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Spatial association between the incidence rate of COVID-19 and poverty

in the Sao Paulo municipality, Brazil
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Abstract

In this article, we investigated the spatial dependence of the
incidence rate by COVID-19 in the Sdo Paulo municipality,
Brazil, including the association between the spatially smoothed
incidence rate (INC_EBS) and the social determinants of poverty,
the average Salary (SAL), the percentage of households located in
slums (SLUMS) and the percentage of the population above 60
years of age (POP>60Y). We used data on the number notified
cases accumulated per district by May 18, 2020. The spatial
dependence of the spatially smoothed incidence rate was investi-
gated through the analysis of univariate local spatial autocorrela-
tion using Moran’s /. To evaluate the spatial association between
the INC_EBS and the determinants SAL, POP>60Y and SLUMS,
we used the local bivariate Moran’s /. The results showed that the
spatially smoothed incidence rate for COVID-19 presented signif-
icant spatial autocorrelation (/ = 0.333; P<0.05), indicating that
the cases were concentrated in clusters of neighbouring districts.
The INC_EBS showed a negative spatial association with SAL (/
= -0.253, P<0.05) and POP>60Y (I = -0.398, P<0.05). We also
found that the INC_EBS showed a positive spatial association
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with households located in the slums (I = 0.237, P<0.05). Our
study concluded that the households where the population most
vulnerable to COVID-19 resides were spatially distributed in the
districts with lower salaries, higher percentages of slums and
lower percentages of the population above 60 years of age.

Introduction

The severe acute respiratory syndrome corona virus 2 (SARS-
CoV-2), which causes COVID-19, was initially identified on
December 31, 2019, in the city of Wuhan, which is located in
Hubei Province, China (Sohrabi et al., 2020). The first reports on
COVID-19 indicated the existence of a cluster located in the
Huanan seafood market, located in Wuhan (Zhu et al., 2020).
Although the majority of patients diagnosed with this disease have
mild symptoms, such as cough, secretions and fever, a large num-
ber of patients who progress to the fatal form, experiencing pul-
monary oedema, severe pneumonia and other symptoms (Chen et
al., 2020).

Studies have shown that in the initial phase of the epidemic,
COVID-19 showed rapid transmissivity between humans, with an
effective Reproductive number (R) that reached 2.7 (Shen et al.,
2020), which is higher than SARS, for example, that showed R =
1.77 (Liu et al., 2020). For this reason, sixty days after the identi-
fication and description of the disease, COVID-19 had already
spread to several countries, and on January 11, 2020, the World
Health Organization (WHO) declared it a pandemic (Sohrabi et
al., 2020). The literature reports that populations susceptible to
COVID-19 are mainly made up of elderly people, people with a
depressed immune response, people with various chronic co-mor-
bidities and people with a previous history of surgery (Adhikari et
al., 2020). In addition, other studies have found that social deter-
minants of health, including poverty, the physical housing envi-
ronment and ethnicity issues, are also associated with considerable
effects on susceptibility, morbidity and incidence with respect to
COVID-19 (Abrams and Szefler, 2020).

The poorest populations are those most susceptible to chronic
diseases, and this places them in the high-risk group for COVID-
19 infection. Life expectancy and disease incidence rates have his-
torically been uneven among the wealthiest and poorest popula-
tions. (Ahmed et al., 2020). Workers in essential sectors, who are
disproportionately of African origin, such as employees of com-
mercial retail establishments, public transit employees, and care-
givers, are at the forefront of the pandemic and are part of the seg-
regated population who do not have the privilege of staying home
(van Dorn et al., 2020). The impact of the virus on people living
under low-income conditions may be more severe than others.
Among the mechanisms that determine the impact of the virus,
one can mention overpopulation in urban slums, inadequate sani-
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tation and defective water supply conditions. In addition, severe
cases often lead to death due to the interaction of the virus with
highly prevalent co-morbidities. Malnutrition is another contribut-
ing factor to mortality in this connection (Dahab et al., 2020).
Low-paid workers, especially those employed in the service sector,
such as at businesses providing food, cleaning and delivery ser-
vices, need to use public transport to get to work, which increases
their exposure to the COVID-19 (Bambra ef al., 2020).

In India, the COVID-19 pandemic has made the precarious
conditions of slums worse due to inefficiency of social distancing
and physical separation between individuals due to the high popu-
lation density (Wasdani and Prasad, 2020). The cited authors fur-
ther argue that the poverty, in these slums and in their surround-
ings, has led its residents to make a difficult decision between fol-
lowing the government’s recommendation to stay at home or to
continue with their work activities; that is, they must decide
between the virus and hunger (Wasdani and Prasad, 2020). On 26
February, 2020, the first case of COVID-19 in the municipality of
Séo Paulo was confirmed in a patient who had returned from a trip
to Italy the week earlier. As of this date, the incidence of COVID-
19 has grown very rapidly across the country, especially in the
municipality of Sdo Paulo. According to the COVID-19 Daily
Bulletin no. 64 from the Health Department of the Municipality of
Séo Paulo (Secretaria Municipal da Saude, 2020a), the municipal-
ity of Sdo Paulo had accumulated a total of 185,082 suspected
cases and 7,793 deaths by May 29, 2020.

Despite being the richest municipality in Brazil, Sdo Paulo has
great social and economic inequalities among its 96 districts. One
% of the population owns 25% of all property in the municipality
(Rede Nossa Sao Paulo, 2017), which makes it very difficult for
the low-income population to gain access to housing, forcing fam-
ilies in this stratum living in makeshift homes and slums. Sdo
Paulo is located in the south-eastern region of Brazil (Figure 1),
and it is the most populous municipality in South America, with
11,869,000 inhabitants in its urban area (SEADE, 2020).

The aim of this study was to investigate the spatial association
between the incidence rate by COVID-19 in the municipality of
Séo Paulo and social determinants, such as average salary, percent-
age of households located in the slums and percentage of the pop-
ulation >60 years old. The investigation was conducted using uni-
variate local and bivariate local spatial autocorrelation analysis,
using the district as the spatial aggregation level.

Materials and methods

Epidemiological data

We used data from the S@o Paulo Municipal Health
Department covering 143,447 notified cases accumulated by May
18, 2020 (Secretaria Municipal da Satde, 2020b). Data on the total
resident population by district in 2017 were obtained from the
Secretariat of Urban Development of Sao Paulo (Secretaria de
Desenvolvimento Urbano, 2020).

Social determinants

Data from three social determinants were used: average remu-
neration of formal employment (average salary) in 2015 (SAL)
(Rede Nossa Sao Paulo, 2017); percentage of households located
in slums in 2016 (SLUMS) (Rede Nossa Sao Paulo, 2017); and the
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percentage of the population aged >60 in 2017 (POP>60Y
(Secretaria de Desenvolvimento Urbano, 2020).

CPress

Cartographic data

The map of the municipal districts of Sdo Paulo was obtained
in vector file and in shapefile format from the Center for
Metropolitan Studies (CEM, 2020). This file contains the territori-
al polygons of the Sao Paulo districts and their attributes.

Spatial analysis

Empirical Bayes Smoothing and choropleth maps

The spatial distribution of the values of SAL, SLUMS and
POP>60Y by district of Sao Paulo was represented on choropleth
maps using the quantile classification method including legends of
five classes. This method proportionally distributes the number of
spatial units (districts) by class on the map in ascending order of
the value of the variable. From these maps, it was possible to com-
pare the distribution of upper and lower quantiles of the social
determinants.

The gross incidence rate by COVID-19 per district values was
smoothed using the Empirical Bayes Smoothing (EBS) technique
(Anselin et al., 2006). Then, the incidence rates were smoothed by
district (INC_EBS) to construct the incidence risk map. The EBS
technique removes the instability of variance of the demographic
data that occurs in small areas by smoothing the already-calculated
gross rates. When EBS is applied to small areas with small popu-
lations exposed to risk, the gross rates tend to be adjusted, while
they change very little in larger area (Anselin ef al., 20006).

The EBS technique was based on the weighted average
between the gross incidence rate in each district and the average
gross incidence rate in the municipality of Sdo Paulo. This proce-
dure used the 1* order Queen neighbourhood spatial weight.
Subsequently, the values of INC_EBS were saved in the table of
attributes of the shapefile. On the COVID-19 incidence risk map
(INC_EBS), the districts with shades of blue were those with risk
levels lower than the municipal average (<25% and 25-50%),
while the districts in shades of brown were those of higher risk (50-
75% and >75%).

Univariate and local bivariate spatial autocorrelation

Moran’s local univariate spatial autocorrelation analysis, i.e.
Local Moran’s / with EB rate (Anselin et al., 1995), was used to
map the clusters and outliers in the districts that contributed to the
spatial autocorrelation of the smoothed incidence rate and to ana-
lyze the local indicators of spatial association. Using the Local
Indicators of Spatial Association (LISA) technique, we identified
the local spatial heterogeneity of COVID-19 incidence, i.e. detect-
ing districts with high incidence rate values surrounded by districts
with high incidence rate values (H-H clusters) and districts with
low incidence rates surrounded by districts with low incidence
rates (L-L clusters).

We also used local bivariate autocorrelation analysis or
Bivariate Local Moran’s / (Anselin ez al., 2010) to evaluate the
spatial association between the smoothed incidence rate
(INC_EBS) in district i and the mean values of the determinants
SAL, SLUMS, POP>60Y calculated in a neighbouring districts ;.
The district neighbourhood was defined based on the Queen tech-
nique of weighting the spatial contiguity between polygons, where
the first order contiguity option was selected. According to this
technique, the vicinity of a polygon is formed by spatial units that
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share a vertex or edge of this polygon (Anselin et al., 2010).

In our study, the value of INC_EBS in district / was related to
the values of SAL, POP>60Y and SLUMS measured in a neigh-
bouring district j located in direct contact with district i. Through
the analysis of local bivariate spatial autocorrelation, maps of clus-
ters formed by districts with high values for the variable INC_EBS
were produced, which were surrounded by districts with high val-
ues for the variables SAL, POP> 60 and SLUMS. These clusters
were represented in the high-high (H-H) class. Moran’s Is were
also calculated, and the other low-low (L-L), low-high L-H) and
high-low (H-L) clusters were mapped considering a P-value <0.05
significant. All stages of spatial analysis of this research were per-
formed using the exploratory spatial data analysis software GeoDa
v.1.14.07 (Anselin, 2019).

Results

Appendix (online) presents the values of the determinants
SLUMS, SAL, POP> 60Y, number of notified cases and the inci-
dence rate smoothed (INC_EBS) by district of S8o Paulo. The
Code column shows the district code, the location of which is
shown on the map in Figure 2. The statistical summary of all vari-
ables used in this study is shown in Table 1. We can see in Table 1

Table 1. Statistical summary of all variables used in the study.

that, according to the D values of the Kolmogorov-Smirnov test
(Smirnov, 1939) normality was rejected for all variables (P<0.05)
indicating that they are spatially dependent. By comparing the D
values in Table 1 with the choropleth maps in Figure 3, one can
observe the spatial dependence of the determinants SAL, SLUMS
and POP>60Y. The values in the upper quantile of the SAL map
(Figure 3A) are located in the central areas of the municipality and
those in the lower quantile are distributed along the periphery,
mainly in the eastern and southern zones.

Regarding SLUMS (Figure 3B), we observed the opposite
because the upper quantiles were concentrated along the periph-
eries of the south-western, southern and northern zones, while the
lower quantiles were located in the central areas. The POP> 60Y
map (Figure 3C) shows that the upper quantiles were located in the
central areas, and the lower quantiles at the peripheries of the east-
ern and southern zones.

COVID-19 incidence risk

Figure 3D shows the COVID-19 incidence risk map, which is
represented by the spatially smoothed incidence rate (INC_EBS).
Here, we can see that the districts presenting an incidence risk
higher than the average for Sao Paulo were mainly located along
the periphery of the municipality, in the eastern, south-western and
southern zones. In the northern zone, we identified two districts,

Variable Minimum and | Average | 95% CI Kolmogorov-
maximum Smirnov Test D
SAL (R$)
[ 1287.00 - 2657.10 242491 -2889.29 | 0.1640
il i 10079.00 (»<0.0001)
POP>60Y (%)
4.66—22.76 13.37 12.405 — 14.339 0.1115
(#=0.0050)
SLUMS (%)
! 0.00 - 50.45 8.145 6.28 —9.99 0.1870
(»=<0.0001)
POPULATION
: 7934 — 370810 120878.83 | 106231.68 — 0.1324
i 13552598 (#=0.0003)
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Perus and Cachoeirinha, that showed outlier values in the upper
quantile. Districts with incidence risks below the municipal aver-
age occurred in districts located in the central and north-eastern
zones of the municipality.

Local univariate spatial autocorrelation analysis of the
smoothed incidence rate

The map of the clusters and the Moran’s / diagram of
INC_EBS are shown in Figure 4. The analysis of local univariate
spatial autocorrelation showed that INC_EBS presented positive
and statistically significant autocorrelation (I=0.333; P<0.05). In
the map to the left in Figure 4, we identified a H-H cluster located
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in the eastern zone that was formed by the following districts:
Iguatemi, Sao Mateus, Parque do Carmo, José Bonifacio, Itaquera,
Cidade Lider and Ponte Rasa. This cluster also included the dis-
tricts of Marsilac in the far south and Anhanguera in the northwest.

The numeric codes are associated with the district names in Table 1.

Figure 1. Location of the municipality of Sao Paulo in Brazil and
South America. Source: Google Maps (2020).
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Figure 2. Map of the districts of the municipality of Sao Paulo.
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Figure 3. Maps of the geographical diversity of the social determinants investigated.
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We also identified an L-L cluster formed by the districts Campo
Belo, Campo Grande, Cidade Ademar, Satide, Vila Mariana, Bela
Vista, Liberdade, Jd. Paulista, Consolagdo, Republica, Sé and
Santa Cecilia. In the Northeast, this cluster also included the dis-
tricts of Tremembé, Tucuruvi and Jagana.

Local bivariate spatial autocorrelation analysis

Salary

Figure 5 shows the cluster map and Moran’s / diagram result-
ing from the analysis of local bivariate autocorrelation between the
spatially smoothed incidence rate (INC SRS) and the average
salary in the district (SAL). We found a negative and statistically
significant spatial association between these two determinants (/=-
0.253, P<0.05). In Figure 5, two important clusters associated with
salary (L-H and H-L) can be observed. The L-H cluster (districts
with a low incidence rate surrounded by districts with high
salaries) was formed by the districts Pinheiros, Jd. Paulista, Itaim
Bibi, Moema, Vila Mariana, Campo Belo, Saude, Jabaquara, Santo
Amaro and Cidade Ademar. Cluster H-L, which included districts
that had high incidence rate and were surrounded by districts with
low salaries, was found in the east zone and composed of the dis-
tricts Sapopemba, Sao Mateus, Pq. do Carmo, Cidade Lider, Vila

v

by

CASESCASES / POP
Not Significant (65)

B High-High (9)

B Low-Low (17)

B Low-High (3)

| High-Low (2)

Matilde, Artur Alvim, Ponte Rasa, Ermelino Matarazzo Sao
Miguel, Vila Curuga and Itaim Paulista. The H-H cluster of a high
incidence of cases associated with high salaries was formed by
Morumbi and Vila Andrade, two isolated districts.

Percentage of households located in slums

Figure 6 shows the map of the spatial association clusters
between INC_SRS and SLUMS and the respective Moran’s / dia-
gram. We identified a positive and statistically significant spatial
association between these determinants (/=0.237, P<0.05).
Figure 6 shows the map with an H-H cluster (districts with high
incidence rates surrounded by districts with a high percentage of
households located in slums) located in the south-western area of
the municipality. This cluster was formed by the districts Jardim
Angela, Capio Redondo, Campo Limpo, Vila Andrade and
Jardim Sao Luis. As seen in Figure 6, a large L-L-type cluster
(districts with low incidence rates surrounded by districts with
low percentages of households in slums) extends from the
Paulista Avenue area to the centre of Sao Paulo. It was formed by
the districts Moema, Vila Mariana, Jardim Paulista, Alto de
Pinheiros, Perdizes, Consola¢do, Bela Vista, Liberdade,
Cambuci, Mooca, Vila Prudente, Agua Rasa, Belém, Bras, Sé,
Republica, Santa Cecilia, Bom Retiro and Santana.

Moran's I: 0.333

-0.80 080 240

lagged CASES / POP

-240

4

T
-4 -2.40 -0.80 0.80
CASES / POP

2.40 <

-

The figure to the left shows the spatially associated clusters, and that to the right the spatial autocorrelation diagram obtained by Moran’s local univariate analysis technique (LISA).

Figure 4. Map and spatial autocorrelation diagram referring to the district clusters in relation to the smoothed COVID-19 incidence

rate.
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Percentage of the population aged >60 years

The map of the clusters and Moran’s / diagram of the spatial
association between INC_SRS and POP>60Y are shown in Figure
7. We found a negative and statistically significant spatial associa-
tion between these determinants (/=-0.398, P<0.05). The H-L clus-
ter (districts with high incidence rates surrounded by districts with
low percentages of population over 60 years old) was distributed
over the eastern and south-western zones of the municipality
(Figure 7). The districts that belonged to the eastern zone cluster
were Iguatemi, Sdo Mateus, Parque do Carmo, Cidade Tiradentes,
José Bonifécio, Guaianases, Itaquera, Lajeado, Sdo Miguel, Vila
Curuga and Itaim Paulista. In the south-western zone, the H-L clus-
ter included the districts of Campo Limpo, Capao Redondo, Jardim
Angela, Parelheiros and Grajati. The north-eastern zone included
the districts of Anhanguera and Perus.

The L-H cluster was formed by districts with low incidence
rates surrounded by districts with high percentages of people >60
years and included the following districts: Vila Leopoldina, Lapa,
Alto de Pinheiros, Perdizes, Pinheiros, Itaim Bibi, Jardim Paulista,
Moema, Campo Belo, Satde, Vila Mariana, Consolagdo and Santa
Cecilia. The map of Figure 7 also shows an H-H cluster with two
districts with high incidence rates surrounding districts with high
percentages of people over 60 years; this cluster included
Morumbi and Barra Funda.

INC_EBS SAL
Not Significant (68)
I High-High (2)
- Low-Low (3)
P Low-High (9)
| High-Low (14)

Discussion

In this study, we investigated the spatial distribution of the risk
of incidence of COVID-19 by district in the municipality of Sao
Paulo and the spatial association between the smoothed incidence
rate and the social determinants: average salary, percentage of
households located in slums and percentage of the population >60
years. The study used data accumulated by the end of May 2020
and reflects the moment when the curve of case numbers was
growing rapidly in Brazil.

Our results show that the spatially smoothed incidence rate for
COVID-19 during the pandemic in Sdo Paulo presented a signifi-
cant positive spatial autocorrelation indicating that the high inci-
dence rates were not randomly distributed in space but instead
clustered in districts located close together. The districts classified
as having greater-than-average risk of incidence were located on
the outskirts of the municipality in poor and populous neighbour-
hoods in the northern, eastern and southern zones, where infras-
tructure and urban equipment are inadequate. On the other hand,
the districts that presented risk lower than the municipal average
were located in high-income neighbourhoods, which extend from
the central and western zones to the business and financial areas
centred on the Paulista and Luis Carlos Berrini Avenues that are
highly urbanized and display a high quality of life.

Moran's |, -0.253

lagged SAL
0.80 240

-0.80

-2.40

-4

T T
4 240 080 080 240 4
INC_EBS

The figure to the left shows the spatially associated clusters between the smoothed incidence rate and the average salary, and that to the right the spatial

autocorrelation diagram obtained by Moran's local bivariate analysis technique.

Figure 5. Map and spatial autocorrelation diagram referring to the spatially associated clusters between the smoothed COVID-19 inci-

dence rate and the average salary.
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Moran's I: 0.237

240

INC_EBS SLUMS
Not Significant (67)
I High-High (5)
B Low-Low (19)
I Low-High (3)
| High-Low (2)

080

lagged SLUMS
-0.80

<240

-4

4 240 -030 080 240 4
INC_EBS

The figure to the left shows the spatial association of clusters between the smoothed incidence rate and percentage of houscholds
located in slums, and that to the right the spatial autocorrelation diagram obtained by ) 's local bivariate analysis technique.

Figure 6. Map and spatial autocorrelation diagram referring to the spatial association clusters between the smoothed COVID-19 inci-
dence rate and percentage of households located in slums.

Moran's I: -0.398

240

INC_EBS,POP>60
Not Significant (55)

I High-High (2)

B Low-Low (2)

B Low-High (19)

I High-Low (18)

080

lagged POP>60
-0.80

-2.40

|

L L) ] L)
-4 -240 -080 080 2.40 -
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The figure to the left shows the spatial iation of ¢l b the thed incidence rate and of households ) d in slums, and that to the rght the
spatial autocorrelation diagram obtained by Moran's local bivariate analysis technique.

Figure 7. Map and spatial autocorrelation diagram referring to the spatial association clusters between the smoothed COVID-19 inci-
dence rate and percentage of the population older than 60.
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We noted that the location of districts with high incidence rates
was associated with location of districts with salaries below the
municipal average. This spatial association was confirmed by the
H-L type cluster with 14 districts, 13 of which located in the east-
ern zone of the municipality. The occurrence of this juxtaposition
can be explained by the fact that low family income is an aggravat-
ing factor with respect to the incidence by COVID-19, as it limits
adoption of the practice of social distance. Indeed, people at a
socioeconomic disadvantage should be considered higher risk, as
low salaries can lead families to live in private infrastructure
neighbourhoods and in housing without adequate space, making
them more susceptible to most of the risk factors for COVID-19
(Khalatbari-Soltani et al., 2020). A study in New York showed that
the probability of tests for COVID-19 being positive is greater in
poor neighbourhoods and in areas where large numbers of people
live together (Borjas, 2020).

The eastern zone of Sao Paulo has a rate between 0 and 0.99 of
formal jobs per inhabitant, one of the lowest in the city (Rede
Nossa Sdo Paulo, 2017). In addition, 49% of the population in the
eastern zone has a monthly income of less than the minimum wage
(CEM, 2020). A study in India shows that workers, such as house-
keepers, waiting staff, urban cleaning professionals and motorcy-
cle delivery drivers, among others, need to maintain their work to
support their families, thus increasing social contact (Wasdani and
Prasad, 2020). Most informal workers use their daily wages only
for subsistence and presents co-morbidities that increase their vul-
nerability to COVID-19 (Corburn et al., 2020). The residents of
the H-L cluster in the eastern zone live in places very far from
where they work that are mainly located in the central and western
zones of the municipality. This may have contributed to the greater
rate of infection with COVID-19 and the higher incidence rate.
These workers are forced to travel long distances in public trans-
port that is always crowded and where the number of passengers
travelling is often much larger than that recommended for the
amount of space available. Surveys based on the source-destina-
tion research and gravitational models show that most districts in
the eastern zone have very low accessibility to public transport,
which often forces the local population to travel for more than two
hours to their workplaces (CEM, 2020). Approximately one-third
(34%) of the population residing in these districts in the eastern
zone travels between 2 and 3 hours per day to go to work (Rede
Nossa Sao Paulo, 2017). On these long journeys, there is a great
possibility of contamination among passengers on buses and trains.

We identified an L-H cluster (districts with incidence rates
below the municipal average surrounded by districts with higher
than average salaries) in the central region. This lower incidence
may be related to the fact that the number of hospitalizations for
influenza decreases with the increase in the number of people with
university degrees who have health insurance and are employed
(Sloan et al., 2015). This cluster extended from the financial centre
of Paulista Avenue to the Eng. Luis Carlos Berrini Avenue includ-
ing the neighbourhoods of Jardins, Moema, Itaim Bibi, Pinheiros,
Vila Olimpia, and Campo Belo, among others. This cluster had a
rate of 6 formal jobs per inhabitant. Furthermore, this cluster
includes the Campo Belo district that, at R$ 10,079.98, has the
highest average salary in the municipality of Sao Paulo, (Rede
Nossa Sao Paulo, 2017). In these clusters, there are several head-
quarters of companies in the tertiary sector, and there is also exten-
sive infrastructure for urban equipment due to agreements between
public officials and the private sector (Frigoli Jr., 1998). Data on
source-destination surveys and gravitational models have shown
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that most districts located here have a high accessibility to public
and private transport, and the population only needs between 30
and 45 minutes to travel to their place of work (CEM, 2020).

We observed a positive spatial association between the inci-
dence rate of COVID-19 and the percentage of households located
in slums. In the south-western zone, we identified an H-H cluster
covering five districts with incidence rates higher than the munici-
pal average, which were surrounded by districts with percentages of
households located in slums that were also higher than the average.
The high COVID-19 incidence rates in this cluster can be explained
by the fact that this kind of slum (favelas) in Brazil have a high
demographic density. They display aggregations of socioeconomi-
cally vulnerable people with precarious basic sanitation and with
restricted access to health services (Pereira et al., 2020). factors that
predispose its inhabitants to the risk of contracting COVID-19. In
these types of households, social distancing is impossible, as resi-
dents in quarantine need to live in spaces insufficient to shelter
everyone at the same time (Pereira et al., 2020). The population that
inhabits slums and improvised homes is highly susceptible to
COVID-19 infection, as they are restricted with regard to access to
basic necessities such as water, bathrooms, sewage, garbage collec-
tion as well as safe and adequate housing (Corburn et al., 2020). We
believe that these factors may have contributed to the high inci-
dence rates found in these clusters. Gibson and Rush (2020) select-
ed the following risk factors that can be considered impediments to
achieving basic hygiene and social distancing: crowded living con-
ditions, shared water and sanitation services, dependence on public
health services, limited access to electronic communication tools
and dependence on public transport. On the other hand, we identi-
fied a large L-L-type cluster that included 19 districts located in an
area that extends from the region of Jardins and Paulista Avenue to
the central area of Sdo Paulo. This cluster had districts with inci-
dence rates lower than the municipal average surrounded by dis-
tricts that had lower than average percentages of households in the
slums. Our study showed a negative spatial association between the
incidence rate and the percentage of the population above 60 years
of age in Sdo Paulo. This association was confirmed by the H-L
cluster (districts with high incidence rates surrounded by districts
with low percentages of people >60 years). This cluster was com-
posed of districts located at the edges of the eastern, south-western
and southern zones of the municipality. This spatial association
demonstrated that COVID-19 mainly infected the youngest and
poorest population. In addition, this H-L cluster was formed by
low-salary households located in slums and poor districts. Most
people living in poor neighbourhoods are young day-labourers who
participate in the informal labour market, implying that if they do
not work, they will not be able to eat (Wasdani and Prasad, 2020).
The impossibility of practicing social distancing and an inefficient
government policy of financial aid to these workers may have con-
tributed to the high incidence rate of COVID-19 in neighbourhoods
with younger populations in Sdo Paulo. An additional factor is that
these poor neighbourhoods have tenements (small, unhealthy
rooms of 30 m?) often also house elderly people with chronic dis-
eases who do not have access to hand sanitizers or masks for pro-
tection (Souza, 2020).

Our study reflects a time when the number of deaths and inci-
dence curve of COVID-19 were growing rapidly in Sdo Paulo.
New studies should be carried out after this period to detect
whether there were changes in the spatial association between the
variables analyzed here. We suggest that further research be carried
out to test a greater number of social determinants of poverty.
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Conclusions

Our study concluded that the highest incidence rates of
COVID-19 were located in clusters of contiguous districts with
strong spatial dependence. The high-risk districts are located in the
peripheral zones of Sdo Paulo, in poor and populous neighbour-
hoods in the eastern, southern and northern zones, which are
strongly socially vulnerable. Low-risk districts, on the other hand,
were found to be located in wealthy and central neighbourhoods
near the business and financial centres characterized by low social
vulnerability.

It was found that the high incidence rate was spatially associ-
ated with districts with low salaries, especially those located in the
eastern zone. We also observed a positive spatial association
between high incidence rates and high percentages of households
located in the slums, mainly in districts located in the south-west-
ern and northern zones. Our study also found a negative spatial
association between the incidence rates and the percentages of the
population over the age of 60 residing in the district; these areas
were mainly situated in the eastern and south-western zones.

Our study results lead to an understanding that the highest inci-
dence of COVID-19 in the first three months of the pandemic in
Sao Paulo occurred in districts with low salaries, a high percentage
of people living in slums and with low percentages of people over
60. We recommend that this study be expanded to include epidemi-
ological data collected after the period used in this research to
assess whether the spatial associations found here will be further
confirmed and maintained in the Sdo Paulo municipality through-
out the pandemic.
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