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Abstract: This spatial epidemiology study was carried out to evaluate the risk of contracting COVID19, taking into account the social determinants of health (SDH). The study demonstrated a strong
relationship between the data from the model created in the risk analysis and the infections that were
locality registered during the months of February to August 2020. Kennedy, Bosa, and Engativá,
were the suburbs that presented a higher risk of contagion of COVID-19 compared to the rest of
the city. Although, for the study of Bogotá, the same variables and weights were considered for
the estimation of risk, the study found that no area of the city was excluded from presenting the
virus. However, the areas where there was a higher risk of contracting the virus depended on the
characteristics of the local population, the number of reproductions of the virus by suburbs, and
the applicable poverty rates. With the results obtained and the model implemented, it is possible to
verify what was established in the 1990s, regarding the term syndemia, due to the synergy between
the two diseases; in this case, COVID-19 and base comorbidities that are present in the population,
added to the social determinants of health, which allow a holistic approach to the management and
prevention measures against contagions, starting in the areas of extreme poverty.
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1. Introduction
In the city of Wuhan, China, the cases of people with acute respiratory conditions,
caused by the new SARS-CoV-2 (severe acute respiratory syndrome coronavirus-2) were
reported in late 2019, resulting in an emerging disease named COVID-19.
The epicenter of the pandemic, between May and June 2020, focuses on the Americas,
as 32,437,597 cases are known in this continent alone. In other words, the 43% of cases
that were recorded worldwide, and with respect to deaths, 48% of the more than one
million deaths are attributed to this area [1]. For Colombia, WHO reports reported a total
of 1,482,072 cumulative cases and 40,019 deaths in December 2020 [1].
As a result of the pandemic that was generated by this new virus, social and health
inequities in society, including the social determinants of health (SDH), became more
pronounced, providing vital information, since it shows that the most vulnerable people
do not have the ease to access timely or good-quality health care services, due to a lack of
economic income [2]. COVID-19 is directly related to the term syndemia [3], due to the
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synergy between the base comorbidities and, in this case, COVID-19 together with the
SDH [4], which has gained strength after the beginning of the pandemic, as it fits perfectly
into the current situation.
Based on the above, and using air quality data, quality in health service, food, socioeconomic strata and base diseases as SDH, and then as variables for vulnerability, contagion
and death by COVID-19, and effective number of reproductions of the virus by location,
the COVID-19 threat, the risk calculation and its respective analysis is made, in order to
determine the risk to contagion by COVID-19 in the city of Bogota, taking into account the
SDH in the period from February to August 2020.
2. Materials and Methods
A spatial epidemiological study was carried out to show the distribution of the
contagions against COVID-19 that occurred in the city of Bogotá, Colombia, between
February and August 2020, taking into account the SDH. In this study a model is created
based on the following formula: Risk = Vulnerability ∗ Menace; this is modified for this
study by adding the variables of SDH, effective number of reproduction and population
density. Air quality variables (PM10 and PM2.5 , O3 and NO2 ) are taken as environmental
SDH, socioeconomic strata and quality in health service as social SDH, behavioral SDH
take the food of the population of the capital and for biological SDH the diseases base that
presents the residents of the city of Bogotá D.C. The threat is taken as a constant variable so
it is present throughout the city.
2.1. Vulnerability Calculation
Vulnerability is taken as SDH according to the Canadian classification, in this case
biological determinants are taken as pre-existing diseases of the population, a standard diet
of 2000 calories is used as variable for behavioral determinants, while the socioeconomic
stratum and quality in the health service were taken into account for the social SDH. In
terms of environmental SDH the annual averages of the data of PM10 and PM2.5 , O3 and
NO2 for the city of Bogota were used. Finally, information on COVID-19 infections and
deaths by localities between February and August is used.
With respect to the calculation of vulnerability, an equal weight is assigned, that is,
each determinant was assigned a total of 25 points, in order to obtain 100 points in total.
2.2. Menace
This is taken as the presence of the virus, in this case COVID-19, so in this model
the variable is constant, since it is present throughout the city. A value of 10 points was
assigned, taking into account the WHO classification of infectious microorganisms for
their risk.
2.3. Calculation of Risk
For this calculation the formula of risk and disaster assessment is taken into account,
an adaptation is made to the model of this study, which is determined and established by
the authors, the equation is the following:
R = (5(V) × 0.2(M)) ∗ PD ∗ Rt,

(1)

where R: risk, 5: vulnerability weighting value, V: vulnerability, 0.2: menace weighting
value, M: menace, PD: population density, Rt: effective number of reproductions. This
calculation is carried out per block with the aim of obtaining the lowest possible error at
the moment of obtaining the arithmetic mean for each locality, then the classification of the
risk according to color and type of the averages by locality obtained is carried out.
3. Analysis and Results
In Figure 1, it is evident that the results that were obtained in map (a), from the model
executed, have a close relationship with the map, showing the contagions of the city (b),
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risk, with localities such as Suba, Ciudad Bolívar, and Kennedy, which present a very high
risk. In addition, it shows that the localities that are located in the central-east, such as La
Candelaria, Santa Fe, Teusaquillo, and Chapinero, reveal a low and very low risks, respectively, which resembles the map of contagions. On the other hand, localities such as Engativá, Fontibón, and Bosa, with high risk, according to the calculations made, resemble 3the
of 5
contagions present, since they are found with significantly high risks.
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Figure 1. Calculated risk map by locality and COVID-19 infection of the city of Bogotá map. (a) Map
graphically describing the risk calculated by the model created for this article. (b) Map graphically
describing the risk calculated by the model created for this article. Source: authors.

Localities such as Kennedy, Bosa and Ciudad Bolívar, are among the most vulnerable,
since the predominant stratum is two, which is related to the amount of income for what the
country is stratified, is characterized by low to medium–low economic income; therefore,
they sometimes do not have access to quality education, adequate food, among others.
In addition, Suba, Engativá, Kennedy, and Usaquén are the localities with the greatest
presence of adults older than 65 years, which increases the risk of infection with SARSCoV-2 and the complications derived from COVID-19 [5], since they are an extremely
vulnerable population, due to their biological age and the comorbidities presented by these
people [6,7].
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4. Discussion
The SDH have a great influence, since they largely determine the level of risk that the
population may present to infectious diseases; in this case, COVID-19, which has a direct
relationship with the results given by the model carried out in this study, which shows that
the localities that are located in the western area of the city, are those that present a higher
high and very high risk, in addition to the south-eastern part. The western part of the
city is known for the low quality of the air, since there are located areas of industry, with
large numbers of companies [8,9], being a risk factor for cardiorespiratory diseases, which
increases the possibilities of contagions to COVID-19 [10,11]. They also have a population
that lives from informal work [12], that is, their livelihood is given by the activities they
carry out every day, which leads to the difficult access to education and health services of
excellent quality [13], among others.
The above mentioned is related to the term syndemia, as a consequence of the presence
of COVID-19 together with base comorbidities that the population had long ago, along with
social and health inequities [4], which are represented with the SDH, so it is appropriate to
define what is currently happening as syndemic and, in this way, it should be addressed in
order to reduce the disparities that the same society raises.
One of the strengths of this study is the versatility it has to be able to extrapolate
the model to different cities, as well as the ability to add more variables, such as lifestyle,
amount of exercise done per week, food consumption per person daily or weekly, the
amount of income and number of people contributing to the household, air pollutants,
such as CO2 and black carbon, and the time of exposure to them, among others; additional
benefits of implementing spatial epidemiological studies include graphical demonstration [14] by the mapping of risk distribution in the case of this study, and, in terms of
weaknesses, errors can occur in the data taken from the DANE, since their basis is surveys
carried out by ordinary people.
In conclusion, the result of the model created in this study can be used by governmental entities, adding more variables in order to make it more robust and, in this way,
attack in a more efficient and precise way, in situations similar to the one being currently
experienced with the COVID-19 and social and health disparities.
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