-infective, antidiabetic,
anti-inflammatory, analgesic, antimalar-
ial and antiretroviral (AIDS and viral hep-
atitis) drugs.

The Butantan Institute, another national
reference in the production ofimmunobio-
logicals, produces 65% of the vaccines dis-
tributed by SUS, free of charge, to the pop-
ulation, as well as all the vaccines against
the influenzavirus used in the National In-
fluenza Vaccination Campaign.

Vaccines produced for PNl include those
against trivalent seasonal influenza, ad-
sorbed hepatitis A, adsorbed hepatitis B,
human papillomavirus 6, 11, 16 and 18, ra-
bies, and triple bacterial (adult and child
DTP and DTPa/acellular).

Butantan has a long history of suc-
cess in the production of different types
of serum against toxins from venomous
animals and microorganisms, such as
anti-bothropic, anti-scorpion, antitetanus,
anti-botulinum AB, and anti-rabies sera.

Since the pandemic started, the world
has witnessed great scientific and techno-
logical evolution in the development of im-
munizations against COVID-19. The speed
in the emergence of effective and safe vac-
cines exceeded expectations, rekindling
hopes regarding the investigation of im-
munizations for other diseases.

The international scenario indicates
great future demand for new vaccines us-
ing different types of technologies (inacti-
vated vaccines, fragmented vaccines, at-
tenuated viruses, mRNA, DNA, viral vectors).
According to the WHO, for COVID-19 alone,
there are 170 new vaccines under clinical
development and another 198 in the pre-
clinical phase, totaling more than 700 trials.

Itis furtherestimated that approximate-
ly 140 mRNA vaccines are currently being
developed, 76% in the preclinical stage and
24% in the clinical stage (Chaudharyet al,
2021; Kumar et al, 2022). The latter include
vaccines against infectious diseases (Zika
virus, chikungunya, malaria, influenza A
and B, Ebola, rabies, cytomegalovirus, HIV,
respiratory syncytial virus, SARS-CoV-2)
and various types of cancer (breast, ovari-
an, colorectal, cervical, lung, liver, pancre-
as, prostate, solid tumors, melanoma and
gastrointestinal neoplasm).

Brazil needs to invest in both R&D and
the creation of centers specialized in vac-
cine production. It is essential to be at the
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de células-tronco pluripotentes induzidas
(IPS), em 2007; a tecnologia de edigio de
genes, em 2012. Com base nesse cendrio, o
que se pode esperar do futuro damedicina?

Atecnologia de IPS possibilita reprogra-
mar uma célula diferenciada e produzir, a
partir dela, diferentes linhagens celula-
res, tornando possivel investigar o porqué
de pacientes portadores da mesma mu-
tagdo poderem apresentar quadros clini-
cos distintos.

Com isso, diferentes estratégias de te-
rapia celular ou milhares de candidatos a
fdrmacos podem ser testados em linha-
gens celulares, reduzindo consideravel-
mente o uso de animais e tempo até as
triagens clinicas. Por exemplo, a partir de
células IPS de pacientes com esclerose la-
teral amiotrdfica (ELA) tipo 8 (ELAS) —
forma hereditdria do quadro identificada
no Brasil (Nishimura et al., 2004) — fo-
ram derivados neurdnios e verificada di-
minui¢do na expressio da proteina VAP-B
(Mitne-Neto et al., 2011).

A descoberta de que o defeito causado
pela mutagio da ELA8 era comum a ou-
tras formas dessa doengaressaltou aimpor-
tincia de estudar doengas raras. Além dis-
s0, desvendar os mecanismos de prote¢io
de pessoas com mais de 70 anos portado-
ras dessa mutagdo, mas com quadros leves,
abrird perspectivas para novos tratamentos.
A covid-19 € um exemplo de variabilida-
de clinica, com casos que vio de muito le-
ves ou assintomadticas até graves ou letais.
Estudos genémicos e imunoldgicos mos-
traram que essa grande variabilidade po-
de estar associada a expressio de células
NK (ou natural killers) (Castelli et al., 2021).

Nonagendrios e centendrios infectados
pelo SARS-CoV-2 que se curaram ou per-
maneceram assintomdticos sdo também de
grande interesse para a producio de linha-
gens celulares (alvéolos, neur6nios, mus-
culares, endoteliais etc.) a partir de células
IPS.Isso permitiria comparar as células des-
sas linhagens com amostras de individu-
os que tiveram formas graves da covid-19.

As células IPS possibilitardo regene-
rar érgdos com base no uso das células do
préprio paciente, que impediria o risco de

Desde o inicio da
pandemia, o mundo
assistiu a grande evolu¢ao
cientifica e tecnoldgica
no desenvolvimento de
imunizantes contra a
covid-19. A rapidez no
surgimento de vacinas
eficazes e seguras
superou as expectativas,
reacendendo esperancas
em relagdo a investigacdo
de imunizantes para
outras doengas.
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rejei¢do. A Figura 8 ilustra essa tecnologia
—no caso, um figado de rato ‘descelulari-
zado’ e seu arcabouco (agora, sem células)
‘recelularizado’ com células humanas de-
rivadas de IPS. Essa mesma estratégia estd
sendo testada com impressoras 3D (Gou-
lartetal, 2019).

O sequenciamento do primeiro genoma
humanolevou 13 anos, ao custo de US$ 3 bi-
lh&es. Atualmente, 0 mesmo processo le-
va horas e custa menos de US$ 1 mil. Esse
avanco impulsionou a capacidade de diag-
nostico de doencas genéticas, reforcando
aimportincia da medicina personalizada
(ou de precisdo).

A medicina serd preditiva, preventiva,
personalizada e participativa—dai, ser co-
nhecida pela sigla P4. Os custos cada vez
menores de sequenciamento induziram o
surgimento de plataformas de diagndsti-
co de 20 mil genes responsdveis por cer-

Medicina de precisdo
Precision medicine

Figura 8. Medicina do futuro, personalizada
e regenerativa: xenotransplantes e
bioengenharia de tecidos e érgdos.

Fonte: Os autores.

Figure 8. Medicine of the future, personalized
and regenerative: xenotransplantation

and tissue and organ bioengineering.

Source: The authors.
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Xenotransplante
Xenotransplant

ca de 7 mil doengas genéticas. A preven-
¢do de cerca de 2 mil doencgas genéticas de
heranga autossOmica recessiva poderd ser
feita por meio de testes genéticos em ca-
sais em idade reprodutiva, antes mesmo
da concepgio.

Os testes genéticos serdo essenciais na
medicina de precisio/personalizada, in-
cluindo a farmacogendmica segundo o per-
fil genético e metabdlico de cada paciente.
Estudos de coortes de pacientes com cer-
tas patologias (por exemplo, hipertensio)
permitirdo o desenvolvimento de estimati-
vas de riscos poligénicos (PRS, polygenic risk
scores), ou seja, o de uma pessoa desenvol-
ver determinada patologia em idade mais
avancada, o que possibilitaria a prevencio.

Alongevidade sauddvel tem atraido in-
teresse tanto pelainvestigagio do perfil ge-
ndmico de centendrios quanto pela depen-
déncia das variantes gendmicas protetoras

Reconstrucdo de 6rgaos
Bioengenharia de tecidos

Organ rebuilding
Tissue bioengineering

Decelularizag&o: figado de rato

Arcabouco de figado de
rato reconstruido com
células humanas
Scaffold of rat liver rebuilt
with human cells

frontier of knowledge regarding new tech-
nologies so the country has quick access
to innovations to protect its population.

THE FUTURE OF MEDICINE

Remarkable achievements in the fields
of medicine and biology have been made
in the past few decades. Some of these
milestones include the cloning of Dol-
ly the sheep in 1996; human genome se-
quencing in 2003; the discovery of induced
pluripotent stem cells (IPSs) in 2007; and
geneediting technology in 2012. From this
scenario, what can we expect for the fu-
ture of medicine?

With IPS technology, it is possible to
reprogram a differentiated cell and pro-
duce different cell lines from it, enabling
the investigation of why patients with the
same mutation can present different clin-
ical conditions.

With this technology, different cell ther-
apy strategies or thousands of drug candi-
dates can be tested in cell lines, reducing
animal use and clinical trial time. For ex-
ample, from IPS cells from patients with
amyotrophic lateral sclerosis (ALS) type
8 (ALS8), a hereditary form of the condi-
tion identified in Brazil (Nishimura et al,,
2004), neurons were derived, and a de-
crease in VAP-B protein expression was
observed (Mitne-Neto et al., 201).

The discovery that the defect caused by
the ALS8 mutation was common among
other forms of this disease underscored
the importance of studying rare diseas-
es.In addition, elucidating the protection
mechanisms of people aged >70 years
who carry this mutation, but with mild
conditions, will provide perspectives for
new treatments.

COVID-19 is an example of clinical vari-
ability, with cases ranging from mild or as-
ymptomatic to severe or lethal. Genomic
and immunological studies have shown
that this wide variability may be associat-
ed with the expression of NK cells (or nat-
ural killers) (Castelli et al., 2021).

Nonagenarians and centenarians in-
fected with SARS-CoV-2 who were cured or
remained asymptomatic are also of great
interest as sources for the production of
celllines (e.g., alveolar, neuronal, muscular,
endothelial) from IPS cells. This would en-
able comparison between cells from these
strains and samples from individuals who
had severe forms of COVID-19.

IPS cells will enable organ regeneration
based on the use of the patient’s own cells,
which would prevent the risk of rejection.
Figure 8illustrates this technology; in this
case, a ‘decellularized’ mouse liver and its
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(now cell-free) scaffold are ‘recellularized’
with IPS-derived human cells. This same
strategy is being tested using 3D printers
(Goulart et al,, 2019).

The sequencing of the first human ge-
nome took 13 years, at a cost of USD 3 bil-
lion. Currently, the same process takes
hours and costs less than USD 1,000.00.
This advance has boosted the ability to
diagnose genetic diseases, reinforcing
the importance of personalized (or preci-
sion) medicine.

Medicine will be predictive, preventive,
personalized, and participatory; hence, itis
known by the acronym P4.The declining costs
of sequencing have led to the emergence of
diagnostic platforms for 20,000 genes re-
sponsible for approximately 7,000 genet-
ic diseases. Prevention of approximately
2,000 genetic diseases of autosomal reces-
sive inheritance can be achieved through
genetic tests in couples of reproductive age
even before conception.

Genetic testing will be essential in pre-
cision/personalized medicine, including
pharmacogenomics according to the ge-
netic and metabolic profile of each pa-
tient. Cohort studies of patients with cer-
tain pathologies (e.g., hypertension) will
allow the development of polygenic risk
scores (PRSs), that is, a person develop-
ing a certain pathology at an older age,
thus enabling prevention.

Healthy longevity has attracted interest
both in the investigation of the genomic pro-
file of centenarians and in the dependence
on protective genomic variants linked to
the conservation of the cognitive and func-
tional capacity of older people. The integra-
tion of the genomic profile with functional
studies of different lineages (e.g., neurons,
muscle cells,endothelial cells) derived from
reprogrammed stem cells may contribute
to understanding longevity.

The ability to alter genes using CRISPR
(Clustered Regularly Interspaced Short
Palindromic Repeats) technology is ex-
pected to transform the treatment of ge-
netic diseases such as sickle cell anemia
and thalassemia, as well as some forms
of cancer. However, ethical questions re-
main, particularly in relation to gene edit-
ing inembryos and altering genes for less
important phenotypic traits.

Gene editing has also brought new per-
spectives for organ transplantation be-
tween different species, i.e,, xenotrans-
plantation. Despite the similarity between
porcine and human organs, the trans-
plant would cause acute rejection. How-
ever, the new CRISPR-Cas9 (associated
protein 9) techniques allow the editing/
silencing of the porcine genes responsi-
ble for acute rejection.
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ligadas a conservagio da capacidade cog-
nitiva e funcional de idosos. A integragio
do perfil gendmico com estudos funcionais
de diferenteslinhagens (neur6nios, células
musculares, endoteliais etc.) derivadas de
células-tronco reprogramadas poderd con-
tribuir para a compreensio dalongevidade.

A possibilidade de alterar genes com a
tecnologia de CRISPR (sigla, em inglés, pa-
ra Conjunto de Repeti¢des Palindrémicas
Curtas Regularmente Espacadas) deverd
transformar o tratamento de doengas ge-
néticas, como anemia falciforme e talasse-
mia, bem como de algumas formas de cin-
cer. Porém, questdes éticas permanecem
em debate — principalmente, em relagdo
a edigdo génica em embrides e a alteragio
de genes para caracteristicas fenotipicas
de menor importancia.

Aedicdo génica trouxe aindanovas pers-
pectivas para o transplante de drgdos entre
diferentes espécies, o chamado xenotrans-
plante. Apesar da semelhanga dos érgdos
entre suinos e humanos, o transplante cau-
saria rejei¢do aguda. Mas as novas técni-
cas de CRISPR-Cas9 (proteina 9 associada)
permitem editar/silenciar os genes suinos
responsdveis pela rejei¢do aguda.

ACRISPR-Cas9, aliada a clonagem repro-
dutiva, permitird a cria¢do de suinos com
genes editados, cujos 6rgdos poderiam ser
transplantados para humanos. No final de
2021, cientistas transplantaram rins de sui-
nos com genes modificados para pacientes
com morte cerebral, e os 6rgdos funciona-
ram por até 72 horas sem rejei¢io aguda.

No inicio de 2022, foi feito o primeiro
transplante de cora¢do de um suino pa-
ra um paciente humano, o qual sobrevi-
veu 60 dias —cerca de trés vezes mais tem-
PO que o primeiro paciente transplantado
com coragio de doador humano, em 1967.

O PAPEL DA FAPESP

O apoio da FAPESP as universidades pau-
listas e aos institutos de pesquisa do esta-
do tem sido fundamental para o estabele-
cimento de estruturas sélidas de exceléncia
em pesquisa de vanguarda; para a forma-
¢3o de estudantes e profissionais alta-

mente qualificados em todas as dreas do
conhecimento; e para a geragio de resul-
tados expressivos para a sociedade paulis-
ta e brasileira.

Aolongo de sua trajetdria, a FAPESP in-
vestiu fortemente na criagio de programas
inovadores de pesquisa que permitiram a
producdo de conhecimento de alto nivel in-
ternacional na drea da saude. A pandemia
de covid-19 reativou o respeito publico pela
ciéncia em todo o mundo. Hoje, a socieda-
de valoriza cada vez mais o conhecimen-
to cientifico, a pesquisa e os investimentos
feitos em ciéncia, tecnologia e inovagéo.

A FAPESP, uma vez mais na vanguarda
da ciéncia, apoiou e incentivou pesquisas
e o desenvolvimento de novas tecnologias
voltadas ao combate da covid-19. Estas e ou-
trasiniciativas da fundaco relacionadas a
doenca e a0 SARS-CoV-2 estdo reunidas no
site Ciéncia e tecnologia para o combate a
covid-19 (Fundacdo de Amparo a Pesquisa
do Estado de Sdo Paulo, 2022).

Osinvestimentos de longo prazo da FA-
PESP tém contribuido de maneira decisiva
para a elevagio e consolidacdo da pesqui-
sa cientifica e tecnoldgicano estado de Sdo
Paulo —pesquisa que é reconhecidainterna-
cionalmente pela qualidade e peloimpacto.

Entre as iniciativas mais importantes e
inovadoras da FAPESP, estdao os Centros de
Pesquisa, Inovacdo e Difusio (CEPIDs), es-
tabelecidos em 1998, a partir da criagdo de
10 desses centros por periodo de até 11 anos.

Os CEPIDs foram estruturados com base
em trés pilares fundamentais: i) pesquisa de
excelénciainternacional em temas estraté-
gicos para a sociedade; ii) inovagdo para a
transferéncia de conhecimento e tecnolo-
gia para o setor produtivo, setor publico e
terceiro setor; iii) difus3o para gerar maior
engajamento do grande publico e intera-
¢do com a sociedade, paramelhor compre-
ensdo da ciéncia e de suas implica¢Bes na
tomada de decisGes para o bem comum.

Em seu segundo ciclo—iniciadoem 2013 e
caminhando agora para seu fim —, as pes-
quisas de 17 CEPIDs tém como foco os se-
guintes temas: estudos da metrdpole; bio-
diversidade e farmacos; alimentos; ciéncias
matemadticas aplicadas 4 industria; doen-
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Os investimentos de
longo prazo da FAPESP
tém contribuido de

maneira decisiva para a
elevagdo e consolidagdo
da pesquisa cientifica e
tecnoldgica no estado

de S3o Paulo — pesquisa
que € reconhecida
internacionalmente pela
qualidade e pelo impacto.

cas inflamatdrias; engenharia e ciéncias
computacionais; obesidade e comorbida-
des; processos redox em biomedicina; to-
xinas, resposta imune e sinalizacéo celu-
lar; materiais funcionais; genoma humano
e células-tronco; educacio e inovagio em
vidros; difusdo em neuromatemadtica; épti-
ca e fotdnica; terapia celular; neurociéncias
e neurotecnologia; e estudos da violéncia.
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Novas chamadas estio previstasoujdem
andamento para a constituigdo de 18 no-
vos CEPIDs, em seis periodos entre 2021 e
2026, para trés grandes dreas do conheci-
mento: ciéncias da saude, bioldgicas, agro-
nomia e veterindria; ciéncias humanas e
sociais, arquitetura e urbanismo, econo-
mia e administragio; ciéncias exatas e da
terra e engenharias.

CRISPR-Cas9, combined with repro-
ductive cloning, will allow the creation of
gene-edited pigs whose organs could be
transplanted into humans. In late 2021,
scientists transplanted genetically mod-
ified pig kidneys into brain-dead patients,
and the organs functioned for up to 72 h
without acute rejection.

In early 2022, the first heart transplant
was performed from a pig to a human pa-
tient who survived 60 days, which is ap-
proximately three times longer than the
first patient transplanted with a human
donor heart in 1967.

THE ROLE OF FAPESP

The support provided by the Sdo Paulo Re-
search Foundation (FAPESP) to the uni-
versities and research institutes in the
state of Sdo Paulo has been critical for es-
tablishing solid structures of excellence
in cutting-edge research, training high-
ly qualified students and professionals
in all areas of knowledge, and generat-
ing expressive results for society in the
state and Brazil.

Throughout its trajectory, FAPESP has
invested heavily in the creation of inno-
vative research programs that have al-
lowed the production of high-level inter-
national knowledge in the health area.
The COVID-19 pandemic has reactivat-
ed public respect for science around the
world. Today, society increasingly values
scientific knowledge, research, and in-
vestments made in science, technology,
and innovation.

FAPESP, once again at the forefront of
science, supported and encouraged R&D
of new technologies aimed at combat-
ing COVID-19. These and other initiatives
of the foundation related to the disease
and SARS-CoV-2 are provided on the web-
site Science and Technology in the fight
against COVID-19 (Fundacao de Amparo
a Pesquisa do Estado de Sao Paulo, 2022).

FAPESP’s long-term investments have
contributed to the elevation and consoli-
dation of scientific and technological re-
search in the state of Sdo Paulo, namely,
research thatis internationally recognized
for its quality and impact.

Among FAPESP’s mostimportantandin-
novative initiatives are the Research, Inno-
vation and Diffusion Centers (Centros de
Pesquisa, Inovagao e Difusdo - CEPIDs), es-
tablished in 1998, after the creation of 10 of
these centers for a period of up to 11 years.

The CEPIDs were structured based on
three fundamental pillars:i) research of in-
ternational excellence in strategic themes
for society; i) innovation for the transfer of
knowledge and technology to the produc-
tive, public, and third sectors; and iii) dis-
semination to generate greater public en-
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gagementand interaction with society for
a better understanding of science and its
implications for decision-making for the
common good.

In its second cycle, which began in
2013 and is now coming to an end, the re-
search on 17 CEPIDs focused on the fol-
lowing topics: studies of the metropolis;
biodiversity and pharmaceuticals; foods;
mathematical sciences applied to indus-
try; inflammatory diseases; engineering
and computer science; obesity and comor-
bidities; redox processes in biomedicine;
toxins, immune response, and cell signal-
ing; functional materials; human genome
and stem cells; education and innovation
in glass; diffusion in neuromathematics;
optics and photonics; cell therapy; neuro-
sciences and neurotechnology; and stud-
ies of violence.

New public calls are planned or already
underway for the constitution of 18 new
CEPIDs in six periods between 2021 and
2026 for three major areas of knowledge:
health, biological, agronomical and veter-
inary sciences; human and social scienc-
es, architecture and urbanism, economics
and administration; and exact and earth
sciences and engineering.

The Young Investigator Grant (JP) is an-
other of FAPESP’s research incentive pro-
grams worth mentioning. With a maximum
duration of 60 months, it is intended to
support innovative research projects un-
der the responsibility of young scientists
in the process of professional affirmation
who, even without anemployment relation-
ship with the research institution, can re-
ceive this type of grant.

Implemented more than 20 years ago,
this successful program was responsi-
ble for the creation of research groups in
the most varied topics of knowledge, en-
abling the establishment of researchers
and the development of scientific careers
of national and international prominence
in their areas.

It is worth highlighting two initiatives
among FAPESP’s set of differentiated ac-
tions for the development of successful ca-
reers among new generations of researchers:
i) Initial Project, which supports research
projects based on audacious ideas from
researchers with less than eight years of
employment with research institutions in
the state of Sdo Paulo; and ii) Projeto Ge-
ragdo, with a similar purpose, but aimed
at researchers who have had their degree
for less than 11years and their PhD for less
than six years.

International cooperation agreements
have been signed between FAPESP and
funding agencies, research institutions,
and foreign companies, for example, seed
funding agreements for the exchange of re-
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Entre outros programas de incentivo a
pesquisa da FAPESP que merecem destaque,
estd o Auxilio & Pesquisa Jovem Pesquisa-
dor (JP). Com durac¢do méxima de 60 me-
ses, ele se destina a apoiar projetos de pes-
quisainovadores sob aresponsabilidade de
jovens cientistas em fase de afirmag&o pro-
fissional que, mesmo sem vinculo empre-
gaticio com a institui¢io de pesquisa, po-
dem receber esse tipo de bolsa.

Implantado hd mais de 20 anos, es-
se programa exitoso foi responsével pe-
la criaco de grupos de pesquisa nos mais
variados temas do conhecimento, possibi-
litando o estabelecimento de pesquisado-
res e desenvolvimento de carreiras cienti-
ficas de destaque nacional e internacional
em suas dreas.

Vale destacar duas iniciativas entre o
conjunto de a¢des diferenciadas da FAPESP
para o desenvolvimento de carreiras de su-
cesso entre novas geragdes de pesquisado-
res: i) Projeto Inicial, que apoia projetos de
pesquisabaseados emideias audaciosasde
pesquisadores com menos de oito anos de
vinculo empregaticio com institui¢des de
pesquisa do estado de S3o Paulo; i) Projeto
Geragdo, com finalidade semelhante, mas
é voltado a pesquisadores com graduagio
finalizada hd menos de 11 anos e titulo de
doutor obtido hd menos de 6 anos.

Convénios e acordos de cooperacio
internacional tém sido firmados entre a
FAPESP e agéncias de fomento, institui-
¢Oes de pesquisa e empresas estrangeiras.
Por exemplo, acordos com financiamen-
to inicial para intercAmbio de pesquisa-
dores e estudantes, bem como para pe-
quenos semindrios; financiamento pleno
de projetos de pesquisa selecionados em
conjunto pela FAPESP e por agéncia ou
empresa parceira.

Os Institutos Nacionais de Ciéncia e
Tecnologia (INCTs), espalhados pelo pais
e conduzidos pelo Ministério da Ciéncia,
Tecnologia e Inovagdes (MCTI), por meio
do Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq), tém tido
importante apoio da FAPESP na ampliagio
dos recursos federais investidos nos ins-
titutos sediados no estado de So Paulo.

CONSIDERAGOES FINAIS

Grande parte da produgio cientifica e tec-
noldgica de pesquisadores paulistas é fi-
nanciada pela FAPESP. Mas, diferente-
mente de paises desenvolvidos, que tém
aumentado o volume de investimentos
em ciéncia nos dltimos anos em relacdo
ao tamanho de suas economias e seus PI-
Bs, o Brasil tem visto investimentos pu-
blicos federais para a pesquisa cada vez
mais baixos. Uma das consequéncias dis-
so é tornar ainda mais desigual o finan-
ciamento a ciéncia quando se compara o
estado de Sdo Paulo as demais unidades
federativas.

Neste momento, 0s escassos investi-
mentos das agéncias de fomento a pes-
quisa — CNPq, Coordenacdo de Aperfei-
coamento de Pessoal de Nivel Superior
(Capes) e Financiadora de Estudos e Pro-
jetos (Finep) — ndo estdo em harmonia
nem com o tamanho e a relevincia do
Brasil, nem com as ambic¢Bes que o pa-
is deveria ter em relacgio 4 ciéncia e tec-
nologia.

Considerando as desigualdades do Bra-
sil e os enormes desafios de saude publica,
o modelo FAPESP precisaria ser reprodu-
zido em outros estados. Mas hd barreiras
enormes para isso, pois as Fundacdes de
Amparo a Pesquisa (FAPs) ndo tém geral-
mente recursos para a promogao susten-
tavel de pesquisas cientificas e tecnoldgi-
cas em seus respectivos estados.

O atual cendrio tem levado pesquisado-
res de ponta a safrem do pafs, em busca de
melhores oportunidades no exterior. A “fu-
ga de cérebros” (Escobar, 2017) sem pers-
pectiva de retorno é um grande obsticulo
que, se ndo superado, em breve, terd con-
sequéncias graves para o futuro da cién-
cia brasileira.

Para finalizar este capitulo, sdo desta-
cadas dreas que merecem especial aten-
¢dono que dizrespeito a investimentos em
pesquisa em saude, tanto no Ambito na-
cional quanto estadual — neste ultimo, da
FAPESP, principalmente. Ressalta-se tam-
bém a contribui¢do de cada uma das are-
as para o cumprimento dos ODS e Agen-
da 2030 no Brasil (Quadro1).
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Quadro 1. Areas prioritarias para investimentos em pesquisa em salde.

Epidemiologia e Ciéncias Sociais

e |dentificagéo de grupos e areas vulneraveis a diferentes agravos, considerando os determinantes
sociais de salide por uma perspectiva multidisciplinar.

e Criacao de estudos de coorte para o acompanhamento de doengas ao longo do ciclo de vida.

e Estratificagdo de risco de doencas infecciosas e cronicas a fim de fornecer subsidios para a
otimizacéao de politicas publicas, levando em conta recursos financeiros disponiveis.

e Modelos preditivos de arboviroses.

® Custo econdmico das doengas tropicais negligenciadas.

e Buscar novas iniciativas para reduzir a incidéncia das DCNTs.

® Resisténcia aos antibidticos.

e Medicina de preciséao e personalizada.

® Envelhecimento populacional, longevidade e futura carga de doengas.

e Estratégias de comunicagdo em saude.

Ciéncia Bésica e Aplicada

e Testes-diagndsticos para doengas infecciosas.

e Programas translacionais de P&D de novos farmacos para doencgas infecciosas, com especial
atencdo as DTNs.

o Testes-diagnésticos para doengas genéticas.

e Novas abordagens e tratamentos para as DCNTs.

® Producéo de IFAs e produtos quimicos tecnolégicos.

e Desenvolvimento e producdo de vacinas em grande escala.

e Uso sustentdvel da biodiversidade brasileira para o desenvolvimento de cosméticos e
medicamentos.

e Edicdo génica, novos tratamentos e xenotransplante.

Sistemas de Salde

e Telemedicina para otimizag&o da atengdo primaria.

e Novas formas de engajamento de agentes comunitérios de salide para melhoria da vigilancia.

e Desenvolvimento de plataformas para implantagao de vigilancia genémica de base
epidemiolégica.

e Sistemas de informagé&o, tecnologia de dados e inteligéncia artificial em satde pulblica.

Chart 1. Priority areas for investment in health research.

Epidemiology and Social Sciences

e [dentification of groups and areas vulnerable to different diseases, considering the social determinants of
health from a multidisciplinary perspective.

e Creation of cohort studies to monitor diseases throughout the life cycle.

® Risk stratification of infectious and chronic diseases to provide subsidies for the optimization of public policies,
considering available financial resources.

® Predictive models of arboviruses.

® Economic cost of neglected tropical diseases.

® Search of new initiatives to reduce the incidence of NCDs.

® Antibiotic resistance.

® Precision and personalized medicine.

® Population aging, longevity, and future disease burden.

® Health communication strategies.

Basic and Applied Science

® Diagnostic tests for infectious diseases.

o Translational R&D programs for new drugs for infectious diseases, with special attention to NTDs.
® Diagnostic tests for genetic diseases.

® New approaches and treatments for NCDs.

® Production of APIs and technological chemicals.

® Large-scale vaccine development and production.

e Sustainable use of Brazilian biodiversity to develop cosmetics and medicines.

® Gene editing, new treatments, and xenotransplantation.

Health Systems

® Telemedicine for PHC optimization.

o New ways of engaging community health workers to improve surveillance.

e Development of platforms to implement epidemiological-based genomic surveillance.
e Information systems, data technology, and artificial intelligence in public health.
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searchers and students and for small sem-
inars, as well as full funding of research
projects selected jointly by FAPESP and a
partner agency or company.

The National Institutes of Science and
Technology (INCT) - spread across the coun-
try and led by the Ministry of Science, Tech-
nology, and Innovation (MCTI) through the
National Council for Scientific and Tech-
nological Development (CNPq) - have re-
ceived important support from FAPESP in
expanding federal resources invested in
institutes based in the state of Sao Paulo.

FINAL CONSIDERATIONS

A large part of the scientific and techno-
logical production of researchers from the
state of Sao Paulo is financed by FAPESP.
However, unlike developed countries that
have increased the volume of investments
insciencein recentyears in relation to the
size of their economies and GDPs, Brazil
has seen increasingly lower federal pub-
lic investments in research. One of the
consequences of this is to make science
funding even more unequal when compar-
ing the state of Sdo Paulo with other fed-
erative units.

At this time, the scarce investments of
research funding agencies, CNPq, Coordi-
nation for the Improvement of Higher Ed-
ucation Personnel (CAPES), and Financier
of Studies and Projects (FINEP), are not
in harmony with the size and relevance
of Brazil, nor with the ambitions that the
country should have in relation to science
and technology.

Considering Brazil’s inequalities and
enormous public health challenges, the
FAPESP model would need to be replicat-
edinother states. However, there are large
barriers to this, as the Research Support
Foundations (FAPs) do not have the resourc-
es for the sustainable promotion of scien-
tific and technological research in their re-
spective states.

The current scenario has led leading re-
searchers to leave the country in search
of better opportunities abroad. The “brain
drain” (Escobar, 2017) with no prospect of
return is a major obstacle that, if not over-
come, will soon have serious consequences
for the future of Brazilian science.

In conclusion, in this chapter, we high-
light areas that deserve special attention
with regard to investments in research in
the health area, both at the national and
state levels (in the latter, mainly from
FAPESP). The contribution of each of the
areas to the fulfillment of the SDGs and
Agenda 2030 in Brazil is also highlight-
ed (Chart 1).
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