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Abstract: COVID-19, caused by SARS-COV-2 virus, has spread to almost all the countries in the world. Much like the
SARS pandemic in 2002 and 2003, conventional control measures like travel restriction and patient isolation are being used
to control spread of COVID-19. However, the morbidity rate of COVID-19 is still more than 1. Despite the high morbidity
rate in all the countries COVID-19 has spread to, mortality rate due to COVID-19 varies greatly between different countries.
Through a few recent epidemiological studies, it has been suggested that a negative association between national BCG
vaccination policy and prevalence and mortality of COVID-19 exists. It has been observed that countries with BCG in their
national immunisation programs have a lower mortality rate than countries without BCG in their national immunisation
programs. We survey public datasets and repositories from websites like BCGAtlas, WHO, John Hopkins GitHub and World
Bank, to understand and predict, with the power of data science, the implications of a plausible BCG cross-protection from
severe COVID-19. We study COVID-19 related statistics to understand the spread of the disease, compare it with other
countries to understand the role of cross-protective vaccines like BCG.
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1. Introduction

The current pandemic of COVID-19 that initially originated in China in December 2019 had quickly spread
over to other continents like Europe, America and other parts of globe affecting many countries. The severity of
COVID 19 infection and its resultant mortality was not similar in all the countries. Rather it varied amongst them
significantly. Unfortunately, we don’t have very good universal tool for comparing these data. This is due to the
fact that the socioeconomic status, demography, the measures available geographically to reduce physical contact
and promote digital communication, type of tests used, sensitivity of tests and national guidelines for
management of COVID-19 were hugely different amongst the countries. [1,2,3]

One striking observation was that the severity of COVID-19 and its mortality was lesser in the countries who
had long term national Bacillus Calmette-Guerin (BCG) vaccination policy than those who do not have BCG in
their national vaccination policy or those who previously used to give BCG but have discontinued later. BCG is a
live attenuated vaccine derived from a bovine strain of Mycobacterium bovis used widely across the world as a
vaccine for Tuberculosis. Many countries like Japan, China etc., including our country, India, have a universal
national BCG vaccination policy in newborns for long term. Due to the epidemiological reasons of low incidence
of disease and variable efficacy of BCG vaccine that is currently used to control Tuberculosis, countries like
Spain, France, and Switzerland, have discontinued it from their national vaccine policies. Countries like United
States, Italy, and the Netherlands, have not yet adopted any universal policy to vaccinate their children with
BCG. [4]

Like few other vaccines, BCG vaccination has been shown to produce positive “heterologous” or non-
specific immune effects leading to improved response against other non-mycobacterial pathogens. One animal
study with mice in 2009 showed that previously BCG vaccinated mice when inoculated with vaccine virus
produced increased IFN-Y from CD4+ cells and did not develop the disease. This is popularly named as ‘trained
immunity’. Immune cells, following successful BCG vaccination, undergo metabolic and epigenetic changes
expressing genetic regions encoding for pro-inflammatory cytokines more leading to more cytokine release like
IFN -Y, IL-1B that play vital role in prevention of viral infection against which the vaccine is not intended to.
[5,6,7]

There are numerous epidemiological evidences that BCG vaccination has broad non-specific protective
effects against non-M. tuberculosis infection. In one study in Sweden, as early as in 1927, showed that mortality
rate in BCG vaccinated children was three-fold less than in unvaccinated children and it was not related to
decrease in tuberculosis incidence due to vaccination. It was suggested that the decrease of mortality in BCG
vaccinated children was due to non-specific immunity.[8]
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A study from Guinea-Bissau, showed that BCG vaccinated children suffered less from neonatal sepsis,
respiratory infection, and fever than those who did not receive BCG. This lower incidence of respiratory
infection was not found in children who received vaccines other than BCG proving that the infection lowering
effect was due to BCG itself. [9]

Another long-term study from Spain showed that children vaccinated with BCG had less hospitalization due
to respiratory illnesses not attributable to Tuberculosis proving that this broad protective effect of BCG can be
long lasting. [10]

Presence of accumulated evidence of non-specific protective effect from viral infections of BCG and its long-
term persistence due to trained immunity offer a rational biological basis for the potential protective effect of
BCG vaccination from severe coronavirus disease 2019 (COVID-19). [11]

Given our current understanding of the BCG vaccine's non-specific immunotherapeutic mechanisms and by
analysing current epidemiological data, this investigation aims to identify a possible correlation between the
existence of universal BCG vaccine policies and the morbidity and mortality associated to COVID-19 infections
all over the world.

2. Literature Survey
11.1 Papers Surveyed

In another study done by the researchers in Virginia Polytechnic Institute and Sate University suggests that
BCG index, which is the degree of BCG vaccine deployment in a country, among European countries with
similarity in social conditions found that COVID-19 mortality rates dropped by 10.4% for every 10% increase in
BCG index. They also corroborated that the correlation between BCG in national immunization policy and a
decrease in mortality due to COVID-19. [3]

A study done by researchers in NYIT, New York in March 28, 2020 found through epidemiological studies
carried in the institution that the impact of COVID-19 was differed according to the country that was being
studied. They proposed that this difference in impact of COVID-19 could be attributed to the BCG vaccination
policy present in the country at the start of the pandemic. Countries were divided into three groups according to
their income group and the COVID-19 data generated in these countries were compared, which showed a
correlation between BCG vaccination policy present in these countries and their corresponding COVID-19
mortality. [4]

Scientists belonging to ICMR from India found that BCG vaccine gives innate immune memory among the
elderly population aged between 60-80 years in COVID hotspots in India. They also suggest the existence of
correlation between BCG vaccination and lowering of COVID-19 mortality rates in the country based on the 86
individuals the vaccine was initially tested on. They have started clinical trials sponsored by Tuberculosis
Research Centre, India.[12]

The BCGAtlas website is used to store the BCG vaccination policy information about all the countries in the
world along with the information of their economic condition, human development index and other related
information about all the countries in the world. It contains the other BCG related information like the strain of
BCG that is used in these countries and also the start of BCG deployment in countries and also about the
cessation of BCG inoculation in countries where it is not in national immunization policy any more. [13]

Doctors from Royal Children’s Hospital and researchers from Murdoch Children’s Research Institute are
collaborating in a clinical trial with two groups with randomized control method with 10078 healthcare workers
to access the possible correlation of reduction in COVID-19 severity and the immunity gained from BCG
vaccination.[14]

11.2 Inference from the Survey

All the papers involved in this study helped us in understanding the cross-protection from BCG vaccine
against COVID-19 and other viral diseases. The papers also gave very important insights about the social
conditions that may affect this correlation between BCG vaccine policy and COVID-19 mortality. The eleventh
paper in this survey helped us understand the BCG vaccine coverage in each country, the status of BCG in their
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national immunization programs and the region these countries fall in. The papers helped us understand the
current situation of BCG vaccine policy and also helped in understanding the social conditions that affect it.

3. Proposed Work

The proposed study in the paper can understood using the following UML diagram, in figurel. which shows
the workflow of the whole study.
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Figure 1. UML Diagram of Study Process

Abbreviations and Acronyms
The abbreviations and acronyms used in this paper are: BCG: Bacillus Calmette-Guerin
COVID-19: Corona Virus Disease 2019, HDI: Human Development Index

4. Implementation

This study on BCG vaccine policy and COVID-19 mortality was conducted in Python using Jupyter
notebooks. The implementation can be understood with the help of the architecture diagram as follows.
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Figure 2. Architecture Diagram of the Study Process
1V.1 Module 1: Collection of data from different sources.

The data has been collected from BCG World Atlas, which is publicly available on the website,

https://www.bcgatlas.org/, from WHO on https://covid19.who.in/, and from John Hopkins

GitHub page and from World Bank. The data on COVID-19 cases and deaths was obtained on April 22,
2020. The data is then put together and tabulated into an excel file which was then converted into a CSV file and
uploaded to Google Drive for easy access of all participants.

1.2 Module 2: Processing and Cleaning of collected data.

The dataset collected had a lot of missing or NA values which we dealt with by removing them or assigning
to the value of zero. The missing or NA values of BCG vaccine coverage, which was collected country-wise, to
zero. [3] The BCG coverage values were in floating point format and missing or NA values belonged to
countries where BCG vaccination drives were never conducted.
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The missing or NA values for BCG vaccine policy belonged to countries never publicly stated a policy. So,
these countries had to be removed from the study.

1.3 Module 3: Analysis with effect of confounding variables.

In this part of the study, we divide the countries among different group according to their BCG vaccination
policy — current, never, and interrupted. The countries which have BCG in their national immunization policy
fall under current category. The countries which do not have BCG in their national immunization policy fall
under never category. The countries which had BCG in their national immunization policy and later discontinued
it fall under interrupted category.

COVID-19 mortality is calculated as number of total COVID-19 divided by the population of the country.

We used t-test to access the relationship between BCG vaccine policy and COVID-19 mortality among the
different categories of BCG vaccine policy and find the correlation.

We do not take into consideration the effect of confounding variables in this part of the study.
1.4 Module 4: Analysis without effect of confounding variables.

In this part of the study, we take into account the effect of confounding variables that may affect this
correlation between BCG vaccine and COVID-19 mortality. These confounding variables are social conditions
that were present in the country before the pandemic had started.

We filtered the list of countries in this study to consist of countries which have more than zero deaths due to
COVID-19 and have publicly available data on the present status of BCG in their national vaccine policy and
BCG vaccination coverage.

We didn’t consider climate conditions of a country as a confounding variable as there is no sufficient
evidence on the temperature dependency on the spread or death due to COVID-19.[15]

We considered an individual’s ability to access healthcare facilities, access to proper education and income as
the potential confounding variables. The confounding variables considered were Human Development Index or
HDI [16], population density [17], percentage of urbanized region [18] and the percentage of people who are
above 65 in age [19].

We then calculated the correlation of these confounding variables with COVID-19 mortality in all countries.
We evaluated the associations and then restricted our study to those confounding variables with the highest value
for coefficient of correlation. After, the finding the appropriate confounding variables we restricted our list of
countries such that the confounding variables have the least effect on BCG vaccine policy and COVID-19
mortality. The relationship between COVID-19 and BCG vaccine policy was studied again and the results were
recorded.

5. Results and Discussion
V.1 Analysis with Effect of Confounding Variables

We performed a t-test between the COVID-19 mortality rates of countries with different BCG vaccine policy
— current, never, interrupted.

The t-test for current vs never is -5.390 and the p-value is 2.635e-07 which lower than the significant point of
0.05. So, the COVID-19 mortality for countries with current and never values for BCG policy are significantly
different.

The t-test for current vs interrupted is -2.625 and the p-value is 0.009 which lower than the significant point
of 0.05. So, the COVID-19 mortality for countries with current and never values for BCG policy are significantly
different.
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V.2 Analysis without Effect of Confounding Variables

We found that total number of COVID-19 deaths in a country has a positive relation with three variables —
HDI, the percentage of population with age above or equal to 65, and the percentage of urbanized region.
COVID-19 mortality has the highest coefficient of correlation value, of 0.78, with HDI.
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Figure 3A. Scatter Plot between HDI and Total COVID Deaths Per Million (log)
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Figure 3B. Linear Regression Line, on Scatter Plot of fig. 3A, of y = (-7.271) + (11.796)x

The figure 3A and 3B, shows the positive association of HDI and rate of COVID-19 mortality. This shows
that COVID-19 mortality is not lower with better access to healthcare facilities, or better education.

COVID-19 mortality has a coefficient of correlation value of 0.72 with the percentage of population of age
equal to or above 65 years.
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Figure 4A. Scatter Plot between Population of Age 65 Up and Total COVID Deaths Per Million (log)

The figure 4A and 4B, show the positive association of percentage of population of age equal to or above 65
and rate of COVID-19 mortality. This shows that people older than 65 will be more affected by COVID-19 than
others.
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Figure 4B. Linear Regression Line, on Scatter Plot of fig. 4A, of y = (-0.875) + (0.255)x

COVID-19 mortality has a coefficient of correlation value of 0.50 with the percentage of urbanized region.
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Figure 5A. Scatter Plot between the Percentage of Urbanized Area and Total COVID Deaths Per Million (log)
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Figure 5B. Linear Regression Line, on Scatter Plot of fig. 5A, of y = (-1.781) + (0.057)x

The figure 5A and 5B, show the positive association of percentage of urbanized region and COVID-19 mortality.
This shows that countries with higher percentage of rural or uninhabited region would have lower COVID-19
mortality rate.
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Also, COVID-19 mortality has a negative association with BCG coverage with a coefficient of correlation

value of -0.02.
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Figure 6A. Scatter Plot between HDI and Total COVID Deaths Per Million (log) for 49 Socially Similar
Countries
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Figure 6B. Linear Regression Line, on Scatter Plot of fig. 6A, of y = (-10.305) + (15.355)x for 49 Socially
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Figure 8A. Scatter Plot between the Percentage of Urbanized Area and Total COVID Deaths Per Million (log)
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Figure 8B. Linear Regression Line, on Scatter Plot of fig. 8A, of y = (1.745) + (0.021)x for 49 Socially Similar
Countries

To limit the effect of these confounding variables we restricted the list of 49 socially similar countries. The
countries in this list had HDI greater than 0.7, percentage of population with age equal to or more than 65 of
greater than or equal to 15% and percentage of urbanized region greater than 60%. This reduced the effect of the
confounding variables which also reduced the values of coefficient of correlation between COVID-19 mortality
and these variables — HDI (coeff. of corr. = 0.46) in figure 6A and 6B, percentage of population with age greater
than or equal to 65(coeff. of corr. = 0.09) in figure 7A and 7B, and percentage of urbanized region (coeff. of corr.
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= 0.13) in figure 8A and 8B. However, the p-value between COVID-19 mortality and these variables is still
significant as their value is lower than 0.05.

6. Conclusions

From this study, we learn that there is positive correlation between BCG vaccine policy and COVID-19
mortality rates. Countries with BCG in their national immunization policy consistently show lower mortality
rates due to COVID-19. However, the causality between BCG vaccine policy and COVID-19 mortality cannot
be affirmed. Only randomized clinical trials, as organized in the Netherlands [20], in India [21], and in Australia
[22] can help to confirm the causality between BCG vaccine and COVID-19. However, the results of the data
analysis can help in making a case regarding vaccinating BCG to keep COVID-19 mortality in control.
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