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Abstract: COVID-19 has become one of the critical health issues globally, which surfaced first in latter part of the year 2019. It is the topmost concern for many nations’ governments as the contagious virus started mushrooming over adjacent regions of infected areas. In 1980, a vaccine called Bacillus Calmette-Guérin (BCG) was introduced for preventing tuberculosis and lung cancer. Countries that have made the BCG vaccine mandatory have witnessed a lesser COVID-19 fatality rate than the countries that have not made it compulsory. This paper’s initial research shows that the countries with a long-term compulsory BCG vaccination system are less affected by COVID-19 than those without a BCG vaccination system. This paper discusses analytical data patterns for medical applications regarding COVID-19 impact on countries with mandatory BCG status on fatality rates. The paper has tackled numerous analytical challenges to realize the full potential of heterogeneous data. An analogy is drawn to demonstrate how other factors can affect fatality and infection rates other than BCG vaccination only, such as age groups affected, other diseases, and stringency index. The data of Spain, Portugal, and Germany have been taken for a case study of BCG impact analysis.
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1  Introduction

In December 2019, initial cases of people suffering from acute respiratory syndrome coronavirus 2 (SARS-CoV 2) were reported in Wuhan, China. The entire world has been dealing with unforeseen challenges caused by the COVID-19 pandemic since December 2019. According to the latest report of the World Health Organization (WHO), this virus has infected 20 million populations, and it already caused 744,385 deaths across the world.1 With a severe mortality rate as compared to the last two significant epidemics, namely SARS (2002) and Middle East Respiratory Syndrome (MERS) (2012), COVID-19 is a declared pandemic for the mankind. Intelligent data processing systems can improve medical diagnosis and subsequent treatment with follow-up of diagnostic operations. The clinical analytical processes can be mechanized for various medical conditions that can enhance clinical therapy inspection based on BCG vaccination.

Currently, no approved treatment or reliable vaccine is available for controlling COVID-19. Researchers and scientists are continually striving to find effective therapeutic agents and a SARS-CoV-2 infection vaccine. Many existing vaccination policies are being revisited instead of finding possible means to combat this virus’s effects or occurrence in human bodies. A recent coverage [1] on the vaccine Bacillus Calmette–Guérin vaccine discovered in 1921 that has served as a protection against tuberculosis, and its complications show the potential against fighting Tuberculosis (TB) and Cancer [2]. In particular, several epidemiological [3,4] and immunological studies [5,6] indicate that BCG vaccination contributes to reducing morbidity and mortality in similar infections, in children and as well in adults [7]. These findings derive their explanation from the vaccine’s likelihood benefit on the immune system [8]. Hence, various recent research studies reported associating BCG vaccination with COVID-19, supporting [9,10] and contradicting [11,12] such findings. Similar studies were conducted to analyze certain monotherapeutic agents’ impact, such as hydroxychloroquine, on COVID-19 fatality rates [13].

Further, Reference [14] hypothesized a significant reduction in COVID-19 infections and subsequent death rates in the population sectors that followed mandatory BCG policies [15]. The idea of BCG being an aid to lower the COVID-19 fatality rate has been studied and empirically assessed in this paper. Before making strategies to fight this virus, it is essential to know people’s state of mind, emotions, and concerns [16–18]. This paper aims to explain this issue by providing epidemiological illustrations of the association between BCG immunization and COVID-19 mortality worldwide.

Based on the above assessment criterion, it can be contemplated that BCG vaccination may be a powerful preventive measure against SARS-CoV-2 infection. It may also reduce the incidence of COVID-19 disease [19,20]. The assessment presented in this paper processes divergent data that can form a basis to inspect that there may be a correlation between reduced infection level and less COVID-19 related fatality rates. This correlation has been observed based on the period that the BCG vaccine has been recommended in various countries, viz. Spain, Portugal, and Germany. The study conducted in this paper envisions that important insights can be unearthed about COVID-19 and BCG clinical trials [21]. For instance, some insights that can come from this study are whether variables like the BCG strain, the age at which people are vaccinated, revaccination, or how long people are vaccinated are relevant or not. This paper can support the role of BCG vaccinations or a related proposition based on empirical data analytics. This paper aims to understand the analytical and empirical impact of COVID-19 worldwide and ascertain if there is any influence on the disease’s severity based on the country’s BCG vaccine policy. For the study conducted in the paper, data has been collected from disparate sources, making it heterogeneous (missing values and noisy labels). The data under study capture various dimensions of COVID-19 statistics in terms of age, fatality rate, presence of other diseases, income status, and BCG status.

This paper presents indicative studies to tackle numerous challenges in analyzing and inspecting heterogeneous data’s divergent and yet sagacious prospects. The main contributions of this paper are as follows:

A thorough analysis of COVID-19 cases by using a case study of different high and less infected countries. This paper presents the first study of BCG correlation with COVID-19 mortality to the best of our knowledge.

A case study analysis of how BCG mandatory vaccination status has led to a flattened fatality curve for several counties, namely Spain, Portugal, and two German provinces.

Diagnosing the presence of other essential factors such as stringency index, age group, and other diseases can lead to flattened fatality rate curves such as stringency index, age group, and other diseases.

We discuss answers to the following groundbreaking questions:

•   Is the fatality rate consistent in the countries where BCG is mandatory? If it is different, what is the reason for the difference?

•   How do the COVID-19 cases vary in two neighboring countries, namely Spain and Portugal, based on different BCG vaccine coverage?

•   Does the BCG vaccine provide COVID-19 protection in individuals belonging to the high age groups?

•   How does the impact of COVID-19 vary in the east and west part of Germany?

The rest of the paper has been arranged in the following manner. Section 2 reflects the findings and analysis conducted regarding the impact of COVID-19 concerning BCG status and other factors that can play a key role in determining the COVID fatality rate. Section 3 represents the COVID-19 cases in different countries, where a direct comparison between the BCG status and COVID deaths is drawn. Section 4 inspects the analytical findings and empirical assessment regarding BCG vaccination’s impact on COVID-19 infections and fatality statistics. Section 5 concludes the entire paper by representing inferences derived from the conducted analytical and empirical analysis.

2  Visualizations

The data1,2 available for COVID-19, shows that the disease’s incidence and mortality often differ significantly among countries. The variability may be attributed to several factors like race [22], dietary patterns, environment [23], social behaviors [24], genetic differences, and systems of governance. Comprehensive empirical evaluations and trend studies have been conducted that explore the variation and correlation in the COVID-19 fatality rate and BCG vaccination policy status.

The time plot of Fig. 1 shows the increase in the number of COVID-19 cases throughout time for the top 10 countries with the most number of cases. Further, Fig. 2 shows the increase in COVID-19 deaths throughout time for the top 10 countries with the most deaths.
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Figure 1: Time plot for COVID-19 cases2

[image: images]

Figure 2: Time plot for COVID-19 deaths

Figs. 1 and 2 postulates the following inferences:

A significant number of countries seem to have a fatality rate between 0–5%.

European countries, namely Belgium, United Kingdom (UK), France, Netherlands, and Italy, stand out of the pack when it comes to fatality rate. Belgium has a 15% fatality rate, which means that out of every 100 COVID-19 patients, 15 patients die. This number is much higher than the rest of the world.

Mexico has the highest fatality rate in North America, i.e., more than 10%, much higher than the United States’ death rate.

Ecuador has the highest fatality rate in South America, and it is more than 10%.

Middle East countries like Qatar, Bahrain, and Saudi Arabia have conducted the highest tests per million people.

It is also observed that the countries with high-income have a higher number of COVID-19 death cases than the countries with low-income. Many countries, such as Nigeria, India, Pakistan, and Peru, have fewer tests and lower death rates.

Fig. 3a presents the fatality rate variation concerning the total cases per million of COVID-19. This graphical depiction helps to understand the existence of correlation, if any. Fig. 3b shows the number of testing done by having different bubble sizes for total tests conducted per thousand people for the available data. These plots have been given for countries with more than 100000 cases to clarify the image using the dataset.3
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Figure 3: (a) Fatality Rate vs. COVID-19 cases (b) Number of tests conducted country-wise

Most countries report a fatality rate between 0% and 6%. European countries show a high fatality rate compared to other nations in general, which may result from a large number of testing being done in these developed countries or related to the BCG policies opted by these countries. Countries having high Gross Domestic Product (GDP) per capita have more cases. It is because of conducting more number of COVID-19 tests. Fig. 4 shows the correlations between various factors viz. Total cases with deaths and population, Median age with GDP, and hospital beds per thousands are available in the datasets used to determine their relationship with another. Most of the factors seem to have a weak or no correlation with one another. Although some correlations seem to exist between some factors like:

•   Total cases and total deaths: 0.95

•   Total cases and population: 0.72

•   Total deaths and population: 0.71

•   GDP per capita and median age: 0.79

•   Median age and hospital beds per thousand: 0.6
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Figure 4: Correlation matrix for various factors that may impact COVID-19 cases and deaths

Figs. 5a and 5b shows that the majority of countries with a high fatality rate are in Europe (France, United Kingdom, Italy, and Belgium), and the majority of countries with a low fatality rate are in Asia (Bahrain, Nepal, Qatar, and Singapore). Figs. 6a and 6b presents the time series for the variation of fatality rates in these countries Most countries with high fatality rates face their first deaths around the last week of February and the first week of March due to China’s incoming travelers. All of these countries show fatality rates of over 10%.
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Figure 5: (a) Countries with the highest fatality rates. (b) Countries with the lowest fatality rates
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Figure 6: (a) Time series analysis for countries with highest fatality rates. (b) Time series analysis for countries with the lowest fatality rates

The countries with the low fatality rates are small countries with a small population, and the fatality rates mostly remain beneath 1%. Tabs. 1 and 2 presents the BCG status for all these countries obtained from the conducted assessment.
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Interestingly, most countries with the highest fatality rates do not have a current mandatory BCG vaccination policy for all. In contrast, the countries with lower fatality rates have a current BCG vaccination policy for all. Fig. 7 provides the plot for the current BCG vaccination status against the fatality rate The median fatality rate for countries with the current BCG vaccination policy is around 2%. Fig. 7 presents the comparison, the median fatality rate for countries without BCG vaccination policy is nearly 4% and is.
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Figure 7: Current status for BCG vaccination and its correlation with the fatality rate

For further insights, a BCG coverage analysis is presented in Fig. 8, which shows the percentage of BCG coverage for different regions defined by WHO from 1980 to 2019. The information source is captured by a global repository4 of data provided by the WHO-United Nations Children Fund (UNICEF). The South-East Asia Region has the highest percentage BCG coverage of 95.27% till 2019. The European region has the lowest percentage BCG coverage of 61.09%, as BCG vaccination is not mandatory in most countries in Europe due to fewer cases. Tab. 3 shows the distribution of BCG strains used by countries on different continents. Fig. 9 shows the fatality rate vs. different strains of BCG vaccine used in other countries.
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Figure 8: Percentage of BCG coverage for different regions from 1980 to 2019
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Figure 9: Distribution of fatality rate for countries when divided by BCG strain used there

Fig. 10a shows the comparison of fatality rates based on BCG vaccination policy status. Fig. 10b shows the fatality rate vs. the status of BCG vaccination. A noticeable difference can be observed in the fatality rate amongst highly infected countries based on BCG vaccination status. The maximum difference is observed around the first week of May. The non-BCG mandatory countries have a combined fatality rate of 11.57% compared to the fatality rate of 3.96% for BCG mandatory countries.
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Figure 10: (a) Comparison of fatality rate by BCG vaccination policy status (b) Comparison of fatality rate by the total number of cases

These rates have dropped to 5.12% for non-BCG mandatory countries and 3.2% for BCG mandatory countries by the first half of August 2020 due to refined preparedness to combat the virus. It can be inferred that BCG vaccination can affect the fatality rate due to COVID-19. However, no certain behaviors can be established since other factors can also affect the fatality rate. The presented analytical analysis speculates the possible impact of BCG vaccination status on COVID-19 infections and the fatality rates. However, it becomes imperative to evaluate other factors that could play a vital role in defining the presented fatalities due to this deadly virus [25]. One factor could be the prevailing poverty that has deprived the poverty-stricken population of providing facilities and health services [26] in fighting and chronic or pandemics. As a result, countries with a highly poor population may face high numbers of deaths due to this deadly virus in this case. Similarly, the life expectancy and the average old population each nation possesses are other variables that may affect the fatality rate [27–29]. From the two datasets5,6 a composite snapshot for significant countries with their BCG status and the variables listed above also compared in Tab. 4.

•   After observing the trend in various countries and considering the factors listed in Tab. 4, certain inferences lists BCG’s role in driving lower fatality rate in BCG countries despite the following facts.

•   BCG countries have a higher average population. Still, the number of cases per million in these countries was three times lower than the average of any non-BCG country.
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These assessments mentioned above show that fatality rates in BCG countries higher than non-BCG-compulsory countries cannot be clearly explained using various conditions such as higher testing and a higher percentage of older people. Therefore, even after the empirical data analytics, the factors mentioned still point to other possibilities that claim to be followed by vaccination policies.

3  Case Study: BCG Status Analysis

3.1 Spain and Portugal: Neighbors with Different BCG Vaccination Status

Spain and Portugal are neighboring regions with similar economic, demographic, cultural, and social statuses but have different BCG Vaccination policies. While Portugal has a current national BCG vaccination policy for all, Spain stopped its national BCG vaccination policy for all in the year 1981. Due to these factors and similarities between these countries, this paper compares the effect of BCG policies while eliminating other factors that might have played roles had it been some other combination of countries. Figs. 11a–11c compares various statistics between Spain and Portugal. Comparing the number of cases per million is a better metric for comparison than the total number of cases since Spain’s population is more than double that of Portugal.7,8
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Figure 11: Case study–-Spain vs. Portugal (a) Total COVID-19 cases (b) COVID-19 cases per million (c) Fatality rate

As shown in Fig. 12, the stringency index or the lockdown measure in both countries was similar hence eliminating the stringency index as a factor that could affect COVID-19 cases deaths between the countries. Hence, as seen from the bar graphs in Figs. 13 and 14, the percentage COVID-19 positive cases leading to death, Portugal has a lower death rate than Spain across all age groups. Hence COVID-19 had a lesser impact on Portugal than in Spain, possibly due to the difference in BCG vaccination policy in both countries.
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Figure 12: Stringency index of COVID-19 positive cases (Spain vs. Portugal)
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Figure 13: Percentage of COVID-19 positive cases leading to death by age group (Spain vs. Portugal)

3.2 East and West Germany: Impact of Divergent BCG Policies on COVID-19

This section shows the difference in the spread of COVID-19 across East and West Germany. Different BCG vaccination policies existed between these two regions in the divided country from 1949 to 1989 before their reunification in 1990. At the same time, East Germany had a compulsory BCG vaccination policy for all, in contrast to the voluntary BCG vaccination policy in West Germany. Currently, after the unification, Germany doesn’t have a current BCG vaccination policy for all.9 As seen from Figs. 15 and 16c, East and West Germany’s fatality rate does not differ much from each other and is always within 1% of each other. East Germany provinces have a slightly lower fatality rate than that of West Germany provinces. The spread of COVID-19 across provinces of West Germany is almost seven times more when compared to East Germany, as shown by Fig. 16a, while the deaths caused by COVID-19 are nearly nine times larger in West Germany as compared to East Germany. Deaths per million for West Germany are almost double that of East Germany hence eliminating population size as a factor and is shown by Fig. 16d. This indicates that BCG vaccination may play a role in the spread of COVID-19 since East Germany, which had a universal BCG vaccination policy, has a lesser impact on COVID-19 than West Germany.

[image: images]

Figure 14: Statistics of Spain (percentage hospitalization, percentage of people admitted in ICU, and percentage deaths) by age group
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Figure 15: Fatality rate for a different period for east vs. west region of Germany
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Figure 16: (a) Total COVID-19 cases for east vs. west region of Germany (b) Total COVID-19 deaths for east vs. west region of Germany (c) Fatality rate for COVID-19 for east vs. west region of Germany (d) COVID-19 deaths per million for east vs. west region of Germany

Figs. 17a and 17b shows the distribution of fatality Rate and Deaths per million across different age groups in East and West Germany. Deaths per million are very low for the age group 0–59, while the fatality rate for this age group is almost zero. Further, a steady increase can be noticed in the fatality rate and deaths per million as one progresses higher in age groups. As can be seen from the graph, the fatality rate and fatalities per million are much higher for West Germany than East Germany.
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Figure 17: Case Study East vs. West Germany (a) Fatality rate by age group (b) Deaths per million by age group

4  Discussions and Inspections

The initial research shows that countries with long-term compulsory BCG vaccination systems were less affected than those without these systems. Multiple other economic, demographic, and cultural factors can play a role in the spread of COVID-19 in a given country, so one cannot reliably claim BCG’s role in reducing these deaths in totality. Additionally, deep learning in health care can provide further insights [30,31]. Recent studies have indicated that BCG vaccination may have protective effects against COVID-19. Still, it is highly doubtful that the current BCG vaccine type may provide full protection against SARS-CoV-2 infection due to lack of clear evidence. In any event, regardless of these impediments, the latest evidence is the first to demonstrate unquestionably a crucial favorable role of all-inclusive BCG arrangements in decreasing the spread of COVID-19 [32,33]. In this way, the rigorous analysis of the importance of compulsory BCG immunization in the COVID-19 war is legitimized.

Two case studies present the analogy between Spain and Portugal concerning the BCG policy status and correlated fatality rate statistics. It can be observed that despite other factors like stringency index, population variability, the COVID-19 had a smaller effect on Portugal than in Spain, likely due to the disparity in both countries’ BCG vaccination policies. The second case study compares the two provinces of Germany: East and West. The fatality rate and deaths per million are much higher for West Germany than East Germany, as can be seen from the analytical and empirical analysis, which is further attributed to the varying vaccination policies despite other prevailing factors.

Therefore, this paper establishes that BCG induces trained immunity to protect COVID-19, but this hypothesis needs to be tested in rigorous randomized clinical trials. BCG (or other triggers that cause qualified immunity) could be quickly evaluated and potentially used at the start of a pandemic, bridging the one-two year gap before producing an effective vaccine. Therefore, this possibility carries a particular force because there is an urgent need to enforce such strategies to restrain SARS-CoV-2 and restrict the pandemic, which has imposed a quarantine on one-third of the Earth’s population.

5  Conclusion

The deadly COVID-19 has been spreading since December 2019. The infectious nature of this virus has been troubling the entire world. The governments of all the countries imposed stringent restrictions to curtail the further spread. This paper studies the role of the BCG vaccine on the fatality rate amongst the COVID-19 victims. BCG is used as a preventive measure for lung-related diseases. This paper’s analytical and empirical data assessment shows the countries following a mandatory BCG vaccination policy suffer from a relatively lower fatality rate than the countries with relaxed BCG-related policies. Apart from the vaccination perspective, the current analysis explores the role of other influencing factors, viz. total cases with deaths and population, median age with GDP and hospital beds per thousands, and stringency index can drive an elevated fatality rate. This work’s limitation can be drawn from the fact that the available data is limited and hence impedes comprehensive comparison between BCG vaccination and COVID-19 fatality rate. As a future enhancement to this work, resources can be provided for the aggregation, management, review, and assimilation of scalable amounts of disparate, organized, and unstructured data for vaccine surveillance policies adopted by healthcare systems.

Notes

1https://ourworldindata.org/coronavirus-testing.

2https://github.com/owid/covid-19-data/tree/master/public/data.

3https://github.com/owid/covid-19-data/tree/master/public/data.

4https://apps.who.int/immunization_monitoring/globalsummary/timeseries/tswucoveragebcg.html.

5https://www.kaggle.com/bcgvaccine/hackathon.

6https://www.pnas.org/content/suppl/2020/07/07/2008410117.DCSupplemental.

7https://en.wikipedia.org/wiki/COVID-19_pandemic_in_Spain.

8https://en.wikipedia.org/wiki/COVID-19_pandemic_in_Portugal.

9https://www.kaggle.com/headsortails/covid19-tracking-germany?select=covid_de.csv.
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Table 3: Distribution of countries for several strains of BCG

BCG strain Africa Asia Europe North America Oceania South America Total
Danish 7 4 16 2 1 2 30
Japan 1 7 3 1 0 0 12
Pasteur 2 2 3 1 0 0 4
Intervax Toronto 2 1 0 1 0 0 4
Serum Institute of India 1 3 0 0 0 0 4
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Table 4: Different factory compared based on BCG vaccination status of countries
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during birth.
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