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Abstract

Background The Coronavirus Disease (COVID-19) caused by SARS-CoV-2 infections remains a significant health
challenge worldwide. There is paucity of evidence on the influence of the universal health coverage (UHC) and global
health security (GHS) nexus on SARS-CoV-2 infection risk and outcomes. This study aimed to investigate the effects of
UHC and GHS nexus and interplay on SARS-CoV-2 infection rate and case-fatality rates (CFR) in Africa.

Methods The study employed descriptive methods to analyze the data drawn from multiple sources as well used
structural equation modeling (SEM) with maximum likelihood estimation to model and assess the relationships
between independent and dependent variables by performing path analysis.

Results In Africa, 100% and 18% of the effects of GHS on SARS-CoV-2 infection and RT-PCR CFR, respectively were
direct. Increased SARS-CoV-2 CFR was associated with median age of the national population (3 =-0.1244, [95% CI:
-0.24,-0.01], P=0.031); COVID-19 infection rate (3 = -0.370, [95% Cl: -0.66, -0.08], P=0.012 ); and prevalence of obesity
among adults aged 18 +years (3=0.128, [95% Cl: 0.06,0.20], P=0.0001) were statistically significant. SARS-CoV-2
infection rates were strongly linked to median age of the national population (3=0.118, [95% Cl: 0.02,0.22 ], P=0.024);
population density per square kilometer, (3 =-0.003, [95% Cl: -0.0058, -0.00059], P=0.016 ) and UHC for service cover-
age index (3=0.089, [95% Cl: 0.04,0.14, P=0.001) in which their relationship was statistically significant.

Conclusions The study shade a light that UHC for service coverage, and median age of the national population,
population density have significant effect on COVID-19 infection rate while COVID-19 infection rate, median age of
the national population and prevalence of obesity among adults aged 18+ years were associated with COVID-19
case-fatality rate. Both, UHC and GHS do not emerge to protect against COVID-19-related case fatality rate.
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Introduction

Coronavirus disease 2019 (COVID-19) was declared as
a global pandemic by the World Health Organization
(WHO) on March 11, 2020. It is affecting all continent
across the globe [1-3] and is described as the greatest
global health threat [4]. As of May 4, 2022 globally, over
3.8 million cases and over 15 000 deaths were reported
during the week of 25 April through 1 May 2022, in which
a decreases 17% and 3% respectively. The cumulative
number of confirmed cases reported globally is now over
500 million and the cumulative number of deaths is more
than 6 million as of 1 May 2022 [5]. COVID-19 poten-
tially being a leading cause of mortality in 2020 and 2021
[6]. Low middle income countries (LMIC) may experi-
ence far worse mortalities considering the existence of a
weak health care system and several underlying popula-
tion level morbidities. As a result, it becomes evidenced
to understand the ecological correlation between critical
underlying population level morbidities and COVID-19
case fatality rates (CFR) [7]. The actual number of infec-
tions in many countries remains underestimated and
under-reported due to the asymptomatic nature of the
infection and inadequate testing and surveillance system
[8].

The COVID-19 pandemic has placed enormous strain
on countries around the world, exposing long-standing
gaps in public health and exacerbating chronic inequi-
ties. By assessing the ability of health systems to manage
and analyze the spread of COVID-19 from the perspec-
tive of two key approaches to global health policy—global
health security (GHS) and universal health coverage
(UHC)—important lessons can be drawn for how to align
varied priorities and objectives in strengthening health
systems and fostering resilience moving forward [9, 10].
The GHS index is the first comprehensive assessment of
countries’ preparedness for outbreaks response through
evaluating the health security and related capabilities of
195 countries that are Parties to the International Health
Regulations (2005) [11]. UHC depends on access to com-
prehensive, appropriate, timely, and quality health ser-
vices, without financial burden. Although UHC enables
primary health care(PHC) systems and improves the
accessibility of health services, in practice there is a ten-
dency for UHC interventions to neglect infectious dis-
ease threats and inadequately manage the core capacities
of public health while focusing more on health insurance
and individual health services [10, 12—14]. Meanwhile,
access to essential services represents the lowest capac-
ity in most countries of the WHO African region, spe-
cifically due to poor physical access to services [15]. The
resilience of a health system, as an example from Ebola-
affected countries, need efforts to not only restore how
the system functioned before the crisis but to transform
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and fundamentally improve the health system [16, 17].
In addition to this, the wider lessons from the Ebola
epidemic emphasize the urgency to reach consensus on
transformative initiatives with the potential to mitigate
risks of another emergency similar to that of Ebola [17,
18]. A system with strategies for social protection, cost-
effective PHC, inclusive leadership, and adequate public
financing can guarantee quality services for all, especially
in fragile contexts where poverty, overcrowded hous-
ing, and inadequate resources make communities most
susceptible [9, 19]. The COVID-19 pandemic highlights
how fragmented and underfunded health systems are
globally [9], with more disruption in the health system
being seen in Africa, where the health system is already
characterized by weak, folded in crisis with nations that
are generally impacted by armed conflict [20-23]. As the
pandemic continues, healthcare systems may be over-
whelmed in Africa demonstrated by skilled healthcare
workers are in short supply and 1-5% of the intensive
care unit beds per capita [23]. There is a paucity of evi-
dence on the nexus and interplay of universal health cov-
erage and global health security on the dynamics of the
COVID-19 infection and case-fatality rates. Within this
stand in mind, the aim of this study was to investigate
the role of universal health coverage and global health
security nexus and interplay on COVID-19 infection and
case-fatality rates in Africa.

Methods

Study design and population

In this ecological study, we investigate the role of UHC
and GHS nexus and interplay on COVID-19 infec-
tion and case-fatality rates in Africa. The list of African
countries included in this study is attached in the sup-
plementary file (Additional file 1). The study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Data collection and extraction

Data for this paper was drawn from multiple sources,
wherein epidemiological data on COVID-19 cases,
deaths, and recoveries were collected from the inter-
national databases on the Worldometer website as of
June 26, 2021 [24]. Only laboratory diagnosis and con-
firmed cases of COVID-19 infection using real-time
reverse-transcriptase-polymerase chain reaction [RT-
PCR]) were used. COVID-19 data have been reported
on a daily basis for all countries across the globe, in
which this particular study focus on 54 African coun-
tries wherein the data are available and included in
the analysis. Country-level data on the preparedness
to prevent, detect, respond, health, norms and risk
to infectious disease threats using the Global Health
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Security (GHS) index (https://www.ghsindex.org) [25].
Data for each country-level analysis were obtained
from the Our World in Data (https://ourworldindata.
org/) [26]; World Health Organization (WHO) Global
Health Observatory Repository (https://www.who.
int/data/gho) [27] and the World Bank’s World Devel-
opment Indicators (https://databank.worldbank.org/
source/world-development-indicators) [28].

Variables used in the study

Dependent variables

Observed COVID-19 case fatality and infection rates
were the dependent variables of this study, in which the
former one was defined as the proportion of people who
die from COVID-19 among all individuals diagnosed
with COVID-19 and considered per 10,000 COVID-
19 positive cases. COVID-19 infection rate was defined
as the proportion of people who were COVID-19 posi-
tive among susceptible population (considered as the
total population to calculate the infection rate per 10,000
population).

Explanatory variables

UHC for service coverage index and GHS index

UHC for service coverage index and overall GHS index
were the core explanatory variables. They were primary
variables of interest for this study. Universal health ser-
vice coverage index data were obtained from the WHO
Global Health Observatory Repository. The index reflects
the extent to which people receive healthcare services
they need. Data used to calculate the index were obtained
from different databases. It represents coverage for
essential health services (based on tracer interventions
that include reproductive, maternal, newborn and child
health, infectious diseases, non-communicable diseases
and service capacity and access).It is presented on a scale
of 0 to 100 with higher values indicating greater coverage.
The data for 2017 were used for this study [29].

The 2019 Global Health Security Index (GHS Index)
is designed as the first comprehensive assessment and
benchmarking of health security and capabilities across
195 countries in order to assess the country’s ability to
avert and mitigate infectious disease outbreaks that can
lead to international epidemics and pandemics. The
report summarizes the results of the first Global Health
Security Index, which includes a component to prevent,
detect, and respond, health, norms and risk to infectious
disease threats in the country. The GHS Index is a project
of the Nuclear Threat Initiative (NTI) and the Johns Hop-
kins Center for Health Security (JHU) and was developed
with The Economist Intelligence Unit (EIU) [25].
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Additional control variables

In addition to the UHC for service coverage index and
GHS index, there are other variables that determine
observed COVID-19 case fatality and infection rates.
In order to assess effects of these variables on COVID-
19 case fatality and infection rates, the study included in
the analysis as control variables set. Based on the previ-
ous research results, we selected the following indicators
as a covariate to assess social risk factors for suscepti-
bility and acquire infection and case fatality rate. These
included the median age of the national population, pop-
ulation density per square kilometer; the prevalence of
obesity among adults aged 18 + years expressed as a body
mass index (BMI) >30 kg/m?, percentage who currently
use tobacco, the ambient and household air pollution
attributable death rate (per 100,000 population), and dis-
ease specific mortality of chronic obstructive pulmonary
disease (COPD).

The details description of the explanatory variables
such as of the UHC for service coverage and GHS com-
ponent as well as other covariates is attached in the sup-
plementary annex ( Additional file 2).

Statistical analysis

A cross-sectional data on the total number of COVID-19
cases and deaths reported as of June 26, 2021 were used
to estimate association of the case fatality and infection
rates with that of health, comorbidities and country level
characteristics on this date. The data collected in CSV
format was exported into Microsoft excel 2017 com-
puter program package. Descriptive data were reported
for categorical variables and expressed as frequencies and
percentages, while continuous variables were expressed
in terms of arithmetic means and standard deviations
(SDs) as well as median, IQR and minimum and maxi-
mum values. Employing Structural Equation Modeling
(SEM) with maximum likelihood estimation method, the
study examined the relationship between independent
and dependent variables. Moreover, the study perform
path analysis to assess the direct and indirect effect of the
key variables on the two dependent variables. Path coef-
ficients of the key parameters and their significance levels
were determined from the path way regression after run-
ning SEM.

Overall model fitness test have been made using dif-
ferent statistical indices. The indices were standardized
root mean square residual (SRMR) (threshold value <0.08
indicate adequate/good fit); coefficient of determination
(CD) (similar to the R-squared value, ranging 0—1, values
closer to 1 indicate good fit) and maximum likelihood
estimation (MLE) method (values of p-value>0.05 indi-
cate a good fit), comparative fit index (CFI)>0.90 [30],
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Tucker—Lewis Index (TLI)>0.90, chi-square test (x2/
degrees of freedom (df) ratio<5 [31], Pclose>0.05, root
mean square error of approximation (RMSEA) <0.08 [32]
were used as standard criterion to determine model fit-
ness. The overall significance level was tested at P<0.05.
All statistical analyses were performed using Stata (Sta-
tistical Data Analysis Package version 14.0 SE, College
Station, TX-USA).

Figure 1 shows a path diagram for the causal relation-
ships between the three variables such as the Explanatory
(X;), and the dependent ones that comprise the depend-
ent (Covid-19 case fatality rate (Y¥;) and endogenous (
COVID-19 Infection rate (Z;) variables. The explanatory
variables (X;) are exogenous, which comprise univer-
sal health coverage index, prevalence to other diseases,
population density, median age of the population and
related ones. In the study, the three groups of variables
are assumed to be all observed, then the formulation
considered rectangles (not circles) format of present-
ing the variables. In the figure the solid lines show direct
effect, while the broken ones refer mediation effect of the
explanatory variables through the endogenous variable.

Based on Bollen and Pearl (2013) [33] and Imai et al.
(2010) [34] the study assume that the error terms (e,
and ey;) in the following two equation are uncorrelated,
which is an important and crucial assumption for causal
inference to undertake mediation analysis. Moreover, the
study also assumed multivariate normality for the error
terms, which is a necessary and underlying condition of
defining direct, indirect and total effects. Note that, the
following two structural equations are linked together
through the endogenous variable and inference about
them is simultaneous, unlike two independent standard
regression equations.

Based on the above graph the direct effect is the path-
way (the solid line) from the exogenous and endogenous
variables to the outcome while controlling for the media-
tor. Thus, in the path diagrams, and is the direct effects
on the endogenous and outcome variables, respectively.
Moreover, the figure shows the indirect effect, which

Explanatory variables (X;)
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describes the pathway from the exogenous variable to the
outcome variable (COVID-19 case-fatality rate) through
the mediator or the endogenous variable that is infec-
tion rate. This path is represented through the product of,
and. Given this, the total effect of the explanatory vari-
ables on the outcome variable could be the sum of the
direct and indirect effects that is oy+Bx.Yzy. Thus, the
regression equation could be formulated as:-.

Zi = Bo + BueXi + &zi s

Yi=oap+ axyXi+ YzyZi + &yi

Based on significance level of the coefficients ayy, and
Y.y, the study could evaluate interaction of the explana-
tory and outcome variables. If value of the coefficient is
zero (Y, = 0), then two variables are not interdependent.
Hence, the study should not consider mediation. Thus,
mediation effect analysis could be made if the coefficient
is different from zero ((Y,y # 0)). Full mediation, which
consider the direct, indirect and total effects could be
made and multiple direction effect of the potential vari-
ables have been examined [35].

Results
The descriptive statistics of all variables were presented
in Table 1. Briefly, in terms of percentage who currently
use tobacco, mean and median are the same, indicat-
ing that 50% of the samples are above the average level
of the variable values. Besides, the mean is greater than
the median in the entire variable except current tobacco
use, which reveals that more than 50% of the sample does
not reach the average level of each of the variables. The
average UHC for service coverage index is 48.07 (out of
a possible 100) while it is 31.07 (out of a possible 100) for
overall GHS index.

The results of the Structural Equation Modeling (SEM)
were indicated in Table 2 using estimates of path coeffi-
cients and standard errors with their respective p values.

br N COVID-19 infection rate

COVID-19 case-fatality

rate (Y;)

Z;)

Rad

Fig. 1 Shows the effect of explanatory variables on COVID-19 infection rate and COVID -19 fatality rate
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Table 1 Descriptive statistics

Variables Obs Mean SD Min Max Median IQR
Observed COVID-19 case fatality rate (CFR) 54 2.16 144 0.15 752 1.65 1.96
COVID-19 infection rate 54 9515 2283.6 0.83 15277.02 23346 506.92
Median age of the national population 54 21.08 490 15.1 374 194 4.1
Overall GHS index 54 31.07 7.79 16.2 54.8 30.65 9.3
Population density per square kilometer 54 107.22 1355 30 626 61.5 920
Percentage who currently use tobacco 54 13.60 5.15 4.25 272 13.60 5.7
Disease specific mortality of Chronic Obstructive Pulmo- 54 6.82 3.08 2.74 2248 6.46 333
nary Disease (COPD).

UHC for service coverage index 54 48.07 1241 25 78 45.0 15
Prevalence of obesity among adults, BMI > 30 kg/m2 54 10.53 7.06 36 31.8 82 59
Ambient and household air pollution attributable death 54 89.38 3335 39.89 180.9 82.71 44.18

rate (per 100,000 population)

UHC Universal health coverage (UHC), GHS index Global Health Security Index;

Table 2 Unstandardized Path coefficient estimates of predicting COVID-19 Infection rate and case-fatality rate

Variables

Path coefficient Std.Err. z-statistics p-value

[95% Conf. Interval]

COVID-19 case-fatality rate
InInfection rate
Median age of the national population
Percentage who currently use tobacco

Disease specific mortality of Chronic Obstructive Pulmonary Disease

(COPD).
Overall GHS index
Prevalence of obesity among adults expressed as BMI > 30 kg/m2
UHC for service coverage index
Constant
COVID-19 Ininfection rate
Median age of the national population
Overall GHS index
Population density per square kilometer
Prevalence of obesity among adults expressed as BMI > 30 kg/m2
Air pollution attributable death rate (per 100,000 population)
UHC for service coverage index
Constant
Universal Health Coverage Index — Global Health Security Index
Constant
var(e.observedcasefatalityra~r)
var(e.infectionrateper100000)
var(e.UHC_s~e
Goodness of fit
Likelihood ratio(x2)(df)
SRMR
CD(R?Y
RMSEA
pclose
CFl
TLI

-0.370
-0.124
0.065

-0.009

0.002
0.128
0.004
4.386

0.118*
-0.024
-0.003
-0.057
0.0005
0.089
0444
0.441*
34.389
1.404
1.115
139.65

2.839(0.585)

0.020
0.684
0.000
0.646
1.000
1.097

0.147
0.058
0.037
0.057

0.022
0.037
0.026
1.114

0.052
0.019
0.001
0.040
0.005
0.027
1.564
0.208
6.674
0.270
0.214
26.88

-2.52
-2.16
1.73

-0.17

0.1
349
0.17
394

2.26
-1.25
-2.40
-1.41
0.09
341
0.28
2.11
515

0.012
0.031
0.085
0.868

0913
0.000
0.868
0.000

0.024
0.212
0.016
0.158
0.932
0.001
0.776
0.034
0.000

-0.66,-0.08
-0.24,-0.01
-0.01,0.14
-0.12,0.10

-0.04,0.05
0.06,0.20
-0.05,0.06
220657

0.02,0.22
-0.06,0.01
-0.0058, -0.00059
-0.14,0.02
-0.01,0.01
0.04,0.14
-2.62,3.51
0.03,0.85
21.30,47.46
0.96,2.05
0.76,1.63
95.77,203.64

UHC Universal health coverage (UHC), GHS index Global Health Security Index, SRMR Standardized root mean squared residual, CD Coefficient of determination, RMSEA
Root mean squared error of approximation, CFl Comparative fit index, TLI Tucker-Lewis index, Pclose Probability RMSEA <=0.05 ; * Significant at P < 0.05
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The overall goodness of fit of the structural model pre-
dicting COVID-19 case-fatality rate and COVID-19
infection rate was adequate based on the standard
fit criteria ( Likelihood ratio (x2) (df)=2.839(0.585);
SRMR=0.020 ;CD (R2)=0.684 ;RMSEA=0.000;
Pclose=0.646 ; CFI=1.000 and TLI=1.097). In Table 2,
the pathway among COVID-19 case-fatality rate and
median age of the national population ( = -0.1244, [95%
CI: -0.24, -0.01], P=0.031 ); COVID-19 infection rate (
= -0.370, [95% CI: -0.66, -0.08], P=0.012 ); and preva-
lence of obesity among adults aged 18 +years ($=0.128,
[95% CI: 0.06,0.20], P=0.0001) were statistically signifi-
cant. Nevertheless, there was no significant relationship
between COVID-19 case-fatality rate and prevalence to
chronic obstructive pulmonary disease (COPD); UHC for
service coverage index as well as overall GHS index (see
Table 2).

In addition, this study also showed the pathway
between COVID-19 infection rate and median age of
the national population (3=0.118, [95% CI: 0.02,0.22 ],
P=0.024); population density per square kilometer, in
which their relationship was statistically significant (f =
-0.003, [95% CI: -0.0058, -0.00059], P=0.016) and UHC
for service coverage index (p=0.089, [95% CI: 0.04,0.14],
P=0.001). However, there was no significant relationship
between COVID-19 infection rate and the ambient and
household air pollution attributable death rate, preva-
lence of obesity among adults expressed as well as over-
all GHS index (Table 2). Figure 2 shows the path analysis
diagram with standardized estimates illustrating the total
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effects of explanatory parameters and COVID-19 infec-
tion rate and COVID — 19 fatality rate .

The total effect of GHS index on COVID-19 infection
rate was —0.024. The direct component of this total effect
was —0.024, in other words, -0.024/-0.024=1 or 100%
of the effect of GHS index on COVID-19 infection rate
is direct. (Tables 3 and 5). In the same fashion, the total
effect of GHS index on COVID-19 case-fatality rate was
0.011. The direct component of this total effect was 0.002,
or in other words, 0.002 /0.011 =0.18 or 18% of the effect
of GHS index on COVID-19 case-fatality rate is direct
(Tables 3 and 5). By contrast, the indirect effect was
0.009, so that 0.8182 or 81.82% of the effect of GHS index
was partially mediated by UHS index (Tables 4 and 5).

Discussion

In this study, the authors considered publicly available
data to assess the factors that aggravate COVID-19 infec-
tion and case-fatality rates in Africa by considering differ-
ent explanatory variables. The finding revealed that both,
UHC and GHS do not emerge to protect against COVID-
19-related case fatality rate, however, UHC service cover-
age appear to protect against COVID-19 infection rate.
Some variables such as median age of the national popu-
lation, COVID-19 infection rate; and prevalence of obe-
sity among adults aged 18+ years significantly aggravated
the COVID-19 case-fatality rate. In addition, COVID-19
infection rate was associated with population density,
UHC for service coverage index and median age of the
national population.
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Fig. 2 Path analysis diagram with standardized estimates illustrating the total effects of explanatory parameters and COVID-19 infection rate and

COVID -19 fatality rate
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Table 3 Estimation of direct effect of universal health coverage index and global health security index on COVID-19 Infection rate in

Africa

Variables

Path coefficient Std.Err. z-statistics p-value

[95% Conf. Interval]

COVID-19 case-fatality rate
InInfection rate
Median age of the national population
Percentage who currently use tobacco

Disease specific mortality of Chronic Obstructive Pulmonary Disease
(COPD).

Overall GHS index
Prevalence of obesity among adults expressed as BMI > 30 kg/m2
UHC for service coverage index
Constant
COVID-19 Ininfection rate
Median age of the national population
Overall GHS index
Population density per square kilometer
Prevalence of obesity among adults expressed as BMI > 30 kg/m2
Air pollution attributable death rate (per 100,000 population)
UHC for service coverage index
Constant

-0.370
-0.124
0.065

-0.009

0.002
0.128
0.004
4.386

0.118*
-0.024
-0.003
-0.057*
0.0005
0.089
0444

0.147
0.058
0.037
0.057

0.022
0.037
0.026
1.114

0.052
0.019
0.001
0.040
0.005
0.027
1.564

-2.52
-2.16
1.73

-0.17

0.1
349
0.17
3.94

2.26
-1.25
-2.40
-1.41
0.09
341
0.28

0.012
0.031
0.085
0.868

0913
0.000
0.868
0.000

0.024
0.212
0.016
0.158
0.932
0.001
0.776

-0.66,-0.08
-0.24,-0.01
-0.01,0.14
-0.12,0.10

-0.04,0.05
0.06,0.20
-0.05,0.06
2.20,6.57

0.02,0.22
-0.06,0.01
-0.0058, -0.00059
-0.14,0.02
-0.01,0.01
0.04,0.14
-262,351

UHC Universal health coverage (UHC), GHS index Global Health Security Index, SRMR Standardized root mean squared residual, CD Coefficient of determination *

Significant at P<0.05

Table 4 Estimation of indirect effect of universal health coverage index and global health security index on COVID-19 Infection rate in

Africa

Variables

Path coefficient OIM Std. Err. z-statistics p-value P>|z| [95% Conf. Interval]

COVID-19 case-fatality rate
Ininfection rate -
Median age of the national population -0.044
Percentage who currently use tobacco -

Disease specific mortality of Chronic Obstructive Pulmonary -
Disease (COPD).

Overall GHS index 0.009

Prevalence of obesity among adults expressed as BMI > 30 0.021
kg/m2

UHC for service coverage index -0.033

Ambient and household air pollution attributable death rate  -0.002
(per 100,000 population)

Population density per square kilometer 0.001

COVID-19 InInfection rate
Median age of the national population -
Overall GHS index -
Population density per square kilometer -

Prevalence of obesity among adults expressed as BMI > 30 -
kg/m2

Air pollution attributable death rate (per 100,000 population) -
UHC for service coverage index -

no path
0.026

no path
no path

0.008
0.017

0.016
0.002

0.0007

no path
no path
no path
no path

no path
no path

1.23

-2.02
-0.09

1.74

0.093

0.264
0.219

0.043
0.932

0.082

-0.09,0.01

-0.01,0.02
-0.01,0.05

-0.06,-0.001
-0.005,0.004

-0.00015,0.0025

UHC Universal health coverage (UHC), GHS index Global Health Security Index, SRMR Standardized root mean squared residual, CD Coefficient of determination *

Significant at P<0.05
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Table 5 Estimation of total effect of universal health coverage index and global health security index on COVID-19 Infection rate in

Africa

Variables

Path coefficient OIM Std. Err. z-statistics p-value P>|z|

[95% Conf. Interval]

COVID-19 case-fatality rate

Ininfection rate -0.370

Median age of the national population -0.168

Percentage who currently use tobacco 0.065

Disease specific mortality of Chronic Obstructive Pulmonary ~ -0.009
Disease (COPD).

Overall GHS index 0011

Prevalence of obesity among adults expressed as BMI > 30 0.149
kg/m2

UHC for service coverage index -0.029

Ambient and household air pollution attributable death rate  -0.0001
(per 100,000 population)

Population density per square kilometer 0.0012
COVID-19 Ininfection rate

Median age of the national population 0.118

Overall GHS index -0.024

Population density per square kilometer -0.003

Prevalence of obesity among adults expressed as BMI > 30 -0.057
kg/m2

Air pollution attributable death rate (per 100,000 population)  0.0005

UHC for service coverage index 0.089

0.147 -2.52 0.012 -0.66,-0.08
0.060 -2.79 0.005 -0.28,-0.05
0.037 1.73 0.085 -0.01,0.14
0.057 -0.17 0.868 -0.12,0.10
0.023 0.50 0.620 -0.03,0.06
0.040 3.70 0.000 0.07,0.23
0.026 -1.01 0.268 -0.08,0.02
0.002 -0.09 0932 -0.0047,0.0043
0.0007 1.74 0.082 -0.00015,0.00252
0.052 2.26 0.024 0.01,0.22
0.019 -1.25 0212 -0.06,0.01
0.001 -2.40 0.016 -0.006,-0.001
0.040 -1.41 0.158 -0.14,0.02
0.006 0.09 0.932 -0.01,0.01
0.026 341 0.001 0.04,0.14

UHC Universal health coverage (UHC), GHS index Global Health Security Index, SRMR Standardized root mean squared residual, CD Coefficient of determination *

Significant at P<0.05

As indicated in several studies older age was associ-
ated with a higher COVID-19 case-fatality rate wherein
the natural experimental study in South Korea identi-
fied that older age was significantly associated with
higher odds of COVID-19 case fatality [36]. Other stud-
ies consistently documented that older age is a major
risk factor for mortality [37—-42]. One study carried out
in western countries (Europe, USA and Canada) men-
tioned that each 5% point increment of this older age
group among confirmed SARS-CoV-2 cases was associ-
ated with an increase in case fatality rate RT-PCR CFR
of 2.5% points [43] and in Italy, a substantial increase
in the RT-PCR CER which is attributable to increasing
age-specific case-fatality [42, 44]. A study done in sub-
Saharan Africa showed, the mean RT-PCR CFR esti-
mates increased with age, and the sex-specific RT-PCR
CER differences being significant among those aged 40
years or more [45]. Countries’ mortality outcome was
strongly predicted by the percentage of the popula-
tion aged 65 and above [46]. The fact that SARS-CoV-2
infection caused a severe and rapid progression in
older patients who required faster hospitalization, pre-
sented more serious symptoms on admission, and had
a worse clinical course [39, 47] and age has emerged
as a major factor to predict the severity of the disease

and mortality rates are significantly higher in elderly
patients [48, 49].

Another factor illustrated in our study for increase RT-
PCR CER was infection rate increment. Similar findings
were reported previously and argued that asymptomatic
SARS-CoV-2 infection were more common in young
people, and fatal cases were more common in older
adults [50], in which in turn affect the case fatality rate.
Previous study carried out using ecological analysis of 65
countries found that the cumulative number of infected
patients in each country was directly and positively asso-
ciated with the case fatality rate [51].

In this study, there is relationship has been observed
between prevalence of obesity among adults aged
18 +years and COVID-19 case-fatality rate. The find-
ing was consistent with other studies, which identified
that obesity has emerged as a novel risk factor for hospi-
talization, greater risk of severe disease and death due to
COVID-19 [48, 52-54]. Across 168 countries for which
data were available, higher obesity prevalence was associ-
ated with increased COVID-19 mortality and prevalence
rates [55]. Covid-19 death rates are 10 times higher in
countries where more than half of the adult population is
classified as overweight [56] and evidence of a significant
impact of overweight/obesity prevalence on the increase
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in COVID-19 morbidity/mortality [57]. In retrospective
observational cohort study, included patients seen at an
Ochsner Health facility based in New Orleans, obesity
was associated with an increased odds of hospital admis-
sion in United State of Louisiana [58]. The presence of
any coexisting illness was more common among patients
with severe disease than among those with non-severe
disease (38.7% vs. 21.0%) in a study carried out with
COVID-19 from 552 hospitals in 30 provinces in China
[38].

Epidemiological studies reported that obesity is asso-
ciated with a higher rate of mortality in patients with
COVID-19 [58-60]. This is due to the fact that obesity is
linked to increased comorbidity like diabetes, hyperten-
sion, and heart disease [59] as well as obesity is inversely
associated with lung function in adults, but central fat
distribution appears to have a stronger relationship with
respiratory mechanics and independent of the degree
of physical activity and aerobic fitness [61]. In the same
context, the burden of severe COVID-19 outcomes was
highest in countries with the prevalence of pre-existing
health risk factors including cancer, diabetes, air pollu-
tion and obesity was high [7, 49]. In addition to this, one
study in South Korea reported that there was a socio-
economic disparity in COVID-19 prevalence and fatal-
ity despite UHC (i.e. South Korea has achieved perfect
UHC—all Koreans receive UHC regardless of their socio-
economic status). However, disparities in fatality were
not due to socioeconomic status, but due to the poor
underlying health conditions of the people [62]. One
study showed that when countries were compared based
on the presence of UHC or non-UHC, countries with
UHC had 13,789,891 cases, which was about 37.6% of all
the cases reported globally. However, the countries with
UHC experienced a much higher proportion of fatali-
ties (56.4%). The RT-PCR CFR of countries with UHC
(10.5%) was more than double that of countries without
UHC (4.9%) and UHC does not appear to protect against
mortality in a pandemic environment such as with
COVID-19 [63], which might be attributed to a mixture
of the effects of several types of UHC such as coverage
and preparedness of the healthcare system.

As examined by several other studies, the spread of the
infection depends on a lot of social and economic factors
such as population density, healthcare system level, mor-
tality rate of non-communicable chronic diseases (NCD)
[57, 64, 65]. The issue of population density related with
infection rate is relied on other parameters and socio-
demographic ingredients. Population density has been
used as a surrogate measure of social distancing capacity
and potential indicator of infection spread. Several stud-
ies showed that SARS-CoV-2 transmission is potentially
more likely to occur among cities with higher population
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densities [66—69]. Recent evidence reported that vulnera-
ble people often have more underlying comorbidities and
they are more exposed to hazardous environments, such
as densely populated neighborhoods, occupations, and
housing conditions [70] and more likely to get infected,
less likely to be treated properly, and as a result, more
likely to die because of COVID-19 [71] as well as experi-
ence delayed diagnostic testing and insufficient treatment
induced by a lack of health insurance, related to UHC,
leading to poor prognosis and negative treatment out-
come [72]. With high caseloads looming, many countries
could face multiple challenges to ultimately controlling
the virus, especially in light of societal realities, such as
densely populated settlements [9].

Globalization, settlement and population characteris-
tics, and variables related to high human mobility lead to
greater reported disease diffusion, mainly from more- to
less-developed countries and regions, and hierarchical
diffusion from countries with higher population and den-
sity [73]. Apparently, residence in a low-income area was
associated with an increased odds of hospital admission
[58]. Empirical analysis demonstrated that counties with
greater population density have greater rates of transmis-
sion (RO) of SARS-CoV-2, likely due to increased contact
rates in areas with greater density necessary for disease
transmission [69]. Population density and more urban-
ized populations, have influenced the arrival of the first
case and the within-country speed of the epidemic espe-
cially in the context of the whole African continent [74].
Evidences suggested that dense urban populations are
vulnerable to higher rates of crowding and social inter-
actions, in which more likely increases the risk for the
spread of directly transmitted aerial infectious agents in
particular [73].

Our results are consistent with recent studies that
reported median age of the population is associated
with increased COVID-19 infection rate. This is evi-
denced that though the countries having higher per-
centage of aged populations are more prone to be
affected by the spread of virus [64]. SARS-CoV-2 infec-
tion burden was highest in countries that had larger
economies or greater capacity for case detection and
the burden of severe COVID-19 outcomes was high-
est in countries with older populations [49]. Popula-
tion density and population characteristics such as
total population, older populations, and household size
are strong predictors in early weeks but have a muted
impact over time on reported COVID-19 diffusion [73]
and spread across the community. There were some evi-
dences and consistent findings that link between UHC
for service coverage index and COVID-19 infection
rate. Data from 96 countries reported that strengthen-
ing national health security capacities would in turn
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contribute to the achievement of UHC that would fur-
ther guide for better implementation of International
Health Regulations (IHR) [75]. Similar findings were
indicated that the epidemic of COVID-19 in China
demonstrated the benefit of strong health systems to
mitigate the impact of epidemics. There were higher
case-fatality rates in Hubei (about 2:9% on average),
which had weaker health systems capacity, than the
other provinces of China (about 0-7% on average) [76].
In similar way, higher numbers of infections in a given
population can be considered an indirect indicator of
a heavier health-care burden, drawing the mortality
against the incidence of COVID-19 showed a signifi-
cant positive correlation, which indicates that mortal-
ity is correlated with health-care burden and healthcare
system performance [71]. In addition to this, an Italian
regional data showed a strong correlation between RT-
PCR CFR and COVID-19 incidence [77], which is also
in concordance with our finding that postulate the rela-
tionship of COVID-19 case-fatality with infection rates.
Likewise, the burden of severe COVID-19 outcomes
was highest in countries with lower healthcare capacity
[49]. Increasing literatures in the past highlighted that
countries outside China most severely hit by the first
wave of the pandemic have well-established healthcare
systems [78]. The paradoxical issue is that the lower
numbers of reported COVID-19 cases and deaths in
African countries relative to the rest of the world repre-
sented lower rates of transmission due to control meas-
ures, fewer symptomatic infections due to younger
populations, or simply weaker detection capacities than
in high-resource settings.

Overall, from the perspective of global hath security
and its index ((GHSI) and preparedness and response,
Joint External Evaluation (JEE) and States Parties Self-
Assessment Annual Reporting (SPAR)) have been
adopted to track the IHR implementation stage in each
country [75], in which case, JEE was associated with the
UHC score (r=0.85, p<0.001) and SPAR was also asso-
ciated with the UHC service coverage index (r=0.81,
p<0.001). The JEE and SPAR scores showed a signifi-
cant positive correlation with the UHC service coverage
index after adjusting for several confounding variables,
which is in accordance with our finding [75]. In simi-
lar fashion, both GHSI (r=0.31) and JEE (r=0.37) had
a weak correlation with countries’ COVID-19-related
mortality outcome, however overall GHSI score and
JEE were not significant predictors [46]. Despite the
finding that the GHS did not have an association with
COVID-19 mortality and infection rate in our finding,
the bottom line is preparedness and response to pub-
lic health crises requires strengthening health systems
and inter-sectoral approaches, which in turn contribute
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to improving global health security and achieving UHC
[75].

In our study, we have some limitations observed and
anticipated for generalizability of the findings in this
study. Reporting bias, as the study results are based on
the data reported by each country, and data have been
extracted from various institutions and websites. Detec-
tion and time bias might have also affected the results
because the pathway for the GHS with infection and
case fatality was not picked in our study, there might be
other variables to consider in the line. Quality of the data
is another potential weakness regarding the aggregate
of data collated from countries due to the nature of the
study design-ecological study. Other concern that should
be raised as a limitation is the use of sero-excess infection
fatality ratio (IFR), when the numbers of excess deaths
are used as a proxy for COVID-19 deaths and the num-
bers of infections are inferred via serological surveys, a
sero-excess IFR is obtained. However, the sero-excess IFR
is the best in principle, but may not be feasible at present
owing to data availability [79].

Conclusions

In conclusion, the study assessed that UHC for service
coverage index, and median age of the national popula-
tion and population density have significant effect on
COVID-19 infection rate in African countries. Similarly,
COVID-19 infection rate, median age of the national
population and prevalence of obesity among adults aged
18 +years have significant effect of aggravating COVID-
19 case-fatality rate among countries in the continent.
The finding also indicated that both, UHC and GHS do
not emerge to protect against COVID-19-related case
fatality rate, however, UHC service coverage appear to
protect against COVID-19 infection rate.

Thus, the study recommended that the citizen of the
continent should have strong prevention measure where
there is high population density and obesity (likely in
urban areas) and maybe strong/ tailored prevention and
treatment approach for those obese as they likely to die
of COVID-19. Having strong and good UHC status, one
of the many measures of healthcare access, plays a sig-
nificant role in determining the severity of the spread of
infectious disease such as COVID-19. Additionally, insti-
tutional and social measures to promote development
and eliminate poverty by improved the socio-economic
status /living conditions has to be streamed. Lastly, coun-
try level determinants can be addressed by the respec-
tive government measures to control the spread of the
infection and reduce mortality across African continent.
Future studies in the area of COVID-19 epidemiology
and understanding the burden of the disease with strong
study design with other variables in addition to the
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variables stated in the current study should be considered
as arecommendations.
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RT-PCR CFR Reverse-Transcriptase-Polymerase Chain Reaction
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