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ABSTRACT

The coronavirus disease (COVID-19) emerged in China in December 2019 
and has since spread to over 188 countries affecting millions of individuals. 
Several reports in favour or against the heterologous protection conferred by the 
BCG vaccine against COVID-19 came up in the initial days of the pandemic and 
continue to do so. In this study, we compared the three worst-affected nations: 
The USA, India, and Brazil, their current pandemic scenario, and their respective 
national BCG immunization policies. USA recommends BCG vaccine only to 
a specific group of people and never had a national immunization scheme in 
place. Meanwhile, India introduced a nationwide scheme as early as 1948 and 
continues to endorse BCG immunization at birth. Brazil used the oral route to 
administer the BCG vaccine till 1976, and then shifted to intradermal injection. 
The correlation coefficient for the total number of cases, cases per million, the 
total number of deaths, deaths per million and case fatality rate ranges between 
any two countries under study. This indicates a very strong positive correlation 
in the various epidemiological parameters between countries with no national 
immunization scheme (USA) and countries with stringent national policies on 
BCG vaccination. The strongest correlation exists between the USA and Brazil 
followed by Brazil and India which is very closely followed by the USA and India. 
We found no consistent evidence to infer in favour of the hypothesis that BCG 
provides any non-specific protection against COVID-19.
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Abbreviations
BCG: Bacillus Calmette-Guérin

COVID-19: Coronavirus Disease 2019

DPT: Diphtheria, Pertussis, and Tetanus

HPV: Human Papillomavirus

HSV: Herpes Simplex Virus

ICTV: International Committee on Taxonomy of Viruses

OPV: Oral Poliovirus Vaccine

RSV: Respiratory Syncytial Virus

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2

TB: Tuberculosis

WHO: World Health Organization

Introduction
It all started back in December 2019 when the case(s) of 

pneumonia of unknown etiology came up in Wuhan, China, and 
spread across the world in over 188 countries within months. 
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Investigations and whole-genome sequencing indicated 
the origin of a new coronavirus that has skipped from its 
natural reservoir “bat”1; to humans via a highly probable 
intermediate host “pangolin”2 that is sold illegally in 
Chinese markets. This suggested a zoonotic origin like 
many other newly emerged viruses including Nipah, 
SARS-CoV, MERS-CoV, Ebola, Marburg, etc. This contagious 
virus was initially named by WHO as 2019-nCoV (2019- 
novel Coronavirus), and subsequently the International 
Committee on Taxonomy of Viruses (ICTV) renamed 
it as SARS-CoV-2 (Severe Acute Respiratory Syndrome 
Coronavirus 2) 3. SARS-CoV-2 gets rapidly transmitted to 
naïve population, from the infected patients essentially via 
contaminated droplets and fomites4,5. However, cases of 
shedding of viral RNA in feces6 have also been documented.

As of September 17, 2020, there have been over 
29,674,488 laboratory-confirmed cases of coronavirus 
disease (COVID-19) worldwide with more than 937,204 
fatalities (https://coronavirus.jhu.edu). Patients infected 
with SARS-CoV-2 present symptoms like fever, sore throat, 
fatigue, phlegm production, loss of smell or taste, headache, 
etc. among others which may appear after 2-14 days post-
exposure7, with a mean incubation period of 5.2 days8. In 
the initial days of the outbreak, when the world was still 
struggling to establish uniform treatment protocols, various 
reports of the effectiveness of BCG vaccination to protect 
against COVID-19, or at least bridge the treatment gap came 
up. It was reported that “the countries which didn’t have a 
universal BCG vaccination policy suffered more severely than 
those with universal and long-standing policies” in a study 
by the scientists at the New York Institute of Technology9. It 
was further indicated that substantial bearing on mortality 
and morbidity due to COVID-19 might be determined by 
the BGC vaccination. The previously mentioned study also 
contested that an early establishment of a uniform BCG 
vaccination policy by some countries would see a significant 
difference in mortality rate, which is in line with the globally 
recognized tendency of the elderly being more vulnerable 
to COVID-19 related mortalities. Similar conclusions are 
very recently reported by researchers from St Petersburg 
University, Russia10.

Albert Calmette and Camille Guérin prepared the BCG 
vaccine by attenuating a live isolate of Mycobacterium bovis 
that elicits a strong immune response and is known to 
protect children from disseminated forms of tuberculosis 
(TB) and can also confer limited protection in adults against 
pulmonary tuberculosis11. It is also known to bestow ‘non-
specific’ or ‘heterologous’ protection against many unrelated 
pathogens which includes viruses such as RSV, HPV, and 
HSV11,12. A randomized control trial also reported that BCG 
vaccination significantly lowered viremia when challenged 
with yellow fever virus vaccine strain13. Yet another trial 
found a more pronounced antibody response against 

influenza A (H1N1) vaccine strain when it is administered 
14 days after BCG vaccination14. Among other examples, a 
reduction in neonatal mortality, primarily due to fewer cases 
of respiratory infection, neonatal sepsis, and fever were 
linked to BCG vaccination in a randomized trial among low-
birth-weight children in Guinea-Bissau15. Moreover, in an 
area with high mortality in West Africa, the scar from BCG 
vaccination and a positive tuberculin reaction were linked 
with better survival in early childhood16. 

Through this article, we intend to shed light on the 
current scenario of the pandemic in the three worst-
affected countries: The United States of America, India, and 
Brazil; their national BCG vaccination policy, if any; and if 
past vaccination with BCG has affected the number or the 
outcome of SARS-CoV-2 infections in the patients. 

Methodology
We did a systematic literature search to track the past 

developments related to the national BCG immunization 
scheme of the USA, India, and Brazil, and its current 
implications in SARS-CoV-2 outbreak by recollecting 
information from online databases (primarily PubMed), by 
using keywords like ‘BCG’, ‘BCG vaccination policy’ and ‘BCG 
and SARS-CoV-2’. Other essential information regarding 
vaccination was filtered from WHO17 (https://apps.
who.int/gho/data/node.main.A830?lang=en) and ‘BCG 
World Atlas’ 18 (http://www.bcgatlas.org/index.php). The 
COVID-19 patient data used in this analysis was obtained 
from ‘Our World in Data’ 19 (https://ourworldindata.org/
coronavirus) (as of 17th Sep 2020). Moreover, information 
regarding clinical trials was retrieved from ClinicalTrials.
gov (http://clinicaltrials.gov/) registry and Clinical Trials 
Registry- India (http://ctri.nic.in/). All the country wise 
data concerning the total number of cases and fatality is 
included irrespective of age, comorbidities, gender, ethnic 
groups, etc. The measure of dependency between the 
relative movements of two variables (no. of COVID-19 cases 
and mortalities in two different countries) is statistically 
quantified in this study using the Pearson correlation. The 
correlation coefficient is the ratio of covariance between 
the two variables and the product of the variance of the 
individual variables. Values of the correlation coefficient 
lie between -1.0 and 1.0. A value of -1.0 depicts a perfect 
negative correlation; in contrast, a value of 1.0 indicates 
a perfect positive correlation. A zero value exhibits a lack 
of any co-relation. A statistical measure of correlation 
coefficient was applied in a python environment with the 
script provided in the supplementary information. 

Results and Discussion

Timeline of BCG Vaccination in India, Brazil, and the 
USA and the current population coverage

Data on the introduction and the inclusion of BCG 

https://coronavirus.jhu.edu/
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vaccination in Government compulsory vaccination 
policy was compiled for the three countries under the 
current study (Figure 1) to deduce the effective population 
coverage.

India: India introduced the BCG vaccine in 1948 with 
assistance from the International Tuberculosis Campaign 
(ITC). In 1951, the Government of India endorsed expanding 
the campaign across the country. It was initially aimed to 
immunize individuals in the 1-25 year age group20 but was 
later revised to immunize babies within a year after birth, 
based on the epidemiological studies suggesting that BCG 
could protect from childhood forms of TB21. The Expanded 
Programme of Immunization was then introduced in 1978 
to cover 80% of infants 22, however, it remained confined 
to urban areas. On November 19, 1985, a Universal 
Immunization Programme (UIP) was launched to increase 
the coverage in all the districts by 1990. All these efforts 
lead to the effective BCG vaccine coverage of approximately 
90% by the year 2016 (Figure 1). 

Brazil: BCG vaccine sample distributed by Pasteur 
Institute arrived in Brazil as early as 1925, however, it 
started to gain acceptance slowly and in the year 1944 alone, 
about 19000 babies were vaccinated; and the supply chain to 
different states was developed. From 1977 onwards a 0.05ml 
intradermic dose for new-borns followed by revaccination at 
school-age was recommended. This schedule was modified 
in 1982 and a single dose of 0.1ml was recommended for 
neonates [reviewed in 23]. The population coverage in Brazil 
reached its peak (100%) as early as 1994 and remained so 
for almost 20 years, with a decline of approximately 10% 
seen in recent years (Figure 1). 

According to a WHO estimate (Figure 1), by 2018, India 
and Brazil had an excellent countrywide BCG immunization 
coverage (92% and 90% respectively)17.

USA: In the United States of America, BCG vaccination is 
considered only for specific groups and is not used widely. 
Since the USA never had a universal BCG vaccination 
policy and no data is available for population coverage, 
we have plotted at 5% population coverage for the sake of 
comparison (Figure1). 

Current scenario of SARS-CoV-2 infections and Case 
fatality rates (CFR) in the three countries under study

According to Johns Hopkins University and Medicine 
Coronavirus Resource Center (https://coronavirus.jhu.
edu), as of September 17, 2020, the data for the total 
number of infections and deaths, per million caseload and 
deaths and the case fatality rate is given in table 1. The per 
million population data19 for caseload and mortality could 
be a better indicator for comparison. The USA and Brazil had 
almost equal caseload/million of 19958.43 and 20616.65 
respectively. The mortality rate in Brazil was slightly higher 
than in the USA. Both the cases and mortality per million 

Figure 1: BCG immunization coverage estimates of India and Brazil. The USA never had a nationwide BCG immunization scheme (here 
the coverage in the USA have been plotted between 0-5% population for the sake of comparison) 
[Reference: WHO17]

Country Total cases 
(no.)

Total Deaths 
(no.)

Caseload 
/ million

Deaths/
million

Case Fatality 
rate (%) 

USA 6,616,458 196,436 19958.43 591.95 2.96
Brazil 4,382,263 133,116 20616.65 626.27 3.03
India 5,020,359 82,066 3637.93 59.468 1.63

Table 1: SARS-CoV-2 infection/ mortality data (as of 17th Sep 2020) 
in the three countries under study 
[Reference: European Centre for Disease Prevention and Control 
(ECDC) and Our World in Data19]
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people in India were comparatively fairly low which may 
be attributed to the stage of pandemic and also to the strict 
prolonged lockdown in the country. Till the cut-off time of 
this study, the daily new cases were on the increasing trend 
post different stages of unlocking in India which didn’t 

reach its plateau, whereas, the USA and Brazil were showing 
a decreasing trend in terms of daily new cases (Figure 2a). 
Case fatality rates were on a decline in these three countries 
as was also observed for many other countries in the world 
(Figure 2b), which could potentially be associated with 

 

 

 

 

 

 

Figure 2: Comparison of COVID-19 patient data between the USA, India, and Brazil: (a) Daily new cases showing declining trends in the USA 
and Brazil, whereas, trends in India are on the rise; (b) Case fatality rate depicting similar trends in all three countries; (c) Total confirmed 
cases; (d) Total confirmed deaths; (e) Total confirmed cases per million people; and (f) Total confirmed deaths per million people. 
[Reference: European Centre for Disease Prevention and Control (ECDC) and Our World in Data19]
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a more standardised treatment protocol. The cases and 
mortality per million for Brazil were even higher than 
that of the USA, clearly suggesting no consistent effect on 
infection counts or fatalities between countries having a 
national vaccination policy over countries that never had 
a nationwide BCG immunization scheme. A comparison of 
the pattern of disease progression in the three countries 
in terms of the total number of cases and death (Figure 
2c and 2d), and caseload and deaths per million (figure 
2e and 2f) reported each day, depict a linear correlation. 
This is further confirmed by determining the correlation 
coefficient, which shows a very strong positive correlation 
between total cases and case fatality rates between any two 
of the three countries (Table 2). It is important to note here 
that the data in the graph represents the data till 17th Sep 
2020. The caseload at present, however, is again shooting 
up, suggesting a fresh wave of infection in most of the 
countries.

As the Live-attenuated vaccine like BCG and measles 
are known to induce heterologous protection24 has been 
reported to provide ‘non-specific’ or ‘heterologous’ 
protection to many unrelated pathogens including viruses 
such as RSV, HPV, HSV, yellow fever and influenza A11-14, 
it seemed logical to infer the conceivable heterologous 
protection it seemed to have provided to SARS-CoV-2. 
Possibly through the suggested mechanism of this off-
target protection that parallels to the maturation of 
Th1 response, ‘trained’ monocytes and natural killer 
(NK) cells which enables strong and rapid response to 
stimulation by heterologous antigens. Primed monocytes 
express more surface markers and are involved in the 

increased production of cytokines. This is regulated by 
epigenetic changes (histone modification), and metabolic 
shift (oxidative phosphorylation to glycolysis)12. On the 
contrary, in this study, we could demonstrate that there 
is no correlation between BCG coverage and heterologous 
protection to SARS-CoV-2. A similar rate of COVID-19 
positive test results between vaccinated and non-vaccinated 
individuals has been reported by other workers25,26. A 
more recent study by Hensel and co-workers27 suggested 
SARS-CoV-2 testing as an important bias in determining 
a correlation between BCG vaccination and COVID-19 
spread. In countries with high testing rates (>= 10 per 
thousand inhabitants), the authors failed to determine 
a significant difference between COVID-19 spread rates 
among countries with different (or no) BCG vaccination 
policies. This study also cautioned against differences in 
cases at the ‘subnational level’ being extrapolated to the 
entire country, and the prevalence of different strains of 
the virus as an important set of confounders. Randomized 
control studies could provide stronger evidence to this 
new prospect of BCG vaccination and multiple studies are 
already underway (Table 3). 

Conclusion
The SARS-CoV-2 infection and mortality data of the three 

worst-affected nations provides a unique combination 
for comparatively analysing whether BCG is exerting 
heterologous protection against SARS-CoV-2 infection. It 
has to be acknowledged that any statistical evidence for or 
against the use of the BCG vaccine in the current scenario 
is bound by potential confounders owing to a dynamic 

Parameters 
Correlation Coefficient

USA-Brazil Brazil-India India-USA
Cases/Cases per million 0.98 0.96 0.93
Deaths/ Deaths per million 0.94 0.96 0.85
Case fatality rate 0.90 0.86 0.81

Table 2: Correlation coefficient between countries under study. 

Table 3: On-going clinical trials to ascertain the correlation between BCG vaccine and COVID-19. 
[Reference: ClinicalTrials.gov (https://clinicaltrials.gov/) registry and Clinical Trials Registry- India (http://ctri.nic.in/).]

Identifier Model Estimated 
Enrolment Recruitment Status Phase Location Last Update

NCT04327206 RCT 10078 Recruiting Phase 3 Australia, Netherlands, 
Spain August 20, 2020

NCT04328441 RCT 1500 Active, not recruiting Phase 3 Netherlands August 19, 2020

CTRI/2020/04/024749 RCT 5946 Closed to Recruitment 
of Participants Phase 3 India July 22, 2020

CTRI/2020/04/024833 RCT 1826 Not Yet Recruiting N/A India June 01, 2020

CTRI/2020/06/025854 Non-randomized, Active 
Controlled Trial 1450 Not Yet Recruiting N/A India June 08, 2020

CTRI/2020/07/026668 RCT 800 Not Yet Recruiting N/A India July 17, 2020

CTRI/2020/09/027684 RCT 400 Open to Recruitment N/A India September 29, 
2020

Abbreviation(s): RCT (Randomized Control Trial)
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pandemic situation. Criteria such as demography, the 
genetic makeup of a population, stage of the pandemic, 
infection control measures adopted, number of tests done, 
existing co-morbid conditions, healthcare infrastructure, 
governmental preparedness, data transparency, etc. 
can impose significant bias in studies28. It is also not 
ascertained whether the elderly population who had been 
vaccinated several years ago would still maintain a well 
‘trained immunity’28. In the absence of any firm evidence, 
the WHO currently does not recommend using the BCG 
vaccine for protection from COVID-1929. In line with earlier 
studies 25–27, our study strongly disproves the hypothesis 
that “BCG vaccine confers any non-specific protection to 
COVID-19”. Though multiple underway randomized trials, 
when completed could better reflect on this facet of BCG 
vaccination. 
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