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Abstract

The situation that Mexico is going through, due to the COVID19 pandemic, has evidenced the vulnerability of certain
localities because of the deficiencies related to health services access, education, and basic services in households
(electricity, water and sewer system). This research aims to analyze the impact of the lack of those services, on the
number of COVID19 cases and deaths. To achieve that purpose, Artificial Neural Network approach is employed,
using the municipal Social Lags Index, published by the National Council of Social Development Policy Evaluation
(CONEVAL) and the number of cumulative COVID19 deaths and cases reported by Mexican government. Findings
suggest that structural deficiencies related to lack of sanity conditions and access to water are the main determinates of
the number of contagions and deaths by the pandemic.
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Resumen

La situacion que atraviesa México, a raiz de la pandemia del COVID19, ha puesto en evidencia la vulnerabilidad de
ciertas regiones propiciada por carencias relacionadas con acceso a servicios de salud, educacion y servicios béasicos
de la vivienda (electricidad, agua y drenaje). El presente trabajo analiza el impacto que la falta de dichos servicios tiene
en la incidencia de contagio y muerte por COVID19. Para ello, se utiliza la metodologia de redes neuronales artificiales
con datos a nivel municipal del indice de Rezago Social, publicado por el Consejo Nacional de Evaluacion de la Politica
de Desarrollo Social (CONEVAL) y datos de muertes y contagios acumulados reportados por el Gobierno de México
a través de la plataforma COVID19. Los resultados revelan que las carencias estructurales, relacionadas con la falta de
condiciones de saneamiento y acceso al agua, son los principales determinantes del nimero de contagios y muertes por
la pandemia.

Cadigo JEL: C45, 114, 118, 124, 132
Palabras clave: contagio y muerte por COVID19; variables socioecondémicas; redes neuronales artificiales; México;
pandemia

Introduction

Based on data reported by the Government of Mexico on the COVID-19 platform,! as of June 27, there
had been 216,682 confirmed cases and 26,648 deaths due to the SARS-COVID virus. Of the confirmed
cases, 45.23% were female and 54.77% male, while 33.99% of the deaths were female and 66.01% male.
In those infected, related diseases have been detected: 20.09% suffered from hypertension, 19.52% from
diabetes, 16.44% from obesity, and 7.77% were smokers. Of the main comorbidities associated with the
deaths, 41.94% suffered from hypertension, 36.87% from diabetes, 24.93% from obesity, and 8.73% were
smokers.

Furthermore, research by Gun, Ni, and Hu (2020), Yang, Yu, and Xu (2020), and Zhang, Dong,
and Cao (2020) confirms the relationship between coronavirus death and 32 comorbidities, most notably
hypertension and diabetes.

Grotto, Huerta, and Sharabi (2008)and Leng, Jin, Li, Chen, and Jin (2015) indicate
socioeconomic determinants, such as education, status, occupation, and income, which are associated with
the prevalence of hypertension. Possible explanations include awareness of disease prevention and
control, better accessibility to health services, adherence to medical treatment among higher
socioeconomic groups, and low birth weight and work stress in lower socioeconomic levels.

Similar evidence has been found for diabetes. Saydah and Lochner (2010) note that low
educational levels and belonging to a family with an income below the poverty line are associated with a
higher level of diabetes mortality. Tang, Chen, and Krewsky (2003) found that the prevalence of diabetes

! https://coronavirus.gob.mx/datos/
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increases with decreasing income and educational levels for both genders.

Based on the above, it is clear that there is a link between infection and death from COVID-19
and chronic diseases related to socioeconomic factors.

In addition to the above, the link between health and socioeconomic variables has been
repeatedly confirmed in the literature (Subramanian, Smith, and Subramanyam, 2006; Dowd, Zajacova,
& Aiello, 2009; Paula et al., 2012; Kivimaki et al., 2020). Specifically, it has also been established that
there is a relationship between educational level and health (Groot & Van Den Brink, 2007; Silles, 2009;
Kaestner, Schiman, & Ward, 2020).

Thus, this study aims to analyze the impact that social deprivation and lack of access to
education, health, and basic housing services (water, electricity, and drainage) have on the rate of infection
and deaths caused by COVID-19 at the municipal level in Mexico. The methodological proposal consists
of a cross-sectional analysis through artificial neural networks. The data used include the cumulative
number of deaths and infections caused by COVID-19, the percentages of the population with low levels
of education and without access to health services, and the percentage of homes without basic services.
All of these variables are given by municipality.

This study contributes to demonstrating the main factors of social deprivation related to the
impact of the pandemic and seeks to address these needs of the population, thereby reducing the impact
that future health crises may have.

The study is structured as follows: the second section describes the relationship between
socioeconomic variables and health, specifically, vulnerability to infection and death from COVID-19.
The third section reviews the related literature, and section four details the data and methodology used.
Section five presents and analyzes the empirical evidence, and the sixth section presents a discussion
linking the relationship between the results obtained and Mexico's socioeconomic structural problems.
Finally, the last section presents the conclusions.

Socioeconomic variables and the COVID-19 pandemic

Among the socioeconomic variables considered in this study are access to education and health services
and household access to basic services, such as access to the public piped water supply, electricity,
drainage, and dirt floors in homes.

Access to water is a basic service on which proper sanitation and hygiene practices depend.
Compliance with both conditions is critical to reducing disease and promoting health (Moe & Rheingans,
2006). Particularly in the context of the pandemic, in which handwashing has been intensively and

extensively promoted globally as a basic measure for reducing the infection rate, access to this service is
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of fundamental importance (Van Bavel et al., 2020).

As for drainage services, the fact that latrines or toilets are not connected to a sanitation system
implies exposure to feces, enabling the bacteria and parasites found in them to spread diseases, inhibiting
the response capacity of individuals (Kumar & Joseph, 2012).

Electricity supply is a critical factor in providing health services and meeting the goal of
universal health coverage and access to clean water and ventilation systems (Adair-Rohani et al., 2013).
Lack of access to this service has been identified as one of the main barriers to fulfilling human potential
and well-being (Markandya & Wilkinson, 2007). With lower well-being, individuals are more vulnerable
to viruses such as COVID-19.

Electricity, in terms of sanitation, makes it possible to extend the shelf life of food by
refrigerating and freezing it and to pump water from reservoirs (wells and springs), facilitating the supply
of clean water even if there is no access to the public water supply network (Velo Garcia, 2006).

Access to electricity also makes it possible to extend the hours dedicated to various activities
without natural light. It increases efficiency in performing various tasks within the home using electrical
and electronic devices. It also promotes comfort, gives access to information through TV and radio,
enables using technology, and facilitates remote work and learning (Pillajo Lincango, 2015).

Concerning the last point, during the lockdown decreed after the outbreak of the COVID-19
pandemic, almost all labor and educational activities continued remotely through Information and
Communication Technologies. Thus, people without access to electricity during the pandemic have seen
their possibilities of entering or continuing to participate in the labor market or receiving education
limited. Thus, the United Nations Development Program for Latin America states that only one out of
every five workers can work from home (UNDP, 2020).2 The remaining 80% lost their jobs or saw their
income reduced because of cuts to their wages.

Regarding the relationship between education and health, the interrelations between both
variables have been extensively documented. A higher level of education i) influences the way individuals
think and decide (Ross & Wu, 1995); ii) makes possible a higher level of income and access to a better
standard of living (Tsakos et al., 2009); iii) has positive effects on well-being, such as access to cultural
experiences, eating habits, and hygiene patterns (Michalos, 2008; Brunello et al., 2011); iv) promotes
creativity and innovation, facilitating problem-solving (Hofman et al., 2013; Hammond et al., 2011); and
v) makes it possible to have access to greater knowledge, skills, concepts, rules, attitudes, and behaviors,
improving productivity and competitiveness in the labor market (Fabra & Camisén, 2009). In general, a

higher educational level promotes healthier behaviors and gives access to higher income and better living

2 UNDP webpage “Working during a pandemic: Only one out of five workers in Latin America and the Caribbean can
work from home. Available at: https://www.latinamerica.undp.org/content/rblac/es/home.html Consulted July 2, 2020.
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standards, promoting health (Ortiz, Sosa, & Diaz, 2015).

Finally, access to health services makes it possible to keep individuals under supervision and
monitor various indicators, facilitating the practice of preventive medicine and reducing the probability
of developing chronic diseases. In terms of emergency care, it facilitates timely attention, preventing the
patient's situation from worsening and the damage from becoming greater or irreversible.

Literature review

Given the importance of health within the dimensions of economic development and well-being, the
relationship of that issue to socioeconomic factors has been extensively studied (Adams et al., 2003; Haas,
2008; Dowd, Zajacova, & Aiello, 2009; Cherlin, 2018; Currie & Goodman, 2020).

In particular, authors such as Andronie (2005) and Amin, Raja, and Abro (2018) have analyzed
the transmission of viral diseases and their relationship with socioeconomic factors. They examine the
link between social and economic variables and the epidemiology of Hepatitis B and C viruses.
Meanwhile, Mokhtar and Abd (2017) and Mohidem et al. (2018) investigate the social determinants of
tuberculosis transmission in Malaysia. All these studies corroborate that socioeconomic variables are
determinants of the transmission of viral diseases. The factors that have been frequently identified in the
transmission of viral diseases are income, level of education/instruction, housing characteristics, and space
(rural/urban).

In terms of research on socioeconomic variables and health-related situations at the municipal
level in Mexico, Duarte-Gémez et al. (2015) stand out. They study the socioeconomic determinants of
infant mortality in municipalities with a low Human Development Index. The results indicate that the
average determinants are living conditions and access to health services, especially preventive care and
delay in care.

Regarding the relationship between the COVID-19 virus and socioeconomic variables, there has
been extensive analysis of the topic of risk perception based on socioeconomic issues and social network
use (Huynh, 2020), beliefs and attitudes (Caria et al., 2020), behavioral economics (Haushofer & Metcalf,
2020), and behavioral response (Shabu et al., 2020).

Following the above, Mufiiz and Corduneanu (2020) investigated the perception of risk and
media consumption during the beginning of the COVID-19 pandemic in Mexico. The results indicated
that the population was interested and concerned but with a low perception of the risk of contagion.

Continuing with the documents on COVID-19 in Mexico, the UNDP (2020) analyzes the health
and economic challenges that the pandemic has imposed on Mexico; it also points out that the conditions

of economic weakness and inequalities prevailing before the arrival of the pandemic have aggravated the
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effects of the containment measures in economic terms. Thus, it investigates the effects of the pandemic
in terms of informal and formal income, poverty, consumption, industrial production, oil prices, exports,
and remittance income.

Closely related to the present study, Barraza et al. (2020) use the Multidimensional Poverty
Index to identify the pre-existing poverty conditions that affect the level of vulnerability of certain
households to the pandemic in El Salvador. The factors they use, analogous to those used in the present
study, are access to drinking water, health services, overcrowding, access to sanitation, underemployment,
and social security. The results indicate that more than 85% of the population suffers from at least one
type of deprivation. This situation exposes them to greater risk and puts them at a disadvantage.

This research adds to that previously carried out, highlighting the conditions and lack of access
to basic services of the Mexican population that increase the risk of infection and death in the face of the
COVID-19 pandemic. The results are of utmost importance to demonstrate the socioeconomic
determinants of COVID-19 infection, helping implement measures focused on mitigating these
vulnerability factors.

Data and methodology

The analysis of the socioeconomic determinants of the cumulative number of COVID-19 infections and
deaths at the municipal level is based on the number of infections and deaths per municipality® as of June
23, 2020, published by the Government of Mexico on the COVID-19 website. On that day, 656
municipalities were free of infection and deaths from COVID-19.* The municipality with the highest
number of infections was lIztapalapa (7587 infections and 944 deaths), followed by Gustavo A. Madero
(5568 infections and 872 deaths) and Puebla (5064 infections and 511 deaths). It should be noted that the
study is carried out in municipalities with a positive number of infections and deaths due to COVID-19.
As for socioeconomic variables, the Social Gap Index (IRS) published by the National Council
for the Evaluation of Social Development Policy (CONEVAL) for 2015 (the most recently published) is
taken as a reference. It includes the variables: population 15 years old and over illiterate, population 6 to
14 years old not attending school, population 15 years old and over with incomplete basic education,
population without entitlement to health services, housing with dirt floor, housing without toilet or sanitary
services, housing without piped water from the public supply, housing without drainage, housing without

electricity, housing without washing machine, housing without a refrigerator.

3Municipal data were chosen because this is the highest level of disaggregation, which makes it possible to obtain more
information on the aggregate (national) relationship between the lack of basic services and the impact of COVID-19.
“See note 1 above
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The effects of certain variables are implicit in other more general variables; for example, there
is no need for electrical appliances such as washing machines and refrigerators without electricity.
Therefore, this study has taken those variables that include the information of interest: population 15 years
of age and older with incomplete basic education, population without access to health services, housing
with dirt floors, housing without piped water from the public supply, housing without sewage, and housing
without electricity.

In general terms, the Social Gap Index for 2015 reveals that, on average, 52.63% of the
population aged 15 and over have incomplete basic education; 31.45% do not have the right to health
services; 8.8% do not have access to piped water from the public supply; 18.7% do not have drainage;
2.5% do not have electricity. The municipalities with the lowest social lag (lowest deprivation) are Benito
Juéarez, CDMX (-1.68) and San Pedro Garza Garcia, Nuevo Leo6n (-1.65), while those with the highest
IRS are Batopilas, Chihuahua (4.87), and Mezquital, Durango (5.12).

Methodology

An Artificial Neural Network (ANN), also called a connectionist system, is a set of processing elements
(nodes or neurons) interconnected by connections with a numerical and alterable value called weight. The
processing of this network consists of adding the values of the inputs it receives from other units connected
to it, comparing this amount with the threshold value. If it equals this value or is higher, it sends the
activation to the output layer of the connected units (Montano, 2017).

An ANN can be defined as a directed graph that has the following characteristics (Larrafiaga,
Inza, & Moujahid, 2003):

i) Each node (neuron) i is linked to a state variable Xi.
ii) Each interconnection (i, j) between nodes (neurons) i and j is associated with a weight
wi; € R
iii) To each node (neuron) i is related a threshold 6; € R
iv) For each node i a function fi(Xi, ..., Xn, W4, ..., Wi, 6;) is required, which depends on

the weights of its connections, the threshold, and the states of the nodes j that are connected to node i. The
value of this function supplies the new state of the node.

These types of networks can define both linear and non-linear parameters, schematized from
input to output, of type Y = Y(X; W, A), which is a continuous function of both the inputs and the
parameters W and the network architecture (A) (MacKay, 2003). Networks can be trained to perform
regression, classification, and prediction tasks.
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The input layer of an ANN is made up of a set of neurons that receive data and information from
the environment. This type of layer comprises neuron structures that do not have input synapses, only
output synapses. In the second plane are the hidden layers, which have no direct connection with the
environment but collect information and data from the input layer; this is where they try to estimate,
model, and represent the characteristics of the environment (Diaz & Aroche, 2020). This layer is the only
one that is neither input nor output and has the following form:

Hidden layer: a] = ¥, Wj X, + 6] ; hj = f* (a)
@)

Finally, the output layer comprises the sets of neurons that provide the network response. This

type of layer has no output synapses.

Output layer: af = ¥, W§ X, + 67 ; h; = h? (af)
@)

An important difference between the existing classifications of artificial neural networks is the
number of layers that make up the learning processes (hidden layers). A larger number of layers makes it
possible for more complex processes to be approximated. Such a network is known as a multilayer
perceptron (MLP).

Multilayer perceptrons enable the capture of a wide range of functional relationships, even if
they are non-linear. An MLP network is a pre-fed network, i.e., a type of network that reacts to changes
in its environment to preserve some particular system state (Bishop, 1995).

The training of the neuron is carried out with a subset of data D = {X™,t(™}, fitting W of the
input function and minimizing the error of the function by the "gradient descent" method given by the
function:

Eow) =3 > 1) 1™ — y(xw))?
©)
The results of the ANN do not make it possible to directly analyze the sensitivity of the result
(estimated variable) to each factor. Therefore, the Variable Importance Analysis must be performed to
find out what the MLP has learned from the value of the weights and the activation values of the neurons.
That is, it makes it possible to know each input variable's effect on the network's output (Diaz & Aroche,
2020).

This paper estimates multilayer perceptron networks, specifically presenting the results of two
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ANNSs, both with a hidden layer. For the first ANN, the output variable is the number of infections per
municipality, while for the second network, the output variable is the number of deaths per municipality.
For both networks, the input layer variables are: i) population aged 15 years and older with incomplete
basic education, ii) population without access to health services, iii) dwellings with dirt floors, iv)
dwellings without piped water from the public supply, v) dwellings without drainage, and vi) dwellings
without electricity.

The choice of the methodology is due to the benefits of Neural Networks in comparison with
other approaches: i) they produce a higher proportion of correct classifications than other methodologies,
such as multiple regression for the prediction of a quantitative variable, discriminant analysis, logistic
regression models for binary classification problems, and discriminant analysis for non-binary
classification problems (Pitarque, Roy, & Ruiz, 1998); ii) they capture both linear and non-linear
relationships (MacKay, 2003); iii) they capture the dynamic behavior of the relationships between
variables; and iv) they can be trained to perform regression, classification, and prediction tasks (Diaz-
Rodriguez, & Fidel-Aroche, 2020).

Results

Network information

Table 1 contains the information on the first network. It presents the variables in the input layer, the
number of hidden layers (one), and the activation function found within the latter, which is of the
hyperbolic tangent type. In the output layer, the variable to be estimated is the number of infections, the
scaling method for the scale dependents is standardized, the activation function is of the identity type, and
the error function is the sum of squares.

Table 2 presents the results of the ANN to analyze the determinants of the number of deaths,
which is similar to the previous network. Thus, this study lists the six variables that make up the input
layer, the number of hidden layers (one), and the activation function found within the latter, which, as for
the first network, is of the hyperbolic tangent type. In the output layer, the variable to be estimated is the
number of deaths, the scaling method for the scale dependents is standardized, the activation function is

of the identity type, and the error function is the sum of squares.
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Table 1

ANN information: analysis of the determinants of the number of infections

Network information

1

2
3

Factors
Input layer 4

Number of units?

Number of hidden layers

Hidden Number of units in hidden layer
layers 12
Activation function
Dependent variables 1
Number of units
Output Scale change method for scale
layer dependents

Activation function

Error function

Population 15 years of age and older with
incomplete basic education

Housing with dirt floors

Population not entitled to health services

Housing without piped water from the public water
supply
Housing without sewage systems

Housing without electric power supply
6689
1

11
Hyperbolic tangent
Confirmed
1
Standardized
Identity

Sum of squares

Source: created by the author with estimation data
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Table 2
ANN information: analysis of the determinants of the number of deaths

Network information

Population 15 years of age and older with
incomplete basic education

Population not entitled to health services

Housing with dirt floors
Factors

1
2
3
Input layer 4 Housing without piped water from the
public water supply
5
6

Housing without sewage systems
Housing without electric power supply

Number of units? 6689
Number of hidden layers 1
Hidden S a
layers Number of units in hidden layer 1 10
Activation function Hyperbolic tangent
Dependent variables 1 Deaths
Number of units 1
Output .
layer Scale change method for scale dependents Standardized
Activation function Identity
Error function Sum of squares

Source: created by the author with estimation data

Network predictive capability

The ultimate goal of the estimation of the Neural Network is to train it to predict the value, in this case of
infections/deaths, by municipality based on the data of the variables found in the input layer. Figure 1
presents the dispersion of the cases estimated by the network against the observed cases, i.e., those that

occurred: infections and deaths
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Figure 1. Scatterplot: observed vs. estimated cases
Source: created by the author based on estimation data.

Figure 1 indicates that the first network, whose output variable is the number of infections,
presents a high level of assertiveness in its results, coinciding almost completely with the values presented.
In the case of the network whose output variable is the number of deaths, for the municipalities with less
than 200 cases, the error is greater than for the municipalities with between 200 and 600 cases, which
could be due to the existence of unobserved variables that could affect the number of deaths.

After verifying the predictive power of the network and the fit of the data estimated by the
network concerning the cases presented, the variable importance analysis is presented, which makes it
possible to know the effect or significance of each input variable on the network output. Table 3 and
Figure 2 present the values of this analysis comparatively.

The analysis of the importance of the variable indicates that the main determinant for the number
of infections and the number of deaths due to COVID-19 is lack of access to drainage, indicating that the
sanitary conditions caused by the lack of this service are crucial for health conditions. This result is
consistent with the recommendation made by the World Health Organization (2020), which is that patients
with COVID-19 should have their own toilet or latrine with a separate door from the patient's room. This
device should be properly functioning and contain drain traps. The toilet should be flushed with the lid
down to avoid splashing and aerosol clouds. If individual use of the bathroom is not possible, trained and

properly protected personnel should disinfect it twice a day.
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Table 3
Analysis of the importance of the variable
Infection Death
Incomplete education 70.9% 83.7%
Lack of electric power 80.5% 95.8%
Dirt floor 85.1% 85.4%
No access to health services 95.6% 91.1%
Lack of piped water 97.4% 93.4%
No access to drainage 100.0% 100.0%
100% = Contagion O Death —
90% ) ]
80% ]
70%
60%
50%
40%
30%
20%
10%
0% _
Incomplete Lack of Dirt Without Lack of Without
education electricity floor aceessto piped access to
heqlth water drainage
services

Figure 2. Analysis of the importance of the variable.
Source: created by the author based on estimation data.

This recommendation warns about the risk of contagion due to exposure to excrement. Lack of
access to sewage puts at risk the household members of an infected person and the entire community,
extensively and intensively, that is, for an extended period and constantly.

In the case of contagion, the second most important variable is the lack of piped water, which is
explained by the hygiene and sanitation measures that must be followed based on the health authorities'
recommendations. It is almost impossible to follow these recommendations if there is no access to the
vital liquid.

13
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Third, there is the lack of entitlement to health services, which makes it impossible to monitor
the conditions of individuals, the practice of preventive medicine, and awareness of certain eating habits,
hygiene, or physical activity, which reduce the propensity to chronic diseases, such as diabetes or
hypertension.

Regarding the number of deaths, the second and third determining variables are the lack of
electricity and the unavailability of piped water. Although the order of the factors associated with infection
and death due to COVID-19 is different, the results indicate that, beyond access to health services, the
lack of access to basic services promotes conditions that jeopardize the health of individuals, increasing
their susceptibility to infection during the pandemic.

It should be noted that the lack of access to basic services is related to other factors. Suppose a
household does not have water, electricity, or sanitation access. In that case, it is unlikely that it will have
the means to acquire (a) hygiene and sanitation products (antibacterial gel, sanitizing liquid, and cleaning
products, among others), (b) protective accessories (masks and gloves), (c) balanced diet, (d) medicines
and food supplements and some other goods and services that could lessen the risk of contagion or increase
the body's response capacity.

It is important to address those communities with a high index of social deprivation, trying to
correct deficiencies related to basic issues and promoting dignified living conditions that mitigate the

effects of a pandemic and do not become a breeding ground for contagion of other diseases.

Discussion

Recent forecasts indicate that the impact of the COVID-19 crisis could lead to an increase in global
poverty for the first time since the 1998 Asian crisis. Estimates indicate that the number of people living
in extreme poverty on less than USD 1.90 a day will increase by 7.75%, or 49 million people, out of 681
million people worldwide (Gerson Mahler et al., 2020). The situation in Mexico is discouraging. Although
income distribution has improved in recent decades, it is still one of the most unequal countries in the
world. The Gini index for 2018 is 45.4 (World Bank, 2020). What is more, 1% of the richest population
earns 21% of the national income, and the four richest people possess 9% of the national wealth, situations
not found in any other country worldwide (Esquivel Hernandez, 2015).

In a similar vein, a recent study conducted by the National Council for Social Development
Policy (CONEVAL) indicates that sectors of the population face the COVID-19 crisis with many
disadvantages. It highlights women, workers, both in the formal and informal sectors, unemployed people,
agricultural day laborers, children and children affected by the digital divide in their homes and the lack

of connectivity in their communities, and micro, small, and medium-sized enterprises, which generate
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72% of employment and 52% of the national product in Mexico (ibid.).

Due to the pandemic, income poverty could increase by between 7.2% and 7.9%, meaning that
about 8.9 to 9.8 million people would be added to the population with insufficient income to purchase the
basic food basket, goods, and services. Furthermore, the total number of people living in extreme income
poverty would increase between 4.9% and 8.5%, equivalent to between 6.1 and 10.7 million people. Due
to the impact of the crisis, people who were not poor or vulnerable may find themselves in conditions of
poverty or vulnerability (CONEVAL, 2020).

According to a survey conducted by the Universidad Iberoamericana in May of this year, 8.4
million people had lost their jobs, were temporarily suspended from work, or could not go out to look for
work due to the COVID-19 pandemic. 14.6% of the economically active population was in this situation.
In addition, 2 out of every 3 of the jobs lost were in the informal sector, affecting mainly women with low
levels of remuneration (Universidad Iberoamericana, 2020).

The relationships between the variables of social deprivation with the infections and deaths due
to the COVID-19 pandemic, found with the artificial neural network analysis, reflect their negative
impacts and their basic underlying causes: poverty, social-economic inequality, and marginalization, as
highlighted above.

The relationship of incomplete education with infections and deaths is an encouraging indicator
of the importance of education (albeit incomplete) to confront negative events that occur in society.
However, it is also an early warning of the attention that should be paid to the development of education
from basic education to higher education, especially because of the negative impact of the suspension of
face-to-face classes. Virtual education is not a perfect substitute for children and young people from poor
and marginalized households. According to the Social Gap Index, the relationship between the lack of
electricity and infections, especially those resulting in deaths, is high. Households lacking electricity lack
light and basic household goods, television sets, and digital media.

Therefore, information campaigns on the measures to follow to prevent contagion and deaths
are null and void, as are educational programs on television or digital platforms. At the beginning of the
2019-2010 school year, around 25 million students returned to school in basic education; however, 20
million came from poor households. Moreover, prior to the health crisis, the dropout rate in higher
secondary education in Mexico was high, 16.9%, and at the higher level, 8.3% (INEGI, 2020), rates that
will surely increase due to the crisis, and it is necessary to address the resulting lags. Relevant measures
in this regard are i) to increase the scope and number of scholarships for students, granted by the Benito
Juarez National Coordination of Scholarships for Welfare; and ii) to consolidate the Internet for All
Program, designed to offer internet connections to 101,000 public spaces such as schools, hospitals, and

public offices. Particular emphasis should be placed on closing the digital divide between urban and rural
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public places.

Clear manifestations of poverty and social inequality, particularly in the "lost cities" of urban
and semi-urban municipalities, are precarious housing, lack of piped water, and unavailability of access
to drainage variables. According to empirical evidence, these are highly related to contagion and deaths
due to the COVID-19 pandemic. The housing of the poorest family strata is poorly constructed, lacks
services, and has cramped spaces, resulting in overcrowding (Ziccardi, 2016; Roy, Bernal & Lees, 2020).

Most of these new urban centers result from migration from the countryside to the cities,
subsequent invasions of communal or state properties, and the construction of “cardboard houses" and
corrugated metal roofs in very irregular spaces. In urban and suburban centers with self-construction the
use of good quality materials is already common. Nevertheless, the lack of services remains as a palpable
legacy of their irregular origin. In the country's south, one-third of the population lives in precarious
houses, as described above, and a high percentage have dirt floors (UNAM, 2020).

It is difficult to comply with health authorities' recommendations to prevent COVID-19
problems in these conditions. Lockdowns and social distancing are incompatible with the precariousness
of their housing and the high number of family members. Likewise, frequent handwashing and other
hygiene norms are unfeasible due to the lack of piped water and drainage (UNAM, 2020).

The impact of poor housing on health conditions is magnified by the existence of an equally
poor health system. The high rates of infection and deaths due to the COVID-19 pandemic have
highlighted its limitations. Due to decades of persistent deterioration and corruption, the current system
discriminates between the poor and the rich (who have access to private health services), between the
entitled and the non-entitled, and between urban and rural sectors. Around 20 million people lack
affiliation to health services; six out of every 20 employed people do not have access to health services
because of their work, as more than 34 million work in the informal sector. This problem is aggravated in
the country's south in municipalities with social deprivation and Indigenous communities (Accién
Ciudadana Frente a la Pobreza, 2020).

Conclusions

This study presents the relationship between the availability of basic services and the number of deaths
and infections due to COVID-19. It concludes that the two variables with the greatest impact on the
number of infections are lack of access to drainage and unavailability of piped water from the public
supply. Both factors demonstrate that the lack of basic sanitary conditions increases exposure to diseases,
especially viral diseases such as COVID-19. Regarding the number of deaths, the two variables most

closely related are lack of access to drainage and unavailability of electricity. Both variables reflect
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structural deficiencies that prevent the population from ensuring their well-being, inhibiting their
development opportunities.

This study contributes by highlighting the factors that should be addressed to reduce contagion
and deaths due to the pandemic, thus decreasing the vulnerability of at-risk groups. However, it must be
taken into consideration that, on the one hand, the shortcomings indicated have a structural nature that
prevents the response from being immediate since they require significant investment in infrastructure for
the supply networks of electricity, water, and drainage. On the other hand, the State has strong limitations
in terms of its budget, in addition to the various pressures due to the present crisis.

Among the recommendations, taking into account the above restrictions and identifying
vulnerable areas, are: implementing piped water supply schemes or installing washing and disinfection
areas in communities without access to drinking water. Another option would be to identify at-risk areas,
especially where there is a high concentration of people over 60 years of age, and install temporary
containment centers with adequate basic services infrastructure. In addition, mobile health units could be
installed to treat those infected and carry out prevention and awareness campaigns on COVID-19
measures.

The COVID-19 pandemic has demonstrated that economic and health adversity has a greater
impact on certain regions of the country, particularly those lacking access to elementary services and basic
housing conditions. The effects of the economic and health crisis are not only immediate. They will also
have repercussions on opportunities and standards of living in a differentiated manner for the population
in the medium and long term.

In many cases, the health crisis reduced family income and increased expenses in other areas:
hygiene products, telecommunication services, medicines, and medical services. In addition, it has caused
some heads of households to fall ill or die, affecting the long-term economic capacity of households. The
economic crisis also generates job losses and reduced consumption possibilities, affecting the population's
food and health conditions.

Although there were forecasts of recession for 2020, the pandemic significantly exacerbated the
effects of the economic crisis, creating new situations that are much bleaker than those projected. Thus,
the challenge is to flatten the contagion curve and lessen the economic effect, trying to find a balance.
This challenge is especially difficult for economies such as Mexico's, which has high levels of informality,
vulnerable populations lacking basic services, high economic and financial dependence, and economic
inequality, among others.

As for future lines of research, the pandemic and the crisis unleashed by COVID-19 have left
academics and scientists with countless problems to analyze and attempt to solve from different

perspectives. Many variables influence the number of infections and deaths caused by the pandemic, such
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as the adoption of hygiene measures, income and savings levels, poverty levels measured by the
multidimensional poverty index, and well-being measured by the human development index, among other
factors. The main limitation is the availability of information and the coincidence in its level of
disaggregation. Considering some of these variables is necessary to undertake a more complete and
comprehensive analysis.

References

Accion Ciudadana Frente a la Pobreza. (2020). Pasando el COVID, el sistema de salud a terapia intensiva:
Sociedad civil. Comunicado 10/2020.

https://mvsnoticias.com/noticias/nacionales/covid-19-ha-evidenciado-la-existencia-de-un-sistema-de-
salud-precario-especialistas/

Adair-Rohani, H., Zukor, K., Bonjour, S., Wilburn, S., Kuesel, A. C., Hebert, R., & Fletcher, E. R. (2013).
Limited electricity access in health facilities of sub-Saharan Africa: a systematic review of data
on electricity access, sources, and reliability. Global Health: Science and Practice, 1(2), 249-
261. DOI: 10.9745/GHSP-D-13-00037

Adams, P., Hurd, M. D., McFadden, D., Merrill, A., & Ribeiro, T. (2003). Healthy, wealthy, and wise?
Tests for direct causal paths between health and socioeconomic status. Journal of
econometrics, 112(1), 3-56. DOI: 10.1016/S0304-4076(02)00145-8

Amir, N., Raja, W., & Abro, M. A. (2018). Burden of Hepatitis B and C Infection According to
Socioeconomic Status. Annals of PIMS-Shaheed Zulfigar Ali Bhutto Medical University, 14(2),
206-209. Disponible en: https://apims.net/index.php/apims/article/view/128

Andronie, 1. (2015). Economic and social factors fighting against hepatitis B and C contagion. Romanian
Journal of Economics, 40(1 (49)), 184-193.Pandemias Disponible en:
http://revecon.ro/articles/2015-1/2015-1-12.pdf

Barraza, R., Barrientos, R., Diaz, X, Pleitez, R. y Tablas, V. (2020) “COVID-19 y vulnerabilidad: una
mirada desde la pobreza multidimensional en El Salvador”. PNUD América Latina y el Caribe
#COVID19 | SERIE DE DOCUMENTOS DE POLITICA  PUBLICA.
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COV1D%2019/U
NDP-RBLAC-CD19-PDS-Number12-ES-ElSalvador.pdf

Bishop, C. M. (1995). Neural networks for pattern recognition. Oxford university press.

Brunello, G., Fort, M., Schneeweiss, N., and Winter-Ebmer, R. (2011). The causal effect of education on
health: What is the role of health behaviors? Discussion Paper 5944, Institute for the Study of
Labor. DOI: 10.2139/ssrn.2020147

18


https://mvsnoticias.com/noticias/nacionales/covid-19-ha-evidenciado-la-existencia-de-un-sistema-de-salud-precario-especialistas/
https://mvsnoticias.com/noticias/nacionales/covid-19-ha-evidenciado-la-existencia-de-un-sistema-de-salud-precario-especialistas/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.9745%2FGHSP-D-13-00037?_sg%5B0%5D=yyxNqez62tOnvpHnWuU4ZWmPKl41wQGScBy-CclvbddcfKcLAl9uQ5MS4R6-65HG0FbQN_AyqLh4qXXBVl0staJK6A.qWTN4dJ9Dhgp0HOsECIrbmBR25a61OIEi06iiRzszD2Yz_otT3EQ1xffhM7p91B2OUAuyRvwWxJr0RoAiPCZAA
https://doi.org/10.1016/S0304-4076(02)00145-8
https://apims.net/index.php/apims/article/view/128
http://revecon.ro/articles/2015-1/2015-1-12.pdf
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COVID%2019/UNDP-RBLAC-CD19-PDS-Number12-ES-ElSalvador.pdf
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COVID%2019/UNDP-RBLAC-CD19-PDS-Number12-ES-ElSalvador.pdf
https://dx.doi.org/10.2139/ssrn.2020147

M. Sosa, et al. / Contaduria y Administracion 65(5), Especial COVID-19, 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2020.3020

Caria, F., Fiorin, G., Gomez, H., Hensel, 1., Jachimowicz, K. T., Reutskaja, R., & Witte, Y. (2020).
Measuring Worldwide COVID-19 Attitudes and Beliefs. https://osf.iof 3sn2k/

Cherlin, A. J. (2018). Psychological health and socioeconomic status among non-Hispanic
whites. Proceedings of the National Academy of Sciences, 115(28), 7176-7178. DOI:
10.1073/pnas.1808753115

CONEVAL (2020). La crisis sanitaria generada por la Covid-19 y sus consecuencias econdmicas ponen
en riesgo avances en desarrollo social y puede afectar en mayor medida a grupos vulnerables.
Comunicado No. 06, Ciudad de Meéxico, 11 de mayo de 2020.
https://www.coneval.org.mx/SalaPrensa/Comunicadosprensa/Documents/2020/Comunicado_0
6_POLIITICA_SOCIAL_EN_CONTEXTO_COVID_19.pdf?platform=hootsuite

Currie, J., & Goodman, J. (2020). Parental socioeconomic status, child health, and human capital. In The
Economics of Education (pp. 239-248). Academic Press. DOI: 10.1016/B978-0-12-815391-
8.00018-5

Diaz Rodriguez, H. E., & Fidel Reyes, A. (2020). Determinantes de la productividad laboral en México:
una aproximacion desde la teoria del crecimiento endbégeno con redes neuronales
artificiales. Revista CEPAL. Disponible en: https://repositorio.cepal.org/handle/11362/45429

Dowd, J. B., Zajacova, A., & Aiello, A. (2009). Early origins of health disparities: burden of infection,
health, and socioeconomic status in US children. Social science & medicine, 68(4), 699-707.
DOI: 10.1016/j.socscimed.2008.12.010

Esquivel Hernandez, G. (2015). Desigualdad Extrema en México. Concentracion del Poder Econémico
y Politico. Iguales. OXFAM Meéxico.
http://mexicosos.org/descargas/dossier/estudios/desigualdad_extrema_en_mexico.pdf

Fabra, M. E., & Camison, C. (2009). Direct and indirect effects of education on job satisfaction: A
structural equation model for the Spanish case. Economics of Education Review, 28(5), 600-
610. DOI: 10.1016/j.econedurev.2008.12.002

Gerson Mabhler, D.G., Lakner, C., Castafieda Aguilar, R.A., y Wu, H. (2020), The impact of COVID-19
(Coronavirus) on global poverty: Why Sub-Saharan Africa might be the region hardest hit.
World Bank Blogs. https://es.scribd.com/document/463540022/The-impact-of-COVID-19-
Coronavirus-on-global-poverty-Why-Sub-Saharan-Africa-might-be-the-region-hardest-hit

Groot, W., & Van Den Brink, H. M. (2007). The health effects of education. Economics of Education
Review, 26(2), 186-200. DOI: 10.1016/j.econedurev.2005.09.002

Grotto, Itamara,b; Huerta, Michaela,c; Sharabi, Yehonatand,e (2008) Hypertension and socioeconomic
status, Current Opinion in Cardiology: July 2008 - Volume 23 - Issue 4 - p 335-339 doi:
10.1097/HC0.0b013e3283021c70

19


https://doi.org/10.1073/pnas.1808753115
https://www.coneval.org.mx/SalaPrensa/Comunicadosprensa/Documents/2020/Comunicado_06_POLIITICA_SOCIAL_EN_CONTEXTO_COVID_19.pdf?platform=hootsuite
https://www.coneval.org.mx/SalaPrensa/Comunicadosprensa/Documents/2020/Comunicado_06_POLIITICA_SOCIAL_EN_CONTEXTO_COVID_19.pdf?platform=hootsuite
https://doi.org/10.1016/B978-0-12-815391-8.00018-5
https://doi.org/10.1016/B978-0-12-815391-8.00018-5
https://repositorio.cepal.org/handle/11362/45429
https://doi.org/10.1016/j.socscimed.2008.12.010
http://mexicosos.org/descargas/dossier/estudios/desigualdad_extrema_en_mexico.pdf
https://doi.org/10.1016/j.econedurev.2008.12.002
https://es.scribd.com/document/463540022/The-impact-of-COVID-19-Coronavirus-on-global-poverty-Why-Sub-Saharan-Africa-might-be-the-region-hardest-hit
https://es.scribd.com/document/463540022/The-impact-of-COVID-19-Coronavirus-on-global-poverty-Why-Sub-Saharan-Africa-might-be-the-region-hardest-hit
https://doi.org/10.1016/j.econedurev.2005.09.002

M. Sosa, et al. / Contaduria y Administracion 65(5), Especial COVID-19, 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2020.3020

Guan W, Ni Z, Hu Y. (2020). Clinical characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020 doi: 10.1056/NEJM0a2002032. published online Feb 28.

Haas, S. (2008). Trajectories of functional health: the ‘long arm’of childhood health and socioeconomic
factors. Social science & medicine, 66(4), 849-861. DOI: 10.1016/j.socscimed.2007.11.004

Hammond, M. M., Neff, N. L., Farr, J. L., Schwall, A. R., & Zhao, X. (2011). Predictors of individual-
level innovation at work: A meta-analysis. Psychology of Aesthetics, Creativity, and the
Arts, 5(1), 90. DOI: 10.1037/a0018556

Haushofer, J., & Metcalf, J. C. E. (2020). Combining behavioral economics and infectious disease
epidemiology to mitigate the COVID-19 outbreak. Princeton University, March, 6. Disponible
en: https://focusconsulenza.com/wp-
content/uploads/2020/04/Haushofer_Metcalf_Corona_2020-03-06.pdf

Hofman, R. H., de Boom, J., Meeuwisse, M., & Hofman, W. A. (2013). Educational innovation, quality,
and effects: An exploration of innovations and their effects in secondary education. Educational
Policy, 27(6), 843-866. DOI: 10.1177/0895904811429288

Huynh, T. L. (2020). The COVID-19 risk perception: A survey on socioeconomics and media
attention. Econ. Bull, 40(1), 758-764. Disponible en:
http://www.accessecon.com/Pubs/EB/2020/Volume40/EB-20-V40-11-P64.pdf

INEGI (2020). Tasa de abandono escolar por entidad federativa segun nivel educativo, ciclos escolares
seleccionados 2000/2001 a 2018/2019. INEGI.
https://www.bing.com/search?g=inegi+abandono+escolar+2020&qgs=n&form=QBRE&sp=-
1&pg=inegi+abandono+escolar+2020&sc=0-
27&sk=&cvid=BB6988F311794A74A4C4011949748149

Kaestner, R., Schiman, C., & Ward, J. (2020). Education and health over the life cycle. Economics of
Education Review, 76, 101982. DOI: 10.1016/j.econedurev.2020.101982

Kivimaki, M., Batty, G. D., Pentti, J., Shipley, M. J., Sipila, P. N., Nyberg, S. T., & Marmot, M. G.
(2020). Association between socioeconomic status and the development of mental and physical
health conditions in adulthood: a multi-cohort study. The Lancet Public Health, 5(3), e140-
e149. DOI: 10.1016/S2468-2667(19)30248-8

Kumar, S., & Joseph, N. (2012). Drainage and sewerage system in urban India: Need for action. Indian
journal of occupational and environmental medicine, 16(3), 150. doi: 10.4103/0019-
5278.111767

Larrafiaga, P., Inza, I., y Moujahid, A. (2003). Modelos Probabilisticos para la Inteligencia Artificial y la
Mineria de Datos: Seleccion de Variables. Curso de Doctorado. Available at

http://leo.ugr.es/doctopgm/cartel.pdf. Access on 10/June/2017

20


https://doi.org/10.1016/j.socscimed.2007.11.004
https://psycnet.apa.org/doi/10.1037/a0018556
https://focusconsulenza.com/wp-content/uploads/2020/04/Haushofer_Metcalf_Corona_2020-03-06.pdf
https://focusconsulenza.com/wp-content/uploads/2020/04/Haushofer_Metcalf_Corona_2020-03-06.pdf
https://doi.org/10.1177%2F0895904811429288
http://www.accessecon.com/Pubs/EB/2020/Volume40/EB-20-V40-I1-P64.pdf
https://www.bing.com/search?q=inegi+abandono+escolar+2020&qs=n&form=QBRE&sp=-1&pq=inegi+abandono+escolar+2020&sc=0-27&sk=&cvid=BB6988F311794A74A4C4011949748149
https://www.bing.com/search?q=inegi+abandono+escolar+2020&qs=n&form=QBRE&sp=-1&pq=inegi+abandono+escolar+2020&sc=0-27&sk=&cvid=BB6988F311794A74A4C4011949748149
https://www.bing.com/search?q=inegi+abandono+escolar+2020&qs=n&form=QBRE&sp=-1&pq=inegi+abandono+escolar+2020&sc=0-27&sk=&cvid=BB6988F311794A74A4C4011949748149
https://doi.org/10.1016/j.econedurev.2020.101982
https://doi.org/10.1016/S2468-2667(19)30248-8
https://dx.doi.org/10.4103%2F0019-5278.111767
https://dx.doi.org/10.4103%2F0019-5278.111767
http://leo.ugr.es/doctopgm/cartel.pdf.%20Access%20on%2010/June/2017

M. Sosa, et al. / Contaduria y Administracion 65(5), Especial COVID-19, 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2020.3020

Leng, B., Jin, Y., Li, G., Chen, L., & Jin, N. (2015). Socioeconomic status and hypertension: a meta-
analysis. Journal of hypertension, 33(2), 221-229. DOI: 10.1097/HJH.0000000000000428

MacKay, D. J., (2003). Information theory, inference and learning algorithms. Cambridge university
press.

Markandya, A., & Wilkinson, P. (2007). Electricity generation and health. The lancet, 370(9591), 979-
990. DOI: 10.1016/S0140-6736(07)61253-7

Michalos, A. C. (2008). Education, happiness and wellbeing. Social Indicators Research, 87(3), 347-366.
DOI: 10.1007/s11205-007-9144-0

Moe, C. L., & Rheingans, R. D. (2006). Global challenges in water, sanitation and health. Journal of water
and health, 4(S1), 41-57. DOI: 10.2166/wh.2006.0043

Mohidem, N. A., Hashim, Z., Osman, M., Shaharudin, R., Muharam, F. M., & Makeswaran, P. (2018).
Demographic, socio-economic and behavior as risk factors of tuberculosis in Malaysia: a
systematic review of the literature. Reviews on environmental health, 33(4), 407-421.
DOI: 10.1515/reveh-2018-0026

Mokhtar, K. S., & Abd Rahman, N. H. (2017). Social determinants of tuberculosis contagion in
Malaysia. Annals  of  Tropical Medicine and  Public  Health, 10(5), 1215.
DOI: 10.4103/ATMPH.ATMPH_371_17

Montafio Moreno, J. J. (2017). Redes neuronales artificiales aplicadas al analisis de datos. Tesis de
Doctorado. Facultad de Psicologia, Palma de Mayorca. Espafia. Disponible en:
https://www tesisenred.net/handle/10803/944 1#page=1

Mufiiz, C., & Corduneanu, V. I. (2020). Percepcion de riesgo y consumo mediatico durante el inicio de la
pandemia de COVID-19 en México. Mas poder local, (41), 44-47. Disponible en:
https://dialnet.unirioja.es/servlet/articulo?codigo=7407223

Organizacion Mundial de la Salud. (2020). Water, sanitation, hygiene and waste management for COVID-
19. Technical brief, 03 March 2020 (No. WHO/2019-NcOV/IPC_WASH/2020.1). World
Health Organization. Disponible en: www.who.int/publications-detail/water-sanitation-
hygiene-and-waste-management-for-covid-19

Ortiz, E., Sosa, M., & Diaz, H. (2015). Educational levels and the impact of ICT on economic growth:
Evidence of a cointegrated panel. International Journal of Business and Social Research, 5(9),
15-30. DOI: 10.18533/ijbsr.v5i9.821

Paula, J. S., Leite, I. C., Almeida, A. B., Ambrosano, G. M., Pereira, A. C., & Mialhe, F. L. (2012). The
influence of oral health conditions, socioeconomic status and home environment factors on
schoolchildren's self-perception of quality of life. Health and quality of life outcomes, 10(1), 6.
doi: 10.1186/1477-7525-10-6.

21


https://doi.org/10.1097/hjh.0000000000000428
https://doi.org/10.1016/S0140-6736(07)61253-7
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11205-007-9144-0?_sg%5B0%5D=eB315l-KY-G_MehPxmdK9oeKHjuJ3T9hWzX9u9USgL6SJRgfO0hak22uM27-fCF0YlnMoqzwYHWSZYHYbcVBcn_T7w.ycrZbf2OLLpb-HSf5gHaLiO2ce5BKkkXJvLe_aEFwuCeKmJNdXk8JtHnOS8yb3_uRFUGYATfacovKCgLdOpApw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2166%2Fwh.2006.0043?_sg%5B0%5D=w0q1BPrjq7f5G9ZdCw6UmbZdxSZC_bI18mnDeqaSRNxHYtn8wBco2EBL8KvqmFPvA98fK8Jr-1Fq84ZNEWgzDBkIww.xnHYZyUTIAku3m1lE0EqiEii8bevBKLB687l0ncNKLumPOU_T_DKVR1P_k78WWUQcWHnyIM0mmFMOknxBzTiOQ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1515%2Freveh-2018-0026?_sg%5B0%5D=6845RotzHe3Lw3cuYc-Hk4PcpxZdqw3x5A8C34IvmFsY5A7QtpYMflGnFz4y4ZmIJTIsPCrrEn_mCmmnSz2dniA3bQ.UCmyCfi8U1qvkKioP6L6kNB_q3Wg9tX2-V5p_QsqMpDXsmKqdizigaxhDonPoNder_cgoBdRJwJN3rtUiULfLw
https://www.tesisenred.net/handle/10803/9441#page=1
https://dialnet.unirioja.es/servlet/articulo?codigo=7407223
http://www.who.int/publications-detail/water-sanitation-hygiene-and-waste-management-for-covid-19
http://www.who.int/publications-detail/water-sanitation-hygiene-and-waste-management-for-covid-19
http://dx.doi.org/10.18533/ijbsr.v5i9.821

M. Sosa, et al. / Contaduria y Administracion 65(5), Especial COVID-19, 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2020.3020

Pillajo Lincango, L. I. (2015). Acceso a tecnologia y modos de vida: consumo de electricidad en las clases
medias quitefias, Master's thesis, Flacso Ecuador ,Quito, Ecuador. Disponible en:
https://repositorio.flacsoandes.edu.ec/xmlui/handle/10469/7967

PNUD (2020). Desafios de desarrollo ante la COVID-19 en México. Panorama Socioecondémico. Serie de
Documentos de Politica PUblica. PNUD América Latina y el Caribe #COVID19. Disponible
en:
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COV1D%2019/U
NDP-RBLAC-CD19-PDS-Number13-Mexico.pdf

Ross, C. E., & Wu, C. L. (1995). The links between education and health. American sociological review,
719-745. DOI: 10.2307/2096319.

Roy, D., Bernal, and Lees, M. (2020). An exploratory factor analysis model for slum severity index in
Mexico City. Urban Studies, 57(4), pp. 789-805. https://doi.org/10.1177/0042098019869769

Saydah, S., & Lochner, K. (2010). Socioeconomic status and risk of diabetes-related mortality in the
US. Public health reports, 125(3), 377-388. DOI: 10.1177/003335491012500306

Shabu, S., Amen, K. M., Mahmood, K. I., & Shabila, N. P. (2020). Risk perception and behavioral
response to COVID-19 in Iraqi Kurdistan Region. DOI:
10.21203/rs.3.rs-22025/v1

Silles, M. A. (2009). The causal effect of education on health: Evidence from the United
Kingdom. Economics of Education review, 28(1), 122-128. DOI:
10.1016/j.econedurev.2008.02.003

Subramanian, S. V., Smith, G. D., & Subramanyam, M. (2006). Indigenous health and socioeconomic
status in India. PLoS Medicine, 3(10), e421. DOI: 10.1371/journal.pmed.0030421

Tang, M., Chen, Y., & Krewski, D. (2003). Gender-related differences in the association between
socioeconomic status and self-reported diabetes. International Journal of Epidemiology, 32(3),
381-385. DOI: 10.1093/ije/dyg075

Tian, Y., & Ji, W. (2017). Education and the labour market. In W. J. Morgan, Qing Gu and Fengliang Li
(Edit) Handbook of Education in China. Edward Elgar Publishing.

Tsakos, G., Sheiham, A., lliffe, S., Kharicha, K., Harari, D., Swift, C. G., ... & Stuck, A. E. (2009). The
impact of educational level on oral health-related quality of life in older people in
London. European journal of oral sciences, 117(3), 286-292. DOI: 10.1111/j.1600-
0722.2009.00619.x

Universidad Iberoamericana (2020). Encuesta de Seguimiento de los Efectos del COVID-19 en el
Bienestar de los Hogares Mexicanos (ENCOVID-19). Instituto de Investigaciones para el
Desarrollo con Equidad (EQUIDE).

22


https://repositorio.flacsoandes.edu.ec/xmlui/handle/10469/7967
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COVID%2019/UNDP-RBLAC-CD19-PDS-Number13-Mexico.pdf
https://www.latinamerica.undp.org/content/dam/rblac/Policy%20Papers%20COVID%2019/UNDP-RBLAC-CD19-PDS-Number13-Mexico.pdf
https://doi.org/10.1177%2F0042098019869769
https://doi.org/10.1177/003335491012500306
https://doi.org/10.1016/j.econedurev.2008.02.003
https://doi.org/10.1371/journal.pmed.0030421
https://doi.org/10.1093/ije/dyg075
https://doi.org/10.1111/j.1600-0722.2009.00619.x
https://doi.org/10.1111/j.1600-0722.2009.00619.x

M. Sosa, et al. / Contaduria y Administracion 65(5), Especial COVID-19, 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2020.3020

UNAM (2020). Condiciones de habitabilidad en las viviendas y el entorno urbano ante aislamiento por la
Covid-19. Primer Informe. 11 de Mayo. https://www.colef.mx/estudiosdeelcolef/condiciones-
de-habitabilidad-de-las-viviendas-y-del-retorno-urbano-ante-el-aislamiento-social-impuesto-
por-el-covid-19/

Van Bavel, J. J., Baicker, K., Boggio, P. S., Capraro, V., Cichocka, A., Cikara, M., ... & Drury, J. (2020).
Using social and behavioural science to support COVID-19 pandemic response. Nature Human
Behaviour, 1-12. Disponible en: https://www.nature.com/articles/s41562-020-0884-z

Velo Garcia, E. (2006). Desafios del sector de la energia como impulsor del desarrollo
humano. Cuadernos Internacionales de Tecnologia para el Desarrollo Humano, 2006, nim. 5.
Disponible en: https://Jupcommons.upc.edu/handle/2099/2014

Yang, X., Yu, Y., Xu, J., Shu, H., Liu, H., Wu, Y., ... & Wang, Y. (2020). Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. The Lancet Respiratory Medicine. doi: 10.1016/S2213-
2600(20)30079-5.

World Bank (2020). Gini Index Mexico. The World Bank.
http://www.socialprotectionet.org/sites/default/files/inequality_oxfam.pdf

Zhang, J. J., Dong, X., Cao, Y. Y., Yuan, Y.D., Yang, Y. B, Yan, Y. Q., ... & Gao, Y. D. (2020). Clinical
characteristics of 140 patients infected with SARS-CoV-2 in Wuhan, China. Allergy. doi:
10.1111/al1.14238.

Ziccardi, A. (2016). Poverty and urban inequality: The case of Mexico City metropolitan region.
UNESCO. John Wiley on Line Library.
https://onlinelibrary.wiley.com/doi/abs/10.1111/issj.12070

23


https://www.colef.mx/estudiosdeelcolef/condiciones-de-habitabilidad-de-las-viviendas-y-del-retorno-urbano-ante-el-aislamiento-social-impuesto-por-el-covid-19/
https://www.colef.mx/estudiosdeelcolef/condiciones-de-habitabilidad-de-las-viviendas-y-del-retorno-urbano-ante-el-aislamiento-social-impuesto-por-el-covid-19/
https://www.colef.mx/estudiosdeelcolef/condiciones-de-habitabilidad-de-las-viviendas-y-del-retorno-urbano-ante-el-aislamiento-social-impuesto-por-el-covid-19/
https://www.nature.com/articles/s41562-020-0884-z
https://upcommons.upc.edu/handle/2099/2014
http://www.socialprotectionet.org/sites/default/files/inequality_oxfam.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/issj.12070

