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ABSTRACT
COVID-19 caused by the virus SARS-CoV-2 has gripped essentially all countries in the world, and has 
infected millions and killed hundreds of thousands of people. Several innovative approaches are in 
development to restrain the spread of SARS-CoV-2. In particular, BCG, a vaccine against tuberculosis 
(TB), is being considered as an alternative therapeutic modality. BCG vaccine is known to induce both 
humoral and adaptive immunities, thereby activating both nonspecific and cross-reactive immune 
responses in the host, which combined could effectively resist other pathogens including SARS-CoV-2. 
Notably, some studies have revealed that SARS-CoV-2 infectivity, case positivity, and mortality rate have 
been higher in countries that have not adopted BCG vaccination than in countries that have done so. This 
review presents an overview of the concepts underlying BCG vaccination and its nonspecific immuolo
gical effects and protection, resulting in ‘trained immunity’ and potential utility for resisting COVID-19.
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Introduction

Coronaviruses (CoVs) are generally regarded as nonlethal 
human pathogens, mostly causing common cold.1 However, 
during the last 18 years, two human pathogenic CoVs, namely 
severe acute respiratory syndrome Coronavirus (SARS-CoV) 
and Middle-East respiratory syndrome Coronavirus (MERS- 
CoV), have caused epidemics that originated in China (2002) 
and Saudi Arabia (2012), respectively, and spread over to 
several countries with high morbidity and mortality.2 Thus, 
in the recorded history of humans, the existing SARS-CoV-2 
outbreak is the third human CoV outbreak. SARS-CoV-2 has 
higher genetic relatedness with SARS-CoV (nearly 80%) than 
with MERS-CoV (nearly 50%).3

COVID-19, a Corona Virus Disease, emerged in early 
December 2019 and is caused by a novel CoV named SARS- 
CoV-2 due to the association of COVID-19 symptoms with 
those of severe acute respiratory distress (SARD) and the 
resemblance of COVID-19 with the previous human CoV 
disease, SARS, that originated in Guangdong region of 
China in 2002 and spread over 27 countries before its termi
nation in mid-2003.4 Since the first COVID-19 case was con
firmed in Wuhan city of Hubei province in China on 

December 7, 2019, COVID-19 has gripped essentially all 
countries in the world, infected over 25 million confirmed 
people and killed almost one million people (WHO COVID- 
19 Situation report-201, August 8, 2020).5 Consequent to its 
panic spread, morbidity, mortality, economic significances, 
COVID-19 was declared by the World Health Organization 
(WHO) as a Public Health Emergency of International 
Concern (Pandemic) on February 1, 2020 and on March 11, 
2020 as pandemic.6 Though the origin source of SARS-CoV-2 
has not been traced to date, the virus is assumed to be of 
zoonotic origin (from animals), primarily bats, followed by 
maintenance of virus in the ecosystem through human- 
human transmission cycle. A few of the ongoing studies 
have further expanded COVID-19 hosts, including dogs, cat, 
and few wild animals.4,7

COVID-19, in comparison to SARS, has different epidemio
logical features as reflected in demographic studies. SARS-CoV 
-2 can replicate in both upper and lower respiratory tracts, 
causing mild or no symptoms in the early stages of infection.8– 

10 Thus, a person infected with SARS-CoV-2 can spread the 
infection in early-stages or during the incubation period, caus
ing difficulty in controlling the pandemic. In contrast, SARS- 
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CoV is transmitted when the patients are severely ill, and 
almost no transmission occurs in the early stage.11,12

Therefore, the current COVID-19 syndemic is extreme and 
harder to control than the previous SARS outbreak. In the 
absence of any suitable treatment for SARS-CoV-2 infection, 
only supportive care is being provided to the patients of 
COVID-19.13 Different types of therapies that have been used 
before for the treatment of MERS-CoV and SARS-CoV infec
tions or other viral diseases are being considered for treatment 
of SARS-CoV-2 infection, as it is a new disease and lack any 
standard therapeutic option. These therapies include immuno
suppressants, steroids, anti-viral drugs, plasma from recuper
ated patients, Chinese medications, and repurposed drugs. 
Pharmaceutical companies are in a race to produce antibodies 
and vaccines against SARS-CoV-2.12,14

Bacillus Calmette–Guérin (BCG) vaccine is widely used in 
infancy as prevention against tuberculosis (TB). 
Epidemiological and randomized studies suggest that BCG 
vaccine provides a protective effect against infant mortality 
through nonspecific heterologous protection to other 
infections15 maybe through innate immune epigenetic 
mechanisms.15–17 Exposure to BCG vaccine can reduce the 
severity of COVID-19 and may lower mortality, and thus, it 
may be helpful in development of therapeutic or preventive 
strategies that can impact SARS-CoV-2 infections.

This review provides a comprehensive summary on the ben
eficial effects and protection offered by the BCG vaccine against 
COVID-19. As of now, only a limited approved therapeutics 
and/or vaccines are available/or are in final clinical trials for 
disease control, and as a result, the COVID-19 pandemic has 
become a huge threat/crisis to global public health.12,18

SARS-CoV-2/COVID-19 treatment alternatives

In the absence of an approved, safe and effective vaccine or 
a standard therapeutic option for mitigating the COVID-19 pan
demic, scientists and public health experts have suggested the use 
of currently existing licensed vaccines/drugs, i.e., called repurpos
ing of vaccines/drugs (used against other bacterial/viral infections) 
such as BCG vaccine,19 antimicrobials, didanosine20 and 
hydroxychloroquine,21,22 antiparasitics, ivermectin23 or combina
tion of hydroxychloroquine and ivermectin,24 antibiotics, 
azithromycin25 or antiviral drugs ART26 like lopinavir/ritonavir, 
favipiravir, and remdesivir26–28 for the treatment of COVID-19.29 

Similarly, many advanced and novel therapeutics are also being 
tested for the treatment of COVID-19, including CAR T-cell,30 

stem-cell,31 RNA Synthesis inhibitors,32 Protease Inhibitors,33 

monoclonal antibodies,34,35 and immunoglobulins-based 
therapy.36

COVID-19 vaccines-update

A new mRNA vaccine (mRNA-1273) was developed by 
a clinical stage biotechnology company, named Moderna, 
Inc., USA, which is a pioneering messenger RNA (mRNA) 
therapeutics and vaccines firm, has initiated Phase-I clinical 
trials on March 16, 2020 against SARS-CoV-2. This mRNA 
vaccine encoding for a prefusion stabilized form of the Spike 
(S) protein of SARS-CoV-2.37 The Phase-I study evaluated the 

safety and immunogenicity of three dose levels of mRNA-1273 
(25, 100, and 250 μg) administered on a two-dose vaccination 
schedule, given 28 days apart in 45 healthy adults enrolled in 
the study. The phase 3 clinical trial of mRNA-1273 has started 
in the U.S. Clinical research site enrolling approximately 
30,000 adult individuals.

Ad5-nCoV is the first COVID-19 vaccine in a clinical trial 
in China.38 The vaccine developed by CanSinoBIO’s adeno
virus-based viral vector vaccine technology platform. In the 
human trial of the vaccine, it is found safe and induces a rapid 
immune response. The AZD1222 CoV vaccine, formerly 
known as ChAdOx1 nCoV-19, developed from ChAdOx1 
virus. The ChAdOx1 vaccine is in clinical trials to prevent 
infection of SARS-CoV-2. AstraZeneca Plc announced it 
selected Emergent BioSolutions to produce the 300 million 
doses of the COVID-19 vaccine candidate. The oxford- 
AstraZeneca in the phase I/II trial tolerated and generated 
strong immune responses in all the participants in the United 
Kingdom. The vaccine has entred in its final trial in Brazil 
along with studies going on in the United Kingdom and 
South Africa. Similarly Pfizer also trigerred strong T-cell 
response in phase I/II and has entered the pase III trial. The 
Sinovac Biotech Ltd. developed the CoronaVac SARS-CoV-2 
vaccine based on an inactivated virus. Sinovac Biotech got 
approval from Chinese authorities to conduct both the phase- 
I and phase-II human clinical trials for CoronaVac in China. 
DNA vaccine INO-4800 designed to prevent SARS-CoV-2 
from infecting humans is under phase-I/II clinical trial by 
INOVIO and Seoul National University Hospital and is 
expected to be available by November 2020.39

The Johnson and Johnson and Janssen Pharmaceutical 
research teams, in collaboration with Beth Israel Deaconess 
Medical Center, part of Harvard Medical School, have selected 
its lead vaccine candidate Ad26-COV2-S, recombinant for 
prevention of coronavirus infection. They have started the 
Phase-I/II a first-in-human clinical trial of its investigational 
SARS-CoV-2 vaccine, Ad26.COV2-S, recombinant. The NVX- 
CoV2373 is a prefusion protein CoV vaccine candidate made 
using Novavax’s proprietary nanoparticle technology, Matrix- 
M, which is an adjuvant to enhance immune responses and 
stimulate high levels of neutralizing antibodies. In preclinical 
trials, NVX-CoV2373 showed efficient binding with receptors 
of the SARS-CoV-2. Sanofi-GSK using a combination of inno
vative technologies developed an adjuvanted SARS-CoV-2 vac
cine to prevent COVID-19 disease. The companies may start 
phase-I clinical trials in the second half of 2020 and, aim to 
complete the development of the vaccine by the second half of 
2021. Vaxart develop an oral H1 influenza vaccine targeting the 
SARS-CoV-2. The phase-II clinical study showed that oral H1 
flu tablet vaccine protects against influenza infection after just 
one dose. Based on these results, it is considered to protect 
against mucosal respiratory viruses such as SARS-CoV-2.

Tuberculosis and bacillus calmette–guérin (BCG) vaccine

An important potential approach to COVID-19 control is the 
use of BCG vaccine40 for COVID-19, which was developed by 
Jean-Marie Canille Guerin and Albert Calmette around 
100 years back for immunization against Tuberculosis (TB), 
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one of the most dreaded human diseases caused by 
M. tuberculosis (MTB). TB is predominant in developing coun
tries and connected with poverty status, and control of TB is at 
least an issue of equity and human rights.41 In areas with high 
burden of TB, control strategies for TB are overpowered by the 
rising cases of TB, occurring in parallel with HIV/AIDS 
pandemic.42

Further, the situation is being complicated due to the emer
gence of drug resistance among Mycobacterium tuberculosis, 
i.e., multidrug resistant tuberculosis (MDR-TB) or extensively 
drug resistant tuberculosis (XDR-TB). TB is endemic, and no 
country is TB-free in the world. It is assessed that 33% of the 
world population is infected with M. tuberculosis but shows no 
symptoms, and only 5–10% develop TB during their lifetime.43 

In high burden countries, the annual risk of TB infection in 
children is estimated to be 0.5–2%. Childhood deaths from TB 
are commonly caused by meningitis or disseminated disease. 
BCG vaccine is a live, debilitated strain of M. bovis, which is 
closely related to M. tuberculosis, but the bacterium is com
monly responsible for causing TB in cattle, known as bovine- 
TB. The BCG vaccine has existed for more than 100 years and 
is one of the most commonly used vaccines even today, 
worldwide.44

BCG vaccine coverage

BCG vaccine was included into the Expanded Programme on 
Immunization (EPI) (WHO) in 1974, and has been used as the 
primary TB vaccine since then. Every year, around 100 million 
children are given BCG vaccine worldwide.45,46 Among chil
dren, BCG prevents infection by most of the severe forms of 
TB, and reduces the incidence of miliary and meningeal TB by 
around 85% and TB-related deaths by 66%.47,48 BCG has been 
prescribed during childhood in nations having a high burden 
of TB for decades. Currently, 152 low- and middle-income 
countries (LMIC) have adopted universal child vaccination 
policy at birth or in the first week of birth.49

The data on BCG vaccination is available from 180 coun
tries, and among them currently, 157 countries recommend 
a policy of universal BCG vaccination. The remaining coun
tries, either due to questionable efficacy of the BCG vaccine in 
protection against TB infection or due to reduction in inci
dence of TB, have either stopped BCG vaccination or do not 
suggest mass BCG immunization and rather provide vaccina
tion only to “at-risk” groups. Some countries, like the United 
Kingdom, run programs for universal BCG vaccination. In 
contrast, others, like the United States and Canada, either 
recommend BCG for high-risk groups or do not support 
nationwide BCG vaccination (https://en.wikipedia.org/wiki/ 
BCG_vaccine 2020).

During 1940–1980, many nations started the program of 
BCG vaccination; however, a few nations, such as, Romania 
and Uzbekistan, had started vaccination much earlier in 1928 
and 1937, respectively, while few African countries, for exam
ple, Nigeria and Sierra Leone, began to provide BCG vaccina
tion as late as in 1991 and 1990, respectively. To date, nine 
countries have stopped the program of universal BCG vaccina
tion. Spain and Denmark were among the first countries to 
stop in 1981–1986, while Austria and Germany halted the 

vaccination in 1990 and 1998, respectively. The remaining 
nations, including the Isle of Man, Slovenia, the United 
Kingdom, Finland, and France, stopped their respective BCG 
vaccination programs somewhere between 2005 and 2007. 
While some of these nations have stopped vaccination pro
grams universally, many of them continue to provide BCG 
vaccination to high-risk groups or individuals, including 
those involved in occupations with high-risk of exposure to 
TB and children born in an environment with high burden of 
TB.50

BCG vaccine immunomechanisms

The live attenuated BCG-TB vaccine proficiently induces non
specific cross-protection against pathogens, which may be dif
ferent from the cause of target disease.51 BCG vaccination in 
children reduces mortality and elicits an improved innate 
immune response against different microorganisms in addition 
to M. tuberculosis, such as Staphylococcus aureus and Candida 
albicans. This nonspecific immune protection is provided by 
the innate immune cells, including monocytes and natural 
killer cells, and this development does not depend on T or 
memory B cells. The monocytes are epigenetically repro
grammed at the site of immunization such that there is histone 
modification in the promoter region of genes encoding proin
flammatory cytokines and hence, there is a long-term change 
in their ability to respond to novel stimuli. These monocytes 
exhibit enhanced production of cytokines like IL1β, IFNγ and 
TNFα in response to infection with several different 
pathogens.52,53 The phenomenon of producing a memory- 
like response in innate immune cells is known as “trained 
immunity.”54

BCG was first used as an immunotherapy for the treatment 
of bladder cancer around 40 years ago.55 BCG being a liquid 
drug can be deposited directly into the bladder through 
a catheter. Immunotherapy is used to induce the immune 
system for attacking cancer cells. Several immune molecules 
and cell types were indetified involved56–58 in the action of 
BCG. It is apparent that the effects of BCG on the immune 
system are complex, multifactorial, and likely to evolve. The 
data suggest that the anticancer effects of BCG are due to the 
direct action on tumor cells by BCG and the host’s immune 
response.58 The activation of the immune system led to recog
nition and subsequent destruction of tumor cells through non
specific and specific cell-mediated mechanisms.57The concept 
of trained immunity was first proposed by Netea et al.59 and is 
defined as an improved nonspecific response by the innate 
immune cells to secondary infection caused by different or 
same microorganisms.59 In adult humans, BCG vaccine 
induces trained phenotype in monocytes, leading to an 
increase in their capacity to secrete proinflammatory cytokines, 
which provide nonspecific protection against S. aureus and 
C. albicans.15,16,60 BCG vaccination also induces the adaptive 
immune response, which leads to activation of both CD4+ and 
CD8 + T cells61 and increased production of interferon-gamma 
(IFN-γ), which increases the anti-mycobacterial activity of 
macrophages.62 Further, cytokines help in B cell activation 
and successive antigen-specific antibody production by plasma 
cells. After vaccination, a pool of mycobacteria-specific 
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CD8 + T cells multiplies, and remains in the peripheral blood 
for around 10 weeks. Beyond providing protection against TB, 
BCG vaccine also has some other clinical applications, parti
cularly in immunotherapy, such as treatment of autoimmune 
diseases like type-1 diabetes and various cancers including 
melanoma.54

BCG induced protection is also reported especially in case of 
respiratory virus infections. A study on BCG vaccination done 
in South Africa and in Guinea-Bissau reported up to 70% 
reduction in the incidence of respiratory tract infection includ
ing that of Respiratory Syncytial virus. A similar study showed 
the protective efficacy of BCG vaccination against influenza 
A virus and Herpes simplex virus (HSV) where it was shown 
that peritoneal macrophages are significantly activated by the 
vaccination to produce protective cytokines.63

The two types of immune responses are innate and adaptive 
immune responses Figure 1. In innate immune system, cells 
recognize and respond to pathogens in a nonspecific manner. 
Various types of cells, including B and T lymphocytes, den
dritic cells, eosinophils, macrophages, mast cells, and neutro
phils are involved in an innate immune response.15,64 Antigen 
presenting cells (APCs) kill the invading pathogens by engulf
ing and digesting them. Later, they move to the lymph node, 
where the antigens are presented to the naïve T cells, resulting 
in differentiation of T helper cells into different effector T cells 
(CD8 + T Cells/Th1; CD4 + T Cells/Th2).

The immediate defense against an infection is provided by 
the innate immune system and is vital for effective initiation of 
adaptive immunity.65,66 In contrast, adaptive immunity is 
mediated by T cells, B cells, and memory cells and it provides 
antigen-specific responses. T and B cells recognize a variety of 
antigens through unique T-cell receptors (TCRs) and B-cell 
receptors (BCRs), respectively. The activation of T and B cells 
lead to the development of killer cytotoxic T cells (cellular 
immunity)67 and production of antibodies by differentiated 
plasma B cells (humoral immunity).68 The immune response 
is initiated by the interaction between the innate immune cells 
and adaptive immune system.

A new live attenuated TB vaccine, named MTBVAC, has 
been found to induce not only specific T-cell immunity, but 
also long-term epigenetic and metabolic reprogramming of the 
cells of innate immune system through a process termed 
‘trained immunity.’69 The trained immunity has been found 
to confer protection against experimental lethal pneumonia 
infections.70 The modified MTBVAC vaccine promotes proin
flammatory genes, and facilitates an enhanced response after 
nonrelated bacterial stimuli.

The shift in immune response toward cellular or humoral 
immunity occurs through stimulation of phagocytes and the 
cytokine environment Figure 2, which aids in differentiation of 
naïve CD4 + T cells into TH1 and/or TH2 cells.69 Appropriate 
stimulation of TH1 immune responses is needed to achieve the 
therapeutic outcome of BCG vaccine. Inhibition of TH1 and 
TH2 immune responses occurs through (interleukin) IL-10 
and (interferon-gamma) IFN-γ, respectively. Blocking IL-10 
or inducing IFN-γ can lead to TH1-dominated immunity 
that is essential for BCG-mediated heterologous immunity.15

BCG vaccine based alternative treatment of COVID-19

Due to the unavailability of a standard and/or specific drug or 
an appropriate safe and effective approved vaccine to combat 
in the battle against COVID-19 pandemic, globally researchers 
are working to find some alternative therapeutics. Usually, the 
mechanisms outlined for the release of a safe and effective 
molecule/drug for use in healthcare settings require a long 
chain of safety, efficacy and feasibility checks. Thus, a drug/ 
vaccine already in use holds better promise in current emer
gency and global public health crisis. Therefore, scientists and 
pharmacologists across the globe are searching for vaccines/ 
drugs in use to flatten the explosive graph of SARS-CoV 
-2-affected population worldwide.

The elderly population is more susceptible than younger 
people are to many diseases, including influenza, 

Figure 1. Innate and adaptive immune response to a pathogen (Virus/Bacteria/ 
Parasite). (1) Recruitment of antigen presenting cell (APC) at the injection site. (2) 
Enhancement of antigen uptake. (3) Enhancement of Th2 response. (4) 
Enhancement of humoral immune response. (5) Improvement in inflammasomes 
of macrophages.

Figure 2. Schematic representation of BCG-triggered immune response in cell- 
mediated immunity. Activation of phagocytes and a new cytokine environment 
leads to differentiation of naïve CD4 + T cells into TH1 and/or TH2 cells, which 
direct the immune response toward cellular or humoral immunity, respectively. 
The therapeutic effect of BCG depends on proper induction of TH1 immune 
response. IL-10 inhibits TH1 immune response, whereas IFN-γ inhibits TH2 
immune response. Blocking IL-10 or inducing IFN-γ can lead to TH1-dominated 
immunity, which is essential for BCG-mediated heterologous immunity.
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pneumococcal and zoster. In addition, the information on the 
occurrence of COVID-19 worldwide has provided a strong 
indication of elderly population more prone to the disease. 
This increased susceptibility is generally believed to be 
a result of the aging immune system, which is manifest in 
lower levels of immune responses to such vaccines in terms 
of both antibody levels as well as cellular immunity. The figures 
for age susceptibility pattern are almost similar in SARS-CoV, 
MERS-CoV, and the current SARS-CoV-2 infections.71 Even if 
infection is established in young people, symptoms remain 
mild, and recovery is fast. Salman and Salem72 summarized 
the influence of routine childhood immunization (usually five 
to six vaccines) on protection against COVID-19. A few vac
cines such as Hepatitis B, rubella, mumps, poliomyelitis, and 
varicella also lead to development of immunity against SARS- 
CoV-2, and thereby, provide protection against the invasion of 
the lung cells. The mechanisms have revealed that TH1 cells 
(CD4+) are stimulated by killed or inactivated vaccines. The 
activated TH1 cells then lead to an increase in the production 
of IFN-γ, IL-2, and IL-12, which aid in maturation of killer 
T cells and increase the cytotoxic activity of NK cells, thereby, 
terminating the virus-infected cells.

A study published by the New York Institute of Technology 
has proposed BCG vaccine as an alternative treatment that is in 
use to treat TB in humans since 1921.73 In the study, analysis of 
different countries based on wide variation in the intensity of 
the disease has revealed that in the countries where BCG 
vaccine is given to newborns and children to prevent childhood 
TB, the vaccine seems to offer cross-protection against 
COVID-19.51,73 The study reported that countries that have 
either stopped or do not provide universal BCG vaccination to 
children, including the United States, Italy, Spain, and France, 
have more COVID-19 cases and deaths as compared to the 
countries having universal BCG immunization program. 
Middle-high- and high-income countries that currently have 
universal BCG policy have reported 0.78 ± 0.40 deaths 
per million. A significant difference can be noticed while com
paring COVID-19 mortality data from middle-high- and high- 
income countries that never had a universal BCG policy with 
the data from countries that have BCG vaccination in their 
regular immunization programme. The former have 
a significantly higher mortality rate, 16.39 ± 7.33 deaths 
per million people. Moreover countries like Japan and Russia 
where the vaccine composition includes the original BCG 
strain have shown low per capita death rate compared to 
European countries where modified BCG strain is used for 
vaccination.74 But Brazil is the exception with having second 
highest number of cases and mortality. The reason for this high 
number is not clear. Some of the low income countries with 
universal BCG policy have reported zero deaths per million.73

In another study, Singh and Gandharva69 analyzed data on 
BCG vaccination from 81 countries, including Canada, Italy, 
and the United States. The results of the study revealed that 
there is higher COVID-19 infectivity (11.2% versus 8.53%), 
case positivity (1043.9 versus 172.4), and deaths (48.9 versus 
4.3) per million population in countries that have not adopted 
BCG vaccination as compared to those that use BCG vaccines. 
As stated previously, the higher protection against COVID-19 
morbidity and mortality observed in countries that provide 

BCG vaccination during childhood might be due to provoking 
of both nonspecific and cross-protective immune 
responses.15,69,75,76 The trained immunity conferred by BCG 
vaccination include the enhanced expression of certain resis
tance factors like IL-β which might have a major role in redu
cing the level of viremia in infected hosts as shown in case of 
yellow fever virus administration.68

The number of confirmed cases and deaths due to COVID- 
19 in the United States, Italy, and Spain has outnumbered that 
of China, which was the epicenter of the outbreak of the disease 
first identified in Wuhan city in the beginning of 
December 2019. Why did COVID-19 spread in China, despite 
the country having a universal BCG strategy since the 1950s? 
The reason may be that the virus spread unexpectedly and 
rapidly without it being recognized as a new virus and one 
capable of high-level interpersonal spread, while measures 
were not taken initially to restrain its spread. In addition, 
banning and weakening of the TB prevention and treatment 
agencies during Cultural Revolution (1966–1976) may also be 
responsible. This may have produced a pool of potential hosts 
that could be affected by SARS-CoV-2 and may have played 
a viral role in spread of COVID-19 transmission. Currently, the 
condition in China appears to be improving promisingly.4

In India, childhood BCG vaccination began in 1949, and at 
present, around 97% of 26 million children born in India are 
administered free BCG vaccine during their first week of 
birth.77,78 Among all vaccines, BCG is given in highest number 
to children under five years of age under the universal immu
nization programme. It is generally given to newborn babies at 
birth; however, if vaccination is missed at birth, it can be given 
any time until the age of one. According to the data from the 
Ministry of Health and Family Welfare, Government of India, 
the percentage of children vaccinated with BCG went up from 
92% in 2015–16 to the current 97%. BCG vaccination is above 
95% in all the states of India. In India, since the first COVID-19 
case was confirmed on January 30, 2020 (Kerala), and the first 
COVID-19 fatality was confirmed on March 11, 2020 
(Karnataka), the total number of confirmed cases has reached 
to approximately 2.1 million with nearly 43,000 deaths in the 
following 191 days (WHO Situation Report-201, India as on 
August 8, 2020).5 The question before medical researchers is 
that will BCG vaccination, which had been started in India long 
ago, help in preventing COVID-19 cases and reducing the 
death toll?

According to a study published in medRxiv, the preprint 
health sciences server, BCG vaccination seems to be contributing 
significantly in reduction of number of COVID-19 deaths, with 
the most substantial reduction in deaths observed in countries 
that had adopted a BCG vaccination policy earlier, suggesting 
that there might be less COVID-19 cases and mortality in those 
countries.73 Though it is early to declare and would need further 
investigations before a conclusion is reached, the statistical fig
ures on BCG vaccination in India during the early 1950s with 
target coverage of 80% indicate that the country might benefit 
from the presence of enhanced acquired innate immunity in 
a large population. Nevertheless, the low- and middle-income 
countries have reported 0–0.78 deaths per million, while the 
countries that adopted a universal BCG policy later than other 
countries, like Iran in 1984, have exhibited a high death rate, 
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which is contrary to the hypothesis that BCG protects the vacci
nated population against COVID-19. The current population of 
India is 1339.2 million, and to date, India has reported 0.42 
deaths per million, which is in accordance with the calculations 
and range provided by Miller and coworkers.67 Based on the 
current situation and data available, we can say that BCG vacci
nation may have an influence on the number of COVID-19 cases 
and deaths and might provide protection against COVID-19 but 
to show the actual causality between BCG vaccine and severity of 
COVID-19, the scientists must confirm the Bradford Hill 
Criteria which include specificity, reversibility, temporality, and 
experiment.79 There have been inconsistencies in data related to 
COVID-19 collected from different countries,; therefore, its 
important to have a proven result for the use of BCG vaccine 
in context of COVID-19. Toward this end, it is reported that 
three clinical trials, with an aim to confirm the role of BCG 
vaccine in protection against COVID-19, have been 
intiated.52,53,63,80 The clinical trial planned by Max Plank 
Institute for Infection Biology in Berlin include the use of 
genetically modified version of BCG while other two trails have 
been planned in Australia and Netherland. However, some 
group also suggest that COVID-19 vaccination should include 
multiple-doses of BCG vaccine.19

Clinical manifestations of COVID-19 cases (morbidity and 
moratlity) around the world

The clinical manifestations among the COVID-19 positive cases 
varies greatly between developed and developing countries.

As per the latest WHO COVID-19 Situation Report-2015 (as 
on August 8, 2020), the number of laboratory confirmed cases are 
on the raise among the developed nations and they are currently 
classified under community transmission phase viz. the United 
States, and European countries, while the United States is leading 
the count with more than 4.8 million confirmed positive cases. But 
on the other hand, the developing countries are still classified 
under cluster of cases phase. Here, at the developing nations, 
under-reporting of cases, number of tests carried out for the 
suspected and confirmed cases, misdiagnosis and missed diagnosis 
may be considered as part of limitations while comparing the data 
between developed and developing nations, worldwide.

Similarly, as per the WHO COVID-19 Situation Report- 
2015 (as on August 8, 2020) have reported the highest number 
of deaths due to COVID-19 among the developed nations viz. 
the United States, about 160,000 deaths followed by the Brazil, 
Mexico, the United Kingdom, Italy, France, Spain, etc. The 
mortality rate among the developing countries, very low as 
compared to the developed nations. The data from the devel
oping countries needs to be assessed on a periodic intervals, 
and as the cause of death also need to be confirmed before 
declaring the same amid COVID-19 crisis.

R&D/Clinical trials on BCG vaccination among health-care 
workers against COVID-19

In the United States, a group of researchers from the academic 
and research institutions have initiated a Clinical trial titled 
“BCG Vaccine for Health Care Workers (HCW) as Defense 
Against COVID 19 (BADAS)”.81,82 [U.S. National Library of 

Medicine, ClinicalTrials.gov website: https://clinicaltrials.gov/ 
ct2/show/NCT04348370]. In summary the clinical trials con
firms the investigators hypothesize that BCG vaccination can 
reduce HCW infection and disease severity during the epi
demic phase of SARS-CoV-2. Similar studies are underway in 
many countries including Murdoch Children’s Research 
Institute in Australia (MCRI), and India. Since the studies are 
ongoing, we have to wait to get the concrete conclusion till the 
end of the study with analyzed data and report with a positive 
hope to mitigate COVID-19, which is on top priority, globally 
to avert this public health crisis.

Conclusion and prospects

Due to the enormous impact of the COVID-19 pandemic 
worldwide, the early research that was mainly focused on the 
epidemiology and clinical manifestation has turned toward 
early and accurate diagnosis as well as timely development of 
an appropriate therapeutic methods and vaccines to control the 
escalating SARS-CoV-2 infections. Until a suitable cure is 
available, alternatives like BCG vaccine, which is used for 
preventing childhood TB, may also be used to provide addi
tional cross-protection against COVID-19 and is a topic of 
discussion. The initial observations from the countries that 
have stopped and do not provide childhood BCG vaccination, 
including the United States, Italy, Spain, and France, revealed 
that these countries are reporting more COVID-19 cases and 
deaths than the countries that provide universal BCG vaccina
tion. This higher protection against COVID-19 from the BCG 
vaccine is assumed to be due to nonspecific and cross- 
protective immunity.

The signifying advantage of BCG vaccination, an early life 
immunization with unique formulations, is an unanticipated 
reduction (∼50%) in all-cause mortality, especially in low-birth 
weight males, greatly exceeding that attributable to TB prevention. 
This mortality benefit has been related to prevention of sepsis and 
respiratory infections, suggesting that BCG vaccine induces “het
erologous” cross-protection against unrelated pathogens. The 
nonavailability of a suitable vaccine or therapeutic option to miti
gate the COVID-19 pandemic is forcing researchers and public 
health experts to be assertive on the use of BCG vaccine to control 
the COVID-19 disease caused by SARS-CoV-2 especially the adult 
and old-age population. It is unclear whether the vaccine given to 
old-age population will make adequate or similar immunological 
response as delivered to the young age population. The ongoing 
clinical trials of BCG in health care workers are anticipated to 
provide an insight on the usage of TB vaccine in old-age popula
tion against COVID-19.

The data and statistics available from limited investigations 
have revealed a correlation between the use of BCG vaccination 
and protection from COVID-19. However, further studies are 
required to judge the prophylactic and/or therapeutic signifi
cance of BCG vaccine against COVID-19 and to strengthen the 
evidence of the molecular mechanisms proving this hypothesis. 
Considering the global need to restrain the COVID-19 emer
gence and transmission, scholars at Murdoch Children’s 
Research Institute in Australia (MCRI) are underway to 
explore the use of BCG vaccine-generated cross-protection in 
countering COVID-19.
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Some important factors that must be considered include the 
shortage of BCG vaccines, appropriate time of vaccination for such 
protections and longivity of heterologous immunity conferred by 
BCG vaccine. In this regard, Japanese Society for Vaccinology 
recently raised a concern with a view that indiscriminate use of 
BCG vaccine might create a shortage of the vaccine for regular 
immunization schedule which may lead to the spread of tubercu
losis. This review has provided information that might help to 
control the current COVID-19 pandemic; however, further exten
sive and comprehensive research is required for the development 
of valid and reliable methods for managing the current public 
health pandemic in both short- and long-term aspects for the 
benefit of the global population on the whole.
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