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Abstract
Introduction: This study investigated the role of early public research funding regarding the COVID-19 pandemic in Brazil. Methods: 
We examined the budget for research projects relating to the number of cases and deaths and the relationship between each federal unit, 
gross domestic product (GDP) per capita, and the national GDP per capita. Results: Using data from the websites of official funding 
agencies and the Brazilian government, we found that, in the first four months since the first case in Wuhan, China (December 31, 
2019), around US$ 38.3 million were directed to public funding for scientific investigations against the COVID-19 pandemic. However, 
only 11 out of 27 federal units provided funding during the initial stages of the outbreak, and those that did provide financing were not 
necessarily the units having the most inhabitants, highest GDP, or the greatest number of cases. The areas of research interest were also 
identified in the funding documents; the most common topic was “diagnosis” and the least common was “equipment for treatment.” 
Conclusions: Brazilian researchers had access to funding opportunities for projects against COVID-19. However, strategies to minimize 
the economic impacts of COVID-19 are crucial in mitigating or avoiding substantial financial and social shortcomings, particularly in 
terms of an emerging market such as Brazil.
Keywords: Economic development. Health policy. Public policy. Public health systems research. Research and development. Research 
subsidies. SARS-CoV-2. 

INTRODUCTION

The COVID-19 pandemic caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) started in Wuhan, China, 
after many cases with an unknown origin of pneumonia were 
reported to the World Health Organization (WHO) on December 
31, 20191. As of May 31, 2020, more than 6 million confirmed cases 
and 370,000 related deaths have been reported worldwide2. The 
impact of COVID-19 on human health may range considerably from 
asymptomatic and mild cases to more critical situations in which 
severe respiratory failure is observed, primarily in older patients3.

On the same day that the WHO declared COVID-19 a global 

public health emergency (January 30, 2020)4, the Brazilian Ministry 
of Health gathered a working group dedicated to monitoring and 
taking possible action against the disease5. As early as February 3, 
2020, the Brazilian government declared a state of emergency6; on 
February 6, 2020, there were nine suspected cases of COVID-197. 
However, the authorities only confirmed the first case in São Paulo 
on February 268, which is the biggest, most populous city in Brazil 
and also the capital of its namesake state. After 20 days, the first 
death caused by COVID-19 was also confirmed in São Paulo. Since 
then, the disease spread rapidly throughout the country. According 
to the official data, on May 31, 2020, there were 514,200 confirmed 
cases and 29,314 deaths9.

Given that there are no vaccines and proven antivirals available 
yet10, one of the main strategies adopted by governments to manage 
the disease is related to the reduction of transmission rates, which 
seem to be elevated11-12. These include social quarantining and 
lockdowns that, although somewhat controversial, are believed 
to reduce the need for medical assistance of many people at 
once13-14. This is vital because patients needing intensive care can 
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be given more attention and time is gained to increase available 
resources, such as necessary scientific evidence to fight the 
disease. In response to the pandemic, the scientific community has 
published numerous studies covering several areas of expertise. 
However, many questions and developments remain unanswered 
or unaccomplished.

Science and technology research in Brazil has been conducted 
mainly by universities and research institutions, often in partnership 
with companies. Furthermore, research activities are partly (~50%) 
funded by the Brazilian government through public funding 
agencies15. Nationally, there are two federal agencies which give 
funding to researchers: the National Council for Scientific and 
Technological Development (CNPq)—associated with the Ministry 
of Science, Technology, Innovation, and Communications—and 
the Coordination for the Improvement of Higher Education 
Personnel (CAPES) of the Ministry of Education. Brazil is divided 
into five macroregions and is further divided into 27 federal units 
comprised of 26 States and one Federal District (Brasilia, the 
capital of Brazil). As such, besides the federal foundations, each 
federal unit has a specific public foundation, known as FAPs  
(State Research Support Foundations), responsible for providing 
grants for local research. For example, in São Paulo, the FAP is 
known as FAPESP (São Paulo Research Support Foundation). 
Accordingly, each FAP has a distinguished name. Therefore, at least 
two possible sources for public funding are available for researchers 
in Brazil, and public funding has been known to have a positive 
impact on research and development (R&D) production16. In this 
context, this study addresses the early public research funding for  
scientific investigations specifically against COVID-19 and its 
consequences in Brazil.

METHODS

The number of both accumulated and new cases and deaths 
confirmed in Brazil were obtained on May 1, 2020, from the official 
national data website (https://covid.saude.gov.br/). The data on 
the evolution of COVID-19 in Brazil was plotted using a graphic 
profile. Information related to public research funding for scientific 
investigations on COVID-19 and its consequences in Brazil from 
the first four months since the first case (between December 31, 
2019, and May 1, 2020) was collected. Public research funding 
information was collected from the official websites of CAPES and 
CNPq for national data and FAPs for regional data. Only funding 
opportunities with official public notice were considered to obtain 
complete information. Furthermore, they were only contemplated 
if funded exclusively with national resources. The total amount 
to be invested by each public research funding agency versus the 
announcement date was then plotted. All areas of interest for the 
agencies described in the financing documents were identified. 
A graph of the total number of occurrences by area was plotted. 
Finally, the general panorama of Brazilian public research funding 
during the COVID-19 outbreak was discussed. As reference 
numbers, data of the federal unit gross domestic product (GDP) and 
the national GDP were obtained from official data of the Brazilian 
Institute of Geography and Statistics (2017)17. All the funding 
values presented herein were converted from the Brazilian real to 
the American dollar on April 30, 2020.

RESULTS

Figure 1(a) depicts the profile of the 91,589 and 6,329 
COVID-19 cases and deaths, respectively, from the first case in 
Brazil up to May 1, 2020. The first research funding focused on 
COVID-19 was announced on March 21 during the early days of 
the outbreak, 24 days after the first confirmed case, four days after 
the first confirmed death, and when the number of accumulated 
cases and deaths were 1,128 and 18, respectively.

The first funding announcement was made by FAPESP  
[Figure 1(b)], the foundation (FAP) of São Paulo state, which has 
the highest GDP in Brazil. The initial budget disclosed by FAPESP 
for financing COVID-19 related projects was US$ 1,842,842.40. 
The projects were intended to last for 24 months, but only 
researchers that already had ongoing projects supported by FAPESP 
could apply for this rapid funding program. Although not mandatory, 
the proposal had to be aligned with certain research interests, such 
as epidemiological features, virus characteristics, diagnostic tests, 
therapeutic evaluation and development, clinical procedures, and 
social behavior. It should be noted that FAPESP, in association 
with the Brazilian Innovation Agency (FINEP), also provided 
US$ 3,685,684.80 for projects focused on small-sized enterprises 
to develop technologies for products, services, and processes to 
fight COVID-19. This was beyond the scope of the current study. 

Five days after the FAPESP announced its funding opportunity 
[March 26, Figure 1(b)], the Bahia State Research Support 
Foundation (FAPESB) disclosed a program that offered US$ 
40,542.53 in financial support for projects with a maximum 
duration of 12 months. The proposals had to focus on topics related 
to the development of clinical protocols, therapeutic guidelines, 
software, pharmaceuticals, biological products, and equipment for 
prevention, diagnosis, and therapy. On the same day [Figure 1(b)], 
the Rio de Janeiro State Research Support Foundation (FAPERJ) 
opened a program to support COVID-19 research, investing US$ 
4,607,106.00. This program was divided into three lines, two were 
designed to support already granted projects, including projects 
with companies. The proposals had to address short-to-medium-
term solutions against COVID-19. The desired research topics 
were associated with diagnosis, epidemiology, clinical application, 
development of innovative technological solutions, and monitoring 
and forecasting the social impact of measures to deal with the 
pandemic. In these cases, only projects up to 12 months were 
accepted. The third program line was devoted to supporting up to 
six research networks for up to 24 months to deal with epidemic 
control, diagnostic tests, improvement of level 3 laboratory facilities 
in Rio de Janeiro State, clinical and epidemiological studies, and 
solutions involving up to medium-sized businesses. Finally, the 
last funding program was launched in March by the Minas Gerais 
State Research Support Foundation (FAPEMIG) which invested 
US$ 368,568.48 in projects of up to 12 months long.

In April, nine more programs were disclosed [Figure 1(b)], 
including those of national foundations. On April 6, CNPq provided 
US$ 9,214,212.00 for proposals concerning the following research 
topics: COVID-19 treatment, vaccine, diagnosis, pathogenesis and 
natural history of the disease, disease burden, attention to health, 
prevention, and control. The deadline execution time was up to 
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FIGURE 1: (a) Evolution of confirmed COVID-19 cases and deaths in Brazil (up to May 1, 2020) (b) Early 
announced public research funding for understanding and fighting COVID-19.

24 months and, in some cases, requests 
for additional time (12 months) were 
allowed. On the same day, the Paraíba State 
Research Support Foundation (FAPESQPB) 
announced US$ 184,284.24 for proposals 
up to nine months long. A day later, the 
Rio Grande do Sul State Research Support 
Foundation (FAPERGS) announced a grant 
of US$ 921,421.20 for projects with a 
maximum duration of 12 months. CAPES 
launched a program divided into three 
lines to provide up to US$ 20,349,697.77 
to support research activities lasting up to 
36 months. This was the largest amount 
of funding provided in the early stages of 
the COVID-19 epidemic in Brazil. The 
first line was launched earlier on April 
2 and aimed to fund research proposals 
related to the epidemic, whereas the second 
and third lines were disclosed together 
on April 15 and focused on drugs and 
immunology, and telemedicine and medical 
data analysis, respectively. In April, five 
other state foundations also opened funding 
opportunities. On April 13, the Amapá State 
Research Support Foundation (FAPEAP) 
offered support of US$ 11,057.05 for 
noticeably short proposals (maximum of 
three months total duration). On April 14, 
the Amazonas State Research Support 
Foundation (FAPEAM) provided US$ 
298,339.97 for proposals with a duration 
of 12 months. On April 16, the Piauí State 
Research Support Foundation (FAPEPI) 
called for proposals up to six months long, 
offering total support of US$ 36,856.85. On 
April 20, the Santa Catarina State Research 
Support Foundation (FAPESC) launched 
a funding opportunity of US$ 92,142.12 
for proposals of up to 12 months long. 
Finally, on April 29, the Espírito Santo State 
Research Support Foundation (FAPES) 
announced US$ 331,711.63 for proposals 
up to 24 months long. These were the main 
research supports announced within the first months since the first 
confirmed case of COVID-19 in Brazil.

Total federal agency (CAPES and CNPq) funding amounted to 
US$ 29,563,909.77, representing around 77% of the total amount 
for early COVID-19 research funding. Funding from FAPs was 
significantly lower; only 11 of 27 FAPs provided early funding 
opportunities, US$ 8,734,872.48 in total, for scientific research 
in response to the COVID-19 pandemic. Figure 2(a) shows the 
relationship between the accumulated deaths and cases, as of May 
1, and the FAPs that have disclosed funding programs. Most FAPs 
of federal units with few cases and deaths did not initially invest 
in research, while the FAPs of federal units with the most cases  

and deaths, São Paulo (SP) and Rio de Janeiro (RJ), did. One should 
note that some FAPs of federal units with comparatively high 
incidences of COVID-19, such as Ceará (CE) and Pernambuco (PE), 
did not follow the regional funding policy. However, in fact, both 
FAPs announced funding opportunities, but they did not meet the 
criteria to be included here. Figure 2(b) presents the ratio between 
the GDP per capita of each federal unit and the national GDP per 
capita. This shows that the financial strength of the federal unit 
was not decisive in opening funding initiatives, since FAPEPI from 
Piauí (PI), which has one of the lowest GDPs per capita in Brazil, 
was one of the FAPs that supported research on COVID-19. PI was 
also one of the federal units with the lowest accumulated deaths 
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FIGURE 2: FAPs that launched funding programs and (a) accumulated COVID-19 cases and deaths on May 1, 2020, 
for each Brazilian federal unit, and (b) ratio between the national and federal unit GDP per capita.

and cases as of May 1 [Figure 2(a)], suggesting that the number 
of cases and deaths did not always play a role in stimulating the 
emergency funding programs.

Figure 3 shows a more detailed view of the investments made 
by the FAPs. Investment as a function of the federal unit GDP 
is presented in Figure 3(a). FAPERJ from RJ was the FAP that 
provided both the highest total investment and investment relative 
to the federal unit GDP. Although SP is the federal unit with the 
highest GDP, the proportion of investment in COVID-19 research 
was less than that of poorer federal units, such as FAPESQPB 
from Paraíba (PB). However, the investment provided by FAPESP 
(SP) was only lower than that of FAPERJ (RJ) when considered a 
function of the federal unit GDP per capita [Figure 3(b)]. Another 

means of investigating these funding opportunities is by considering 
the investment as a function of the project duration [Figure 3(c)]. 
Again, FAPERJ (RJ) had the highest monthly investment, followed 
by FAPESP (SP) and FAPERGS (Rio Grande do Sul). Although 
FAPESQPB offered a comparatively elevated investment relative 
to its GDP, when the monthly investment was considered, it was 
much less than that of RJ.

The areas of research interest of each public funding agency 
highlighted in the funding documents are summarized in Figure 4. 
They are discussed here from most to least frequently researched. 
The most frequently researched topic was “diagnosis,” which 
reflects the search for rapid and reliable means to determine 
whether a person was infected with COVID-19. This is vital to 
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FIGURE 3: Investment of FAPs for research proposals against COVID-19 as a function of (a) federal unit GDP, (b) federal unit GDP per capita, and 
(c) maximum project duration.

FIGURE 4: Areas of research interest described in the funding documents.
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taking appropriate action against the spread of the disease and to 
manage infected individuals18. Meanwhile, “artificial intelligence 
and information technology” can be discussed mainly in terms of 
artificial intelligence (AI), which has been widely investigated as 
an efficient tool against COVID-19. Vaishya et al. listed the main 
possible applications of AI in the current pandemic19, including 
providing support for early diagnosis, monitoring treatment and 
virus spread, identifying “hot-spots,” predicting disease evolution, 
developing drugs and vaccines, and assisting healthcare workers19. 
“Socioeconomic aspects,” which comprises actions to avoid or 
mitigate social and economic impacts resulting from the measures 
taken to combat and control the COVID-19 outbreak, were also 
widely researched. The importance of this aspect is highlighted by 
FAPEAP (Amapá) providing financial support, albeit considerably 
miniscule, exclusively for proposals aiming to reduce regional 
economic adversities [Figure 1(b)]. 

Meanwhile, “epidemiology” investigated the damage caused by 
COVID-19 on the health of the Brazilian population to understand 
the potential impact of COVID-19 control measures, monitor the 
disease evolution, and developing strategies to end social distancing. 
“Personal protective equipment (PPE) and supplies for healthcare 
workers” were related to disease spread control. Given that the 
international supply chain has been affected by the pandemic20, the 
shortage of materials is a problem not just in Brazil but worldwide. 
Therefore, the development of innovative ideas to overcome 
the shortages for all kinds of suppliers is crucial. “Therapeutic 
strategies” were of interest due to the development of clinical 
protocols and therapeutic guidelines, while “understanding the 
disease” referred to genetic aspects of the virus and pathophysiology 
and clinical aspects of the disease. As for “treatment,” there has 
been interest in studying therapeutic alternatives for COVID-19, 
with focus on antiviral drugs. Along with “treatment,” “vaccines and 
immunobiological products” have also been researched. Worldwide, 
significant efforts have been made to develop effective vaccines and 
drugs against COVID-1921-22. Finally, the research interest topic that 
occurred the least was “equipment for treatment,” which comprises 
the development of low-cost pulmonary ventilators and equipment 
for treatment and isolation of patients. “Others” refers to studies 
in different fields that could not be fit into the other categories and 
were only mentioned once, such as the development of robotics 
for hospital applications.

DISCUSSION

The present analysis focused on the response of public research 
funding agencies in Brazil to the early COVID-19 pandemic 
period. Science and technology research in Brazil has mainly 
been conducted by universities and research institutions, funded 
by the Brazilian government through public funding agencies. 
These funds are granted by federal agencies and FAPs, nationally 
and regionally, respectively. In the past few years, the total annual 
public research funding in Brazil has been around US$ 10 billion15. 
Over the first four months since the outbreak began in China, the 
public funding agencies of the eleven federal units and two federal 
agencies provided US$ 38,298,782.25 for scientific investigations. 
Although this amount is much lower than the total annual amount, 
it should be considered that it has been provided on an emergency 
basis, besides the fact that it may increase over the year.  

Brazil is a large country, geographically divided into 27 federal 
units (26 states and one federal district), but, according to the 
number of COVID-19 cases and GDP per capita, only 11 of these 27 
units provided the US$ 8,734,872.48 in early funding opportunities 
for scientific researches. The number of cases and deaths did not 
always play a role in stimulating the emergency funding programs. 
The COVID-19 pandemic promoted a large worldwide commotion, 
probably encouraging some FAPs to provide research funding 
even if the number of cases were not high regionally. Furthermore, 
early actions could help to find better ways to manage and avoid 
possible future problems. A more detailed analysis investigated 
FAP investment as a function of the federal unit GDP. However, 
the results showed that the federal GDP did not affect the amount 
spent on research. Finally, the areas of research interest identified  
in the funding documents were classified. The topic with the 
highest and least occurrence were “diagnosis” and “equipment for 
treatment,” respectively. 

The main limitations of this study are related to the fact that only 
public notices with complete information (such as funding amount, 
project duration, and areas of research interest) were analyzed. 
Furthermore, only funding opportunities from government agencies 
using exclusively national resources were considered. This means that 
more resources may have been allocated for financing COVID-19 
related projects during the analyzed period. Another point to be 
acknowledged is that the funding documents are not uniform in their 
contents, that is, the programs were not developed in the same way. 
For instance, two different programs were separately announced by 
FAPESP (SP), one developed for financing projects in universities 
and research institutions, and another for enterprises. On the other 
hand, although this study did not focus on projects to be exclusively 
performed by companies, it was not possible to make a clear division 
between the previous target audiences when analyzing the program 
disclosed by FAPERJ (RJ). This discrepancy may have contributed 
somewhat to the results showing the much higher investment amount 
provided by FAPERJ (RJ) in comparison with FAPESP (SP). 

This work showed that Brazilian researchers had access 
to funding opportunities for projects aiming to address issues 
related to COVID-19 since the beginning of the outbreak in 
Brazil. Nonetheless, future opportunities are at risk because of the 
economic impacts derived from the measures taken to control the 
disease. Accordingly, strategies to minimize the economic impacts 
of COVID-19 on public research and the public health system 
are vital in mitigating or avoiding substantial financial and social 
shortcomings, particularly from the perspective of an emerging 
market such as Brazil. Science and technology innovation and 
development in Brazil, especially during emergencies, may be 
conducted with cooperation between universities and industries. It 
has been shown that this may be beneficial and facilitate problem-
solving23, and, in the long-term, the government, can provide a tax 
incentive to industries that worked with and continue to promote 
cooperation with universities. In the short-term, the Brazilian 
government and public research funding agencies will have to 
develop innovative solutions to overcome an economic crisis 
that is likely to have a strong effect on scientific activities, such 
as massive drops in funding, scientific publications, patents, and 
qualified human resources.

Campo KN et al. - Public Research Funding Response to COVID-19



  7/7

ACKNOWLEDGEMENTS

The authors thank National Council for Scientific and 
Technological Development (CNPq), São Paulo Research 
Foundation (FAPESP), and the Coordination of Superior Level 
Staff Improvement – Brasil (CAPES).

FINANCIAL SUPPORT

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

AUTHORS’ CONTRIBUTION

KNC: Conceptualization, Data curation, Formal Analysis, 
Writing-original Draft; ICPR: Data curation, Investigation, 
Writing-original Draft; ESNL: Conceptualization, Formal Analysis, 
Writing-review & editing; LPG: Data curation, Formal Analysis, 
Writing-review & editing.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

REFERENCES

1.	 World Health Organization (WHO). Pneumonia of unknown cause – 
China [Internet]. Geneva: WHO; 2020. Available from: http://www.who.
int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/. 

2.	 Roser M, Ritchie H, Ortiz-Ospina E, Hasell J. Coronavirus Pandemic 
(COVID-19) [Internet]. Published online at OurWorldInData.org; 2020. 
Available from: http://ourworldindata.org/coronavirus.

3.	 Du Y, Tu L, Zhu P, Mu M, Wang R, Yang P, et al. Clinical Features of 85 
Fatal Cases of COVID-19 from Wuhan. A Retrospective Observational 
Study. Am J Respir Crit Care Med. 2020;201(11):1372–9. 

4.	 World Health Organization (WHO). Statement on the second meeting 
of the International Health Regulations (2005) Emergency Committee 
regarding the outbreak of novel coronavirus (2019-nCoV) [Internet]. 
Geneva: WHO; 2020. Available from: http://www.who.int/news-
room/detail/30-01-2020-statement-on-the-second-meeting-of-the-
international-health-regulations-(2005)-emergency-committee-
regarding-the-outbreak-of-novel-coronavirus-(2019-ncov). 

5.	 Diário Oficial da União (DOU). Decreto No 10.211, De 30 de Janeiro 
de 2020 [Internet]. Brasília: DOU; 2020. Available from: http://www.
in.gov.br/web/dou/-/decreto-n-10.211-de-30-de-janeiro-de-2020-
240646239?inheritRedirect=true&redirect=%2Fweb%2Fguest%2Fsea
rch%3Fsecao%3Ddou1%26data%3D31-01-2020%26qSearch%3D.

6.	 Diário Oficial da União (DOU). Portaria No 188, De 3 de Fevereiro de 
2020 [Internet]. Brasília: DOU; 2020. Available from: http://www.in.gov.
br/en/web/dou/-/portaria-n-188-de-3-de-fevereiro-de-2020-241408388.

7.	 Ministério da Saúde (MS). Novo coronavírus: 9 casos suspeitos no 
Brasil [Internet]. Brasília: MS; 2020. Available from: http://www.
saude.gov.br/noticias/agencia-saude/46300-novo-coronavirus-9-casos-
suspeitos-no-brasil. 

8.	 Ministério da Saúde (MS). Brasil confirma primeiro caso da doença 
[Internet]. Brasília: MS; 2020. Available from: http://www.saude.gov.br/

noticias/agencia-saude/46435-brasil-confirma-primeiro-caso-de-novo-
coronavirus.

9.	 Coronavírus Brasil. Painel Coronavírus [Internet]. 2020. Available 
from: http://covid.saude.gov.br/. 

10.	 Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the 
Clinical Characteristics of Coronavirus Disease 2019 (COVID-19). J 
Gen Intern Med. 2020;35(5):1545–9.

11.	 Liu Y, Gayle AA, Wilder-Smith A, Rocklöv J. The reproductive number 
of COVID-19 is higher compared to SARS coronavirus. J Travel Med. 
2020;27(2):1–4.

12.	 Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 
infection: Origin, transmission, and characteristics of human 
coronaviruses. J Adv Res. 2020;24:91–8. 

13.	 L’Angiocola PD, Monti M. COVID-19: the critical balance between 
appropriate governmental restrictions and expected economic, 
psychological and social consequences in Italy. Are we going in the right 
direction?. Acta Bio Med. 2020;91(2):35–8. 

14.	 Lau H, Khosrawipour V, Kocbach P, Mikolajczyk A, Schubert J, Bania 
J, et al. The positive impact of lockdown in Wuhan on containing the 
COVID-19 outbreak in China. J Travel Med. 2020;27(3):1–7.

15.	 Ministério da Ciência, Tecnologia, Inovações e Comunicações 
(MCTIC). Recursos Aplicados - Indicadores Consolidados [Internet]. 
Brasília: MCTIC; 2020. Available from: http://www.mctic.gov.br/
mctic/opencms/indicadores/detalhe/recursos_aplicados/indicadores_
consolidados/2_1_3.html. 

16.	 Beaudry C, Allaoui S. Impact of public and private research funding 
on scientific production: The case of nanotechnology. Res Policy. 
2012;41(9):1589–606. 

17.	 Instituto Brasileiro de Geografia e Estatística (IBGE). Sistema de contas 
regionais: Brasil 2017 [Internet]. Brasilia: IBGE; 2019. Available from: 
http://biblioteca.ibge.gov.br/visualizacao/livros/liv101679_informativo.
pdf. 

18.	 Tang YW, Schmitz JE, Persing DH, Stratton CW. Laboratory Diagnosis 
of COVID-19: Current Issues and Challenges. J Clin Microbiol. 
2020;58(6):512–20.

19.	 Vaishya R, Javaid M, Khan IH, Haleem A. Artificial Intelligence (AI) 
applications for COVID-19 pandemic. Diabetes Metab Syndr Clin Res 
Rev. 2020;14(4):337–9.

20.	 Ranney ML, Griffeth V, Jha AK. Critical Supply Shortages — The Need 
for Ventilators and Personal Protective Equipment during the Covid-19 
Pandemic. N Engl J Med. 2020;382(18):e41–3.

21.	 Liu C, Zhou Q, Li Y, Garner LV., Watkins SP, Carter LJ, et al. 
Research and Development on Therapeutic Agents and Vaccines for 
COVID-19 and Related Human Coronavirus Diseases. ACS Cent Sci. 
2020;6(3):315–31.

22.	 Le TT, Andreadakis Z, Kumar A, Román RG, Tollefsen S, Saville M, 
et al. The COVID-19 vaccine development landscape. Nat Rev Drug 
Discov. 2020;19:305–6. 

23.	 Balconi M, Laboranti A. University-industry interactions in applied 
research: The case of microelectronics. Res Policy. 2006;35(10): 
1616–30.

Rev Soc Bras Med Trop | on line | Vol.:53:(e20200522): 2020

OPEN ACCESS
https://creativecommons.org/licenses/by/4.0/


