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Abstract

Background The COVID-19 pandemic has shown how intraurban inequalities are likely to reinforce health and social
inequalities. Studies at small area level help to visualize social inequialities hidden in large areas as cities or regions.

Aim To describe the spatial patterning of COVID-19 death rates in neighborhoods of the medium-sized city of Bari-
loche, Argentina, and to explore its relationship with the socioeconomic characteristics of neighborhoods.

Methods We conducted an ecological study in Bariloche, Argentina. The outcome was counts of COVID-19 deaths
between June 2020 and May 2022 obtained from the surveillance system and georeferenced to neighborhoods.
We estimated crude- and age-adjusted death rates by neighborhood using a Bayesian approach through a Poisson
regression that accounts for spatial-autocorrelation via Conditional Autoregressive (CAR) structure. We also analyzed
associations of age-adjusted death rates with area-level socioeconomic indicators.

Results Median COVID-19 death rate across neighborhoods was 17.9 (10th/90th percentile of 6.3/35.2) per 10,000
inhabitants. We found lower age-adjusted rates in the city core and western part of the city. The age-adjusted death
rate in the most deprived areas was almost double than in the least deprived areas, with an education-related relative
index of inequality (RIl) of 2.14 (95% Cl 1.55 to 2.96).

Conclusion We found spatial heterogeneity and intraurban variability in age-adjusted COVID-19 death rates,
with a clear social gradient, and a higher burden in already deprived areas. This highlights the importance of studying
inequalities in health outcomes across small areas to inform placed-based interventions.
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also magnified the severity of COVID-19 [1, 4].
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This was noteworthy in Latin America, where almost
80% of the population lives in cities [6] and deep-
rooted inequalities affect cities in this region. Countries
as Argentina, that went through a long and strict lock-
down, as a mean of avoiding healthcare services col-
lapse [7], showed a greater impact on slums dwellers or
other lower income groups [8]. These spatial differences
could be explained by contextual characteristics where
social distance and isolation were difficult to main-
tain over time. Aside from material deprivation, other
explanations include labour informality, dependency on
public transport, and limited possibilities to work from
home [9, 10].

Studies assessing the impact of social inequities in
COVID-19 incidence, hospitalization, and mortality
in small areas within cities have been documented in
high-income countries [11-16], but they are not com-
mon in middle-income countries, partly due to chal-
lenges in obtaining COVID-19 data at small levels of
disagregation such as neighborhoods. Nonetheless,
these studies have demonstrated a strong association
between socioeconomic vulnerability and the degree of
COVID-19 severity and death [1, 8, 17-20].

Researchers have widely documented that the risk
of developing severe complications and dying from
COVID-19 increases sharply with age [21]. However,
the magnitude differs across countries: younger peo-
ple are more likely to die from COVID-19 in middle-
income countries compared to high-income countries
[21, 22]. Some explanations of these differences may
be that the young population in middle-income coun-
tries has a higher prevalence of pre-existing diseases, a
higher proportion of informal employment, and higher
overcrowding, the latter disproportionately affecting
the youngest and also related to a more rapid spread of
the disease [21].

Research on social inequalities and the differential
impact of the pandemic in Latin American cities are
more focused in comparing relatively large areas, which
may hide meaningful differences across neighborhoods.
The development of statistical modeling techniques, such
as Bayesian modeling, has facilitated the investigation of
the relationships between small areas and helped obtain
reliable estimates, particularly when working with small
numbers in small areas such as neighborhoods [23-25].

Studies focused on small areas could help policymak-
ers to better understand how these health events are dis-
tributed and clustered within cities and target effective
interventions at microsocial levels to improve health.
Therefore, our aim was to analyze spatial patterning of
COVID-19 death rates in neighborhoods in Bariloche
city and describe its relationship with socioeconomic
characteristics.
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Methods

Study setting

We conducted this study as part of the SALud URBana
en America Latina (SALURBAL) project [26]. The study
area was Bariloche, a city of 134,000 residents in 2018,
located in the southern region of Argentina, surrounded
by a national park with large green areas, part of which
is along the southern margins of the Nahuel Huapi Lake.
Known worldwide as a tourist attraction, it is home to
nearly half of its population lives in neighborhoods with
poor and critical living conditions and high income ine-
qualities [27].

Design and data sources

We performed an ecological study of 159 census tracts
from Bariloche, known locally as radios censales. Census
tracts, henceforth neighborhoods, are the smallest geo-
statistical census units defined by the national statistics
bureau (INDEC) composed by about 300 households.
We used confirmed deaths of COVID-19 that were sys-
tematically reported to the National Health Surveillance
System (SNVS for its acronym in Spanish). These infor-
mation was complemented by local authorities through
the systematic review of other registries, such as civil
registration and hospital records [28]. Each record relates
to a single death containing information such as age and
place of residence. We obtained data from the 2010 cen-
sus to proxy socioeconomic characteristics of neighbor-
hoods, compiled a by the SALURBAL project.

Outcome

The outcome was counts of COVID-19 deaths among
residents of Bariloche city, spanning the period between
June 2020 (first COVID-19 death in Bariloche) and May
2022. Deaths were georeferenced using the street address
shapefile from OpenStreetMap in QGIS 3.18® and geo-
coded to the corresponding census tract using the shape-
file of polygons provided by the INDEC [29]. A total of
1.9% of COVID-19 deaths (10 out of 529) could not be
georeferenced and were excluded from the analysis. Con-
fidentiality has been protected according to the Protec-
tion of Personal Data Law, No. 25,326, and the use of
Sensitive Data and the Statistical Confidenciality Law,
No. 17.622. Individual information was only used for
georeferenciation; all data for analyses was de-identified
and aggregated as counts of deaths by age-groups per
neighborhood.

We obtained the 2010 census population for each of
the neighborhoods by age from REDATAM (acronym of
REtrieval of DATa for small Areas by Microcomputer),
a software developed by CELADE used in Latin Amer-
ica for processing census data [30]. We also obtained
the projected population estimates for 2018 (details in
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supplementary material, Appendix 1), the latest year for
which the data was available, by age at the city level (not
by neighborhood) from Direccion de Estadistica y Censos
for the Rio Negro province [31]. Applying the age-and
neighborhood-specific population proportion from the
census 2010 population to the projected 2018 population,
we approximated the age-and neighborhood-specific
population for 2018, as done in prior studies examin-
ing small-area inequalities in mortality in other cities
of Argentina [32, 33]. Because our study window spans
2 years, we doubled the estimated 2018 population by age
and neighborhood as the population denominator in cal-
culating mortality rates.

Given the role of age in determining mortality, we esti-
mated both crude and age-adjusted death rates due to
COVID-19 cumulatively through the end of the study
period. We performed direct age-adjustment using the
WHO world standard population 2000-2025 [34].

Exposures

The key exposure variable is the proportion of house-
holds in the neighborhood with unmet basic needs, a
measure of poverty used in Latin America based on cen-
sus data [35]. This variable is defined as the percentage of
the households with at least one of the following indica-
tors: (a) households with critical overcrowding (3 or more
people per room) (b) inconvenient housing units (defined
as tenancy piece, precarious households or other type) (c)
housing with inadequate services (defined as lack of toi-
let) (d) households with school-aged (6 to 12 years) chil-
dren not attending school, and (e) households with high
economic dependence (households which have 4 or more
individuals per working member and with the household
head who has not completed the third grade of primary
school) [36].

In addition, we also included the following measures
of area-level socioeconomic status (SES): completed high
school (% of the population aged 25 years and above with
completed high school), piped water inside the dwelling
(% of households with piped water inside the dwelling),
overcrowding (% of households with more than 3 person
per room), school attendance (% of population aged 15
to 17 years attending school), sewage connection (% of
households connected to a sewage system of any type),
and unemployment rate (% of the population 15 years
or older who are unemployed and are actively seeking
employment).

These variables were selected since they have been
associated with other outcomes in small areas in Latin
American cities in previous studies [27, 32, 33, 37, 38],
are good measures of area-level socio-economic status
(SES), are directly linked to COVID-19 transmission [18],
and are commonly available from census data at small
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area level. They were all retrieved from the 2010 census
[30].

Statistical analysis

We aggregated the deaths in each neighborhood into
4 age groups (0-39 years, 40-59 years, 60-79 years,
80 years and above) and modeled the age-specific mortal-
ity rates via a Poisson model with the number of deaths
by age group as the outcome and population by age group
as the offset. We used a Bayesian approach, accounting
for spatial dependency, which enables the borrowing of
information from neighboring areas and is particularly
useful in obtaining reliable estimates when the number of
events (sample sizes) is small [39].

Specifically, we modeled the number of COVID-19
deaths in age group a for small area i, denoted y;,, as
being Poisson-distributed with mean #n;,A;,, where n;,
and A;, denote the population size and COVID-19 mor-
tality rate, respectively. To model A;,, we assume:

loghia = Poa + zi + Gias

where By, are the age-specific intercepts corresponding
to the overall log mortality rate in each of the four age
groups, z; is spatially structured random effect (cluster-
ing) modeled by conditional autoregressive (CAR) dis-
tribution and ¢;, is an unstructured, zero-mean random
effect (heterogeneity). We assigned vague, uninformative
priors with large variances for each of the parameters of
interest, thereby allowing inference on these parameters
to be driven primarily by the data.

The models were run using the R2WinBUGS pack-
age in R [40] and 4,000 iterations’ worth of samples were
obtained for inference after first discarding pre-conver-
gence samples as burn-in and thinning samples to reduce
autocorrelation (Software code available in supplemen-
tary material, Appendix 2). We then used the posterior
samples of age-specific mortality rates derived from
the model to calculate crude and age-adjusted rates. To
obtain the crude rates for each neighborhood, we aggre-
gated the posterior samples of age-specific mortality rates
based on the age distribution within the neighborhood.
For age-adjusted rates, we used the population weights
from the WHO world 2000-2025 age distribution. As
a result, we obtained 4000 estimates of crude- and age-
adjusted mortality rates for each neighborhood. We pre-
sent the median of these estimates in a choropleth map of
the crude and age-adjusted mortality rates.

To study the association between age-adjusted mor-
tality rates and socio-economic characteristics of the
neighborhoods, we fit two sets of simple linear regression
models (a) with the logarithm of the age-adjusted mortal-
ity rate as the outcome and (b) mortality rate per 10,000
as the outcome. We used seven predictor variables that
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proxy the socio-economic context of neighborhoods,
one at a time, for easier interpretation. We parameter-
ized explanatory variables by creating the deciles of each
of them and re-coding the value of the exposure variable
on a 0-1 scale, such that values within the 1** decile are
recoded to 0, those in the 2™ decile are recoded to 1/9,
and so on. The estimated slope from regression analysis
with this parameterization of explanatory variables and
mortality rate as the outcome variable is the slope index
of inequality (SII), a measure of the absolute inequality
in the mortality rate between areas with high values of
explanatory variables (9th decile) and areas with low val-
ues of explanatory variables (1** decile), while the model
with log mortality rate as the outcome variable results in
the relative index of inequality (RII), a relative inequal-
ity (ratio) measure. We ran the regression analyses for
each of the 4000 samples and pooled the regression coef-
ficients and standard errors with Rubin’s formula [41],
using mitlml R package.

Bivariate choropleth maps were created to visual-
ize associations between the outcome (age-adjusted
COVID-19 mortality rates) and each socio-economic
characteristic.

Results

From June 2020 to May 2022, a total of 529 COVID-
19 deaths were registered in Bariloche. The median
number of deaths and population per neighborhood
were 3 and 789, respectively. A median of 90.0% (10"
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percentile(p10)- 90" percentile (p90): 78.4—100) of the
population aged 15 to 17 years was attending school, but
a lower proportion (median 55.9%; p10-p90 25.6—82.9)
of individuals over 25 years completed high school. A
median of 4.8% (p10-p90: 0.6—-22.7) of the population had
unmet basic needs and 94.3% (p10-p90: 58.6—100) of the
households were connected to a sewage system reveal-
ing considerable heterogeneity between neighborhoods
(Table 1).

Figure 1 displays maps of modeled crude (top panel)
and age-adjusted (bottom panel) COVID-19 death
rates, obtained from Bayesian spatial modeling. Crude
death rates across neighborhoods ranged from 5.2 to
41.8 deaths per 10,000 inhabitants, and age-adjusted
rates from 8.5 to 31.3 per 10,000 inhabitants (Fig. 1).
Death rates were not randomly distributed showing a
spatial pattern with clear clustering within the city. The
crude death rates were higher in the core area of the city
extending to the immediate western neighborhoods. In
contrast, the distribution of age-adjusted mortality rates
was a mirror image of the crude rates, with higher rates
in the southeastern neighborhoods, and lower rates in
the core area and westward in the neighborhoods along
the shoreline.

We found that all SES variables examined were associ-
ated with age-adjusted COVID-19 mortality rates: neigh-
borhoods with lower SES had higher COVID-19 death
rates than those with higher SES. Figure 2 shows the
correlation between each socioeconomic measure and

Table 1 COVID-19 mortality indicators and socioeconomic characteristics in neighborhoods of Bariloche, Argentina (n=159)

Characteristics Median (10th, 90" percentile)
Number of deaths® 3 (1,6)

Total population® 789 (459, 1335)
Population over 65 yearsb 67 (31,124)
COVID-19 crude death rate, unmodeled (per 10,000) 17.9 (6.3,35.2)
COVID-19 crude death rate, modeled (per 10,000) 184 (10.5,30.2)
COVID-19 age-adjusted COVID-19 death rate (per 10,000) 14.8 (11.0,24.9)
Unemployment rate® 6.1 (2.8,11.3)
% of population over 25 years who completed high school 559 (25 6,82.9)
% of population aged 15-17 attending school 90.0 (78.4,100)
% of households with overcrowding? 1.2 (0,6.7)

% of households with at least one unmet basic needs® 48 (0.6,22.7)
% of households connected to a sewage system of any type 943 (58.6, 100)
% of households with piped water access inside the dwelling 98.1 (87.2,100)

@ COVID-19 deaths between June 2020 and May 2022
b Population for year 2018

€ Unemployment: % among the population 15 years or above who are not employed and are actively seeking work

4 Overcrowding: % of households with more than 3 people per room

€ Unmet basic needs: proportion of households with at least one of the following conditions: critical overcrowding, inconvenient housing units, inadequate services,
school-age children not attending school, and high economic dependence (for more details, see Methods)
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Fig. 1 Crude and age-adjusted COVID-19 mortality rate per 10,000. Bariloche, Argentina. June 2020—May 2022. Footnote: legend has different
cutpoints since crude and age-adjusted mortality rates are not directly comparable with each other. The box in the upper right margin refers
to Argentina, in this map the Argentine Antarctica was omitted for graphic purposes

the age-adjusted mortality rate. As expected, education,
sewage, and water inside the dwellings were negatively
associated with the outcome (higher values in each expo-
sure, which imply higher SES, were associated with lower
rates). On the other hand, overcrowding, unemployment,
and unmet basic needs were positively associated (higher
values in each of these exposures, implying lower SES,
were associated with higher rates).

The spatial patterning of the different SES measures
presented a similar pattern to the spatial distribution

of age-adjusted COVID-19 mortality (eFigure 1). The
bivariate maps in Fig. 3 simultaneously show the spatial
distribution of COVID-19 age-adjusted mortality rates
and the two selected SES characteristics (unmet basic
needs and overcrowding). The rest of the exposures are
available in supplementary material (eFigure 2). We
were able to identify two areas of spatial concordance
in the city. One area in the southeastern neighborhoods
with high mortality and lower SES, and an opposite



Perner et al. International Journal for Equity in Health (2023) 22:198

Unmet basic needs Overcrowding

Page 6 of 11

Completed high school School attendance

o o o o
30{ , ° 0 00 = °
g é’ o ° o °
° og:nooo & co ) °% °§ e Ko‘o ° go g0 ° a 0; °°°°Z°
oo & o °l lo ©o_0o0 °5 ©o ° 0% §o0°g
%c ® %9 ° o8P0 8% ° d ° 2o © o
o o® Qo o © o o e
{30 057 5% . S50 s Hop s
0p8® 5~ © ° 3 ° ° 7 g0 %0 o 00 ° 9o
080y S %o 3 o 098% o §
©
Sos e, o, o0 & oo ° 4808 e 2
3ed %o 0 oW Fo Lo 9#
0© o 00 5o (n R ‘oo
10 o 8 o® o
& ° ) °o o ° o
0 20 40 0 5 10 15 20 25 50 75 70 80 90 100

Age-adjusted mortality rate per 10,000

° o o
30- ° °
o % ; %
o ° o o o o o [
° %063 oo ol o o ® 8%& ? P ©. o 090
o 8 ° °$ a o 0 © 020 g
c®g ° ° & a ° o %
o
201 Bgo?rﬁjeo o N o‘i;d’?dg o °00"0 °én°°§
2% 6.8 voo®
& o
&I0 9, o 500 X 0 S
1/ ) ° ° Lo
- s ik
104 80% o o]
o o ©
0 10 20 60 70 80 90 100 20 40 60 80 100

Fig. 2 Scatterplot for the association between neighborhood socioeconomic indicators and age-adjusted COVID-19 age-adjusted mortality rate.

Bariloche, Argentina. June 2020—May 2022

one, in the core area and western neighborhoods, with
lower mortality and higher SES.

Table 2 shows the magnitude of these associations.
Education, sewage and water indicators were reverse-
coded to facilitate comparison with other indicators. In
general, we found that people living in the most deprived
areas presented higher mortality rates than those living
in the least deprived areas. All variables, except for sew-
age connection, exhibited a statistically significant rela-
tionship with the age-adjusted mortality rate. The SII
(difference in mortality rate between the 9™ and 1% decile
of each variable) ranged from a low of 4.83 (95% CI -0.87
to 10.54) for sewage connection to a high of 13.39 (95%
CI 7.17 to 19.60) for completed high school education.
The RII (ratio of mortality rates between the 9" and 1%
decile of each variable) ranged from a low of 1.31 (95% CI
0.95 to 1.78) for sewage connection to a high of 2.14 (95%
CI 1.55 to 2.96) for completed high school education.

Discussion

Summary of the main results

We used georeferenced death records to characterize
urban inequalities in COVID-19 mortality in a medium-
sized Latin American city. We found important spatial
patterning of COVID-19 mortality and also found that
this spatial patterning was closely linked to social con-
ditions. People living in the most deprived areas had

between 1.3- and 2-times higher COVID-19 death rates
than those living in the least deprived areas, depending
on the SES characteristic studied. Studies of spatial varia-
tion in health outcomes across small areas can shed light
on the presence and magnitudes of health inequities [42].

Spatial distribution

We found that COVID-19 mortality rates were not ran-
domly distributed across the city. Spatial modeling pro-
vides us with a means to detect and quantify patterns and
investigate the relationship between potential exposures
with the studied outcome [43]. In addition to identifying
strong spatial patterning, we also documented a strong
association of spatial differences with social differences.
Hence, space becomes a privileged analytical category
due to its potential to mediate social dimensions and
health, since it is where social relations produce and
reproduce [44].

We were able to both identify the spatial patterning
of COVID-19 mortality and quantify its relationship
with social factors, identifying a clear social gradient:
the more deprived the area of residence, the higher the
mortality rates. Different measures of SES were included
because each one captures a different dimension and
may reflect different pathways linking social conditions
to COVID-19 although they are all interrelated. Specifi-
cally, educational level and unemployment showed the
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Fig. 3 Spatial distribution of COVID-19 age-adjusted mortality rates and selected socioeconomic variables in Bariloche, Argentina. Footnote:

In these maps the darker the light blue the higher the percentage of population with unmet basic needs or with overcrowding, and the darker
the orange, the higher the age-adjusted COVID-19 mortality rate. The bivariate pallet shows areas of high concordance in brown and in light
orange. Brown (high/high in the legend) represents the most unequal areas, high COVID-19 age-adjusted mortality rates and more deprived areas
(high unmet basic needs or overcrowding); light orange in the other extreme (low/low in the legend), low COVID-19 age-adjusted mortality rates
and less deprived areas (low unmet basic needs or overcrowding). The box in the upper right margin refers to Argentina, in this map the Argentine

Antarctica was omitted for graphic purposes

strongest association with COVID-19 mortality rates.
Lower educational level and higher unemployment are
related to poorer working conditions which may favor
virus transmission by impacting the ability to stay home
for fear of being fired, the lack of paid sick leave, work in
the informal economy, or work in jobs that do not facili-
tate working from home or social distancing [13, 45].

Unmet basic needs and overcrowding showed a slightly
weaker but still substantial association with COVID-19
deaths. These variables proxy precarious living condi-
tions, which make social distancing physically impossible
since multiple persons must share the same room. Poor
quality housing is associated with higher risks of mor-
tality from COVID-19 and these are more likely to be
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Table 2 Slope index of inequality and Relative index of inequality in age-adjusted COVID-19 death rate associated with selected

socioeconomic indicators

SII? in mortality rate per 10,000 (95% Cl) RI®in

mortality rate

(95% CI)
% of population with at least one unmet basic need 9.77 (4.05,15.49) 1.77 (1.31,2.40)
% of households with overcrowding 9.96 (4.23,15.68) 1.74(1.29,2.33)
9% of population over 25 years who did not complete high school 13.39(7.17,19.60) 2.14(1.55,2.96)
% of population aged 15-17 years not attending school® 10.04 (4.65,15.43) 1.77 (1.33,2.36)
Unemployment rate 12.12 (6.26,17.99) 1.98 (1.46,2.69)
% of households not connected to a sewage system of any type® 4.83 (-0.87,10.54) 1.31(0.96,1.78)
% of households without piped water access inside the dwelling® 745 (1.96,12.94) 1.53(1.14,2.05)

Models were run separately, one variable at a time, and were not adjusted for any other variable; Cl=Confidence Interval

2 Sl =slope index of inequality, or the difference between the mortality rates of neighborhoods at the 9™ vs 1%t decile of each socioeconomic variable

b RIl = Relative index of inequality, or the ratio between the mortality rates of neighborhoods at the 9 vs 1%t decile of each socioeconomic variable

“These variables are reversed so that the 9™ decile represents the most unfavorable socioeconomic conditions

located in deprived areas and inhabited by people with
lower incomes [45].

The consistency with different SES measures linked to
COVID-19 deaths lends strength to the idea that social
inequality is a key driver of COVID-19 mortality. Each
indicator is correlated with many other population attrib-
utes and may act through many interrelated mechanisms
[46]. Pre-existing social and health conditions have a
substantial impact on mortality rates from COVID-19
[4, 45]. People from more disadvantaged social classes
have a higher prevalence of chronic conditions (hyper-
tension, cardiovascular diseases, diabetes, etc.) [37, 47]
and are therefore more vulnerable to severe COVID-
19. Deprivation-related inequalities in the mortality
rate from COVID-19 showed a pattern that was similar
to that observed for mortality from other causes across
Latin American cities and across larger areas within cities
[38, 48]. Moreover, as in this study, area-level education
for small areas was also the indicator with the strongest
association with life expectancy across neighborhoods
in CABA and Cérdoba, two other Argentinian cities [32,
33].

An interesting finding of our study is the impact that
age-adjustment had on the spatial patterning of risks of
death. Before age-adjustment, death rates were higher
in the least deprived areas of the city, but this changed
dramatically after age adjustment. The risk of dying from
COVID-19 is strongly related to age, with higher mor-
tality rates at older ages. Consequently, the rates in the
two areas may appear different, but this may be due to
different age distributions rather than to a difference in
the underlying risk of COVID-19. Age-adjustment is nec-
essary to accurately describe differences in risks that are
unrelated to the age distribution such as those conferred
by social conditions. Social conditions may also interact

with age. For example, younger individuals in poorer
neighborhoods may be at a substantially higher risk of
being exposed to COVID-19 infection than younger indi-
viduals in less deprived neighborhoods because of the
type of jobs they have access to (informal economy, ina-
bility to isolate). In addition, because they may be more
likely to reside in multigenerational and overcrowded
households, they may be more likely to transmit infec-
tion to older relatives thus magnifying transmission and
severity with implications for mortality rates [21].

Strengths and limitations

This study has several strengths. First, the availability of
geo-referenceable individual-level data on COVID-19
deaths over two years, with less than 2% missing georef-
erencing. To our knowledge, this is the first study exam-
ining COVID-19 data at the neighborhood level in a
mid-sized Argentinian city. Second, we were able to con-
duct direct age-standardization of the outcome, an analy-
sis that is often lacking in COVID-19 research due to the
lack of age-specific mortality data. Age-standardization
allowed us to uncover a substantially different spatial
pattern. The COVID-19 pandemic has highlighted the
importance of descriptive epidemiology in responding to
serious public health crises, and the challenges in charac-
terizing basic epidemiological metrics [49, 50]. Rigorous
descriptive analysis may provide valuable insights into
understanding the social patterning of health fundamen-
tal to discuss how social organization shapes the distri-
bution of health and disease [46]. Moreover, descriptive
studies at small areas reveal disparities in indicators that
are obscured when using larger units. This allows for a
more precise description of the social reality of an area
[44], and the potential identification of vulnerable groups
for targeted interventions.
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Our study has several limitations. First, small num-
bers can result in imprecise (statistically unstable) esti-
mates for accurate comparisons [43]. We addressed this
limitation by employing a spatial Bayesian framework
that smooths mortality rates by borrowing information
from age groups and neighboring areas to improve the
precision of local estimates, resulting in the smoothing
of extreme values [23, 39]. Another limitation was the
impossibility of stratifying the analysis by gender due
to the low number of deaths, even though gender is an
important dimension that would have presented differ-
ential risks [51, 52]. Finally, the social characteristics of
neighborhoods rely on latest available census (year 2010)
and therefore did not align with the period of the pan-
demic. Unfortunately, the closest census in time (2022)
does not yet have available data at the neighborhood
level. Oiur analysis therefore relies on the assumption
that the relative ranking of social characteristics by neigh-
borhood has remained stable over time. This assumption
was studied in previous work for other countries from
SALURBAL project, and found that socioeconomic rank-
ings did not change much across time [48].

Policy recommendations

Studies comparing small areas such as neighborhoods
can inform placed-based interventions as well as broader
policies aimed at addressing structural drivers of health
inequities. Identifying areas where inequalities are com-
bined can target resourses to improve the situation of
those at higher risk. Systematic geocoding of all deaths
would allow cities to describe and track inequities, and to
identify possible pathways for developing effective policy
actions within and outside the healthcare system, allow-
ing contextualized problems to be identified and quanti-
fied. We should use the accumulated knowledge gained
throughout the pandemic to improve the health of pop-
ulations, particularly those living in the most disadvan-
taged areas.

Conclusions

The COVID-19 pandemic has not only exposed the
underlying inequalities in society but has magnified them
[45]. The most vulnerable populations, such as those liv-
ing in urban slums and informal settlements, were the
worst affected by the immediate and long-term effects
of the pandemic [4]. Deep-rooted inequalities in cities,
manifested in overcrowded households and unsafe work-
ing conditions, made it almost impossible to comply with
the lockdowns and stay-at-home measures.

The spatial differences that we observed are driven by
the embodiment of historical and social context [34].
Spatial emplacement and segregation are linked to social
status, ethnocultural background, and the interrelated
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effects of inequality and racism, as it happens in Bari-
loche and other cities. The associations found in the spa-
tial distribution of mortality from an acute illness, such as
COVID-19, are possibly related to a long-term historical
process, given that the social processes leading to health
differences based on social position, race or inmigration
involve multiple pathways and long casual chains [46].
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rate. The bivariate pallet shows areas of high concordance in brown and in
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