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Abstract
Background: Globally, the COVID-19 pandemic has result-

between country with BCG vaccination policy and those
without it; including those who had in the past but not any-
more, (X2 = 122.264, df 12, p < 0.0005). Spearman rank-or-

ed in immeasurable disruptions in countries activities. Since
the first reported case in December 2019, an estimated
140,000 people have died, with a case fatality rate of about
3%. The increasing rate of new cases and the evolving
epidemiology of the COVID-19 virus means that the glob-
al health community is grappling to understand the current
situation. The aim of this paper is to determine if the Bacil-
li Calmette-Guerin (BCG) vaccine used to protect against
childhood tuberculosis in TB endemic countries provides a
protective effect against the SARS-COV-2 virus.

Methods: A cross-sectional study to establish the relation-

der correlation shows statistically significant, strong nega-
tive correlation between countries BCG vaccination policy
and confirmed COVID-19 cases and death (BCG policy and
confirmed cases - correlation coefficient -0.427, p < 0.0005),
BCG policy and COVID-19 related death - correlation coef-
ficient -0.374, p < 0.0005).

Conclusion: We conclude that countries with robust BCG
vaccination policy had lower case fatality of COVID-19 how-
ever further studies will be needed to determine the level
of protection offered by the BCG vaccination against the

SARS-COV-2 virus.
ship between BCG vaccination policy and COVID-19 infec- virus

tion in 178 countries. Information on the BCG policies of
178 countries and COVID-19 were extracted from the BCG
world atlas and the World Health Organization COVID-19
situation report of April 7, 2020. Chi square tests were used
to determine statistical significance. Spearman’s rank-order
correlation was used to determine if a relationship exist be-
tween BCG policy and COVID-19 cases and deaths in 178
countries.
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Introduction

The COVID-19 pandemic continues to cause serious
havoc around the globe, spreading to 185 [1] countries
since it was first reported in December 2019 in Wuhan,
China. It was declared a pandemic by the World Health
Organisation (WHO) on March 11, 2020 [2]. The disease
is caused by SARS-COV-2 virus, a member of the coro-
na group of viruses. Corona virus belongs to the group

Results: There is a strong correlation between BCG vac-
cination and incidence of COVID-19 cases. Two countries
who had no BCG vaccination policy had over 100,000 con-
firmed cases and higher case fatalities. Chi square statistics
showed a significant difference in COVD-19 related death
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Coronaviridae and is said to be an established pathogen ID-19 in terms of CFR between countries with high dis-
affecting both humans and animals. The corona viruses  ease burden and those with National revaccination BCG
were initially classified into three groups based on their  policy. The study concluded that vaccination practices
antigenic properties of the spike (S), membrane (M) and provide added protection to the population against se-
nucleocapsid (N) proteins. Group 1 family has the genet-  vere SARS-COV-2 infection [8].

ic phylogeny HCoVs and NL63, group 2 has OC43, HKU-1
and SARS coronaviruses, and group 3 codes are found in
avian species [3]. The first known severe illness caused
by a coronavirus was seen in 2003 during the Severe
Acute Respiratory Syndrome (SARS) epidemic in China.
Similarly, a second outbreak of severe illness occurred
in 2012 in Saudi Arabia with the Middle East Respiratory
Syndrome (MERS).

In another study by Miller, et al. comparison was
made between BCG vaccination policy of large number
of countries and COVID-19 related morbidity and mor-
tality. This study found that countries that do not have
a universal policy for BCG vaccination are more severely
affected by COVID-19 compared to countries with a uni-
versal and long-standing policy for BCG. This finding is
consistent with the idea that BCG may protect the vacci-

Due to genetic recombination between members nated elderly population. The study by Miller, et al. and
of the same and different groups of corona virus, op- Dayal and Gupta covers 60 and 24 countries respective-
portunity exists for increased genetic diversification. ly. This study looks at data from 178 countries across
SARS-COV-2 virus is a novel strain which was recently the globe. It will contribute new information to the body
transmitted to humans possibly from animals such as  of knowledge emerging around this relationship. Addi-
bats, with human to human transmission now widely tionally, this study provides a snapshot at a time when
documented. According to WHO, SARS COV-2, the virus  most countries have reached peak infections, however,
that causes COVID 19 is primarily transmitted from a it should be noted that some countries are still seeing
symptomatic person to another, however, transmission  rising number of cases [9].
from an asymptomatic person is said to be possible [4]. Study Objectives

Since COVID-19 was declared a pandemic by WHO, . . . .
1. Investigate the relationship between routine BCG

there have been speculations about the possibility of the ot q v of SARS.COV-2 q
SARS-COV-2 infection and fatality being lower in coun- :‘/:tcaclli:; on and severity o ) "4 cases an

tries with routine BCG vaccination policy and practice
despite the fact that evidence to support such hypothe- 2. Establish if there is a correlation between BCG policy
sis has been non-existent because COVID-19 remains a and SARS-COV-2 infection at multicounty level.

novel disease. The Bacilli Calmette-Guerin vaccine (BCG)
was discovered over 80 years ago and is currently one
of the most widely used vaccines globally. More than 80 A cross-sectional study design was used to assess
percent of neonates and infants in countries where BCG  the relationship between BCG policy and COVID-19
is part of the national childhood immunization program  outcomes in 178 countries. This study looked at total
have benefited from the vaccine which has been docu- number of confirmed cases, and total deaths from the
mented to have protective effect against meningitisand  inception of the novel virus in December 2019 up until
disseminated tuberculosis (TB) in children [5]. the April 07, 2020. Data on the BCG policies from 178
countries and COVID-19 cases and deaths were extract-
ed from the BCG world atlas and the WHO COVID-19 sit-
uation report as at 10:00 Central European Time on 7%
April 2020, respectively. The countries were categorized
into three, with 0 representing countries with no BCG
policy, 1 representing countries that used to have BCG
policy but not anymore, and 2 representing countries
with routine immunization policy. We assessed popula-
lined with hair-like cilia projections, which sweeps bac-  ton data of 178 countries from worldometer as at May

teria and mucus out of the lungs [7]. Thus, those with 14, 2020 [10].

severe COVID-19 infection present with respiratory dis- The total number of confirmed cases and mortality

tress and in critical cases lung collapse. from COVID-19 were recoded with the code range in-
After an expansive search of peer-reviewed articles creasing as the number increases (code 1 being the low-

linking COVID-19 with BCG, we found only two articles est range and code 7 for countries with the highest con-
with evidence suggesting BCG may play a role in pro- firmed cases and total death). For total confirmed cases,

tecting against severe lung disease during COVID-19 the following codes were used: 1 = <100, 2 = 100-999,
infection. One study by Dayal and Gupta [8], found a 3 =1000-9999, 4 = 10,000-19,999, 5 = 20,000-49,000, 6

significant difference in the case fatality rate (CFR) be- = 20,000-99,999, and 7 =>100,00. For total confirmed
tween countries after comparing the impact of COV- death: 1=<10,2 =10-99, 3 = 100-499, 4 = 500-999, 5 =
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Methodology

Since BCG protects against disseminated TB through
triggering a robust T-cell type IV hypersensitivity reac-
tion in the alveoli of adults and infants [6], it has been
suggested that this type of reaction may be the bases
for the protection against SARS-COV-2 virus, since this
novel virus primarily affects the lung alveoli lining. SARS-
COV-2 virus is found in abundance in certain progenitor
cells which normally develop into respiratory tract cells
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1000-4999, 6 = 5000-9999, and 7 = > 10,000. The popu-
lation of the countries from worldometer estimates was
used to determine number of cases and death per 1 mil-
lion persons. The countries were categorized into low,
medium, and high depending on the percentile number
of cases and death per 1million population. The classifi-
cation is as follows:

Low =< 25 percentile
Medium = between 25-75 percentile
High = Above 75 percentile

Data was summarized using both descriptive and
inferential statistics. Chi square was used to assess
whether the difference in the outcome of COVID 19 in
the listed countries based on BCG policy is statistically
significant or not. Scatter plot was developed and visu-
ally inspected to assess if the data is monotonic. Fishers
exact test was also conducted as some of the cells have
values less than 5.

Spearman rank-order Correlation was conducted
to identify if there is a relationship and determine the
direction of the relationship between BCG policy and
COVID 19 impact on the 178 listed countries. Signif-
icance level was set at 0.05. Data was analyzed using
SPSS version 24.

Results

Two countries without BCG policy had COVID 19 cas-
es of over 100,000 and over 5,000 total deaths. While
161 countries with BCG policy had less than 1000 con-
firmed cases and less than 500 deaths as shown in Table
1.

Table 2 shows BCG vaccine policy and total confirmed
cases. For total number of confirmed COVID-19 cases,
1 country with no BCG policy had between 10,000-
19,999 cases while 2 countries also with no BCG policy
had above 100,000 confirmed cases. For countries that
used to have BCG policy but no more, 2 countries had
between 100-999 cases, 7 = 1,000 to 9,999, 1 = 10,000-

Table 1: Total numbers of cases and deaths in the different categories of countries based on BCG vaccination policy.

Total deaths Total
0-9 10-99 100-499 500-999 1,000-4,999 5,000- 210,000
9,999
No BCG Total 10,000-20,000 1 0 0 1
vaccination confirmed > 100,000 0 1 1 2
. cases recode
policy
Total 1 1 1 3
Used to Total 100-999 2 0 0 0 0 0 2
have BCG confirmed 1000-19,099 0 4 3 0 0 0 7
vaccination cases recode
policy but no 20,000-49,000 0 O 1 0 0 0 1
more
50,000-99,999 0 O 0 1 2 0 3
= 100,000 0 O 0 0 0 1 1
Total 2 4 4 1 2 1 14
(Routine Total 0-99 64 0 0 0 0 64
Immunization) confirmed
Active BCG cases recode 100-999 32 120 0 0 0 52
policy 1000-9,999 3 26 7 0 0 36
10,000-19,999 0 O 3 0 1 4
20,000-50,000 0 O 0 2 1 3
50,000-99,999 0 O 0 0 2 2
Total 99 46 10 2 4 161
Total Total 0-99 64 0 0 0 0 0 0 64
confirmed 100-999 34 20 0 0 0 0 0 54
case recoded
1000-9,999 3 30 10 0 0 0 0 43
10,000-19,999 0 O 5 0 1 0 0 6
20,000-50,000 0 O 0 2 1 0 0 3
50,000-99,999 0 O 0 0 3 2 0 5
2 100,000 0 O 0 0 0 1 2 3
Total 101 /50 15 2 5 3 2 178
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Table 2: BCG vaccine policy and total confirmed cases.

Total confirmed cases Total
0-99 100- 1,000- 10,000- 20,000- 50,000- =>100,000
999 9,999 19,999 49,000 99,999
BCG None 0 0 0 1 0 0 2 3
;iﬁf;ation Used to be routine 0 2 7 1 0 3 1 14
but not any more
Routine 64 52 36 4 3 2 0 161
immunization
Total 64 54 43 6 3 5 3 178
Table 3: Chi-square tests.
Value df Asymptotic Significance Exact Significance
(2-sided) (2-sided)
Pearson Chi-Square 122.2642 12 0.000 0.000
Likelihood Ratio 51.742 12 0.000 0.000
Fisher’s exact test 51.575 0.000
Linear-by-Linear Association 51.660 1 0.000 0.000
N of Valid Cases 178
216 cells (76.2%) have expected count less than 5.
Table 4: BCG vaccine policy and Total confirmed deaths.
Total death Total
0-9 10-99 100- 500- 1,000- 5,000- 210,000
499 999 4,999 9,999
BCG vaccination None 0 0 1 0 0 1 1 3
policy Used to be routine 2 4 4 0o 1 2 1 14
but not any more
Routine 99 46 10 2 4 0 0 161
immunization
Total 101 50 15 2 5 3 2 178

19,999 3 =50,000-99,999. 1 country had > 100,000 con-
firmed cases from this group. Lastly for countries with
routine BCG immunization policy, 64 = 0-99, 52 = 100-
999, 36 = 1000-9,999, 4 = 10-19,999, 3 = 20,000-49,000
and 2 = 50-99,999 cases. There is no country with >
100,000 confirmed COVID-19 cases among the group
which have routine BCG immunization policy in place.

The Chi square and Fisher’s exact test in Table 3
show a significant difference in COVD-19 confirmed
cases between country with BCG vaccination policy and
those without it (including those who had in the past
but not anymore) (x*= 122.264, df 12, p < 0.0005). Out
of 178 countries analyzed, 161 Countries have routine
BCG immunization policy, 14 countries used to have
vaccination policy but no more, and 3 countries had no
BCG vaccination policy.

Table 4 showed BCG vaccine policy and total con-
firmed deaths. Out of 178 listed countries, for those
with no routine BCG policy in place, 1 had death be-
tween 100-499, 1 between 5,000-9,999 and 1 > 10,000.
For countries that used to have routine BCG immuni-

Katbi et al. J Infect Dis Epidemiol 2020, 6:131

zation but no more, 2 = 0-9, 4 = 10-99, 4 = 100-499, 1
= 1,000-4,999, 2 = 5,000-9,999. 1 country had > 10,000
confirmed death in this group. Lastly for countries with
routine BCG immunization, 99 = 0-9, 46 = 10-99, 10 =
100-999, 2 = 500-999, and 4 = 1,000-4,999. There is
no country in this group with death of up to 5,000 and
above. Absolute number of COVID-19 related mortality
is higher in countries without BCG policy.

In Table 5, the Chi square statistics and Fisher’s ex-
act test show a significant difference in COVD 19 related
death between country with BCG vaccination policy and
those without it (including those who had in the past
but not anymore) (x* = 86.581, df 12, p < 0.0005). Abso-
lute number of COVID-19 related mortality is higher in
countries without BCG policy.

Table 6 shows the BCG policy and COVID 19 cases
and death adjusting for countries’ population. Countries
with BCG policy were observed to have lower COVID 19
cases and deaths attributable to COVID 19 per 1million
persons.

e Page 4 of 9 e



https://doi.org/10.23937/2474-3658/1510131

DOI: 10.23937/2474-3658/1510131 ISSN: 2474-3658

Table 5: Chi-Square Tests for significance.

Value df Asymptotic Significance Exact Significance
(2-sided) (2-sided)
Pearson Chi-Square 86.5812 12 0.000 0.000
Likelihood Ratio 44.797 12 0.000 0.000
Fisher’s exact test 50.860 0.000
Linear-by-Linear Association 54.042 1 0.000 0.000
N of Valid Cases 178

316 cells (76.2%) have expected count less than 5.

Table 6: COVID-19 cases and deaths categorization per 1 million population.

Country category based on number of Country category based on number of
cases/1 million persons deaths/1 million persons
Low Medium High Total Low Medium High Total
BCG No BCG policy 0 0 3 3 0 2 1 3
policy 112 BCG policy but | 0 4 10 14 0 11 3 14
not anymore
Routine BCG 44 86 31 161 44 111 6 161
vaccination policy
Total 44 90 44 178 44 124 10 178
Classification of cases and Low < 6.885 Low < 0.052
death severity per 1 million L L
persons Medium = 6.886-35.416 Medium = 0.053-4.749
High = 35.417 High = 4.750s

Table 7: The Chi Square test and Fisher’'s exact test results of Countries’ BCG policy and cases and death due to COVID19.

BCG policy by Country category based | BCG policy by Country category based on number
on number of cases per 1 million of deaths per 1 million
Asymptotic Asymptotic Exact
Significance Significance  Significance
Value df (2-sided) Value df (2-sided) (2 sided)
Pearson Chi-Square 28.9412 4 0.000 16.1782 4 0.003 0.013
Fisher’s exact test 22.800 0.000 14.187 0.003
Likelihood Ratio 27.832 4 0.000 15.671 15.671 1 0.003 0.002
Linear-by-Linear 21.678 1 0.000 12.203 12.203 1 0.003
Association
Valid cases 178 178

a5 cells (56%) have expected count less than 5.

Table 8: Correlations.

Total deaths Total confirmed BCG vaccination
cases policy
Spearman's rho Total deaths Correlation Coefficient ' 1.000 0.900" -0.374"
Sig. (2-tailed) . 0.000 0.000
N 178 178 178
Total confirmed cases | Correlation Coefficient  0.900 1.000 -0.427"
Sig. (2-tailed) 0.000 . 0.000
N 178 178 178
BCG vaccination policy | Correlation Coefficient  -0.374™ -0.427" 1.000
Sig. (2-tailed) 0.000 0.000
N 178 178 178

“Correlation is significant at the 0.01 level (2-tailed).
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Simple Scatter of BCG vaccination policy 0=None or only for specific population when indicated, 1=Used to be
routine but not anymore, 2=Routine immunization by Total confirmed cases
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Figure 1: Scatter plot showing monotonic relationship between COVID-19 confirmed cases and countries’ BCG policies.
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Figure 2: Scatter plot showing monotonic relationship between COVID-19 confirmed deaths and countries’ BCG policies.
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In Table 7, the Chi Square test and Fisher’s exact test
results of Countries’ BCG policy and cases and death
due to COVID19. It shows there is a significant differ-
ence between countries with BCG policy and number of
cases of COVID 19 per million persons (x*> = 28.941, df -
4, p < 0.005) death due to COVID 19 (x* = 16.178, df - 4,
p = 0.003).

Spearman rank-order correlation was run to assess
the relationship between countries’ BCG vaccination
policy and confirmed cases and death from COVID-19.

Katbi et al. J Infect Dis Epidemiol 2020, 6:131

Preliminary analysis showed the relationship to be
monotonic as assessed by visual inspection of scatter-
plot (Figure 1 and Figure 2). In Figure 1 below, prelim-
inary analysis shows the relationship between total
number of COVID 19 cases and countries’ BCG policy to
be monotonic as assessed by visual inspection of scat-
terplot which also reveals that countries with BCG policy
had less COVID-19 cases while countries with no BCG
policy or previous policy had higher number of cases of
COVID-19.
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Figure 2 below, preliminary analysis shows the rela-
tionship between total number of deaths attributable to
COVID-19 and countries’ BCG policy to be monotonic as
assessed by visual inspection of scatterplot which also
reveals that countries with BCG policy had less COVID-19
attributable death while countries with no BCG policy or
previous policy had higher number of death attributed
to COVID-19.

Table 8 further showed the correlation between
BCG vaccination policy and COVID-19 confirmed cases
and COVID 19 related deaths. There was statistically
significant, strong negative correlation between coun-
tries BCG vaccination policy and confirmed COVID-19
cases and death. (BCG policy and confirmed cases - cor-
relation coefficient -0.427, p < 0.0005), BCG policy and
COVID-19 related death - correlation coefficient -0.374,
p < 0.0005).

Discussion

Since the first case of COVID-19 was reported on
31 December 2019 in Wuhan, China, the disease has
spread globally making WHO to declare it a pandemic
on March 11, 2020 [2]. It remains a disease of mounting
public health concern. However, the impact of COVID-19
has not been the same across countries [11]. Whilst the
search for curative medicines and preventative vaccines
frantically continues, the BCG vaccine, which was devel-
oped primarily against tuberculosis was speculated to
provide some level of protection against COVID-19. This
speculation is linked to data which suggests that low and
middle income countries (LMIC) appear to have lower
number of cases and deaths due to COVID-19 [12].

BCG is no modern miracle. It was developed by
French physicians and biologists Léon Charles Albert

Calmette and Jean-Marie Camille Guérin in the 1900s
and was first successfully tested in 1921 [11]. It is the
only vaccine available today against tuberculosis and
has been in use with astonishing safety records [13] for
about a century.

A total of 1,276,010 cases and 72,540 deaths have
been recorded across the 178 countries of interest
during the study period from the inception of the vi-
rus in December 2019 up until April 7, 2020. The 178
countries were divided into 3 groups based on their BCG
vaccination policies. Three of the countries never had
routine BCG vaccination policy, and they made up the
first group. The second group had routine BCG vaccina-
tion policy in the past, but not anymore, they were 14
in number. The remaining 161 countries which made up
the third group currently have routine BCG vaccination
policy in place to routinely administer BCG as a preven-
tive measure against tuberculosis.

Among the three countries (Italy, USA, and Canada)
without universal BCG vaccination policy and practice,
two of them (USA and ltaly) were found to have over
100,000 confirmed cases of the novel coronavirus infec-
tion. Among the countries that had routine BCG vaccina-
tion in the past, one of the 14 countries, Spain had over
100,000 cases, while none of the 161 countries with
routine BCG immunization policy had over 100,000 cas-
es (though two countries have between 50,000-99,99
cases). When the numbers of cases per 1 million pop-
ulation was compared among the 178 countries, those
without universal BCG vaccination policy all had a high
number of cases compared to only 1 in 5 countries that
currently have BCG vaccination policy in place. In the
same vein, when the numbers of deaths per 1 million
population for the countries were compared, one-third

Total COVID 19 confirmed cases by country
Country

Germany 99,225
France 73,488
The United Kingdom 51.612
Canada I 15806
Austria 12,297
Brazil Il 11.130
Sweden 7206
Russian Federation [l 6.343
Australia = 5844
Norway 5.755
Czechia 4822
Denmark 4681

20
Finland 2176
United Arab Emirates [ 2.076
New Zealand 943
Belarus | 700
Slovakia 534
Costa Rica 454
ana 214

Equatorial Guinea 16
Dominica 14

Zimbabwe °

Central African Republic °
Mauritania ©

routine but not anymore, 2=Routine i.

and randomly selected countries with current BCG policy.

United States of Amexica | 333811
S 032
taly I, 152.547

BCG vaccina..

| .|
0.000 2.000

0K 20K 40K 60K S80K 100K 120K 140K 160K 180K 200K 220K 240K 260K 280K 300K 320K 340K 360K
Total confirmed cases

Total confirmed cases for each Country. Color shows BCG vaccination policy 0=None or only for specific population when indicated, 1=Used to be
Figure 3: Color coded horizontal bar chart showing confirmed cases of COVID-19 in all countries without current BCG policy

Red = No BCG policy; Brown = Had BCG policy but no more; Green = Current BCG policy.
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Total COVID 19 death by country

N
v ________________________________[OG§
Spain 13,055

BCG vaccination p..

United States of America I o559 0 2
France 8,896
The United Kingdom 5373
Germany 1,607
Brazil Il 486

Sweden
Canada [l 293
Austria
Ecuador 191
Denmark
Romania | 157
Peru |
Czechia 78
Malaysia |
Norway 59
Russian Federation |
Australia 42
Finland
Thailand | 26
Belarus
United Arab Emirates 11
hana
Mali 4
Slovakia
Costa Rica 2
Zimbabwe
Zambia 1
New Zealand
Mauritania 1
Brunei Darussalam
Equatorial Guinea 0
Dominica
Central African Republic 0

0K 1K 2K 3K 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 15K 16K 17K 18K

Total deaths
Sum of Total deaths for each Country. Color shows sum of BCG vaccination policy 0=None or only for specific population when indicated, 1=Used to be routine but not anymore, 2=Routine i
Figure 4: Color coded horizontal bar chart showing Number of deaths due to COVID-19 in all countries without current BCG
policy and randomly selected countries with current BCG policy.
Red = No BCG policy; Brown = Had BCG policy but no more; Blue = Current BCG.

of the countries without BCG vaccination policy had
high mortality whilst only 3 out of 100 countries with
BCG vaccination policy had high mortality. The findings
here are consistent with that of Miller, et al. who also
found that BCG vaccination correlates with significantly
less COVID-19 reported infections. Miller, et al. further
suggested that BCG might confer some protection spe-
cifically against COVID-19 [9] (Figure 3 and Figure 4).

Out of the over 100,000 cases that were report-
ed in the 2 countries without routine BCG administra-
tion, one recorded over 10,000 deaths. In the second
group of countries, Spain that had over 100,000 cases
was the only country in the group that had also record-
ed over 10,000 deaths [14]. Countries with BCG vacci-
nation (161) had fewer deaths compared to the other
two categories. There is no country in this group with
up to 10,000 deaths. In the study carried out by Day-
al and Gupta, the case fatality rates (CFR) between the
countries with high COVID-19 burden and the countries
which had followed BCG revaccination policies in the
past was compared, and there was an observed marked
difference in the mean CFR between the two groups of
countries [8]. Data from Miller, et al.’s study tentatively
suggests that BCG vaccination could significantly reduce
mortality associated with COVID-19 [9]. Findings from
this study on BCG and COVID-19 mortality show simi-
lar results to both Dayal and Gupta, and Miller, et al.
studies. This study however looked at greater number
of countries with higher cases and mortality data. Com-
parison was also made based on population size.

This study further identifies that there is a correla-
tion between BCG vaccination policy and COVID-19 con-

Katbi et al. J Infect Dis Epidemiol 2020, 6:131

firmed cases and deaths. The result suggests that BCG
vaccine might be protective against coronavirus infec-
tion and death [9].

Study Limitations

This study is limited by the lack of adjustment for
possible confounding factors such as the quality of the
health care system by country, COVID-19 surveillance
systems, territorial extension and testing capacity of
the 178 countries which may impact on number of con-
firmed cases and deaths. Countries with high quality re-
sponsive healthcare systems which are accessible, avail-
able, and affordable to all may perform better in saving
lives, however public health systems and good gover-
nance related to lockdown behaviour and test and trace
capacity are also critical factors in any comparison.

Conclusion/Recommendation

This study has clearly shown that countries with
routine BCG vaccination policy have significantly lower
COVID-19 cases and deaths compared to countries who
had BCG vaccination policy in the past or those that nev-
er had one. However, there is no current evidence that
BCG is a protective factor again COVID-19. Studies that
controls for the limitations outlined above are required
to determine how much of protection the BCG vaccine
can offer against COVID-19 infection. A number of RCT
trials have commenced to investigate this correlation
further. The world will watch with interest as the results
unfold.
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