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Background: Literature suggests that the presence of the current Bacillus Calmette Guerin (BCG) policy appears to mitigate COVID-19
disease burden but no information exists on the nature of the BCG strain and disease burden. Objectives: To study the association between
type of BCG strain, BCG coverage (%), and COVID-19 disease burden. Methodology: An audit of global data on strains and disease
burden was done. Country-specific data for COVID-19 cases and deaths, BCG-related data, and income level were obtained from the online
databases, and the association was analyzed using linear regression. Results: Data of 139 countries were studied and 117 (84%) had a current
BCG policy. Data on BCG strains were available for 51 countries and 18/51 (35%) used the Danish strain. While the choice of strain did not
impact COVID-19-related disease burden, the presence of a current BCG policy was significantly associated with lower COVID-19 mortality.
Conclusion: The presence of current BCG policy is associated with decreased COVID-19-related disease burden, but the type of strain used
by a country in its vaccination program does not impact disease burden.
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Data collection

We collected information on (a) Current BCG
policy (Yes/No); (b) The type of BCG strains used in UIP; (c)
BCG recommendation type-ongoing/past policy/policy only
for special groups; (d) Nation-wide BCG coverage; and (e)
income group of country (based on World Bank data).””? The
data of COVID-19-related morbidity (number of cases) and
mortality (number of deaths) for countries was collected
from https://www.who.int/docs/default-source/coronaviruse/
situation-reports/20200507covid-19-sitrep-108.
pdf?stvrsn =44cc8ed8 2 [accessed on 19" May 2020]. The world
population data was collected from https://www.worldometers.
info/world-population/population-by-country/[Last accessed on
24" May 2020].1 The countries with a population of >1 million
regardless of BCG vaccine used and regardless of nature of BCG
strain and with overall data on COVID-19-related morbidity and
mortality were included. Countries with population <I million
and a lack of said data were excluded.

Statistical analysis

Both descriptive and inferential statistics were applied.
Categorical data (income group, current policy, past BCG
policy and BCG policy in special group, BCG strain, and
BCG coverage) were presented as proportions. The association
between the BCG strains and morbidity/mortality was assessed in
univariate analysis followed by multivariate regression analysis
with post hoc Tukey test. Morbidity/mortality was the dependent
variable while Current policy, BCG strain, BCG coverage, and
Income group were considered as independent covariates. All
statistical analysis was done using the Statistical Package for the
Social Sciences (SPSS) version 20, IBM Corporation, Armonk,
New York, USA, and statistical significance was set at <0.05.

ResuLts

Demographic data

The database search yielded 222 countries. Of these, the
population was <1 million in 60 countries; the population data
were not available for five countries; COVID-19 and BCG data
were not available for 11 and seven countries, respectively.
Hence, a total n = 139 countries were finally included for the
analysis [Figure 1]. BCG strain type was available only for 51
countries and this formed the final sample.

Bacillus Calmette Guerin policy

Of these 139 countries, 117 (84%) countries had a current
BCG policy, while 22 (16%) countries did not. Among these
22 countries, 17 (77%) countries had a past BCG policy while
in five (23%) countries BCG is recommended for special
groups only (such as health care workers who are dealing with
TB patients or specimens).

Bacillus Calmette Guerin strains

Of the 51 countries where the data on strain were available,
the BCG Danish strain was the most common (18/51, 35%)
followed by the BCG Pasteur strain (10/51, 20%) both of which
are late strains [Figure 1].

Nation-wide Bacillus Calmette Guerin coverage

Amongthe 139 countries, 80 (58%) did not mention the nationwide
BCG vaccination coverage. Thirty-six (26%) countries
had >90% BCG coverage, while 13 (9%) had coverage between
81% and 90%, six (4%) had BCG coverage between 71% and
80% and only four (3%) countries had BCG coverage <70%.

Income group

Of the total 139 countries, 39 (28%) belonged to upper
income (UIC), 40 (29%) to upper middle income, 33 (24%)
to lower middle income and 27 (19%) to lower-income group.

Linear regression analysis

No statistically significant difference in COVID-19 morbidity
and mortality per one million population among various BCG
strains [Figure 2]. Furthermore, the extent of BCG coverage (%)
did not impact morbidity and mortality [Figure 3]. However,
a significant difference (P < 0.001) was found between
current BCG policy, BCG policy for special groups and
income groups. Multivariate analysis showed a significant
difference (P < 0.001) among the countries with higher
morbidity among UIC relative to the other countries (non-HIC).
The mortality rate between the income groups however did not
differ significantly (P > 0.05).

Similarly, a statistically significant difference (P < 0.001) was
seen among various types of BCG recommendation (Current
policy vs. past BCG policy vs. BCG policy for special
groups) with COVID-19 related mortality per one million
population [Table 1]. The countries having a current BCG
policy had a significantly lower mortality rate relative to the
countries with a past BCG policy or a BCG policy only for
special groups (P < 0.001). Furthermore, the countries with
a past BCG policy had lower mortality rates relative to the
countries following BCG policy only for special groups.

Discussion

The present study evaluated the association of the type of BCG
strain used in a given country with COVID-19 morbidity and
mortality and found no impact of the nature of the strain. Our
analysis though confirmed literature findings with regard to
BCG vaccination itself.

In 1924, initial BCG lots were distributed to various countries
for local preparation of the vaccine.”” The original strain was
passaged under similar conditions as at the Pasteur Institute.
Many laboratories generated their own strain of BCG, typically
named after the laboratory, the city, or the country.®! Our
finding of no relationship between various BCG strains and
the COVID-19-related mortality and morbidity is probably
due to the fact that all BCG strains are derived from the same
parent genome or seed (which is Pasteur) leading to the same
nonspecific immunity due to increase in NK cells activity.”’
Horwitz et al.'" in an animal model of pulmonary tuberculosis
found both early and late strains found to be equally efficacious
supporting our findings.
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Table 1: Multivariate linear regression analysis

Dependent variable Covariates Adjusted R? P
Morbidity (per 1 million population) Income group 0.45 <0.001
Current BCG policy 0.624
Type of BCG policy 0.058
Mortality (per 1 million population) Income group 0.42 0.105
Current BCG policy 0.128
Type of BCG policy <0.001

Post hoc analysis using Tukey’s test

Income groups versus COVID-19 Upper Upper middle <0.001
morbidity Lower middle <0.001
Lower <0.001
Type of BCG policy versus Current BCG policy Past BCG policy <0.001
COVID-19 mortality BCG policy for special groups <0.001
Past BCG policy BCG policy for special groups <0.001

BCG: Bacillus Calmette-Guerin

83 countries were excluded as
Population <1 Million (60)
Population data not available (5)
Covid-19 data not available (11)
BCG datanot available (7)

139 countries

ey
With Current BCG policy Without Cumrent BCG
N=117 (84%) policy

N=22 (16%)
——
Past BCG policy BCG policy only

N=17(77%) for spedial

groups
N=5 (23%)

! ,

BCG strain data not
available n=88 (63%)

BCG strain data available N=51 (37%)

1. Danish (24, 47%)

2. Pastuer (10, 20%)

3. Tokyo (6. 12%)

4. Moreau (2, 4%)

5.Bulgaria (4, 8%)

6. Miscellaneous [Kopenhagen, BCGVL Chennai, Intervax
Torento, Anlis Malbran] (5, 10%)

Figure 1: Flow chart explaining the sample collection for final analysis

In India, the BCG Chennai strain is used since
1948 (late strain) and COVID-19 related disease burden is
relatively low in the country. In contrast to this, Miyasak!
has shown that early BCG strains (e.g. BCG Japan and
BCG Russia) are associated with lower COVID-19
mortality, while BCG Denmark (late strain), offers less
protection against COVID-19. This difference could be
attributed to the fact that this Miyasaka conducted their
study earlier in the course of the pandemic and only among
17 countries.

We found no significant difference in COVID-19 disease
burden and the extent of BCG coverage (%) in line with
findings of Wickramasinghe et al.l'l We also found that
morbidity was higher in countries with UIC compared to
others consistent with findings of other authors.>!'"! We also
confirmed that countries having a current BCG policy had
a significantly lower mortality rate relative to the countries
having a past BCG policy or a BCG policy only for special
groups.tH6:1]

While studies with BCG vaccines are aplenty (NCT04327206,
NCT04328441, NCT04537663, NCT04417335,
NCT04475302)'>131 in COVID-19, we could not find
any study that was making a head-to-head comparison
among strains. The only completed study that has a
head-to-head comparison of two strains (BCG Japan vs.
BCG Russia) has been completed (no results available) in
15,600 infants (NCT03400878) and is an RCT evaluating
the impact of the two strains on early life hospitalization and
deaths.' Our study is limited by the fact that the data on
only 51 countries was available for evaluation of the impact
of different BCG strains on the COVID-19 disease burden.
In addition, we have not evaluated the impact of confounders
such as age as UIC has more elderly populations.

In summary, our study confirmed that the presence of a current
BCG policy does seem to be associated with lower COVID-19
mortality though the type of BCG strain does not appear to
matter.
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Figure 2: Association between Bacillus Calmette Guerin strains and
COVID-19-related morbidity and mortality (n = 51)
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Figure 3: Association between nationwide Bacillus Calmette Guerin
coverage in percentage and COVID-19-related morbidity and
mortality (7 = 59)
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