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Abstract

In the last few months COVID-19 has been spreading unchecked to most of the countries of the world. While the impact has 
varied from one nation to the other and the differences attributed to various factors, universal BCG vaccination is thought to 
be protective by some. BCG is thought to protect by the new concept of trained immunity over and above the enhanced innate 
and adaptive immune response. In the current scenario, the most effective way to curb the spread of the virus is a vaccine and 
it may take at least 12–18 months to develop. In the meantime, other measures like hand hygiene, mask use, social distancing, 
and lockdown are being implemented to prevent the spread of the virus. We present here a short review on the protective role 
of BCG in COVID-19.
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Introduction

In the last few months COVID-19 has been spreading 
unchecked to most of the countries of the world. The impact 
has varied from one nation to the other. These differences 
may be attributed to differences in culture, mitigation efforts, 
and healthcare infrastructure. Studies suggest high-risk 
population which includes older adults (more than 60 years 

of age), and adults with comorbidities (like cardiovascular 
diseases, cerebrovascular diseases, diabetes, chronic lung 
disease, chronic kidney diseases, chronic liver diseases, 
and malignancy) are at higher risk of SARS-CoV-2 infection-
related morbidity and mortality [1].

An epidemiological study done by Miller A, et al. [2] 
concluded that the countries without universal policies of 
BCG vaccination like Italy, Netherlands, and United states 
of America had grave outcomes compared to countries 
with universal and long-standing BCG policies. This study 
also concluded that the countries which had a late start 
of universal BCG policy like Iran had higher mortality in 
the elderly population [2]. Studies have shown that BCG 
vaccination produces non-specific protection against viral 
infections and sepsis, leading to the hypothesis of the 
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protective effect of BCG against COVID-19 [3]. The vaccine 
has shown heterologous protective effects and decreased 
overall childhood mortality. Some epidemiological studies 
propose that differences in COVID-19 impact can be partially 
explained by the differences in national policies concerning 
for BCG vaccination. The unintended health benefits that 
have been observed are risk reductions for acute respiratory 
infections, cancer, asthma, and overall childhood mortality 
[4-7].
 

The association between the universal BCG vaccination 
and the protection against COVID-19 suggests that BCG may 
confer long-lasting protection against the current strain of 
SARS-CoV-2. Currently three clinical trials are ongoing to 
evaluate the role of BCG vaccine in protecting health care 
workers (HCW) against COVID-19. All the clinical trials 
namely, BRACE (NCT04327206), BADAS (NCT04348370), 
and BCG-CORONA (NCT04328441) are assessing the ability 
of BCG vaccine to mitigate the incidence and severity of 
COVID-19 [8-10].
 

In the current scenario, the most effective way to curb 
the spread of the virus is a vaccine and it may take at least 
12–18 months to develop [11]. In the meantime, other 
measures like hand hygiene, mask use, social distancing, and 
lockdown are being implemented for preventing the spread 
of the virus.

Immunopathogesis of SARS-CoV-2

Mechanism of Infection and Immune Invasion

SARS-CoV-2 is the seventh known coronavirus in 
humans and belongs to the same phylogenetic family as the 
2002 SARS and the 2012 MERS-CoV-2 [12]. The major route 
of transmission of the virus is through droplet infection and 
close person-to-person contact. However, some studies have 
reported transmission through sweat, stool, and urine [13]. 
The cycle of infection, replication, and transmission requires 
a susceptible host and adequate environment. The primary 
target cells of the virus in the body are enterocytes and 
pneumocytes. There are five main steps in the life cycle of 
the virus: attachment, penetration, biosynthesis, maturation 
and release. The invasion starts with attachment of the viral 
structural spike (S) protein to the angiotensin-converting 
enzyme 2 (ACE2) receptor on the target cells [14]. The entry 
of the virus is either via clathrin-dependent or independent 
endocytosis. The fusion of viral and host cell membranes 
occurs via host type 2 transmembrane serine protease 
(TMPRSS2), this facilitates the release of viral nucleoprotein 
into the host cell. After the entry, the virus then orchestrates 
the synthesis of viral protein and genome polyproteins, 
subsequently leading to viral replication and final release of 
virus from the cell [12]. ACE2 receptors are widely expressed 

in lung (most prominent), heart, ileum, kidney, and bladder 
[15]. 

Host Response to SARS-CoV-2

In any infection, an adequate host response with the help 
of cytokines and chemokines usually negates any infection. 
Since ACE2 receptors are predominantly expressed on 
the apical side of lung epithelial cells in the alveolar space, 
thus viral-induced lung injury is predominantly in the 
lower respiratory tract. In airways, there are mainly three 
components of innate immunity, namely epithelial cells, 
alveolar macrophages and dendritic cells (DCs). SARS-
CoV-2 infection in the airways trigger a local anti-viral 
immune response, which recruits the macrophages and DCs. 
Ideally, SARS-CoV-2 RNA genome should trigger an anti-
viral response through the activation of pattern recognition 
receptors such as toll-like receptors (TLRs) which includes 
the release of pro-inflammatory cytokines and type 1 
interferon [16].

The infected epithelial cells undergo apoptosis and are 
engulfed by macrophages and DCs which act as antigen-
presenting cell (APC) thus activating cellular and humoral 
immunity to form virus-specific T cells and virus-specific 
antibody. As more and more pieces of evidence are generated, 
it appears that the asymptomatic, mild and non-severe cases 
of COVID-19 can generate an adequate anti-viral response 
as explained above. But in some cases, due to some risk 
factors still under research, there appears to be an immune 
dysregulation or exaggerated host response phase. This leads 
to an unchecked release of inflammatory cytokines such as 
interleukin (IL)-1ß, IL-6, monocyte chemoattractant protein 
1 and may result in cytokine release syndrome (CRS) [17]. 
In severe COVID-19, patients have a characteristic finding of 
macrophage activation syndrome and immune dysregulation 
which is associated with sustained and hyperproduction of 
pro-inflammatory cytokines by monocytes, IL-6-mediated 
low HLA-DR expression, and lymphopenia [16,18,19]. 
All these lead to hyperactivation of the immune system 
which causes damage to the host and manifests as acute 
severe pneumonia, myocardial dysfunction, and secondary 
hemophagocytic lymphohistiocytosis (HLH), and eventually 
ends into multi-organ failure [17,20,21]. Till date, the exact 
mechanism of how the organism disrupts the host immune 
homeostasis and activates the hyperactive proinflammatory 
response is elusive [22]. A few hypotheses suggest an 
‘immune escape’ mechanism adopted by SARS-Cov-2 which 
blinds the immune system causing an inadequate or delayed 
innate response [23]. BCG-induced trained immunity may 
enhance the innate immune response and this may be the 
possible mechanism to negate the immune escape of SARS-
CoV-2 [24].
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BCG-Induced Induced Immunity

Immune Response Induced by BCG Vaccination

BCG antigens act as a benevolent vector due to proven 
safety in vaccinated neonates, children, and adults [25]. 
These antigens may act as adjuvants inducing innate and 
adaptive immunity. After the vaccination, at the site of 
inoculation, BCG antigens are recognized by the neutrophils, 
macrophages, and DCs. This activates DCs and migrates to 
lymph node secrete tumor necrosis factor-alpha (TNF-α), 
interleukin 1-beta (IL-1β), IL-6, and IL-12, further promotes 
the activation of adaptive immunity in form of CD4+(T helper 
cells) and CD8+ T cells(cytotoxic T cells). The Th1 subclass 
of CD4+ secrete IFN-γ, TNF-α, and IL-2 thus contributes to 
the necessary activation of macrophage to kill microbes in 
the vicinity of macrophage [24,26]. CD8+ T cells secrete 
cytotoxins perforins, granzymes, and granulysin. After 10 
weeks these T cells switch to a memory phenotype with 
a functional nature of secreting IFN-γ. These cells would 
generate a strong lymphoproliferative response to TB 
antigens or any new antigen in the future. Th2 subclass 
stimulates the B-cells into proliferation and induces a 
B-cell antibody class switching thus increase in production 
of IgG and memory B cells [27]. BCG provides non-specific 
protection against respiratory infections due to memory B 
and T cells, and long-term activation and reprogramming of 
innate immune cells thus, protecting against a wide range of 
organisms, including viruses such as influenza and yellow 

fever, bacteria such as Staphylococcus aureus, and fungi such 
as Candida albicans [5,25,28].

Trained Immunity as a Consequence of BCG 

Recently described is a memory phenotype in innate 
immune cells, known as “trained immunity”, which is defined 
as an upsurge in non-specific response, mediated by innate 
immunity for an unrecognised or recognized infection [29]. 
This type of immunity is mediated primarily by monocytes/
macrophages and NK cells and independent of T and B cells 
responses (Figure 1). Post BCG vaccination, monocytes 
undergo epigenetic reprogramming, like methylation 
and acetylation of histone which enhances the chromatin 
accessibility and easier transcription of genes related 
to antimicrobial action. This epigenetic modification up 
regulates the expression of pattern recognition receptors 
(PRRs) that recognize specifically recognize pathogen-
associated molecular patterns thus modulating the 
accessibility of transcription genes of proinflammatory 
cytokine genes. Thus, BCG vaccination of adults induces 
trained immunity in circulating monocytes/macrophages 
and increasing their capacity to produce pro-inflammatory 
cytokines such as IL-1β, TNF-α, and IL-6 when exposed to a 
pathogen. Thus, the BCG vaccine may provide non-specific 
protection against respiratory infections due to memory B 
and T cells, and long-term activation and reprogramming of 
innate immune cells.

Figure 1: BCG vaccination induces trained immunity leading to enhanced innate immune response to pathogen. Thus, 
monocytes undergo epigenetic reprogramming, like methylation and acetylation of histone which enhances the chromatin 
accessibility and easier transcription of genes related to antimicrobial action. This is called “trained immunity” which 
enhances the effectiveness of the innate immune response when exposed to a non-specific pathogen, inducing the secretion of 
proinflammatory cytokines, such as TNF-α, IL-1β, and IL-6. The pink line represents a trained immune response [30]. 
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Possible Role of BCG to Induce ‘Trained 
Immunity’ in High Risk Groups

Previous studies suggest adults with comorbidities are 
at higher risk of SARS-CoV-2 infection-related complications. 
These comorbidities are associated with alterations in the 
proliferation of T cells and macrophages, and impairment 
in the function of NK cells and B cells, thus these lead to 
an abnormal innate and adaptive immunity. This could be 
a possible reason for higher mortality in individuals with 
comorbidities [31]. Ecological studies have suggested that 
countries with universal BCG vaccination policy for the 
population have a reduced number of cases and mortality 
[2,3]. In comparison to the elderly population which fails 
to maintain a pool of trained monocyte, children who have 
been BCG vaccinated are less susceptible to SARS-CoV-2 
infection. BCG vaccination in the high-risk populations may 
offer protection against SARS-CoV-2 by boosting trained 
immunity, leading to inhibition of viral replication and 
reduction in viral load and thus inflammation and immune 
dysregulation [24,30,32].

Conclusion

In the current COVID-19 pandemic, the BCG vaccine 
could be a worthy option to enhance nonspecific immune 
response that may protect against SARS-CoV-2 infection. 
Thus, a hypothesis that BCG vaccination might have a role 
in protecting the high-risk populations against SARS-CoV-2 
infection. But well designed, large randomized controlled 
trials are needed to provide the answer to the above 
hypothesis.
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