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Abstract
The SARS-CoV-2 is a deceptive virus. Despite the remarkable progress in genetic sequencing and subsequent vaccine devel-
opment, the world continues to grapple with the ominous threats of rapidly appearing SARS-CoV-2 variants. The objective of 
this manuscript is to rank world countries based on the anticipated scope of COVID-19 morbidity and mortality, measured in 
terms of prevalence per 1 million persons, from the lowest to the highest. The ranking of 162 countries is based on predictions 
of empirical models, which include three explanatory variables: hospital beds per thousand persons, population density, and 
the median age of the country’s population. Referring to the COVID-19 scope of morbidity, the lowest likelihood of infection 
is obtained in Niger and Mali, where the dominant characteristic is the young median age (15.1–16.4 years). Referring to the 
COVID-19 scope of mortality, the lowest likelihood is obtained in Singapore. For Singapore, the dominant feature is the high 
population density. The optimal solution is intensive vaccination campaigns in the initial phase of the pandemic, particularly 
among countries with low GDP per capita. Yet, vaccinations may work only where the personal immune system is healthy 
and thus respond by creating antibodies to the SARS-CoV2 virus. Referring to populations that lack the natural protection 
of the healthy immune system and thus cannot be vaccinated (e.g., old people, cancer patients undergoing chemotherapy 
treatments), a complementary solution might be coordination between countries and the establishment of field hospitals, 
testing laboratories, isolation of areas, humanitarian aid—in the same manner of treatment in other disasters like earthquakes.
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Introduction

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), responsible for the COVID-19 pandemic, is 
a deceptive virus. Despite the remarkable progress in genetic 

sequencing and subsequent vaccine development (Kim et al. 
2020), the world continues to grapple with the ominous 
threats of rapidly appearing SARS-CoV-2 variants (García 
et al. 2022). Consequently, it is important to investigate the 
COVID-19 risk factors and their relative impact on country 
ranking in terms of the anticipated scope of morbidity and 
mortality. From a public policy perspective, Flaxman et al. 
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(2020) concluded that major non-pharmaceutical interven-
tions—and lockdowns in particular—have had a large effect 
on reducing transmission. Continued intervention should be 
considered to keep the transmission of SARS-CoV-2 under 
control.

The objective of the current study is to explore the opti-
mal country in which the criteria for ranking are projected 
cases and deaths per 1 million persons obtained from a 
regression analysis. In that respect, we can rank the opti-
mal countries and attempt to study from their experience 
in an effort to address future pandemics. The explanatory 
variables from which projected values are generated include 
three risk factors applied to 162 countries from January 22, 
2020, to January 21, 2022: (1) the number of hospital beds 
per thousand persons, (2) population density, and (3) median 
age of the country’s population. Estimation is based on the 
fractional probit, negative binomial, and Poisson regres-
sions. The former models can only be applied to dependent 
variables bounded between zero and one.1

The number of beds per thousand persons may be consid-
ered a proxy for other latent variables, including the wealth 
of the country and the type of regime and civil liberties. 
In democratic societies, public representatives need to be 
re-elected. Consequently, their inclination to invest in pub-
lic health is higher (e.g., Arbel et al. 2022). The incentive 
structure, which promotes health services in democracies, 
might emanate from the objective function of the politicians 
to maximize their prospects for re-election. Consequently, 
improved health services may, in turn, promote public satis-
faction (e.g., Martinez-Bravo et al. 2012, who demonstrated 
that elections significantly increase public goods expendi-
ture in rural China Mainland). Several recent studies dem-
onstrated that a better medical infrastructure in hospitals 
and the accrual of clinical knowledge with time promote 
the prospects of survival (Docherty et al. 2021; Grosso et al. 
2021). The other two variables considered—population den-
sity and median age—were identified in the literature as sali-
ent risk factors of COVID-19 (e.g., Hägg et al. 2020; Hamidi 
et al. 2020; Petrilli et al. 2020; O’Driscoll et al. 2021). Alter-
natively, as proposed by Hradsky and Komarek (2021), the 
number of hospital beds is one of the very few variables that 
can be controlled by authorities in the face of future pandem-
ics, at least in some countries.

The findings of our analysis demonstrate that the lowest 
likelihood of infection is obtained in Niger (3684 anticipated 
cases per 1 million persons) and Mali (3830 anticipated 
cases per 1 million persons), where the dominant character-
istic is the young median age (15.1–16.4 years). Referring 
to the COVID-19 scope of mortality, the lowest likelihood is 

obtained in Singapore (2.35 anticipated deaths per 1 million 
persons—lower by a factor of 104.6

2.35
= 44.51 from the second 

optimal country). For Singapore, the dominant feature is the 
high population density (7915 persons per square kilometer).

One of the important lessons that emanate from the 
empirical evidence might be the need to extend budget 
spending on health and cooperation across states in emer-
gency situations. In light of the related limitations, it is dif-
ficult to prevent the spread of future pandemics. However, 
coordination between countries and the establishment of 
international medical professional teams for the manage-
ment of the crisis—such as the treatment of earthquakes—
the establishment of field hospitals, testing laboratories, 
isolation of areas, humanitarian aid in infected areas, inter-
national studies with prioritization, and incentives for the 
same issue.

The remainder of this article is organized as follows. 
The “Addressing the COVID-19 pandemic: proposed meas-
ures and solutions” section gives the literature review. The 
“Methods” section reports the sample and data, the meas-
ures, and the model and data analysis procedures. The 
“Results” section provides the results and the “Robustness 
tests” section—the robustness test. Finally, the “Conclu-
sions” section concludes and summarizes.

Addressing the COVID‑19 pandemic: 
proposed measures and solutions

COVID-19 is a global pandemic with extensive collateral 
damages manifested in losses of lives and livelihoods. 
Msemburi et al. (2023) mentioned several problems associ-
ated with the official World Health Organization COVID-19 
mortality rate statistics at a global level including incon-
sistent certification of COVID-19 as the cause of death, 
differential diagnostic capacity, and variations in testing 
access. A more accurate measure is that of an excess mor-
tality, namely the difference between pre- and post-pandemic 
total mortality rates. Using a Poisson count framework, 
Msemburi et al. (2023) estimated global excess mortality 
by 14.83 million persons, 2.74 times more deaths than the 
5.42 million reported due to COVID-19 for the study period 
of 2020–2021. Tomer et al. (2021) indicate a paradox asso-
ciated with the initial spread of the COVID-19 pandemic. 
While countries with the lowest ranking on World Health 
Index (WHI), either escape or were least affected by the 
disease initially, countries with the highest WHI were mostly 
affected by the pandemic. Yet, higher-ranking countries in 
WHI overcome significantly and more quickly than lower 
ranks countries. In that context, Yuan et al. (2020) estimated 
the R(t) measure in selected European countries at the begin-
ning of the pandemic (prior to March 2020) to be greater 

1 The source of this dataset is the World Heath Organization (WHO) 
available at https:// ourwo rldin data. org/ coron avirus# coron avirus- count 
ry- profi les

https://ourworldindata.org/coronavirus#coronavirus-country-profiles
https://ourworldindata.org/coronavirus#coronavirus-country-profiles
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than two. The implication is that each COVID-19 patient 
infects more than two persons.

One of the fundamental problems in the COVID-19 
pandemic crisis is the measurement of the preparedness of 
countries to cope with pandemic threats. Coccia (2022a) 
proposed two measures. The resilience index identifies the 
countries with the best performance in reducing the negative 
impact of mortality related to the COVID-19 pandemic and 
the preparedness and prevention index evaluates the coun-
tries with the best performance to support COVID-19 vac-
cinations. Results suggest that the best-performer European 
countries to cope with the COVID-19 pandemic crisis have 
a smaller population size and/or better public governance, 
associated with high expenditures in the health system. Coc-
cia (2020) defines critical decisions as an attempt to apply 
efficient modes of cognition and action to enable the organi-
zations/individuals to cope with consequential environmen-
tal threats. This is particularly important given a growing 
dynamic of emergencies, such as the COVID-19 pandemic.

Benati and Coccia (2022) demonstrated a positive asso-
ciation between doses of vaccines administered and the 
local governance index. Dowd et al. (2020) compared South 
Korea and Italy—countries with similar characteristics, but 
different age compositions. The authors recommended to 
adjust the social distancing and other policies to the age 
composition of local and national contexts as well as inter-
generational interactions.

An important aspect of the spread of the pandemic is the 
environmental one. In fact, human-to-human transmission 
is a critical factor, but shedding of the SARS-CoV-2 virus 
(and/or other pathogenic microbes) through excreta, reaching 
wastewater, and then watercourses or other environmental 
compartments (soil, plants, surface and groundwater, etc.) 
is of increasing concern. It is especially important in those 
regions where wastewater collection and treatment are not 
available, and sanitation is limited. In addition, the effects 
of weather conditions, as well as those of air pollutants, are 
being investigated for this virus and other microbes causing 
epidemics. In this sense, airborne transmission has been con-
sidered crucial, now and in the future. The eventual water-
borne transmission is also important, with relevance due to 
wastewater-based epidemiology, and mostly considering that 
future mutations could make more feasible fecal–oral and/or 
other transmission routes, which highlights the great interest 
in interdisciplinary research (Núñez-Delgado et al. 2021). 
Based on statistical analyses from March 2020 to February 
2021 in Italy, Bontempi and Coccia (2021) suggest a high 
association between the total import and export of provinces 
with confirmed COVID-19 cases over time.

As demonstrated in Coccia (2022b, c) the short-run opti-
mal solution seems to be about 80 doses of vaccines per 100 
inhabitants combined with intensive vaccination campaigns 
in the initial phase of the pandemic, particularly among 

countries with low GDP per capita. Yet, vaccinations may 
work only where the immune system is healthy and thus 
respond by creating antibodies to the SARS-CoV2 virus. 
Also, according to Coccia (2022d), many factors may attenu-
ate the vaccination effectiveness, including (1) the Peltzman 
effects, namely the tendency to increase risky behavior (e.g., 
not wearing facemasks, attending crowded places) following 
the vaccination campaign, (2) New SARS-CoV2 variants 
(Delta; Omicron), (3) health investment—where the weak 
health sector is associated with increased fatality rates, (4) 
High density of cities and intensive commercial activities 
(Bontempi and Coccia 2021; Bontempi et al. 2021), (5) envi-
ronmental pollution and climate factors (Diao et al. 2020).

Referring to populations that lack the natural protection 
of the healthy immune system and thus cannot be vaccinated 
(e.g., old people, cancer patients undergoing chemotherapy 
treatments), a complementary solution might be the transfer 
of such populations from one country to another—with bet-
ter prospects in terms of COVID-19 infection and mortality 
rates.

Finally, referring to strict public policy measures such as 
lockdowns, an interesting debate emerged regarding the effec-
tiveness of such measures. On the one hand, Coccia (2023) 
suggests that the substantial social and economic costs associ-
ated with high levels of strict restriction policies may provide 
limited benefits in terms of controlling the spread and negative 
impact of pandemics. On the other hand, Diao et al. (2020) 
point out that the effect of population density was almost 
nonexistent in China due to the implementation of strict lock-
downs. In contrast, decay duration demonstrated the highest 
correlation with population density, absolute humidity, and 
maximum temperature in England, Germany, and Japan. Also, 
the United Nation Committee for Development Policy  (2021) 
stresses an overlooked reason for the outcome, according to 
which less developed countries (LDC) account for 14% of the 
world population, but only 2% of the COVID-19 cases. This 
unnoticed reason is the immediate implementation of lock-
downs and travel restrictions by governments in less developed 
countries (page 2).

Methods

Sample and data

Information for this study spans five continents (Africa, 
Asia, Europe, America, Oceania) and encompasses 162 
countries,2 from January 22, 2020, to January 21, 2022. This 

2 The database is obtained from the World Health Organization 
(WHO) website at https:// ourwo rldin data. org/ coron avirus# coron avi-
rus- count ry- profi les. A full list of countries and their rankings are 
given at Appendix Tables 4 and 5.

https://ourworldindata.org/coronavirus#coronavirus-country-profiles
https://ourworldindata.org/coronavirus#coronavirus-country-profiles
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yields 109,813 (109,322) observations with the availability 
of information on the total COVID-19 cases (deaths) per 1 
million persons. Yet the data structure permits variations 
across both time and space only for these two variables. The 
rest of the explanatory variables vary among countries, but 
not across time.

Measures of variables

Table 1 reports the descriptive statistics of the variables, 
which are subsequently incorporated into the empirical 
model. The table is divided into two parts. The upper (lower) 
part includes the descriptive statistics of observations for 
which information on total COVID-19 cases (deaths) per 1 
million persons is available. The sample mean of COVID-19 
cases (deaths) is 25,371.90 (491.52) per million persons and 
the sample median is 5057.098 (120.273). The implication is 
right-tailed distributions of both variables, namely positive 
skewness of 2.244 (2.501). The standard deviation equals 
39,671.99 COVID-19 cases (766.664 COVID-19 deaths) 
per 1 million persons. The maximum scope of morbidity 
(mortality) is obtained in Seychelles Islands (Peru) with 
347,457.30 cases (6115.035 deaths) per 1 million persons.

Referring to the number of hospital beds in each coun-
try, the sample mean is 2.959–2.977 beds, and the sample 
median is 2.32. Once again, right-tailed distributions are 
obtained (positive skewness of 1.5345), with an implicit low 
number of hospital beds per thousand persons. The standard 
deviation is 2.36–2.37 hospital beds per thousand persons. 
The maximum (minimum) number of beds per thousand 
persons is obtained in Japan (Mali) with 13.05 (0.1) beds 
per thousand persons.

Referring to the population density variable, the sam-
ple mean is 204–205 persons per square kilometer, and the 
sample median is 82.805–82.6. Once again, right-tailed dis-
tributions are obtained (positive skewness of 10.41), with 
an implicit low population density prevalence. The stand-
ard deviation is 671.5761–674.1418 persons per square 
kilometer. The maximum (minimum) population density is 
obtained in Singapore (Mongolia) with 7915.73 (1.98) per-
sons per square kilometer.

Finally, referring to the median age of the country, the 
sample mean is 31.438–31.639 years, and the sample median 
is 31.4–31.6. Unlike other variables, for the age variable, 
the null hypothesis of symmetrical distribution cannot be 
rejected (p = 0.8796 for 162 countries, where, according to 

Table 1  Descriptive statistics

The data refer to information regarding 162 countries around the world provided by the World Health Organization (WHO) (n.d.), from January 
22, 2020, to January 21, 2022. The implication of positive (zero) skewness is right-tailed (symmetrical) distribution. With the exception of the 
median age variable, the null hypothesis of zero skewness is clearly rejected (p < 0.01)

Variable Description Obs Median Mean SE =
SD

√

Obs.

Skewness Kurtosis

Total cases per 1 million persons
  Total_cases_per_million The ratio between COVID-19 

cases and the population of 
the country multiplied by 1 
million

109,813 5057.1 25,372 39,671.99
√

109,813
= 119.72 2.244 9.011

  Hospital_beds_per_thousand The ratio between the number 
of beds and the population 
of the country multiplied by 
1000

109,813 2.32 2.959 2.355
√

109,813
= 7.11 × 10

−5 1.5696 6.117

  Population_density Population density measured as 
persons per square kilometer

109,813 82.805 204.47 674.1418
√

109,813
= 2.034 10.12 114.20

  Median_age Median age of the country in 
years

109,813 31.4 31.438 8.869
√

109,813
= 0.0267  −0.019 1.842

Total deaths per 1 million persons
  Total_cases_per_million The ratio between COVID-19 

deaths and the population of 
the country multiplied by 1 
million

102,399 120.273 491.4223 766.664
√

102,399
= 2.396 2.502 11.69

  Hospital_beds_per_thousand The ratio between the number 
of beds and the population 
of the country multiplied by 
1000

102,399 2.32 2.976571 2.3686
√

102,399
= 7.4 × 10

−3 1.5657 6.103

  Population_density Population density measured as 
persons per square kilometers

102,399 82.6 204.8752 671.5761
√

102,399
= 2.0987 10.11 114.47

  Median_age Median age of the country in 
years

102,399 31.6 31.6389 8.9046
√

102,399
= 0.0278  −0.053 1.837
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the null hypothesis, the skewness equals zero). The standard 
deviation is 8.869–8.905 years. The maximum (minimum) 
median age is obtained in Japan (Niger) with 48.2 (15.1) 
years.

Model and data analysis procedure

Following Papke and Wooldridge (1996) and Wooldridge 
(2010), consider the following maximum likelihood function 
of the fractional probit regression:

w h e r e  y1,j = Total_cases_per_million  a n d 
y2,j = Total_deaths_per_million;

Φ(∙) is the standard normal cumulative density function, 
and �̂1, �̂2, �̂3, �̂4 and �̂1, �̂2, �̂3, �̂4 are estimated parameters 
(the circumflexes denote the estimated parameters).

It may be readily verified that (1) a global minimum is 
achieved if �𝛼2 > 0 and �𝛽2 > 0 ; (2) the vaccination rates that 
yield the minimum scope of COVID-19 morbidity are as 
follows: − �̂1

2�̂2
 and − �̂1

2�̂2
 ; and (3) the minimum scope of mor-

bidity is obtained by substitution of − �̂1
2�̂2

 and − �̂1

2�̂2
 in the 

respective estimated Eqs. (2) and (3) and the conversion to 
the cumulative normal distribution probabilities.3

Based on this estimation procedure, we identify the 
country with the lowest anticipated likelihood of COVID-
19 infection and mortality for each category (hospital 
beds, population density, and median age of the country’s 

(1)
lnL =

∑N

j=1
yi,jln

{

Φ
(

x
�

j
�i

)}

+
(

1 − yi,j
)

ln
{

1 − Φ
(

x
�

j
�i

)}

(2)

Φ
(

x
�

j
�1

)

=Φ(�̂1Hospital_beds_per_thousand_sq

+ �̂2Hospital_beds_per_thousand

+ �̂3Population_Density + �̂4Median_age + �̂5)

(3)

Φ
(

x
�

j
�2

)

=Φ(�̂1Hospital_beds_per_thousand_sq

+ �̂2Hospital_beds_per_thousand

+ �̂3Population_Density + �̂4Median_age + �̂5)

population). To trace the optimal place in terms of COVID-
19 infection and mortality, we then generate the projected 
probability of infection and mortality for each country and 
rank them based on these projected probabilities. The out-
comes of these ranking procedures are given in Appendix 
Tables 4 and 5.

Results

Table 2 reports the regression outcomes, and based on these 
results, Figs. 1, 2, and 3 depict the projected probabilities 
multiplied by 1 million with respect to the three explanatory 
variables separately.

Figure 1 demonstrates that referring to the number of hos-
pital beds per thousand persons, and like population density 
(e.g., Hamidi et al. 2020), one should consider two opposing 
forces. On the one hand, congestion in hospitals and health-
care centers may be a source of elevated infection (Jayaweera 
and Reyes 2019; Ngandu et al. 2022). This, in turn, might 
increase morbidity and mortality particularly during periods 
with high occupancy rates. On the other hand, more hos-
pital beds are associated with better medical infrastructure 
and increased prospects of COVID-19 recovery. Indeed, as 
the figure demonstrates, an increase from one to five (four) 
hospital beds per thousand persons is associated with a pro-
jected increase in the anticipated scope of morbidity (mortal-
ity) from 20,090 (421) to a maximum of 31,057 (575) cases 
(deaths) per 1 million persons. Starting from the sixth (fifth) 
hospital bed and until a maximum of 13 beds per thousand 
persons, the anticipated scope of morbidity (mortality) drops 
until a minimum of 2000 (67.4) COVID-19-infected (dead) 
per 1 million persons.4

Figure 1 thus demonstrates, that under equal conditions, 
the minimum scope of morbidity and mortality at a country 
level is achieved by the maximum of 13 hospital beds per 
thousand persons. The leading countries according to this 
criterion are Japan (13.05 beds per thousand persons) and 
South Korea (12.27 beds per thousand persons).

Figure 2 indicates, under equal conditions, the anticipated 
drop in the scope of morbidity (mortality) with increased 
population density. When population density is at a mini-
mum of 2 persons per square kilometers, the anticipated 
scope of morbidity (mortality) is 25,867.5 (545) COVID-19 
cases (deaths) per 1 million persons. As population density 
rises to the maximum of 8000 persons per square kilom-
eter, the anticipated scope of morbidity (mortality) is 12,221 

3 See, for example Chiang and Wainwright (2005). On page226, 
the authors ask to find the relative extremum of the function, 
AC(Q) = f (Q) = aQ

2 + bQ + c where a = 1, b = −5 and c = 8 . Set-
ting the first derivative to zero gives f � (Q) = 2aQ + b = 0 , which 
has the single root Q∗ = −

b

2a
= −

−5

2×1
= 2.5 and a minimum cost of 

f (Q = 2.5) = 2.5
2 − 5 × 2.5 + 8 = 1.75 . Substitution of Q = 2.4 and 

Q = 2.6 (the neighborhood of Q∗ = 2.5 ) in the first derivative yields 
f
�

(Q = 2.4) = −0.2 < 0 and f
�

(Q = 2.6) = 0.2 > 0 . This demon-
strates a local minimum. Moreover, on page 231, the authors demon-
strate that while a > 0 give rise to a U-shaped curve, namely an abso-
lute minimum, a < 0 give rise to an inverted U-shaped curve, namely 
an absolute maximum, Consequently, the point (2.5, 1.75) is a global 
minimum.

4 Note also that the same anticipated scope of morbidity (mortality) 
is achieved for 1 and 8.21 hospital beds per thousand persons (1 and 
7.74 hospital beds per thousand persons).
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(2.57) COVID-19 cases (deaths) per 1 million persons. This 
outcome of the negative association between the scope of 
morbidity (mortality) and population density at a global 
level supports Hamidi et al. (2020). This may be explained 
on the grounds that the positive agglomeration effects in 
denser cities (higher prospects of observing health safety 
measures and calling emergency services; better medical 
infrastructure in denser cities) overcome the negative effects 
(more interactions between people, which, in turn, reinforces 
infections).

Appendix Tables 4 and 5 rank the optimal countries in 
terms of the predicted likelihood of COVID-19 infection and 
mortality. The lowest likelihood of infection is obtained in 
Niger (3684 anticipated cases per 1 million persons) and Mali 
(3830 anticipated cases per 1 million persons). As Appen-
dix Table 4 indicates, both countries are at the lowest scale 
of the median age, namely 15.1–16.4 years, which, in turn, 
yields the lowest COVID-19 infection rates. Yet, in terms 
of population density and the number of hospital beds per 
thousand persons, both countries are at the lowest 5–10 per-
centiles with a population density of 15.196–16.955 persons 

Table 2  Fractional probit regression analysis

Estimation outcomes are based on the fractional probit regression. The procedure is applied to information regarding 162 countries around the 
world provided by the World Health Organization (WHO) (n.d.), and spans from January 22, 2020, to January 21, 2022. Robust standard errors 
are given in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01

(1) (2) (3) (4)
Variables Total cases per million Total cases per million Total deaths per million Total deaths per million

Hospital_beds_per_thousand_sq  −0.0147***  −  −0.00760***  − 
(0.000217)  − (0.000128)  − 

Hospital_beds_per_thousand 0.135***  − 0.0265*** 0.0663***  −0.0173***
(0.00254) (0.000913) (0.00162) (0.000572)

Population density  −4.00 ×  10-5***  − 5.19 ×  10−5***  −0.000188***  −0.000212***
(2.16 ×  10-6) (2.19 ×  10−6) (5.17 ×  10−6) (5.77 ×  10−6)

Median age 0.0298*** 0.0381*** 0.0189*** 0.0233***
(0.000275) (0.000261) (0.000158) (0.000148)

Observations 109,813 109,813 102,399 102,399
Calculated chi-sq (d.f. = 4/3) 34,365.24*** 29,914.52*** 31,134.51*** 28,918.6***
Critical chi-sq (1%, d.f. = 4/3) 13.2767 11.34 13.2767 11.34
Log pseudo likelihood  −0.0508883  −0.05096441  −423.1717  −424.00383

Fig. 1  Predicted COVID-19 
vs. hospital beds per thousand. 
Notes: Based on the fractional 
probit regression outcomes 
reported in columns (1) and (3) 
in Table 2. The procedure is 
applied to information regarding 
162 countries around the world 
provided by the World Health 
Organization (WHO) and spans 
from January 22, 2020, to Janu-
ary 21, 2022. Predicted values 
are multiplied by a factor of 1 
million
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per square kilometer and 0.1–0.3 beds per thousand persons. 
Unlike the median age, the numerical values of both of these 
variables predict higher than the optimal COVID-19 infec-
tion rates.

Appendix Table 5 shows that the lowest likelihood of 
mortality is obtained in Singapore (2.35 anticipated deaths 
per 1 million persons) and Burundi (104.6 anticipated deaths 
per 1 million persons – 104.6

2.35
= 44.51 times more than the 

optimal country). As Appendix Table 5 indicates, Singa-
pore has the highest population density (7915 persons per 
square kilometer), while Burundi has the lowest median 

age variable (17.5 years). This, in turn, yields the lowest 
COVID-19 mortality rates. Yet, in terms of median age, Sin-
gapore is located at the 75–90% percentile with 42.4 years, 
and, in terms of the number of hospital beds, slightly above 
the median percentile with 2.4 beds per thousand persons. 
Unlike the population density, the numerical values of both 
of these variables predict higher than the optimal COVID-19 
mortality rates.

An interesting outcome obtained from this analysis is 
the fact that the advantages of denser countries (e.g., bet-
ter infrastructure, better accessibility to medical centers and 

Fig. 2  Predicted COVID-19 vs. 
population density

Fig. 3  Predicted COVID-19 
vs. median age. Notes: Based 
on the fractional regression 
outcomes reported in columns 
(1) and (3) in Table 2. The 
procedure is applied to informa-
tion regarding 162 countries 
around the world provided by 
the World Health Organization 
(WHO) and spans from January 
22, 2020, to January 21, 2022. 
Predicted values are multiplied 
by a factor of 1 million
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facilities, and higher prospects of getting health treatment 
much faster compared to more sparsely populated countries) 
might outweigh the disadvantages (more interactions with 
people, which, in turn, increase the prospects of infections, 
crime, traffic jams, pollution). Given the more limited pos-
sibility to control the median age, and the less constrained 
possibility to control population density by choice of resi-
dence in the short run, this outcome might prove to be 
important.5

Robustness tests

One concern that should be addressed is the skewness of the 
dependent variables’ total COVID-19 cases (deaths) per 1 
million persons and the symmetry of the random disturbance 
terms. The relevant statistical tests clearly indicate the rejec-
tion of the null hypothesis of zero skewness. Figure 4 pro-
vides histograms of these dependent variables. Both clearly 
exhibit right-tailed distributions. Infection rates among 53% 
of the world countries are only 6322.8 cases per 1 million 
persons, and among less than 1% of the world countries are 
350,000 cases per 1 million persons. The mortality rates 
among 50% of the world countries are 115.325 deaths per 1 
million persons, and among less than 1% of the world coun-
tries are 6200 deaths per 1 million persons.

These concerns may be addressed by using the Poisson 
regression (Greene 2012: 842–855; Msemburi et al. 2023). 
This methodology is particularly suitable for the counts of 
events, such as the total COVID-19 cases and deaths per 1 
million persons and the number of hospital beds. Riphahn 
et al. (2003), for instance, employed this methodology by 
investigating count data variables (the number of hospital 
and doctor visits). Greene (2012: 851) provides the histo-
gram of the latter variable and demonstrate a clear right-
tailed distribution, very similar to those reported in Fig. 4.

According to Greene (2012), the Poisson model speci-
fies that each yi ( yi = 0, 1, 2, 3,⋯ ) is drawn from a Poisson 
population with �i parameters related to xi regressors in the 
following manner:

Prob
(

yi|xi
)

=
e−�i�i

yi

yi!
 where ln�i = x

�

i
�  .  The cor re-

sponding log-likelihood function to be maximized 
is:lnL =

∑n

i=1

�

−�i + yix
�

i
� − ln

�

yi!
��

 and the first order 
conditions are:

A well-known criticism of the Poisson regression is the 
assumed equality of the conditional mean and variance 
functions. This problem may be addressed by the nega-
tive binomial regression model. The introduction of an 
individual unobserved effect 

(

�i
)

 to the conditional mean 
yields:ln�i = x

�

i
� + �i = ln�i + lnui and the corresponding 

density function is:

�lnL

��
=
∑n

i=1

(

yi − �i
)

xi = 0.

Fig. 4  Histograms of COVID-
19 cases and deaths per 1 mil-
lion persons. Notes: The graph 
refers to information regarding 
162 countries around the world 
provided by the World Health 
Organization (WHO), and 
spans from January 22, 2020, 
to January 21, 2022. Infec-
tion rates among 53% of the 
world countries is only 6,322.8 
cases per 1 million persons and 
among less than 1 percent of 
the world countries is 350,000 
cases per 1 million persons. 
Mortality rates among 50% of 
the world countries are 115.325 
deaths per 1 million persons 
and among less than 1% of the 
world countries are 6200 deaths 
per 1 million persons

5 In the long run, median age may be controlled by natural reproduc-
tion or immigration of younger populations.
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The estimation results of the Poisson and negative 
binomial regressions are given in Table 3. Based on the 

f
(

yi|xi, ui
)

=
e−�iui

(

�iui
)yi

yi!
.

Poisson regressions given in column 1 (columns 2) in 
Table 3, Fig. 5 (Fig. 6) provides the predicted number of 
COVID-19 cases (deaths) per 1 million persons as a func-
tion of the number of hospital beds per 1000 persons per 
country. Results are robust to previous outcomes and show 
a rise from 20,000 to a maximum of 32,000 predicted 

Table 3  Robustness test: poisson and negative binomial regressions

Estimation outcomes are based on the Poisson and negative binomial regressions. These procedures are applied to information regarding 162 
countries around the world provided by the World Health Organization (WHO) and spans from January 22, 2020, to January 21, 2022. Robust 
p-values are given in parentheses. **p < 0.05; ***p < 0.01

(1) (2) (3) (4)

Procedure Poisson regression Binomial regression
Variables Total_cases_per_million Total_deaths per_million Total_cases per_million Total deaths per million
Population_density  −8.68 ×  10−5***  −0.000699***  −9.03 ×  10−5***  −0.000699

(< 0.01) (7.55 ×  10−7) (< 0.01) (0.354)
Median_age 0.0661*** 0.0656*** 0.0682*** 0.0656**

(< 0.01) (2.57 ×  10−5) (< 0.01) (0.0106)
Hospital_beds_per_thousand2 0.332*** 0.240*** 0.339*** 0.240

(< 0.01) (0.000256) (< 0.01) (0.347)
Hospital_beds_per_thousand  −0.0355***  −0.0270***  − 0.0362***  −0.0270

(< 0.01) (2.35 ×  10−5) (< 0.01) (0.252)
Constant 7.355*** 3.696***  − 6.509***  −10.12***

(< 0.01) (0.000719) (< 0.01) (< 0.01)
Observations 109,813 102,399 109,813 102,399
Pseudo R-squared 0.237 0.2245  −  − 
Calculated chi-square (d.f. = 4) 34,129.53*** 29,877.58***  −  − 
Critical chi-sq (1%, d.f. = 4/3) 13.2767 13.2767  −  − 
Log pseudo likelihood/BIC −2, 006, 709, 211  −35,848,121  − 1,270,328  − 1,181,211

Fig. 5  Predicted number of 
COVID-19 infection events per 
1 million persons
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cases (400 to a maximum of 560 predicted deaths) and 
a drop from 32,000 to 2000 predicted cases (560 to 100 
predicted deaths) per 1 million persons with the number 
of hospital beds.

Conclusions

During the past 2 years, the COVID-19 global pandemic 
affected countries around the world in different ways (e.g., 
Alperovich 1984; Newman 2005; Nitsch 2005; Blasius 2020; 
Arbel et al. 2022). The magnitude and severity of the spread 
vary based on different characteristics. The current study 
tests three important features, identified in the literature, 
namely median age (e.g., Hägg 2020; O’Driscoll et al. 2021; 
Petrilli et al. 2020), population density (e.g., Hamidi et al. 
2020; Souris and Gonzalez 2020), and per capita hospital 
beds (Souris and Gonzalez 2020; Docherty et al. 2021; 
Grosso et al. 2021).

Following the evolvement of distinct variants, the pan-
demic included several waves. Coping with each variant is 
slightly different. However, given the contagious nature of 
the pandemic, a conventional measure is the avoidance or, 
at least reduction, of interactions among people and keeping 
a safe distance from one another. According to the World 
Health Organization (WHO) coronavirus (COVID-19) dash-
board, as of March 25, 2022, the scope of morbidity is 
476,374,234 cases ( 476,374,234

7,900,000,000
= 6.03% of the world popula-

tion) and the extent of mortality is 6,108,976 persons 
( 6,108,976

7,900,000,000
= 0.0733% of the world population).

In coping with the disease, every country has its own 
advantages and disadvantages. This raises the question 
of what the optimal country with respect to the scope of 
morbidity and mortality from the SARS-CoV2 is (the virus 
responsible for the COVID-19 pandemic). Differently put, 
for uninfected persons, which country has the lowest pros-
pects for COVID-19 morbidity? Having become infected 
with the SARS-CoV2 virus, which country has the lowest 
prospects of COVID-19 mortality?

Findings suggest that for individuals who were not 
infected by the SAR-COV2 virus, the optimal country would 
be Niger or Mali, the countries with the lowest prospects of 
morbidity per million persons. Yet, to reduce the prospects 
of mortality for individuals who were already infected by the 
SAR-COV2 virus, the optimal country would be Singapore.

Another important finding is the drop in morbidity and 
mortality rates with an increased number of hospital beds 
where the median age and population density of the country 
are controlled. This is an important outcome which is in line 
with Coccia (2021). The author derives four strategic ways 
to address future pandemics. Those include the following: 
(1) Increasing health expenditure above 7.6% of the GDP, 
(2) increasing government health expenditure above $2000 
per capita, (3) policies aimed to reduce air pollution to a 
maximum of 50 days per annum, (4) rather than extensive 
quarantine and lockdowns policies, timely applications of 
containment policy in susceptible places in terms of mor-
bidity and mortality, (5) vaccination plans. Given that the 
number of hospital beds is a proxy for the extent of health 
expenditures, the empirical evidence we provide is consist-
ent with four of Coccia’s recommendations regarding the 

Fig. 6  Predicted number of 
COVID-19 mortality events 
per 1 million persons. Notes: 
Based on Columns (1) and (2) 
in Table 3, where the depend-
ent variable is total COVID-19 
cases/deaths per 1 million per-
sons. The Poisson procedure is 
applied to information regarding 
162 countries around the world 
provided by the World Health 
Organization (WHO) and spans 
from January 22, 2020, to Janu-
ary 21, 2022
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required increase in health expenditure, timely applications 
of the containment policy, and vaccination plans. Referring 
to vaccination plans, for instance, those require additional 
health budgets for the good deployment of the health system 
facilities and vaccine acquirements. Moreover, Hradsky and 
Komarek (2021) concluded that in particular countries, the 
number of people who will die from COVID-19 is largely 
given by factors that cannot be drastically changed as an 
immediate reaction to the pandemic and authorities should 
focus on modifiable variables, such as the number of hos-
pital beds.

Referring to our findings, the outcomes consistently 
show an initial attenuated increase in projected morbidity 
and mortality rates with more hospital beds per thousand 
persons followed by a steep decrease starting from the fifth 
hospital bed per thousand persons. The initial rise may be 
explained by Pablos-Méndez et al. (2022). The authors com-
pared western and eastern countries. The west experiences 
a much higher COVID-19 mortality than the east. Despite 
structural advantages in the west, such as better health infra-
structure, delays in national responses early on resulted in a 
loss of control over the spread of SARS-CoV-2. Although 
the early success of the East was sustained in the second 
half of 2020, the region remains extremely vulnerable to 
COVID-19 until enough people are immunized. Given that 
the study data timeframe spans from January 2000 to Janu-
ary 2022, the initial projected morbidity and mortality rise 
reflects the deterioration in the morbidity and mortality data 
of the Eastern countries with time. Compared to the west-
ern countries, the health infrastructure in these countries is 
worse. This is reflected in lower numbers of hospital beds 
per thousand persons.

The contribution of this article lies in the possibility to 
generate a new policy tool in the face of future global pan-
demics based on real-life data. In that respect, we can rank 
the optimal countries and attempt to study from their expe-
rience in an effort to address future pandemics. One of the 
important lessons that emanate from the empirical evidence 
might be the need to extend budget spending on health and 
cooperation across states in emergency situations. In light of 
the related limitations, it is difficult to prevent the spread of 
future pandemics. However, coordination between countries 
and the establishment of international medical professional 
teams for the management of the crisis—such as the treat-
ment of earthquakes—the establishment of field hospitals, 
testing laboratories, isolation of areas, humanitarian aid in 
infected areas, and international studies with prioritization 
and incentives for the same issue might  be considered as an 
effective public policy.

A potential limitation of our study is the fact that the 
investigation is carried out throughout the COVID-19 pan-
demic. In light of the different nature of each wave, it is 
possible that the optimal ranking would vary following 

different COVID-19 waves. This is, however, a subject for 
future research.

Another limitation of our study is the lack of control on 
the extent of COVID-19 testing. It is possible that compared 
to less developed countries, COVID-19 detection in Euro-
pean countries is higher due to the widespread testing. This 
limitation, however, may be addressed as follows:

The world today is exposed to satellite detection and 
other technological means. It would either be impos-
sible or very difficult to hide data about epidemics. In 
that context, and based on satellite images obtained via 
search engines, Nsoesie et al. (2020) were able to indi-
cate early disease activity in the Fall of 2019 in Wuhan 
China, which is considered the source of the COVID-19 
outbreak.
This point may indeed be considered one of the limita-
tions of the current study. Indeed, the lack of a testing 
system may create a distortion. Yet, given the spread of 
the pandemic, which cannot be avoided, a reasonable 
assumption is the small magnitude of this distortion. Dif-
ferently put, people have a pretty good evaluation of how 
many patients are there.
A study at the beginning of the pandemic (Sambridge and 
Jackson 2020) supports the credibility of early global data 
on COVID-19 morbidity and mortality events. The Ben-
ford’s law states that for numbers that consist of at least 
three digits, the theoretical probability of appearance of 
n = 1, 2, 3, 4, 5, 6, 7, 8, 9 as the first digit from the left is 
log10

[

n+1

n

]

 . The implication is that the modal digit is one 
(approximate theoretical probability of appearance of 
30%).6 This law may be employed to reveal data anoma-
lies and frauds. For instance, Fig. 3 in Sambridge and 
Jackson (2020) demonstrates that the appearance of the 
digit 9 in the Czech Republics’ COVID-19 mortality 
reports is unproportionate. Yet a global level analysis 
given in Fig. 4 demonstrates a Pearson correlation of 
100% between the theoretical and actual Benford distribu-
tion.
As Arbel et al. (2022, 2023) and Pablos-Méndez et al. 
(2022) indicate, in addition to median age, significant 
correlates of COVID-19 infection and mortality in coun-
tries with at least 1 million population was the democ-
racy index. In autocratic countries, there is more com-
pliance with the COVID-19 restrictions due to a fear of 
the regime. This approach is also supported in the UN 

6 As an intuitive example, consider, for instance a street where the 
addresses are numbered at consecutive digits 1, 2, 3, 4,⋯ , 19 . While 
the probability of appearance of the digit one as the most left digit 
is 11

19
 (street numbers 1, 11, 12, 13, 14, 15,⋯ , 19 ), the probability of 

appearance of every other of the eight remaining digits is 1
19

.
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report from April 2021 regarding LDC (less-developed 
countries). The report stresses the fact that while LDC 
accounts for 14% of the world population, they account 
for only 2% of the COVID-19 cases. The report stresses 
that an overlooked reason for this outcome is the immedi-
ate implementation of lockdowns and travel restrictions 
by governments in less developed countries (page 2).
According to the UN report from April 2021, one hypoth-
esis referring to the low COVID-19 infection rates in less 
developed countries is the lower availability of tests. 
Referring to this claim, on the one hand, indeed, this is 
true in a large portion of LDC. On the other hand, in the 
few less developed countries that implemented extensive 
testing policies (e.g., Bhutan and Rwanda), COVID-19 

infection rates still remained low. Moreover, overall policy 
responses have been found to be a stronger explanatory 
factor than low testing, poor health systems, or underre-
porting of COVID-19 cases (Chitungo et al. 2020).
Referring specifically to Singapore, which is ranked first 
in our study in terms of the projected number of COVID-
19 infected per 1 million persons, according to the US 
freedom house measures of democracies, it is considered 
only partly free, or more autocratic compared to Western 
countries (e.g., Arbel et al. 2022). As previously noted, 
in addition to other factors, the regime type might also 
explain the low COVID-19 mortality rates in Singapore 
(if the system is sufficiently effective to impose high com-
pliance levels to social distancing rules).

Table 4  Rank of countries 
based on predicted COVID-19 
cases per 1 million persons

Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

1 Niger 16.955 0.3 15.1 3684.50
2 Mali 15.196 0.1 16.4 3830.20
3 Uganda 213.759 0.5 16.4 4343.70
4 Burkina Faso 70.151 0.4 17.6 4732.70
5 Burundi 423.062 0.8 17.5 5160.70
6 Guinea 51.755 0.3 19 5162.40
7 Madagascar 43.951 0.2 19.6 5243.80
8 Somalia 23.5 0.9 16.8 5252.10
9 Tanzania 64.699 0.7 17.7 5295.80
10 Mozambique 37.728 0.7 17.7 5312.20
11 Afghanistan 54.422 0.5 18.6 5353.30
12 Benin 99.11 0.5 18.8 5417.90
13 Ethiopia 104.957 0.3 19.8 5494.90
14 Gambia 207.566 1.1 17.5 5799.60
15 Togo 143.366 0.7 19.4 6065.10
16 Eritrea 44.304 0.7 19.3 6081.90
17 Central African Republic 7.479 1 18.3 6162.80
18 Liberia 49.127 0.8 19.2 6223.20
19 Malawi 197.519 1.3 18.1 6462.10
20 Sudan 23.258 0.8 19.7 6508.90
21 Japan 347.778 13.05 48.2 6519.20
22 Yemen 53.508 0.7 20.3 6607.90
23 Cameroon 50.885 1.3 18.8 6964.00
24 South Korea 527.967 12.27 43.4 7173.40
25 Ghana 126.719 0.9 21.1 7453.10
26 Zambia 22.995 2 17.7 7545.80
27 Guatemala 157.834 0.6 22.9 7843.40
28 Iraq 88.125 1.4 20 7861.80

Appendix 
 
Table 4Table 5
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Table 4  (continued) Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

29 Kenya 87.324 1.4 20 7862.50
30 Pakistan 255.573 0.6 23.5 8149.90
31 Zimbabwe 42.729 1.7 19.6 8230.80
32 Nepal 204.43 0.3 25 8380.60
33 Solomon Islands 21.841 1.4 20.8 8452.70
34 Haiti 398.448 0.7 24.3 8837.00
35 Comoros 437.352 2.2 20.4 9348.40
36 Sao Tome and Principe 212.841 2.9 18.7 9358.40
37 Timor 87.176 5.9 18 9401.90
38 Honduras 82.805 0.7 24.9 9593.60
39 Jordan 109.285 1.4 23.2 10,152.30
40 Eswatini 79.492 2.1 21.5 10,399.60
41 Philippines 351.873 1 25.2 10,426.30
42 Cambodia 90.672 0.8 25.6 10,443.90
43 Bangladesh 1265.036 0.8 27.5 10,716.90
44 Equatorial Guinea 45.194 2.1 22.4 11,203.50
45 Bolivia 10.202 1.1 25.4 11,285.90
46 Kiribati 143.701 1.9 23.2 11,341.30
47 India 450.419 0.53 28.2 11,362.50
48 Belize 16.426 1.3 25 11,518.60
49 Laos 29.715 1.5 24.4 11,529.60
50 Belarus 46.858 11 40.3 11,931.70

51 Tonga 150.028 2.6 22.3 11,987.30
52 Djibouti 41.285 1.4 25.4 12,150.50
53 Nicaragua 51.667 0.9 27.3 12,328.50
54 Egypt 97.999 1.6 25.3 12,565.50
55 Paraguay 17.144 1.3 26.5 12,936.60
56 Gabon 7.859 6.3 23.1 13,492.30
57 El Salvador 307.811 1.3 27.6 13,660.10
58 Venezuela 36.253 0.8 29 13,677.10
59 Guyana 3.952 1.6 26.3 13,699.00
60 Botswana 4.044 1.8 25.8 13,773.20
61 Myanmar 81.721 0.9 29.1 14,108.80
62 Cape Verde 135.58 2.1 25.7 14,313.60
63 Indonesia 145.725 1.04 29.3 14,780.70
64 Dominican Republic 222.873 1.6 27.6 14,786.10
65 Turkmenistan 12.253 7.4 26.9 14,955.30
66 Tajikistan 64.281 4.8 23.3 15,149.20
67 Ecuador 66.939 1.5 28.1 15,248.10
68 Morocco 80.08 1.1 29.6 15,458.90
69 Mexico 66.444 1.38 29.3 16,221.50
70 Bhutan 21.188 1.7 28.6 16,617.70
71 Peru 25.129 1.6 29.1 16,871.30
72 South Africa 46.754 2.32 27.3 16,924.10
73 Algeria 17.348 1.9 29.1 17,965.00
74 Mongolia 1.98 7 28.6 18,326.30
75 Qatar 227.322 1.2 31.9 18,521.80
76 Fiji 49.562 2.3 28.6 18,554.70
77 Malaysia 96.254 1.9 29.9 18,900.30
78 Oman 14.98 1.6 30.7 18,992.90
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Table 4  (continued) Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

79 Kyrgyzstan 32.333 4.5 26.3 18,994.60
80 Bahrain 1935.907 2 32.4 19,312.40
81 Jamaica 266.879 1.7 31.4 19,913.80
82 Panama 55.133 2.3 29.7 20,086.10
83 Costa Rica 96.079 1.13 33.6 20,855.30
84 Iran 49.831 1.5 32.4 20,943.00
85 Uzbekistan 76.134 4 28.2 21,424.20
86 Colombia 44.223 1.71 32.2 21,592.00
87 United Arab Emirates 112.442 1.2 34 21,792.50
88 Kazakhstan 6.681 6.7 30.6 22,198.40
89 Suriname 3.612 3.1 29.6 22,307.20
90 Grenada 317.132 3.7 29.4 22,448.10
91 Libya 3.623 3.7 29 22,479.90
92 Israel 402.606 2.99 30.6 22,782.10
93 Lebanon 594.561 2.9 31.1 22,937.80
94 Saint Lucia 293.187 1.3 34.9 23,372.60
95 Singapore 7915.731 2.4 42.4 23,817.10
96 Saint Vincent 281.787 2.6 31.8 23,882.30
97 Turkey 104.914 2.81 31.6 24,610.50
98 Tunisia 74.228 2.3 32.7 24,808.00
99 Kuwait 232.128 2 33.7 24,920.70
100 Saudi Arabia 15.322 2.7 31.9 24,991.80

101 Vietnam 308.127 2.6 32.6 25,194.40
102 Brunei 81.347 2.7 32.4 25,717.70
103 Brazil 25.04 2.2 33.5 25,927.60
104 Antigua and Barbuda 231.845 3.8 32.1 27,479.90
105 Argentina 16.177 5 31.9 28,098.20
106 Azerbaijan 119.309 4.7 32.4 28,946.20
107 Chile 24.282 2.11 35.4 29,106.20
108 Ukraine 77.39 8.8 41.4 29,694.10
109 Bahamas 39.497 2.9 34.3 30,127.70
110 Sri Lanka 341.955 3.6 34.1 30,795.70
111 Russia 8.823 8.05 39.6 32,012.50
112 Uruguay 19.751 2.8 35.6 32,555.50
113 Trinidad and Tobago 266.886 3 36.2 33,888.20
114 Seychelles 208.354 3.6 36.2 35,831.40
115 Armenia 102.931 4.2 35.7 35,959.60
116 Mauritius 622.962 3.4 37.4 36,848.80
117 Iceland 3.404 2.91 37.3 36,928.10
118 New Zealand 18.206 2.61 37.9 37,016.80
119 Cyprus 127.657 3.4 37.3 38,223.80
120 Albania 104.871 2.89 38 38,224.10
121 United States 35.608 2.77 38.3 38,681.30
122 Georgia 65.032 2.6 38.7 38,781.80
123 Moldova 123.655 5.8 37.6 38,983.90
124 Thailand 135.132 2.1 40.1 39,282.30
125 Ireland 69.874 2.96 38.7 40,409.00
126 Australia 3.202 3.84 37.9 41,268.10
127 Sweden 24.718 2.22 41 42,786.70
128 Barbados 664.463 5.8 39.8 42,844.50
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Table 4  (continued) Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

129 United Kingdom 272.898 2.54 40.8 43,241.60
130 China 147.674 4.34 38.7 43,578.90
131 Montenegro 46.28 3.861 39.1 44,412.90
132 North Macedonia 82.6 4.28 39.1 44,889.40
133 Norway 14.462 3.6 39.7 45,598.30
134 Canada 4.037 2.5 41.4 45,700.40
135 Luxembourg 231.447 4.51 39.7 46,164.80
136 Poland 124.027 6.62 41.8 46,856.70
137 Denmark 136.52 2.5 42.3 47,806.50
138 Romania 85.129 6.892 43 48,860.40
139 Slovakia 113.128 5.82 41.2 48,909.60
140 Hungary 108.043 7.02 43.4 49,079.20
141 Malta 1454.037 4.485 42.4 49,305.60
142 Austria 106.749 7.37 44.4 49,405.50
143 Germany 237.016 8 46.6 49,746.80
144 Serbia 80.291 5.609 41.2 49,748.20
145 Bulgaria 65.18 7.454 44.7 49,781.70
146 Belgium 375.564 5.64 41.8 50,281.20
147 France 122.578 5.98 42 50,695.60
148 Czechia 137.176 6.63 43.3 51,286.30
149 Lithuania 45.135 6.56 43.5 52,749.00
150 Netherlands 508.544 3.32 43.2 53,281.20

151 Bosnia and Herzegovina 68.496 3.5 42.5 53,606.40
152 Finland 18.136 3.28 42.8 53,950.10
153 Estonia 31.033 4.69 42.7 56,397.60
154 Cuba 110.408 5.2 43.1 56,805.70
155 Switzerland 214.243 4.53 43.1 56,928.30
156 Latvia 31.212 5.57 43.9 58,946.80
157 Croatia 73.726 5.54 44 59,197.00
158 Spain 93.105 2.97 45.5 61,343.50
159 Slovenia 102.619 4.5 44.5 62,397.70
160 Greece 83.479 4.21 45.3 65,214.70
161 Portugal 112.371 3.39 46.2 66,036.60
162 Italy 205.859 3.18 47.9 71,172.40

The rank is from the lowest to the highest. Predicted values are multiplied by a factor of 1 million
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Table 5  Rank of countries 
based on predicted COVID-19 
deaths per 1 million persons

Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

1 Singapore 7915.731 2.4 42.4 2.35
2 Burundi 423.062 0.8 17.5 104.60
3 Uganda 213.759 0.5 16.4 105.20
4 Niger 16.955 0.3 15.1 105.40
5 Mali 15.196 0.1 16.4 110.60
6 Bangladesh 1265.036 0.8 27.5 117.90
7 Burkina Faso 70.151 0.4 17.6 124.90
8 Bahrain 1935.907 2 32.4 127.80
9 Gambia 207.566 1.1 17.5 130.30
10 Tanzania 64.699 0.7 17.7 135.20
11 Somalia 23.5 0.9 16.8 136.00
12 Benin 99.11 0.5 18.8 136.70
13 Guinea 51.755 0.3 19 137.00
14 Mozambique 37.728 0.7 17.7 137.90
15 Afghanistan 54.422 0.5 18.6 139.20
16 Ethiopia 104.957 0.3 19.8 139.80
17 Madagascar 43.951 0.2 19.6 140.50
18 Malawi 197.519 1.3 18.1 142.30
19 Togo 143.366 0.7 19.4 144.60
20 South Korea 527.967 12.27 43.4 149.30
21 Eritrea 44.304 0.7 19.3 154.20
22 Liberia 49.127 0.8 19.2 155.80
23 Central African Republic 7.479 1 18.3 156.70
24 Comoros 437.352 2.2 20.4 162.40
25 Sudan 23.258 0.8 19.7 164.60
26 Yemen 53.508 0.7 20.3 164.70
27 Japan 347.778 13.05 48.2 165.10
28 Cameroon 50.885 1.3 18.8 166.50
29 Haiti 398.448 0.7 24.3 171.60
30 Ghana 126.719 0.9 21.1 172.60
31 Zambia 22.995 2 17.7 175.30
32 Pakistan 255.573 0.6 23.5 175.70
33 Iraq 88.125 1.4 20 180.00
34 Kenya 87.324 1.4 20 180.10
35 Guatemala 157.834 0.6 22.9 180.50
36 Sao Tome and Principe 212.841 2.9 18.7 181.70
37 Timor 87.176 5.9 18 187.90
38 Nepal 204.43 0.3 25 189.60
39 Zimbabwe 42.729 1.7 19.6 189.70
40 Solomon Islands 21.841 1.4 20.8 199.80
41 Philippines 351.873 1 25.2 201.20
42 India 450.419 0.53 28.2 210.90
43 Jordan 109.285 1.4 23.2 222.80
44 Eswatini 79.492 2.1 21.5 224.00
45 Honduras 82.805 0.7 24.9 224.30
46 Kiribati 143.701 1.9 23.2 235.00
47 Tonga 150.028 2.6 22.3 238.90
48 Cambodia 90.672 0.8 25.6 239.30
49 Equatorial Guinea 45.194 2.1 22.4 244.50
50 El Salvador 307.811 1.3 27.6 260.00
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Table 5  (continued) Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

51 Laos 29.715 1.5 24.4 260.80
52 Bolivia 10.202 1.1 25.4 264.60
53 Belize 16.426 1.3 25 265.50
54 Egypt 97.999 1.6 25.3 269.10
55 Djibouti 41.285 1.4 25.4 273.00
56 Gabon 7.859 6.3 23.1 274.30
57 Nicaragua 51.667 0.9 27.3 282.70
58 Belarus 46.858 11 40.3 286.10
59 Cape Verde 135.58 2.1 25.7 289.40
60 Dominican Republic 222.873 1.6 27.6 289.70
61 Paraguay 17.144 1.3 26.5 294.70
62 Tajikistan 64.281 4.8 23.3 295.50
63 Turkmenistan 12.253 7.4 26.9 305.70
64 Botswana 4.044 1.8 25.8 306.50
65 Guyana 3.952 1.6 26.3 308.00
66 Indonesia 145.725 1.04 29.3 312.70
67 Myanmar 81.721 0.9 29.1 313.90
68 Venezuela 36.253 0.8 29 315.40
69 Ecuador 66.939 1.5 28.1 328.90
70 Lebanon 594.561 2.9 31.1 333.20
71 Morocco 80.08 1.1 29.6 337.70
72 Mexico 66.444 1.38 29.3 350.50
73 South Africa 46.754 2.32 27.3 352.90
74 Bhutan 21.188 1.7 28.6 362.20
75 Qatar 227.322 1.2 31.9 364.10
76 Peru 25.129 1.6 29.1 368.30
77 Mongolia 1.98 7 28.6 368.80
78 Israel 402.606 2.99 30.6 369.80
79 Jamaica 266.879 1.7 31.4 371.20
80 Kyrgyzstan 32.333 4.5 26.3 373.40
81 Grenada 317.132 3.7 29.4 375.80
82 Fiji 49.562 2.3 28.6 384.20
83 Algeria 17.348 1.9 29.1 386.60
84 Malaysia 96.254 1.9 29.9 387.00
85 Uzbekistan 76.134 4 28.2 411.40
86 Panama 55.133 2.3 29.7 412.60
87 Oman 14.98 1.6 30.7 413.70
88 Saint Vincent 281.787 2.6 31.8 421.30
89 Malta 1454.037 4.485 42.4 426.50
90 Saint Lucia 293.187 1.3 34.9 434.60
91 Vietnam 308.127 2.6 32.6 437.00
92 Kazakhstan 6.681 6.7 30.6 438.90
93 Costa Rica 96.079 1.13 33.6 441.50
94 Iran 49.831 1.5 32.4 446.50
95 Libya 3.623 3.7 29 452.20
96 United Arab Emirates 112.442 1.2 34 454.10
97 Suriname 3.612 3.1 29.6 456.30
98 Colombia 44.223 1.71 32.2 456.40
99 Kuwait 232.128 2 33.7 463.10
100 Turkey 104.914 2.81 31.6 477.20



59229Environmental Science and Pollution Research (2023) 30:59212–59232 

1 3

Table 5  (continued) Rank Country Population density Hospitals per 
thousand

Median age Predicted cases

101 Antigua and Barbuda 231.845 3.8 32.1 479.80
102 Tunisia 74.228 2.3 32.7 498.90
103 Sri Lanka 341.955 3.6 34.1 506.20
104 Brunei 81.347 2.7 32.4 506.60
105 Saudi Arabia 15.322 2.7 31.9 512.00
106 Mauritius 622.962 3.4 37.4 518.70
107 Azerbaijan 119.309 4.7 32.4 530.70
108 Brazil 25.04 2.2 33.5 537.70
109 Argentina 16.177 5 31.9 545.40
110 Barbados 664.463 5.8 39.8 574.50
111 Ukraine 77.39 8.8 41.4 588.40
112 Trinidad and Tobago 266.886 3 36.2 591.30
113 Bahamas 39.497 2.9 34.3 601.10
114 Chile 24.282 2.11 35.4 603.80
115 Seychelles 208.354 3.6 36.2 635.80
116 Russia 8.823 8.05 39.6 642.50
117 Uruguay 19.751 2.8 35.6 658.20
118 Armenia 102.931 4.2 35.7 669.00
119 Moldova 123.655 5.8 37.6 708.50
120 Cyprus 127.657 3.4 37.3 713.70
121 Albania 104.871 2.89 38 733.80
122 Iceland 3.404 2.91 37.3 749.90
123 New Zealand 18.206 2.61 37.9 753.10
124 Thailand 135.132 2.1 40.1 763.50
125 United Kingdom 272.898 2.54 40.8 766.10
126 Georgia 65.032 2.6 38.7 768.90
127 United States 35.608 2.77 38.3 775.00
128 Ireland 69.874 2.96 38.7 789.70
129 China 147.674 4.34 38.7 790.70
130 Luxembourg 231.447 4.51 39.7 798.90
131 Belgium 375.564 5.64 41.8 800.00
132 Netherlands 508.544 3.32 43.2 815.00
133 Australia 3.202 3.84 37.9 818.20
134 North Macedonia 82.6 4.28 39.1 846.00
135 Poland 124.027 6.62 41.8 859.50
136 Montenegro 46.28 3.861 39.1 860.30
137 Sweden 24.718 2.22 41 880.70
138 Germany 237.016 8 46.6 882.20
139 Slovakia 113.128 5.82 41.2 899.10
140 Norway 14.462 3.6 39.7 904.70
141 Hungary 108.043 7.02 43.4 914.60
142 Denmark 136.52 2.5 42.3 917.50
143 Romania 85.129 6.892 43 920.20
144 Austria 106.749 7.37 44.4 927.40
145 France 122.578 5.98 42 928.90
146 Serbia 80.291 5.609 41.2 931.70
147 Czechia 137.176 6.63 43.3 937.20
148 Canada 4.037 2.5 41.4 942.40
149 Bulgaria 65.18 7.454 44.7 957.90
150 Switzerland 214.243 4.53 43.1 1004.30
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