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ABSTRACT

Deaths due to the ongoing COVID-19 pandemic vary (3-1681 deaths/million and mortality rates
0.71-14.54%) and are far greater in some countries compared to others. This observation led us to
perform epidemiological analysis, using data in the public domain, to study the correlation of
COVID-19 with the prevalence and vaccination strategies for two respiratory pathogens: flu and
tuberculosis (TB). Countries showing more than 1000 COVID-19 deaths were selected at three time
points during the ongoing pandemic: 17 May, 1 October and 31 December 2020. The major findings
of this study that are broadly consistent at all three time points are: First, countries with high flu
deaths negatively correlate with COVID-19 deaths/million. Second, TB incidences and deaths nega-
tively correlate with COVID-19 deaths/million. Countries displaying high TB and flu deaths (Nigeria,
Ethiopia, Myanmar, Indonesia, India) display lower COVID-19 deaths/million compared to countries
with low TB and flu deaths (ltaly, Spain, USA, France). Third, countries with greater flu vaccination
display lower flu incidences but higher COVID-19 deaths/million and mortality rates. On the other
hand, Bacillus Calmette Guerin (BCG) vaccination negatively correlates with Covid-19 deaths/million.
Fourth, countries with only BCG, but no flu, vaccination show delayed and lower number of COVID-
19 deaths/million compared to countries with flu, but no BCG, vaccination. Fifth, countries with high
BCG vaccination coverage as well as high TB deaths display the lowest COVID-19 deaths/million. The
implications of this global study are discussed with respect to the roles of respiratory infections and
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vaccinations in lowering COVID-19 deaths.

Introduction

Coronaviruses belong to a family of enveloped RNA viruses that
are known to cause respiratory tract infections in animals and
humans. The coronaviruses, Severe Acute Respiratory
Syndrome corona virus (SARS-CoV), Middle East Respiratory
Syndrome corona virus (MERS) and SARS-Corona Virus 2
(SARS-CoV?2) are the cause of epidemics and pandemics in the
human population.' The global pandemic caused by SARS-CoV
-2 is known as Coronavirus disease 2019 (COVID-19).> The
virus was first reported in December 2019 and is causing major
health issues, widespread death and disrupting economies across
the globe. SARS-CoV2 infects the respiratory tract causing mild
symptoms or, in severe cases, damage to the lungs.” SARS-CoV
and SARS-CoV2 share the same receptor for entry into host
cells, by interaction of the viral spike protein with the host
receptor angiotensin converting enzyme (ACE)2.*° The
Transmembrane protease serine 2 helps in binding of the viral
spike protein to the ACE2 receptor by priming and enhancing
the entry of SARS-CoV?2 in host cells.® Additionally, Neuropilin-
1, a protein known to bind to furin cleaved substrates, also
facilitates the entry of COVID-19 in cells having low expression
of ACE2.” The loss of lives and economic damage caused due to
COVID-19 has been immense and there is a dire need for
potential drugs and vaccines to combat this pathogen.

Mortality due to COVID-19 is variable across different
countries (3-1681 deaths/million) (Wikipedia and European
Center for Disease Prevention and Control; https://www.world
ometers.info/coronavirus/) but the reasons for this heteroge-
neity are unclear. This may be due to multiple factors playing
heterogenous roles: population age, temperature, cultural
norms, use of masks and social distancing, early responses by
countries to lower viral entry, efficient contact tracing and
isolation of COVID-19 patients to prevent spread of infection.
In addition, the available health infrastructure, co-morbidities
such as hypertension, diabetes, obesity, immune responses and
co-infections also affect COVID-19.°® Reports suggest that
countries with a younger population are more capable of
resisting the infection.”'* In addition, environmental factors
such as temperature and humidity may play antagonistic roles
with respect to the transmission of COVID-19 especially in
tropical countries.'"'?

Immune responses along with co-infections are also a major
factor. Prior immunity against infections such as flaviviruses are
known to generate protection against non-related pathogens,
a phenomenon known as cross immunity.13 In addition, areas
with high incidences of malaria demonstrate lower COVID-19
incidences."* An important factor is vaccinations which have
greatly improved our quality of life. Various factors such as
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genetics, sex, age, adjuvants and scheduling are involved in deter-
mining the efficacy of vaccination.'> Vaccination strategies have
a protective role against a broad class of pathogens. A recent
concept known as trained immunity is the epigenetic and meta-
bolic reprogramming of innate cells by some vaccines that leads to
better protective immunity to a broad class of pathogens.'*"® Co-
infections may also affect vaccination efficacies and the effects of flu
vaccine are lower due to helminth coinfection due to IL-10 produc-
tion which suppresses immunity.'” Tt is likely that vaccination
policies have a profound effect on COVID-19 induced infections.

The vast variability in the number of COVID-19 deaths across
countries led us to investigate the correlation between COVID-19
incidences or deaths with the prevalence of two respiratory dis-
eases, flu and tuberculosis (TB). This study was performed using
a sample set of countries that displayed more than 1000 deaths due
to COVID-19 at three time points during the ongoing pandemic:
17 May, 1 October and 31 December 2020. Using existing data
available in the public domain, we analyzed the relationship
between disease prevalence, deaths and vaccination strategies on
COVID-19-mediated infections and deaths in each country.
Overall, this study demonstrates that COVID-19 deaths are much
lower in countries with high flu and TB deaths. Conversely, coun-
tries with low flu and TB deaths, in the absence of BCG vaccina-
tions, demonstrate high COVID-19 deaths.

Materials and methods
Sample selection

A sample set of 21 (17® May 2020), 51 (1* October 2020) and 83
(31" December 2020) countries was selected by setting a threshold
of a minimum of 1000 COVID-19 deaths. They were analyzed with
respect to COVID-19 incidences and deaths and the data was
collected  from:  https://www.worldometers.info/coronavirus/.
Kinetic data regarding COVID-19 cases was obtained from:
https://www.worldometers.info/coronavirus/. Flu incidences and
flu vaccination data was mainly collected from,?%*! https://www.
weforum.org/agenda/2020/09/want-to-minimize-the-pandemics-
impact-get-a-flu-shot/, https://www.oecd.org/health/graph-of-the-
month.htm and https://www.who.int/immunization/research/for
ums_and_initiatives/02_Ropero_Alvarez GVRIF14_REVELAC_
I_Case_Control_Studies.pdf?ua=1 and https://ec.europa.eu/euro
stat/statistics-explained/index.php?title=File:Influenza_vaccina
tion_rate,_people_aged_65_years_and_over, 2013_and_ 2018 (%
25)_Health20.png&oldid=495172.

Data regarding TB incidences and BCG coverage was collected
from: http://www.bcgatlas.org/. This database collects information
regarding BCG and TB by the following three methods: First,
questionnaires were sent to at least two individuals who were
experts in TB research, TB control programs and public health/
vaccination programs for each country. The questionnaires were
available in different languages and mainly targeted both current
policy and the actual BCG policies. It also included any changes
that possibly occurred in the last 25 years. Other factors such as
information regarding tuberculin skin testing, influence of HIV,
vaccine strain differences have also been taken into account.
Second, published papers, case reports and government policy
documents are also included in this database for better information
regarding TB exposure and BCG policies. Third, immunization

data available from the World Health Organization Vaccine
Preventable Diseases Monitoring System was included (http://
apps.who.int/immunization_monitoring/en/globalsummary/
ScheduleSelect.cfim).”* Flu and TB death rates for all the countries
were collected from: https://www.worldlifeexpectancy.com/world-
health-rankings.

Mathematical calculations

COVID-19 deaths/million was calculated by dividing the
number of COVID-19 deaths to the total population of the
country. COVID-19 mortality rate was calculated by dividing
the number of COVID-19 deaths to total COVID-19 inci-
dences and then converting it to percentage.

Correlation analysis and significance testing

Graphs were constructed using Microsoft Excel and Spearman’s
correlation was applied for all the data in which the correlation
coeflicient value was designated for each graph. Correlation was
considered significant if p < .1. The p value was calculated using an
online calculator specific for Spearman’s correlation: https://www.
socscistatistics.com/tests/spearman/default2.aspx. Considering the
large range of values with respect to COVID-19 incidences, deaths,
deaths/million and mortality rate we expected that correlation
analysis would be favorable with p < .1 due to the large discrepancy
in the data. Additionally, we have performed Pearson’s correlation
analysis for the same data sets and have observed similar pattern of
significant correlations (data not shown). Bar graphs were con-
structed using Graph Pad Prism 8.0. One-way ANOVA and Two
tailed Student’s t test were used to calculate the statistical signifi-
cance of the bar graphs, *p < .05 **p < .01, **p < .001 and
otk <0001

Results

Flu incidences and deaths negatively correlates with
COVID-19 death/million

Initially, the countries were selected on the basis of >1000 COVID-
19 deaths at three time points: 17™ May 2020,1% October 2020 and
31" December 2020. With increasing time, the pandemic has
spread as observed by the higher number of countries showing
more than 1000 deaths at the later time points. These countries
were arranged in a descending order based on the number of
COVID-19 deaths (https://www.worldometers.info/coronavirus/
). Subsequently, information on COVID-19 incidences, TB inci-
dences & deaths, BCG coverage, flu incidences, deaths and vacci-
nation were added (Supplementary table 1-3). These data
collected from various databases gave an in-depth comparison
with respect to other infections and various vaccination policies.
The Spearman’s correlation coefficient (R,) was calculated with
respect to COVID-19 incidences and deaths, deaths/million and
mortality rate. To understand the effects of flu exposure, we
performed a correlation study with respect to total COVID-19
incidences, COVID-19 deaths and percentage, flu positive samples
(Flu incidences). However, flu incidences showed no correlation
with total COVID-19 deaths and incidences (Supplementary
figure 1). Additionally, we normalized COVID-19 deaths with
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Figure 1. COVID-19 deaths/million negatively correlates with Flu deaths at all three time points studied: Correlation of Flu deaths/100,000 was performed of countries
for three different time points: 17t May 2020 (a), 1°* October 2020 (b) and 31°* December 2020 (c) with respect to COVID-19 deaths/million. The graphs have been
correlated and the Spearman’s correlation coefficient value (R,) has been calculated along with the respective p values. Correlation has been considered statistically

significant if p < .1.

COVID-19 incidences and population of the country and repre-
sented the data as mortality rate and deaths/million respectively.
We then correlated these factors with flu positive samples and flu
deaths/100,000. This normalization was important as we wanted
to ensure whether the effects that we observe with respect to
pathogen exposure and vaccination was correct and not entirely
affected by other factors such as population numbers and popula-
tion density. Only flu incidences showed a significant negative
correlation with COVID-19 deaths/million (R = —0.35 and
p = .01; Ry = —0.34 and p = .01) and mortality rate (R, = —0.24
and p = .08; R, = —0.22 and p = .03) at the later time points (1*
October and 31* December 2020) (Supplementary figure 2).
However, deaths/100,000 due to flu showed a similar significant
negative correlation with COVID-19 deaths/million at all three
time points, demonstrating the protective role of flu infections in
lowering COVID-19 deaths (Figure 1).

TB exposure has a protective role with respect to
COVID-19 deaths

Next, we studied the effects of another respiratory disease, TB
exposure on the host with respect to COVID-19. TB incidences

did not correlate with total COVID-19 deaths across all three time
points studied (Supplementary figure 4). However, TB incidences
negatively correlated with COVID-19 deaths/million in all three
time points (Rs = —0.78 and p = 3E-05; R, = —0.52 and p = 8E-05;
R, =-0.49 and p <.0001) (Figure 2). TB incidences correlate with
mortality rate at the two early time points studied (R = —0.55 and
p =.009; R, = —0.33 and p = .01) (Supplementary figure 5) and
this pattern also holds with respect to TB deaths (Rs = —0.48 and
p = .02; Rs = —0.48 and p = .0002) (Supplementary figure 6).
Notably, deaths due to TB also had a significant negative correla-
tion with COVID-19 deaths/million (R = —0.68 and p = .0006; R,
=-0.42 and p = .001; R, = —0.49 and p < .0001) across all three
time points (Figure 3). Thus, it was apparent that higher TB
exposure is associated with lower COVID-19 deaths.

Countries with high flu and TB deaths have the lowest
numbers of COVID-19 induced mortality

We grouped the countries of the three data sets based on the extent of
deaths due to flu or TB. The cutoft was kept where countries having
more than 25 deaths/100,000 were designated with ‘hi’ due to the high
number of deaths whereas countries having deaths less than 25 deaths/
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Figure 2. COVID-19 deaths/million negatively correlates with TB incidences at all three time points studied: Correlation of TB incidences was performed for countries at
three different time points: 17th May 2020 (a), 1°* October 2020 (b) and 31*" December 2020 (c) with respect to COVID-19 deaths/million. The graphs have been
correlated and the Spearman’s correlation coefficient value (Ry) was calculated along with the respective p values. Correlation has been considered statistically

significant if p < .1.

100,000 were designated with 1o’ due to the lower number of deaths.
We thus had three major groups: TB"Flu™, TBFlu™ and TBFlu®.
The countries belonging to TB°FIu® group showed a trend of
increased number of COVID-19 deaths/million as early as
17 May 2020; this trend became more prominent and statistically
significant for the data corresponding to 1* October 2020 and 31%
December 2020 (Figure 4). However, there was no difference with
respect to mortality rate (Supplementary figure 7). This clearly
showed that lower exposure to flu and TB infections was increasing
the risk of death due to COVID-19 infection.

Flu vaccination has a significant positive correlation with
COVID-19 deaths

We next wanted to understand the role of vaccinations on
COVID-19 infections. As seen in Supplementary figure 8, coun-
tries with high flu vaccinations show lower flu incidences. Flu
vaccination shows a significant positive correlation with total
COVID-19 deaths only at later time points (Supplementary
figure 9). Flu vaccination coverage correlated with only the
first two time points with respect to mortality rate (R, = 0.46

and p = .03; R; = 0.46 and p = .0005) (Supplementary figure
10). However, flu vaccination coverage showed a significant
positive correlation with COVID-19 deaths/million across all
three time points (Rg¢ = 0.40 and p = .06; Rs = 0.63 and
p <.0001; Rs = 0.54 and p < .0001) (Figure 5). This suggested
that flu vaccinations can have detrimental effects and this result
is consistent with the observation that countries with higher flu
exposure have lower COVID-19 death.

Countries with high BCG coverage have lower deaths due
to COVID-19

BCG coverage showed a significant negative correlation with
COVID-19 total deaths only at the first two time points (R
=-0.51 and p = .01; R; = —0.29 and p = .03) (Supplementary
figure 11). Also, BCG negatively correlates with COVID-19 mor-
tality rate (Ry= —0.56 and p = .007; R, = -0.41 and p = .002) at the
first two time points (Supplementary figure 12). However, BCG
negatively correlates with COVID-19 deaths/million across all
three time points (Ry = —0.80 and p = 1E-05; R; = —0.35 and
p = .009; R, = -0.23 and p = .03) (Figure 6). These correlation
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Figure 3. TB deaths correlates with COVID-19 deaths/million negatively at all three time points studied: Correlation of deaths/100,000 due to TB was performed for
countries at three different time points: 17 May 2020 (a), 1°* October 2020 (b) and 31° December 2020 (c) with respect to COVID-19 deaths/million. The graphs have
been correlated and the Spearman’s correlation coefficient value (Rs) and the respective p values have been mentioned. Correlation has been considered statistically

significant if p < .1.

studies suggest a protective role of BCG with respect to deaths due
to COVID-19 infection.

BCG*FluVac™ countries have the lowest COVID-19 deaths
along with delayed transmission of infection

Although BCG and flu vaccination coverage had a significant
correlation with COVID-19 mortality, the correlation data with
respect to these factors and COVID-19 deaths showed a great
deal of heterogeneity as seen by the huge spread in countries
with these vaccinations. Therefore, we segregated the countries
of the three time points based on the following observations:
First, the presence and absence of vaccination was denoted as
“+” or “-”. Second, the extent of available vaccination coverage
was denoted as “hi” (if the coverage was > 50%) and “lo” (if the
coverage was <50%). This classification resulted in six groups:
BCG FluVac™ (Ecuador and Lebanon), BCG FluVac*,
BCGFluVac™ (Sweden and Greece), BCG"FluVac",
BCG"FluVac' and BCG'FluVac™. With few exceptions listed,

the vast majority of countries could be classified into four major
groups. We observed that countries belonging to the group of
BCG FluVac" had the highest COVID-19 deaths/million at all
three time points. Additionally, BCG*FluVac™ had the lowest
COVID-19 deaths/million further emphasizing the protective
roles of BCG (Figure 7(a-c)). Notably, these differences were
not so apparent with total COVID-19 deaths and mortality rates
(Supplementary figure 13). These differences made us to ask the
question whether vaccination could affect the kinetics of trans-
mission of COVID-19 in the population of each country. We
compared the time taken for the first 10,000 COVID-19 cases to
occur in each country (https://www.worldometers.info/corona
virus/). Interestingly, we observed that countries belonging to
the group of BCG'FluVac™ had the most delayed kinetics with
respect to the first 10,000 cases of COVID-19 (Figure 7(d)). This
reiterates the observation that high BCG and low/no Flu vacci-
nation coverage not only caused a reduction in COVID-19
deaths but also lowered the rate of transmission within the
population of a country.
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Figure 4. Countries having low TB and Flu deaths display the highest COVID-19 deaths/million: Countries were grouped based on the extent of Flu and TB deaths/
100,000 and analyzed for COVID-19 deaths/million. The countries were divided into three groups by keeping a cutoff in which countries having >25 deaths/100,000
were considered as high deaths and denoted as ‘hi" whereas countries having <25 deaths/100,000 were denoted as ‘lo’. The three groups were analyzed for mean
differences at three different time points: (a). 17t May 2020, (b). 1** October 2020 and (c). 31° December 2020. One-way ANOVA was used to calculate the statistical

significance, *p < .05.

Both TB exposure and BCG vaccination are associated
with lower COVID-19 mortality

As we observed that both TB and BCG had a significant nega-
tive correlation with COVID-19 deaths, it was important to
address the importance of these two factors. Thus, we selected
the countries with both BCG coverage and TB deaths and
observed two major groups: BCG™TB™ and BCG™TB' which
are high BCG coverage-high TB deaths and high BCG cover-
age-low TB deaths, respectively. We observed that countries
belonging to the group of BCGMTB™ had significant lower
numbers of COVID-19 deaths/million (Figure 8) compared
to countries of the group BCG™TB'". This demonstrated that
the best protection against COVID-19 mortality was observed
in countries where both BCG coverage and TB exposure are
high (Figure 9). Finally, countries were segregated based on the
different BCG strains used for vaccinations. As seen in
Supplementary figure 15, countries using different strains of
BCG display heterogeneity with respect to COVID-19 deaths/
million. However, countries using the BCG Russia (Moscow)

strain like India, Russia and Turkey showed the lowest
COVID-19 deaths/million compared to countries using the
BCG Moreau used by Brazil, Poland Croatia.

Discussion

The reasons as to why COVID-19 mortality is higher in
some countries but not others led us to initiate this study.
Epidemiological studies conducted clearly identified coun-
tries with high flu and TB deaths to show lower COVID-19
deaths/million (Supplementary tables 1-3). Concurrently,
this study showed the opposing effects of flu and BCG
vaccinations on COVID-19 deaths (Figures 5-7). It appears
that pathogen exposure and/or vaccination coverage deter-
mines the severity as well as the kinetics of COVID-19
infections. It is known that countries with high exposure
to pathogens causing chronic infections generate nonspeci-
fic immunity. For e.g., Helicobacter pylori infection confers
protection against tuberculosis.”> The novel aspect of this
study is the identification of countries with high flu and TB
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Figure 5. COVID-19 deaths/million positively correlates significantly with Flu vaccination coverage at all three time points studied: Correlation of Flu vaccination
coverage was performed for countries at three time points: 17t May 2020 (a), 1°* October 2020 (b) and 31°' December 2020 (c) with respect to COVID-19 deaths/million.
The graphs have been correlated and the Spearman’s correlation coefficient value (Rs) was calculated along with the respective p values. Correlation has been

considered statistically significant if p < .1.

deaths to show lower COVID-19 deaths. As the study was
performed at three time points, it sheds light on the char-
acteristics of countries that showed greater deaths at an
earlier time point compared to later ones. Notably, the
countries with the maximum COVID-19 deaths/million at
the early time points are ones that show the lowest deaths
due to Flu and TB (Figure 4). Concurrently, countries that
are BCG'FluVac™ have the least amounts of COVID-19
deaths/million (Figure 8).

The main aspects of our study are discussed in the light of
our findings. There are several possibilities for the effects of flu
infections in lowering COVID-19 infections. First, it is possible
that nonspecific immunity is increased upon flu infections, as is
known for several viral infections.'>** Second, it is possible
that flu infections may lower the surface expression of the
ACE2 receptors and/or lower the entry of the virus into cells.
In fact, infections in mice with a highly pathogenic strain of
H5N1 influenza virus down regulate ACE2 expression in
lungs.”® Third is the possibility of viral interference which is
the phenomenon when one virus inhibits the replication of

another virus, virulence properties and damage to the host.*
Studies have shown that flu infections affect the populations of
other viruses in the respiratory tract.”>*’ Clearly, these studies
demonstrate the complex roles of virus-virus interactions in
the respiratory tract. One will need to study the short as well as
long term effects on different viruses and infections with the
specific SARS-CoV-2 vaccines being launched.

The majority of flu related deaths are in the elderly who
have a weakened immune system due to senescence. This has
led to the development of more potent flu vaccines containing
higher antigen or adjuvants which boost the immune system.*®
Studies need to be performed to investigate the roles of flu
vaccinations in modulating ACE2 expression in humans as it
may explain the higher infectivity of the SARS-CoV2 virus in
the elderly population. As seen in Supplementary figure 8, flu
vaccination is effective in lowering the number of flu infec-
tions. However, countries with high flu vaccination show high
COVID-19 deaths/million (Figure 5), e.g. USA, Italy, France
and Spain. Most likely, the lower flu infections in these coun-
tries make them prone to the high number of COVID-19
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Figure 6. BCG coverage negatively correlates with COVID-19 deaths/million at all three time points studied: BCG coverage was correlated for countries at three different
time points: 17 May 2020 (a), 1° October 2020 (b) and 31°* December 2020 (c) with respect to COVID-19 deaths/million. Spearman’s correlation coefficient value (Ry)
and the respective p values have been mentioned for each graph. Correlation has been considered statistically significant if p < .1.

deaths. The observation that flu vaccination increases resis-
tance to SARS-CoV-2 infection is not contrary to this study
as it is boosting nonspecific short-term immunity.'>*’

Subsequently, we studied the effects of another respiratory patho-
gen, TB, on COVID-19 infection. We observed a significant negative
correlation of TB deaths with COVID-19 deaths/million suggesting
countries which have an endemic problem of TB are well protected
from COVID-19 mortality (Figure 3). This is relevant as previous
studies have shown that TB infections cause a downregulation of
ACE2 and an upregulation of ACE which enhances pleural
effusion.® Thus, it is possible that constant exposure to TB could
reduce the infection rate of COVID-19 by inhibiting its binding
capacity to host cells. In addition, it is possible that components in
Mycobacteria may help in boosting immune responses in countries
with high endemic amounts of this bacteria.*' >*

BCG is a live attenuated vaccine which has been shown
to protect newborn children from tuberculosis and is an
efficient pediatric vaccine; however, there is a discrepancy
with respect to the long-lasting protection provided by
BCG in adults. In South east Asian countries, there is
a constant exposure to TB and this may contribute to
a lower efficacy of BCG against TB.>>*® On the other
hand, countries which have much cleaner environments,

BCG vaccination provides a more robust and prolonged
protection to TB?” and in some cases even after forty to
sixty years.”®® Remarkably, BCG has been shown to
increase the nonspecific immunity to several pathogens
including respiratory ones*>*' and lowers mortality in chil-
dren from pneumonia and sepsis.*>** In fact, BCG vaccina-
tion before influenza shots leads to higher antibody
responses against influenza A or HIN1 virus.**

How is BCG able to mediate such remarkable effects? BCG
vaccination leads to epigenetic reprogramming leading to
quicker and higher amounts of pro-inflammatory cytokines
especially IL1, known as trained immunity.'*™"® Many studies
have shown the correlation of BCG vaccine in lowering the
severity of COVID-19.*>* However, in a study of BCG-
vaccinated versus unvaccinated individuals in Israel, no role
for BCG in affecting COVID-19 incidences was found.*”” In
this study too, BCG coverage correlates negatively with
COVID-19 deaths/million (Figure 6). BCG vaccination does
lead to delayed incidences of COVID-19 (Figure 7(d)); however,
the lowest mortality rate is observed in countries with BCG
vaccination and high TB deaths (Figure 8). This is the novel
aspect of our study at three distinct time points during the
pandemic. This leads us to propose that the combination of
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Figure 7. Countries belonging to the group of BCG*FluVac™ display the lowest COVID-19 deaths/million and the most delayed transmission of infection: Countries were
grouped based on the coverage of BCG and flu vaccination and analyzed for COVID-19 deaths/million and COVID-19 mortality rate. These vast majority of countries were
divided into four groups firstly based on the availability or non-availability of BCG or flu vaccination, designated with '+ and ‘- respectively. Next, the groups were
further classified based on the extent of coverage of a particular vaccination. Countries with >50% coverage of a particular vaccination were considered having high
vaccination and denoted with ‘hi" whereas countries with <50% coverage were considered having low vaccination coverage and thus denoted ‘lo’. The four major
groups were analyzed for mean differences at three different time points: (a). 17" May 2020, (b). 15 October 2020. and (c). 31°* December 2020. (d). The major groups
out of 83 countries were also compared with respect to the time required for the first 10,000 cases to occur. One-way ANOVA was used to calculate the statistical

significance, *p < .05 **p < .01, ***p < .001 and ****p < .0001.

high BCG vaccination coverage together with continuous expo-
sure to pathogens is likely to boost cross reactive immunity
leading to a better ability to deal with various infectious patho-
gens and lowering COVID-19 induced mortality (Figure 9).
Opverall, there are multiple factors involved in the spread of
COVID-19. There are heterogeneous issues and confounding
factors involved in sampling data for this study, e.g. population
density, age, sex, reports in the data available to the public
domain, variations in the climate and light exposure, cultural
and diet aspects, etc. Other factors such as the rise of SARS-
CoV2 variants, immune cell responses across different popula-
tions against COVID-19 infection have to be taken into
account as cross reactive T cell responses against coronaviruses
limit the pathological effects of COVID-19.***° On the other
hand, complement factors and neutrophil extracellular traps
increase hyper inflammation and thrombotic angiopathy caus-
ing more COVID-19 mortality.”® Given the heterogenous and
confounding factors with regard to adequate testing, data from
official public domains, state of the healthcare systems, demo-
graphy of affected patients and discrepancies with COVID-19
deaths being reported, the study here has its limitations. With

respect to BCG vaccinations, the use of different strains and
roles of environmental Mycobacteria may also play confound-
ing roles. Also, our correlations are consistent for COVID-19
deaths/million which are highly variable from 3-1681 deaths/
million but not for mortality rate (0.71-14.54%). There are
pitfalls in the determination of mortality rate as it depends on
the number of true COVID-19 cases and the extent of testing.
Despite these variables, it is remarkable that we were able to get
significant correlations between COVID-19 deaths/million and
flu & TB deaths and flu & BCG vaccination in this diverse
sample set of countries across three time points. Further stu-
dies need to be performed with other respiratory pathogens
and vaccination strategies to identify additional pathogens that
may modulate COVID-19 deaths.

We understand that multiple factors are often involved in
governing the number of COVID-19 incidences as well as
deaths in a country, but our results reveal a consistent global
trend, nonetheless. The novel aspect of this study is the inter-
play of pathogen exposure and vaccination strategies with
respect to flu and TB in affecting COVID-19 deaths. It may
be useful to consider the use of vaccines that are potent
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Figure 9. A model depicting the roles of vaccination and pathogen exposure on COVID-19 induced mortality: Countries having a vaccine providing broader protection,
such as BCG, along with continuous exposure to pathogens provides effective cross immunity and thus lowers the numbers of COVID-19 induced deaths. It is possible
that this combination will increase protection against newer pathogens in the future.



inducers of nonspecific immunity, such as BCG, as this strategy
may be important in protecting vulnerable groups to the cur-
rent as well as future pandemics by novel microbes. The results
of our study should prompt more detailed clinical studies on
the efficacy of BCG at periodic intervals, in the short term as
well as long term, in reducing COVID-19 deaths and protect-
ing against newer infections, especially in those who are highly
vulnerable, e.g. the elderly.
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