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I

n 1963, a report by the Royal Society on
the emigration of scientists sparked a
public debate over so-called brain drain.
Half a century later, international mobility
among scientists is still an object of debate
fueled by reports and studies. Initially
restricted to people with a background
in science and technology, the term currently covers those with a high level of
formal education who moved abroad due
to better work conditions, pay or life quality. The cover feature of this edition is the
scientific diaspora discussed in the academic literature (page 4).
Scientists in Brazil have historically experienced a low level of mobility. In the
1970s, a study conducted by the sociologist
Simon Schwartzman indicated a tendency
towards isolation, with few researchers
leaving Brazil to study or work abroad
and many who did returning home. This
lack of mobility is partially explained by
the favorable conditions offered by the
national science and technology system,
which offers incentives that make up for
temporary instabilities.
Initially viewed as having a negative
impact on the country of origin, research
has shown that mobility has positive effects. When mobilized and engaged by
their countries of origin, emigres can offer important contributions in creating
transnational networks of scientific cooperation and promoting local development
agendas, as evidenced by studies in India, China and South Korea. Accumulated
knowledge suggests that if emigration occurs with the objective of having a different work experience—and not due to lack
of options in the scientist’s homeland—and
the country of origin knows how to take
advantage of the opportunity, there are
national and individual gains to be made.

In 1989, the governor of São Paulo
signed a decree guaranteeing stability and
financial autonomy to the three state universities, USP, Unicamp and Unesp. In a
series of articles, Pesquisa FAPESP identifies the genesis of this arrangement in the
context of Brazilian redemocratization
after the end of the military dictatorship
that ruled from 1964 until 1985. The articles highlight the significant advances
in the subsequent thirty years: USP, Unicamp and Unesp feature among the most
relevant research universities in Brazil according to international excellence rankings (page 18).
*
In October 1999, the Notícias FAPESP
news bulletin became Pesquisa FAPESP
magazine, broadening the science communication mission initiated four years
earlier by the São Paulo Research Foundation (FAPESP). Two decades later, communicating the outcomes of science produced
in the State of São Paulo and in Brazil in
an accessible form to a wide audience remains equally valid and necessary.
Pesquisa FAPESP is acknowledged as a
high-level science journalism publication.
Every month, it offers its readers news articles based on scientific research and technological innovations developed in Brazil
and by Brazilians in all areas of knowledge,
as well as features on science policy and
good scientific practice. At the same time,
Pesquisa FAPESP highlights the science
behind daily news. The print English edition comes out three times a year with a
selection of features originally published
in Portuguese. The website features English versions of all articles published in the
monthly version in Portuguese, available
at revistapesquisa.fapesp.br/en.
Thank you for reading.
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I

n Brazil, especially in times of economic
downturn, the risk of losing scientific talent
to more developed nations and compromising the country’s capacity for development
is a commonly discussed issue. Although
there have been no surveys of exactly how
many researchers are leaving the country, the
information available suggests that the number
of Brazilian scientists moving abroad has always
been modest compared to that figure in other
nations—and there is no sign that emigration
is increasing due to the funding crisis faced by
science in the last five years. Data published in
the Science, Technology and Industry Scoreboard
report by the Organisation for Economic Cooperation and Development (OECD) in 2017 indicate that, in recent years, the flow of scientists
moving between Brazil and other countries has
remained balanced in both directions, with the
country proving itself more than capable of attracting scientific talent.
The OECD examined millions of scientific
articles in the Scopus database published between 2006 and 2016, analyzing the career paths
of their authors. The study focused on those
who moved to a new country at least once in
the 10-year period; such moves were identified
based on which institution they were affiliated
with in their published papers. The results show
that immigration and emigration of researchers
into and out of Brazil remained low and stable
in this period. A contingent of 6,460 scientists
living in the country in 2006 had moved to the
US by 2016, while 6,143 made the reverse move.
This is a much lower rate than that observed in
China, where 32,000 researchers moved to the
US over the 10 years and a similar number took
the opposite route, and in India, where 20,000
researchers relocated. In regard to Europe, the
flow toward Brazil is actually higher than the
reverse flow: 1,742 scientists left the country for
France, and 1,856 went the opposite route; 1,284
researchers moved from Brazil to Germany, while
1,311 made the reverse move.
The OECD data highlight trends, but the figures should not be taken as absolute. The institution with which an author is affiliated is an
indirect way of observing mobility and does not
identify scientists who emigrated but did not publish papers in two different places in the period.
The statistics do not provide categorical evidence
of losses or gains in human capital either, since
the research did not look at where the authors
graduated or whether they left with the intention of returning—nor does the research consider
data after 2016. Despite these flaws, the figures
are consistent with surveys conducted in previous decades, which showed only a small outflow
of scientists from Brazil. A study led by sociolo6 | MARCH 2020

gist Simon Schwartzman in 1972 found that the
country had a low level of so-called brain drain:
only 5% of Brazilians who completed their studies abroad remained abroad to work. “Brazil has
historically had very little international talent
circulation, and until recently there was no evidence of a brain drain situation to worry about.
The main problem, in fact, was isolation,” summarizes Schwartzman.
In the academic environment, however, there
is growing concern that the current sciencefunding crisis may have a greater effect than
it did in previous periods. Physicist Luiz Davidovich, President of the Brazilian Academy of
Sciences (ABC), says that he has never received
so many requests for letters of recommendation
from researchers keen on working overseas. At
the Institute of Physics of the Federal University of Rio de Janeiro (UFRJ), where he works,
four young researchers
recently left to work at
universities or companies in Australia, the
Netherlands, Portugal,
and Chile. Davidovich
says that since the beginning of the year,
he has written ap proximately 10 letters
of recommendation,
Brazilians with
mostly for researchhigher education
ers at public universities in Rio. “They have
living in OECD
learned everything
here and now they are
countries in 2011
going abroad because
of the lack of work opportunities in Brazil,”
he says. According to
Davidovich, these scientists have extensive
teaching and research
experience and were appointed through competitive processes, and their jobs at the institutions where they work are stable.
Political scientist Elizabeth Balbachevsky,
from the School of Philosophy, Languages and
Literature, and Human Sciences of the University of São Paulo (FFLCH-USP), believes that a
greater number of highly educated Brazilians
are moving abroad, some to study at foreign
universities and others, with dual citizenship,
looking for academic or work opportunities.
However, the international movement of researchers, which has always occurred, is less
sensitive to short-term impacts. “Brazil has an
education, research, and graduate system that
has provided stable and favorable conditions for
advanced science in recent decades, something

267,000

JACKIE RICCIARDI / BOSTON UNIVERSITY

BRIDGES BETWEEN KNOWLEDGE
Brazilian astrophysicist Merav

international school of space

research institutions, including

Opher (photo) has lived in the US

physics in the city. The idea is to

NASA’s Jet Propulsion Laboratory,

for almost two decades. She

connect Brazilian students and

the California Institute of Technology

promotes exchanges for researchers

researchers to international

(CalTech), and George Mason

and graduate students between

researchers and scientists who work

University, a public research

various institutions in Brazil and the

in the field without having to

university in the state of Virginia. She

Department of Astronomy at Boston

leave the country. She explains

says that space physics has grown in

University, where she has been

that space physics is still an

stature in recent years due to the

working since 2015. She welcomes

incipient field in Brazil: “I went to the

discovery of so-called exoplanets—

sandwich students and researchers

US in 1999 to do a postdoctoral

planets orbiting other stars outside

on postdoctoral fellowships.

fellowship because I couldn’t find

our solar system. Opher believes that

Opher often visits Brazil to give

anywhere in Brazil where I could

Brazil can benefit from Brazilian

lectures and seminars. More recently,

improve myself in this field.” The

researchers working overseas and

however, she has begun working

astrophysicist left the country with no

the training they receive there, using

with Mackenzie Presbyterian

intention of returning. She has

their experiences to improve how

University in São Paulo to create an

worked at some of the US’s leading

scientists are taught in the country.

which is not easy to find abroad, where competition is high,” she says. According to Luiz Davidovich, this used to be a major factor in keeping
scientists in Brazil: “More recently, however, I’ve
noticed more people willing to give up these
conditions to move to foreign institutions with
no plans to return.”
Getting permission to work as a researcher
abroad, however, is not a trivial task. The difficulties many face were highlighted in 2016, when
master’s and PhD students receiving grants from
the Brazilian Federal Agency for Support and
Evaluation of Graduate Education (CAPES) began
to pressure the agency to relax its return rules—
grant recipients must return to Brazil within 60
days of graduating abroad and then stay in Brazil for a period equal to the time spent overseas.

Just 2% of researchers break this contract and
refuse to return, usually having been offered highly promising job opportunities. In these cases,
they have to repay the investment made by the
federal agency. With the lack of academic work
prospects in Brazil, grant recipients argue that
they should be permitted to stay abroad for longer. In October 2016, CAPES published a decree
allowing scientists to extend their stay overseas
if they present a research project that includes
collaboration with Brazilian institutions. However, of the 74 projects submitted, only two met
the agency’s stringent requirements. Most of the
proposals were submitted by recent PhD graduates who did not have the experience needed to
organize a project in collaboration with their
host universities.
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More experienced researchers have a greater
chance of success, as was the case for zoologist
Alexandre Aleixo, who left the Emílio Goeldi
Museum of Pará in Belém in February 2019 after searching for opportunities abroad. He accepted a position as a researcher at the University of Helsinki in Finland. Aleixo studied for
his undergraduate and master’s degrees at the
University of Campinas (UNICAMP) and then
moved to the US in 1997 to do a PhD at the University of Louisiana. He returned to Brazil in
2002 and took part in a competitive application
process, through which he earned his position
as a researcher at the Emílio Goeldi Museum.
“I worked on many management plans for the
creation and maintenance of conservation areas in the Amazon,” he says. In recent years, he
grew dissatisfied: “I began to find it difficult to
conduct cutting-edge research because of the
lack of resources, and from a personal point of
view, I was unhappy with the level of violence

in Belém.” He began applying for posts in early
2018, and in September that year, he found success in Helsinki. He is enthusiastic about the
new job, but remains open to the possibility of
one day returning. Instead of resigning from his
post at the museum, he took a leave of absence
that can last up to six years.
INTERNATIONAL DIASPORAS

In the academic literature, the movement of highly qualified scientists from one country to another
in search of job opportunities or driven by political and economic crises is known as a “scientific
diaspora.” China and India have seen major exoduses of scientific talent. Based on data on foreign graduates working in OECD nations—comprising the 36 most industrialized nations in the
world—India topped a 2011 survey, with 2 million
expatriates, followed by China with 1.6 million
and the Philippines with 1.4 million. According
to the survey, 267,000 Brazilians with a higher

MOBILITY AND COMPETITIVENESS
Unlike in Brazil, where most scientists

side of academic medicine: “I spent

spend their entire academic lives

six years in Miami, and then I was

at the same institution, research

offered the role of executive vice dean

careers in the US and Europe are

of Rush University’s Department of

generally more dynamic. The career

Medicine in Chicago.” Bianco was then

path of Brazilian physician Antonio

named president of the university’s

Bianco (photo), who graduated

medical group in 2015. “It was a

from the Santa Casa School of

fantastic experience, but it left little

Medicine in São Paulo in 1983 and

time for research. So I chose to go back

earned his master’s degree,

to teaching and lab work,” Bianco

PhD, and teaching postdoc at the USP

says. In 2018, he became a professor

Institute of Biomedical Sciences

at the University of Chicago. Bianco

(ICB-USP), demonstrates this

says moving around so much has

difference well. His first experience

helped his career because it allowed

abroad was during his PhD, when he

him to experience different challenges

spent a sandwich period at

at every institution he worked at.
Moving to another country, however,

back to Brazil in 1986, completed my

may be complicated, even for the most

PhD, and was hired as a professor

experienced scientists. “If I had known

at ICB-USP,” he recalls. “But I kept

how difficult it would be to establish

thinking about going back.”

myself as a researcher in the US, I

Years later, Bianco’s plan to leave

might have thought twice about

the country became a reality. “I went

coming,” says Bianco, who has lived in

years on successive postdoctoral

back to Boston in 1998, as a visiting

the US since 1998. He explains that

fellowships at renowned research labs.

professor at Harvard Medical School,

university teaching positions and

“In addition, foreign scientists in the

and then an associate professor,”

research funding are highly competitive

United States can only apply for funding

he says. He spent 10 years at Harvard.

under the US system. “Even established

from the National Institutes of Health

In 2008, he was offered a position as

researchers don’t have an easy life,” he

[NIH] if they have a permanent residence

head of endocrinology at the University

says. As a result, many foreigners

visa, which can take years to obtain,”

of Miami. The experience helped

struggle to adapt and end up returning

he says. Even those with a residence visa

him hone his skills in the administrative

to their home country. Others spend

are not guaranteed funding.
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PERSONAL ARCHIVE

Harvard University in the US. “I came

education were living in these countries, which
is less than the number from Japan (371,000) and
the number from Vietnam (524,000).
When including citizens of all educational levels, the Brazilian Ministry of Foreign Affairs estimates that there are between 2 million and 4
million Brazilians living abroad. “It’s normal for
people to look overseas in times of economic crisis. In Brazil, waves of emigration have already
happened in the 1960s and 1990s, and now there
is another one in progress,” says sociologist Ana
Maria Carneiro, a researcher at UNICAMP’s Center for Public Policy Studies. She is coordinating
a research project, currently in the early stages of
development, that aims to understand the career
paths of Brazilian scientists based in the US and
their motivations for leaving Brazil. “The objective is to propose policies that can utilize highly
qualified Brazilians who have moved to and settled
in the US to improve Brazilian science,” she explains, referring to evidence that in many places,
rather than a brain drain, diaspora networks may
actually create useful connections for the scientific
communities in the researchers’ home countries.
According to a census conducted
in the US in 2010, there were 70,000
Brazilians with higher education
living in the country, although the
data do not show how many of them
were working as researchers. Carneiro’s project, which aims to shed
light on this matter, is the result of
a request by the Brazilian embassy
in Washington, which, in 2017, idenBrazilians with
tified 20 groups of Brazilian scientists working in the US, mostly in
higher education
California and the New England
region. These scientists often meet
living in the
to exchange scientific and entrepreneurial experiences. The research
US in 2010
team is also preparing to study the
Brazilian scientific diaspora in the
UK, which is smaller than that in
the United States.
Rather than fearing brain drain,
many countries see the emigration
of scientists as an opportunity. “Chi-

70,000

na and India treat researchers who have settled
overseas as a strategic link that they can use to
foster scientific collaboration and help introduce
their industries to the US market. In Brazil, we
have never mobilized our migrants,” says Balbachevsky. “Maybe the country is wrong to try
to bring so many people back. If more researchers stayed abroad, they could help build bridges
with Brazilian science and invite more Brazilian
students to learn from their groups.”
India’s Ministry of Science and Technology routinely engages scientists living abroad in
its initiatives, asking them to evaluate research
proposals and oversee studies. In Taiwan, the
emergence of a venture capital industry in the
1980s was directly supported by natives of the
Chinese island who had migrated to Silicon Valley in the US—many of them returned to start
businesses with government support and share
their expertise. South Korea incorporated contributions from expatriate talents into its own
development agenda, an approach that Argentina and Mexico are trying to repeat, though
with limited results so far.

E

ven Chile, which, like Brazil, has seen a
relatively small number of researchers
moving abroad, has benefited from the
experience of those who have moved: the creation of technology companies in the country
has been strongly influenced since the late 1990s
by US-based Chileans with advanced scientific and entrepreneurial knowledge. “Diaspora
members can serve as antennas to detect better
performing and more dynamic segments of domestic institutions and as institutional vehicles
to expand these segments,” wrote economist
Yevgeny Kuznetsov, from the Migration Policy
Institute in the US, in the book How Can Talent
Abroad Induce Development at Home? (Migration Policy Institute, 2013), which analyzes the
examples cited above. In Kuznetsov’s assessment, the countries that are most successful in
harnessing the contributions of their citizens
working abroad are those that have organized
diaspora leadership groups, facilitated their interaction with local agencies, supported high-
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BRAZIL RISKS LOSING ITS INTERNATIONAL APPEAL
German scientist Klaus Capelle (photo),

2009 before leaving the institution

an expert in condensed matter and

to work at UFABC, where he became

quantum chemistry, arrived in Brazil

vice dean in 2010 and dean in 2013.

22 years ago and went on to develop

He has been working at CNPEM in

his career as a researcher and academic

Campinas since 2018.

administrator: he was a professor

For now, Capelle does not expect

at USP and dean of the Federal

greater numbers of researchers to leave

University of ABC (UFABC) between

Brazil than in the past, but he refuses

2014 and 2018, and now works at the

to rule out the possibility in the future

National Energy and Materials Research

and warns of another danger caused

Center (CNPEM). Capelle has a degree

by the current crisis: a reluctance among

in physics from the University of

foreign scientists to come to Brazil

Würzburg in Bavaria, where he also

as permanent or visiting researchers.

studied for his master’s and PhD before

“A decreasing number of foreign

earning a scholarship for a postdoctoral

scientists coming to Brazil, as well as

fellowship at USP’s São Carlos Institute

concerns at foreign institutions about

of Physics in 1997, originally to spend

the lack of Brazilian involvement in

a year under the supervision of physicist

collaborative programs, could

Luiz Nunes de Oliveira. He ended up

compromise Brazilian science as much

putting down roots in Brazil.

as a brain drain,” he says.

From 1999 to 2003, he was funded

Encouraging researchers such as
Capelle to settle in the country is one

Emerging Centers program, establishing

of the goals of the Young Researchers

a research group at USP’s São Carlos

program, which funds the formation

position at the same university. Of the

Institute of Chemistry. In the following

of groups led by scientists with high

nearly 1,600 scientists who have

years, he spent time as a visiting

potential and the international

benefited from the program since 1995,

researcher at the universities of Missouri

experience needed to implement

9.4% graduated abroad. Other grants

(United States) and Bristol (United

globally competitive lines of research.

offered by the foundation also attract

Kingdom), among others. He was offered

The program offers a grant that

foreign researchers (see graph below).

permanent positions in Germany and the

guarantees funding for recipients to

Of the 694 postdoctoral fellowships

UK, but chose to stay in Brazil. “I was

set up their laboratories. For researchers

awarded by FAPESP in 2018, 18.8%

excited by the idea of building something

not employed by an institution,

went to foreigners, with special mention

new, which wouldn’t be possible in

FAPESP offers a scholarship similar to a

of the exact and earth sciences, where

Europe,” says Capelle, who was a

postdoctoral fellowship. The intention is

the percentage of overseas recipients

professor at USP between 2003 and
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‑quality projects with well-defined objectives,
and focused on entrepreneurship.
CHINESE EXODUS

For a long time, the Chinese migrated en masse
to study abroad, mainly in the US and Europe.
In 2008 alone, some 180,000 Chinese people
left their country, 25% more than the previous
year. “In recent years, however, the Chinese have
created initiatives to bring back scientists, entrepreneurs, and other highly qualified experts
from around the world,” says climatologist Carlos Nobre, former president of CAPES. The objective, he says, was to invest in robust science
supported by international networks as a foundation for China’s development plan. Data from the
OECD report indicate that China, by
allowing some scientists to remain
abroad and bringing back others,
nearly doubled the proportion of international scientific collaborations
in which it was involved between
2005 and 2015—from 7.4% to 12.2%
of all published articles.
Since the early 2000s, the debate
on scientific diasporas and their
global and regional effects has resumed, with a new focus on the positive effects these processes may have
researchers left
by mobilizing international networks
and collaborations. According to Ana
the US for Brazil
Carneiro, this new approach goes
against the idea of “brain drain”
between 2006
by suggesting two other migratory
models to describe academic moveand 2016
ment: brain circulation and the brain
according to
network. “These concepts are connected in the sense that members
OECD data
of scientific diasporas, even from a
far distance, may influence institutions in their home country to build
international research networks,”
explains the sociologist.
A study published in the journal
Nature in 2017 evaluated 14 million articles published by millions
of scientists between 2008 and 2015.
It found that articles with authors
from more than one country—who were therefore disseminated across different academic institutions and cultures—had a 40% higher citation rate on average than those whose authors
were all from the same country. “Researchers
in positions of leadership abroad may enrich
the experience of their national scientific community, especially in areas considered essential
to the country’s development,” says physicist
Eduardo Couto e Silva, director of the Brazilian
Biorenewables National Laboratory at the Brazil-

6,100

ian Center for Research in Energy and Materials
(LNBR-CNPEM), in Campinas, who previously
worked abroad at scientific institutions in Switzerland and the US before deciding to return to
Brazil 10 years ago.
Scientists based abroad are usually agreeable
to and interested in maintaining ties with their
home country. This is what Brazilian biologist
Jair Siqueira-Neto, a professor at the University of California, San Diego, in the US, has done.
Siqueira-Neto has been working in the US since
2014, after a spell at the Institut Pasteur in Seoul,
South Korea. “Since then, I have co-supervised
Brazilian students and established several research collaborations with universities in Brazil,”
says Siqueira-Neto.

A

fter being deemed too expensive, a recent attempt to increase the mobility of
Brazilian students and researchers ended
before its impact could be assessed. The Science
Without Borders (CsF) program was launched in
2011 with ambitions to send over 100,000 undergraduate and graduate students to study abroad.
In total, 92,880 scholarships were provided by
2016, mostly for undergraduate sandwich programs. According to Concepta Margaret Pimentel, a former director of international relations at
CAPES, the goal was also to attract talent from
abroad, but the result was largely unsuccessful.
CsF intended to award 2,000 scholarships to visiting scientists, but less than half of that number
were actually given, as few people were interested
in coming to Brazil under the conditions on offer.
Pimentel believes that one of the mistakes the
CsF program made was focusing on the quantity of students sent abroad rather than quality.
“The decree was issued, and we had just a short
time to send more than 100,000 people overseas,
as well as somehow attracting foreign talent to
come here. To do this, you need contacts, you
need to build networks with researchers and
institutions from other nations,” she says. “The
program would have been more effective if it had
focused on graduate studies, where knowledge
is produced.” To replace it, CAPES launched the
Institutional Program for the Internationalization of Brazilian Universities (PRINT) in 2017
with the aim of fostering international partnerships in master’s and PhD programs. At the end
of last year, CAPES released a list of the 36 institutions chosen to participate in the program;
these institutions will receive federal funding
to create strategic internationalization plans for
their teaching and research activities. Whatever
approach Brazil adopts, its impacts will depend
on the domestic academic environment being
provided with the research infrastructure and
funding it needs. n
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INTERVIEW Eunézio Antonio Thoroh de Souza

The voice
of graphene
A physicist and opera singer from Minas Gerais
has created a research center to turn basic science
into high-tech products

Maria Guimarães and Carlos Fioravanti
PORTRAIT

Léo Ramos Chaves

PUBLISHED IN OCTOBER 2019

B

etter known as Thoroh, a childhood nickname he later adopted as his stage and
professional name, physicist Eunézio
de Souza responds with the same level
of enthusiasm to a block of graphene foam—so
light that it rests imperceptibly on his palm—as
he does to posters for his recitals and opera performances as a professional singer.
On the afternoon of September 13, he took the
Pesquisa FAPESP team on a tour of the laboratories at the Advanced Graphene, Nanomaterials
& Nanotechnologies Research Center (MackGraphe) at Mackenzie Presbyterian University,
created by him in 2013 to develop research and
products using graphene, which is formed by a
single layer of carbon and is stronger than steel.
At the time, he invited journalists to walk down
the building’s staircase and, to demonstrate the
acoustics, he took a deep breath and proceeded to
sing an excerpt from the “Soave sia il vento” trio,
from the opera Così fan tutte, by Austrian composer Wolfgang Amadeus Mozart (1756–1791). “I
cannot choose between physics and music,” he
says. “I need both to live.”
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Married to Elisabeth Ratzersdorf, an opera singer at the São Paulo Municipal Theater, and with
three teenage children, Thoroh’s voice became
even more powerful last June, after he took over
leadership of the nanotechnology department at
the Federation of Industries of the State of São
Paulo (FIESP). One of his goals is to warn entrepreneurs: “We need to act while there is still
time. A tsunami is coming. China has at least 500
companies in the graphene market.”
Why is graphene so successful?
Because of its superlative properties. A box holding
1 cubic meter (m3) of water weighs 1 ton; 1 m3 of air
weighs 1.3 kilograms. The same volume of graphene
aerogel weighs 160 grams. Graphene is seven times
lighter than air and 200 times stronger than steel.
A graphene sheet is nearly transparent. The glass
in a window lets 92% of light through; graphene,
on the other hand, lets 98% of light through. As
it is virtually impermeable, it can act as a barrier
against corrosion. It is also possible to drill holes
into the structure to produce membranes that act
as filters, letting through only specific substances.

AGE 56
SPECIALTY
Materials physics and
photonics
INSTITUTION
Mackenzie Presbyterian
University
EDUCATION
São Carlos Institute of
Physics and Chemistry
at USP (1996), PhD
from the Gleb Wataghin
Physics Institute at
UNICAMP (1991)
SCIENTIFIC
PRODUCTION
50 scientific articles
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Russian physicist Konstantin Novoselov, one of the winners of Nobel Prize for
the discovery of graphene, said in an
interview with Folha de S. Paulo that
he had no idea it would have any uses.
That’s right. When graphene was discovered in 2004, we had no idea what
to do with it. At the University of Manchester, in England, Kostya [Novoselov]
and [Andre] Geim used adhesive tape
to obtain graphene, sticking the tape to
and pulling it from a graphite sample
successively until they obtained a single
layer of atoms from the sample. No one
could believe it. Their article in Science
in 2004 described the crystal, but no
one had measured the parameters of
this kind of material. Its conductivity
was much higher than that of copper.
Possible uses for graphene gradually
appeared: it can be incorporated into
other materials, making plastic and tires
much stronger, and because it can conduct electricity, it can turn plastic into
a conductor as well.
How did graphene motivate the construction of MackGraphe?
The research center is the result of a
partnership with Antônio Hélio de Castro Neto, director of the Graphene Research Centre at the National University of Singapore. We went to graduate
school together at UNICAMP [University of Campinas]. He got into graphene
in 2005, when I was working with photonics [the study of the generation, emission, and transmission of light]. In July
2010, he predicted that Geim and Kostya
would win the Nobel Prize. Many people
were already working with this material,
but there were few people in photonics. In October of that year, they really
did win the Nobel Prize, and we started
writing a research project. I have been
here since 2003, after seven years with
the University of Brasília. I created an
internationally renowned study group
on photonics, and we coordinated the
physical part of FAPESP’s Kyatera project in the state of São Paulo. We were
two photonics professors—Christiano de
Matos and myself—and graphene represented an opportunity to do something
different. Our first funding request to
FAPESP, as a regular project, was declined, but one of the reviewers suggested that we request a Thematic Project instead—a broader research grant
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mechanism that would allow a larger
investment by the Foundation.
How did you present the idea to the
Office of the Dean at Mackenzie University?
For the Thematic Project, we would
need to establish a collaboration between the Graphene Research Centre in Singapore and Mackenzie University. In August 2011, I presented to
the Office of the Dean a project for the
creation of a graphene research center
that would bring together the areas of
photonics, electrical and materials engineering, and chemistry. As a reference,
I had conversations with my colleagues
Pierre Kaufmann [1938–2017] and Adriana Valio of the Mackenzie Center for
Radio Astronomy and Astrophysics. The
dean loved it, but he had no idea how
big it would become. There was no talk
yet of constructing this building. I asked
for an area of 60 square meters [m2] for
a lab; that then changed to 100 m2, and
I knew I would need even more. Today,
we have 5,400 m2, nine floors, and a staff
of 100 people.
Where did the money to fund all this
come from?
In December 2011, I realized it was the
20 th anniversary of my obtaining my
PhD. I messaged Carlos Henrique de Brito Cruz [scientific director of FAPESP],
who had been my advisor, and asked if
he wanted to celebrate. He said yes. I
also invited the entire examining board:
Nilson Dias, who was superintendent
of IPEN [Institute of Energy and Nuclear Research], Sérgio Celaschi [from
the Center for Telecommunications
Research and Development—CPqD],
Hugo Fragnito [then with UNICAMP;
currently a collaborating researcher at
MackGraphe]. We all agreed to meet at
a wine bar nearby. I also invited the dean
of Mackenzie University, Benedito Aguiar. During dinner, I mentioned my work
with graphene, working with Antônio
Hélio, which interested Brito. He had no
idea that FAPESP had turned down the
first project. He proposed that we participate in a pilot program called SPEC
[São Paulo Excellence Chair]. In January, the dean and I went to Singapore,
signed the agreement, and he began to
realize that the project was becoming
much larger than he had anticipated.

SPEC allowed Antônio Hélio to participate much more actively in the project
because the university would be able to
pay him to be here three months out of
the year. The project went through four
international reviewers: they all gave it
an excellent rating. Two of them even
said we were promising too much.
What were you promising?
We quantified how many articles we
wanted to publish in high-impact journals, how many postdoctoral, doctoral,
master’s, and undergraduate students we
wanted to teach, and how many startups and spinoffs we wanted to create.
When FAPESP gave us their answer,
Brito wrote a letter stating that it was a
very large investment—something close
to R$15 million today. The project was
approved on merit, but a financial contribution from the institution was necessary to move ahead. At a meeting at
FAPESP, it was agreed that Mackenzie
University’s board of directors would
present a document identifying their
financial contribution. The finance committee asked me what needed to be done.
I said: “A research center.” For financial
support to mean anything, we could not
invest one real less than FAPESP. They
agreed—and two months later, in December 2012, demolition began on the
building that used to be here. The research center opened in March 2016,
and I am grateful to the institute for their
continued support ever since.
How do you explain this interest on the
part of the university?
The research center was an opportunity
for the institution to regain prestige—
which it had plenty of in the past. For
1

Graphene aerogel (foam), lighter than air
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example, until the 1960s, an engineering degree from here was valid in the
United States. The greatest challenge
was managing time and preparing the
team. Before the project was approved,
I sent technicians, students, and professors to be trained in Singapore. We had
the support of many colleagues: Sergio
Rezende and Anderson Gomes [Federal University of Pernambuco], Marcos
Pimenta [Federal University of Minas
Gerais, UFMG], Fragnito, Brito, Amir
Caldeira [UNICAMP], Henrique Toma
and Lucio Angnes [University of São
Paulo, USP], José Roque da Silva and
Harry Westfalt [National Synchrotron
Light Laboratory], and José Bressian
[IPEN], not to mention Antônio Hélio
from Singapore. I went to Manchester,
where I met Kostya for the first time
and met Andre again. Nearly all of them
came here to give seminars and helped
design the research center, which was
entirely inspired by Bell Labs, where I
did a postdoctoral internship.
Why did you adopt Bell Labs as a model
for MackGraphe?
I wanted to create a research center
where the training of professionals
would be shaped by all areas—especially in such a multidisciplinary field
as graphene. The project that we got
approved was in the area of photonics—
but in order for the research to achieve
the standards we promised, it would be
necessary to master the production and
characterization processes of graphene.
Aldo Zarbin, from the Federal University of Paraná, recommended one of the
first professors we hired here, Sergio
Domingues. We were able to hire younger people, such as Lúcia Saito and Cecília
Silva, who still needed to get their postdoctoral degrees and gain experience.
At a 2013 conference in Bilbao, Spain,
there was a session on graphene centers.
The Japanese showcased monumental
research centers. China put us to shame
with the vast amount of resources they
had allocated to the area. Andrea Ferrari,
from Cambridge, spoke of the world’s
first published paper about carbon in
the nineteenth century and concluded by
saying that, for them, graphene was just
another material. We didn’t have their
money, let alone their heritage. I went
to the back of the room and rewrote my
entire presentation.

On a visit to Bell Labs, where Souza conducted postdoctoral research in 2019

And what did you say?
Our one distinction is the model we follow. Our research center follows the Bell
Labs model. I showed them this TRL
[Technology Readiness Level] curve.
TRLs range from 1 to 9. Levels 1 to 3
refer to basic research; levels 3 to 5 are
applied research; levels 5 to 6 are development; and levels 7 to 9 refer to market
use. Universities usually go up to 3. Our
mission at MackGraphe is to convert
scientific knowledge into wealth for society at levels ranging from 1 to 5. The
core of TRL is development-centered;
it’s what we call the valley of death,
where resources run out and ideas die.
The mission of our research center is
to reduce the valley of death. We want
to get as close to development as possible, and this is what makes us different from other research centers. This
approach has to do with my experience
in the United States.
What did you learn at Bell Labs?
Everything I know. It used to be the
mecca of solid-state physics. It’s where
the transistor, the mobile phone, satellite communication, the laser, and the
solar cell were all invented. In three
years, I worked with fiber optic lasers,
solid-state lasers, and something called
SEED—self-electro-optic effect device. I
built artificial retinas. Bell Labs had one
principle: “keep it simple.” You have to

strive to be the best in the world, no matter what. Interestingly, the principles of
the education my mother gave me were
very similar: study, work hard, believe
in yourself. In the United States, I never looked down on myself. I just didn’t
know who I really was.
What do you mean?
I had no idea how good my work and
training had been. I arrived on a Saturday. On Sunday, Mohammed Islam, who
would be my boss and who is now with
the University of Michigan, asked me,
“Do you want to visit Bell Labs today?”
I was impressed with its structure. He
turned on a laser to show me. It was a
fiber optic laser; I had already put together several of those. When he looked
at the light pulse on the device, he didn’t
seem pleased, so I asked if I could tinker
with it. I was able to adjust it in 20 minutes, lowering the pulse frequency from
1,600 femtoseconds to 250 femtoseconds [each femtosecond is equivalent to
10-15 seconds]. He said, “I’ve been trying
to do that for three months.” The next
day, he invited Roger Stolen, Linn Mollenauer, David Miller, and the legendary James Gordon [1928–2013], authors
of articles that taught me everything I
knew, to have lunch with me; I couldn’t
bring myself to say a single word. I returned there last January with my three
children and showed them the Holmdel
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facilities and the restaurant I used to
frequent, the Jerusalem Pizza. The owner still remembered me; I was the only
black man that frequented the place.
What are the great works of MackGraphe?
There is the most talked about and most
important work. Graphene is the best
two-dimensional material, but there are
over a thousand. Here, we work with
about 10 or 12, one of which is black
phosphorus. In 2016, we demonstrated
that the properties of black phosphorus
could vary according to the movements
of the atomic structure. It has been our
most cited work so far. Because as a scientist I value practical application, I believe the most important research is on
graphene in the production of shortpulse lasers; in this field, our group is at
the forefront worldwide. The lasers are
ready to enter the development phase;
we now need to develop a prototype,
write a business plan, and introduce it to
the world. The success of this research
center will be measured by the sale of
products that have somehow resulted
from the research done here.
How are relationships with business
going?
They are challenging, but should improve. In June, some people from FIESP
were at Queen Elizabeth’s birthday party at the British Consulate. I attended
too, and one of the directors, Eduardo Giacomazzi, asked me to direct the
nanotechnology department. The first
event we organized was a nanotechnology forum, with Kostya, last September.
My next mission is to map nanotechnology companies, which are spread across
multiple industries, and bring them closer to university institutions to improve

the process of converting research into
emerging technology products.
How were you received at FIESP?
The only reason I’m with FIESP is the
fact that I have owned a nanotechnology
company for over a year. I created it after
coordinating a debate at a forum in China
with other international participants in
September 2018. The goal was to analyze
the situation of graphene companies in
China. There were 5,000 listed in three
areas: those that produce graphene, those
that produce equipment for the graphene
sector, and those that develop applications for graphene. Most were ineffective: they had no employees, no address,
and no product. Out of those 5,000, only
20% were really consistent. Let’s assume
that only 10% of companies are worthwhile: Then we are talking about 500
companies. Do you have any idea how
many researchers work with graphene
in Brazil, including undergraduate students? Less than 500. When I saw this, I
called a FIESP vice president and friend
of mine, Rafael Cervone Netto, and told
him a tsunami was coming from China
and that FIESP needed to do something.
He spoke with another vice president,
José Ricardo Roriz, and we organized a
closed seminar with Geim for about 10
entrepreneurs invited by FIESP. We have
to react while there is still time. The issue
is that Brazil is used to chasing technological revolutions, but not to being in
or near their center. There is less risk in
buying something that has already been
tested, but the price is higher, and leadership is out of reach. China threw piles
of money into developing the graphene
industry; now, it’s in the lead.
Are there no companies producing graphene in Brazil?

Very few. At a conference in Rio de Janeiro the other day, some companies
from Minas Gerais showed up. There are
two projects there: MG Grafeno, by CODEMIG [Economic Development Company of Minas Gerais], which is able to
produce 100 kilograms (kg) of graphene
per year, and CTNano [Center for Nanomaterials and Graphene Technology], at
UFMG, which began before our research
center and recently inaugurated its own
building, with money from Petrobras and
BNDES [Brazilian Development Bank].
Undoubtedly, the UFMG group, led by
Marcos Pimenta, produces the best science in graphene and carbon nanomaterials in Brazil. We’ve found a loophole
here and have been exploiting it. Without basic research, we will not be able to
train people to turn ideas into products.
There may be some industries that don’t
require basic research, because someone
has already done it and it’s possible to
buy, but that model cannot be replicated.
It’s been six years since you created the
research center. Have you been able to
deliver what you promised?
We’ve published almost three times
more scientific articles than we had
promised, in journals with an average
impact factor of around 6. We trained
112 people instead of 90. However, we
did not reach the projected number of
PhD graduates: we promised 10 and only
eight graduated. We’ve created two startups, Autoscience Technologies and Nano
Up, which are located on the sixth floor,
which is dedicated to new companies.
Most of the rooms are still empty.
Do you produce graphene?
Of course! We became self-sufficient
after the project’s first phase, during
which we first brought samples from
Singapore and learned how to make it;
then in the second phase, when we had
already learned the process, we began
exchanging samples with them. We can
produce graphene using adhesive tape,
as Geim and Kostya did, through liquid
and chemical exfoliation of graphite,
or by artificially growing crystals on a
copper surface.

In a 1,000 °C oven, carbon
atoms form graphene
crystals on a copper foil
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What is your view on minority policies
and affirmative action at universities?
I shouldn’t be taken as an example because even though I come from a black
family, we have always been community leaders. My father was in the railway business and was very influential
in my hometown, Bom Jesus do Galho,
in Minas Gerais—whose population is
around 6,000. I had an excellent education. Neither I nor anyone in my family
have any remaining baggage regarding
slavery or an inferiority complex. But
when I look at Brazil and the rest of the
world, I notice that minority policies are
still necessary—and they are temporary:
the children of those benefitted by such
policies already have access to a different education and no longer need them.
If you walk down the street at night and
see two white men and two black men,
it’s the two black men you’ll fear most—
even I would fear the black men in that
scenario, despite being black myself, because statistics crystallize negative images associated with either group. We are
stigmatized. And there is only one way to
change that: studying more and working
to increase the economic power of black
people. In one or two generations, we
will have a fairer distribution of income.
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Have you ever faced discrimination
yourself ?
Never in other countries, but here I have.
In 2002, as I was returning from a trip
to the United States as a visiting professor in Rochester, my wife picked me
up at the airport, and we went to lunch
together. We went into the restaurant,
and a man at another table kept looking
at me strangely, as though I wasn’t supposed to be there. I took a couple of steps
back and asked him, “Are you alright?
Do you know me?” He was alarmed;
he wasn’t expecting it, because most of
them are cowards—and I, being so large
and having such a booming voice... He
cowered. Brazilian universities are not
racist, but sometimes there are people
who cannot accept that someone like
me has achieved what I have.
How do you reconcile physics and your
music career?
I divide my time as best I can. Music
has been a part of my life since I went
to Escola Técnica Federal de Ouro Preto
[Ouro Preto Federal Technical School].

Parallel to his career in
Physics, Souza performs
in recitals and operas
as an opera singer

I was a troubled teenager. My voice was
very deep; everyone could sing popular music except me. I could only sing
songs by Nelson Gonçalves [1919–1998],
who also had a deep voice. There was a
soap opera being aired at the time called
Cabocla, which featured a song of his.
I was singing, “Cabocla, seu olhar está
me dizendo…” in my dormitory when the
opera singer Amin Feres [1934–2006],
the most well-known bass in Brazil, who
was walking down the street outside,
heard me. He came in and asked me
to sing in his choir, which was at my
school, but I had no idea. There, I discovered songs specifically written for
my voice. It was wonderful. I joined the
choir and became a soloist. Two years
later, I got a scholarship to study voice
in Karlsruhe, Germany—but I didn’t go,
because I thought having a career in
music was outside of my reality. Many
years later, at Bell Labs, I had a chance
to audition at the Metropolitan, thanks
to my voice coach, Jerome Hines [1921–
2003]. Again I didn’t go. Having two professions was very difficult in the United
States. I can’t choose between physics
and music. I need both to live. When my
parents separated and my family’s situ-

ation deteriorated, I made money as a
musician to be able to study physics. I
conducted the São Carlos USP choir and
the Lápis John Faber choir, and I taught
vocal technique for the UFSCar [Federal
University of São Carlos] choir. Once
a week, I went to UNICAMP to study
voice under Niza de Castro Tank, the
greatest opera singer in Brazil. When I
went to graduate school at UNICAMP,
I won a scholarship and got to conduct
the choir at PUC [Pontifical Catholic
University] Campinas. I have a singing
career. I have sung a few operas with
OSESP [São Paulo Symphony Orchestra],
such as Carlos Gomes’s [1836–1896] O
guarani, at the opening of the 1996 Winter Festival in Campos do Jordão. The
last rehearsal attended by the great conductor Eleazar de Carvalho [1912–1996]
was for this opera, and I was part of it.
As I was singing O Dio degli Aimorè, he
started feeling ill, interrupted the rehearsal, left, and never came back. The
opera was then conducted by Diogo Pacheco. I slowed down a little because of
the research center; my last concert was
in Barcelona, in 2017. But I’ll have another one in November, with pianist José
Mauro Peixoto, at the São Paulo Country
Club, where I will get to sing with my
wife, soprano Elisabeth Ratzersdorf. It
is being organized by Russian violinist
Svetlana Tereshkova. n
See photographs of the graphene production process at
http://bit.ly/g284Grafeno
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CHANGE
with

stability

Report highlights the 2018 investments
of FAPESP both in research in collaboration
with businesses and in the international
recognition of science produced in São Paulo

I

n 2018 , FA PE SP i nve s t e d R $
1,216,750,480 in 24,720 research
projects spread across all areas of
knowledge. The amount was 15%
higher than it was in 2017, in nominal
values, and 6% higher when considering
inflation—which breaks the downward
trend in investment that began in the
mid-2010s as a result of the economic
slowdown. The Foundation’s budget
is comprised of 1% of the tax revenue
of the state of São Paulo, passed on by
the Treasury, as determined by the
São Paulo Constitution of 1989, and of
funds from agreements with institutions
and businesses to jointly fund research.
The audit report can be found in the
Relatório de Atividades FAPESP 2018
(FAPESP 2018 Activities Report), released in August, which is available in
full at fapesp.br/publicacoes. The website also provides annual summaries of
the Foundation’s work since 1962, the
year in which its activities began.
“The year 2018 has been one of major political changes in the country and
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of expectations for the future of higher education, science, and technology,”
said FAPESP President Marco Antonio
Zago in the opening of the report. “In
this scenario, FAPESP has maintained
its strong presence, marked by stability,
a growing presence within the São Paulo
science and technology system, and increased visibility at home and abroad.”
Among the initiatives that stood out, one
example was Young Researchers Award
– Phase 2, which aims at consolidating
high-impact lines of research created by
scientists who benefited from the Jovens
Pesquisadores em Centros Emergentes
(Young Researchers in Emerging Centers) program. Created in 1995, the program seeks to attract young PhD holders
from Brazil and other countries to lead
research groups. Approximately 1,600 researchers have already been considered;
there are 227 ongoing projects in Phase 1
and 36 in Phase 2. Last year, R$59.6 million was invested in the program.
In 2018, 77 Thematic Projects were
funded. This category supports research

projects with bold objectives, developed
by general research teams from various
institutions, and for a period of up to
five years. The investment in Thematic
Projects in 2018 totaled R$247.4 million.
There are currently 418 Thematic Projects in progress.
There has also been the restoration—
after an evaluation by an international
committee—of the 17 Research, Innovation and Dissemination Centers (RIDC),
which are networks of researchers dedicated to topics that are on the frontier
of knowledge and impact society the
most; these centers can be supported
for up to 11 years.
New to the 2018 report was the presentation of investments made by the
Foundation under six different funding strategies. The Research for the
Advancement of Knowledge category,
which ranges from short-term projects
to more ambitious ones such as Thematic Projects and RIDC projects, accounted for 51% of the disbursements:
more than 5,000 grants were given in
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International Research
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this category. Another 24% was invested in human resources education for
science and technology: FAPESP allocated R$293 million to 10,222 grants in
Brazil and abroad, offering 4,386 new
grants. Ten percent of the proceeds went
to supporting research infrastructure
through equipment purchase or repair,
among other necessities. The Research
for Innovation category, which encompasses projects in collaboration with
businesses, accounted for 9.5% of the
disbursements. One of the highlights
was the approval of 270 new projects
under the Research for Innovation in
Small Businesses, RISB (PIPE, in the
portuguese acronym). Finally, 4.5% went
to research on strategic topics, such as
climate change, bioenergy, biodiversity,
and eScience; the remaining 1% was invested in research dissemination, mapping, and evaluation.
In terms of how the resources were
distributed by field of knowledge, the
2018 data remain the same as those from
previous years: the life sciences accounted for 47% of the disbursements; the
exact sciences, Earth sciences, and engineering accounted for 33%; and the
humanities and social sciences accounted for 9%. The remaining 11% were allocated to interdisciplinary research.
When the institutional links of funded
researchers are analyzed, the University
20 z MARCH 2020

The ability to
attract
postdoctoral grant
beneficiaries from
abroad is an
indicator of the
competitiveness
of São Paulo
research groups
in many fields
of knowledge

of São Paulo (USP) once again occupies
first place, having received 43.2% of the
resources, followed by the University
of Campinas (UNICAMP), with 14.8%.
Federal research institutions in the state
of São Paulo came in third place, with
12.5%, and São Paulo State University
(UNESP) held fourth place, with 11.2%.
In 2018, five new Centros de Pesquisa
em Engenharia (Engineering Research

Centers—CPE) were set up in cooperation with universities and businesses;
four of the centers collaborated with
Shell to develop innovation in the field
of new energies, and one collaborated with the Brazilian Agricultural Research Corporation (EMBRAPA), the
Genomics for Climate Change Research
Center. In these centers, every R$1 invested by FAPESP is matched by another R$1 from the business in question
and R$2 from the university or research
institute that houses the center. “The
Engineering Research Centers elevate
the boldness of collaborative research
between universities and companies
and mobilize academic and business
researchers around major challenges,”
explains FAPESP Scientific Director
Carlos Henrique de Brito Cruz.
The four centers working with Shell
should receive up to R$34.7 million
from the company. FAPESP has allocated them R$23.1 million, while R$53
million will come from partner universities and research institutes in the form
of salaries for researchers and support
staff, infrastructure, and facilities. Two
of the centers involve a collaboration
with UNICAMP: one for the study of
dense energy carriers, with the university’s Institute of Chemistry, and one
for advanced energy storage, with the
School of Chemical Engineering. The

Innovation research
Disbursement of Business Partnership Research programs in 2018 and
number of projects by area of knowledge
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center for computational science of materials is based at the USP Institute of
Chemistry in São Carlos, while the Institute for Energy and Nuclear Research
(IPEN) houses the center dedicated to
developing sustainable routes for methane conversion through electrochemical
technologies. “Renewable energy production could triple by 2050,” explained
Dutch geologist Joep Huijsmans, leader of Shell’s new energy research and
technology division, at the launch of the
centers. “In any case, we will still need
large quantities of oil and gas to supply the full range of energy products the
world needs.” Since 2015, FAPESP and
Shell have shared a Gas Innovation CPE
based at the Polytechnic School of USP.
In the case of the EMBRAPA and
UNICAMP center, the goal is to generate innovations that increase the resistance of plants to drought and heat and
to transfer technologies to the productive sector using tools such as genetic
engineering and genome editing. The investment from EMBRAPA should reach
R$32.9 million, which will be matched
by R$25.2 million from FAPESP and
R$44.7 million from UNICAMP. In
2018, FAPESP invested R$12 million to
support the 10 centers. In addition to
Shell and EMBRAPA, there are centers
in partnership with GlaxoSmithKline
(GSK), Natura, and Peugeot Citroën.

90

Three other CPEs were being negotiated with Equinor, Koppert, and Grupo
São Martinho and were launched in 2019.
FAPESP has allocated R$216.6 million
to collaborative research. To stimulate
international cooperation, the Foundation invested R$133.7 million, emphasizing the categories of Research Internships Abroad (BEPE), which range
from scientific initiation to postdoctoral
grants, and Research Fellowships Abroad
(BPE), which are accessible to researchers who have already finished their education, including senior researchers.
EXACT AND EARTH SCIENCES

There was an increase in the number of
postdoctoral grants awarded to foreigners in 2018. They totaled 131, making
up 18.8% of the 694 grants of this type
that were awarded—the highest amount
in the last four years. The ability to attract scientists from abroad is an indicator of the competitiveness of research
groups. The exact and Earth sciences
stood out. Of the 182 postdoctoral grants
in the country awarded in this area, 59
grants—or 32%—were for researchers
who obtained their undergraduate degrees abroad. In 2007, this rate was 16%.
Engineering comes in next, with 27% of
all postdoctoral grants awarded to foreigners. The humanities and interdisciplinary areas had 21% each; the applied

SOURCE 2018 FAPESP ACTIVITIES REPORT

social sciences had 14%; the health sciences and linguistics, languages, and arts
had 13% each; the biological sciences had
9%; and the agricultural sciences had 7%.
One of the strategies used by FAPESP
to attract talent from abroad is the São
Paulo School of Advanced Science (ESPCA) program, which helps implement
short courses on advanced topics in São
Paulo institutions. They are meant for
undergraduate and graduate students,
as well as young PhD holders—at least
half of whom need to be recruited from
abroad. One of the goals is to show students and researchers from abroad the
research opportunities in São Paulo and
attract the best talent. In 2018, 13 ESPCAs
were held: seven at USP, three at UNICAMP, one at Mackenzie Presbyterian
University, one at the Institute for Energy and Nuclear Research (IPEN), and
one at the Brazilian Center for Analysis
and Planning (CEBRAP).
FAPESP’s activities in 2018 were
supported by more than 9,000 opinion-givers and scientific advisors, who
analyzed the merits of 19,724 projects.
These professionals issued 22,162 opinions, which resulted in the decision to
award grants to 10,946 projects during
the year; these added to the 13,774 projects that had already begun earlier. The
average time for the analysis of each
proposal was 70 days. n
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A place for
girls
in
mathematics
A girls-only competition
seeks to create a
more welcoming
environment for female
talent in the subject
Olga de Mello
PUBLISHED IN AUGUST 2019

22 z AGOSTO DE 2019

T

he Institute for Pure and Applied Mathematics (IMPA)
is organizing a Mathematical
Olympiad contest exclusively
for female participants in the second
semester. Three hundred students in
the 8th and 9th grades and in the three
high school grades, from every state
in Brazil, will be invited to compete in
the contest, called Girls in Mathematics Tournament (TM2). They are being
recruited for their good performance at
the 2018 Brazilian Mathematical Olympiads for Public Schools (OBMEP) and
the 2018 Brazilian Mathematical Olympiad (OBM), which mobilize 18 million
students from over 50,000 educational
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institutions and are organized by IMPA
and the Brazilian Mathematical Society.
"The tournament aims to reach girls
from all over the country and be an additional incentive for those interested in the
subject," explains IMPA Director-General Marcelo Viana. One of the goals of the
initiative is to try to prevent the waning of
girls' interest in mathematics throughout
their school life, as is the case today in
Brazil. At the 2018 OBMEP, for example,
only 30% of the medalists in elementary
school were female, and the proportion
was even lower—at approximately 20%—
among high school participants.
However, the overarching goal is
broader: It is about creating a more welcoming environment and network for
math-loving female students, far from
the stereotypes that, both in school and
in society at large, attribute to women a
natural ineptitude in the subject—which
explains the huge predominance of men
among the field’s professionals and researchers. "It is not our intention to use
knowledge to separate women and men
but to create a stimulating environment
for women, as the disparity in the area
leads them to become discouraged and
pursue other fields," says Viana.
Data from the Educational, Scientific
and Cultural Organization (UNESCO)

The Brazilian team
at the Girls’
Olympiad in Kiev:
first-time gold medal

indicate a male prevalence of 65% in
science, technology, engineering, and
mathematics (STEM) fields. In the field
of mathematics, the problem is particularly pronounced. For a recent example,
there were only 60 women among the
594 students from over 100 countries
who participated in the 2018 International Mathematical Olympiad held in
Romania. Since 1936, the International
Mathematical Union has awarded the
Fields Medal every four years to up to
four mathematicians under 40 years
old whose contributions to the subject
have been deemed outstanding. Only
one woman, Iranian American Maryam
Mirzakhani (1977–2017), was among

the 60 medal winners in 2014. She was
barely able to accept the award in person, as she was being treated for the
cancer that would kill her three years
later. The contrast is stark even at IMPA, where out of 48 researchers, only
one is a woman: Carolina Araújo, an
algebraic geometry specialist with a
PhD from Princeton University in the
United States.
The group that will represent Brazil
at the 9th European Girls' Mathematical Olympiad (EGMO), which will take
place in the Netherlands in April 2020,
will be chosen from among the medalists of the Girls in Mathematics Tournament. EGMO was established in 2012
with the intention of creating a separate track for girls who are interested
in math. IMPA organized Brazil's participation at EGMO for the last three
years and was in charge of preparing the
student delegations. In the 8th year, held
last April in Kiev, Ukraine, Brazil won
an unprecedented gold medal as well as
two bronze medals. The team was made
up of Mariana Bigolin Groff, 17, from
Frederico Westphalen (Rio Grande do
Sul); Ana Beatriz Studart, also 17, from
Fortaleza (Ceará); Bruna Nakamura, 16,
from Indaiatuba (São Paulo); and Maria
Clara de Lacerda Werneck, 17, from Rio
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de Janeiro. Overall, Brazil ranked 20th
out of 49 countries.
Training for the Girls' Olympiad
is based on the same model as that of
OBM participants: there are face-to-face
meetings with mentors and, above all,
long study and practice sessions. Most
high-performing students, who often
have scholarships, are drawn to schools
with activities geared toward these competitions. For girls, the preparation is
more thorough. Two young mentors
who graduated recently help encourage the students. "Today, I mentor six
high school girls in preparation for the
Olympiad. Even from a distance, I have
regular conversations with all of them,
both as a group and individually. The
focus is on keeping them excited," says
26-year-old computer scientist Deborah
Alves, one of the leaders of the team that
won in Ukraine. After spending five years
in the United States, where she studied
mathematics and computer science at
Harvard University and worked for a
tech company, Alves returned to Brazil
in 2017 and helped create a startup that
connects family doctors with companies that wish to provide health care to
employees but do not offer health plans.
"There are already few girls in the first
Olympiad cycles and in the training sessions offered by OBM, and the number is
likely to decrease further in subsequent
cycles. They end up feeling lonely and
inferior," shares Rio de Janeiro mathematician Luize D'Urso, 22, who also
mentored the Brazilian team at EGMO.
"So we make an effort to video call them
often in order to encourage them to study
and give them advice. In other words, we
treat them in a more personalized and
motivational manner." Luize D'Urso's
guidance of the team was backed by her
credentials as a seven-medal winner at
OBMEP at both the elementary and high
school levels, all earned while attending
a military school. D'Urso graduated in
mathematics from the Pontifical Catholic
University of Rio de Janeiro (PUC-Rio)
in 2018; she was the only female freshman in her class. This was no surprise

Luize D'Urso
mentors the girls'
Olympiad team and
has created a project
at PUC-Rio to train
girls from public
schools on Saturdays

1

Even teachers
often fail
to treat boys
and girls
equally, says
mathematician
Luize D'Urso

to D'Urso since, during her training for
OBMEP, she saw many girls drop out of
math courses and training in general due
to lack of encouragement from their families. "Many parents do not like that their
daughters study math at a competitive
level and want them to dedicate more
time to other subjects when they are
about to be admitted into college. Boys,
on the other hand, are more often encouraged to pursue logical thinking and
mathematics. It is a structural problem;
often even teachers cannot treat boys
and girls equally," she claims.
D'Urso is currently pursuing a master's degree at PUC. As an illustration of
how small the world of women in mathematics is, her advisor is Carolina Araújo, the only female researcher at IMPA.
D'Urso is also leading a project called

Math for Girls, which recruits elementary and high school female students from
Rio and teaches them logic on Saturday
afternoons in a room provided by PUC.
"We are missing out on a lot of girls who
could contribute to our team at the International Mathematical Olympiad and
even to science in general. Participating in competitions encourages them
to pursue careers in the fields of exact
sciences, math, physics, or engineering,"
explains D'Urso.
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he unprecedented gold medal at
EGMO in Kiev was an achievement by Rio Grande do Sul's Mariana Bigolin Groff, 17. A winner of six
medals at OBMEP, she left the small
town of Frederico Westphalen, on the
border of Santa Catarina, to live in three
capitals in as many years—Porto Alegre,
São Paulo, and Fortaleza—so that she
could attend schools that offered her
scholarships. Today, she goes to Colégio Farias Brito, in the capital of Ceará,
which provides housing and food for
her and other scholarship beneficiaries.
Currently, Groff feels fine about living
far from her family. However, four years
ago, when she left Porto Alegre to live
in São Paulo, she missed them so much
that she returned to Frederico Westphalen. "I was very young, and after a
year, I wanted to go home. The experience pays off, but it requires maturity,"
says Groff, whose journey began in the
7th grade, when she first competed at
OBMEP. At EGMO, she won bronze and

We cannot
accept the
archaic culture
that segregates
women in the
exact sciences,
says Marcelo
Viana of IMPA

silver medals in 2017 and 2018, respectively. Her gold medal in Kiev marked
the end of her Olympiad participation
in high school.
Groff shares that she felt intimidated when participating in mixed Olympiad training. "I was the only girl in a
35-student preparatory class for OBM.
Sometimes the boys would meet in a
hotel room to play, and I didn't want
to go. I didn't feel welcome, and I wondered if I really should be there." Joining
the all-female group that competed at
EGMO made her feel more comfortable.

OBMEP medal award
ceremony in July 2019:
Girls took home only
22% of the gold medals
2

"We saw that we were not alone and became more confident that we belonged
there too," she explains. For the future,
she intends to go to college in the United
States, but she hasn't chosen her major
yet. "In the American university system,
undergraduate students first take a common core of generic subjects. You don't
have to go already knowing what you
are going to study," she says.
Ceará native Ana Beatriz de Castro
Studart, 17, brought home a bronze medal from the Kiev EGMO after having won
a silver medal in 2018. While attending
the 6th grade at Colégio Militar de Fortaleza, she began participating in math,
physics, and robotics competitions. The
following year, she represented Brazil
at the Rioplatense Mathematical Olympiad, which brings together students
from various Latin American countries
in Argentina. Later, she was offered a
scholarship at Colégio Farias Brito, the
same school that Mariana Groff attends.
The institution, located in Fortaleza,
is known for investing in preparation
for exact science olympiads. Some of
Studart's friends told her that it was better to not try at all than to make mistakes. When the opportunity arose to
compete at EGMO, she wondered at first
whether she should do it. "I wasn't sure
if I wanted to participate in a gender-divided Olympiad because at the time I
still didn't understand how important
that is." She plans to study abroad: "I
have a specific interest in mathematics
applied to biological research, so I'd like
to get deeper into that."
Marcelo Viana, of IMPA, clarifies that
while the effort to include more women
in international competitions does seek
to diversify the area of mathematics and
encourage talents that could help the
country's development, those are not the
only reasons. "We do not want to prioritize mathematics over human or biological sciences. Philosophy, sociology,
biology, history, and other such sciences
are essential for the country's growth
and for the education of our citizens,"
says Viana. "But we cannot accept that
an archaic, sexist culture continues to
segregate women from the exact sciences and mathematics in particular. It
is very difficult to erase the sociocultural
factors that foster this phenomenon, but
it is our obligation to fight against this
disparity," he adds. n
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Increasing research

VISIBILITY
Universities are encouraging
researchers to store copies of
their articles in institutional
repositories available to the public
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nstitutional repositories—large digital archives used for storing and disseminating the research output of
a university—are beginning to gain
traction in Brazil. São Paulo State University (UNESP), for example, set up a
repository in 2013 that currently holds
archived copies of 39,800 open-access
articles (40% from research projects
receiving FAPESP funding) and 37,000
restricted-access papers. Flavia Bastos,
who manages the libraries and repository at UNESP, says the institution’s efforts
are starting to pay off. “Our research is
now more visible, and repository articles
are now easier to locate using search
engines like Google,” she says.
UNESP has created a system for automatically harvesting and archiving
researchers’ articles after confirming authorship. “We also check for journal restrictions and make sure archived copies
are compliant with those restrictions,”
she notes, referring to UNESP’s use of
the Sherpa/RoMEO website (www.sher26 z MARCH 2020

pa.ac.uk/romeo/index.php)—a service
that shows the open-access and self-archiving policies of journals and publishers. The university is currently developing the functionality to archive preprints
and raw research data.
The University of Campinas (UNICAMP) has amassed more than 155,000
documents in its institutional repository
since 2015 and has logged approximately
7.8 million downloads in that time, including 1.4 million downloads by foreign
users. “We have also created a Journal
Portal at the UNICAMP that provides
a one-stop, open-access source for the
university’s full suite of publications,”
says Valeria Martins, who manages the
library system.
The Federal University of São Paulo
(UNIFESP), which has scholarly articles
spanning five years in its repository, is
launching a new strategy to expand its
current collection of 24,500 open-access
articles (of which 21% were produced
as part of FAPESP-funded research pro-

grams), 11,000 master’s dissertations,
and 7,000 doctoral theses. Within the
year, researchers will be given the option to deposit documents into the repository themselves; currently, items are
automatically harvested and archived.
“Repositories are an important platform
for faculty to showcase their work and
for universities to report their research,”
says Maria Eduarda dos Santos Puga,
who oversees the library network at
the UNIFESP.
Large universities maintain well-organized repositories that play an important
role in centralizing and disseminating
their scholarly output and storing their
research data. The University of São
Paulo (USP) has recently introduced incentives for researchers to archive copies of the articles and documents they
author in a repository operated by the
USP Agency for Academic Information
Management. The goal is to make the
knowledge generated by the university
freely accessible on the web. Jackson

ILLUSTRATION ANITA PRADES

Bittencourt, the agency’s technical director and a researcher at the Institute of
Biomedical Sciences (ICB), says the initiative will support researchers in making their articles promptly available for
download, preferably immediately after
publication. Such rapid publication is
often prevented by some journals’ embargo policies. “We want USP researchers to become more familiar with open
access,” says Bittencourt.
The USP has 20% of its available
research archived in an institutional
repository, where users have access
to 32,000 theses and 47,000 dissertations. Many of the articles authored by
researchers affiliated with the institution are published in a collection of 183
journals produced by USP institutes and
schools, containing 90,000 open-access
papers. However, the university’s openaccess policy is fairly recent, and only
41,600 papers by USP authors that have
been published in other journals are
currently available in the repository.

The institution hopes to expand its collection of deposited articles through a
hassle-free process for authors. “If a researcher indicates that a paper has been
published, we will have digital functionality in place to automatically obtain and
archive a copy,” says Bittencourt.
OPEN ACCESS ROUTES

Creating repositories is among the avenues available in the open-access movement, an effort to provide free online access to scholarly publications. Open access has two primary pathways. The first
is the gold road, in which publishers provide access to articles as soon as they are
published, at no cost to readers; in most
cases, the costs are defrayed through
article processing charges (APCs) paid
by either the researchers themselves or
agencies/universities. Most open-access
journals in Brazil do not charge APCs.
The second pathway is the green route,
in which researchers self-archive a copy of an article originally published in a

closed journal—either the final, reviewed
manuscript or a preprint. The two pathways are mutually supplementary: an author who cannot afford to publish open
access can choose a closed journal that
permits the depositing of his/her paper
in a repository, making it open access.
The gold route has gained momentum
in recent years as publishers increasingly incorporate this pathway into their
business models. “The green pathway is
very much dependent on public and institutional policies putting pressure on
researchers to self-archive their work,”
says Abel Packer, head of the open-access journal library SciELO Brasil. The
use of repositories has seen global expansion in recent years, driven by a
move by funding agencies, such as the
National Institutes of Health in the US,
to require researchers who receive funding to deposit copies of the articles they
publish into a repository. “The move has
in some cases been met with resistance
from researchers, who choose to publish
in open-access journals, fearing that citations to articles deposited in repositories will not be aggregated into official
statistics. This can be avoided by including a reference to the final version of
the published article in the manuscript
available in the repository,” says Packer.
FAPESP has recently updated its
open-access policy to require authors
of research papers deriving from Foundation-funded projects and grants to
either publish them in open-access
journals or allow them to be archived
in a public repository. The policy puts
no constraints on researchers’ freedom
to publish in a journal of their choice,
nor does it require publication in openaccess journals, with or without APCs.
Authors who choose to deposit their articles in an institutional repository must
do so as soon as the paper is accepted for
publication or as otherwise permitted by
each journal’s restrictions. “We recommend that university libraries instruct
authors to notify them by digital means
whenever a paper is submitted and to
promptly submit a copy of the preprint
or postprint along with bibliographic details,” the Foundation's scientific director, Carlos Henrique de Brito Cruz, told
Agência FAPESP. “The library handles
the process from there, depositing the
version permitted by the publishers into
the repository.” n
Fabrício Marques
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Tools for

planning
the future
Stable funding at state universities in
São Paulo has allowed for continual
education about financial management
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tate universities in São Paulo gained financial autonomy in 1989, which forced them to find their own solutions for managing their funding resources but ensured
that they still had the freedom to propose innovative
approaches to doing so. The first years of autonomy
were tumultuous. The country’s economic situation, with its
inflationary surges and sudden fluctuations in growth rates, led
to instability in the universities’ portion of revenues collected
through the sales and services tax (ICMS). This percentage was
determined by a statute signed by governor Orestes Quércia in
February 1989.
Engineer Roberto Leal Lobo, dean of the University of São
Paulo (USP) from 1990 to 1993, recalls difficulties paying salaries on time. “On several occasions, the Treasury failed to make
the agreed transfers of funds and would pay out only what was
necessary to avoid further delaying salaries, and then settle the
difference later,” recalls Lobo. At other times, the USP had to
resort to bridge loans at the state banks Caixa Econômica Estadual or Banco do Estado de São Paulo (Banespa) to honor its
payroll. The financial institutions advanced the money with the
expectation that the federal funds transfer would soon follow.
Joaquim J. de Camargo Engler, a professor at the Luiz de Queiroz
College of Agriculture (ESALQ) and the USP coordinator of general administration under Lobo’s management, says that he was

The evolution of ICMS and university spending
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personally responsible for repaying the loans to the
Caixa Econômica Estadual bank.
USP received some relief when then-governor
Luiz Antonio Fleury Filho agreed to sign onto a
US$165-million installment loan granted to the
university in the late 1980s by the Inter-American
Development Bank (IDB), which was used for research programs, equipment purchases, and building construction.
At this time, innovative ideas also emerged to
streamline expenditures. Chief among them, Dean
Lobo recalls, was the creation of a “currency” within USP, based on the portion of the ICMS tax revenues that had been allocated to each university
over previous years. “Since inflation was high, we
didn’t talk in terms of money. Instead, each director
worked with his portion of the ICMS. We created
a system whereby, if funds weren’t spent for one
month, the director maintained a credit tied to his
portion and could request the money in inflationadjusted amounts when needed.” This measure, in
Lobo’s view, had a noticeable effect on planning.
“There was a habit of spending money quickly before it lost value or out of fear of funding being cut.
With this ‘currency,’ the directors could save up, in
order to invest in the equipment they needed, with
guarantees that funds were being reserved. And it
helped each dean’s office administrate its accounts,
by investing the money left over and receiving better rates than inflation.”
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Salary
competitiveness
and wage ceilings
Financial autonomy allowed the state universities of
São Paulo to adopt human resource policies different
from those in operation in other civil service areas.
One example of this took place in the early 1990s,
when USP’s University Council approved the hiring of
foreign professors, even though the Constitution only
allowed native or naturalized Brazilians to hold public
positions. The case was taken to the Federal Supreme
Court, and the judges’ conclusion was that autonomy
permitted such hires. “Today, any foreign teacher can
apply to teach at public universities, and not just at
USP,” says physicist José Roberto Drugowich.
However, there are bureaucratic strings that even
autonomy cannot unravel. Though universities were
able to create their own career paths, they had to
respect a salary cap for educators, which could not
exceed the R$22,300 salary of the state governor. As
the chief executive’s salary has been raised less than
inflation over the past 10 years, earnings at the top of
the professorial ladder have plateaued. Another
problem is that the salaries at state universities have
become less competitive than those at federal
universities, where salary limits are tied to the
earnings of Supreme Court judges, currently at
R$39,200 per month.
For Elizabeth Balbachevsky, a professor at the
Department of Political Science at USP’s School of
Philosophy, Languages and Literature, and Human
Sciences and a specialist in the academic profession,
the mismatch in salary caps has no impact on
attracting talent to São Paulo universities. “Those
who want to pursue careers at USP, UNICAMP, and
UNESP aren’t generally concerned only with the
salary issue. They are educators interested in doing
research, and São Paulo offers them much more
robust conditions than in other states, thanks to the
presence of FAPESP,” she explains.
Balbachevsky does see other deleterious effects,
however. Because of advancement through
competitive exams, more experienced teachers
sometimes hit the salary ceiling before reaching the
peaks of their careers. As a result, they are less
interested in taking on managerial positions for which
they cannot be paid more. “This is not good for the
university,” she says. “Often the department head is a
young faculty member, who doesn’t have the
leadership experience indispensable to provide
impetus to academic life. This creates a mismatch
between the institutional line of authority and
academic leadership.”

30 z MARCH 2020

The outlook improved when the universities’
percentage of ICMS revenues—initially set at
8.4%—was raised to 9% in 1992, and 9.57% in
1995. Universities have also devised strategies
for dealing with fluctuations in tax revenues. In
the mid-1990s, the University of Campinas (UNICAMP) developed a system for funds management, reevaluating its budget every three months
and creating cost containment measures in case
there were reductions in tax revenue transfers.
The ICMS tax revenue transfers are the main
source of funding for São Paulo universities, but
not the only source. The universities also incorporate resources from research-funding agencies,
agreements with companies, public institutions,
and service providers, among others. UNICAMP,
for example, received tax revenue transfers of
R$2.268 billion from the State Treasury in 2018,
but also raised R$728 million in funding from
other sources and applied R$75 million of its own
revenues. On the list of extra funding sources,
R$220 million came from the Unified Health
System (SUS) to pay for healthcare for people
in the Campinas region at the university’s Hospital de Clínicas. Projects and grants funded by
federal and state agencies resulted in the release
of R$333.4 million in funding in 2018.

B

etween 1995 and 2002, ICMS revenue
amounted to between R$60 and R$70 billion in inflation-adjusted values. But after
2003, accompanying growth in the economy, the
amount of funding increased consistently for ten
consecutive years—in 2014, revenues hit R$117.5
billion. The increase allowed universities to expand their activities. USP created a campus in
the eastern zone of the city of São Paulo in 2005
and merged the Lorena School of Engineering
into the university the following year. In 2008,
UNICAMP opened a campus in Limeira, while
São Paulo State University (UNESP) expanded its
presence to 24 cities, creating experimental campuses in municipalities such as Registro, Itapeva,
São Joao da Boa Vista, Ourinhos and Rosana.
The availability of funds has also allowed reserves to be set aside to balance accounts during times when tax revenues are down. With the
robust growth in revenues and careful spending
policies, the universities’ payroll commitments
as a percentage of overall budgets were soon
some of the lowest in their history. In 2008, they
reached an average of 77.3% for the three institutions, the lowest level since 1989, when the
average was 73.3%. USP, during the time it was
headed by Dean Suely Vilela, managed to reduce
its payroll from 84% of its tax revenue allotment
in 2007 to 76% the following year.
At that time, there was the perception that this
virtuous circle would have a long lifespan, which

Non-ICMS funding sources
University revenues from sources other than State Treasury
tax revenue transfers in 2018 (in %)
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increased pressure to invest the funds that had
been saved. In 2013, the governor of São Paulo,
Geraldo Alckmin, suggested that the universities
use their reserves, which totaled R$6 billion at
the time, to generate more results.
Policies were adopted to increase spending – on
both investments and permanent expenses. A doctoral dissertation defended in 2016 by Alexandre
Hideo Sassaki of the USP School of Economics,
Business, and Accounting addressed the policies
employed by USP from 2010 to 2013, during the
administration of Dean João Grandino Rodas.
Sassaki concluded that the financial deterioration observed during this period, which led the
university to commit its entire Treasury revenue
funds to payroll, was driven by the creation of
new career paths for employees and expanding
the number of those eligible for food aid and meal
vouchers, among other benefits. “The imbalance
was caused by the compound implementation
of spending increases over a short time, without proper evaluation of the combined impact
of such decisions and without proper studies of
their medium- and long-term financial effects,”
Sassaki noted in his thesis.
USP’s conduct was mirrored by other state
universities. “They faced corporate pressures to
increase spending during discussions at CRUESP
(Council of Deans of State Universities in São
Paulo) and eventually gave in to them,” says physicist José Roberto Drugowich, USP professor and
coauthor, with Paulo Muzy, of the book Os desafios da autonomia universitária (The challenges
of university autonomy; Paco Editoria, 2018).
The economic downturn and a sharp drop in
revenue in 2015 produced the biggest financial

crisis in 30 years of financial autonomy, forcing
universities to spend their reserves. USP promoted two voluntary layoff plans to reduce labor expenditures, while UNICAMP and UNESP
froze investments and adopted cost containment
policies. UNESP faced cash-flow difficulties, and
there were delays in paying mandatory year-end
salary bonuses for teachers and staff in 2017 and
2018. Today, one area of vulnerability for both
UNICAMP and UNESP is the growth in spending on inactive, i.e., retired or otherwise pensioned, public servants. At the time autonomy
was achieved in 1989, the two universities had
been established for less than 25 years, and the
spending commitment for pensioned workers
was less than 5% of payroll—today that number
exceeds 30% at both institutions, and continues
to grow. “In 2018, we spent about R$700 million
to cover the shortfall in pension payouts and this
is getting extremely cumbersome for the university to sustain within its budget,” stated UNESP
dean Sandro Valentini.

T

he current dean of UNICAMP, Marcelo
Knobel, says that autonomy was crucial
for universities to find ways out of governance problems. “There were decisions that
put university finances at risk and the result was
a complex crisis that we had to solve,” he said.
“Even during crises, autonomy has shown that
it is possible to overcome difficult times through
internal discussions, planning, and transparency
about what happens here.” In the case of USP, a
resolution approved by the University Council,
under the administration of Dean Marco Antonio Zago, laid the groundwork for ending uncontrolled spending. When staffing costs exceed
80% of ICMS revenue funds, the university will
suspend real salary increases, job creation, and
overtime authorizations, and when costs exceed
85%, the imbalance will have to be reversed during the next two semesters.
For Roberto Leal Lobo, the positive results of
the autonomy of São Paulo’s state universities far
outweigh the setbacks faced: “We’ve produced a
much larger number of theses and articles while
reducing the number of teachers and other staff.
What led to this boost in quality was autonomy.”
In Lobo’s view, one misplaced aspect of autonomy
involves the relationship between universities
and the government. “When I was dean, I suggested to Governor Fleury that we create a goal
plan showing what results society expected from
universities in times of autonomy. I even sent
him a draft of ideas, but there was no interest
in pursuing it further,” he adds. “It’s a mistake
to imagine that universities are capable of responding to all of society’s aspirations without
having a goal.” n
Fabrício Marques
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The race for

excellence
Strong performance in international rankings and
against benchmarks reflects a drive for research
impact at state universities in São Paulo

T

hanks to the financial independence
they were given in 1989, the University of São Paulo (USP), the University
of Campinas (UNICAMP), and São
Paulo State University (UNESP) have
become three of the world’s top higher education and research institutions. A fixed allocation
of state sales tax (ICMS) provided funding for
these universities and supported a 16-fold increase in research output and a 7-fold increase
in doctoral degrees over the space of 30 years.
One result of this investment appeared on July
17 when the British magazine Times Higher Education (THE) published the latest edition of its
World Reputation Rankings, based on a survey
of more than 11,000 researchers and academics
around the world.
USP was the only Brazilian university to rank
among the top 100, sharing the 81st to 90th band
with names such as the University of California
at Santa Barbara, the Free University of Berlin,
and the Hong Kong University of Science and
Technology. Surveyed scholars were asked to
choose what they considered to be the 15 top universities for research and education—and half of
the list is filled with US universities. “Financial
and governance autonomy was a turning point
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for state universities in São Paulo,” says Vahan
Agopyan, dean of USP. “We are able to plan several years into the future, and this has improved
our indicators across the board.” The reputation
ranking is one of several components of THE’s
annual World University Rankings, alongside
indicators for teaching, research, internationalization, innovation, and employability. In this
overall ranking, USP is ranked among the 300
best universities in the world, UNICAMP among
the 500 best, and UNESP among the top 1,000.
Jacques Marcovitch, who served as dean of
USP between 1997 and 2001, says financial independence had a dramatic impact on governance
at the three institutions. “It made university officials more accountable for the future of their
universities, as there would be no one else to
blame but them for any difficulties or challenges
facing their institutions,” he says. They began to
measure their performance, initially using simple
indicators—such as the number of papers published—and more recently metrics that gauge
the scientific, economic, and social impacts of
their research. “Different disciplines initially
attached separate weights to teaching, research,
and extension activities, but later developed common metrics spanning all three dimensions,” says
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Weight of graduate education
Number of PhDs trained at leading universities and percent of enrollment filled by graduate studies in 2017
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Marcovitch, who is leading a project to develop
a system of indicators for the three universities
to measure their impact on development within
the state of São Paulo and countrywide.
International benchmarking can be useful in
revealing strengths and weaknesses and measuring the results of efforts to stay competitive. State
universities in São Paulo perform well on indicators measuring research output and the development of high-caliber professionals, but not as
well in regard to the international impact of their
research—in general, citation counts have grown
at a slower rate than article counts. According
to a report by Clarivate Analytics, between 2011
and 2016, UNICAMP had a citation impact of
0.94, USP 0.93, and UNESP 0.79 — lower than the
world average of 1. “The biggest challenge facing these universities is turning their extremely
high research output into high citation impact
despite the absence of robust government policies
rewarding impact on productivity––policies like
those we see in other countries, such as China,”
says Marcovitch.
This pattern is seen clearly in a ranking produced by the Center for Science and Technology Studies (CWTS) at Leiden University, in
the Netherlands, based on indicators such as

Stanford

57%

Unicamp

39%

Yale

622

MIT

56%

60%

the number of articles published in English and
number of citations. USP achieved the honorable ranking of 8th place in the overall ranking
for total article counts between 2014 and 2017,
ahead of US universities such as Stanford and the
University of California, Los Angeles. However,
on the list that includes only the top articles for
impact—those within the top 10% for citations—
USP drops to 81st place. UNICAMP ranks 183rd
by number of publications and 322nd for articles
among the 10% most frequently cited. UNESP is
listed in 138th place by volume and 353rd for mostcited articles. “The quality of scientific research
in Brazil is heterogeneous, and universities in
São Paulo still have a way to go in internationalizing their research and expanding cross-border
collaborations, although they have all invested
and made progress in this direction,” says José
Augusto Chaves Guimarães, a professor in the
Department of Information Science at the Marília campus of UNESP, who until recently was a
member of the university’s Institutional Committee for Ranking Evaluation.
However, in an internationally competitive
environment, excellence is not enough. Universities need to either equal or outpace their rivals. Unlike in Brazil, central governments in
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Standings in academic rankings
How USP, UNICAMP, and UNESP have performed in recent
editions of international rankings
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many countries invest heavily in select
groups of universities to ensure they
remain world-class. Germany created
an “Excellence Initiative” in 2005 that
encourages institutions to compete for
funding and promotes collaboration.
To date, €4.6 billion has been invested,
and 14 universities have earned elite status, which comes with extra funding. In
2005, there were nine German universities among the top 200 in the World
University Ranking. Today, there are
22. In the 1990s, China created the C9
League, an alliance of nine universities
that account for only 3% of the country’s
researchers but receive 10% of research
funding and produce 20% of the nation’s
publications and 20% of total citations.
Renato Pedrosa, a professor in the
Department of Science and Technology Policy at UNICAMP and head of
the FAPESP Program for State Science,
Technology, and Innovation Indicators,
points to another global trend—the
emergence of smaller institutions that
are strongly oriented toward innovation
and technology—and cites two South Korean universities as examples: the Korea
Advanced Institute of Science and Technology (KAIST), a public institution,
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and its private counterpart, the Pohang
University of Science and Technology
(POSTECH). According to the Academic
Ranking of World Universities (ARWU),
produced by the University of Shanghai, the two Korean institutions were
in the global top 400 in the early 2000s
and now rank between 76th and 100th.
“These universities are fairly young—
they were founded around the same time
our universities gained financial independence—and are extremely dynamic
and focused on international competition. This is visible in the way they have
scaled the international rankings.”
While rankings may be helpful in understanding stakeholder perceptions of
universities, USP dean Vahan Agopyan
believes it would make little sense for
Brazilian universities to devise strategies just for the sake of ranking higher
on these lists. “The salaries our faculty
receive need to be within the ceiling for
government officials, so hiring a Nobel
Prize winner to work at USP—which
would earn us a better standing in the
rankings—is out of the question. And it
wouldn’t make sense either. With that
kind of salary, I can hire 100 talented
young researchers who could help sustain research excellence at our university,” he says.

U
Young,
technology-oriented
universities
have surpassed
Brazilian institutions
in international
rankings

niversities in São Paulo are also
distinguished by the wide array of
disciplines they teach. “It is more
difficult to improve indicators for universities with this profile than it is for,
say, the Karolinska Institute in Sweden,
which is dedicated to, and has gained
international renown for, innovation in
life sciences,” says Aluísio Cotrim Segurado, a professor at the USP School of
Medicine and head of the university’s
Office of Academic Performance Indicators (EGIDA).
USP, UNICAMP, and UNESP perform
better on lists measuring performance
in specific fields of knowledge. In the
ARWU list, USP ranks 151st to 200th overall but is in the global top 50 for disciplines such as food science and technology (8th), dentistry (9th), agriculture (9th),
and biotechnology (36th). UNICAMP
placed 300th in the overall ranking, but
5th for food science and technology and
50th for dentistry, while UNESP performs strongly in agriculture (29th) and
veterinary science (34th).

Fields in which
Brazilian
universities excel
Programs listed among the top 50 in
the 2019 edition of the Academic
Ranking of World Universities of the
University of Shanghai
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The university’s strengths in agricultural science are not surprising. Brazil’s share in global scholarly output is
approximately 2.8% overall but 8% in
agricultural science. “São Paulo’s investment in agricultural science is longstanding and has led to the creation of
institutions such as the Campinas Institute of Agriculture and USP’s Luiz
de Queiroz School of Agriculture,” says
Renato Pedrosa of UNICAMP. “UNESP’s presence in rural parts of the state
is linked to its excellence in veterinary
and crop science,” says José Guimarães.
In the life sciences, dentistry and biotechnology are two fields in which Brazil has also invested and trained a large
contingent of high-caliber researchers. Pedrosa believes the country’s research capabilities have been well targeted to fields in which it has particular
strengths. “Between 2014 and 2018, Brazil published the second-largest number of publications on the Zika virus
and microcephaly, behind only the US,
and many of the papers that were most
highly cited,” he says.
The trio of universities is also known
for its prowess in graduate education. In
2017, USP trained 3,078 PhDs, outperforming the world’s leading research
universities in quantitative terms: Harvard trained 1,528 PhDs that year, while
the University of California at Berkeley trained 1,182. UNESP (1,227 PhDs
in 2017) and UNICAMP (997) have also
performed impressively. “Combined, São
Paulo’s three state universities account
for 40% of Brazil’s doctoral degrees. In
no other country does such a restricted
group of institutions carry this much
weight,” says Pedrosa.

M

ost university research takes
place in postgraduate programs. This helps explain why
researchers from São Paulo’s three state
universities participate in 35% of Brazil’s
scholarly output. USP, UNICAMP, and
UNESP—the mainstays of the graduate
education system created in Brazil in
the 1960s—offer 12% of the country’s
more than 4,000 master’s and doctoral
programs. In a recent program evaluation by the Brazilian Federal Agency
for Support and Evaluation of Graduate Education (CAPES), 465 programs
in Brazil received scores of 6 and 7, the
highest on the scale. Thirty percent of

these programs are offered by state universities in São Paulo.
Pedrosa compared the cost of graduate-intensive education at these universities to 15 world-class universities
where more than 20% of the students
are also in master’s and doctoral programs. The average expenditure per
undergraduate and graduate student
is R$328,000 at Harvard, compared to
just R$53,000 at USP, R$56,000 at UNICAMP, and R$38,900 at UNESP. “The
more graduate-intensive the university,
the higher the cost per student. But São
Paulo’s three state universities are relatively low cost compared to international
benchmarks,” says Pedrosa.
USP, UNICAMP, and UNESP have a
funding model that is unique to them.
“The decision to award a percentage
of state tax revenue came as result of a
culture that worked in the specific context of São Paulo State, but the financial stability it provided is also present
in other major research universities
around the world,” says Agopyan. In
the US, universities are typically funded
by endowments donated by alumni and
corporations, competition for research
funding, and student fees, while public universities often receive funding
that is conditional on meeting specified
targets. The University of California
at Berkeley, a public university, had a
budget of US$2.8 billion for fiscal year
2017–2018, with funding derived from
a variety of sources: 33% from tuition
fees, 14% from state sources, 15% from
funding agencies, 9% from public or
private partnerships, 10% from educational activities, 10% from donations,
5% from investments, and 4% from
other sources.
France passed a law in 2007 that gave
its public universities greater autonomy—they can now own their facilities
and use them as collateral to secure
loans. However, they are required to
meet targets that are measured every
four years, and only institutions meeting those performance requirements
are eligible for extra government funding. Vahan Agopyan believes that insight
from international experience can help
to perfect the funding model at state universities in São Paulo. “We can improve
the system to address governance challenges stemming from fluctuations in
tax revenue.” n
Fabrício Marques
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Fuel for
innovation
Stable funding stimulated São Paulo state universities to
invest in collaborating with the private sector and in signing
technology transfers
PUBLISHED IN SEPTEMBER 2019

T

he last thirty years of financial autonomy at São Paulo’s three state universities parallel a period during which
these schools vigorously protected
the intellectual property generated by
their researchers, increased collaboration with
the industrial sector, and encouraged the formation of technology-based companies. During
the 1980s, research collaborations were already
frequent between business and the University of
São Paulo (USP), University of Campinas (UNICAMP) and São Paulo State University (UNESP).
However, in 1989, the universities were granted a
guaranteed percentage of sales and services tax
(ICMS) revenues; this new source of funding
influenced their ability to produce innovation
that had an economic impact on society. “An essential condition for a university to collaborate
with business is to have the ability to do vigorous research. And financial autonomy was the
key to increasing the scientific production of São
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Paulo state universities,” says physicist Marcos
Nogueira Martins, director of the USP Innovation Agency, referring to the 16-fold increase in
the number of scientific works published by the
three institutions over the last three decades.
The data on science produced in partnership
with business demonstrate this evolution. In
1989, just over 0.5% of USP’s scientific output
indexed on the Web of Science database was
coauthored by researchers associated with companies. By 2017, that percentage had risen to
2.7% (see table on page 37). The rate observed
at UNICAMP increased from 1.5% to 2.5% over
the same period, while UNESP went from zero
in 1989 to close to 2% of articles being coauthored with company researchers in 2017. By
comparison, the average in the United States was
2.8% between 2015 and 2017, while that of EU
countries was less than 2.5%—with France and
Germany exceeding 4%. Data on coauthoring
between researchers from São Paulo universities

Scientific production in partnership with business
Items on Web of Science coauthored by university and corporate researchers
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and companies were published in May in the
book Innovation in Brazil: Advancing development in the 21st century, in a chapter written by
FAPESP’s scientific director, Carlos Henrique de
Brito Cruz. Here, he addresses ways to evaluate
this type of collaboration around the country.
The chapter shows that in the case of USP and
UNICAMP, companies’ participation in research
funding exceeded the levels found at large foreign universities. Private research expenditures
at UNICAMP were equal to approximately 13%
of the contracts signed with public funding agencies in 2016, a rate slightly higher than USP’s
12%. This performance is on par with institutions such as Yale University or the University
of California, San Francisco.
The list of large corporations that have research and development (R&D) partnerships
with the state universities of São Paulo is extensive: Petrobras, BASF, Cargill, LG, Pirelli, and Natura are some of the universities’ most frequent
collaborators. According to economist Renato

2008
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2016

Garcia, USP, UNICAMP, and UNESP were well
positioned at the time companies began to look
for outside support for their R&D efforts. “Until the 1990s, innovation at companies in Brazil
was accomplished in-house and generated a set
of products and processes capable of guaranteeing competitiveness. This has become insufficient over the last 15 years, and universities have
become an advantageous conduit for supplying
companies with knowledge and innovation,” explains Garcia, from the Institute of Economics
at UNICAMP.
A study commissioned last year by the Brazilian
Intellectual Property Association (ABPI) based on
4 million curricula vitae on the Lattes platform
showed that out of a group of 15,600 Brazilian
researchers who reported activity requiring intellectual property protection, more than 84.5% had
high levels of academic productivity, with an average of 27 published articles. The three São Paulo
state universities stand out in this study: among
the 11,400 researchers and inventors across the
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country who had been granted patents,
7.3% worked at USP, 4% at UNICAMP,
and 2.3% at UNESP.

O

ver the past decade, the creation of innovation agencies at
the three universities has helped
to systematize intellectual property protection, highlight research results of
interest to the private sector, and negotiate technology transfer contracts.
UNICAMP launched its agency, Inova,
in 2003, a year before the creation of the
Innovation Law, which determined that
all science and technology institutions
in the country should develop Technological Innovation Centers (NIT) to
manage their innovation policies. The
university has always distinguished
itself in Brazilian rankings for patent
applications. In the latest list released
by the National Institute of Industrial
Property (INPI), referring to 2017 numbers, UNICAMP was in first place in the
overall ranking, with 77 patent filings.
Only one company, CNH Industrial,
appears in the list’s top ten, an elite
club otherwise dominated by universities. With over 1,000 active patents,
the university boasts excellent technology-transfer performance. In 2018,
they had 115 active licensing agreements
with various companies, which generated royalties of R$1.7 million for the
university. They signed 22 new licensing agreements in 2018 alone.
In the assessment of physicist Newton Frateschi, the agency’s director,

Patent filings
Patent registrations filed by institution in 2016, in absolute
numbers, and relative performance per number of researchers
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Creating companies
One way to measure the impact of
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university innovation is to count the
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the financial stability provided by autonomy has had a transformative effect on UNICAMP. “A fixed source of
funds has enabled state universities to
invest in planning. UNICAMP, which
has always been interested in interacting with the industrial sector, is able to
execute technology transfer strategies
and enhance corporate access to their
innovations,” he says. Guilherme Ary
Plonski, scientific coordinator of the
USP Center for Technology Policy And
Management, also sees a relationship
between autonomy and innovation, albeit an indirect one. “Compared with
the trajectory of the federal universities, which did not achieve financial autonomy, I suspect that the performance
of São Paulo’s state universities would
have been weaker in terms of innovation if the 1989 legislation hadn’t been
passed,” Plonski says. “The fact is that
in the late 1980s there was a zeitgeist—
an expression that designates the spirit
of a time—favorable to both autonomy
and innovation in São Paulo.”

P

lonski points out that when the autonomy decree was signed, intellectual property protection at USP
had a significant legal bias. Created in
1986, the Advisory Group for Development of Inventions (GADI) established
that half of the proceeds from the commercialization of intellectual property
would go to the researcher. “It was a
generous share. Today, the standard is
30% for the researcher,” he says. GADI
was incorporated into the Executive Coordination of University Cooperation
and Special Activities (CECAE) and was
the origin of the university’s innovation
agency in 2005. In the early years of autonomy, Plonski recalls, USP prided itself on partnering with large companies,
and in the early 1990s, it was asked to increase such participation. “I remember
that the dean, Roberto Lobo [1990–1993],
used to show interlocutors a special edition of the Jornal da USP that described
university partnerships with companies
like Petrobras or Metal Leve,” says Plonski. He says that Lobo was once questioned about the university’s contribution
to small businesses. “From this question came the idea of creating a channel
through which any entrepreneur or business owner could come to USP and learn
how its researchers could collaborate,”

UNICAMP Startups
Sectors of companies created by university students and
researchers between 1974 and 2016
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says Plonski. As the telephone was the
dominant means of communication at
the time, a service for meeting companies’ technological demands, called DialTechnology, was launched. The resource,
which now works over the internet, is
offered in partnership with the Brazilian Technical Response Service.
USP currently has 1,300 patents involving technologies and products developed by its researchers, but the number
of signed licensing agreements currently
is in the dozens. Even so, royalty revenue
in 2018 from exploitation agreements
reached R$3.4 million. Ninety percent of
that amount comes from a single license:
Vonau Flash, a nausea and vomiting control drug developed at the USP School
of Pharmaceutical Sciences in partnership with Biolab Sanus. Marcos Nogueira
Martins, director of the USP Innovation
Agency, sees some exaggeration in the
number of patents maintained by the
institution. “Keeping a patent active is
expensive and making the payment is
only worthwhile when there are good
prospects for licensing. But letting patents expire isn’t simple, since they’re
viewed by regulators as an institutional
asset and add points in the university’s
performance in international rankings.”

UNESP’s experience is the most recent. The university created its innovation agency in 2010 and today maintains
a portfolio of 361 patent filings, with
13 licensed technologies, including a
system for calculating carbon credits
and a serum to combat bee-sting poisoning. The university is in the final
stages of signing an agreement on the
serum project. “We have been slow to
invest in a culture of intellectual property protection, and we’re developing
alternative methods of transferring
technology to society, since many of
our researchers have created innovations that are socially interesting but
haven’t attracted corporate attention,”
says biologist Wagner Cotroni Valenti, director of the UNESP Innovation
Agency. One of the new fronts on which
the university is operating is the Academic Doctorate for Innovation program, launched in 2019, which offers
ten scholarships for those interested
in pursuing a doctorate in topics of
interest to the private sector. The research will be carried out within UNESP’s partner companies, such as Moinho Nacional, in Assis, and the Ticon
paint factory, in Sorocaba, both in the
state of São Paulo. n Fabrício Marques
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razil’s research landscape has undergone profound transformation since
Pesquisa FAPESP first went into circulation in 1999. Science output has
grown more than fivefold—the number
of Brazilian-authored papers in Scopus-indexed
journals rose from 13,500 in the late 1990s to
74,000 in 2018, raising the country’s publication rank from 18th to 13th. Although the Scopus
database has incorporated several new Brazilian journals in recent years, preventing a likefor-like comparison, the expansion of Brazilian
research is borne out by other indicators. One is
the contingent of active scientists as measured
by the Research Group Directory Census, an inventory of active research teams compiled by
the Brazilian National Council for Scientific and
Technological Development (CNPq). The number of registered groups jumped from 11,700 in
2000 to 37,600 in 2016, the most recent year for
which data are available. The number of PhD
researchers grew from 27,000 to 130,000, or by
380%—for comparison, Brazil’s population has
grown 21% over the past 20 years.
However, the transformation goes beyond
just numbers. There are now as many female
researchers as male; 20 years ago, 56% of researchers were men and 44% were women. The
pool of newly trained talent has also expanded.
The number of doctoral degrees per year grew
from 4,900 in 1999 to almost 22,900 in 2018, an
increase of 370%, while the number of master’s
degrees rose at an equally impressive rate, from
15,000 to 51,000 per year. “This testifies to the
success of the graduate education model intro-

duced in the 1960s, with its emphasis on domestically training the talent needed for research,
lecturing, and other needs,” says political scientist Abílio Baeta Neves, who formerly chaired
the Brazilian Federal Agency for Support and
Evaluation of Graduate Education (CAPES). This
strong performance would not have been possible without substantial growth in Brazil’s higher
education programs, which currently train more
than 900,000 undergraduates per year, compared
with 350,000 at the turn of the 2000s.
Indicators of research quality have also improved. The number of graduate programs rated
6 and 7—the two top scores in CAPES assessments, denoting a high level of interaction with
international research groups—grew from 172 in
2001 to 479 in the 2017 assessment, an increase
of 178%. The increase is proportional to the number of active programs, which rose from 1,545 to
4,175 in the period.
Baeta Neves, who chaired CAPES in the late
1990s and then again from 2016 to 2018, underscores an important change in the concept of what
constitutes a high-quality graduate program. Until
the mid-1990s, the agency rated programs on a
scale from A to E. “The model was clearly obsolete, with more than half of programs earning top
scores of A and B,” he recalls. In the 2001 assessment of the previous three years, a new scale was
introduced, with ratings of 6 and 7 reserved for
those programs that were deemed world-class.
“By then, it had become clear from bibliometric
indicators that internationalization was a key
lever, as research in collaboration with foreign
institutions had been shown to have a citation
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impact four times greater than research done
locally.” Elizabeth Balbachevskyy, of the Department of Political Science at the School of Philosophy, Languages and Literature, and Humanities at
the University of São Paulo (FFLCH-USP), says
the expansion of public universities and graduate
programs continued to follow a pattern in which
institutions fall under one of two categories. “In
one group are research universities with internationally connected faculty that actively engage in
research networks, and in the other are regional
universities, where professors are more devoted
to lecturing and are less connected to research
networks.” She notes that the top graduate programs are largely offered by well-established universities, while younger universities are typically
focused on creating cross-disciplinary programs,
which are still nascent and are more difficult for
CAPES to rate in a useful way. “This division is
seen in many countries. But imposing a common
design on all public universities would be bad
policy, as it would prevent regional universities
from leveraging their biggest strength, namely
their responsiveness to local challenges.”

T

he strength of a research group can be
measured by its ability to work with
teams across borders, and Brazil has
certainly made some progress in growing its international presence: in the early 2000s,
less than 30% of research in Brazil was done
in collaboration with researchers from other
countries; in 2017, more than 35% of Brazilian papers were coauthored with foreign colleagues. Researchers in São Paulo State have
had a peculiar track record in international
collaboration. They started the decade below
the national average for research coauthored
with foreign scientists, but they now exceed the
average, having authored 40% of their papers
via international collaborations.
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In 2017, out of the 9,500 articles they authored
with foreign researchers, most (3,984) were in
collaboration with researchers in the US, followed
by the UK (1,683), Spain (1,356), and Germany
(1,318). “FAPESP has actively supported collaborations and expanded agreements with foreign
agencies and institutions, but universities in São
Paulo have made a deliberate shift toward internationally collaborative, high-impact research,”
says physicist Carlos Henrique de Brito Cruz,
FAPESP’s scientific director. “The introduction
of international rankings comparing university
performance appears to have spurred the movement.” Brazil’s research impact, as measured by
citations, has also improved, albeit at a slower
pace than article counts. Normalized relative
impact has risen from approximately 0.8 to approximately 0.9—below the world average of 1.
Researchers in São Paulo also started at 0.8, but
they are now at the world average.
The improvement in research indicators over
the past 20 years has occurred in tandem with a
reorganization of Brazil’s national science, technology, and innovation landscape, notes ecologist José Galizia Tundisi, a retired professor at
USP’s São Carlos School of Engineering who
served as president of CNPq in the late 1990s.
“From a focus on grants only, CNPq funding was
retargeted to also include research projects. In
2000, Millennium Institutes—networks of researchers dedicated to nationally strategic research interests—were created and later evolved
into today’s National Institutes of Science and
Technology,” says Tundisi, noting that the reorganization was strongly supported by Sectoral
Science and Technology Funds.
Research infrastructure linked to the federal
government has become more diversified than
in the 1990s, says Tundisi. Institutes then linked
to CNPq, such as the Institute for Pure and Applied Mathematics (IMPA) in Rio de Janeiro,
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have since been placed under the management
of social organizations, a model also adopted
at the Brazilian Synchrotron Light Laboratory
in Campinas. “Institutional reform has also
occurred at the state level, with states such as
Minas Gerais, Rio Grande do Sul, and Rio de
Janeiro following São Paulo and FAPESP’s lead
and funneling significxant funding to science,”
says Tundisi.

B

Our June 2017 cover
article discussed the
constraints and
challenges in funding
research in Brazil

rito Cruz, who presided over FAPESP’s
Board of Directors in 1999, says the
quality of research in São Paulo State
has also improved, with thematic projects, for example, receiving up to six years of
grant funding from the Foundation for highly
ambitious initiatives. “Our thematic projects
have become more robust and competitive,
with more postdoctoral researchers on project
teams than there were in the past,” he explains.
Another example is the Research, Innovation
and Dissemination Centers (RIDC) program,
which provides up to 11 years of funding for
research consortia engaged in frontier research
projects, with a mandate to invest in high-risk
research without pressure to deliver short-term
results. The program was launched in 2001,
initially with 11 centers, and in 2013, it was
renovated, with the number of centers growing
to 17. This model has been used in partnerships
with corporations such as Shell, Natura, and
Peugeot-Citroën to implement Engineering
Research Centers, in which researchers from
industry and academia collaborate in a cofunding arrangement.
The transformation of Brazil’s universities
has increased their capacity to drive innovation
and engage with industry. Counterintuitively,
integration between academia and the private
sector has improved remarkably. A report from
Clarivate Analytics found that the number of

papers coauthored by university and industry
researchers had grown eightfold from approximately 200 in 1999 to 1,600 in 2017.
Patent data for 2017 show that nine universities were among the top 10 patent filers in Brazil that year—the only corporation was CNH
Industrial. The makeup of Brazil’s top patent
performers is now very different from what
it was in the early 2000s. An INPI report in
2006 listed the leading patent filers from 1999
to 2003, and only two universities made the
list: the University of Campinas (UNICAMP),
ranking 1st, and the Federal University of Minas
Gerais (UFMG), in 10th; the remainder were all
corporations, including Petrobras, Arno, Multibrás, Semeato, and Vale.
The shift highlights the importance that universities have attached to intellectual property
protection, especially with the advent of Innovation Centers (Núcleos de Inovação Tecnológica,
or NITs) created under the Innovation Act of
2004. These Centers have a mandate to identify
and secure patent protection for potential research applications in industry. In a more recent
development, universities have moved to licensing their technologies to corporations. According
to Science, Technology, and Innovation Institution Policy Information Filings (FORMICT), licenses generated R$34.4 million in revenues for
Brazilian universities and research institutions
in 2016. Industry investment in research and development (R&D) accounted for 48.3% of total
research expenditure in Brazil in 2000 and has
since remained at this level, reaching at 47.6%
in 2016. São Paulo is an outlier, however, with
private investment accounting for 56% of total
investment in 2018. “A possible explanation for
this stagnation is that all these years, Brazil has
never moved to open its economy and encourage local corporations to compete more in global
markets,” says Brito Cruz. n
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n October 2019, eight Brazilian public health
centers specializing in rare diseases will
make the first drug capable of alleviating
the symptoms of spinal muscular atrophy
(SMA) available to all children with the genetic condition. This type of atrophy leads
to progressive loss of muscle strength and, in
severe cases, early death. Approved for clinical use in the United States in 2016 and in Brazil in 2017, the drug nusinersen—marketed by
the American company Biogen under the name
Spinraza—has improved motor ability in 40%
of children treated, according to data published
in 2017 in the New England Journal of Medicine.
The drug modifies the functioning of one gene
and increases the production of SMN protein,
which is essential for the survival of spinal cord
cells that transmit brain commands to muscles.
Injected under the membranes that protect the
spinal cord, nusinersen is one of the most expensive medicines in the world. When released, the
six doses given during the first year of treatment
cost US$750,000 in the United States. From the
second year onwards, the number of applications
and the cost of lifelong therapy fall by half. In
Brazil, the Unified Health System (SUS) has offered the drug since April for cases that manifest
during the first six months of life and, from now
forward, for cases that begin after six months.

There are 300 to 400 children born with SMA
each year throughout the country.
Nusinersen is a member of a new class of compounds. These drugs arose as a consequence of
sequencing the human genome, which transformed molecular biology and was a frequent
subject in the pages of Pesquisa FAPESP during
the 20 years it has been in print. The magazine
has published at least ten cover articles regarding various genome projects and their results, as
well as dozens of smaller reports. The determination of the order of the 3.3 billion nitrogenous
bases (adenine, A; thymine, T; cytosine, C; and
guanine, G) of the human genome paved the way
for faster and more accurate analysis of its genes,
which in turn improved and lowered the cost of
the diagnosis of genetic diseases. This also led to
innovative treatments, some with the potential to
cure. These new therapies, however, continue to
be inaccessible due to exorbitant costs.
“The sequencing of the human genome has
allowed important advances in the diagnoses
of rare diseases,” says geneticist Lygia da Veiga
Pereira from the University of São Paulo (USP).
These are diseases that are caused by changes in
a single gene (monogenic), and they are generally severe. Each disease by itself strikes only a
fraction of the world’s population, ranging from
one in every thousand to one in every 100,000
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people. Together, these diseases affect almost 6%
of the world’s population, a proportion similar
to that afflicted with diabetes (8.5%). By 2000,
when an international public sequencing consortium competed with the company led by US
geneticist John Craig Venter to complete the task
of reading and ordering the chemical letters of
the human genome, 1,900 monogenic diseases
were known. Today, alterations in 4,147 genes
associated with 6,499 diseases have been mapped
according to the Online Mendelian Inheritance
in Man (OMIM) database.
Advances in sequencing techniques and the
evolution of bioinformatics have made it possible to compare the genomes of healthy individuals with those of individuals with various
diseases and to identify the cause of monogenic
conditions, which has not yet been viable for
more complex diseases involving multiple genes
(polygenic). “This knowledge was essential for
improving identification and treatment, as well
as prevention through family genetic counseling,”
explains geneticist Mayana Zatz, coordinator
of the Human Genome and Stem Cell Research

Center (HUG-CELL) at USP, one of the Research,
Innovation, and Dissemination Centers (RIDC)
funded by FAPESP. At HUG-CELL, a single test
detects altered genes associated with nearly 6,700
diseases (neuromuscular disease, hereditary cancers, autism, and others).
The identification of the cause of genetic disorders improves the quality of life by allowing
physicians to select the most effective remedies
to alleviate symptoms and to avoid drugs that
aggravate them. It also helps to prepare family
members and caregivers for how the condition
will develop. There is one other priceless benefit,
adds medical geneticist Iscia Lopes Cendes, coordinator of the Molecular Genetics Laboratory
of the University of Campinas (UNICAMP) and
a researcher at Brainn, another FAPESP-funded
RIDC: “Genetic testing often gives a definitive
diagnosis for these serious illnesses and reduces
parental distress.”
When the first version of the human genome
was published in 2001, there was excessive optimism among many researchers, a feeling that reverberated through the media, raising expectations
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that were difficult to live up to. At the time, American geneticist Francis Collins compared the genome to a book that chronicled the journey of
our species through time. Then director of the
National Human Genome Research Institute (NHGRI) in the United States that coordinated the
public sequencing consortium, Collins added: “It’s
a transformative textbook of medicine, with insights that will give healthcare providers immense
new powers to treat, prevent, and cure disease.”
This hyperbolic tone contrasted with the restraint used in scientific articles reporting the
accomplishment, one published on February 15,
2001, in the journal Nature by the Collins consortium and another in Science on the next day by
the Venter team. In speaking to peers, Collins’s
group was cautious. They stated there would be
long-term consequences for medicine and ended
the article by saying “We must set realistic expectations that the most important benefits will
not be realized overnight.”
In Science, Venter and his collaborators wrote
“The sequence is only the first level of understanding the genome. All genes and their control
elements must be identified; their functions, in
concert as well as in isolation, defined; their sequence variation worldwide described; and the
relation between genome variation and specific
phenotypic characteristics determined.”
Science, as they knew, is not fast. “Over these
nearly 20 years, a lot has progressed, but we
haven’t yet achieved the applications that many
imagined,” says Cendes.
AT THE DOCTOR’S OFFICE

Advances in sequencing technologies and bioinformatics data-analysis strategies were essential so that medicine could, almost two decades
later, begin to use genomics knowledge in clini-

diseases
are known

cal practice. “Only recently have some areas of
medicine moved from a contemplative stance to a
more active position,” says pediatric neurologist
Fernando Kok, a researcher at the USP School
of Medicine (FM-USP) and medical director at
Mendelics, a company specializing in personalized genetic diagnostics. He believes there will
soon emerge a wave of gene therapies but that
access to them will be limited due to cost. “Increasing access will be a problem for healthcare
managers,” he warns.
One engine of progress in genomics has been
the enhancement of sequencing technology. In
the mid-1970s, when Allan Maxam and Walter
Gilbert in the United States and Frederick Sanger
and Alan Coulson in England developed the first
two strategies for sequencing DNA, the process
was slow and laborious. Gilbert and Sanger
shared the 1980 Nobel Prize for Chemistry with
biochemist Paul Berg. It took an entire day to
identify the order of a few hundred base pairs
of DNA. Only a decade later, automated devices
that employed the Sanger method emerged and
were used in the Human Genome Project.
More precisely, this technique sequences only one short strand of DNA at a time, up to 900
bases. Copies are produced with an increasing
number (1, 2, 3...) of bases. Only one base (A, C,
T, or G) is added to each copy, and the last base is
always marked with a fluorescent dye (green for
A; blue for C; red for T; and yellow for G). When
copies are finished, they are divided according to
size. Since the last base of each copy is known,
the original sequence can be reestablished. The
Sanger method is still used today to sequence
isolated DNA molecules, although in most applications, it has been replaced by a faster and
cheaper technique known as next-generation
sequencing (NGS), which can identify the order
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of millions of DNA bases simultaneously. In addition to the two methods above, which have
been adopted in clinical laboratories, there is a
third technique used in research. It is the singlemolecule real-time sequencing (SMRT), which
uses a laser source to illuminate each base—labeled with a fluorescent dye—as it is added to a
DNA strand being copied.
The cost of the task dropped from US$100 million in 2001 to approximately $1,000 in 2015, according to NHGRI calculations (see graph above).
That figure remains stable, although companies
are working to reduce the price of genome sequencing—or at least the price of sequencing the
exome, the part that contains the 24,000 proteincoding genes—to only hundreds of dollars.
“It needed to get to the point that the techniques became very cheap, and we became good
enough at interpreting the data, for this technology to become available in medical practice,” says Cendes. One study she headed with
medical geneticist Antonia Marques de Faria,
also from UNICAMP, helped promote the approval of a new genetic test, exome sequencing,
which is used for the diagnosis of intellectual
disability and was incorporated into the SUS
system in March.
With its variety of clinical manifestations,
intellectual disability is regarded as a group of
rare diseases with difficult clinical diagnoses.
Their various forms, together, afflict 1% to 2%
of the population and affect, to varying degrees,
learning, social interaction, and the capacity for
self-care. The current diagnosis within the SUS
48 | MARCH 2020

system is done by karyotype testing (the analysis
of chromosomes, the structures in which genes
are packaged) and by DNA microarray, a technique that analyzes repetitions in the genome
and is still rarely available. The first method
identifies the cause in 3% of cases, the second
in up to 20% of cases. However, exome analysis
works almost 40% of the time. Regarding the
cost-benefit ratio, opting for exome analysis appears to be beneficial, according to a study by
Joana Prota, a doctoral student supervised by
UNICAMP researchers.
COMMON DISEASES

While genomics has advanced the diagnoses of
causes of rare diseases, it is still somewhat lacking
with regard to the most common diseases, such
as diabetes, cardiovascular problems, psychiatric
diseases, and many forms of cancer, which are
important from a public health standpoint due
to the large number of people affected. These
diseases are complex and multifactorial and result from the activities of dozens to hundreds of
genes that interact with each other and with the
environment. For this reason, to date, no single
gene has been found that plays a major role in the
onset of hypertension, a problem that affects approximately one-third of the world’s adult population. Illness caused by alteration in a single gene
is rare. The same is true of diabetes, psychiatric
disorders, and various cancers.
In complex diseases, the contribution of each
gene is small. The effect of one gene can be quantified only through comparison with a large number

of genomes, as is beginning to be done in England,
the United States, and China, where there are
projects to sequence the genetic material of up to
one million people. Nevertheless, what is found
in these countries may be valid only for European
or Asian populations. In an article published this
March in the journal Cell, University of Pennsylvania geneticist Giorgio Sirugo and two US collaborators stated that genome-wide association
studies designed to identify variants associated
with complex traits, or with the risk of developing
diseases, are focused on only a few populations:
52% were done with Europeans and 21% with
Asians. According to the researchers, the analysis
of groups from other origins is important because
“patterns of genetic variation between populations
can affect the risk of developing disease and the
effectiveness and safety of treatments.”
In Brazil, studies evaluating population genomics are still rare. At HUG-CELL, Zatz’s team
conducted the exome analysis of approximately
1,500 São Paulo residents over 60, looking for
protective gene variants. The Brazilian Initiative
on Precision Medicine (BIPMED), coordinated
by CENDES, pioneered the open data sharing
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of the genomes of almost 900 individuals (350
of whom were healthy, representing the general
population). At the A.C. Camargo Cancer Center
in São Paulo, researchers recently sequenced the
genome of 300 patients with stomach cancer. At
USP, Lygia Pereira currently plans to obtain genomic data from hundreds of thousands of Brazilians to characterize the genetic variations of
the populace.
So far, however, genomic analyses can at best
show only associations between the occurrence
of certain genetic variants and the risk (predisposition) of the development of a particular
health problem. “For diabetes and obesity, for
example, the contribution of these studies is
still small, with the potential for more effective
treatments in the medium term,” comments USP
endocrinologist Alexander Jorge, a specialist in
genetic diseases.
Despite these limitations, information on altered genes obtained from the Human Genome
Project and the projects that followed it has aided the diagnosis and treatment of many of the
nearly 200 known cancers. “In oncology, the genetic characteristics of tumors have been used to
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identify the type of cancer and its aggressiveness.
They also allow us to monitor the evolution of
the disease and the response to treatment,” says
geneticist Anamaria Camargo, coordinator of
the Molecular Oncology Center at the SyrianLebanese Institute for Education and Research
(IEP) in São Paulo.
Like Camargo, many leaders of the country’s
top cancer diagnosis and treatment centers closely followed the Human Genome Project. They acquired knowledge on genomics by participating
in the country’s first sequencing projects, which
were organized and funded by FAPESP and other
institutions. In 1997, biochemists Andrew Simpson and Fernando Reinach (at the time with the
Ludwig Institute for Cancer Research [LICR]
and USP, respectively) and geneticist Paulo Arruda and bioinformatician João Carlos Setubal,
at UNICAMP, coordinated teams from 35 São
Paulo laboratories that began sequencing the
genome of the bacterium Xylella fastidiosa. This
bacterium causes citrus variegated chlorosis, or
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yellowing, a disease that decimated the productivity of São Paulo’s orange groves.
“It was a project designed to enable these
groups to perform genome sequencing, which
was practically nonexistent in Brazil,” says physicist José Fernando Perez, then the foundation’s
scientific director and currently CEO of Recepta
Biopharma, a biotechnology company that develops compounds to treat cancer.
Approximately three years later, the 2.7 million bases of the bacterial genome had been
identified and ordered. The study’s results became the cover article of the July 13, 2000, issue
of the journal Nature. At the time, the Human
Genome Project was still in progress, and the
genomes of only eight organisms—considered
models in biology—had been sequenced: two
viruses, one bacterium, one yeast, one worm,
and one plant. The Xylella genome was the first
from an organism responsible for plant disease
and the first with commercial relevance. “It
was a moment where Brazil showed that, when
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competing on equal terms, it could do worldclass science,” says Simpson, currently scientific
director of Orygen Biotecnologia, a pharmaceutical company focused on the production
of antibodies, vaccines, and other medicines of
biological origin.
“At that time, Brazil was one of the rare countries capable of sequencing an organism’s entire
genome,” says Reinach, who left the university
years ago and now runs a fund that invests in innovative companies. Since then, the genomes of
nearly 19,000 organisms—3,500 viruses, 14,700
bacteria, and 400 single-celled or multicellular
animals and plants—have been sequenced.
During the conception of the Xylella project,
oncologist Ricardo Brentani (1937–2011), then director of the Brazilian branch of LICR, decided to
organize a team and participate in the sequencing.
“Brentani saw Xylella as an opportunity to bring
genomics into oncology,” says Emmanuel DiasNeto, current coordinator of the A.C. Camargo
Cancer Center’s Medical Genomics Laboratory,
which Brentani previously headed. There, as at
the IEP, geneticists and other basic researchers
work in collaboration with the hospital’s clinical staff to use genetic information from tumors
to guide treatment and to identify tumor recurrence before it becomes detectable with imaging.
In 1998, near the completion of the Xylella genome, some laboratories already participating in
the project—working together with others that
had not yet entered the genomics push—used a
technique developed by Dias-Neto and Simpson to sequence the internal sections of genes
activated in breast, intestine, brain, throat, and
other tumors, with an emphasis on those most
common in the Brazilian population. Data from
280,000 sequences were deposited in a public
gene databank called GenBank and were used
to assist in the identification of genes in human
chromosomes sequenced by the Human Genome
Project groups.
Sequencing Xylella and cancer genomes was
followed in Brazil by work with other pathogens

from plants (Xanthomonas citri bacteria) and humans (Leptospira sp. and the Schistosoma mansoni parasite), in addition to the bovine genome.
Sugarcane genes were also sequenced—enabling
the production of a transgenic plant resistant to
pests and herbicides—as well as those of eucalyptus. These efforts resulted in the creation of
biotechnology companies such as Scylla, Alellyx, and CanaVialis. The latter two were bought
by multinational Monsanto and later closed. In
Perez’s view, however, “one of the most important
legacies of the genome sequencing coordinated
by FAPESP was the development of bioinformatics in Brazil.”
Prior to the launch of large-scale sequencing,
bioinformatics was self-taught, says UNICAMP’s
João Meidanis, who majored in mathematics and
opted for bioinformatics during his doctoral studies in the United States, when he worked on the
analysis of the Escherichia coli bacterium genome.
Since then, specific programs for bioinformatics
have emerged at some Brazilian universities. “The
community has grown, but not at the hoped-for
pace, so bioinformatics remains a bottleneck for
analyzing genomic data,” says Meidanis, who also
runs Scylla Informática.
Arruda, from UNICAMP, assesses the era of
genome sequencing as a milestone for Brazilian
science. “We learned to network and manage
large groups efficiently,” he says. “We also established important relationships between the
university and private sector companies.”
“If we hadn’t developed these projects at the
time, we might not have been ready to use this
technology, which is now routine,” says USP biologist Marie-Anne van Sluys. Today, she coordinates Brazil’s participation in a much more
ambitious initiative: the Earth Biogenome Project, which plans to sequence the genomes of all
known species of plants and animals (uni- or
multicellular) over the next ten years. It will be
a Herculean task. There are approximately 2.3
million known species, but it is estimated that in
total, there are 10 to 15 million. n
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HOW TO
MONITOR
FOREST
FIRES
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In 2019, hotspots
detected by MODIS
sensors on the
Aqua and Terra
satellites between
August 15 and 22

Data from NASA and INPE satellites
confirm an increased number
of fires in the Amazon
Rafael Garcia and Marcos Pivetta
PUBLISHED IN OCTOBER 2019

TERRA OBSERVATORY / NASA

B

etween January and August of this year, two research institutions that monitor forest fires in the
Brazilian Amazon recorded the largest number
of fires in the biome since 2010. The Queimadas
program, run by the Brazilian National Institute for
Space Research (INPE), recorded 46,825 hotspots;
the Global Fire Emissions Database, a partnership between
NASA and various other organizations, listed 90,392 hotspots.
In the same period in 2010, which was a particularly dry year,
INPE detected 58,476 hotspots and NASA 106,083. Because
of the different methods used, the absolute numbers of the
two surveys are not equal. The NASA data are always higher
than the data obtained by the Brazilian institute, but there is
a technical explanation for this.
The Aqua satellite passes over the Amazon twice a day, but
the INPE only uses data from the overflight that occurs at approximately 2 p.m. (Brasília time), when more fires are active.
In the afternoon, the air is warmer than that at other times,
PESQUISA FAPESP z 53

increasing the incidence and spread of
forest fires. NASA uses information from
both Aqua passes (the second pass takes
place at dawn) as well as two others by
the Terra satellite, the first at 10:30 a.m.
and the second at 8:30 p.m. By including
data from all overflights by both satellites, a single fire that lasts many hours
can end up being counted more than
once, which is why the US space agency's figures are higher.
Technical distinctions aside, both programs have historically identified the
same patterns in terms of forest fires
in the region. When the number of outbreaks detected by one of the surveys
increases or decreases, the same trend
is identified by the other program. "NASA's hotspot count and ours are both
excellent indicators of forest fires and
allow for temporal and spatial comparisons over intervals greater than 10 days,"
says Alberto Setzer, coordinator of the

INPE Queimadas program. "However,
they should not be considered an absolute measure of the number of fires, the
incidence of which is higher than that
indicated by the hotspots."
According to the historical data series
produced by INPE since 2003, there were
half as many hotspots in the first eight
months of this year than there were in
January to August 2005 (when more than
90,000 outbreaks were recorded), the
Amazon's worst year on record in terms
of forest fires. NASA data also identified
2005 as the year with the most fires in the
region, with 170,000 hotspots seen in the
first eight months. Although the current
number of fires in the Amazon is lower
than that during the worst years of the
past decade, the recent increase is concerning and could be a sign of worse to
come. The number of outbreaks detected
between January and August this year
was double the amount seen in the same

Wildfire near Porto Velho, Rondônia state, on September 9, 2019
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E

ven when trees are mechanically
felled, fire is used to destroy many
logs that have no commercial value.
Since fire is rarely a natural phenomenon
in the Amazon biome (not to be confused
with the "Legal Amazon" area, which as
well as dense rainforest, includes areas
of transition vegetation, the Cerrado, and
the Pantanal), researchers state that most
wildfires there are started by humans.
"Our analysis showed that between January and July this year, the 10 Amazonian municipalities with the most fires
also had the highest deforestation rates,"
explains ecologist Paulo Moutinho, from
the Institute for Environmental Research
in the Amazon (IPAM), a nongovernmental organization based in Belém, Pará. At
the top of the list is Apuí, a municipality
in the state of Amazonas, which recorded 1,754 fires and 151 square kilometers (km2) of deforestation. Altamira, in
the state of Pará, had the second highest
number of fires (1,630) and the largest
deforested area (297 km2).
Mapping the overlap between fires
and deforestation is not a simple task.
Often, fires in the understory are missed
by satellites, and larger logs are only
burned months after being felled, which

BRUNO ROCHA / FOTOARENA

More than half of all forest fires in the
northern Amazon occur in the final third
of each year during the driest season

period of 2018, according to both INPE
and NASA counts. Historically, more than
50% of all fires, sometimes up to 80%,
occur in the last four months of the year.
September is usually the driest month in
the region and consequently has the most
fires, whether of natural origin, due to
lightning, or due to the actions of humans.
“Fire is not part of the Amazon's ecosystem, as it is in the Cerrado [wooded
savanna]," explains cartographer Britaldo Soares-Filho, an expert in environmental modeling from the Federal University of Minas Gerais (UFMG). "It is
simply a tool for clearing vegetation in
the region." Because it is drier and its
vegetation is less enclosed, natural fires
are more common in the Cerrado; in the
Amazon, the forest is dense, and the climate is wetter. Soares-Filho says that
most fires in the Amazon are caused by
human activity. "First, the small trees
and shrubs of what is known as the understory are cut down and left to dry.
This biomass is then set on fire to help
bring down the larger trees. In some cases, chainsaws and tractors pulling large
chains are also used to remove the trees."

History of hotspots in the Amazon
Historical data indicate increased fires in the biome in the first eight months of 2019
Nasa
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can make it difficult to link the fires to
deforestation. To monitor these so-called
deforestation fires, Moutinho and his
colleagues from IPAM and the Federal
University of Acre (UFAC) cross-referenced fire records with information on
rainfall in the Amazon. Precipitation
data were provided by the CHIRPS system of the University of California, Santa
Barbara, USA, which combines rainfall
information from weather stations with
satellite imagery to produce a rainfall
distribution record with a resolution of
5 km. The researchers cross-referenced
the CHIRPS data with information from
the INPE Queimadas program. "We have
seen less drought so far this year, but an
explosion in the number of hotspots,"
says Moutinho.
According to forest engineer Tasso
Azevedo, coordinator of the MapBiomas project, an initiative run by the Climate Observatory (an NGO involving 36
Brazilian civil organizations) that maps
land use in Brazil, burning and deforestation are not highly planned phenomena. "Since 95% of deforestation is illegal,
the level to which it occurs is directly
linked to the risk of being caught," says
Azevedo. "If the risk is low, illegal deforestation is worth it. The offenders
believe that by clearing and occupying an
area, they will be able to legally claim it."
Since 1986, INPE's Queimadas program has been mapping Brazilian terri-

tory using satellites that detect thermal
radiation emitted by fire: electromagnetic waves with peak wavelengths of 3.7–4.1
micrometers. The program currently
processes images from nine different
satellites and uses three types of optical sensors to generate as many hotspot
alerts as possible. Useful for monitoring forest fires, the initiative is also capable of identifying areas where human
activities are creating large clusters of
outbreaks. In addition to deforestation
fires and burns to clear areas for pasture
or agriculture, the system also detects
wildfires caused by burning sugarcane
bagasse and urban fires.

T

he instruments on the satellites are
capable of identifying hotspots as
small as 1 meter wide and 30 meters long. Currently, three generations
of sensors are used for this purpose: the
older AVHRRs, the newer MODIS, and
the most modern, the VIIRS. The last
one, which can be found on the United
States National Oceanic and Atmospheric Administration's (NOAA) Suomi NPP
and NOAA-20 satellites, can detect 10
times as many hotspots as the MODIS
sensors on NASA's Aqua and Terra satellites. The performance of the sensors
is affected by rain clouds but not clouds
of smoke from fires.
The Global Fire Emissions Database
records hotspots in the Amazon based

on data from the Terra and Aqua satellites. In addition to monitoring the
location of hotspots, the satellites also
record their intensity. Measured as FRP
(Fire Radiative Power), this variable had
a high average in July and increased
even more in August. "Radiative power is an instant measure of the energy
emitted by a fire," explains Niels Andela,
coordinator of the program. "Deforestation fires tend to emit more energy
because they usually involve burning a
large amount of wood with highly concentrated biomass. It's different from a
grass fire, which burns less fuel."
If it were possible to observe the
hotspots continuously with no interruptions, the FRP would be able to determine the exact amount of biomass incinerated. However, this would require
a continuous stream of data generated
by geostationary satellites that always
observe the same region of Earth, as well
as data at a better resolution than current instruments provide. Polar-orbiting atmospheric satellites such as Aqua
and Terra are not suited to such an operation. "Although they only provide a
snapshot, current FRP measurements
[obtained by Aqua and Terra] are still
strongly correlated with the amount
of biomass burnt," says Andela. "This
year's average numbers are relatively
high and indicate fires associated with
deforestation." n
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Revelations from a

submerged
archipelago
Beaches, rivers, and mangroves covered a
mountain range that was above sea level
40 million years ago
Carlos Fioravanti

U

ntil it sank into the Atlantic Ocean some
40 million years ago, the Rio Grande
Rise, the largest submerged mountain
range of the Brazilian continental margin, was most likely an archipelago with geographic features similar to those found today
along the coast. While on an expedition with
the Alpha Crucis research vessel in January and
February 2018, a team from the University of
São Paulo Oceanographic Institute (IO-USP)
mapped the flattened tops of the rise and identified stepped terraces with river channels, dunes,
caves, and fossil remnants of mangroves. The
dredges brought up samples of volcanic rocks
and coral and sponges that grew on the walls of
a rift that cuts through the center of the three
parts of the Rise. The results of the trip were
detailed in an article published in May in the
scientific journal Frontiers in Marine Science.
Located 1,300 kilometers (km) from Porto
Alegre the Rio Grande Rise covers approximately
150,000 square kilometers, an area three times
the size of the state of Rio de Janeiro, and has
depths ranging from 700 to 2,000 meters. Furthermore, the Rio Grande Rise has received
56 z MARCH 2020

increasing study over recent years because of
its economic value. In 2015, the International
Seabed Authority (ISA) granted the Geological
Survey of Brazil (CPRM), a state-owned company linked to the Ministry of Mines and Energy, a 15-year right to investigate the potential
for economic exploitation of the ferromanganese crusts in the rock of the rise, which is rich
in cobalt, nickel, molybdenum, niobium, platinum, titanium, tellurium, and other chemical
elements. In a preliminary survey presented at
a 2015 congress in Florida in the United States,
the CPRM reported the identification of 9,729
square kilometers with high reflectance (radiation reflection), indicating the likely presence of
ferromanganese crusts. In December 2018, the
Brazilian government requested that the United
Nations extend the legal boundaries of Brazil's
continental shelf beyond 200 nautical miles (370
km) to include the rise.
“We needed technical data to consolidate the
Brazilian claim,” says geologist Roberto Ventura
Santos, former director of CPRM and a professor at the University of Brasília (UnB). In turn,
researchers from public research institutions
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Deep-sea fish of the
genus Allocyttus and
black coral of the
genera Stichopathes
(top) and Bathypathes
(left) in the central
plateau region of the
Rio Grande Rise
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in Brazil and other countries, such as
the United States Geological Survey
and Kingston University in the United
Kingdom, launched expeditions with
the purpose of exploring the region. As
a result, the history of the submerged
region is gradually being uncovered.
What today is a mountain range under
the sea must have once been part of the
supercontinent Gondwana. As a consequence of tectonic processes and the rise
of heat from the Earth's interior to the
location where the Tristan da Cunha
archipelago lies today near the middle
of the Atlantic Ocean, Gondwana began
to break apart between 146 million and
100 million years ago, forming presentday South America and Africa.
Based on the analysis of ocean floor
fractures and tectonic plate movements
in a study conducted at the State University of Rio de Janeiro and the University
of Liverpool, England, CPRM geophysicist Michelle Graça concluded that up
to 80 million years ago, the Rio Grande
Rise could have been linked to—or at
least be close to—the Walvis Ridge, a
3,000 km long mountain range 600 km
from Namibia, Africa. The movements
of the tectonic plates and magma jets
from the Earth's interior separated the
two elevations, giving rise to their present features. The Walvis Ridge formed a
mountain chain, and the Rio Grande Rise
formed a flat-topped plateau, as detailed

1

The top
of the
mountain
The terraced
marine steps
(above) could
result from coastal
erosion, and the
canyon (below)
could result from
ancient rivers. At
the top of the Rio
Grande Rise, the
canyon ranges
from 600 to 800
meters deep

in an article published in March in Marine and Petroleum Geology.
“The two elevations were separated
50 million years ago,” notes Graça. She
believes the Rio Grande Rise has stopped
forming and, according to recent samples, contains boulders approximately 83
million to 47 million years old. In contrast, the Walvis Ridge continues to form
as a result of rising magma, with rocks

2
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Anemone of
the genus
Paraphelliactis
from the rise

in the region close to Tristan da Cunha
ranging from 1 million to 30 million years
old and rocks up to 114 million years old
on the Namibian coast (see map).
According to analyses by Santos's
group, published in May in the journal
Terra Nova, the elevation's most recent
lava expulsion must have occurred from
44 million to 40 million years ago when
the mountain range was still above sea
level. At that time, it began to submerge
“probably as a result of the weight of a
volcano, the lava, and the movement of
tectonic plates, which caused the crust to
sink,” says geologist Luigi Jovane of IOUSP, who was also a coordinator of the
Alpha Crucis expedition to the region,
in collaboration with the British and the
Americans. “However, we can still see
very little,” he notes with frustration.
The USP expedition examined only the
shallowest part of one of the three rocky
masses of the Rio Grande Rise.
Interestingly, according to the most
recent studies, the area that the Brazilian government is laying claim to is made
up of ancient masses from the current
African continent. “The rocks of the
Rio Grande Rise belonged to the African side of Gondwana,” Graça states.
Santos, from UnB, came to the same conclusion: "The composition and age of the
rocks from the Rio Grande Rise that we
analyzed are more similar to those of the

3

Two submerged
elevations
The Rio Grande Rise and Walvis Ridge must
have been joined 80 million years ago
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African continent." The idea that this
mountain range could have been part
of Africa emerged in 2011, when CPRM
geologists collected granite and gneiss
samples up to 2.2 billion years old, older
than the rocks of the sea floor, which are
a maximum of 240 million years old. The
discovery changed the view of this region, which had previously been believed
to be the result of ocean floor formation
and volcanic eruptions.
FRAGILE ENVIRONMENT

Two years later, in 2013, Brazilian and
Japanese researchers used a deepwater research mini-submarine to collect
other continental rock samples. Their
analysis reinforced the hypothesis that
this South Atlantic region was indeed
a piece of the continent that was submerged during the separation of South
America and Africa. According to Santos,
the two elevations may be the missing
pieces needed to complete the puzzle
of the junction of South America and
Africa. While the northeast coastline of
Brazil fits western Africa well, the southeast and south of Brazil do not match up
with southern Africa.
“It is a peculiar ecosystem,” says IOUSP biologist Paulo Sumida, who participated in the expedition to the region.
His team found one of the first examples
in the South Atlantic of the symbiotic re-

SOUTH
AFRICA

Tristan
da Cunha

lationship between the sponge Sarostegia oculata and the anemone Thoracactis
topsenti, which form coral-like branches.
Another of the institute’s biologists, Paulo Corrêa, described the region's biodiversity, which potentially includes new
species. The region is a fragile environment, “which renews itself very slowly,”
notes Sumida.
Bacteria capable of producing oxygen
from ammonia and sulfate appear to be
the main energy sources for the organisms on the Rio Grande Rise, according to IO-USP biologist Vivian Pellizari.
“Ferromanganese crusts on rocks harbor their own microbial communities,
with lower biological diversity than the
nearby sediments,” she says, based on a
study by the Institute's Natascha Bergo,
a doctoral student researching the origins of the Rise's crusts.
Researchers are concerned about the
possible impacts of commercial exploitation, although technologies to extract
ores from the seabed do not currently
exist. “Many organisms found there reflect life in the oceans millions of years
ago when there was no oxygen in the
atmosphere,” says IO biologist Frederico Brandini, who noted that the waters
above the Rio Grande Rise are poor in
nutrients. Sumida added: "Any intervention could easily bring these organisms
to extinction." n

Starfish of the
family Solasteridae
caught on the
bank of a canyon
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Project
Marine ferromanganese deposits: A major resource of
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The dance
of the dunes
Researchers collect precise data
on the movement of sand dunes
in Lençóis Maranhenses
PUBLISHED IN AUGUST 2019

T

he dunes of the Caburé Peninsula in the northern extent of
Lençóis Maranhenses can move
several meters over just a few
months, especially in the dry season between July and December. During this
time of year, the winds are relatively
strong, and the level of water stored
in the lagoons between the dunes is at
its lowest; as a result, the large, often
crescent-shaped hills of sand are more
likely to shift. "The dunes are extremely
dynamic and can lose up to a third of
their area or even change location entirely," says oceanographer Denilson da
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Silva Bezerra from the Federal University of Maranhão (UFMA). In December
2015 and January 2017, he worked with
colleagues from the Federal Institute
of Maranhão (IFMA), the Brazilian
National Institute for Space Research
(INPE), and Ceuma University in São
Luís, Maranhão, to take high-precision
measurements from 1,700 locations in
the dunes near the beaches of Caburé,
a former fishing village and popular
tourist destination in the municipality
of Barreirinhas.
Over the 14 months between the first
and second measurements, the Caburé

dunes diminished in height by an average of 30 centimeters (cm). According
to the results published in the journal
Scientific Reports in May, approximately
61,000 cubic meters of sand (somewhere
between 90,000 and 100,000 tons) was
moved in a southwesterly direction by
winds reaching 70 kilometers per hour.
The Caburé Peninsula is a region of sand
trapped between the Atlantic Ocean and
the Preguiças River that occupies an area reaching almost 3,000 hectares and
composes 2% of Lençóis Maranhenses
National Park, which is the size of São
Paulo city and is the largest dune field in
South America. In Caburé, most of these
sandy formations (77%) are 1 to 3 meters
(m) high, and 22% of the dunes exceed 3
m; the largest formation reaches almost
12 m. Further inside the park, the dunes
are larger and can reach 20 m in height
for stretches of over 200 m.
The study coordinated by Bezerra is
one of few to measure the heights of the

Rolling dunes in the
Caburé region of
the Brazilian state
of Maranhão

dunes and monitor how they move. The
researchers mounted geodetic GPS devices on quad bikes and drove over the
dunes at a constant speed, close to a human walking pace. Geodetic GPS is far
more accurate than the systems used by
cell phones and automobiles—its margin
of error is on the order of millimeters
rather than several meters—allowing
the group to obtain precise elevation,
latitude, and longitude measurements
at predetermined reference points.

ANDRÉ LUIS SILVA DOS SANTOS / IFMA

A NEW BASIS FOR SIMULATIONS

"We were able to directly measure the
movement patterns of the dunes," says
Bezerra, who began taking the measurements as a professor at Ceuma University, a private institution that encourages
its academic staff to conduct research.
Prior to this study, few in loco measurements had been taken. Most computer
models that simulate dune movements
are fed by satellite images that have a

much larger margin of error. Although
the area analyzed was relatively small,
the level of detail obtained by the researchers could serve as a reference for
validating wider observations made with
other methods.
"The precise measurements taken
by this group are very important to the
progress of simulations," says German
physicist Hans Herrmann from the Federal University of Ceará (UFC). Herrmann develops mathematical models to
investigate the dune dynamics in Lençóis
Maranhenses and says that it has always
been difficult to use height data obtained
from satellite imagery. “The photos have
very low optical contrast, which affects
accuracy," he explains.
Surrounded by three major biomes—
the Amazon, the Cerrado, and the Caatinga—and an important tourist destination in Brazil, Lençóis Maranhenses National Park has long attracted the interest
of researchers as a landscape that has

remained stable for thousands of years,
despite the individual movements of the
dunes. The park does not consist solely
of rolling hills of sand; it also features
seasonal lagoons, beaches, mangroves,
and a river. Studying the behavior of its
dunes helps scientists understand the region's past and future, which could have
significant impacts for its residents. “The
surrounding areas are inhabited, and the
dunes affect people's lives as they advance
over villages," explains Bezerra, who
plans to take in loco measurements from
10 other areas in Lençóis Maranhenses.
Being able to anticipate long-term changes in the dunes, while difficult, could enable housing, fishing, and tourism to be
better planned. n
Rafael Garcia

Scientific article
SANTOS, A. L. S. et al. Modelling dunes from Lençóis Maranhenses National Park (Brazil): Largest dune field in
South America. Scientific Reports. Online. May 15, 2019.
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scientists explain the
unexpected motion
of the barrel in the
explosive ping-pong
ball experiment
PUBLISHED IN JULY 2019

F

In 2015, chemist
Roy Lowry (left)
reproduced
the cannon at the
University of
Plymouth

Brazilian and German

or a number of years, videos showing an
intriguing experiment, which has now
received a satisfactory physical explanation, have been circulating the internet. In the video, a plastic bottle with a small
amount of liquid nitrogen transforms a barrel
full of ping-pong balls into a flashy cannon.
While a liquid at temperatures below -196.15
degrees Celsius, nitrogen quickly transforms
into gas at room temperature, undergoing an
explosive expansion that shoots thousands of
balls into the air. The experiment has already
been done on TV shows and briefly created a
scene in a campus building at Plymouth University in England, when chemist Roy Lowry
performed it in 2015 (bit.ly/1PabSI6). The curious thing is that at the moment of the explosion,
it is not only the balls that go flying. The barrel
also comes off the ground, sometimes rising as
high as one meter, whereas it was expected that
the barrel would remain stationary or ricochet.
This apparently simple experiment has been
explained by Brazilian and German researchers.
In an article published in April in the American Journal of Physics, physicists Jason Gallas, from Rio Grande do Sul, and Eric Parteli,
from Pernambuco, along with Santa Catarina
engineer Daniel Nasato, in partnership with
Germans Thorsten Pöschel and Patric Müller,
showed that it is the friction between the balls
themselves and between the balls and the barrel that makes the barrel fly.
Various attempts at explaining this experiment had already arisen on internet discussion
forums. Some suggested that the explosion
caused the bottom of the barrel to deform and
press into the ground, which in turn would push
the barrel upwards. Others proposed that the
group of balls, when ejected, formed a partial
vacuum that dragged the barrel upwards. The
third explanation was more complicated. The
nitrogen bottle was floating in water. The blast
threw the balls up while pressing the water
against the bottom and walls of the tub. As it

PHOTO PLYMOUTH UNIVERSITY INFOGRAPHIC ALEXANDRE AFFONSO

retreated, the water would then pull the
barrel up, making it jump.
These interpretations would explain
the barrel's rise under certain conditions but, according to the researchers,
were not relevant to the phenomenon
observed. The barrel took off even when
it was made of metal and had a rigid bottom. The group also saw no reason why
the explosion would create a vacuum
since the displaced air was quickly filled
with nitrogen. If the vacuum was relevant, then the barrel would still come off
the ground even without the balls present, which was not the case. The third explanation, to be valid, would require that
the barrel be slightly off the ground initially or that the floor be of an elastic material, whereas in many experiments, the
barrel was on a hard, dry floor. “We were
looking for a general explanation,” says
Nasato, now a researcher at the Technical
University of Munich, Germany.
The group started thinking about this
experiment in 2011, when Gallas first saw
the video. He arrived at the University
of Erlangen-Nuremberg, Germany, for a
term as a visiting professor and brought
the subject up in an informal discussion
of physics subjects, the “kaffee seminar.”
Thorsten Pöschel, the director of the university's Institute for Multiscale Simulation, found the problem interesting.
Similar to Gallas, he specializes in the
behavior of granular materials (grains
of sand, food, and ores) and suspected
that the barrel would bounce as a result
of a known effect in his field: clogging.
Since it was not possible to measure
all the forces at work in the experiment,
they turned to computational simulations. Parteli, now at the University of
Cologne, Germany, performed the first
simulations, confirming their initial supposition. However, simulations that duplicated the parameters of the Plymouth
experiment (the number of balls, along
with their dimensions and properties, as
well as those of the barrel) had to wait until Nasato's arrival at Erlangen for a postdoctoral fellowship. Nasato then obtained
realistic results that correctly reproduced
the height reached by the barrel.
At the moment of the explosion, the
balls nearest the nitrogen bottle are ejected at high speed and collide with the balls
in the upper layers, which are pushed upwards and clog the passageway. The exchange of forces between the balls due to

An intriguing cannon
The friction between the ping-pong balls and
between the balls and the container wall explains
why the barrel jumps
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friction forms what physicists call chains
of force and causes the balls to behave,
for a fraction of a second, as a single rigid object—like a large cork—moving at
high speed. The friction between the cap
formed by balls and the barrel wall drags
the barrel upwards until the upper balls
escape and let the other balls also pass.

H

owever, this by itself does not explain the barrel's upward movement, which also occurs because
the acceleration of the balls moving upwards and the exchange of forces between the balls and the barrel wall occur
at different moments. Immediately after
the explosion, the expanding nitrogen
simultaneously and equally pushes the
balls upwards and the bottom of the barrel downwards, which would normally
keep the barrel on the ground. However,
after the gas escapes and stops exerting
its force, the balls forming the cap continue to move upwards due to inertia. It is
at this point that the friction between the
balls and the barrel wall drags the barrel
upwards. After rising for a short time,
gravity slows the barrel down, which
then falls to the ground.
For Allbens Atman, a physicist at the
Federal Center for Technological Education of Minas Gerais (CEFET-MG) and a
specialist in granular media, the explanation is surprising for two reasons. First,

the system formed by the barrel, balls,
and nitrogen bottle is not isolated from
the environment, as some might think.
“The surrounding ambient temperature,
which is well above that of liquid nitrogen, provides the energy that generates
the explosion,” he explains. “This negates
the apparent paradox, which at first leads
us to wonder where the force that lifts
the barrel comes from.” Second, friction
is necessary and sufficient to drag the
barrel upwards. In the simulations, after
removing the friction between the balls
or between them and the barrel wall, the
barrel does not leave the floor.
“Understanding the role of friction
in the interaction of granular materials can lead to industrial applications,”
Nasato observes. In the pharmaceutical field, it could help design better
pneumatic conveyance systems (pressurized airflow in tubes) for materials
that must be kept sterile, reducing the
risk of clogging and equipment breakage. It can also assist in the calculation
of optimum feed speeds for ore refinery
blast furnaces and in the production of
ultrafine powders used for producing
new materials. n
Ricardo Zorzetto
Scientific article
PÖSCHEL, T. et al. Ping-pong ball cannon: Why do barrel
and balls fly in the same direction? American Journal of
Physics. v. 87, i. 4, p. 255–63. April, 2019.
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Experimental plasma exchange
therapy reduced mortality to 5%
last year in São Paulo (2019)
Carlos Fioravanti
PUBLISHED IN SEPTEMBER 2019
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A plasma exchange
machine used
at USP’s university
hospital to contain
the spread of the
virus in the body

hen new and severe cases of yellow fever were admitted at a university hospital (HC) run by the
University of São Paulo School
of Medicine (FM-USP) in the early months of
2018, the hospital’s medical staff soon realized
they were at a loss for how to treat the disease,
which is as rare in São Paulo as it is lethal—the
disease can lead to death in as few as two days.
As new patients continued to arrive, the medical
staff quickly began to test, adapt, and implement
strategies for treatment. As a result of their efforts, the mortality rate for severe cases of yellow
fever was 67% for the year, compared with an
expected rate of 80%.
Since January this year, an enhanced version
of the protocol, which includes more frequent
plasma (the liquid portion of the blood) exchange,
has been implemented and has helped to further
reduce the mortality rate. Of the 39 patients with
yellow fever admitted up to May this year, only
two died. Although the results are promising,
infectious disease specialist Esper Kallas of FMUSP says the reduced mortality should be viewed
with caution. “The improved treatment helped,
but we still don’t know whether this year’s cases
were milder than last year’s,” he says.
The recent sylvatic yellow fever outbreak has
been the most severe in Brazil in decades. The
sylvatic form of the disease is transmitted by
PESQUISA FAPESP z 65

Effects on the liver and lungs

The virus causes severe hepatitis (shown in brown,
liver cells with the viral antigen)

Bacteria (shown in blue) spread in the lungs and cause
pneumonia (images taken with a microscope)

insects of the genera Haemagogus and Sabethes,
whereas the urban version is transmitted by
Aedes aegypti, although the virus is the same
in both cases.
The Brazilian Ministry of Health reported 1,376
cases and 483 deaths from yellow fever from July
2017 to June 2018, with the virus reaching as far
as the metropolitan areas of Belo Horizonte, Rio
de Janeiro, and São Paulo for the first time. In recent months, the virus has made its way further
south: an epidemiological bulletin released on
June 13 by the Paraná State Department of Health
reported 17 patients with the disease from July
2018 to June 2019 and one death in the coastal
town of Morretes. The most recent case was reported in Quatro Barras, in the Metropolitan
Area of Curitiba.

Y

ellow fever initially causes fever, muscle
aches, headache, loss of appetite, prostration, nausea, and vomiting, with these
symptoms appearing as the disease-causing
virus establishes itself in the body. The initial
symptoms usually subside within four days,
and infected people are usually unaware that
they have become infected, as the first signs
can be mistaken for symptoms of other diseases
such as dengue fever or a passing flu. From 10%
to 15% of cases develop the severe form of the
disease, which can be fatal: the skin and eyes
turn yellow and the turns urine dark, the fever
reappears, the severity of the abdominal pain
and vomiting increases, and the patient begins
to present with diarrhea and bleeding. The yellow fever vaccine, produced from attenuated
virus, is the most effective form of prevention
against the disease.
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The treatment strategy adopted at HC consists
primarily of plasma exchange to reduce viral load,
replace coagulation factors, and thereby avert the
intense bleeding that marks the final phase of the
disease. In 2019, staff at the hospital’s intensive
care unit (ICU) for infectious diseases and hematology decided to increase the frequency of
the plasma exchange sessions, drawing from the
experience gained by physicians treating yellow
fever in Rio de Janeiro. Rather than administering approximately 30 plasma units once per day
as they had done the previous year, they began
to administer half that volume twice per day.
“Doing sessions at shorter intervals prevented patients from bleeding between sessions as
before,” explains infectious disease specialist
Yeh-Li Ho, who heads the UCI for infectious
diseases at the hospital and is the lead author of
a paper reporting the results of the new strategy,
published in May in the Journal of Travel Medicine. Furthermore, she says, the shorter sessions
meant the unit was able to treat more patients.
Another modification was that instead of stopping the plasma exchange sessions after three
days, they were gradually diminished “until liver
function was restored,” says the physician. As a
result, says Ho, “we were able to contain the progression of the disease and reduce the lethality.”
One of the signs that their strategy had been
successful was the normalization of lipase levels, which helped to keep the pancreatitis—an
inflammation of the pancreas that is one of the
complications of yellow fever—from worsening.
“This year, we have had no fatal cases of severe
pancreatitis in yellow fever patients.”
The new approach has also proven to be effective at the Emílio Ribas Institute of Infectious

Extensive damage
n Organs affected

n Treatment

In the brain, the
virus causes fluid to
accumulate

The virus reduces the
population of defense
cells in the spleen
and lymph nodes.
In the kidneys, the virus
impairs blood filtration

Anticonvulsants
protect the central
nervous system

Hemodialysis
compensates for
kidney failure

Heart muscle and
the testicles develop
inflammation

The liver suffers from
severe hepatitis and
stops filtering out bacteria
and toxins. Bacteria
spread and infect
the lungs, pancreas,
and other organs

Plasma exchange
prevents bleeding

In blood vessels, the
virus reduces the blood
flow to the organs
and causes bleeding

In the bone marrow,
the virus slows the
development of
defense cells
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Diseases (IIER) near HC. Earlier this year, intensive care physician Jaques Sztajnbok and his team
employed plasma exchange to treat a 43-yearold man from Vale do Ribeira. Previous procedures, including hemodialysis and packed red
cell transfusion, failed to contain the patient’s
continuous bleeding and multiple organ failure.
However, plasma exchange once per day was
shown to be effective: after the third day, the
bleeding stopped, and the patient recovered, as
reported in a July article in the American Journal
of Tropical Medicine and Hygiene. At both hospitals, plasma exchange proved to be a lower-cost,
simpler method with fewer side effects than liver
transplantation, which was performed on seven
patients at HC from January to June 2018, with a
success rate of 43%: four died from heavy bleeding, and three survived.

A

t HC, along with plasma exchange, hemodialysis (filtration of the blood) was also
performed intermittently or continuously
to compensate for the damage caused to the kidneys by the virus. The medical teams concluded that this procedure should begin when the
blood becomes excessively acidic, a condition

called metabolic acidosis that is indicated by
blood bicarbonate levels falling below normal.
In the traditional protocol, hemodialysis was
used only when a higher-than-normal level of
urea was found.
As a supplementary measure, three different
types of medication were administered: anticonvulsants to prevent viral damage to the brain, as
indicated by levels of ammonia—which is eliminated by the affected liver—rising above normal;
antibiotics to fight other infections; and acid reducers. “All patients who underwent these procedures recovered well,” says Ho. As a disease of
rapid progression, she says, yellow fever is different from other types of fulminant viral hepatitis
and requires continuous monitoring: “Having
laboratory tests done twice a day is critical in
planning the treatment.”
Ho attributes the reduction in yellow fever
mortality this year to yet another change: patients
from Vale do Ribeira who presented at the regional hospital in Pariquera-Açu, 220 kilometers
from São Paulo City, were promptly sent to HC
for treatment on presenting with early signs of
the disease—fever, body aches, nausea, and jaundice—without waiting for symptoms to worsen.
Earlier this year, says Ho, physicians involved
in the care of yellow fever patients in São Paulo,
Rio, and Minas Gerais met to discuss new therapeutic strategies based on the experience of the
two hospitals in São Paulo receiving the largest
number of cases. Then, at the request of the Pan
American Health Organization (PAHO), they
submitted to the Ministry of Health a proposed
treatment protocol that, if approved, could be
adopted countrywide.
RISK INDICATORS

“The epidemic provided a unique opportunity to
gain a better understanding of a disease we knew
only from sparse case reports,” says epidemiologist Ana Freitas Ribeiro, head of the Epidemiology Service at IIER and a graduate professor at
Universidade Nove de Julho (UNINOVE). From
January to April 2018, 76 patients with a confirmed diagnosis of yellow fever were admitted
at IIER and 97 at HC. The patients were largely
from Mairiporã, Atibaia, Cotia, Nazaré Paulista,
Guarulhos, and cities in the Baixada Santista area,
Registro and São Bernardo do Campo.
In analyzing the cases treated at IIER, Ribeiro
and her team found that the condition of patients
with yellow fever is more likely to worsen if they
have preexisting conditions or an unhealthy lifestyle. “Many were drug users or former drug users,” she noted. Just over half (52%) of patients
who died at IIER in 2018 and 27.5% of those who
survived consumed alcohol or drugs on a regular
basis. Most (80.6%) were men, with an average
PESQUISA FAPESP z 67

Yellow fever and
physicians in Brazil
Cases of physicians becoming infected with yellow
fever occur as far back as 1685
During the first outbreak of yellow

“He had hepatic coma, was very
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ill and thought he was going to die,”
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recalls Kallas, who led the medical

remains unknown, died from the

team alongside hepatologist

devastating effects of the virus.
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virus was probably carried by sailors

Blood tests showed a slow

from a ship that had departed from

recovery over the space of several

São Tomé, Africa, with a stopover in

months. Kallas attributed

Saint-Domingue, in the Antilles,

Varella’s recovery first to luck:

where the disease had already spread.
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jogging—on the Sunday before his

one of four physicians who remained

hospitalization, he had run 18

in the town to treat the sick;

kilometers and climbed the stairwell

the other 22 had left in the company

of his 14-floor apartment building—

of wealthy residents fleeing the city.

contributed to his good fortune.

São Paulo–born oncologist Drauzio

“If he had other preexisting

Varella contracted yellow fever in

conditions,” says Kallas, “his

2004 during a field trip to the Rio

recovery would certainly have

Negro in the Amazon. Three days after

been much more difficult.”

returning to São Paulo, on a Sunday,

Varella recognized that it had

he began to feel fever, chills, and pain

been a mistake to not take a

in his back. Colleagues admitted

booster dose of the yellow fever
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vaccine before traveling to the

blood tests indicated severe hepatitis

Amazon, an area with a high risk
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for transmission of the virus. He

That year, the Brazilian Ministry of

described his ordeal in the book O

Health recorded only five cases of

médico doente (The sick physician;

yellow fever, with three deaths.

Companhia das Letras, 2007).

age of 42 and more than eight years of schooling
(55.9%). “The younger the patient and the better
their overall health is, the greater their chance
of surviving yellow fever,” says Ribeiro. At HC,
patients who also had diabetes had a case fatality rate of 80%, as reported in an article in the
Journal of Travel Medicine.

B

ased on their analysis of patients treated
last year and this year, the medical teams
at HC and IIER have established six indicators for the severity of yellow fever: the levels of aspartate aminotransferase, an enzyme
found in the liver; lipase, an enzyme produced
by the pancreas; neutrophils, a type of white
blood cell; viral load; creatinine, a byproduct of
muscle metabolism that is filtered by the kidneys; and coagulation factor V, a protein. These
parameters have enabled physicians to screen
patients more effectively than before and refer
those requiring enhanced care for hospitalization and to ICUs. The new approach is described
in detail in papers published in May in Lancet
Infectious Diseases, the American Journal of
Tropical Medicine and Hygiene, and Memórias
do Instituto Oswaldo Cruz.
“These predictors of prognosis, combined
with others, provide powerful indicators that
can guide decision-making in an ICU setting,”
says virologist Pedro Vasconcelos, a researcher
at the Evandro Chagas Institute (IEC) in Belém
and a professor at the State University of Pará,
who was not part of the study. Pathologist Juarez
Quaresma, a professor at the Federal University
of Pará (UFPA) and a researcher at IEC who was
not involved in the recent papers on yellow fever,
recognizes the importance of the new indicators
but adds: “Future care protocols for critically
ill patients should include inflammatory markers, such as interleukin 10 and TNF-α [Tumor
Necrosis Factor alpha], which can induce blood
vessel damage and contribute to the bleeding
seen in severe cases.”

1

An illustration from 1820 depicting the four stages of yellow fever in the same individual
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A live attenuated
vaccine is the
only way to prevent
infection with
yellow fever
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2

Recent research indicates that the virus causes
more extensive damage to the body than initially
thought. In addition to causing direct damage
to the liver, spleen, lymph nodes, bone marrow,
brain, and heart, as described in recent years,
it has now been shown that infection with the
virus also facilitates the action of bacteria and
promotes the release of toxins that damage the
lungs, gut, and pancreas. “The yellow fever virus
causes sepsis,” says pathologist Amaro Nunes
Duarte-Neto, an assistant physician at USP. He
has led 78 autopsies performed on yellow fever
patients at the USP Autopsy Service.

T

he autopsies revealed significant disruption to the body’s defense system. The virus
establishes itself in the spleen and lymph
nodes, causing a reduction in the population of
lymphocytes, a type of white blood cell; in the
bone marrow, the disease-causing agent slows the
development of these defense cells. In the liver,
one of the target organs, “the virus manipulates
the immune system and induces the production
of anti-inflammatory cytokines that suppress the
body’s defenses,” says Duarte-Neto.
Autopsies of four people who died after liver
transplantation indicated that the virus had migrated from other parts of the body to the engrafted liver, as described in a May article in Histopathology. “The new liver failed to resolve the
viral infection in other organs,” he says.
Destruction of the liver undermines the filtration of bacteria and toxins coming from the
intestine through the blood, explains Duarte-

Neto. These agents find their way directly into
the bloodstream and are carried to the rest of the
body. Ammonia, one of the byproducts of bacterial metabolism that is no longer retained by the
liver, can attack neurons and other cells of the
nervous system.
“Alterations in blood microcirculation lead to
lung damage and can be induced by both cytokines and secondary bacterial infections,” says
Quaresma, based on studies he has conducted
at USP and IEC since 2003. “Lung damage is
possibly the immediate cause of death for critically ill patients.” n

Projects
1. Viral metagenomics to track, explain, and predict the transmission
and spatiotemporal spread of Dengue and Chikungunya viruses
in Brazil (No. 16/01735-2); Grant Mechanism Regular Research
Grant; Principal Investigator Ester Cerdeira Sabino (USP); Investment R$445,187.99.
2. Genetic and phylodynamic diversity of emerging and re-emerging
arboviruses (DENV, ZIKV and CHIKV) in the Northeast and Southeast
regions of Brazil, 2014–2016 (No. 16/08204-2); Grant Mechanism
PhD Grant; Principal Investigator Paolo Marinho de Andrade Zanotto
(USP); Scholarship Beneficiary Marielton dos Passos Cunha; Investment R$148,954.26.
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Health in
the balance
Modeling shows that spending cuts in primary care
could curb the decline in premature mortality

Rodrigo de Oliveira Andrade
PUBLISHED IN AUGUST 2019

T

he Brazilian Federal Government’s fiscal austerity program
could slow the rate of decline in
premature mortality in Brazil
over a period extending to 2030. Premature mortality measures the number
of deaths of individuals younger than
70—often associated with respiratory
infections, high blood pressure, malnutrition, and other health problems—that
could have been prevented had those
individuals had access to primary care
either at home or at local clinics. These
conclusions were drawn by an international group led by Italian biologist
Davide Rasella, from the Institute for
Collective Health at the Federal University of Bahia (UFBA). He and his team
modeled the potential impacts on coverage provided by two primary healthcare
programs, Estratégia Saúde da Família
(ESF) and Mais Médicos, after a constitutional amendment imposed a 20-year
cap on government spending in 2016.
Using mathematical and statistical
modeling, the authors estimated the effects of government spending cuts in
70 z MARCH 2020

healthcare on 5,507 Brazilian municipalities. Their modeling work was based
on data available from the World Bank,
the Brazilian Ministry of Health, the
Brazilian Institute of Geography and
Statistics (IBGE), and the Institute for
Applied Economic Research (IPEA). The
study, published in April in BMC Medicine, modeled the potential impact of
four scenarios over the next 10 years. In
one scenario, the ESF coverage remains
relatively constant, at 80.4% of the population in 2030—compared with 84.7%
currently. In a second scenario, the ESF
coverage is reduced to 37.8%, but the
Mais Médicos program is maintained.
A third, which was the worst-case scenario, models the termination of Mais
Médicos and a reduction in ESF coverage
to 16% of the population. In the fourth,
which was the best-case scenario, both
programs provide universal coverage.
In all the modeled scenarios, including
the worst-case scenario, the projections
indicate a reduction in the mean premature mortality in Brazil through 2030
from a current baseline of 45 annual

deaths per 100,000 people. The rate of
decline, however, is slowed as healthcare
spending is reduced. In the best-case
scenario, with universal access to the
services available from both programs,
mortality decreases to 38 deaths per
100,000 people in 2030. In the scenario
with the harshest budget cuts, mortality declines more modestly, to 43 deaths
per 100,000 people. According to the
study, the severest austerity scenario
would result in 48,546 more premature
deaths over the following decade compared with those under the current levels of program coverage.
Rasella warns that the impact of reducing the ESF coverage would be greatest on the poorest municipalities of Brazil. The researchers also note that premature death rates due to complications
associated with infectious diseases and
malnutrition would be 11.7% higher in
the worst-case scenario compared with
those under the current coverage levels
in these regions. “Shrinking ESF coverage would affect the population groups
that are the most vulnerable from a
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social and economic standpoint and have
the worst mortality rates compared to
the rest of the population,” says Rasella.
Moreover, these projections capture
only a portion of the effects from reduced spending on the ESF and Mais
Médicos—premature mortality accounts
for only 10-15% of the total deaths in Brazil. A 2018 study using the same methodology published in PLOS Medicine by
the UFBA group estimated that lower
spending on the ESF and Bolsa Família would result in 19,732 more deaths
among children under 5 by 2030.
AN IDEAL MODEL

The ESF program was introduced in
1994 and has become one of the primary gateways into the Brazilian National
Healthcare System (SUS). Multidisci-

plinary teams of healthcare professionals provide services covering prevention, recovery, and rehabilitation from
illnesses and other health complaints.
The program currently has 43,000 teams
on the ground visiting patients at their
homes. “Over the previous 25 years, ESF
has proven to be the ideal model for primary care and has supported a reduction
in preventable child deaths and hospitalizations,” says Rosália Neves of the
Federal University of Pelotas (UFPel)
in Rio Grande do Sul, one of the authors
of a 2018 paper about the ESF in Epidemiologia e Serviços de Saúde. The study
reports that ESF coverage gradually expanded after its initial implementation,
growing from 45.3% of the population
in 2006 to 64%, or 123 million people,
in 2016. However, coverage levels have

recently begun to decline. The Brazilian
Ministry of Health estimates that 3 million people lost coverage from November
2018 to May this year.
Mais Médicos is a more recent program. The initiative, launched by the
federal government in 2013 to increase
the number of physicians practicing
in underserved and remote areas of
Brazil, costs an average of R$1.1 billion
per year, according to a paper in Revista Pan-Americana de Saúde Pública.
Many of the 18,000 professionals in the
program are from Cuba. An estimated 2,000 of the 8,000 Cuban doctors
who came to Brazil are likely to stay in
the country (not all practicing within
Mais Médicos).
Physician Victor Wunsch, a professor at the School of Public Health at
the University of São Paulo (FSP-USP),
who was not part of Rasella’s research
group, argues that studies such as these
are useful in alerting policymakers to the
consequences of policy decisions made
today. He notes, however, that they are
not always taken into account in decision-making. “Epidemiologists themselves are often skeptical of accepting
modeling results, as political and economic circumstances may change dramatically in short spaces of time”, says
Wunsch. “However, the BMC Medicine
paper provides a helpful picture of the
likely future health impacts of the current government policy.”
In addition to a higher rate of premature deaths among economically active adults—the impact modeled in this
study—Wunsch notes that any reduction
in primary care coverage within the SUS
can also have wider effects on families
and society that are difficult to measure.
“High-quality outpatient care helps to
reduce hospitalizations and provides
significant savings in public healthcare
spending,” he says. n

Scientific articles
RASELLA, D. et al. Mortality associated with alternative
primary healthcare policies: A nationwide microsimulation modelling study in Brazil. BMC Medicine. v. 17, p.
1–11. Apr. 2019.
Neves, R. G. et al. Time trend of Family Health Strategy
coverage in Brazil, its regions and federative units,
2006–2016. Epidemiologia e Serviços de Saúde. v. 27,
i. 3, p. 1–8. Sept. 2018.
RASELLA, D. et al. Child morbidity and mortality associated with alternative policy responses to the economic
crisis in Brazil: A nationwide microsimulation study. PLOS
Medicine. May 2018.
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Scattered
ancestry
Mestizos from Brazil's southern states have more Amerindian
DNA lineages than modern-day indigenous groups in the region
PUBLISHED IN JULY 2019

M

ost of the genetic diversity of
the pre-Columbian peoples
who inhabited Brazil’s three
southern states and Uruguay
is preserved in today's mixed-race urban
populations, who have both indigenous
and European ancestry. However, this
diversity has disappeared among members of communities now living on tribal
reservations. The mestizos—of mixed
Amerindian and Portuguese ancestry—
have nearly five times more mitochondrial DNA lineage (genetic material
inherited only from the maternal side),
originating from these ancestral peoples
than do modern-day Amerindians. This
seemingly paradoxical situation can be
explained by two circumstances associated with European colonization at the
southern end of South America beginning in the sixteenth century. First, the
extinction of the vast majority of the indigenous population, which led to the
disappearance of many mitochondrial
DNA strains among the small number
of the remaining peoples, and second,
the high birthrates of mestizo children
with European fathers and indigenous
mothers, in whose descendants a higher
72 z MARCH 2020

number of maternal genetic lineages of
Amerindian origin have been preserved.
This scenario is described in a study
by researchers from the Federal University of Rio Grande do Sul (UFRGS) published in April in the American Journal
of Human Biology. The study analyzed
published data on mitochondrial DNA
from 309 mixed-race individuals living
in the southern states and Uruguay and
from 396 living indigenous peoples of the
Tupi-Guarani and Jê linguistic branches.
These sequences were also compared to
previously published DNA from an individual of the extinct Charrúa people.
Genetic samples from the mestizo population, which is no longer recognized as
Amerindian, originated from individuals
living in cities in areas originally occupied by these indigenous groups approximately 20 generations ago. The study
found only 27 lineages of mitochondrial DNA, technically called haplotypes,
among the indigenous population and
131 in the mixed-race individuals.
“The only explanation for this great
genetic diversity among mestizos is that
it must reflect the situation that existed
among pre-Columbian native peoples

before their contact with Europeans”
explains UFRGS geneticist Maria Cátira
Bortolini, one of the authors of the study,
which was based in part on the master's
thesis of her former student, Gustavo
Tavares. Approximately 95% of the mitochondrial DNA lineages of the Amerindian peoples, which began settling the
Americas approximately 15,000 years
ago, are grouped into four major groups,
called haplogroups A2, B2, C1, and D1. Of
the few lineages present in the remaining
native peoples of the southern region,
almost two-thirds are from haplogroup
A2. Among the mixed-race population,
haplogroup A2 lineages represent only
a quarter of the total, and haplogroup C1
lineages, the most frequent, represent
more than 40% of the total.
Genetic diversity is defined by the
quantity of changes and mutations in the
DNA that characterize the differences
between individuals within a population group. Genetic material from larger
populations tends to show more variation than that from small groups of individuals. “A larger population has more
people and therefore more segregating lineages, and more mutations being

Illustration of the chief of the
extinct wild Charrúa tribe,
indigenous people of southern
Brazil whose mitochondrial
DNA was studied

There is no consensus among historians as to how many Amerindians, men
and women, lived in southern Brazil before the arrival of the European conquistadors. The most widely accepted estimate suggests an indigenous population
of approximately 250,000 individuals. If
that number is correct, the mitochondrial DNA present in the Amerindians of
southern Brazil today reflects the genetic material of only 0.3% of the pre-Columbian Amerindian population. “The
low genetic diversity among modern indigenous people indicates that the size
of the ancestral Amerindian population
was reduced by 300 times after the Europeans’ arrival” says Bortolini.
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introduced” says Bortolini. The group
in Rio Grande do Sul opted to analyze
mitochondrial DNA because this segment of the genome makes it possible to
clearly differentiate between European
and African lineages in the members
of a population, which facilitates the
isolation of the indigenous contribution from the genetic material. Because
the mitochondrial DNA mutation rate
is known, this type of genetic material
can be used like a molecular clock and
provide clues to the past about the size
of an ancestral population during a given
period and the evolution, in numerical
terms, of its descendants.
According to the calculations of the
UFRGS researchers, it would have taken

a few thousand years for mitochondrial
DNA to accumulate all the mutations
and variations currently found in the
mestizo population living in the three
southern states. Analyses of the genetic
samples from these mixed-race individuals indicate that there was a process
of population expansion among Amerindians approximately 15,000 years
ago, more or less when Homo sapiens
set foot in the Americas. They also suggest that approximately 500 years ago,
when the European colonizers arrived
in the Americas, the Amerindian female
population living in the present-day territories of Rio Grande do Sul, Santa Catarina, and Paraná could have numbered
almost 200,000 women.

or anthropologist Ruben Oliven,
also from UFRGS (but not a researcher in the study), the result
of the research aligns with the history
and construction of the southern state's
gaucho cultural identity. “The figure of
the Native was incorporated into the
state’s cultural image of the gaucho in
an ambiguous way” explains Oliven.
“The indigenous people have always
been portrayed as brave, heroic types
who rode horses and lived close to nature. Many Rio Grande do Sul residents
like to say they have ‘indigenous blood,’
which is probably true.” The recognition
of Guarani culture as a formative element of the state’s society, however, is
recent. “In the 1940s, for example, many
people did not accept the image of Sepé
Tiaraju (1723–1756) as a regional hero”
notes the anthropologist, referring to
the rebellious indigenous leader of the
Seven Peoples of the Missions in the
eighteenth century. The UFRGS researchers estimate that 20% of the state's
modern-day residents have indigenous
mitochondrial lineages. n Rafael Garcia
Scientific articles
TAVARES, G. M. et al. Measuring the impact of European
colonization on Native American populations in Southern
Brazil and Uruguay: Evidence from mtDNA. American
Journal of Human Biology. Apr 23, 2019.
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PINPOINT
VISION
A space camera made in Brazil
can identify areas as small as nine
square meters from Earth orbit
Yuri Vasconcelos
PUBLISHED IN SEPTEMBER 2019
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A

VCUB1 nanosatellite
prototype with
the camera
in the center

space camera designed to take
high-resolution pictures of
Brazil’s national territory is
being tested in the laboratories
of the Akaer Group, an aerospace company based in São José dos Campos in
the state of São Paulo. Named E3UCAM,
the camera will be mounted on the Earth
observation satellite VCUB1, which is
being built by Visiona Tecnologia Espacial, a joint venture between Telebras
and Embraer’s Defence and Security
division. If all goes as planned, the satellite will be launched into Earth orbit by
mid-2020. VCUB1 will be positioned 530
kilometers (km) from Earth and will fly
over Brazil every 90 minutes.
Work on the camera began two years
ago by the engineering arm of Opto
Space and Defense (formerly Opto Eletrônica) and Equatorial Sistemas, two
companies in the Akaer Group. With
an optical system formed by three mirrors, the camera will capture images of
the Earth’s surface with a resolution of
3 meters (m)—in other words, each pixel
(the smallest individual point that composes a digital image) will cover an area
of 9 square meters (m2), clearly showing
objects of certain dimensions, such as
a pickup truck.
“The E3UCAM camera is an unprecedented development, representing a
technological breakthrough for Brazil,” says materials engineer Fernando
Ferraz, vice president of operations at
Akaer. The device, he says, will produce
higher-resolution images than current
Brazilian satellites. Ferraz points out
that the camera is an evolution of the
previous model made by Opto for the
China-Brazil Earth Resources Satellites

(CBERS), launched over the last decade.
“The MUX multispectral optical camera
on these satellites has a spatial resolution
of 20 m. We have improved the resolution almost sevenfold.”
The VCUB1 camera will be used primarily for environmental purposes, such
as monitoring deforestation and supporting agricultural activities—similar
applications to the MUX. “It will be an
effective tool for detecting the start of
new deforestation in the Amazon, something which is often associated with the
creation of illegal roads. High-resolution cameras can be used to identify the
emergence of these roads,” says electronic engineer César Celeste Ghizoni, executive director at Equatorial. “The new
equipment could also identify smaller
clearings typical of selective logging.”
MORE ACCURATE FOCUS

The development of E3UCAM was funded by FAPESP and the Brazilian Funding Authority for Studies and Projects
(FINEP). Five projects approved as part
of an agreement between the two institutions under the program Research for
Innovation in Small Businesses, RISB
(PIPE, in the Portuguese acronym) were
awarded a total of R$5.2 million. One of
the projects aims to develop a mechanism for adjusting the focus using temperature control. “The ground crew remotely heats or cools a device on the
camera that controls its focus, enabling
it to capture more accurate images. Most
cameras embedded in satellites do not
have this thermally controlled focus
mechanism,” says Ghizoni.
The funds from FAPESP and FINEP
were also used to enhance the camera’s
PESQUISA FAPESP z 75

More about VCUB1
Nanosatellite to be launched into
space by 2020
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HOW THE CAMERA WORKS
The optical system consists of a set of mirrors
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HIGH PRECISION
The device has higher resolution than previous cameras made in Brazil
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Electrical engineer Marco Chamon, general coordinator of space engineering and
technology at the Brazilian National Institute for Space Research (INPE), says one
of the challenges when developing the
camera was the need to miniaturize its
systems. VCUB1 is a nanosatellite known
as a CubeSat—a small, cube-shaped research satellite (see Pesquisa FAPESP
issue no. 219). VCUB1 measures just 30
centimeters (cm) long, 20 cm wide, and
10 cm high. Smaller than a shoebox, the
camera built by Akaer will occupy half of
this space (see infographic below).
“Cameras on conventional satellites,
like the CBERS, are huge and can weigh
up to 150 kilograms [kg], while the one
being built in São José dos Campos is
just 3 kg,” says Chamon. “With such
compact cameras, engineers have limited
space to accommodate all the components, which means they face challenges
that don’t exist with larger devices. In
recent years, Opto and Equatorial have
improved the design of these instruments, in terms of both the optical system and signal processing [transforming
the optical signal into bits].”

cm

10 cm

digital data processing system. By de- 1
veloping compression algorithms, the
researchers were able to increase the
data transmission rate (in megabits per
second, Mbps) by up to four times, making it easier to store and send images
taken by the camera back to Earth. Lower file storage and higher transmission
rates mean reduced power consumption,
which is essential for satellites.
Another important feature is that the
device can correct diffraction—an undesirable but common phenomenon that
distorts images taken by space cameras. “We used a computational method
known as deconvolution to improve image quality by reducing diffraction,” says
Equatorial’s executive director, noting
that the camera will provide images in
four of the seven spectral bands (green,
red, blue, and near-infrared bands). A
spectral band is the interval between
two wavelengths in the electromagnetic spectrum. Using different spectral
bands, which act like a kind of color filter, helps generate more detailed images
of the landscape. Most cameras photographing Earth from space use these
four spectral bands.
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Close-up of the
secondary mirror
of the Akaer
camera

According to Fernando Ferraz, the
FAPESP projects were fundamental to
Akaer’s development of the new technologies that enabled the creation of
such a compact camera with a modular
architecture designed for nanosatellites.
Visiona is the first company to purchase
the camera, which is also being offered
to other interested parties in Brazil and
abroad. The device costs approximately
US$400,000 (R$1.6 million).
Few countries in the world are capable of developing high-resolution
(like the E3UCAM) or “very-highresolution” space cameras, which are
capable of distinguishing objects on
Earth smaller than 1 m in size. “Only a
few countries, such as the USA, France,
Germany, and China, currently have the
means to produce these very-high-resolution cameras. That’s our next step,”
says César Ghizoni.
Akaer’s camera is not the only technological innovation on Visiona’s nanosatellite. The satellite itself, the first to be
entirely designed and built by a Brazilian
company, is also an innovative design.
According to the company, the satellite will serve as a platform for testing
space technologies that could be used in
future missions by the Brazilian Space
Program; one such technology is its attitude and orbit control system (AOCS),
which includes the first satellite guidance software developed in Brazil. One
of the purposes of this system is to correctly and accurately focus the camera
on the target area.
These systems are sensitive technologies that are rarely shared between nations. “Having mastered this technology,
Brazil is ready to create the first fully
Brazilian satellite, thus integrating industry and academia in the high-tech
sector,” said João Paulo Campos, CEO of
Visiona, which is based in the São José
dos Campos Technology Park.

Visiona’s nanosatellite program,
which has a budget of R$14 million, includes cooperation with INPE, which
has vast experience in satellite development. The agency’s engineers provide support in areas such as systems
engineering, assembly, integration, and
satellite testing. The company is also
partnered with the Brazilian Agency
for Industrial Research and Innovation (EMBRAPII), which partly funds
the program, and the SENAI Institute
for Innovation in Embedded Systems,
based in Florianópolis in the state of
Santa Catarina.
The latter was responsible for the development of the ground station and the
software that will integrate the onboard
computer with various embedded components, including the optical camera.
SENAI Institute for Innovation in Embedded Systems also helped develop the
sensors that will remain on Earth to receive data from the satellite. In addition
to the camera designed by Akaer, the
VCUB1 satellite will be equipped with
a system to collect hydrometeorological
data such as rainfall, atmospheric pressure, and river levels.
NEW SPACE

VCUB1 is part of a new generation
of small satellites that fall under the
NewSpace philosophy, a global movement involving private space missions
that are less expensive than in the past,
when space exploration was conducted

exclusively by national governments.
Simple CubeSats cost just a few hundred thousand dollars, whereas a large
conventional satellite requires an investment in hundreds of millions.
“There has been undeniable global
growth in the use of CubeSats,” says physicist Luiz de Siqueira Martins Filho, from
the Federal University of ABC (UFABC)
in São Bernardo do Campo, São Paulo.
According to Luiz de Siqueira Martins
Filho, CubeSats are democratizing access to space because they are cheaper
and easier to manufacture, partly due
to their use of off-the-shelf components
such as sensors and processors. “Feats
that used to be exclusive to major space
agencies like NASA and the ESA can now
be achieved by universities, businesses, and schools. CubeSats have grown in
economic and technological relevance
worldwide in recent years.” n

Projects
1. Development of a TMA reflective optical system for
orbital imaging instruments (No. 16/50142-4); Grant
Mechanism Research for Innovation in Small Businesses,
RISB (PIPE); FINEP PIPE-PAPPE Agreement; Principal
Investigator Alexandre Lourenço Soares (Opto); Investment R$1,511,072.33.
2. Digital data processing electronics for remote sensor
imaging instruments (No. 16/50150-7); Grant Mechanism Research for Innovation in Small Businesses, RISB
(PIPE); FINEP PIPE-PAPPE Agreement; Principal Investigator Roney Ferreira Marzullo (Akaer); Investment
R$1,262,247.00.
Other cited projects are listed in the online version of
this article.
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Affordable
treatment
Brazilian software aims to
expand access to radiation
therapy in developing countries
Domingos Zaparolli
PUBLISHED IN AUGUST 2019

A

new radiation treatment planning system (TPS) developed
by i-Medsys, a medical software development firm in Ribeirão Preto, São Paulo, southeastern
Brazil, promises to deliver more efficient
and safer radiation therapy for cancer
in developing countries. The software
suite, dubbed Siprad, is currently under
approval review by the Brazilian Health
Regulatory Agency (ANVISA) and the US
Food and Drug Administration (FDA).
Radiation treatment planning, a stage
involving a multidisciplinary team of radiation oncologists, medical dosimetrists,
and medical physicists, consists of determining the dose and the different angles
of radiation delivered from a machine
outside the body—known as a linear accelerator—and delineating the target volumes in the body that will receive treatment to enhance effectiveness and reduce
side effects. “Planning is the most critical
stage of radiotherapy treatment,” says
radiation oncologist Harley Francisco
de Oliveira, vice chairman of the Brazilian Society for Radiotherapy, noting that
an improperly delivered dose can cause
undesirable damage to healthy tissues.
Without radiation treatment planning systems such as Siprad, physicians
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define the target region and radiation dose
through visual observations of computerized tomography or magnetic resonance
imaging scans, increasing the risk of error.
This approach is used for most radiation
therapy services within the Brazilian National Healthcare System (SUS). According to data from the Brazilian Ministry of
Health, 10.3 million radiation therapy procedures were performed within the SUS
in 2017. Due to the shortage of radiotherapy equipment, such as linear accelerators,
and the absence of TPS systems, patients
wait an average of 113 days from diagnosis
before they start radiation therapy.
However, implementing radiotherapy
technology is expensive, and access to
treatment is limited outside Brazil’s major hospitals. A linear accelerator costs
approximately US$1.5 million (approximately R$5.5 million). A TPS software
license from US-based Varian, the global
market leader alongside Swedish Elekta,
can cost from US$10,000 to upwards of
US$100,000 says the company’s country
manager for Brazil, Humberto Izidoro.
The total price depends on what features
are configured and the number of registered users for each feature. A clinic or
hospital also requires a dedicated workstation to operate the TPS.

Diego Fiori de Carvalho, a managing partner at i-Medsys, says the value
proposition for Siprad is a lower total
cost of ownership than traditional systems. A full-featured license for the system—which was developed with funding
support from the FAPESP Research for
Innovation in Small Businesses, RISB
(PIPE, in the Portuguese acronym)—
costs approximately US$10,000, the
same price as a Varian license for a single feature and one user. Another differentiator is that whereas imported TPS
software typically requires a dedicated
workstation, Siprad can run on a personal computer. The Brazilian-developed software, says Carvalho, offers the
same features as competing systems and
is compatible with the linear accelerators produced by both Varian and Elekta.
Siprad was developed in response to
the demand for radiation therapy at a
university hospital (HCRP) run by the
Ribeirão Preto School of Medicine at
the University of São Paulo (USP) and
headed at the time by Harley Oliveira.
“The high cost of TPS licenses placed a
constraint on expanding radiotherapy
services, especially for patients relying
on government funding,” says the physician. i-Medsys, a startup incubated at
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the SUPERA Innovation and Technology
Park in Ribeirão Preto, had previously
supplied HCRP with a picture-archiving
and communication system called LyriaPacs, which was also developed with
funding from FAPESP.
The demand for treatment planning
systems at HCRP led i-Medsys owners Diego Carvalho and José Antônio Camacho
to enroll in the PIPE High Tech Entrepreneurial Training program. “The program
showed us the importance of developing
a business plan for Siprad that was suited for the healthcare market in Brazil,”
says Carvalho. To develop their business
plan, the two partners visited public and
charity-run hospitals in six states.
One of the goals they set for i-Medsys
was to cater to the demand for TPS systems created by the SUS Radiation Therapy Expansion Plan, under which 140
new linear accelerators would be purchased by the SUS. The initiative was
originally launched in 2012 with the Brazilian Ministry of Health’s announcement of a tendering procedure for 80
machines, followed six years later by a
tender for another 60 machines. Varian was successful in the original bidding procedure and was awarded a contract in 2013 that included the delivery of

equipment, construction of manufacturing facilities in Brazil, development of a
training center, and technology transfer.
As of early July, a total of 18 linear
accelerators had been delivered, says
Izidoro. Under a new agreement that
concluded in 2018, Varian’s scope of supply increased to 100 machines, with an
estimated investment of R$505 million.
The remaining 40 machines not under
contract and the relevant TPS systems
will be purchased under arrangements
still to be concluded. This gap is one that
i-Medsys hopes to fill.
INVITATION TO THE UN

Siprad is currently being tested at the
Radiation Therapy Center (CTR) in Ribeirão Preto and at the Radiology Institute (HC-InRad) in São Paulo. “We’re
currently working to improve the target
delineation tools and overall program
performance. It’s still too early for a definitive assessment,” says radiation oncologist Fábio Prado Luz of HC-InRad.
He believes the program is promising,
however, and is developing at a remarkable pace. “The changes we request are
promptly implemented, which is something you don’t see in foreign programs,
and it makes all the difference.”

Harley Oliveira, who is assessing the
Siprad suite at CTR, says the system has a
number of key advantages other than the
low costs, including access to a remote
cloud database and the ability to perform
planning tasks remotely over the web.
The reduced total cost of ownership
and other program differentiators led
to an invitation from the United Nations
International Atomic Energy Agency’s
(IAEA) Division of Human Health to
present the project this year at IAEA
headquarters in Austria. The agency is
seeking software solutions for cancer
treatment that can meet the demands in
developing countries. “We met the agency’s requirements and were encouraged
to respond to international tenders once
we’ve received the required certification,”
says Carvalho. n

Projects
1. Siprad: Radiation treatment planning systems (RTPS)
(No. 15/08412-1); Grant Mechanism Research for Innovation in Small Businesses, RISB (PIPE); Principal Investigator Diego Fiori de Carvalho (Innolution); Investment
R$553,828.32.
2. ArcaMed: A framework for building diagnostic decision
support systems (No. 05/60038-5); Grant Mechanism
Research for Innovation in Small Businesses, RISB (PIPE);
Principal Investigator Diego Fiori de Carvalho (Innolution); Investment R$471,239.25.
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The program will be
based on Embraer’s
agricultural aviation
platform, Ipanema

1

Embraer and WEG
team up to
develop electric
propulsion systems
for aviation
PUBLISHED IN JULY 2019
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omorrow’s aircraft will be
more eco-efficient; they will
burn less fossil fuels, release
less carbon dioxide (CO2) into
the atmosphere, and fly more silently—
all thanks to electric propulsion, a new
direction taken by the world’s leading
aircraft manufacturers, including USbased Boeing and European rival Airbus. In late May, Brazilian planemaker
Embraer officially joined the race with
its announcement of a partnership with
Brazilian motor manufacturer WEG.
The agreement is currently for early-stage scientific and technological cooperation. In the long term, the collaboration will progress to development,
laboratory testing, and flight testing of
electrified propulsion systems. WEG will
supply powertrains—motors combined

with variable frequency drives—for the
aircraft, with the batteries sourced elsewhere. Batteries remain an obstacle to
electrified flight with their currently
low energy density (the ratio of weight
to battery capacity), which means a prohibitively large number of batteries is
required for flight.
WEG Automation Director Manfred
Peter Johann says the company already
supplies powertrain systems for ships,
trains, buses, and trucks and will now
need to adapt them for aircraft. “Our research will tell us what challenges there
are to address,” he says. Laboratory testing is expected to begin within 2019 and
flight testing in 2020.
The prototype will be based on Embraer’s single-engine agricultural aircraft platform, the EMB-203 Ipanema.
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Cleaner flight

Engineer André Gasparotti, Embraer’s
head of research and development, says
the aircraft will be a technology demonstrator with no commercial applications
in the foreseeable future. The prototype
will be fully electric and will be capable
of approximately 30 minutes of flight
time. The partnership could eventually
evolve into hybrid fuel-electric propulsion—combining electric motors with
turbine engines—and into larger aircraft.
Gasparotti believes electrification will
also drive innovation in broader aircraft
design to make airplanes more efficient.
“Innovation has so far been incremental
but may soon turn disruptive.”
One possibility being considered is
distributed propulsion. Modern aircraft
typically have engines mounted beneath
their wings—or in the nose in the case
of single-engine aircraft. These propulsors are large and relatively heavy and
require a robust airframe to match. Distributed propulsion utilizes multiple
small- or medium-sized electric motors
fitted at different points on the wings or
elsewhere on the aircraft. The distributed engine weight creates new aerodynamic possibilities, such as smaller,
slimmer and more flexible wings. Some
motors could only be used during takeoff and landing.
Other promising research fronts are
the increasing use of electric actuation
in the replacement of hydraulics for
some functions and the use of motorized undercarriages for taxiing. One of

Airbus and
Boeing are
also pursuing
electrified
aircraft
propulsion
programs

the advantages of these technologies is
that they enable lighter-weight subsystems and therefore fuel savings.
Economist Marcos José Barbieri Ferreira, head of the Laboratory for Aerospace and Defense Research at the
University of Campinas (LabA&D-UNICAMP), says electrification is currently
one of the most disruptive technologies
in the industry and believes the EmbraerWEG partnership could usher Brazil into
a new and exciting market. “WEG could
get a foothold in a demanding market
for aircraft motors, with little in the way
of competition,” he says. “And Embraer
would have the opportunity to reposition
in the global niche market for small- to
medium-sized aircraft by incorporating
innovative technology.”
The International Civil Aviation Organization (ICAO) estimates that air

2

An illustration of the hybrid-electric aircraft E-Fan X, which Airbus plans to launch by 2035

transport is responsible for 2% of global
CO2 emissions, a percentage that is likely
to rise—airlines carried 4.3 billion passengers in 2018, and this figure is poised
to double over the next 15–20 years. Airplanes are one of the most carbon-intensive modes of travel, releasing 285 grams
(g) of CO2 per kilometer traveled by a
passenger; in comparison, cars emit 158
g and trains emit just 14 g.
In 2016, ICAO created a carbon offsetting mechanism that aims to stabilize CO2
emissions at the levels in 2020. The International Air Transport Association (IATA)
adopted its own greenhouse gas reduction
commitments several years prior, in 2008.
Since then, improvements to engine and
aerodynamic performance and the use of
lighter materials in new generations of
aircraft have delivered energy-efficiency
gains of between 15% and 25%.
Experts at ICAO say that a step change
in emissions reduction will only be
achieved when fossil fuels are replaced
entirely, or at least partially. However,
electrification will only become commercially feasible in the 2040s, according to the organization. Replacing jet
fuel with electric power, explains Gasparotti, can improve energy efficiency by
40% to 50%.
There are currently around 100 electric aircraft programs under development
globally. Boeing has put several years of
development so far into SUGAR Volt, a
hybrid fossil fuel-electric propulsion system. The company hopes to launch the
first jets with the technology between
2030 and 2050. Airbus plans to conduct
the first flight tests of its E-Fan X—a hybrid-electric aircraft demonstrator developed in collaboration with Rolls-Royce
and Siemens—sometime next year. E-Fan
X will be powered by three turbines and
an electric motor. Hybrid jets are expected to be on the market by 2035.
In Latin America, the first electric
aircraft to take the skies was the Sora-e,
in its maiden flight in 2015. The twinmotor, two-seat airplane was developed
by ACS-Aviation in São José dos Campos, southeastern Brazil, in partnership with Itaipu Binacional. After the
flight trials, development was put on
hold, says ACS-Aviation CEO Alexandre Zaramella. The company decided to
prioritize another project, an electric,
semiautonomous vertical take-off and
landing vehicle. n
Domingos Zaparolli
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razilian livestock farmers can
now access new technologies to
streamline the seemingly trivial, but not always simple, task of
weighing cattle. Collecting these
data—and using them to inform decisions—
is an integral part of what is known as “precision livestock farming,” a term referring
to the use of technology and information to
enhance farm productivity and profitability. Monitoring animal weight helps beef
farmers determine the optimal timing for
slaughter and mating and track livestock
health, as sudden weight loss can be a sign
of deficient nutrition or disease.
Most Brazilian farms still use visual estimation to calculate the weight of cattle,
but there are now solutions on the market
that are far more sophisticated than a simple weighing scale. One of the difficulties
with conventional weighing is placing the
cattle one at a time on the scale, which is
typically located in a corral. This process
involves significant livestock handling
stress as well as costs. In conventional
livestock farming, the cattle are weighed
once or twice per year, nearly always
during vaccination—that is, when there
is a weighing scale on the property. “The
bottom line is that cattle are not weighed
often enough and accurately enough,” says
beef farmer André Bartocci, who serves
as director of the Brazilian Association
of Nelore Breeders (ACNB).

A bull with an
electronic
identification tag;
in the background,
a walk-over dynamic
weighing scale

WEIGHING
THE HERD
Innovative cattle-weighing solutions promise improved
livestock productivity on Brazilian farms
Frances Jones
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However, if bringing cattle to the
weighing scale is difficult, then the
weighing system should be brought to
them. One recently developed solution
avoids weighing scales altogether by using cameras that estimate cattle weight.
“The product is designed to allow farmers to regularly monitor their herds in
the pasture without upsetting their cattle or disrupting their farm operations,”
says computer scientist Pedro Coutinho, CEO of Olho do Dono, a startup in
Espírito Santo. In March, the company
deployed the solution at 15 beef farms. A
three-dimensional (3D) camera is used
to calculate animal weight with the aid
of a software system. Images can be captured from anywhere on the farm and
with the cattle in movement. Animals
need to be at an approximate right angle and a maximum distance of 3 meters
from the camera.
“It can be an alley or anywhere where
the animals are funneled single-file,” says
Coutinho. “Using artificial intelligence,
machine learning, and statistics, our program analyzes 500 parameters related to
weight. We have already weighed 20,000
bulls to date, with an average individual
weighing accuracy of 95%.”
If the cattle have electronic identification tags, then their weight data can

be recorded individually. Information is
transmitted directly from the camera to
a laptop, without the need for an Internet connection. The startup spent four
years developing the solution, with support from the Espírito Santo Research
and Innovation Funding Foundation
(FAPES), the Brazilian Funding Authority for Studies and Projects (FINEP), and
investment fund PRIMATEC.
Another solution that has been on the
market for at least two years is a walkover weighing scale that can record
weight data while the cattle are moving. Bulls or cows can be weighed on
the pasture ground without having to
stop for measurement. Coimma, a firm
in Dracena (SP), southeastern Brazil,
launched a weighing system—dubbed
BalPass—in 2017, in collaboration with
the Beef Cattle chapter of the Brazilian Agricultural Research Corporation
(EMBRAPA), in Brazil’s midwestern city
of Campo Grande, and the Federal University of Mato Grosso do Sul (UFMS).
The weighing frame, built of steel
lined with wood, can be deployed
anywhere on the farm. The system is
equipped with a motion sensor, a tag
reader to identify each animal, a radio
antenna for data transmission, and a solar panel. The scale is typically placed

NEW WEIGHING TECHNOLOGY

Using artificial intelligence
software, a
three-dimensional camera
system captures and
analyzes images of passing
animals to estimate weight

Walk-over weighing scales,
capable of recording data
with cattle in movement,
are available from
companies such as Bosch
and Coimma

1

A camera system developed by Olho do Dono can weigh animals in movement anywhere on a farm
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at the passage to the water trough, so
animals are weighed at every trough
visit. Farmers can monitor weight status from anywhere on a mobile device
or laptop computer.
“The development of the product began eight years ago,” says crop scientist Rodrigo Fonseca Rangel da Rocha
Gomes, commercial manager at Coimma.
“This is part of our vision for increasingly connected cattle farming, leveraging
data analytics, the Internet of Things,
and artificial intelligence,” he says.

2
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PASTURE OR CONFINED LIVESTOCK

The Brazilian division of German multinational enterprise Bosch has also
launched a walk-over weighing system,
called the Precision Livestock Platform,
using a similar concept to that of Coimma. The module can be placed in a
narrow passage anywhere on the farm
and can be used for both pasture and
confined farm operations.
The system is solar-powered and features weighing sensors, a tag reading
system, a processing unit, and an antenna for data transmission. “The product is connected to the farm office over
the cloud. The algorithm produces a
daily weight gain curve for individual animals and the overall herd,” says
Paulo Rocca, vice president of Bosch
Integrated Solutions Brazil.
The technology was virtually entirely
developed in Brazil, with support from
Bosch headquarters in Germany. The
business unit developing the platform
has 20 employees and 20 cattle farmers as customers. “The Brazilian beef
farming market is gigantic, but farm operations are not all alike. Therefore, the
challenge is deploying the technology at
scale and across the diverse spectrum of
farms,” says Rocca.
Individual weight is just one of the
types of data collected by a solution suite
developed by @Tech, a tech spinoff in Piracicaba (SP) that has received FAPESP
funding through the program Research
for Innovation in Small Businesses, RISB
(PIPE, in the Portuguese acronym). The
company currently has two products on
the market—BeefTrader and 3DBeef—
and another eight in the development
pipeline, says veterinarian Tiago Albertini, a director at @Tech.
BeefTrader intersects animal data with
industry data to determine the optimal

Brazil has the world’s largest commercial herd at 238 million head of cattle

Brazilian
technology has
attracted
global interest
from livestock
farmers

timing for farmers to sell their cattle,
while 3DBeef uses a system of smart
cameras to measure fat thickness in real time. “The processing industry pays
farmers on the basis of not only weight
but also carcass fat thickness. Meat packers will pay less if the carcass has suboptimal fat thickness,” says Albertini. “Our
platform has been proven to improve
farmers’ profit margins by 25%.”
Brazil has the world’s largest commercial herd at 238 million head of cattle,
followed by the US (94.7 million), China
(90 million), the European Union (87.5
million), and Argentina (53.8 million),
as reported by the US Department of

Agriculture. Cattle farmers around the
world have shown an interest in weighing technology developed in Brazil, say
the experts interviewed for this article.
In these countries, cattle farmers typically use conventional weighing systems
to measure animal weight.
Researcher Alberto Bernardi, of the
EMBRAPA Livestock chapter in São Carlos (SP), southeastern Brazil, says that
while new agribusiness technologies are
welcome, developers need to be aware
of existing disparities in Brazil’s livestock farming landscape, where modern,
professional producers targeting global
markets coexist with traditional farmers
using rudimentary farm management
methods. “The beef value chain needs
to become more professionalized. Producers who fail to modernize and rethink
their operations will be increasingly sidelined from the market,” says Bernardi.
However, collecting weight data on the
herd is only part of the process; farmers
also need to know how to use that data
to their advantage, he notes. “If farmers
are not interpreting the data they collect, then they are not doing precision
farming,” says Bernardi. Animal welfare
and environmental issues also need to be
addressed by the modern cattle farmer,
he concludes. n

Project
BeefTrader: a market intelligence platform to maximize profits for livestock farmers and the beef industry
(no. 15/07855-7); Grant Mechanism Research for
Innovation in Small Businesses, RISB (PIPE); Principal
Investigator Tiago Zanett Albertini (@Tech); Investment
R$157,034.01.
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Disarming

Violence
Curbing Brazil’s homicide
epidemic hinges on
restricting access to firearms,
new research suggests

Christina Queiroz
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etween 1990 and 2015, approximately 2.5
million people died from gunshot wounds
in Brazil, Colombia, the US, and Mexico,
according to a Canadian study published
in Lancet Public Health in May. The study
also found that globally, firearm mortality
is highest in countries where firearms are easily accessible. During the study period, firearm deaths declined in the US—where they nevertheless remained
among the highest levels globally—and in Colombia,
while they increased in Mexico and in Brazil, where
the number of guns in circulation remains high despite gun-restricting legislation being in place since
2003. In 2017, the financial burden of violent crime
in Brazil amounted to R$373 billion, or 6% of the
country’s Gross Domestic Product (GDP), according
to the Atlas da Violência (Atlas of violence) report

Violent deaths in Brazil
Without the Disarmament Statute, the homicide rate in Brazil between
2003 and 2017 would have been 12% higher
Projected homicide
trend based on 14-year
average growth rates
prior to the statute
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Young victims of
firearm fatalities
The age group with the highest number of firearm deaths in
2017 was between 20 and 29 years old, at 19,076 deaths
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of homicides in Brazil in 2017 were
caused by firearms
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recently published by the Institute of Applied
Economic Research (IPEA) and the Brazilian
Public Security Forum (FBSP).
“Brazil is the world’s most homicidal country in absolute terms. In 2017 alone, more than
65,600 people were murdered in the country;
74.4% of these deaths were caused by firearms,”
says Bruno Paes Manso, a political scientist and
researcher at the University of São Paulo’s Center
for Violence Studies (NEV-USP), noting that the
average percentage in Europe is just 18% in comparison. With 43,200 firearm murders in 2016,
Brazil led the global ranking for gun deaths that
year, according to a recent study titled “Global
mortality from firearms,” published by the Institute for Health Metrics and Evaluation based on
data on 195 countries over a period of 16 years.
Next came the US at 37,200 deaths.
There are multiple factors contributing to the
high rates of gun deaths in Brazil. One is the acceleration of urbanization between the 1970s
and the 1980s. The explosive growth of city populations was accompanied by economic crises,
widening inequality, and crime. “The 1980s saw
the beginning of a domestic arms race of sorts,”
says IPEA economist Daniel Cerqueira. “At that
time, you could buy guns at your local department
store,” he recalls. Firearm homicides soon began
to climb consistently. From 6,100 gun murders
in 1980, this figure jumped to 30,800 deaths in
2000 according to data compiled by IPEA from
the Brazilian Ministry of Health’s Mortality Information System (SIM).
The escalating violence led several states in
Brazil, including São Paulo, to discuss policy
measures to restrict access to firearms. In 2003,
Federal Act 10826 (known in Brazil as the “Disarmament Statute”) introduced restrictions on
carrying guns and regulations on ownership of

firearms (see timeline on page 89). Data from Instituto Sou da Paz show that a total of 926,000
firearms were sold in Brazil between 1997 and
2003, an average of 132,000 per year. Beginning in
2004, the annual average dropped to 53,000 units.
Since then, the average annual growth in firearm murder rates has been declining. “The advent of the statute broke a growth trend in firearm deaths. From 8.1% in the preceding 23 years,
annual growth in gun deaths declined to 2.2%
in 2004 and continued at that level until 2014,”
says Cerqueira, who estimates 133,000 lives were
saved. There is no doubt in the economist’s mind
that the new legislation had a hand in the reduction. “If the break in the trend had been caused
by factors other than the new law, such as macroeconomic or demographic reasons, similar effects
would have been observed in the rates of lethal
violence perpetrated by other means, whereas
only deaths caused by firearms declined sharply—and precisely––after 2003,” he says. “Without
the new legislation, the homicide rate in Brazil
between 2003 and 2017 would have been at least
12% higher,” he estimates (see graph on page 87).
In its most recent survey, conducted in Brazil’s midwestern state of Goiás, Instituto Sou da
Paz traced the ownership history of 8,900 guns
confiscated by the police between June 2016 and
December 2017. “We found that 73% of those guns
had been manufactured before the gun statute
was passed, indicating that guns purchased in
the 1980s and 1990s continue to affect rates of
violence in Brazil today,” says Bruno Langeani,

a lawyer from the institute. At least one-third of
guns confiscated in the state of Goiás had been
legally purchased and registered before being diverted for use in criminal activity. A study in São
Paulo by the same nongovernmental organization,
in collaboration with the Public Prosecution Service, examined the history of 4,200 guns seized
following robberies and homicides in 2011 and
2012. “At least 38% of them had originally been
purchased legally,” says Langeani.
Similar findings were reported by a Parliamentary Investigation Committee (CPI) instituted
in 2011 by the Legislative Assembly of Rio de
Janeiro. The CPI report showed that approximately 18,000 firearms were stolen from private
security firms in the state over the space of one
decade. The report also examined the origin of
guns used in crimes and murders, finding that
86% had been purchased legally and later abstracted for criminal use. “According to the Ministry of Justice’s National Weapons Database
[SINARM], 22,900 firearms were lost between
2009 and 2011 and another 29,300 were stolen
by theft or robbery,” says Cerqueira, of IPEA.
The data, he says, is crystal clear: “The more
guns there are in circulation, the more end up
in the black market.” Langeani concurs: “The
fact that guns seized by the police are largely
locally manufactured weapons produced and
sold legally suggests that most guns in the black
market were legally purchased and registered in
Brazil, and not smuggled in.”
FINANCIAL TOLL

The most recent edition of IPEA’s Atlas of Violence places the financial burden of violence
in Brazil at R$373 billion in 2017, including the
costs of prisons, public and private security, and
public healthcare. Within the Brazilian National Healthcare System (SUS), hospitalizations
related to firearm injuries cost a total of R$190
million between 2015 and 2018 (see graph on
page 91). “Violence takes a toll on public healthcare, consuming precious resources that could
be better used for acquiring new technologies
and medicines,” says sociologist José Ferdinando
Ramos Ferreira, who heads the Working Group
for Violence and Healthcare at the Brazilian Association of Collective Health (ABRASCO). He
notes that gunshot survivors require complex
care that typically involves hospitalization followed by multiple rehabilitation sessions to regain physical and mental health. “The costs of
gunshot wounds are high because they often involve surgeries and extended hospitalization in
intensive care. They can affect multiple organs
and frequently require patients to receive prosthetic implants,” says Danilo Blank, a professor in
the School of Medicine at the Federal University

Firearm laws
State regulation of firearms
began in the 1930s and poses
a major challenge today
1934
Getúlio Vargas (1882–1954) passes Presidential
Decree 24602, introducing regulations on the
manufacture and sale of military weapons by the
State and prohibiting private companies from
manufacturing weapons other than those used for
hunting. The decree contains no provisions on
civilian use of weapons and munitions

1965
Decree 55649 repeals the Vargas decree and
introduces new regulations on the production,
sale, and circulation of weapons and munitions,
and it includes weapons among Brazil’s export
products.The Civil Police are tasked with managing
registration for gun ownership and carriage

1980
Directive 1261 of the Ministry of the Army
introduces regulations on the sale and
registration of firearms. People above
the age of 21 with no criminal record and who
are employed are entitled to purchase
up to three weapons per year, up to six in total

1997
With the creation of the National Weapons System,
oversight of weapons and munitions sales
is placed under the exclusive authority of the
Federal Police, and proof of “a bona fide need”
is required for gun ownership. Illegally carrying
a firearm is changed from a misdemeanor to a
felony. Oversight of the weapons privately
owned by policemen, judges, and collectors
remains the responsibility of the Armed Forces

2003
Federal Act 10826, known as the Disarmament
Statute, is introduced. The Army acquires
overall responsibility for oversight of the
manufacture, importation, and registration of
weapons. The Federal Police retain responsibility
for authorizing the buying, registration, and
ownership of weapons by civilians, who are
forbidden to carry firearms outside their homes

2019
The rules on buying, registering, carrying, and
selling firearms and munitions under the
Disarmament Statute are relaxed by successive
presidential decrees
SOURCE INSTITUTO SOU DA PAZ
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R$

million spent within the SUS on
gunshot-related hospitalizations involving
children and adolescents in the last 20 years

of Rio Grande do Sul (UFRGS) and a member of
the Security Department at the Brazilian Society
of Pediatrics (SBP).
One of the issues the SBP is currently tackling
is the increasing lethality of gun violence among
younger populations. “Youth are the number one
victims of homicidal violence in Brazil. Growth
in firearm lethality has been greater in the 15 to
25 age bracket than in the rest of the population,”
says Blank, referring to the findings of a 2016
90 z MARCH 2020

study by the Latin American School of Social
Sciences (FLACSO), titled “Mapa da Violência”
(A snapshot of violence). According to the study,
the annual number of gun homicides in this population group has soared from 3,100 to 25,000 in
the last 30 years, an increase of 700% compared
to 600% among the general public. “People aged
15 to 29 were the victims of 60% of gun killings
in the study period,” says Blank. Given Brazil’s
aging population—67 million people will be older
than 60 by 2050—Blank wonders what effect the
homicide rates among young populations might
have on the economy. “The demographic transition and the elevated death rates in younger age
groups will combine to shrink Brazil’s economically active population,” he says.
An SBP survey based on SIM data found that
145,000 youth up to the age of 19 have died from
firearm injuries, either intentional or accidental
(including suicides), in the last two decades. “In
2016, alone, more than 9,000 gun deaths were
reported in this age group,” says Blank. In the
last 20 years, he continues, gunshot-related hospitalizations involving children and adolescents
cost approximately R$210 million in government
spending. “Up to the age of 14, traffic accidents
are the leading cause of death,” he says. “But at
15 to 30, people are primarily killed by guns.”
Firearms have remained a persistent cause
of death for the past 25 years in Brazil, Mexico,
Colombia, and the US, according to a study reported in Lancet Public Health. The study, led
by researchers Anna J. Dare and Hyacinth Irving of the Centre for Global Health Research
in the Dalla Lana School of Public Health at the
University of Toronto, recommends restrictions
on access to guns and the number of guns in circulation as a core strategy for reducing homicide rates in these four countries. They based
this recommendation on, among other studies,

SUS expenditure
Hospitalizations related to firearm injuries cost a total of R$190
million in government spending between 2015 and 2018
R$ 51.5 million

R$ 51.4 million

R$ 46.1 million
R$ 41.4 million

2015

23,745

2016

24,914

2017

24,425

NUMBER OF HOSPITALIZATIONS

total 92,688
SOURCE SUS HOSPITAL
INFORMATION SYSTEM (SIHSUS)

a literature review published in 2016 in Epidemiologic Reviews, of the Oxford University Press,
by researchers from Columbia University, New
York, the National University of Colombia, and
Boston University. The authors revisited evidence
from 130 studies in 10 countries between 1950
and 2014, exploring the associations between
firearm-related laws and firearm homicides, suicides, and unintentional injuries and death. Based
on the findings from the review, Dare and Irving
identify a direct association between the implementation of laws restricting access to guns and
reductions in firearm deaths. In addition to the
association between gun access and gun homicides, the study draws attention to the primary
victims of this type of violence: young, black men
with low educational attainment.
In the 1990s, economist John Lott Junior, president of the Crime Prevention Research Center,
developed a study at the University of Chicago
examining the relationship between right-tocarry concealed gun laws and crime statistics
for approximately 3,000 US counties from 1977
to 1992. He concluded that states that adopted
concealed handgun laws succeeded in reducing
murders by 8.5%. “In interpreting the study data,
the author developed a hypothesis to the effect

2018

19,604

that people are deterred from committing violent
crime when they know other people are armed,”
explains Bruno Paes Manso of NEV-USP, a Research, Innovation, and Dissemination Center
(RIDC) funded by FAPESP.
In 2017, researchers at Stanford University
came to different conclusions using a methodology that accounted for the effects of multiple
factors—and not only concealed carry laws—on
crime rates in US states. The factors they examined included incarceration, police employment,
poverty and unemployment rates, population
density, income per capita, and alcohol consumption rates. “This recent study found that states
without concealed carry laws, such as California
and New York, achieved greater reductions in
crime rates,” says Manso. The Stanford study also
showed that right-to-carry laws led to increases
in violent crime of 13% to 15%.
INDIVIDUAL RIGHTS

In June, during the launch of the latest edition
of the Atlas of Violence, IPEA President Carlos
von Doellinger argued in favor of gun ownership as an individual right of citizens with no
criminal record. “There are those who defend
the Disarmament Statute, but in my personal
view as a citizen, and not as president of IPEA,
it bothers me as a matter of principle that a person should be prevented from owning a weapon
to defend their physical integrity, their property,
and their family.”
While recognizing the legitimacy of this line of
reasoning, Cerqueira, a colleague of Doellinger’s
at IPEA, cites a pioneering survey of police reports conducted in 1999 by the São Paulo State
Department of Public Security and the Brazilian
Institute for Criminal Science (IBCCRIM). “Historical data derived from these documents show
that when robbery victims are armed, they are
56% more likely to be killed,” he says. Sociologist
Jacqueline Sinhoretto, of the Federal University
of São Carlos (UFSCar), one of the authors of the
study cited by Cerqueira, ads that in situations
where victims were armed, the overall death
toll—including deaths involving bystanders—
was also higher.
In the Canadian study published in Lancet
Public Health, gun ownership is shown to be a
primary risk factor for firearm death. The authors conclude that legal mechanisms to reduce
exposures to guns are crucial in reducing firearm-related homicides. These measures, they
add, should be accompanied by strategies to deconstruct the association between security and
gun ownership. n

The studies consulted for this article are referenced in the online version.
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2.5 million years ago
Chipped stone artifacts found in Jordan
may be evidence of archaic humans
leaving Africa 400,000 years earlier
than previously thought

Marcos Pivetta

2
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group of archaeologists and geologists
from Brazilian universities claim to
have discovered the earliest evidence
of hominins leaving Africa, considered
the cradle of humanity. The geological layers in
which the chipped stones and flakes were found
during excavations made from 2013 to 2016 in
Jordan’s Zarqa River valley were dated by three
distinct methods and showed a maximum age of
approximately 2.5 million years. If the data are
correct, the lithic artifacts were produced by the
hands of archaic humans belonging to populations of Homo habilis, the first known species
of the genus Homo, 400,000 years earlier than
the oldest previously known record of hominins
living outside the African continent. “Our study
changes the history of mankind by almost half
a million years,” says bioarchaeologist Walter
Neves of the Institute of Advanced Studies at
the University of São Paulo (IEA-USP), coordinator of the research team that conducted
the study in Jordan and wrote the scientific
article about its findings. The Zarqa River valley region where chipped stones were found is
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approximately 40 kilometers from Amman, the
Jordanian capital, and is today surrounded by
agricultural lands and cities.
The dating and descriptions of the Jordanian
lithic pieces, as controversial as most discoveries involving mankind’s earliest beginnings, were
published online on July 9 in the journal Quaternary Science Reviews. In addition to possibly moving back the departure date of archaic humans
from Africa, the chipped stone relics may also
indicate that the first hominin species to leave
the mother continent may not have been Homo
erectus, which is currently the most widely accepted hypothesis. At the time of the Zarqa sites,
2.5 million years ago, there was only one species
of hominin who worked with chipped stone,
Homo habilis. Their name derives precisely from
this ability, having been the first archaic humans
to carve pieces of rock. Therefore, Neves and his
colleagues deduced that this species must have
created Zarqa artifacts. The presence of water
in the region was identified through geological
evidence that dates back at least to the period in
which the stones were worked and would have
attracted life.
The oldest known species of the genus Homo,
H. habilis, attained a maximum height of 1.4 meters, and its brain volume was approximately 650
cubic centimeters (cm3), while that of a chimpanzee currently ranges between 300 and 500 cm3.
More highly developed and probably emerging
around 1.8 million years ago in Africa, H. erectus
could measure between 1.60 and 1.80 meters in
height and had a brain of at least 850 cm3, a volume close to that of modern man, H. sapiens (at
least 1100 cm3).
Hominin bone fossils were not found at the
excavations in Jordan, a limitation that makes it
difficult to confirm the presence of populations
of H. habilis in the area during remote prehistory.

The researchers found only fossils from a few
animals that had lived in the Zarqa region during different periods of prehistory, such as mammoths, aurochs, and horses. “It is very rare to
find human skeletons at paleolithic sites,” says
Italian archaeologist Fabio Parenti of the Federal
University of Paraná (UFPR), another team member and coauthor of the work. “When we don’t
find bones, we talk about the stones [chipped
by humans].” According to the researchers, the
nearly 2,000 lithic artifacts obtained in Zarqa
have unmistakable features that were made by
human hands and not by nature, though the debate surrounding such features always arises
when new archaeological evidence is found that
has the potential to “rewrite” prehistory. “We
were very conservative in selecting the pieces
for this study,” observes Parenti.
The chipped stones and flakes obtained at Zarqa are characteristic of what is called the Oldowan
lithic industry—very primitive and associated
with H. habilis—documented in Africa at least
2.4 million years ago. They are basically stones
from which flakes are produced. What sets the

Specimens of
chipped stone
excavated in the
Zarqa River valley
(above and left) and
a view of the area
where the sites
under study are
located (below)
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Oldowan industry pieces apart is their more angular shape (the region’s natural stones are more
rounded), with corners chipped to angles less than
80 degrees. “In a 120-meter ravine, we excavated
and found an abnormal concentration of stone artifacts,” says archaeologist Astolfo Araújo of the
Museum of Archaeology and Ethnology (MAEUSP), another team member. “Hominins didn’t
hunt during that era. These flakes would have
been used to peel meat from carrion,” explains
Neves. The researchers explored the outcrops that
appeared on the terraced walls, digging into the
vertical cuts that have been opened in the region’s
arid, compacted soil by agricultural projects. “The
ground is so hard that we even use a jackhammer
at the excavations,” says Araújo. Thus, they had
access to the content deposited on the overlapping layers of river sediments.
FINDS FROM CHINA AND GEORGIA

The results from the Jordanian excavations,
where the possible chipped stone artifacts were
found—without the fossils of their creators—are
reminiscent of other recent discoveries in paleoanthropology, a specialty that unites knowledge
of anthropology, archaeology, and ethnology to
study the origins and development of the first
humans. Last year, similar news came from the

Far East. Chinese researchers published an article in July 2018 in the journal Nature in which
they reported the discovery of pieces from lithic
industry (as archaeologists call stone artifacts
crafted by human hands) at the Shangchen site
in southeastern China, dated at 2.1
million years old. Prior to the chipped
stones at Zarqa, these pieces from
China were considered to be the earliest evidence of hominins outside of
Jordan is part
Africa. As in Jordan, the Shangchen
of a migration
excavations did not uncover any fossilized human bones.
corridor through
There are also a few sites that seem
to tell a more complete story about
which hominins
the beginnings of the dispersal of arwould have
chaic humans out of Africa, with the
presence of stone artifacts and homleft Africa
inin fossils. The best-known and most
emblematic case involves the city of
Dmanisi, approximately 90 kilometers
from Tbilisi the capital of the Republic of Georgia, in the Caucasus region,
the area where eastern Europe meets
western Asia. In addition to revealing a lithic
industry and animal fossils, excavations in the
region have found fragments of hominin skeletons dating back 1.8 million years. They are the

The early dispersal of the genus Homo
Archaeological sites containing fossils and tools of primitive humans that lived between
3.3 million and 1.5 million years (M.Y.) ago are spread across Africa, Europe, and Asia

Ain
Boucherit
(Algeria)
2.4 M.Y.

Gediz
(Turkey)
1.2 M.Y.
Ubeidiya
(Israel)
1.3–1.2 M.Y.

Stone
tools
Human
fossils

Dmanisi
(Georgia)
1.85 M.Y.
1.78 M.Y.
Ain Fil
(Syria)
1.9 M.Y.

Shangchen
(China)
2.1 M.Y.

Nihewan
(China)
1.66 M.Y.

Yanmou
(China)
1.7 M.Y.

Zarqa
(Jordan)
2.5 M.Y.

Tropic of Cancer

Ledi-Geraru
(Ethiopia)
2.8 M.Y.

Approximate age
in millions of
years (M.Y.)

Turkana
(Kenya)
2.1 M.Y.
3.3 M.Y.
Olduvai
(Tanzania)
1.9 M.Y.

Ecuador

Sangiran
(Indonesia)
1.5 M.Y.

SOURCES ZHU ET AL. NATURE AND SCARDIA ET AL. QUATERNARY SCIENCE REVIEWS
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Replica of a skull
from Homo habilis,
an archaic human
species that may
have produced the
chipped stones
found in the Zarqa
River valley

oldest hominin bones discovered on a continent
other than Africa. The mysterious highlight of
the Georgian finds is five skulls of varying size
and characteristics obtained from excavations
carried out over the last two decades. To date,
there is still no consensus as to which species,
or which different species, of hominins these
bones belonged to, whether to H. erectus (the
more widespread hypothesis), a local form of
archaic human, or possibly H. habilis.
Unlike the sites in Dmanisi, those in Jordan’s
Zarqa River valley are not well known. Although
they were excavated by the French and Italians
30 to 40 years ago (Fabio Parenti himself participated in field work in the area during the late
1990s), they are the subject of few scientific publications. Neves’s team decided to work in the
region because Jordan’s location in the Middle
East would make it part of a natural passageway via which hominins could leave Africa for
Asia. However, there is almost no ancient record
of hominin presence in the Middle East. “We
were very surprised when our dating showed
that the oldest geological layers with lithic artifacts were 2.5 million years old,” acknowledges
Italian geologist Giancarlo Scardia of São Paulo
State University (UNESP), Rio Claro campus, a
specialist in paleomagnetism and lead author of

the study. “But I don’t think there’s any reason
to question our dating.” The three methods used
to determine the age of the Dawqara formation
(the geological layer) in which the stone artifacts
were found were argon isotope dating, uranium
to lead decay, and paleomagnetism. The results
of the analyses indicated that the region must
have been inhabited by hominins for a continuous period of 500,000 years between 2.5 and 2
million years ago.
Since 2017, Neves, Parenti, Araújo, and Scardia have been trying to get the article with their
Jordanian data published in a scientific journal.
They submitted the work to four journals without success. In December 2018, Scardia presented a summary of the study at a congress of the
American Geophysical Union. At the end of his
speech, one of the editors of Quaternary Science
Reviews invited him to publish the work in their
journal. “We face a lot of resistance,” recognizes
Scardia. “I imagine that if we had a well-known
researcher at a large foreign university as a coauthor of the study, we would have been able to
publish the article more easily.” Neves predicts
that the article will be the subject of much criticism from abroad. So far, the work has not had
much impact outside Brazil, at least in the press.
It may have been overshadowed by another study
regarding the possible discovery of the oldest
fossil of H. sapiens found outside of Africa that
was published the same week as the work on the
Jordanian finds.
“The team that carried out these excavations
in Jordan is highly qualified, I see no reason to
doubt their results,” observes archaeologist Niède
Guidon, president-director of the American Man
Museum Foundation (FUMDHAM) in São Raimundo Nonato, Piauí. “Everything is buried, and
as new excavations are carried out, we’ll have new
discoveries.” In addition to professors from Brazilian universities, the article on the Zarqa valley
discoveries was also signed by researchers Daniel
P. Miggins of Oregon State University and Axel
Gerdes of Goethe University of Germany, both of
whom were introduced to Neves by Scardia. Approximately 80% of the team’s work was funded
by FAPESP, and the remainder was funded by the
Wenner-Gren Foundation for Anthropological
Research in New York. n
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Enhanced
TREATMENT
Studies identify new evidence that cash transfer
programs help fight tuberculosis in Brazil
Rodrigo de Oliveira Andrade |
96 z JULHO DE 2019

PUBLISHED IN JULY 2019

The disease
spreads more
easily in enclosed
enviroments
without sunlights
or air circulation

LÉO RAMOS CHAVES
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uberculosis remains one of
the world’s largest public
health problems. In 2017
alone, 10 million new cases
of the disease were recorded.
More than 1.3 million cases resulted in
death, according to World Health Organization (WHO) estimates. In Brazil, approximately 70,000 new cases of
the disease are reported every year, according to the Ministry of Health. The
low-income population, who live in poor
housing and unsanitary conditions, is the
most affected. Despite this dismal scenario, Brazil has been reporting results
that indicate advances in the control and
reduction of the disease. Data from the
Ministry of Health show a decrease of
19.3% in the incidence of tuberculosis
cases between 2005 and 2014. Part of
the explanation for this drop may lie in
the creation and implementation of cash
transfer programs at the beginning of the
last decade, including the Bolsa Família
(the federal Family Allowance program).
This conclusion comes from an international group coordinated by epidemiologist Ethel Leonor Maciel, from the
Department of Nursing at the Federal
University of Espírito Santo (UFES).
In an article published in February in
PLOS ONE, they found that in addition to
combatting socioeconomic inequality, the
Bolsa Família program also contributed
to an increase in cure rates of tuberculosis, helping to fight the disease in several
regions of Brazil. In the study, researchers analyzed 25,084 cases of people diagnosed with tuberculosis, of which 1,714
(6.8%) received Bolsa Família benefits.
The analysis was based on official data
from the Ministry of Health’s Disease
Notification System (SINAN), which has
been recorded since 2015; this is one year
after the notification system forms included a field indicating that people diagnosed with the disease also received
the program benefits.
Maciel and her team found that 78%
(1,331) of the people diagnosed with tuberculosis who were also in the program
followed treatment until the end and
were cured. In the group of patients not
receiving the benefit, this percentage was
68% (15,894). “If we consider the direct
effect of Bolsa Família independently of
other determinants involved in the treatment process, such as socioeconomic status and associated diseases, like diabetes

and HIV, there was an 8% increase in the
cure rate among individuals who received
the social benefit compared to those who
did not receive it,” explains epidemiologist Barbara Reis-Santos, a researcher at
the UFES Epidemiology Laboratory and
one of the PLOS ONE article authors.
“This is a significant increase in terms of
treatment,” comments Maciel. “Any new
drug launched in the market that could
attain a 5% difference compared to traditional treatment would be considered
revolutionary in epidemiological terms,”
the researcher observes. This year, Maciel was elected president of the Brazilian Network for Tuberculosis Research
(REDE-TB), which was created in 2001 to
bring together researchers from various
fields and intensify efforts and strategies
to combat the disease.
The results of the article reinforce the
findings of another paper published by
the same researchers in December 2018
in Lancet Global Health. At that time, Maciel and her team interviewed and followed up with 1,239 people who had tuberculosis in seven cities throughout the
country. The researchers monitored each
patient before, during, and after treatment. Of the individuals analyzed, 196
(16%) received Bolsa Família.
In search of a more accurate assessment, the researchers developed a model
capable of comparing individuals from
both groups while taking into account
other characteristics, such as age, health
status, gender, body mass index, housing

Brazil is among
the 30 countries
with the highest
incidence
of tuberculosis
in the world,
according
to WHO data

conditions, and access to sanitation. “By
pairing individuals with the same variables, the only difference between them
being the fact that one received Bolsa
Família and the other didn’t, we found
that the tuberculosis cure rate was 7.8%
higher among people who had the benefit,” notes Reis-Santos. Despite this evidence, Maciel clarifies that it is not yet
possible to establish a direct cause and effect link. “Because the Ministry of Health
notification system regarding people diagnosed with tuberculosis who receive
Bolsa Família only started in 2015, it’s not
yet possible to assess the impact of the
social benefit on the decrease in cases
during the prior period.”
TUBERCULOSIS AND POVERTY

Tuberculosis is an opportunistic disease,
transmitted through the air or through
nasal secretions by the coughing or sneezing of those infected with the bacterium
Mycobacterium tuberculosis, which was
identified by the German physician Heinrich Robert Koch (1843–1910) in 1882.
The bacteria mainly affects the lungs.
In some cases, it also impacts bones and
the nervous system. Loss of appetite, persistent dry cough for more than three
weeks, irritation, and tiredness are some
characteristic symptoms of the disease.
Due to their similarities, it is often confused with pneumonia or the common
flu. Treatment for the disease has long
been offered free of charge by the Unified Health System (SUS), which provides
therapy based on treatment with rifampicin and three other drugs, isoniazid,
pyrazinamide, and ethambutol.
Even so, Brazil remains among the 30
countries with the highest incidence of
tuberculosis in the world, according to
data from the WHO Global Tuberculosis
Report 2018. The greatest challenge involves prevention. “The bacteria spreads
more easily in areas of dense population
and high poverty where the environments
are enclosed, without sunlight or air circulation,” explains pharmacist Kaio Vinicius Freitas de Andrade, a researcher at
the Department of Health of Feira de Santana State University (UEFS). “It’s not only by chance that Brazilian favelas [slum
districts], such as Rocinha and Complexo
do Alemão, in Rio de Janeiro, have the
highest numbers of infected individuals,” adds Andrade. Since completing his
doctorate, the researcher has studied the
PESQUISA FAPESP z 97

impact of social protection programs on
reducing tuberculosis cases. “The association between poverty and tuberculosis
is evident in the global distribution of the
disease, such that the 30 countries with
the highest incidence of tuberculosis are
also those with the highest rates of social
inequality and lowest per capita income.”
According to Andrade, the studies developed by the team of Maciel and ReisSantos follow along the same line as studies carried out by Brazilian researchers
and researchers in other countries. In
one study published in mid-2016 in the
journal BMC Infectious Diseases, a group
from the Faculty of Epidemiology and
Population Health at the London School
of Hygiene and Tropical Medicine in England showed that cash transfer programs,
or more broadly, social assistance programs, contributed to greater adherence
to treatment among individuals with tuberculosis compared to those not receiving benefits in Peru, Brazil, Ecuador, and
Moldova (eastern Europe). In another
paper published in July 2017 in the International Journal of Tuberculosis and
Lung Disease, Brazilian and British researchers observed a 15.8% drop in the
incidence of tuberculosis cases between
2004 and 2012 in municipalities with the
highest participation in Bolsa Família. In
all, they analyzed data from 2,458 cities
across the country.
The Bolsa Família program was
launched by the federal government in
October 2003, and its objective was to
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improve the living conditions of families
living in poverty and extreme poverty,
i.e., with monthly incomes between R$
89 and R$ 178 per person. According
to data from the Special Secretariat of
Social Development of the Ministry of
Citizenship, which is responsible for
coordinating the program, today 13.9
million Brazilian families receive the
benefit, which can vary between R$ 100
and R$ 240 per month.
FOOD AND ACCESS TO HEALTHCARE

Researchers do not yet know how families use this money and exactly how it
is related to increased tuberculosis cure
rates, but they are working with some
hypotheses. One of them is that the benefit contributes to an improvement in the
nutritional state of the family members.
This could help to increase patient resistance to the side effects of drugs used
in treatment, which usually lasts at least
6 months and may in some cases extend
up to 18 months. “Antituberculosis drugs
work effectively against the bacillus responsible for the disease but can trigger
side effects such as vomiting and diarrhea,
which are relevant factors in patients discontinuing treatment,” says Ethel Maciel. It is not rare for patients to observe
improvement in their general condition
and quit treatment. In other cases, they
interrupt their medications, which are incompatible with a dissolute lifestyle that
is almost always associated with the consumption of alcohol, cigarettes, and illicit
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People who live under poor housing and sanitary conditions, such as Jardim Piratininga, in
Guarulhos, São Paulo, are most affected by the disease

drugs. Abandoning treatment contributes
to the bacteria that cause the disease becoming more resistant to available drugs.
“The standard treatment represents a total cost to SUS of about R$ 400 per person. If the strain develops resistance to
the usual drugs, that cost can go up a lot
because it entails using antibiotics that
are not produced in Brazil.”
Researchers are also studying the possibility that the Bolsa Família benefit facilitates infected individuals’ access to
their local SUS health clinics. Biomedical
researcher Joilda Silva Nery, from the Institute of Collective Health at the Federal
University of Bahia (UFBA), explains that
the Bolsa Família is a conditional cash
transfer program. This means that “to
receive it, families need to fulfill some
requirements, such as keeping vaccination cards up to date and ensuring that
the development of children under 7 years
is medically monitored.” In her view, although the focus is on children, the benefit tends to bring the entire family closer
to the health system, “favoring the early
diagnosis of tuberculosis and increasing
the chances of curing those infected.”
For this reason, researchers advocate
creating a social protection program specifically for people with tuberculosis that
is designed to decrease the rate of treatment dropouts (approximately 10.8%
for new cases in Brazil in 2018, which is
higher than considered epidemiologically
acceptable by the WHO) and increase the
chances of curing patients. They are also
investigating the impact of other federal poverty mitigation programs, such as
Minha Casa, Minha Vida (My House, My
Life). The hypothesis is that the housing
program improves the living conditions
of low-income families, removing them
from places conducive to exposure to
the bacteria that cause tuberculosis and
other diseases, such as leprosy, which is
also associated with poverty. n

Brazilian favelas,
such as the
Complexo do
Alemão, in Rio, have
the highest rates
of contamination
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