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Abstract

Good health is positively correlated with household infrastructure (piped water, sewage
systems, and garbage collection, e.g.) as well as to education, income, and the quantity and
quality of healthcare. Densely populated and polluted areas are detrimental to health.
Disease develops differently according to such factors as race, gender, and age, while the
presence of comorbidities (respiratory problems, diabetes, cardiovascular diseases, obesity)
increases the risk of mortality. In this study, we investigate the interrelationships among these
variables on COVID-19 infection and death using municipal data from Brazil. Data from
January 2021 show that Brazil has the second-highest COVID-19 mortality rate in the world in
absolute terms, with more than 216,000 deaths. Areas with high demographic density are most
robustly associated with death rates. In addition, smaller numbers of COVID-19 deaths are
recorded in municipalities with larger proportions of youth (from 18-20) who have completed
high school; similarly, the greater the percentage of households with piped water and
garbage collection in a municipality, the lower the death rates. Increased numbers of hospital
beds are also associated with fewer COVID-19 deaths. Although we expected a sfrong
positive correlation between poverty and COVID-19 deaths, our results were not robust and,
in some models, both the coefficient of the poverty variable and the municipal Human
Development Index variable showed opposite signs. Understanding how socioeconomic
variables affect health is important to the development of public polices in combating
disease.
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. Introduction

The outbreak of the novel coronavirus pandemic has overwhelmed many countries.
An absence of knowledge regarding diagnosis and treatment, along with lack of health
infrastructure, have forced governments to take drastic measures to diminish the impact of
the disease, including social-distancing restrictions, the use of masks, and lockdowns. The
closures of airports, commercial institutions, restaurants, bars, and schools that have
accompanied the health disaster have also led to economic and social crises. As of January
2021, more than 100,000,000 people had been infected worldwide and near 2.1 million had
died as a result of COVID-19 (Worldometers, 2021).

Effective management and control of the COVID-19 pandemic requires an
understanding of its underlying drivers. Significant efforts have been directed toward
identifying the biological and epidemiological causes of COVID-19 infection and mortality
and have led to the development of vaccines and clinical remedies. At the same time, the
socioeconomic drivers of COVID-19 are also significant, and a considerable body of literature
has begun to focus on this area. This literature predominantly considers demographic factors
(such as age and gender) along with various forms of socioeconomic deprivation to be the
chief drivers of COVID-19 infection and mortality (Bertocchi & Dimico, 2020; Ngepah, 2020;
Bhopal & Bhopal, 2020; Wenham & Morgan, 2020; Schellekens & Sourrouille, 2020). For
example, the elderly face a significantly greater risk of developing severe COVID-19 infection
if they contract the virus (Liu et al., 2020). Although there are no gender differences in levels
of coronavirus infection, men die at almost double the rate of women (Bhopal & Bhopal,
2020; Wenham & Morgan, 2020). Similarly, COVID-19 has hit poorer and socially
marginalized groups harder, including racial and ethnic minorities (Bertocchi & Dimico, 2020;
Eshetu & Woldesenbet, 2011).

Emerging empirical evidence has raised doubts about the validity of the link between
poverty and COVID-19 because deaths in African and south Asian countries are far below
what was initially expected. Schellekens and Sourrouille (2020) showed that high-income
countries accounted for 79% of all COVID-19 deaths, leaving 21% to the much more
populous developing world. These analyses were released in May 2020 and, although the
authors predicted that this scenario would change, the situation is not very different today.
Njenga et al. (2020) also discussed reasons for the low morbidity and mortality of COVID-19
in the African region. Given the fact that in Africa, HIV, tuberculosis, malaria and other
infectious diseases are widely present among the population, that a high percentage of the
population is malnourished, and that informal settlements with poor hygiene and sanitation
are common in densely populated areas, many public health specialists expected a disaster
in the region, that, fortunately, so far has not been observed. Similarly, Gupta and Misra
(2020) analyzed possible causes of low fatality rate in south Asian countries, including

genetics, environmental factors, and cross immunity as possible explanations. They claimed



that people may have been protected from severe manifestation of COVID-19 as a result of

past viral infections, malaria, BCG vaccination, and the presence of specific genes.

These contrasting arguments and evidence mean that further research is needed into
the links among COVID-19 infections, mortality, and poverty. In this paper, we aim to
contribute to this debate with the results of an empirical study in Brazil, an excellent context
for such research. Brazil is a large, developing country with more than 210,000,000 people
and a history of socioeconomic disparities. Data from January 2021 show that Brazil has the
second highest COVID-19 mortality rate in the world in absolute terms (Worldometers, 2021).
Today, the country is facing not only a health crisis but also economic and political problems.
Efforts to overcome the health disaster have been seriously constrained by a lack of
understanding and evidence regarding causes and effects and by the irresponsible attitude
of the president who, among other things, compared the coronavirus to a mild flu, opposed
lockdown measures, promoted unproven drugs, and participated in public events without
masks. A high prevalence of poverty, large income and regional inequality, disparities in
healthcare infrastructure, high unemployment, poor sanitation, and high population densities
in poor urban settlements are some of the problems that have immensely aggravated the
effects of the COVID-19 pandemic in Brazil.

The aim of this research was to model and “quantify” the links between multiple
indicators of poverty and COVID-19 infections and mortality. In Brazil, many people live in
acute multidimensional poverty, meaning that they experience deficiencies in indicators
of health, education and living standards associated with Sustainable Development Goals
(see Alkire et al., 2020). We investigated whether these deprivations could be linked to
COVID-19 infections and mortality using municipal-level data from the demographic
census and, specifically, information regarding income, education, access to safe drinking
water, garbage collection, population density, comorbidities, hospital beds, and locale of

residence in each of the 5,570 municipalities in Brazil.

With the goal of provide guidelines to policy makers and development agencies and
to produce novel, ground-breaking scientific knowledge for the wider academic community
on dimensions of poverty and its effect in exacerbating mortality in a COVID-19 outbreak, we
designed our research to generate evidence of the complexity of multiple indicators of
poverty throughout Brazil and to relate that evidence to mortality rates and the proportion
of the population that had been tested for COVID-19.

The rest of the paper is structured as follows. In Section 2, we draw on the literature
to discuss how socioeconomic status may be linked with diseases and mortalities, and in
Section 3, we present a brief description of the pandemic in the world and in Brazil, together
with Brazil's response to COVID-19. In Section 4, we describe the variables and the model
used to estimate infections and mortality as a result of COVID-19, and in Section 5 we discuss

and present the results. Section 6 presents the conclusions.



Il. Pathways between Socioeconomic Status and
Health

We know that education affects health through risk behaviors and knowledge
regarding disease prevention and treatment. Employment has an impact on health
occupational hazards. Wealth and income influence health through food consumption,
quality and quantity of healthcare, and environmental hazards Hoffmann, Kroger, and
Pakpahan (2018).

Both Adler and Newman (2002) and Lahelma et al. (2004) have provided detailed
discussions regarding the pathways through which education, occupation, income, etc. affect
health outcomes. Not only is education directly related to occupational opportunities and
earnings, but better-educated people have greater knowledge, skills, and access to
information and resources to improve their health. Occupational factors related to morbidity
and mortality risk include the nature and form of the work performed, the number of hours
worked, the demand of physical activities, the quality of the working environment, and the
level of earnings, among others. Blue-collar workers, for example, are more exposed to
injuries and psychological problems as a result of more physically demanding jobs, lack of
ergonomic equipment, presence of toxic substances, unfriendly environments, and social and
monetary instability. Income can be linked to higher standards of living in general, such as
better nutrition, higher quality of schooling, and healthier environments and housing, besides
being directly associated with the ability to purchase healthcare and health insurance. Poverty
deeply affects health through absolute deprivation, such as poor diet, low-quality healthcare,
inadequate exercise, smoking, etc. Societies with greater income inequality also show higher
rates of mortality as a result of underinvestment in public welfare (education, health, basic

sanitation, security).

Some countries, although a large portion of their population falls below the poverty
line, have the advantage of universal healthcare, which reduces inequalities in use of health-
related services (Almeida et al., 2017). However, Dunlop, Coyte, and Mclsaac (2000) showed
that lower socioeconomic groups in Canada received less specialty care even if they had full
health coverage. Even in countries such as Brazil where universal healthcare is in place,
noticeable differences occur in quality of and access to care depending on socioeconomic

level.

Standard of living and environment affect health through exposure to toxic
substances, pollution, housing conditions, and stress that are commonly observed in poorer
neighborhoods. Health problems are aggravated in densely populated areas, crowded
households, and noisy suburbs. Moreover, lower socioeconomic status is associated with less
consumption of healthy foods, sedentary lifestyles, more smoking, and heavier alcohol

drinking.



Because COVID-19 is easily transmitted, infectious and mortality rates vary by
household location and are higher in densely populated areas and crowded urban
environments. Using German county-level data, Ehlert (2020) found that population density
increased the incidence of COVID-19 infection. COVID-19 infection rates also varied by such
population characteristics as age and sex. More fatalities are in men, the elderly, and
individuals with comorbidities such as diabetes, obesity, and cardiovascular diseases, though

COVID-19 has also been fatal in those with no primary health problems.

Transmission of coronavirus can be mitigated with lockdowns, social distancing, and
the use of masks, while hygiene infrastructure and sanitation are even more important during
the pandemic. Public health—especially such measures as clean drinking water and adequate
sewage disposal—are crucial. While one of the most effective actions against COVID-19 is
hand-washing with soap, 40% of the world population does not have access to clean water

and soap in their houses (Stockholm International Water Institute, n.d.).

A clear correlation between socioeconomic factors and COVID-19 infections and
mortality requires analyses of the complex pathways through which socioeconomic
inequalities affect health outcomes. Those socioeconomic factors may moderate or
exacerbate transmission, infection, and mortality as a result of COVID-19, depending on the
vulnerability of the group: comorbidities, access to healthcare, availability of intensive care
beds, living conditions, government responses to controlling dissemination of the virus,

lockdown, the use of masks, and social distancing.

The literature regarding the links between socioeconomic factors and coronavirus
pandemic/epidemic is based largely on experiences with the outbreak of SARS, MERS, and
Ebola. Specific empirical evidence regarding COVID-19 is still too thin, though the literature
consistently supports links between socioeconomic factors and other infections and mortality.
Among these, poverty is a commonly identified factor, though the term has not been
consistently defined, interpreted, or investigated. Some indicators of poverty have included
income or wealth (Brown et al., 2020), household infrastructure and sanitation (Staddon et
al., 2020; World Health Organization/UNICEF, 2020, and Ngepah, 2020), access to basic
health services (Rasella et al., 2014), and educational level (Ross & Wu, 1995, and Braveman
& Gottlieb, 2020), among others. While some authors have argued that lack of income can
cause infection and mortality through undernourishment, bad housing, low level of schooling,
and reduced ability to purchase healthcare services (Adler & Newman, 2002), empirical
evidence regarding the effects of those factors on epidemics/pandemics is mixed. For
example, Ehlert (2020) and Schellekens and Sourrouille (2020) found high income to increase

infections and mortality, while others found contrasting evidence (Finch & Finch, 2020, e.g.).

As Eshetu and Woldesenbet (2011) have pointed out, most studies on social
determinants of health have been conducted in developed countries; many times, as a result
of lack of data, few indicators of poverty are employed. In contrast, we analyzed age, race,

education, comorbidities, hospital beds, environment, and income as they affected mortality



and infection in municipalities in Brazil. We used two indicators directly associated with
income: the percentage of people below the poverty line in each municipality and the Human
Development Index, which is composed of measures of life expectancy, education, and per
capita income. The groups most vulnerable to severe COVID-19 infection were expected to
be the elderly, low-income and less-educated citizens in densely populated settlements in
which minimal hygiene infrastructure and space limitations within and between households
were present. Our goal was to test the hypothesis that older individuals had a higher COVID-
19 mortality, that availability of water pipes and garbage collection were negatively related
to infection and death, that population density and urban areas aggravated infection and
death, and that educational level and income were negatively associated with COVID-19

infection and mortality.

lll. Facts about the SARS-CoV-2 Pandemic

3.1. Coronavirus in the World

The year 2020 will be remembered as a chaotic one. Lockdowns and social-distancing
measures struck economies worldwide, reduced family incomes, precipitated unprecedented
increases in unemployment, and affected the poorest countries hardest. A BBC poll of around
30,000 people conducted six months after the beginning of the pandemic (March 11, 2020),
showed that incomes in Latin America, Asia, and Africa were more severely affected than
were those in Europe and North America (“Coronavirus BBC Poll,” 2020). The incomes of
more than 90% of the population in Kenya were affected as a result of the pandemic, and
similarly Thailand (81%), Nigeria (80%), South Africa (77%), Indonesia (76%), and Vietnam

(74%) were most affected financially.

The economic impact of the pandemic hit poorest countries hardest, though the
number of COVID-19 deaths per million people was relatively lower compared to wealthier
countries, as shown in Figure 1 (COVID-19 Deaths x GDP per Capita). Death rates were much
lower in many relatively poorer countries in Africa and Asia (Burundi, Tanzania, Niger,
Vietnam, and Thailand, to cite a few) compared to wealthier countries, such as the United
States, ltaly, and France, for example. Goumenou et al. (2020) presented an interesting
discussion regarding the factors that may have contributed to COVID-19 infection and death
rates in Northern ltaly, including demographics, health, and environmental and administrative
factors. In all of these comparisons, it is important to keep in mind that counts of coronavirus
deaths may not be accurate because they depend upon the availability of diagnostic tests

that are often scarce and imprecise, especially in poorer countries.



Figure 1: Total Confirmed COVID-19 Deaths per Million vs. per Capita GDP on December 26,

2020.
Total confirmed COVID-19 deaths per million vs GDP per capita, Dec 25,

2020

Limited testing and challenges in the attribution of the cause of death means that the number of confirmed deaths may not be

an accurate count of the true number of deaths from COVID-19.

GDP per capita is adjusted for price differences between countries (it is expressed in international dollars).
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3.2. Coronavirus in Brazil

Close to 9,000,000 people have been infected in Brazil, and more than 216,000 have
died as a result of coronavirus (as of January 24, 2021)—in a country with a population of
212,000,000 in 5,570 municipalities. All municipalities have now been affected by the
pandemic and have registered deaths (Brasil Ministério de Saude, n.d.). According to the
Worldometers site, Brazil is the second country in absolute number of deaths, after the United
States (January 2021). If we take the population into account, Brazil registers 1,014 deaths
per million and takes the twenty-seventh position. Countries with even higher deaths per
million include Belgium (1,784), Italy (1,415), Peru (1,192), Mexico (1,149), France (1,115),
Argentina (1,029), and Portugal (1,028), among others (Worldometers, 2021).

Coronavirus has heavily affected not only healthcare systems and morbidity and
mortality, but also economies hit. The September 27, 2020 Brazilian National Household
Sample Survey results' revealed that close to 14,000,000 people were unemployed, an

unemployment rate of 14.6% (the largest in the 2012-2020 series). The rate was even higher

1 The Brazilian Geographical and Statistical Institute’s National Household Sample Survey reported short-term
(monthly) information on COVID-19 symptoms and tests as well as individual and household characteristics,
information on work force, income, government stipends in Brazil, representative at state level. The survey
covered five months: May, June, July, August, and September 2020.



in the northeastern region: 20.7% in the state of Bahia and 20% in the state of Alagoas.
Aggravating the problem, near 20,000,000 workers suffered pay losses. Beginning April
2020, the Brazilian government provided monthly stipends to the unemployed, the self- or
informally employed, individual micro-entrepreneurs, beneficiaries of the Bolsa Familia
conditional cash-transfer program, and individuals whose monthly income was 50% or less of

the minimum salary.

Emergency aid was received by 50% of the population in June and played an
important role in decreasing poverty and protecting the poor during the pandemic. The high
cost of these benefits, however, caused the government to end the monetary transfers by
December 2020; so far, no clear policy has emerged regarding whether the benefit will be
replaced (Brazilian Geographical and Statistical Institute, 2020).

Brazil is characterized by significant regional inequality: socioeconomic indicators are
worse in the northern and northeastern areas compared to the southern and southeastern
areas. This is shown clearly in Figure 2, which reports the Human Development Index for each
municipality on a map. The Municipal Human Developed Index ranges from zero to one and
is calculated as the geometric mean (equally weighted) of life expectancy, education, and per
capita income for each municipality. Blue and green represent the largest values of the index
and, therefore, the highest levels of development. Figure 2 shows a concentration of green
and blue in the southern and southeastern areas, while red and orange and lower values
appear in the north and northeast.

Figure 2: Municipal Human Development Index (MHDI) in Municipalities in Brazil
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Similarly, the percentage of the population below the poverty line in each municipality
(see Figure 3) is concentrated in municipalities in the northern and northeastern regions of
Brazil. In the southeastern and southern areas, and in parts of the central area, poverty is
much less concentrated. In 2019, the areas with the largest per capita GDP for the states of
Brazil and the Federal District were Brasilia, Sdo Paulo, Rio de Janeiro, Rio Grande do Sul,
Santa Catarina, and Parana. All of them, except Brasilia, are in the southeastern and southern

regions.

The disparities among regions are visible in basic infrastructure as well. While the
percentage of households without sewage systems is close to 30% in the northern area and
close to 20% in the northeast, the percentage is much lower (close to 2%) in the southern
and southeastern regions. Schooling and health are also worse in the poorer regions of Brazil.
The percentage of youth from 18-20 that have completed high school is 43% in the southeast
and 47% in the south of Brazil, or twice the percentage of northern (23%) and northeastern
regions (25%). Similarly, infant mortality in wealthier areas of Brazil is around 13-15 deaths
per 1,000 live births, while the rate reaches 27 deaths per 1,000 in northern and northeastern

regions.

Figure 3: Percentage of the Poor in Brazilian Municipalities
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Figure 4 shows the number of cumulative COVID-19 deaths as of October 14, 2020
divided by the number of individuals who tested positive for COVID-19 in each municipality.
It is difficult to see any pattern on the map, except the fact that more densely populated
areas had more deaths. Many factors may have affected death counts, including poverty,
basic household infrastructure, level of education, ability to practice social-distancing, and
healthcare-related factors such as hospital beds, ambulances, doctors, more appropriate

treatments, availability of medicines, etc. The state capitals with the largest number of deaths



per COVID-19-positive population are Rio de Janeiro (RJ), Fortaleza (CE), Recife (PE), Belem
(PA), Manaus (AM), Cuiab3 (MT), and Sao Paulo (SP).

Figure 4: COVID-19 Deaths per 100,000 in Brazilian Municipalities (as of October 14, 2020).
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Because of a lack of tests, these numbers must be analyzed carefully and may not be
accurate. Tests were conducted only on individuals with COVID-19 symptoms and only under
medical authorization, mainly in hospitals. Figure 5 reports the number of people who tested
positive for COVID-19 by 100,000 population in Brazilian municipalities. Many areas of

infection have occurred in the northern and northeastern regions and in some parts of the
central region and along the coast.

Figure 5: Number of People Who Tested Positive for COVID-19 per 100,000 Population in
Brazilian Municipalities (as of October 14, 2020).
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3.3. Brazil's Response to COVID-19

The Brazilian Federal Government's response to the pandemic has been
characterized by lack of coordination, denial of science, and downplaying of the
consequences of a serious disease. Without a national plan, states and municipalities have
been forced to take decentralized actions to prevent and control COVID-19 infections.
Political considerations resulted in conflict and division within the country as the president
promoted treatments that were not evidence-based and rejected international
recommendations regarding social distancing and use of masks. Fortunately, Brazil has the
largest public health system in the world: 70% of the population is covered by no-cost
healthcare, which was a tremendous help in the government'’s strategy for treatment of the
infected population (see Ferigato et al., 2020). In May 2020, Lancet published an editorial
discussing the Brazilian federal government’s bad policies or lack of policies to combat the
pandemic (“COVID-19 in Brazil,” 2020).

Despite the absence of a clear federal-government strategy to combat the pandemic,
state and municipal-level authorities acted decisively, which may explain why Brazil's
performance has not been even worse. Social distancing, lockdowns, and the use of masks
in public spaces were implemented at different levels in each state of Brazil and their capital

cities.

Fracalossi de Moraes (2020a) created an index of measures of social distancing taken
by the governors of states and the mayors of capital cities to decrease or interrupt
transmission of COVID-19 in early April 2020. The measures that Fracalossi de Moraes
analyzed included suspension of religious functions, cultural and sporting events; the closing
of schools, bars, and restaurants while essential businesses remained open; and restrictions

on public transportation.

The larger the index values, the more restrictive were the measures. Figure 6 shows
different levels of actions taken by state governments in early April, varying from 3.3 in Bahia
and Mato Grosso do Sul to 9.2 in Ceara, Santa Catarina, and other states. These indices were
continually calculated in other more recent periods of time. Although some states continued
with restrictive measures and even increased them by end of May, most loosened social-

distancing measures (Fracalossi de Moraes, 2020b, c, d).
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Figure é: Index of Social-Distancing Measures Adopted from 6-9 April, 2020 in Brazilian States
Varying from 3.3 To 9.2. Colors Represent Regions: North=Green, Northeast=Blue,
Southeast=Red, South=Purple, Cenfral=Yellow).
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At the end of March 2020, the Brazilian Federal Government, through the Ministry of
Economy, announced a stimulus package to minimize the economic effects of the COVID-19
pandemic. Included in the stimulus was the so-called “auxilio emergencial,” emergency
monetary aid directed to the most vulnerable to help the disadvantaged population and

avoid even worse scenarios in the country.

IV. Data and Model

We analyzed the impact of income, education, age, race, comorbidities, hospital
beds, and household infrastructure on COVID-19 deaths and infections using municipality
data from Brazil. The country is divided into five regions, twenty-six states and the Federal
District (Brasilia), and 5,570 municipalities. Most of the data in our analyses came from the
demographic census conducted by the Brazilian Geographical and Statistical Institute in
2010. Two questionnaires were used in the census: a sample questionnaire with eighty-one
questions that was given to a fraction of the households and a simplified questionnaire with
sixteen questions (age, sex, race, education, earnings, and household infrastructure) that was
given to all other households. More than 190,000,000 people in 60,000,000 households were
interviewed over the three-month period that began on August 1, 2010.

Data on the infected population and COVID-19 deaths in each municipality are
updated daily by the State Health Secretaries (“Especial COVID-19,” 2021). Hospital beds

11



and hospitalization as a result of comorbidities are collected from the Sistema Unico de
Saude, the Brazilian universal healthcare system (DATASUS, n.d.).

To determine the effects of poverty indicators on COVID-19 infection and mortality,

we used a weighted least-squares regression, which could be expressed as:

y; = a + By indiv_char; + B, hh_infr; + B; education; + 4 locality; + [5 comorbidities
+ B¢ hospital beds + [5; low_income; + ¢;
i=1...5570 municipalities.

For each of the 5,570 municipalities i in Brazil, three dependent variables (y)
represented the cumulative number of COVID-19 deaths divided by the infected population,
the cumulative COVID-19 infected population divided by the municipal population, and the
cumulative number of COVID-19 deaths divided by the population. Exogenous variables
included individual characteristics (indiv_char) such as age and race aggregated at the
municipal level; household infrastructure (hh_infr) aggregated at the municipal level (the
presence of piped water and garbage collection); education (the percentage of individuals
from 18-20 who had completed high school in each municipality; locality(demographic
density and percentage of the population in rural areas); comorbidities, including respiratory
and cardiovascular problems and diabetes; hospital beds; and low_income as the percentage
of the population whose household income fell below one-fourth of the minimum monthly
salary (the equivalent of approximately eighty dollars per month);? and the Human

Development Index (HDI) for the municipality.

Because we used municipal data, we weighted the regression model by population
in each municipality to avoid heteroscedasticity. The parameters to be estimated are

represented by @ and @s. The idiosyncratic error is [

According to the World Health Organization (2020), the number of infected may be
underestimated as a result of low access to healthcare and testing and as a result of
undetected cases of COVID-19 among individuals who are asymptomatic or who have mild
symptoms. Testing capacity is usually limited during a pandemic and is restricted to those
with severe symptoms or who belong to risk groups (in this case, the elderly, people with
comorbidities, and healthcare workers, for example). On the other hand, COVID-19 infection
may be attributed to other diseases with similar symptoms. Mortality data may also be
misreported because of the time lag between deaths and testing; in addition, a large
proportion of the population in poor communities may not be able to reach healthcare

centers and may die in their own homes without being tested.

21n 2010, the minimum monthly salary was 510 reais ($1 USD = 1.7 reais).
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V. Results and Discussion

5.1. Descriptive Statistics

Table 1 shows the description of the variables we used in our analyses: the number of
observations, means, standard deviations, and minimum and maximum values. The
dependent variables are the cumulative number of COVID-19 deaths among every 100,000
who tested positive as of October 14, 2020; the cumulative number of infected people per
100,000 population as of October 14, 2020; and the cumulative number of COVID-19 deaths
per 100,000 population. Most of the exogenous variables show large variability. Observe that
the percentage of households with piped water ranges from 0.15% to 100%, although the
average is 85.6%.

Table 1: Description of Variables in Brazilian Municipalities, Number of Observations, Mean,
Standard Deviation, and Minimum and Maximum Values of Each Variable.

Variables Definition
Dependent variables COVID-19 deaths per 100,000 individuals 5588 2,622.48 3,308.51 O 50000
Deaths_infected who tested positive
Infected_pop Infected people per 100,000 population 5591  1,922.48 1,632.64 O 20080
Deaths_pop COVID-19 deaths per 100,000 population 5591  39.39 35.22 0 338.25
Exogenous Var. 1 % household with piped water 5,565 85.60 14.72 0.15 100
Piped_water
Garbage_collection % household with garbage collection 5560  94.13 10.69 0.06 100
Demographic_density Demographic density 5,565 108.20 572.44 0.13 13,025
Rural % pop in rural areas 5,565 36.17 22.04 0 95.8
High_school % 18-20 years completed_high_school 5,565 36.09 14.57 1.9 88.03
Age_10_29 % pop 10-29 5,565 35.54 3.69 21.9 482
Age_30_50 % pop 30-49 5,565 27.00 2.84 158 38.9
Age_50_60 % pop 50-59 5,565 9.63 2.14 3.3 19.1
Age_60_more % pop 60-more 5565 12.09 3.29 2.6 29.2
Low_income % of pop with hh income <4 of minimum 5563 23.21 17.91 0.19 78.6
salary
HDI Human Development Index 5565 65.92 7.20 41.8 86.2
Exogenous Var. 2 Number of hospital beds per 10,000 5565 1587 19.65 0 381.8
Hospital_beds population
Distance_measures Index of social distance 5570 6.66 1.84 &9 9.2
Respiratory Number of people hospitalized as a result 5565 7.20 16.74 0 331.1
of respiratory problems per 10,000
population
Heart Number of people hospitalized as a result 5565 9.97 27.81 0 1,453.2
of heart problems per 10,000 population
Diabetes Number of people hospitalized as a result 5565 3.2 5.76 0 65.9

of diabetes per 10,000 population
Source: Dependent variables are from the compilation of bulletins from individual Brazilian State Health
Departments ("Especial COVID-19,” 2021). Exogenous Variable 1 is from the 2010 census (Censo
Demogréfico, 2010). Exogenous Variable 2, except distance measures, is from DATASUS (n.d.). Distance
measures are from Fracalossi de Moraes (2020a).
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5.2. Modeling Results

5.2.1. Deaths per Infected Population
Tables 2 and 3 display the results of the least-square regressions weighted by

population of each municipality in Brazil, with the dependent variable being cumulative
COVID-19 deaths divided by the infected population. Table 2 includes the exogenous

variable low_income, while Table 3 includes the HDI (municipal Human Development Index).

We expected a strong positive correlation between poverty and COVID-19 deaths
per population as well as between poverty and death per infected population. However, our
results contradicted our expectations. Many times, poverty showed a negative and significant
coefficient in the death model. Column 1 of Table 2 shows a negative and significant
coefficient of the exogenous variable low_income for the deaths/infected ratio. Variables
were added as follows: for age in Column 2, for race in Column 3, for schooling in Column 4,
for demographic density and the percentage of people living in rural areas in Column 5, and

piped water and garbage collection in Column 6 together with the poverty variable.

Because Blacks and mulattos have lower incomes compared to whites and Asians,
race could act acting as a proxy for poverty. Consequently Column 7 excluded race variables.
As shown, poverty was positive and significant only in Columns 2 and 7 but was negative and
significant in Columns 1, 3, 4, and 6. Similarly, the coefficients of HDI in Table 3 were

unexpectedly positive in all columns, except Column 7.

Would it be possible to infer that poverty and COVID-19 deaths are negatively
related? At the beginning of the pandemic, many dark scenarios projected millions of deaths
in poor communities and slums, but this did not happen. On March 26, 2020, the Report of
the MRC Centre for Global Infectious Disease Analysis at the Imperial College of London
(Walker et al., 2020) predicted, in simulation models, their best-case scenario: 529,000 deaths
in Brazil by August 2020. This figure turned out to be 4.4 times higher than the actual number
(121,000). In their worst-case scenario, they predicted more than 1.1 million deaths. Given
that nearly 15,000,000 people live in slums in Brazil, where demographic density reaches
43,000 per square kilometer in Paraisopolis, Sao Paulo, for example, and six to ten family
members commonly occupy a tiny home with poor infrastructure that many times does not
include running water or sewage systems, the death rate could have been much worse than
observed (Brazilian Geographical and Statistical Institute, 2016).

This phenomenon was not true only in Brazil. Random testing of 7,000 people living
in slums in Mumbai, India, showed that 57% tested positive for coronavirus. Though the virus
spreads more rapidly through crowded slums where physical distancing is impossible, the

fatality rate was very low (one in 1,000 to one in 2,000).> One of the doctors involved in the

3 This was research carried out by the city, the government think tank Niti Aayog, and the Tata Institute of
Fundamental Research (Biswas, 2020).
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survey remarked, “This is very interesting. We do not know the reason. It could be anything

from social behavior to underlying physiological differences.”

Ehlert studied the effect of socioeconomic variables on COVID-19 cases and death
rates in Germany’s 401 counties, showing results similar to ours in terms of economic
variables. He mentioned that “in contrast to what is expected (according to the media
discussion), there is no significant negative influence of the income variable” (Ehlert, 2020, p.
7) This means that, although Ehlert expected greater household income to be associated
with lower rates of COVID-19 infection and death, this was not observed. Plumper and
Neumayer (2020) also analyzed data from Germany but distinguished between first and
second phases of the pandemic. They observed a positive relationship between a district’s

wealth and infection rates in the first phase, but a negative association in the second.

In Freeman, Pisani, and Purves’ Statistics (2007), the authors discussed the 1916 polio
epidemic in the United States and a controlled experiment done to test the effectiveness of
the polio vaccines by the 1950s. Interestingly, they point out that wealthier children were
more vulnerable to polio, claiming that:

A child who lives in less hygienic surroundings is more likely to contract a mild
case of polio early in childhood, while still protected by antibodies from its
mother. After being infected, these children generate their own antibodies,
which protect them against more severe infection later. Children who live in

more hygienic surroundings do not develop such antibodies. (4)

Finlay and Arrieta discussed similar issues in their 2016 book, Let Them Eat Dirt. The
authors pointed out that children were often prevented from getting dirty by excessive
parental care, noting, however, that being in contact with dirt and exposure to microbes was
crucial to children’s development.

Another point that could explain the negative relationship between poverty and
COVID-19 deaths is the average age of the population. Figure 1 shows that many developing
countries had lower COVID-19 death rates compared to developed countries. The average
age of the population is lower in poor countries. It is known that coronavirus is more severe
among elderly people and that the death rate for people older than 65 is much higher. The
average age of the population on the African continent is 20, with only 3% of the population
older than 65. On the other hand, the population of Italy has one of the highest average ages

in Europe and one of the highest proportions in the European Union of persons older than
65.

Another hypothesis suggests that the Bacillus Calmette-Guérin (BCG) vaccine against
tuberculosis, which is mandatory in some countries (Brazil, China, and Finland, e.g.), has
positive effects on immunity against a variety of lung infections and possibly against COVID-
19. Berg et al. (2020), using a sample of 140 countries, showed that BCG contributed to
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flattened COVID-19 infection curves in countries in which the BCG vaccine had been
obligatory at least until the year 2000 in comparison to countries in which BCG was not

mandatory (the United States, Italy, Lebanon, and others).

Finally, as mentioned earlier, resources are insufficient to test or to assist the
population that is seeking treatment for COVID-19. If the disease is not correctly diagnosed,
COVID-19 deaths may be underreported. This scenario is aggravated in poor communities
where the number of hospital beds is lower, medical doctors and ambulances are fewer,
laboratories and tests are absent, and education and economic resources are low in general
(see World Health Organization, 2020).

Reported deaths are related to individuals who tested positive on the polymerase
chain reaction test (PCR). Only hospitalized patients who were suspected of having COVID-
19 were tested. Aggravating the problem, the Brazilian government’s response to the
pandemic was delayed and disorganized. As a result of the difficulties in identifying cases
and the lack of PCR tests, many deaths were underreported. Franga et al. (2020) discussed
the identification of COVID-19 deaths in Brazil and observed that, in the capital cities of Sdo
Paulo and Rio de Janeiro, respiratory failure increased as a cause of death, while in Manaus

and Rio de Janeiro, rates of pneumonia rose together with increases in COVID-19 deaths.

Table 2 shows that the coefficient of the low_income variable in Column 7) is positive
and statistically significant, meaning that the larger the percentage of poor people in the
municipalities, the higher the death rates. Similarly, Column 7 of Table 3 displays a negative
coefficient for the municipal Human Development Index (HDI), indicating that more
developed municipalities reported lower death rates. High poverty and low human
development are related to lower access to healthcare, lower nutritional and health, lower
educational levels, and a generally inferior quality of life, all of which may translate into
compromised immune systems and, therefore, into a higher risk of complications and death

as a result of coronavirus.

Column 7 in Table 2 shows the results of an analysis of the effect of each exogenous
variable on COVID-19 deaths per infected population in Brazilian municipalities. The larger
the percentage of households with piped water and garbage collection in the municipality,
the lower were death rates. This result shows the importance of basic household infrastructure
in combatting disease and improving health. Today, 12% of households in the municipalities
do not have treated water and close to 40% have no sewage system. Regional disparities
were huge: while the northern region includes only 16% of the municipalities with sewage
systems, the southeastern area includes 96% of them (Brazilian Geographical and Statistical
Institute, 2017).

Similarly, education played an important role in improved health. The larger the
percentage of youth from 18-20 that had completed high school in the municipality, the
smaller the number of COVID-19 deaths. Low demographic density and larger percentage
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of the population living in rural areas were both related to more distance among people and
less contact, which reduced the spread of the disease. Table 2 shows that the coefficients of
those variables are highly significant, indicating that the higher the demographic density, the
larger is the death rate, and the larger the percentage of people living in rural areas, the
lower the death rates. Variables representing age showed that the older a person gets, the

higher the probability of having complications and of dying as a result of COVID-19.

5.2.2. Infected Population per Total Population

Tables 4 and 5 show the results of the least-square regressions weighted by
population of each municipality in Brazil, with the dependent variable being the number of
infected COVID-19 individuals divided by the total population in the municipalities, including
as low_income and HDI as exogenous variables. The results for poverty and development are
robust; the coefficients of poverty (low_income) are negative, and the coefficients of HDI are
positive in all the Columns of Tables 4 and 5.

To be tested for COVID-19, a person initially to present a symptom such as fever,
cough, difficulty breathing, headache, body aches, loss of taste or smell, fatigue, sore throat,
runny nose, etc., and seek treatment in a healthcare center or hospital, where a medical
doctor orders a COVID-19 test, when available. Because being tested implies going to a
healthcare center as well as the availability of accurate and efficient testing, the percentage
of the infected population in the municipality is related to level of development and to
individual income. These facts explain a positive correlation between HDI and infected
population in Table 5 and the negative correlation between low_income and infected
population in Table 4.

5.2.3. Deaths per Total Population.

Tables 6 and 7 show the results of the least-square regressions weighted by
population of each municipality in Brazil, with the dependent variable being the number of
COVID-19 deaths divided by population of the municipality, including low_income and HDI,
respectively, as exogenous variables. Column 7 of Table 6 shows a positive coefficient for
low_income, but all other columns show negative coefficients for this variable. In all its
columns, Table 7 displays positive coefficients for the HDI variable. The expected result
shown in Column 7 of Table 3 (HDI negative) was probably a result of underreported cases

of COVID-19 infection, mainly in poor communities.

5.2.4. Deaths per Infected Population, Including Hospital Beds,
Comorbidities, and State Dummies.

Table 8 shows the results of the least-square regressions weighted by population of
each municipality in Brazil. The dependent variable is the cumulative number of COVID-19
deaths divided by the infected population. In addition to those previously discussed, the

exogenous variables are the percentage of hospital beds per municipality; the percentage of
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people admitted to hospital with respiratory, heart, and diabetes problems from February to

September 2020; distance measures; and state dummy variables.

The percentage of hospital beds divided by population in each municipality is
negatively associated with COVID-19 deaths, as expected, reflecting better health

infrastructure and treatment.

However, comorbidities had opposite signs. The coefficient of respiratory problems
and diabetes presented negative signs, while the heart-problem variable was not statistically
significant. Because we used municipal-level data, it was difficult to capture the effect of
comorbidities on the probability of COVID-19 complications and death. Health infrastructure
and treatment were good in some municipalities, which attracted people from neighboring
cities and resulted in a larger percentage of hospital admissions and, at the same time,

reduced mortality.

The variable distance_measures, created by Fracalossi de Moraes (2020a) and
presented in Section 3.2, is an index of measures of social distancing taken by state
governors. Although we expected stricter distance measures to be negatively related to
deaths, we observed, as Column 4 shows, a positive sign. The reason is that this variable was
aggregated at the state level and reflected the fact that governors implemented stricter
measures when the incidence of infections increased, when hospitals were reaching full
capacity, and COVID-19 deaths were higher

State dummies (26 + Federal District) are included in the last Column of Table 8. In
this case, the coefficient of the piped water variable changed sign and became positive,
garbage collection and elderly (above 60 years) were no longer significant, and the
percentage of people below the poverty line (low_income) was negative (even without race
variables), all of which contradicted expectations. We believe that the use of aggregated

municipal data still fails to control adequately for states.

Similar results for the dependent variables—cumulative number of COVID-19
infections divided by total population and cumulative number of COVID-19 deaths divided
by population as of October 14, 2020—are presented in Appendix Tables A1 and A2,

respectively.
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VI. Conclusions

In order to show the importance of analyzing socioeconomic factors together with
health indicators in orienting public policies for the mitigation of COVID-19 infection and
death, we investigated the relationships among household infrastructure (piped water,
garbage collection, education, age, race, comorbidities, hospital beds, demographic density,
rural areas, and income variables, e.g.) that affected COVID-19 infection and death in
Brazilian municipalities. Very robust results were observed for the variables demographic
density and rural areas. Low demographic density and a large rural population are both

related to more distance among people and less contact, reducing the spread of the disease.

Education also played an important role in reducing infections: the larger the
percentage of youth from 18-20 that had completed high school in the municipality, the
smaller the number of COVID-19 deaths. Moreover, the larger the percentage of
households with piped water and garbage collection in the municipality, the lower the
death rates. This result shows the importance of basic household infrastructure in
combatting disease and improving health. Increased hospital beds resulted in fewer
COVID-19 deaths. Age-related variables showed that the older an individual, the higher the
probability of complications and death as a result of COVID-19. Although we expected a
strong positive correlation between poverty and COVID-19 deaths, the results were not
robustand, in some models, the coefficient of the poverty variable, along with the municipal
Human Development Index variable, showed opposite signs. Because municipal data may
not have captured the effects of some variables on death and infection rates, we

recommend further research using individual-level data.
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Table 2: Regression Model Weighted by Population for Cumulative Coronavirus Deaths per
Infected Population as of October 14, 2020 in Brazilian Municipadlities, Including the Low-

Variables

Piped_water

Garbage_collection

Demographic_density

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

Low_income

Observations
R2

(1)

23,674+
(2.25)

5,538
0.02

(2)

144, 5%
(45.09)
207.90%**
(32.45)
54.29
(64.60)
-48.35
(33.55)

3038
(5.87)

5,538
0.04

[©)]

16.40*
(7.51)
71.54%%
(3.32)
204.35%*
(46.11)
24.33*
(12.50)
-285.12%*
(45.01)
63.69*
(32.65)
340.10%**
(66.75)
-119.53%*
(33.16)

-17.00%**
(5.97)

5,538
0.14

income Variable

(4)

-20.68%**
(5.05)
7.82
(7.78)
71.38%*
(3.32)
-169.78%*
(46.81)
29.25%
(12.54)
23743+
(46.43)

99 79w
(33.78)
405.62%+*
(68.55)
-95.05%+*
(33.65)

D470
(6.25)

5,538
0.14

(5)

038
(0.01)
05,1 1#
(2.71)
-35.13%%
(4.68)
11.27
(7.20)
50,424+
(3.13)
416,64+
(43.57)
1.94
(11.50)
210.59***
(42.49)
-15.60
(31.16)
189,49+
(63.15)
-36.89
(30.87)

-5.42
(6.47)

5,538
0.28

(6)

-12.86%
(4.51)
-9.26*
(5.10)
038
(0.01)
-26.80%*
(2.79)
-35.49%
(4.70)
-11.03
(7.24)
50.75%+
(3.14)
411,68+
(43.61)
1.26
(11.51)
-207.05%*
(42.60)
9.36
(31.67)
192,775+
(63.37)
-33.39
(31.39)

-13.70%*
(6.98)

5,533
0.28

(7)

-9.04**
(4.61)
212,44+
(5.23)
038
(0.01)
-36.09%
(2.78)
-50.30%+*
(4.51)

-80.89**
(41.17)
58.23*
(30.40)
47.61
(59.02)
48.16
(30.90)

16.94%*
(6.76)

5,533
0.24

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 3: Regression Model Weighted by Population for Cumulative Coronavirus Deaths per
Infected Population as of October 14, 2020 in Brazilian Municipalities, Including the HDI

Variables

Piped_water

Garbage_collection

(1)

Demographic_density -

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

HDI

Observations
R2

57.34x%%
(4.35)

5,540
0.03

(2)

~182.19%%*
(45.61)
42.50
(30.22)
-154.10%*
(63.56)
-10.84
(33.08)

27.49%%*
(9.22)

5,540
0.04

Variable
(©) (4)
- -75.92%**
(6.38)
22.40*** -2.75
(7.47) (7.67)
71.96%** 70.96***
(3.21) (3.18)
-283.071%** -254 53***
(46.82) (46.30)
13.29 16.47
(12.44) (12.29)
-355.19%** -263.25%**
(45.60) (45.69)
-24.51 21.52
(30.13) (30.00)
194.18%** 275.87%**
(67.54) (67.05)
-128.84*** -56.89*
(32.58) (32.74)
76.76*** 173.61%**
(9.11) (12.13)
5,540 5,540
0.15 0.17

(5)

038
(0.01)
26.91%
(2.74)
-32.08%**
(6.13)
-11.80*
(7.16)

49 34+
(3.05)
-415.84%*
(43.68)
1.30
(11.46)
-208.78**
(42.56)
0.96
(28.06)
204.80***
(62.43)
-41.70
(30.61)

7.70
(13.76)

5,540
0.28

(6)

-10.13**
(4.33)
672
(4.95)
0.37%%
(0.01)
29,02+
(2.87)
-32.85%+*
(6.15)
-12.31*
(7.21)
48.92%*
(3.07)
414,027
(43.71)
-0.48
(11.49)
-206.84***
(42.68)
17.42
(29.47)
217.39%+
(62.78)
-43.40
(31.06)

281
(13.88)

5,535
0.28

(7)

-10.46**
(4.45)
14,63+
(5.02)
0.40%*
(0.01)
-38.17%%
(2.89)
-37.95%%
(6.10)

74.44
(41.11)
48.06*
(28.69)
43.70
(57.44)
51.51*
(30.39)

-50.74%%*
(14.00)

5,535
0.24

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4: Regression Model Weighted by Population for COVID-19 Infection Divided by

Population as of October 14, 2020 in Brazilian Municipalities, Including the Low_income

Variables

Piped_water

Garbage_collection

Demographic_density

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

Low_income

Observations
R2

(1)

2,62+
(1.27)

5,540
0.00

(2)

52,04
(24.31)
-25.70
(17.50)
299,14+
(34.83)
10.30
(18.09)

-37.70%
(3.16)

5,540
0.11

Variable

[©)]

16144
(4.18)
400"
(1.85)
170.28***
(25.70)
83.28*
(6.97)
147.18%+
(25.09)
9.67
(18.20)
“172.49%%*
(37.20)
57.9 1%
(18.48)

-37.76%
(3.33)

5,540
0.14

(4)

32.70%*
(2.78)
2.58
(4.29)
4.25%*
(1.83)
115.61%+
(25.81)
75.50%*
(6.91)
71.78%*
(25.60)
47 .41
(18.62)
276.09%*
(37.79)
19.21
(18.55)

-25.55"**
(3.45)

5,540
0.16

(5)

-0.06%
(0.01)
-15.75%
(1.62)
2935+
(2.79)
-7.69*
(4.29)
2.16
(1.87)
142,28+
(25.98)
76.20%*
(6.86)
70.27%*
(25.34)
-30.86*
(18.58)
24692+
(37.66)
26.51
(18.41)

-7.28*
(3.86)

5,540
0.18

(6)

4.73*
(2.69)
0.70
(3.04)
-0.06%
(0.01)
-15.08%+
(1.66)

29 24%%*
(2.80)
-8.09*
(4.32)
1.99
(1.87)
140.13%+*
(26.02)
76.63*
(6.87)
70.78%*
(25.42)
-30.10
(18.90)
-250.51%*
(37.81)
28.31
(18.73)

5.1
(4.16)

5,535
0.18

(7)

401
(2.70)
1.75
(3.07)
-0.05%+*
(0.01)
14,87+
(1.63)
35.31%%
(2.65)

24.31
(24.16)
74,98
(17.96)
-359.73**
(34.63)
26.14
(18.13)

2.70
(3.97)

5,535
0.16

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 5: Regression Model Weighted by Population for COVID-19 Infections Divided by
Population as of October 14, 2020 in Brazilian Municipalities, Including the HDI Variable

Variables

Piped_water

Garbage_collection

Demographic_density

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

HDI

Observations
R2

(1)

2235+
(2.45)

5,542
0.01

(2)

25.92
(23.41)
-133.52%%
(15.51)
450 Aqrer
(32.62)
-3.84
(16.98)

125,955+
(4.73)

5,542
0.19

[©)]

-8.84*
(4.02)
3.10*
(1.73)
49.33*
(25.23)
6454
(6.71)
46.84*
(24.58)
-86.66%
(16.24)
-358.13**
(36.40)
33.37*
(17.56)

119.29%**
(4.91)

5,542
0.21

(4)

-5.80*
(3.48)
-10.76**
(4.19)
3.02*
(1.73)
51,50
(25.26)
64.78%
(6.71)
53.85%*
(24.93)
-83.14%%
(16.37)
-351.89%**
(36.58)
38.86**
(17.87)

126,68+
(6.62)

5,542
0.21

(5)

0,175
(0.01)
2.50
(1.58)
14,720
(3.54)
-10.41%*
(4.14)

7 .29%
(1.76)
104.86***
(25.23)
70.38"
(6.62)
42.93*
(24.58)
-87.83%+*
(16.21)
-333.39***
(36.06)
45.25%
(17.68)

152.35%*
(7.94)

5,542
0.23

(6)

0.25
(2.50)
2.05
(2.86)
0,175
(0.01)
2.50
(1.66)
1496+
(3.56)
-10.79%
(4.17)
7.19%%
(1.77)
104,275+
(25.26)
70.51%*
(6.64)
44.63*
(24.66)
-83.94%%*
(17.03)
-334.53**
(36.28)
47 6755
(17.95)

152.71%*
(8.02)

5,537
0.23

(7)

-1.08
(2.53)
2.59
(2.85)
-0.09%**
(0.01)
229
(1.64)
11.97%
(3.47)

-31.62
(23.35)
-129.60%*
(16.29)
47427
(32.62)
11.77
(17.26)

155.01%+
(7.95)

5,537
0.21

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table é: Regression Model Weighted by Population for Cumulative Coronavirus Deaths as of
October 14, 2020 Divided by Population in Brazilian Municipalities, Including the Low_income

Variables

Piped_water

Garbage_collection

Demographic_density+

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

Low_income

Observations
R2

(1)

-0.73%%
(0.04)

5,540
0.07

(2)

0.52
(0.70)
5.39%
(0.50)
-5.30%
(1.00)
1.40%+
(0.52)

-0.33%%
(0.09)

5,540
0.11

Variable

[©)]

-0.38%**
(0.11)
1.38%*
(0.05)
3,728
(0.70)
2.1 43
(0.19)
0.33
(0.68)
3.40%%
(0.49)
3.84
(1.01)
0.95*
(0.50)

11450
(0.09)

5,540
0.23

(4)

(0.08)
0.17
(0.12)
].39%x
(0.05)
287+
(0.71)
2,02
(0.19)
-0.85
(0.70)
253k
(0.51)
2.00%*
(1.04)
0.35
(0.51)

0.94%*
(0.09)

5,540
0.24

(5)

0.61%%*
(0.02)
-0.86%
(0.04)
0.15%
(0.07)
-0.66%
(0.10)
0.92%x
(0.04)
-1.40%
(0.61)

] .49%x
(0.16)
-0.35
(0.60)
0.63
(0.44)
-1.38
(0.89)
1.66%*
(0.44)

0.14
(0.09)

5,540
0.45

(6)

-0.09
(0.06)
0.16*
(0.07)
0.61%%*
(0.02)
-0.88%**
(0.04)
0.16*
(0.07)
0.64%*
(0.10)
0.93%+
(0.04)
-1.35%
(0.62)
.48
(0.16)
-0.45
(0.60)
0.43
(0.45)
117
(0.89)
1,465
(0.44)

0.13
(0.10)

5,535
0.45

(7)

0.03
(0.07)
0.13*
(0.07)
0.65%*
(0.02)
-1.02%*
(0.04)
0.12*
(0.06)

-0.55
(0.59)
0.61
(0.44)
7175
(0.84)
.85
(0.44)

0.44%%
(0.10)

5,535
0.40

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. + Divided by 100.
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Table 7: Regression Model Weighted by Population for Cumulative Coronavirus Deaths as of
October 14, 2020 Divided by Population in Brazilian Municipadlities, Including the HDI Variable

Variables

Piped_water

Garbage_collection

Demographic_density+

Rural
High_school
Black

Mulatto

Asian
Indigenous pop
Age_10_29
Age_30_49
Age_50_59

Age_60_more

HDI

Observations
R2

(1) (2)

- -2.53%*
(0.65)

- -1.53%
(0.43)

- “14.49%%
(0.91)

- .89
(0.47)

2.18%5% 4] 5%
(0.06) (0.13)

5,542 5,542
0.17 0.24

[©)]

0.02
(0.10)
1.40%+
(0.04)
-1.16*
(0.64)

1 44%x
(0.17)
3,97+
(0.63)
-1.81%
(0.41)
4,93+
(0.93)
0.29
(0.45)

4,78
(0.13)

5,542
0.38

(4)

11 72k
(0.09)
-0.59%+*
(0.10)
.38
(0.04)
-0.51
(0.62)
151
(0.17)
-1.89%
(0.61)
0.76*
(0.40)
-3.08%**
(0.90)
.9k
(0.44)

6.97%*
(0.16)

5,542
0.42

(5)

0.48**
(0.02)
0,474
(0.04)
1.7k
(0.08)
-0.73%
(0.10)
1,08
(0.04)
2.46%
(0.59)

] 34ner
(0.15)
1.14%
(0.57)
1,165
(0.38)
-4.00%
(0.84)
.05
(0.41)

4.35%
(0.19)

5,542
0.50

(6)

-0.22%%
(0.06)
0.07
(0.07)
0.48**
(0.02)
0.51%*
(0.04)
1.7k
(0.08)
-0.72%*
(0.10)
1,08
(0.04)
-2.38%**
(0.59)
1,30+
(0.15)
S1.21%
(0.57)
1,165
(0.40)
3,647+
(0.84)
2,044+
(0.42)

4,407
(0.19)

5,537
0.50

(7)

-0.25%+
(0.06)
-0.08
(0.07)
0.57%%*
(0.02)
-0.66%
(0.04)
-1.08%
(0.08)

-0.59
(0.57)
-1.53%
(0.40)
11720
(0.80)
3.0
(0.42)

3.60%*
(0.19)

5,537
0.43

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. + = Divided by 100.

25



Table 8: Regression Model Weighted by Population for Cumulative Coronavirus Deaths per

Confirmed Infected Population as of October 14, 2020 in Brazilian Municipalities,
Including the Hospital Beds, Comorbidities, Distance Measures, and State Dummies
Variables, in Addition to Those Already Discussed

Piped_water -12.07%** -8.94** -8.12* -4.77 12.36***
(4.48) (4.45) (4.58) (4.55) (4.20)
Garbage_collection -9.67* 1117 -12.87** -12.43** 1.60
(5.07) (5.03) (5.20) (5.16) (5.02)
Demographic_density 0.38*** 0.37*** 0.38*** 0.37*** 0.29***
(0.01) (0.01) (0.01) (0.01) (0.01)
Rural -29.23*** -28.81*** -38.75%** -38.08*** -7 .55%**
(2.79) (2.77) (2.78) (2.75) (2.71)
High_school -31.15%** -30.56*** -45.02%** -47 .60*** -14.42%%*
(4.70) (4.66) (4.53) (4.60) (4.68)
Age_10_29 -153.99*** -146.89*** -31.50 -31.35 64.37
(42.88) (42.51) (41.30) (40.93) (42.62)
Age_30_49 8.70 -1.24 75.06%* 75.25%* 38.99
(31.57) (31.30) (30.46) (30.25) (34.89)
Age_50_59 205.92%** 218.63*** 55.83 83.24 196.15%**
(63.03) (62.54) (58.64) (58.21) (61.54)
Age_60_more 19.89 17.94 101.24*** 92.88*** 49.40
(31.91) (31.70) (31.31) (31.11) (33.99)
PC_hospital_beds -17.35%** -6.19** -19.19%** -7 48*** -19.03***
(2.17) (2.50) (2.22) (2.56) (2.04)
Low_income -13.44* -12.79* 17.38*** 19.25%+* -14.14%
(6.94) (6.89) (6.72) (6.65) (7.17)
Black -10.15 -10.17 - - -
(7.20) (7.15)
Mulatto 50.30*** 50.45%** - - -
(3.12) (3.14)
Asian -392.06*** -396.60*** - - -
(43.43) (43.04)
Indigenous pop 7.82 6.30 - - -
(11.48) (11.39)
Respiratory - -16.39*** - -21.81*** -
(3.07) (3.12)
Heart - 1.54 - 0.74 -
(1.24) (1.27)
Diabetes - -54 .30*** - -32.50*** -
(8.70) (8.84)
Distance_measures - - - 76.08*** -
(18.44)
State dummies No No No No Yes
Observations 5,533 5,533 5,533 5,533 5,533
R2 0.29 0.30 0.25 0.26 0.44
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Appendix

Table A1l: Regression Model Weighted by Population for the Cumulative Number of COVID-19
Infections as of October 14, 2020

Divided by the Total Population in Brazilian Municipalities, Including Such Variables As
Hospital Beds, Comorbidities, Distance Measures and State Dummies, in Addition to Those
Already Discussed.

Piped_water

Garbage_collection

Demographic_density

Rural
High_school
Age 10_29
Age_30_49

Age 50_59
Age_60_more
PC_hospital_beds
Low_income
Black

Mulatto

Asian
Indigenous pop
Respiratory
Heart

Diabetes

Distance_measures

State dummies

Observations
R2

3.94
(2.65)
1.09
(3.00)
-0.06***
(0.01)
-12.80%*
(1.65)
25.18%*
(2.78)
21.18
(25.37)
-46.99%*
(18.68)
262.79%
(37.30)
-21.50
(18.88)
16.22%%*
(1.28)
-5.35
(4.10)
-8.90**
(4.26)
2.4]
(1.85)
121.80%**
(25.70)
70.50%*
(6.79)

No

5,535
0.21

3.93
(2.66)
1.04
(3.00)
-0.06***
(0.01)
~12.97%
(1.65)
25,19k
(2.79)
22.73
(25.38)
-47.58%*
(18.69)
259,47+
(37.35)
21.41
(18.93)
17.1 4%
(1.49)
-5.50
(4.12)
-8.48**
(4.27)
2.48
(1.87)
121.87%%*
(25.71)
70.58%*
(6.80)
1.74
(1.83)
-1.28*
(0.74)
-3.78
(5.20)

No

5,635
0.21

3.18
(2.66)
2.14
(3.02)
-0.05%**
(0.01)
~12.45%*
(1.61)
30.51 %
(2.63)
-69.20%*
(24.00)
-90.27%**
(17.71)
-367.19%
(34.08)
-74.38%*
(18.20)
17.44%%*
(1.29)
-3.10
(3.91)

No

5,635
0.19

3.54
(2.67)
2.64
(3.03)
-0.05%**
(0.01)
~12.57%*
(1.62)
28.99%*
(2.70)
-69.30%*
(24.03)
-87.04%*
(17.76)
-361.89%*
(34.18)
74.28%*
(18.27)
18.51 %
(1.50)
277
(3.91)

1.44
(1.83)
-1.22
(0.75)
-3.25
(5.19)
27.98%**
(10.83)
No
5,535
0.19

-3.25
(2.45)
2.42
(2.92)
-0.02%**
(0.01)
~14.95%*
(1.58)
8.88%**
(2.73)
-38.45
(24.84)
-97.3g%**
(20.34)
-86.45%*
(35.87)
-42.06%*
(19.81)
11.82%
(1.19)
~16.25%*
(4.18)

Yes

5,535
0.40

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A2: Regression Model Weighted by Population for the Cumulative Number of COVID-19

Deaths as of October 14, 2020

Divided by Population in Brazilian Municipadlities, Including Such Variables as Hospital Beds,

Comorbidities, Distance Measures, and State Dummies, in Addition to those already

Discussed
(1) (2)
Piped_water -0.10 -0.05
(0.06) (0.06)
Garbage_collection 0.16** 0.14*
(0.07) (0.07)
Demographic_density  0.01*** 0.07%**
(0.00) (0.00)
Rural -0.85*** -0.85***
(0.04) (0.04)
High_school 0.12* 0.12*
(0.07) (0.07)
Age_10_29 -0.99 -0.86
(0.61) (0.60)
Age_30_49 0.25 0.07
(0.45) (0.44)
Age_50_59 -1.30 -1.12
(0.89) (0.88)
Age_60_more 0.92** 0.95**
(0.45) (0.45)
PC_hospital_beds 0.18*** 0.34***
(0.03) (0.04)
Low_income -0.13 -0.14
(0.10) (0.10)
Black -0.65*** -0.63***
(0.10) (0.10)
Mulatto 0.94%** 0.95%**
(0.04) (0.04)
Asian -1.55%* -1.64***
(0.61) (0.61)
Indigenous pop 1.47%** 1.40%**
(0.16) (0.16)
Respiratory - -0.14%**
(0.04)
Heart - 0.01
(0.02)
Diabetes - -1.07%**
(0.12)
Distance_measures - -
State dummies No No
Observations 5,535 5,535
R2 0.45 0.46

(3)
-0.04
(0.07)
0.14*
(0.07)
0.07%**
(0.00)
-1.00%*
(0.04)
0.07
(0.06)
-0.99*
(0.59)
0.46
(0.44)
-7.25%
(0.84)
1,37+
(0.45)
0.17%%
(0.03)
0.44%%
(0.10)

No

5,535
0.40

(4)
0.02
(0.07)
0.15%
(0.07)
0.07%**
(0.00)
-0.99***
(0.04)
0.00
(0.07)
0.97*
(0.58)
0.53
(0.43)
6,84
(0.83)
1,375
(0.44)
0.35%%*
(0.04)
0.47%%
(0.10)

0. 24
(0.04)
-0.00
(0.02)
-0.45**
(0.13)
1.56%%
(0.26)
No

5,535
0.42

(5)
0.10*
(0.06)
0.20%*
(0.07)
0.07#**
(0.00)
-0.57%*
(0.04)
-0.03
(0.06)
0.74
(0.57)
-0.67
(0.47)
2,83
(0.83)
0.82*
(0.46)
0.03
(0.03)
-0.53***
(0.10)

Yes

5,535
0.61

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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