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Abstract

Purpose The coronavirus disease 2019 (COVID-19) pandemic has spread to all countries in the world, and different coun-
tries have been impacted differently. The study aims to understand what factors contribute to different COVID-19 impacts
at the country level.

Methods Multivariate statistical analyses were used to evaluate COVID-19 deaths and cases relative to nine other demo-
graphic and socioeconomic factors in all countries and regions of the world using data as of August 1, 2020. The factors
analyzed in the study include a country’s total COVID-19 deaths and cases per million population, per capita gross domestic
product (GDP), population density, virus tests per million population, median age, government response stringency index,
hospital beds availability per thousand population, extreme poverty rate, Bacille Calmette—Guérin (BCG) vaccination rate,
and diphtheria—tetanus—pertussis (DTP3) immunization rate.

Results The study reveals that COVID-19 deaths per million population in a country most significantly correlates, inversely,
with the country’s BCG vaccination rate (r= —0.50, p=>5.3e-5), and also significantly correlates a country’s per capita
GDP (r=0.39, p="7.4e-3) and median age (r=0.30, p=0.042), while COVID-19 cases per million population significantly
correlate with per capita GDP and tests per thousand population. To control for possible confounding effects of age, the
correlation was assessed in countries propensity score matched for age. The inverse correlation between BCG vaccination
rates and COVID-19 case (r= —0.30, p=0.02) and death (r= —0.42, p=0.0007) remained significant among the top 61
countries with the highest median age.

Conclusion This study contributes to a growing body of evidence supporting the notion that BCG vaccination may be pro-
tective against COVID-19 mortality.
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Introduction However, different countries have been impacted very differ-

ently, with about a quarter of all cases and deaths happening

The COVID-19 pandemic, caused by the novel coronavirus
SARS-CoV-2, has reached all countries and territories in the
world. As of August 1, 2020, there have been more than 21
million total accumulated cases and > 760,000 total deaths
worldwide due to COVID-19, with a fatality rate of 4% [1].
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in the United States, while certain other countries recording
much lower levels of COVID-19 cases and deaths. The dif-
ferential impact of COVID-19 on different countries in the
world begs the question of what factors are important in
influencing COVID-19 morbidity and mortality.

As an infectious respiratory disease transmitted through
human contacts, COVID-19 should have higher impact
in countries with high population density, with low dis-
ease control stringency, and in countries that lack medi-
cal resources, such as physicians and hospital beds, which
are often associated with low per capita GDP. In addition,
there have been observations of COVID-19 association
with climate, BCG immunization, and various socioeco-
nomic conditions of countries. Some of the observations
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were made during the early stage of the disease transmission
when COVID-19 data were still accumulating, hindering
the ability to draw definitive conclusions. Now more than
eight months have passed since COVID-19 was identified
and all countries have been affected, it is time to examine its
transmission again in order to identify factors that are most
important for COVID-19 morbidity and mortality.

I have previously posted on the Research Square preprint
server [2] that COVID-19 morbidity and mortality inversely
correlate with BCG immunization by Pearson’s correlation
coefficient analysis with the data available for all countries
in the world as of June 1, 2020, and that the correlation
remains statistically significant after controlling for age, a
factor important for COVID-19 susceptibility. The current
study used the same methods to evaluate COVID-19 impact
on countries worldwide as of August 1, 2020. During the
two months, the world has witnessed a tripling of COVID-
19 cases from 6,327,540 to 17,999,745, and a doubling of
total COVID-19 deaths from 385,096 to 687,582. Despite
the large increase in case and death numbers, the current
analysis found that the previous results mostly hold true,
suggesting that BCG vaccination may have protective effects
against COVID-19.

Results

Disproportional distribution of COVID-19 cases
and deaths in world countries

Although the COVID-19 pandemic has spread to all coun-
tries in the world, different countries have been impacted
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differently, based on the data as of August 1, 2020. The U.S.
recorded more than 5.5 million cases and more than 170,000
deaths due to COVID-19, whereas in some other countries,
these numbers are much lower, as in a scatter blot (Fig. 1a).
After controlling for population size, disparity for countries
still remains, although a few countries with small popula-
tion sizes, such as San Marino, lead the chart in COVID-19
cases and deaths per million population (Fig. 1b). The case
and death numbers are highly correlated, i.e., in general the
higher the case number, the higher the death number in a
country, although there are outliers with high case number
but low death number, such as Qatar and Singapore (Fig. 1).
The unequal distribution of COVID-19 death and case num-
bers in different countries raises the question of what factors
are important for the susceptibility of a population to SARS-
CoV-2 infection.

Demographic and socioeconomic factors correlated
with COVID-19 impact

To understand what demographic or socioeconomic fac-
tors are important for the COVID-19 impact, two differ-
ent multivariate statistical analyses were employed. First,
a pairwise Pearson’s correlation coefficient analysis was
carried out for several factors with the data available for
most countries. These factors include each country’s total
cases and deaths per million population due to COVID-
19; total numbers of SARS-CoV-2 virus tests carried out;
government response stringency index, which records the
strictness of ‘lockdown style’ policies that primarily restrict
people’s behavior [3]; population density (number of people
per square kilometer of land); median age; per capita gross
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Fig. 1 a Scatter plots in log scale of COVID-19 cases and deaths. b Scatter plots in log scale of COVID-19 cases and deaths per million. Only a

subset of countries is labeled above its marker
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domestic product (GDP) (2019); extreme poverty index, hos-
pital beds per thousand people; the coverage rates of Bacille
Calmette—Guérin (BCG) vaccination; and diphtheria—teta-
nus—pertussis (DTP3) immunization rates (Table S1). Since
COVID-19 death and case numbers are highly correlated,
they were used separately in the following two different sta-
tistical multivariate analyses.

Factors correlate with COVID-19 death and case
in pairwise analysis

Pearson’s correlation coefficients were calculated from an
input table assembled from publicly available data as of
August 1, 2020 (Table S1). The table rows are observations
(210 countries and regions) and columns are independent
variables (e.g., deaths per million, BCG rates). When these
10 factors were thus analyzed as independent variables, it
is found that COVID-19 deaths per million most signifi-
cantly (negatively) correlates with the country’s BCG vac-
cination coverage rates (r= —0.50, p=5.3e-5). COVID-19

deaths per million also significantly (positively) correlates
with a country’s per capita GDP (r=0.39, p=0.0074), and
with median age (r=0.30, p=0.042) (Fig. 2, Table 1).
COVID-19 death is found not significantly correlated,
however, with a country’s stringency index, population
density, virus tests, extreme poverty rates, hospital bed
availability, and DTP3 immunization coverage (Table 1).
Thus, fewer COVID-19 deaths were found in countries
with higher rates of BCG vaccination, whereas more
COVID-19 deaths are found in countries with higher per
capita GDP or more elderly people.

When COVID-19 cases per million were analyzed with
the same method, however, it is found that it significantly
correlates only with tests per thousand and GDP per cap-
ita, suggesting that high-income countries that carried
more tests have more COVID-19 cases (Table 2). The dif-
ference between COVID-19 case and death numbers in
terms of their relationships with other demographic and
socioeconomic factors begs further analysis with different
methods.
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Fig. 2 Pairwise scatter plots of the indicated independent variables. Green shaded regions indicate p <0.05 by Pearson’s correlation coefficient

(see Table 1 for values)
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Multivariate analysis for COVID-19 cases and deaths

A second method, generalized linear regression, was used
for a multivariate statistical analysis of COVID-19 cases
and deaths. Here COVID-19 deaths and cases per mil-
lion, respectively, in each country was used as observed
responses, and all other factors were used as predictors. The
results from multivariate analysis with generalized linear
model regression are similar to those from the above Pear-
son’s correlation coefficient analysis, although with inter-
esting differences. Specifically, the most significant factor
predicting COVID-19 deaths is, again, BCG immunization
rates (p =3.7e-7; Table 3), consistent with Pearson’s correla-
tion coefficient analysis. Also consistent with the Pearson’s
correlation coefficient is that per capita GDP significantly
correlates with COVID-19 deaths (p =0.016). Unlike Pear-
son’s correlation coefficient, the multivariate linear regres-
sion found that DTP3 immunization rates (p =0.0001), but
not median age (p =0.0647), significantly correlates with
COVID-19 deaths (Table 3). However, DTP3 immunization
rates positively correlates with COVID-19, the significant
result is less informative, because it would suggest that
DTP3 immunization promoted COVID-19 death. Thus, two
different statistical methods both suggest BCG vaccination
reduces COVID-19 deaths.

When COVID-19 case numbers were analyzed with mul-
tivariate linear regression, it is found that per capita GDP
(p=1.75e-7) and tests per 1000 population (p=0.0093) sig-
nificantly correlates with COVID-19 cases (Table 4), con-
sistent with Pearson’s correlation coefficient. In addition,
multivariate linear regression indicates that median age,
government response stringency, and poverty levels are also
correlated with COVID-19 cases (Table 4), unlike the results
from the Pearson’s correlation coefficient analysis.

Table 3 Multivariate analysis of COVID deaths

Predictors Estimate (b) SE t Stat p value
(Intercept) 85.1258 30.0668  2.8312 0.0051
Tests per thousand —0.2288 0.1477 —1.5492 0.1229
Stringency index 0.5202 0.3479  1.4952 0.1364
Population density 0.0011 0.0073  0.1472 0.8831
Median age —2.0553 1.1066 —1.8574 0.0647
GDP per capita 0.0018 0.0007  2.4233 0.0163
Extreme poverty —1.0002 0.6836 —1.4631 0.1450
Hospital beds/thou- 1.2075 5.5085  0.2192 0.8267
sand
BCG Immunization —1.8233 0.3467 —5.2596 3.70e-07
DTP3 Immunization 1.8905 0.4680  4.0397 0.0001

Coefficient estimates (b) for a generalized linear regression of
COVID deaths as responses on multiple predictors calculated using
MATLAB glmfit function, with standard errors (SE), ¢ statistics, and
p values
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Table 4 Multivariate analysis of COVID cases
Predictors Estimate SE t Stat p value
(Intercept) 2260.4548 795.8747  2.8402 0.0050
Tests per thousand 10.2672 39101  2.6258 0.0093
Stringency index 25.7003 9.2095  2.7906 0.0058
Population density 0.0222 0.1920  0.1156 0.9081
Median age —105.1955 29.2909 -3.5914 0.0004
GDP per capita 0.1074 0.0198  5.4144 1.75e-07
Extreme poverty —39.1161  18.0948 —-2.1617 0.0318
Hospital beds/thou- —186.4294 1458114 —-1.2786 0.2025

sand

BCG Immunization 1.0827 9.1760  0.1180 0.9062
DTP3 Immunization 15.1585  12.3878  1.2237 0.2225

Coefficient estimates (b) for a generalized linear regression of
COVID cases as responses on multiple predictors calculated using
MATLAB glmfit function, with standard errors (SE), ¢ statistics, and
p values

BCG is a tuberculosis (TB) vaccine used in many coun-
tries with high TB prevalence [4]. However, BCG is not
generally used in countries with low risks of TB infection,
such as the US and most Western European countries. There
have been reports of COVID-19 and BCG association with
both positive and negative results [5—7], and currently there
are ongoing clinical trials using BCG as vaccine against
COVID-19 [8, 9].

This study used BCG vaccination rates from Our World
in Data [10], with the rates averaged for all the years with
available data (1980-2019) for each country, and these
were further verified with data from The BCG World
Atlas [11]. Although the world health organization (WHO)
started recording BCG coverage data only after 1980, most
countries with BCG policy started immunization before
1980[11]. The average BCG vaccination rates over all
the years show highly significant inverse correlation with
COVID-19 deaths by two statistics methods (Tables 1, 3).
Indeed, when countries are sorted by mean BCG immuni-
zation rate, it can be seen that the high COVID-19 deaths
occurred more in countries with low BCG vaccination rates
(Fig. 3).

The world countries’ BCG coverage rates show a dichoto-
mous pattern, and there is a steep drop from high cover-
age rates (nearly 100%) to no coverage (0%) (Fig. 3a, b).
Very few counties have a BCG coverage rate around 50%
(a total of 9 countries have BCG rates from 40 to 60%).
When countries were separated by BCG coverage rates into
two groups of BCG rates >50% (denoted as “BCG”) and
BCG rates < 50% (denoted as “No BCG”), the two groups
of countries show significantly different mean deaths, but
not significantly different mean cases (Fig. 3c, d). This is in
agreement with the results from both Pearson’s correlation
coefficient analysis and multivariate linear regression.
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Fig.3 COVID-19 morbidity and mortality vs BCG immunization
rates. a, b Total COVID-19 cases and deaths per million against
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the world. Only selected countries are labeled. Values of r, p indi-
cate Pearson correlation coefficient and p value. ¢, d Boxplots of

In summary, factors affecting COVID-19 cases and
deaths were analyzed using Pearson’s correlation coefficient
and multivariate linear regression. Both statistical methods
indicate that COVID-19 deaths most significantly correlate
with a country’s BCG immunization rate, while the number
of coronavirus positive cases correlate with the country’s
resourcefulness and testing capabilities.

Correlation between COVID-19 death and GDP may
be due to age

A single factor identified by two statistical methods that sig-
nificantly correlates with both COVID-19 cases and deaths
is per capita GDP (Tables 1, 2, 3, 4). It has been reported
that COVID-19 affects older people more than younger peo-
ple [12]. Indeed, worldwide COVID-19 deaths significantly

total COVID-19 cases and deaths per million for all countries and
regions (n=210) in the world, grouped by BCG vaccination rate of
either <50% (“No BCG”) or>50% (BCG). p values indicate the lev-
els of difference between the two groups by two-tailed Student’s 7 test

correlate with the median age of nations (r=0.30, p=0.042)
by Pearson’s correlation (Fig. 2; Table 1). On the other hand,
the median age of a country highly significantly correlates
with its per capita GDP (r=0.64, p=1.93e-6). Thus, a plau-
sible explanation is that high per capita GDP leads to longer
lifespan; thereby, raising the median age of a country. In
other words, the higher case and death numbers in wealthy
countries were likely due to the higher age as a confounding
factor in those countries.

BCG vaccination and COVID-19 death inversely
correlate in countries with high median age

Since age may be a significant confounder in the correlation

between GDP and COVID-19, is age similarly a confound-
ing factor in the correlation between BCG vaccination and
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COVID-19? Correlation coefficient analysis shows that BGC
vaccination does not significantly correlate with a country’s
median age (r= —0.24, p=0.107; Table 1), although there
appears to be a trend that countries with lower BCG vacci-
nation rates may have a higher median age. This raised the
question of whether the higher COVID-19 case and death
numbers in countries lacking BCG vaccination can be con-
founded by their having more elderly population.

To reduce the possible confounding effects of age, pro-
pensity score matching for age was used to further evaluate
the correlation between BCG vaccination and COVID-19.
To this end, all countries were divided into three groups
by median age. The median ages of the world’s 210 coun-
tries and regions range from 15.1 (Niger) to 48.2 (Japan)
(Table 5). These countries were discretized into “young”,
“medium”, and ‘old” groups based on their median age, and
their correlation with COVID-19 were analyzed separately
in age-matched subgroups. It is found that BCG vaccina-
tion is not associated with COVID-19 cases and deaths for
“young” and “medium” aged countries, but BCG vaccina-
tion remains significantly negatively associated with both
COVID-19 case and death only in “old” countries (Table 5).
Importantly, in these 61 “old” countries, BCG immuniza-
tion rate and median age are no longer inversely correlated
(r=0.116, p=0.373) (Table 5).

When separated by BCG coverage rates (>50% vs <50%),
among the 61 “old” countries, 36 countries with>50% BCG
coverage have an average median age of 41.8 +£2.7, which is
almost the same as the average median age of 41.1+3.025
for the countries with <50% BCG coverage (Fig. 4). Thus,

Table 5 Correlation coefficient in countries matched by median age

Group “Young”  “Medium” “Old”
N 50 75 61
Min age 15.1 23.1 36.2
Country Niger Gabon Trinidad and
Tobago
Max age 229 35.7 48.2
Country Guatemala Armenia  Japan
BCG vs COVID r 0.095 0.065 -0.299
cases
p 0514 0.58 0.0192 *
BCG vs COVID r 0.082 0.12 —-0.424
deaths
p 057 0.304 0.0007 HoHk
BCG vs median Age r  0.201 —-0.128 0.116
p 0.161 0.274 0.373

210 countries/regions were propensity score matched for median
age into three groups. 24 countries were excluded due to the lack of
median age information. Pearson’s correlation coefficient (r) and p
value (p) are shown

* ***pdicate significant levels, p <0.5, p<0.001
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after controlling for the confounding effects of old age by
propensity score matching, the inverse correlation remains
statistically significant between BCG vaccination and
COVID-19 case (r= —0.30, p=0.019), and between BCG
vaccination and COVID-19 death (r= —0.42, p=0.0007),
in high median-age (“old”) countries. Thus, BCG vaccina-
tion may reduce COVID-19 mortality in high median age
countries.

Discussion

Analyses for correlation between COVID-19 deaths and nine
socioeconomic factors was carried out in order to assess
which factors are important for the COVID-19 impact on
world countries. The study identified BCG immunization
as most significantly correlated, inversely, with COVID-19
mortality eight months into the pandemic, and this correla-
tion remains significant after controlling for the confound-
ing effect of age. Other factors significantly correlate with
COVID-19 deaths a country’s per capita GDP and median
age. These two factors highly significantly correlate with
each other, and age, which is known to affect COVID-19
susceptibility, is likely a confounder for the effects of per
capita GDP.

As an infectious respiratory disease transmitted through
human contacts, it can be assumed that the higher the human
density should result in more COVID-19 cases and deaths.
Social distancing works by reducing effective human den-
sity. However, this study found that COVID-19 cases and
deaths do not significantly correlate with population density.
Therefore, most densely populated counties or regions, such
as Monaco, Singapore, and Hong Kong, do not have the
highest number of COVID-19 cases or deaths, even based
on per million population. Likewise, it was surprising that
COVID-19 deaths did not significantly correlate with fac-
tors, such as government disease control stringency and the
availability of hospital beds. However, there are caveats in
this interpretation as certain data are incomplete, affecting
statistical analysis. In particular, the policy stringency index
data are incomplete (119 countries are missing data) and do
not necessarily reflect the real timely responses and control
in the complex situations of different countries.

Contrary to the perception that low living standard and
poverty may incur high number of COVID-19 casualty, it is
found that the high numbers of per million COIVD-19 cases
and deaths correlate with high per capita GDP, a general
measure of a country’s wealth. Indeed, the top 20 countries
in both total number of deaths and deaths per million include
many of the world’s wealthiest nations, including the United
States and most Western European countries. However, as
a country’s median age is significantly correlated with its
per capita GDP. It is believed that the reason the elderly
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Fig.4 COVID-19 morbidity and mortality vs BCG immunization in
“old” countries. a, b Total COVID-19 cases and deaths per million
against BCG immunization rates for high median age (“old”) coun-
tries and regions (n=61). r and p are from Pearson’s correlation coef-
ficient analysis. ¢, d Boxplots of total COVID-19 cases and deaths

are more susceptible to COVID-19 is because their immune
systems have declined [13]. Thus, the correlation between
GDP and COVID-19 is likely confounded by age.

Although it is also argued that low GDP countries may
lack testing capabilities, thus underestimating COVID-19
impacts. Although this may be true in the early days or
months of the pandemic, testing ability has increased to lev-
els comparable to high-income countries [14]. This study
found COVID-19 deaths not significantly correlated with
total tests carried out by countries, although understandably
COVID-19 cases significantly correlates with testing.

To assess if other types of vaccination also influence
COVID-19 deaths, immunization against diphtheria teta-
nus toxoid and pertussis (DTP3) was analyzed. DTP3 is a
combined vaccine offered to young children in many, but not
all countries with historical data available similarly to those
of BCG immunization [15]. DTP3 immunization is another
long running vaccine program adopted nonuniformly by

5
B E o
900 $—3 : - ————= 100
=3 B
£ /"’“
800 | = o 90
3 A r==0.42, p=0.0007
700 | " 3> U 80
c k] | —
2 o] 70 X
= 600 | ) <
£ ° ] =
g £ 5 160 £
o 500} S i g
Z 50 g
® 400 | 2 =
a - a0 €
= 300 | T g 3 0
= = s oL 30 O
- £ 23 e
200 & oy 20
o o < ;
100 ¢ B E 10
0 L n J O
0 10 20 30 40 50 60
| 1 J
median age=41.1+3.0 Median age=41.8+2.7
(n=25) (n=36)
800
: p=8.8e-04 ***
700 i
o :
2 600 | i
€ i
» 500 F
5 i
o
£ 400+
=
3 300+
=
S 200 |
S €
100 - :
ok
No BCG BCG

per million “old” all countries in the world (n=61), grouped by BCG
vaccination rate of either <50% (“No BCG”) or>50% (BCG). p val-
ues indicate the levels of difference between the two groups by two-
tailed Student’s ¢ test

different countries, and broad immune benefits have been
reported for both BCG and DTP3 [16, 17]. However, unlike
BCG, no significant correlation was found between DTP3
immunization and COVID-19 death by Pearson’s correla-
tion (r=0.24, p=0.121; Table 1). Although DTP3 did show
significant correlation with COVID-19 when analyzed by
multivariate linear regression, this correlation would indi-
cate DTP3 vaccination increases CVOID-19 deaths, because
the coefficient is positive, as mentioned earlier. Thus, BCG
vaccination might have specific effects on reducing COVID-
19 deaths.

There have been other studies recently on BCG and
COVID-19 correlation, with different conclusions. Miller
et al. analyzed data of several countries as of March 21,
2020, and found a significant correlation between countries
with universal BCG vaccination policy and reduced COVID-
19 morbidity and mortality [7]. Berg et al. have published
a biweekly updated report since April 2020 analyzing the
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daily rates of COVID-19 case and death increase, and have
shown that countries with mandated BCG vaccination pol-
icy consistently exhibit flattened curves (slower increases)
[6]. A recent study by Escobar et al. carried out detailed
population comparisons, e.g., between former East and
West Germany, and have found significant correlation BCG
immunization and reduced COVID-19 deaths especially in
European countries [18]. These studies are consistent with
the current study. There are also reports, however, showing
the opposite. For example, Hamiel et al. found no signifi-
cant difference in COVID-19 positive test rates between two
groups of young adults of about 3000 each in Israel [5]. It
is noted that the BCG vaccinated group (aged 3941 years)
is slightly older than the unvaccinated group (aged 35-37),
and the study examined only SARS-CoV2 infection not mor-
tality. Asahara analyzed COVID-19 cases among passen-
gers boarding the Diamond Princess cruise ship and found
no significant correlation between citizens from countries
with mandatory BCG immunization and those with no such
policy [19]. Thus, further investigation is clearly needed to
establish a causal relationship, if any, between BCG vaccine
and COVID-19 mortality. Nonetheless, a growing consensus
seems to suggest that BCG vaccination may help reduce
COVID-19 mortality.

BCG vaccine was initially developed in 1921 in France
as attenuated live strains of Mycobacterium bovis, but the
strains used in different countries have since shown differ-
ence in eliciting human immune reactions [20]. This study
did not attempt to distinguish among different strains of
BCG vaccines. Future studies may compare different BCG
strains toward mechanistic understanding if and how BCG
vaccine might be used protect against diseases other than
TB. Indeed, it has been shown that BCG immunization can
have long-lasting protective effects not only against TB, but
also other respiratory diseases, including even lung cancer
[8, 9, 16, 17]. Thus, BCG might confer broad nonspecific
immunity against respiratory infections. The mechanism
awaits further investigations.

There were no proven vaccines yet against SARS-CoV-2
as of August 1, 2020. If the proposed BCG protection
hypothesis holds true, BCG could be used as a substitute if
COVID-19 vaccines cannot be established. Ongoing trials
of COVID-19 vaccines may benefit by comparing with BCG
for effects against SARS-CoV-2.

As with all epidemiological studies, the current study has
limitations. Notably, COVID-19 data at the country levels
may not fully reflect local provincial situation and may thus
represent a sampling bias in statistical studies. Future stud-
ies should be at individual levels to alleviate sampling bias.
Nonetheless, the inverse correlation between BCG vaccina-
tion and COVID-19 mortality found in this and other mostly
epidemiological studies suggest that BCG vaccines may
offer protection against COVID-19.
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Methods

All data were from Our World in Data (OWID) based at
the University of Oxford (https://ourworldindata.org/) [1].
The data as of 08-01-2020 were used for COVID-19 total
deaths per million, stringency index, population density per
thousand kilometer, median age, per capita gross domestic
product (GDP), extreme poverty index, hospital beds per
thousand people. Average rates of BCG vaccination cover-
age for 1 year olds for each country from 1980 to 2019, and
for share of children immunized with DTP3 from 1980 to
2018 were also from Our World in Data (OWID) [10]. BCG
coverage rates were verified using data from The World
BCG Atlas (http://www.bcgatlas.org/index.php) [11].

For statistical analyses, The MATLAB® function ‘cor-
rcoef’ was used for Pearson’s correlation coefficients for
statistical relationships between independent variables.
Pearson’s correlation coefficient was used for measuring
statistical relationships between two independent variables
that are continuous and approximately normally distributed.
The MATLAB® function ‘corrcoef returns a matrix of cor-
relation coefficients calculated from an input matrix whose
rows are observations (countries) and whose columns are
variables (e.g., deaths per million, BCG rates). A general-
ized linear model regression with the MATLAB® function
‘elmfit’ was used for multivariate analysis. Two-sided sig-
nificance threshold was set at p < 0.05. Data processing,
visualization, and statistical analyses were carried out using
MATLAB® Online (R2020a; The MathWorks Inc. 2020).
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