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Abstract

The COVID-19 pandemic was severely aggravated in Brazil due to its politicization by the
country’s federal government. However, the impact of diffuse political forces on the fatality
of an epidemic is notoriously difficult to quantify. Here we introduce a method to measure
this effect in the Brazilian case, based on the inhomogeneous distribution throughout the
national territory of political support for the federal government. This political support is
quantified by the voting rates in the last general election in Brazil. This data is correlated
with the fatality rates by COVID-19 in each Brazilian state as the number of deaths grows
over time. We show that the correlation between fatality rate and political support grows as
the government’s misinformation campaign is developed. This led to the dominance of such
political factor for the pandemic impact in Brazil in 2021. Once this dominance is estab-
lished, this correlation allows for an estimation of the total number of deaths due to political
influence as 350+70 thousand up to the end of 2021, corresponding to (57+11)% of the total
number of deaths.

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic affected profoundly all regions of the
globe. In Latin America, Brazil was hit in a particularly hard way [1], with more than 20 mil-
lion cases and 600 thousands deaths by November 2021. Presently, it occupies the 3rd world
position in cases and second position in deaths, although it is the 189th country in population
density (25/km?) and 6th country in population numbers, behind China, India, United States
(USA), Indonesia, and Pakistan. Throughout the pandemics, strong criticism has been
directed to the actions of the Brazilian federal government, particularly in the figure of its pres-
ident [2-4]. The effectiveness of individual measures by different national governments
around the globe to curb the pandemics is a current matter of debate and investigation [5-8].
However, in some countries, such as Brazil and USA [9, 10], broad political forces have
opposed measures believed to be among the most effective, while promoting ineffective treat-
ments [11]. The impact of diffuse political views on the pandemic death toll is typically difficult
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to quantify as it is mixed with many other factors, such as poverty levels, access to health ser-
vices, age distribution of the population, among others. By diffuse we mean views that broadly
align the opinions of an individual to a particular political force. However, due to the exacer-
bated role of this factor in Brazil, we show here that it is possible to estimate this number for
Brazil with relatively low uncertainty, resulting in an excess of 350+70 thousand deaths by
mid-November 2021, or about (57+11)% of the total number of deaths. The key parameter
allowing this estimation is the inhomogeneity (or nonuniformity) of political support for the
federal government throughout the national territory, from which we extrapolate to obtain the
number of deaths not influenced by this factor. Our analysis also reveals the temporal dynam-
ics of such political risk aspects in Brazil, showing its increase during 2020 up to dominance in
2021. In this way, we were able to single out and quantitatively evaluate the result of one of the
main causes for the high impact of the COVID-19 pandemics in Brazil, introducing methodol-
ogy that may be applied to other regions of the globe facing similar challenges.

Brazil is a country of continental dimensions with a population over 200 million people and
marked social and economic inequities. It is a federal presidential representative democratic
republic, with tripartite (executive, legislative and judicial branches) separation of powers. Bra-
zil is comprised of 26 states, and a Federal District (see Fig 1). These 27 administrative units
independently elect each of their Governors, and the whole country elects a President to run
its federal government. The elections are direct and mandatory for all citizens aged 18 to 70.
The last general election for Governors and President in Brazil occurred at the end of 2018,
with Mr. Bolsonaro winning the presidency in the last round of votes on October 28th, 2018.
The first case of COVID-19 in Brazil was detected in February 25th, 2020, at the beginning of
the second year of their four-year mandates. As a country of great social inequality, the health
assistance in Brazil is divided into two subgroups: the smaller private care (based on insurance
and a variety of private health providers) and the National Unified Health System (SUS, in the
acronym in Portuguese) that provides universal assistance. Although representing a significant
improvement for the general Brazilian population, the SUS is chronically affected by structural
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Fig 1. Geographical distributions of votes for Mr. Bolsonaro and of fatality by COVID-19 by mid-November 2021. Left map: colormap of votes in
Bolsonaro per State in Brazil. States are labeled by their two-letter abbreviation. The label colors indicate the different regions of Brazil: Northeast (red),
North (green), Central-West (Brown), Southeast (orange), South (blue), and Federal District (magenta). Right map: colormap of fatality per 100,000 as

of November 17th, 2021.

https://doi.org/10.1371/journal.pone.0264293.g001
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problems, including gaps in organization and governance, low public funding, and suboptimal
resource allocation [12]. Even though a significant gap exists between the richest and poorest
areas of the country, especially concerning access to more comprehensive assistance in rural
and remote areas, the SUS is present in the whole country. This health care system is adminis-
tered by the three instances of executive power: Federal Government (national), states, and
municipalities. Through the Health Ministry, the Federal instance regulates and funds SUS
and also coordinates national health programs, such as vaccination. The states and municipali-
ties are the executors of the main aspects of the health care system. They are responsible for all
levels of direct health assistance, from primary to tertiary.

States and municipalities are then highly dependent on the Federal government in the eco-
nomic and political aspects. Although the public health system encompasses the whole coun-
try, the extent and complexity of this coverage varies immensely throughout Brazilian
territory. In this context the Federal government should have a central role in coordinating the
administrative efforts, the cooperation between levels of government, and in developing public
policy for more effective measures to mitigate the impacts from COVID-19 in society [13].
However, over the course of time, the federal government acted instead in an opposite direc-
tion, offering insufficient transparency in reporting statistic and conflicting information on
COVID-19, neglecting scientific information, acting against social distancing and health mea-
sures determined provincial and statewide, delaying vaccination and financial support distri-
bution [14, 15]. In order to understand the fatality dynamics of COVID-19 in Brazil, it is
important to have in mind then that the states in Brazil, through their local health authorities,
were responsible for determining and enforcing the most critical measures to curb the pan-
demics, like social distance and mask mandates. They generally followed the recommendations
of the World Health Organization. These measures suffered direct opposition by the President,
but were generally upheld by the Brazilian Supreme Court [2, 16].

The political influence we are discussing here, thus, is not concerned directly with the
enforcement of particular measures to contain the pandemics, as investigated in previous
works [5-7], but with the broad political action of the presidency in Brazil to curb the efforts
of the states to control the pandemics [2]. This political action was spread in multiple arms:
systematically downplaying the risks of the pandemics, opposing national measures of social
distancing and mask mandates, promoting ineffective treatments, delaying vaccination, and
finally misinforming the population on the importance of preventive measures and on the
risks and benefits of vaccination [4, 17]. As an example, on the 24th of March 2020, the gov-
ernment summoned the national television to transmit an official statement of the Presidency
of the Republic in which the President attacked the social distance measures being imple-
mented by local governments at the time. Particularly, the president was against any restriction
on the mobility of young, healthy people as the disease was affecting more severely older peo-
ple and people with pre-existing healthy conditions [18, 19]. Other examples are the many
times the president questioned the efficacy of the vaccines, as when the president told a sup-
porter on the 23rd of December 2020 that “I've had the best vaccine: the virus. No side effects”
[18]. Many measures against the spread of the COVID-19 virus depend on the compliance of
the general population for their success, and this compliance can be directly affected by indi-
vidual political views [19, 20]. The overall action of the presidency in Brazil influenced a signif-
icant portion of the population to mishandle many of the measures to control the pandemics.
In this way, we were able to single out and quantitatively evaluate the result of one of the main
causes for the high impact of the COVID-19 pandemics in Brazil, introducing methodology
that may be applied to other regions of the globe facing similar challenges.

In the multitude of factors influencing the dynamics of the pandemics, in general it is chal-
lenging to estimate the effects of the actions of a political group and its leader on the behavior
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of the population, and in particular their effects on the pandemics numbers, such as deaths.
However, in the case of Brazil, with the increase of time and consolidation of the misinforma-
tion campaign, a high correlation between deaths and voting rates in the 2018 election
emerges, as shown in Fig 1. This correlation indicates a disparity throughout the country in
the COVID-19 fatality rates depending strongly on the level of support for the Brazilian Presi-
dent in its various regions. As a result, this inhomogeneity in the states distribution of death
rates and political support could be used to infer what the death rates would have been without
such political factors. From these last quantities, direct estimations can be derived for the
impact of the political factors on the overall pandemic fatality in Brazil.

2 Methods

The temporal dynamics of the COVID-19 fatality rate followed very distinct patterns in the
different states of Brazil. However, the general trend of political correlation started to form
along the year 2020. This trend is shown in Fig 2, through the depiction of the distribution of
fatality rates among all Brazilian states in a temporal sequence since the beginning of the pan-
demic, organized as a function of the voting rate for Mr. Bolsonaro. The different states are
represented by their two-letter abbreviations, e.g., SP for Sdo Paulo, PE for Pernambuco. The
fatality rates were calculated from the daily number of deaths due to COVID-19, obtained
from the health departments of each state through the official platform of the Ministry of
Health [21]. All data is freezed at November 17th, 2021, and available in CSV format on
Github [22] and the retrieve method is explained in the S1 File (Data source). The total fatality
up to this date was computed as 605,477. After the first few months of the pandemic, the num-
bers of deaths per State were large enough to render negligible their estimated statistical fluctu-
ations due to the sample sizes. The voting rates are for the October 28th, 2018 election and are
available on our Github page. This was the last round of the general election involving only the
two most voted candidates in the first round. The total number of votes in the elected presi-
dent was 57,797,847, of a total of 104,838,753 valid votes.

At the beginning of the COVID-19 outbreak in Brazil (Fig 2 panel a), there was no signifi-
cant trend of fatality rate with the voting rate in the Brazilian President. We can qualitatively
verify this by adjusting a straight line to the points using the method of least squares, and
obtaining both the inclination of the line and the point it crosses the vertical axis at 0%, with
their respective error bars. The value the fit crosses the vertical axis is indicated by the dashed
line, and its error bar is given by the gray area. Note that the straight line fitted to the distribu-
tion barely leaves the region of this error bar, indicating the low linear correlation of the distri-
bution of points with the values on the horizontal axis. The observed small correlation was also
negative. This initial negative trend can be understood from the regional correlations present
in the distribution of voting rates itself. The smaller support for Mr. Bolsonaro came from the
states on the Northeastern region (red dots in Fig 2), the poorest, with smaller Human Devel-
oping Index (HDI), region of the country. The larger portion of vulnerable population and
worse conditions of health care should result in larger death rates in these states once the pan-
demics hit the country, as observed in panel a of Fig 2.

The correlation of voting rates for Mr. Bolsonaro with the richest, with larger HDI, states in
the country is not related with Mr. Bolsonaro himself, but actually with his main adversary in
the last election, the candidate from the Workers’ Party. As pointed by Bohn in Ref. [23], when
the Workers’ Party started in the 1980’s, its electoral base was concentrated in the richer South-
eastern region of Brazil, but this support slowly shifted to the regions in the country with lower
HDI throughout the following decades. The correlation of support to the Workers’ Party with
regions of smaller HDI is a consolidated trend observed since previous general elections in

PLOS ONE | https://doi.org/10.1371/journal.pone.0264293  July 12, 2022 4/11


https://doi.org/10.1371/journal.pone.0264293

PLOS ONE

Quantifying political influence on COVID-19 fatality in Brazi

40 proe ]
- (a) 2020-05-18 1:-0.18 o ]
30 .
d CE g
20E ° .PE EA "\P RJ E
0F 0 MR T T T T T T T E _s__sy_fk__ﬁ(_:_:
- PI sgo &N TO R
of s © 8 < vo rgepdt
ST T T N T T TN T T T T T N T T T T T T A B B
i -10-14 r: D i
 (6)2020-10-14 0.1 N kR ]
100 - * sp X Es * —
B o E o 2P SP RO i
B P SRN e g e3¢
——————— oAl 0
: ¥ ys
50 ° MG Bs PR .SC
v b by ey b b by by by |
300 AM

(c) 2021-03-24 r: 0.49

Fatality rate (per 100,000)

400F. (@)2021-08-10 1: 0.69

300
200

100

MT

RJ é‘o
AM S‘ijf
R
o R .ggﬂj
CE SE Ne
° o FOP °
PA ©® .AC

N T T T T T T T T N T N

(e) 2021-11-17 r: 0.72

400
300
200

100

TN T T T T T T

MTRJ

N T N I T T T T T N T T T N T |

10 20

30 40 50 60 70 80

Voting rate in Bolsonaro [%]

Fig 2. Distribution of fatality rates for all Brazilian states as a function of voting rate in the Brazilian president in
the last election for five different days of the pandemic. The solid gray lines are linear fits to the data, and the dashed
lines are the extrapolations to the fatality-rate level corresponding to a voting rate of 0%. The gray region is the error

bar on the value of the dashed line. The

colors for the state’s labels represent the same regions as in Fig 1. r is the value

of the Pearson correlation coefficient for the distributions in each panel.

https://doi.org/10.1371/journal.pone.0264

293.9002

Brazil [24]. As the pandemics advanced in Brazil, we conjecture that this trend of support to

the opposition Party shielded, t

o0 a larger extent, the regions of the country with lower HDI

from the political influence of Mr. Bolsonaro with respect to the pandemics.
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As time passes by, then, the correlation in Fig 2 becomes less negative and ends up turning
positive around the date of panel b, inverting the initial trend dominated by the states HDI.
The first traces of positive correlation with the vote for Mr. Bolsonaro started to be reported at
the end of 2020 [25]. The correlation then continued to evolve to positive values, until it started
to become significant around the date of panel c. First reports of its fast acceleration can be
found then at the beginning of 2021 [26, 27]. Panels d and e finally depict the most recent situ-
ation of high correlation between the fatality rate in the Brazilian states and the respective vot-
ing rate in the Brazilian President. This inversion of the correlation pattern with political views
as we passed from the first to the second wave of the pandemics in Brazil was also observed in
a recently published investigation analysing fatality rates in Brazilian cities [28].

These observations are quantitatively summarised in Fig 3, where we plot the Pearson cor-
relation coefficient r for the distributions of Fig 2 for each day starting from the day of the first
death, March 17th, 2020. We classify the strength of the correlations according to Ref. [29].
Coefficients between -0.1 and +0.1 (white region) indicate insignificant correlation. Coeffi-
cients between -0.3 and -0.2 or between +0.2 and +0.3 (blue regions) indicate small correlation,
negative or positive. Coefficients between +0.3 and +0.5 (green region) indicate a moderate
positive correlation, and between +0.5 and +1.0 (red region) indicate a strong positive correla-
tion. Fig 3 depicts, then, the onset over time of a strong correlation between fatality rate and
the political preferences of the various Brazilian states, as inferred from the results of the coun-
try’s last general election. The establishment of such strong correlation coincides with the
period over time, between the two vertical dashed lines, where the Health Minister for the fed-
eral government in Brazil, General Eduardo Pazuello, was aligned with the views of the Brazil-
ian President on how to deal with the COVID-19 crisis. This was not the case in the very
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Fig 3. Evolution of correlation in Brazil between the states fatality rates and its voting rate in the Brazilian President, as
measured by Pearson’s r coefficient. The vertical dashed lines indicate the beginning and ending of the period in which General
Eduardo Pazuello was head of the Health Ministry, implementing policies more aligned to the president’s discourse.

https://doi.org/10.1371/journal.pone.0264293.9003
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beginning of the pandemic in Brazil, when the actions of the presidency against the measures
to control the pandemic were often conducted against the counseling of the Health Ministry,
which led twice to the substitution of the head of the Ministry, up to the nomination of Gen-
eral Pazuello in May 2020. As an example of the significance of this timeline, five days after
assuming the post of acting Health Minister, his Ministry released an informative note [30]
with orientations on the use of a series of medications whose efficacy have not been previously
established for the treatment of COVID-19. This untested treatment was explicitly advertised
by the President and received increased support of the Ministry of Health, as tested-and-
proved measures like mask mandates and social distancing were systematically downplayed

[4].

3 Results

The correlation coefficient in Fig 3 (see Pearson correlation coefficient in S1 File) indicates the
strong influence the political narrative had in the death rates as the pandemic developed in
Brazil. This correlation coefficient may be translated into an excess of total fatality in the coun-
try due to political influence, a more concrete measure of the overall impact this process had
in Brazil so far. Excess of fatality due to any particular cause is defined as the difference
between the observed fatality and an estimate of fatality without such cause. In a health crisis,
this estimate is commonly done by comparing the fatality during the crisis with that of previ-
ous years. In our case, however, we need a different approach, since we need to estimate what
the fatality during the COVID-19 crisis in Brazil would have been without the political factor,
and then subtract this number from the observed fatality to obtain the excess fatality. From the
above discussion, however, this estimation can actually be done straightforwardly by comput-
ing first the total fatality coming from the level of the fatality rates indicated by the dashed
lines in Fig 2, i.e., the level corresponding to 0% of votes for Mr. Bolsonaro. This provides an
estimation for the expected number of deaths if there was no correlation with the voting rate
in the Brazilian President. This estimation is then subtracted from the total number of
COVID-19 death, and the result is our estimation for the excess in total fatality in Brazil due to
political influence. This number as a function of time is then plotted in Fig 4. The error bars in
the figure come from the gray regions in Fig 2.

From Fig 4 we note that the growing correlation only starts to translate into a sensible
excess fatality around December, 2020. From that point onward, however, the political correla-
tion starts to dominate the total fatalities due to COVID-19 in Brazil, until it reaches a total
excess fatality of 350+70 thousands on 17 November, 2021. This means that we estimate that
(57+11)% of deaths attributed to COVID-19 in Brazil are related to the political influence the
President had over the Brazilian population in the period of the pandemic. Without such a
political component, we estimate that the COVID-19 fatality in Brazil would still be high, on
the order of 250 thousand, but significantly smaller than what was observed. Another conclu-
sion we can draw from the observed dynamics of the pandemic in Brazil is that this political
influence ended up surpassing, in the last months, all other possible causes of its aggravation
in the country, like the new strains of the virus. Finally, as it dominated its last stage, this wave
of politically-influenced deaths postponed for months the containment of the pandemic in
Brazil, enhancing its other socioeconomic impacts.

3.1 Limitations

The above estimation, however, has limitations, which we detail here. First, our estimation cal-
culates the excess deaths compared to a zero-correlation level, while Fig 3 shows that we should
actually expect a negative correlation coming from the poverty level of the states that least
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the gray region. The vertical dashed lines are the same as for Fig 3.
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supported the President. This effect is responsible for the negative part in the beginning of the
excess-of-deaths curve in Fig 4. On the other hand, this negative dip can also serve as an esti-
mation for how much we are underestimating the number of deaths by assuming zero correla-
tion as our baseline. From the minimum value of this dip, we expect that corrections due to a
negative-correlation baseline would be smaller or on the order of our final error bar. A second
effect we cannot estimate is any excess of deaths resulting from delays in the beginning of the
vaccination program by the Federal Government, since this affected all states equally. Finally,
the excess of deaths due to the a lack of a coordinated national response to the crisis was esti-
mated in Ref. [17] to be around 120 thousands deaths. This number is not completely indepen-
dent of our estimation, since there was some degree of coordination among the Northeastern
states in their approach to the pandemics, whose positive effect would reinforce the final corre-
lations present in the above figures. This regional effort, however, was largely independent of
the rest of the country and could not completely compensate the lack of a national strategy.

4 Conclusions

The scientific method, in a nutshell, applies reason and common sense in searching for the
best response to specific problems. In the case of the ongoing pandemic, the presented prob-
lem was how to minimize the deaths related to the spread of COVID-19. In this way, since the
beginning of 2020, many new treatments were tested, specific sanitary and social distancing
protocols were established, and various effective vaccines were developed in record time. In
this context, as a significant portion of the political forces in Brazil chose to ignore such fast-
paced development and settled with a mixture of wishful thinking and untested treatments,
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the consequences were dire, directly resulting in an excess of deaths among populations shar-
ing these political views.

Our analysis, in summary, shed a new light on the role that broad political views may have
in severe health crisis. It reveals, specifically, the somewhat unexpected magnitude of such
political bias over the spread and fatality of the pandemic in Brazil, overcoming at a certain
point in time other strong factors such as poverty levels and the mutation dynamics of the
virus itself. As the vaccinated population grows in Brazil and the pandemic seems to finally
lose its strength, we hope the Brazilian case in the COVID-19 pandemic will serve as a warning
in future health and environmental crises as to the dangers of ignoring informed, sensible
advices formulated through the fair application of the scientific method.
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