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Abstract

The COVID-19 pandemic has triggered an unprecedented social and economic crisis.
This study aims at investigating the impact of socio-economic indicators on the levels of
COVID-19 (confirmed and death cases) in sub-Saharan Africa. The investigation makes
use of the readily accessible public data: we obtain COVID-19 data from Johns Hopkins
and socio-economic indicators from the World Bank. The socio-economic indicators (inde-
pendent variables) used in the multilinear regression were GDP per capita, gross national
income per capita, life expectancy, population density (people per sq. km of land area), the
population aged 65 and above, current health expenditure per capita and total population.
The dependent variables used were the COVID-19 confirmed and death cases. Amongst
the seven socio-economic indicators, only 4 showed a statistically significant impact on
COVID-19 cases: population density, gross national income per capita, population aged
65 and above and total population. The obtained R> of 69% and 63% indicated that the
socio-economic indicators captured and explained the variation of COVID-19 confirmed
cases and COVID-19 death cases, respectively. The startling results obtained in this study
were the negative but statistically significant relationship between COVID-19 deaths and
population density and the positive and statistically significant relationship between gross
national income per capita and COVID-19 cases (both confirmed and deaths). Both these
results are at odds with literature investigating these indicators in Europe, China, India and
the UK.
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Fig. 1 Restrictive measures and lockdowns in South Africa during COVID-19. Source: Authors’ computa-
tion and illustration based on COVID-19 data obtained from Johns Hopkins

Introduction

In December 2019, the novel coronavirus (COVID-19) was discovered in Wuhan City1 and
quickly spread throughout the world, bringing many countries’ socio-economic systems to
a standstill. In order to curb the spread of the virus, many countries implemented a variety
of public health policies, such as travel bans, social distancing, quarantine in hospitals and
government-designated areas, strict limits on the size of public gatherings and curfews. In
the same frame of mind, Hartley and Perencevich (2020) asserted that these measures aim
to reduce the spread of further infection and prevent health system strain. The implementa-
tion of these restrictive measures has produced varying results across sub-Saharan Afri-
can countries. In some cases like in South Africa, the lockdowns seemed to have reduced
COVID-109 cases (see Fig. 1). In other sub-Saharan African countries, for example in Cam-
eroon, there were no clear results indicating a significant reduction in COVID-19 cases
(see Fig. 2).

Given this caveat, socio-economic indicators could be used to study the differences in
COVID-19 outcomes between sub-Saharan African countries. Applying socio-economic
indicators can potentially aid in understanding the trends of the spread of the virus and
could also assist in the formulation of strategic policies to mitigate the socio-economic con-
sequences of the COVID-19 pandemic. We hypothesise that there is an interplay between
socio-economic indicators and COVID-19 cases (confirmed and death cases). It has been
suggested that the pandemic might be particularly detrimental in less-developed countries.

There are two strands of literature studying the correlation of COVID-19 cases and
socio-economic indicators. The first strand is the literature focusing on the spread of
COVID-19, like those of Mihoub et al. (2020). The second strand of literature describes
correlations between socio-economic status, demographic factors and COVID-19. For
example, the relationship between demographic factors such as old age and COVID-19
was investigated in the study of Applegate and Ouslander (2020). The socio-economic
implications of COVID-19 were investigated by Alsafi et al. (2020). Other studies have

1 20,200,121-sitrep-1-2019-ncov.pdf (who.int).
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Fig.2 Restrictive measures and lockdowns in Cameroon during COVID-19. Source: Authors’ computation
and illustration based on COVID-19 data obtained from Johns Hopkins

investigated non-socio-economic indicators and explored the interplay of COVID-19 with
ethnicity, for example, in the study of Pareek et al. (2020). However, it has to be understood
that these individual factors are likely to be influenced by various country-specific param-
eters including lockdown policies, public expenditure in health and other country-specific
determinants such as level of sanitation, healthcare support, number of acute care beds,
hospital beds and number of physicians.

Our paper adds to the growing body of literature on COVID-19 trends and socio-eco-
nomic indicators. In comparison with existing literature, this study conducts a multilinear
regression and correlation between COVID-19 cases and seven socio-economic indicators
in a set of 40 sub-Saharan African countries. The 40 countries used in this study were
selected based on data availability for the socio-economic indicators. We accessed publicly
available COVID-19 data from Johns Hopkins. The country-specific socio-economic vari-
ables were obtained from the World Bank.

Data and methodology

We conduct a multilinear regression analysis of all the sub-Saharan African countries.
Data for the study have been taken from various secondary sources like Johns Hopkins and
the World Bank. Socio-economic indicators were extracted from the World Bank website.
Due to many missing values for 2019 and 2020, the 2018 data were extracted. A similar
approach was adopted in a study by Mihoub et al. (2020) that applied machine learning
techniques to predict COVID-19 cases in a multi-country model. Due to many missing
indicators, Mihoub et al. (2020) implemented a machine learning model on COVID 2020
data using socio-economic indicators from 2017. The stages of data preparation to running
the model and obtaining the results are summarised below:

Data Collection and Assembly We obtained data from the World Bank API from which
we extracted the socio-economic indicators. We proceeded by obtaining data from Johns
Hopkins to extract COVID-19 data.
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Table 1 Variables and data sources

Variables Data sources

COVID-19 Data

COVID-19 (confirmed, Data was extracted from Johns Hopkins and it was accessed at the following
deaths, active and recov- link: https://raw.githubusercontent.com/Lucas-Czarnecki/COVID-19-
ered cases) CLEANED-JHUCSSE/master/COVID-19_CLEAN/csse_covid_19_time_

series_cleaned/time_series_covid19_cases_tidy.csv

Socio-economic indicator name World Bank indicator code Source

Socio-economic indicators data

Current health expenditure per capita (current US$) ~ SH.XPD.CHEX.PC.CD For this analysis,
Population density (people per sq. km of land area) ~ EN.POP.DNST the following
Life expectancy at birth, total (years) SP.DYN.LEOO.IN ;f;cﬁgs:blf;;s: )
Population aged 65 and above, total SP.POP.65UP.TO data.worldbank.
GDP per capita (current US$) NY.GDP.PCAP.CD org/

Population, total SP.POP.TOTL

Gross national income per capita Cl1.8

Data pre-Processing In both datasets of COVID-19 cases and socio-economic indica-
tors, we treated missing values and changed the format of the feature variables to numeri-
cal. As part of pre-processing, we obtained only a subset of sub-Saharan African countries
from the data sets and we merged the two datasets using the country as a unique identifier.

Feature selection before running the model We obtained a covariance matrix of fea-
tures and produced a heatmap to get a high-level overview of the relationship between the
COVID-19 cases and the socio-economic indicators.

Model simulation in python 3.6 Once the above three stages were completed (data col-
lection and assembly, data pre-processing and feature selection), we ran the multilinear
regression model on the merged data set and obtained results.

Data sources and variables used

The variables and data sources used are shown in Table 1.

We provide the reasons for selecting the specified variables in Table 1:

Current health expenditure This variable measures the preparedness of a country with
respect to the COVID-19 outbreak. A high level of expenditure on health signifies that a
country is health infrastructure ready to tackle the COVID-19 pandemic.

Gross national income per capita This variable was included to analyse the impact of
income on the incidence of the COVID-19.

Population This variable was included because it can burden the national health facili-
ties, especially in a health crisis.

Life expectancy at birth This variable indicates the number of years a newborn baby
can live; it would enable an examination of the effect of higher life expectancy on health
resources.

Population aged 65 and above There have been studies that showed that COVID-19
casualty is higher in countries with a large aging population.
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Fig.3 Heat map showing the correlation of socio-economic indicators and COVID-19 cases for sub-Saha-
ran African countries. Source: Authors’ computation and illustration based on COVID-19 data obtained
from Johns Hopkins and socio-economic data obtained from the World Bank

GDP per capita This variable was included because it reflects access to affordable
healthcare. It would be expected that countries with higher GDP per capita will have lower
COVID-19 fatalities.

We proceed by finding the correlation of the defined variables above to determine how
COVID-19 cases are related to the socio-economic indicators. Positive correlations would
indicate that an increase in one value of one variable increases the value of the target vari-
able and a negative correlation would indicate that an increase in one value of a variable
decreases the value of the target variable. The heat map shown in Fig. 3 makes it easy to
identify the socio-economic indicators which are most related to the COVID-19 cases.

The red colour indicates strong perfect correlations whereas the blue colour indicates
weak correlations between the data points. For example, the correlation between COVID-
19 cases and the population was 0.81 and 0.77 per the confirmed and death cases, respec-
tively, whereas the correlations between COVID-19 cases and the population aged 65 and
above were 0.84 and 0.79 for the confirmed and death cases, respectively. The population
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density, current health expenditure per capita, GDP per capita and gross national income
per capita all have low but negative correlations with COVID-19 cases.

Descriptive statistics

The software package used to produce the descriptive statistics in Table 2 was python 3.6.

The descriptive statistics in Table 2 shows that 40 sub-Saharan African countries
were used in this study (Angola, Benin, Botswana, Burkina Faso, Burundi, Carpo Verde,
Cameroon, Central Africa Republic, Chad, Comoros, Congo Republic, Djibouti, Equato-
rial Guinea, Eritrea, Eswatini, Ethiopia, Gabon, Ghana, Guinea-Bissau, Kenya, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger,
Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Somalia,
South Africa, South Sudan, Togo. The mean, standard deviations, max and percentiles of
all the variables are shown in Table 2. Taking the number of confirmed COVID-19 cases as
an example, the reported mean is 14,609,203 with a min of 227,314, a max of 336,055,190
and a standard deviation of 52,863,638.

It is critical to understand the correlation between the age demographics and the number
of COVID-19 cases. The younger the population of a country, the less likely is its popula-
tion to die of COVID-19 hence low reported death cases in a country because the virus
takes down a larger proportion of people above 60 or 65. Therefore, we anticipate a posi-
tive correlation between COVID-19 confirmed cases and the proportion of people above
60 or 65. The scatter plot in Fig. 4 indicating the spread of sub-Saharan African countries
versus COVID-19 death cases shows that South Africa, with a life expectancy of about 65
recorded the largest COVID-19 related deaths, and countries such as Seychelles, Mauritius
Sao Tome, with the highest life expectancy of 70+ recorded the lowest number of deaths in
sub-Saharan Africa. Countries such as Lesotho, Sierra Leone, the Central Africa Republic
with a life expectancy lower than 55 recorded COVID- 19 deaths which are almost equal.
Moreover, Fig. 4 shows that countries with similar life expectancy values recorded very
close numbers of COVID-19 deaths, and this condition underlines the notion that there is
an effect of life expectancy on COVID-19 cases (deaths), and we shall explore and test the
statistical significance of this relationship in the OLS estimation. This scatter plot is in the
same frame of mind as Verity et al. (2020), who found out that higher COVID-19 mortality
rates are reported in countries with high life expectancy (> 70 years) than those countries
with lower (<70 years) life expectancy. In the same vein, Aburto et al. (2021) asserted that
the study of life expectancy in the context of the COVID-19 pandemic matters because
it enables us to compare the cumulative impacts of the pandemic against past mortality
shocks and recent trends across different countries.

Berkman et al. (2014) and Swift (2011) documented that a two-way relationship
between a country’s performance and good health might exist due to the fact that
health may actually drive economic performance. The scatter plot in Fig. 5 shows that
SSA countries with higher GDP per capita have higher confirmed and death cases. In
contrast to European countries, Pardhan and Drydakis (2021) reported a statistically
significant negative association between GDP per capita and new cases of COVID-
19 during the first wave (1 April-31 May 2020) in 38 European countries. Moreover,
Fig. 6 shows that a few SSA countries with higher health expenditure per capita (South
Africa) reported higher numbers of COVID-19 confirmed and death cases. Mauritius
and Seychelles have the highest health expenditure per capita and reported amongst the
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Fig.4 Scatter plot of life expectancy versus COVID-19 cases (confirmed and death cases) in sub-Saharan
African countries. Source: Authors’ computation and illustration based on COVID-19 data obtained from
Johns Hopkins and socio-economic data obtained from the World Bank

lowest confirmed and death cases. Eurostat (2021) explained that healthcare expendi-
ture quantifies the economic resources dedicated to health functions, excluding capital
investment. Against this backfall, we argue that it would be expected that sub-Saharan
African countries with higher health expenditure per capita are infrastructure ready to
respond and stem the spread of COVID-19.
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Econometric specification

Seber and Lee (2012) argued that linear regression analysis can be critical in understand-
ing the specific dynamics of a certain phenomenon. In this study, we employ multiple linear
regression on COVID-19 death and confirmed cases as the dependent variables and socio-
economic indicators as independent variables. Our baseline econometric specification/model
is specified in Eq. 1 for COVID-19 death cases and Eq. 2 for COVID-19 confirmed cases.

COVID - 19(death cases) — ﬁO + Z ﬁiXi t+e (1)

i=1

COVID - 19(c0nﬁrmed cases) — ﬁO + Z ﬂiX[ +¢€ (2)

i=1

where f, is the constant and f; refers to the regression coefficients. X; refers to the mul-
tivariate socio-economic indicators and € is these error term, and we make the standard
assumption that the variance of the error term is similar across the values of the independ-
ent variable (Homoscedasticity).

The null hypothesis states that there is no impact of socio-economic variables on the num-
ber of COVID-19 cases (confirmed and deaths).

The alternative hypothesis There is an impact of socio-economic variables on the number
of COVID-19 cases (confirmed and deaths).
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Fig.8 Q-Q plot to test for the distribution of the data

Heteroskedasticity test

There are several ways to test for heteroskedasticity. Amongst others, these include visu-
alising a plot of residuals and predicted values and using a Breusch—Pagan test. Figure 7
shows a scatter plot of residuals and predicted values. We use the figure to detect non-
linearity, error variances and outliers in the model. The illustration in Fig. 7 graph indi-
cates that the data is homoscedastic, meaning the error terms have constant variance.

In case the data was heteroskedastic, the illustration would have shown a funnel
shape which would have meant that the error terms have non-constant variance.

Normal distribution

To test for the distribution of the data points we use a quantile—quantile (Q—Q) plot. The
assessment of the Q—Q plot in Fig. 8 shows that the data conforms to a normal distribu-
tion. The caveat we make here is that the Q—Q plots can also be ambiguous.

Predicted versus actual values

To test how well the model approximates the actual data, we compare the predicted val-
ues of the model against the actual response variable (in a scatter plot). Figure 9 illus-
trates the predicted versus the actual values of COVID-19 death cases. It shows most of
the data points clustered around the red dotted 45-degree line.
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In the same manner, Fig. 10 gives insights into the model performance by showing
the scatter plot of the predicted versus the actual values of the confirmed cases. Most of
the data points are clustered around the red dotted 45-degree line.
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Table3 OLS regressions of COVID-19 confirmed cases and socio-economic indicators in sub-Saharan
African countries

Model )] (@) 3 “ (5) (6) M
Const 15.92%*%* 8.10%** 1.83 —-495 —-6.00 -6.03 —18.61*
(0.74) (1.50) (2.15) (8.46) (8.57) (8.69)  (9.70)
Log population density -0.21 -021 -0.16 -020 -020 -0.22 -0.20
0.17) 0.13) (0.11)  (0.12)  (0.12)  (0.13)  (0.12)
Log population aged 65 and above, 0.63%*** (.78%** (.79%** (.82%** (0.81*** —0.77
total 0.11)  (0.11) (0.11)  (0.11)  (0.11)  (0.67)
Log gross national income per 0.58%** (.52%** (.23 0.69 2.16
capita 0.16) (0.18) (0.37) (1.71) (1.71)
Log life expectancy at birth, total 1.75 2.09 2.14 3.56
(years) Q1) @215 (219 (214
Log health expenditure per capita 0.33 0.33 0.63
(0.38)  (0.38) (0.38)
Log GDP per capita (current US$) -047 -191
(1.69)  (1.69)
Log population, total 1.57%%*
(0.66)
R-squared 0.04 0.48 0.62 0.63 0.64 0.64 0.69
R-squared Adj 0.01 0.45 0.59 0.59 0.58 0.57 0.63
R-squared 0.04 0.48 0.62 0.63 0.64 0.64 0.69
No. observations 40 40 40 40 40 40 40

Standard errors in parentheses
*p<.1; ¥¥p<.05; #*¥p < .01

Results and discussion

This section provides a combined results and discussion overview for the econometric
specification used in this study. In this study, caution must also be taken to interpret the
OLS estimation results as associations between COVID-19 and socio-economic indicators
and not as causal effects.

Running the model produced results of p-values indicating statistical significance.
Based on the regression of COVID-19 confirmed cases and socio-economic indicators;
population aged 65 and above reported p <0.01, gross national income per capita reported
p<0.01 and total population p<0.05 all reported statistically significant values indicat-
ing strong evidence against the null hypothesis. Therefore, we reject the null hypothesis
and accept the alternative hypothesis, i.e. population aged 65 and above, gross national

2

2 When performing a statistical test, a p-value helps determine the significance of the results in relation to
the null hypothesis. In principle, a p-value, or probability value, is a number describing how likely it is that
the given data would have occurred by random chance (i.e., the null hypothesis is true. A p-value less than
0.05 (typically <0.05) is statistically significant. It indicates strong evidence against the null hypothesis, as
there is less than a 5% probability that the null is correct (and the results are random). Therefore, we reject
the null hypothesis and accept the alternative hypothesis).
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Table4 OLS regression of COVID-19 death cases and socio-economic indicators in sub-Saharan African
countries

Model M ) (3) C)) (5) (6) @
Const 12.19%%* 3.54*%%  —1.76 —-253 —-4.12 —-4.06 —11.53
(0.81) (1.60) (2.45) 9.72) .77 9.87) (11.71)
Log population density -0.31 —-0.31%*% —0.27** —-0.27%* -0.28** —-0.25 -0.24
(0.19) (0.14) (0.13) 0.14)  (0.14) (0.15)  (0.15)
Log population aged 65 and 0.70%** (.83*** (.83*%** (.86%** (.87*** —0.07
above, total (0.12)  (0.12)  (0.12) (0.13)  (0.13)  (0.81)
Log gross national income per 0.49%*%  0.48** 0.05 -095 -0.08
capita (0.18)  (020) (043)  (1.94) (2.07)
Log life expectancy at birth, total 0.20 0.72 0.62 1.47
(years) (242) (245 (249) (2.58)
Log health expenditure per capita 0.50 0.49 0.67
(0.43) (0.43) (0.46)
Log GDP per capita (current 1.01 0.15
Us$) (192)  (2.04)
Log population, total 0.93
(0.80)
R-squared 0.07 0.51 0.60 0.60 0.61 0.62 0.63
R-squared Adj 0.04 0.49 0.56 0.55 0.56 0.55 0.55
R-squared 0.07 0.51 0.60 0.60 0.61 0.62 0.63
No. observations 40 40 40 40 40 40 40

Standard errors in parentheses
*p<.1; ¥¥p<.05; #*¥p < .01

income per capita and total population have a statistically significant impact on the con-
firmed cases, as shown in Table 3.

Taking into account the regression of COVID-19 death cases and socio-economic
indicators; population density reported p <0.05, population aged 65 and above reported
p<0.01, gross national income per capita reported p <0.05. Therefore, we reject the null
hypothesis and accept the alternative hypothesis, i.e. population aged 65 and above, gross
national income per capita and population density have a statistically significant impact on
the confirmed cases, as shown in Table 4.

Model 7 (contains all socio-economic variables) shown in Table 3, explains 69% of the
variability of COVID-19 confirmed cases whereas the same model explains 63% of the
variability of the COVID-19 death cases (see Table 4). The R squared term increases with
the addition of features (socio-economic indicators) from Model 1, which only had popula-
tion density, to Model 7, which had all the seven socio-economic indicators. The results
show an inverse relationship between COVID-19 cases and log GDP per capita (current
USS$) and log population density although it is statistically not significant.

Table 4 shows that the variable population aged 65 and above has a statistically sig-
nificant relationship with COVID 19 death cases reporting p <0.01. Gross national income
per capita reported p<0.05 and population density reported (p <0.1). While the popula-
tion density has indicated a negative impact on the COVID-19 death cases, the population
aged 65 and above and the gross national income per capita both have indicated a positive
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relationship. The gross national income per capita result seems to be counter-intuitive. A
positive relationship is characteristic of a developed country which implies a better testing
for COVID-19, better reporting of data and a lesser number of missed deaths attributable to
other causes when in fact it could have been caused by COVID-19.

A very surprising result is the negative relationship between population density and
COVID-19 deaths, as shown in Table 4. This result is at odds with Feng et al. (2020), who
asserted that population density increases the risk of transmission of COVID-19. We argue
that sub-Saharan African countries were early in implementing a mixture of COVID-19
measures. The early lockdowns, reduction in the number of social gatherings, school clo-
sures and social distancing measures may have diluted the impact of the population den-
sity. Another startling result was the significant positive association between gross national
income per capita and COVID-19 death cases (p <0.05) in models 3 and 4. Moreover, the
non-significant positive relationship between the COVID-19 deaths and health expenditure
per capita was surprising. In support of our result, a study by Khan et al. (2020) argued that
healthcare capacity or functionality from an infectious disease perspective might be sensi-
tive to decisions about allocation well in advance of the pandemic. The health expenditure
per capita in developing sub-Saharan Africa cannot be compared to developed countries
since they have greater expertise and relatively greater resources at a grassroots level to
respond to a pandemic.

Conclusion

The socio-economic policy of a specific country constitutes an interesting source of infor-
mation and gives relevant insights into COVID-19 confirmed and death cases. The dis-
parities in the reported COVID-19 cases during the lockdown indicate that other factors
determine the trajectory of the spread of COVID-19. Some epidemiology studies from the
US, UK, India and Taiwan, report that there is an impact of socio-economic indicators on
COVID-19. Therefore the premise of this study was to ascertain the nature of the rela-
tionship between COVID-19 cases and socio-economic indicators (GDP per capita, gross
national income per capita, life expectancy, population density, the population aged 65 and
above, current health expenditure per capita and population).

Our findings indicate that a statistically significant relationship was noted between
COVID-19 cases and only 4 of the socio-economic indicators (population density, gross
national income per capita, the population aged 65 and above, as well as total popula-
tion). We expected a positive correlation between population density and COVID-19
deaths. However, our results contradicted our expectations as we found a statistically
significant but negative relationship between population density and COVID-19 deaths.
Another result that was at odds with expectations was the positive correlation between
gross national income per capita and COVID-19 death cases. On the one hand, it might be
expected that higher gross national income per capita indicates the country’s readiness for
containing pandemics. On the other hand, it can be argued that countries with higher gross
national income have the most economic activity and connections to international airports
and ports of entry. The high movement in and out of these countries might have contrib-
uted to the spread of COVID-19 hence a higher number of infections and consequently
higher mortalities. Another unexpected result was the positive relationship between the
COVID-19 deaths and health expenditure per capita. Intuitively, the relationship between
health expenditure per capita and deaths would be negative. High health expenditures per
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capita are a proxy for a more ‘pandemic ready health system’ as investments are channelled
towards obtaining sufficient hospital beds, medical professionals, emergency care units and
medical laboratories.

Our findings back up the argument that socio-economic indicators can be used to eluci-
date scholars and scientists on non-medical factors contributing to the increasing infections
in sub-Saharan Africa. We caution that COVID-19 case data may change as sub-Saharan
African countries improve their testing capacities and improve on the underreported cases.
The current rise that is prevalent in sub-Saharan African countries may also be attributed
to countries’ ability to increase their tests. This means more COVID-19 deaths in SSA
countries will likely be reported, which may change current multilinear regression results.
For sub-Saharan African countries, there is hardly any analysis of gender-differentiated
socio-economic indicators on COVID-19. Future studies should include gendered sociode-
mographic variables at the country level in sub-Saharan Africa. This will enable the explo-
ration and recommendations of public health policies that can narrow the gender inequali-
ties and enhance equitable access to targeted measures of infection protection.

Data availability The datasets generated during and/or analysed during the current study are available at the
following weblinks: https://raw.githubusercontent.com/Lucas-Czarnecki/COVID-19-CLEANED-JHUCS
SE/master/COVID-19_CLEAN/csse_covid_19_time_series_cleaned/time_series_covid19_cases_tidy.csv.
This data source provides daily reported COVID-19 cases for all sub-Saharan Africa. https://data.world
bank.org/. This data source provides a range of aggregate measures of the socio-economic indicators used
in this study.
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