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Abstract 

COVID-19 is an evolving pandemic and has spread to over 190 countries claiming more than 

280,000 deaths. While scientists work at the forefront of developing strategies to counter this 

deadly virus, many have pointed out interesting observations such as the immune-protective role 

of the BCG vaccine. This observation comes amidst a significantly lower mortality rate in 

countries where the BCG vaccine remains an integral part of the neonatal vaccination regimen. 

Even though the purpose of the vaccine in these countries is to protect against tuberculosis 

infection; the BCG vaccine has shown protective effects against non-mycobacterial infections and 

certain cancers. In this review, we highlight these observations and discuss the various vaccine-

host immune interactions, particularly the role of cytokines that may have a role in conferring 

immuno-protection against COVID-19 in BCG vaccinated individuals.  
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Introduction 

Tuberculosis (TB) remains an endemic disease in many countries such as Pakistan, India, China, 

and Bangladesh among others. In such countries, Bacillus Calmette–Guérin (BCG) vaccine is 

administered intradermally to neonates, usually on the first day of life. This is a live attenuated 

vaccine which has shown effectiveness in preventing tuberculous and non-tuberculous infections 

such as leprosy and Buruli ulcer. While these protective effects may well be understood, the role 

of the BCG vaccine in the treatment of cancers such as bladder (1) and colorectal, and autoimmune 

diseases such as melanoma and Type-1 Diabetes (2) have also been suggested. The proposed 

mechanism is an initial stimulant to a person’s immune system. Among these therapeutic uses of 

the BCG vaccine, a rather controversial role hypothesized is in providing immunomodulatory 

effects in COVID-19 patients.  

Mechanism of Action of BCG 

BCG vaccine is the most widely used vaccine as a preventive measure against TB (2, 3). After 

administration intradermally, macrophages and dendritic cells (DCs) interact with PAMPs 

(Pathogen Associated Molecular Patterns) such as peptidoglycans, mycolic acid, arabinogalactan, 

located on bacterial cell wall via several Pattern recognition receptors (PRRs), such as Toll-like 

receptors 2 and 4 (TLRs2/4), Mannose receptor (MR), Complement receptor-3, nucleotide-binding 

oligomerization domain (NOD)-like receptors and others (2-4). Pathogen is then phagocytosed, 

followed by the immune-mediated release of several cytokines (IL-1β, IL-2, IL-6, IL-8, and IL-

12, IFN-gamma, MCP-1 and TNF-α) (3-5), degraded and presented as surface antigens via MHC 

class I and II, to the cells of adaptive immunity (4). It is also suggested that neutrophils play a role 

in enhancing the action of DCs via efficient cross-talk and sustained release of IL-2 (6). This is 

followed by recognition of antigenic peptides by CD4+ Th1-cells, which are considered to be the 

prime cells that orchestrate an adaptive immune response to BCG via enhanced production of IFN-

γ. Th-17 cells, T-regulatory cells, and CD-1 restricted T-cells also contribute to the immune 

response, however to a lesser extent. The induction of CD8+ T cells also takes place, which is 

known to mediate toxic effects via perforins, causing cell lysis (3, 4). Although not clearly 

understood, a non-Ab mediated role of B cells is also found to play a major role in enhanced 

immune response following BCG, mediated by Follicular B helper T cells (7). Recent evidence 

suggests that BCG- vaccinated adults show a B-cell and antibody response, which is also seen to 

lower the risk of Tb in infants (3). Also, some evidence suggests that BCG vaccination augments 

the humoral immune response to other unrelated childhood vaccinations, essentially acting as an 

adjuvant (7, 8). 

BCG Trained immunity, Cytokines, and Anti-viral Effect 

There is strong evidence that the BCG vaccines have substantial nonspecific (heterologous) 

immunological effects in addition to protecting Tuberculosis (TB) (9, 10). It is known to provide 

immuno-protection against viral infections such as RSV, HSV, HPV, Ectromelia, Hepatitis B, 

Influenza A, and others (11). Moreover, it has also been noted that BCG boosts the response of 

other virus-targeted vaccines such as when given in conjunction with HBV, it enhances the 

antibody-mediated effects against Hepatitis B via increased production of cytokines (12). Several 

Electronic copy available at: https://ssrn.com/abstract=3608655



plausible explanations have been suggested with context to the role of BCG in providing innate 

immunity.  

The Heterologous lymphocyte response may include the activation of CD4þ and CD8þ memory 

cells that are specific for non-targeted antigens, hence adapting Th1 and Th17 responses to non-

mycobacterial secondary infections. BCG vaccination can strongly enhance the generation of pro-

inflammatory cytokines such as interleukin (IL)-1 b and tumor necrosis factor (TNF)-a from 

peripheral blood mononuclear cells for up to 3 months after vaccination, even when stimulated 

with unrelated pathogens. This response has been associated with increased activation of markers 

CD11b, TLR4, and CD14 and epigenetic reprogramming of human monocytes at the promoter 

sites of genes encoding for pro-inflammatory cytokines. These monocytes then undergo histone 

modification at the promoter sites of genes encoding inflammatory cytokines, leading to long-term 

changes in their ability to respond to novel stimuli and result in an increasingly active immune 

response when reactivated (13) 

In the light of abovementioned cytokine interaction, it is postulated that the BCG-induced increase 

in cytokine production in monocytes may contribute to a better clinical outcome during secondary 

viral infection. There are two supporting arguments: 

1) BCG may induce cross-reactive T-cell responses which lead to an increased CD4þ and 

CD8þ T-cell activity upon exposure to a subsequent viral infection. Also, secondary to 

BCG vaccination, an increase in the response of functional antibodies against secondary 

viral infections has been observed. Since cytotoxic T-cell activity and neutralizing antibody 

production by B-cells are critically involved in the immune response to viruses, these 

effects may partially explain the non-specific beneficial effect of BCG.  
2) BCG is known to induce epigenetic changes in monocytes/ macrophages, resulting in an 

increased production of pro-inflammatory cytokines such as IL-1b. Since IL-1b is 

considered a key player in anti-viral immunity and enhanced increase of IL-1b may 

contribute to protective immunity against viral infections (11-13) 

Some immune studies favor BCG’s ability in mounting ‘trained immunity’, i.e. the capability of 

inducing innate immune memory mediated by innate immune cells (Natural-killer cells, 

monocytes, and macrophages); that produce cytokines like IL-1β and IL-6; thus developing a non-

specific cell-mediated response to protect against various DNA and RNA viruses. Evidence 

suggests that this is the key mechanism of non-specific immune-protection (11).  

The non-specific role of the BCG vaccine might have important implications for the prevention 

and treatment of viral infections and vaccination strategies. It is hypothesized that the 

administration of BCG may be used as a novel strategy to protect against viral infections, 

especially against those infections that cause global pandemics and for which an effective vaccine 

is currently not available. Since direct clinical evidence for the prevention of viral infections in 

vivo in humans is limited, it is recommended that large clinical trials are conducted to verify the 

association. In addition, further research on the immunological mechanisms underlying the 

nonspecific effects of BCG vaccination is highly warranted to apply the activation of trained 

immunity for the prevention and treatment of viral infections (11).  
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BCG and protection against RSV and other respiratory viruses 

Numerous trials notably that of Wardhana and colleagues (14), have shown a significant reduction 

in the development of acute upper respiratory tract infection (AURTI) in individuals, aged >65 

years, who were given monthly BCG vaccine for three consecutive months. Similar immune-

protection provided by Mycobacterium Bovis BCG in other human respiratory viruses such as 

Respiratory Syncytial Virus (RSV) has been shown. RSV, known to produce inflammation via Th-

2 response has no currently available vaccine; however, experiments suggest that a favorable 

immune response to RSV is mediated by induction of balanced Th1-type immunity (prime 

mechanism of action of BCG), which involves the activation of IFN-γ-secreting cytotoxic T cells. 

This type of T cell immunity has shown to incur protection against RSV and cause a significant 

reduction of inflammatory cell infiltration in the airways (15, 16).  

BCG mediated lung protection 

Although BCG is usually administered via the intradermal route, recent investigations highlighted 

the role of mucosal intranasal (IN) BCG in enhanced lung protection. This effect is seen due to an 

increase in antigen-specific CD4+ cells residing in lung parenchyma with enhanced proliferative 

capacity. This followed the discovery of tissue-resident memory T cells which are known to escape 

the normal mechanism of drainage into lymph nodes and systemic circulation. Hence, it is 

suggested that the administration of BCG via mucosal routes has direct immune-protective effects 

on the lung. This also explains the synergistic role of the BCG vaccine in Influenza virus infection, 

where it enhances the removal of apoptotic cells by alveolar phagocytes, an effect independent of 

IFN-Y; thus preventing lung injury (11, 17). 

BCG coverage and COVID 

The novel coronavirus outbreak began in the Wuhan city of China as pneumonia of unknown 

etiology. RT-PCR testing of nasopharyngeal and oropharyngeal swabs revealed the organism as 

being a mutated version of the coronavirus (18). This viral epidemic soon converted to a WHO 

declared pandemic and has affected more than 218 countries worldwide. At the time of writing 

this article, more than 3 million people have been infected, causing approximately 238000 deaths. 

However, the COVID-19 heat map has raised speculations with mortality rate significantly low in 

TB endemic regions where BCG forms the mandatory component of the neonatal vaccine regimen 

(19). It is hypothesized that the varying policies concerning BCG vaccination might be correlated 

to reduced transmission, morbidity, and mortality in certain countries. A comparison, showing the 

distribution of countries that either has a universal BCG vaccination program, don’t have one in 

place, or have it only for the high-risk individuals, suggests striking similarities in terms of COVID 

severity and BCG coverage (Figure 1 and 2) (20, 21). Countries without a universal policy of BCG 

vaccination have been more severely affected by COVID-19 as compared to countries with a 

universal BCG vaccination policy. These observations have been reported in other countries 

around the globe, including the highly developed European Union (22).  

Even though published literature points towards a higher incidence of deaths from acute respiratory 

illnesses in low-income countries (23), the observations by Shet and colleagues (19) suggest 

otherwise in the case of COVID-19. The authors attributed a direct association between SARS-
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CoV-2 attributable mortality and country-level economic status. After adjusting for confounders 

such as a prevalent younger population structure in Low- and Middle-Income Countries (LMICs), 

detection of cases and time lag in deaths, the direct correlation between the use of BCG vaccine 

and lower COVID-19 attributable mortality seem to be true. While countries with sustained BCG 

vaccination programs seem to have lesser mortality, however, several other confounding factors 

could lead to the noticed variation such as low COVID-19 tests, population age, ethnicity, rates of 

certain chronic diseases, and time from community spread start date, major public policy decisions 

(imposing lockdown, etc.), economic conditions, availability of resources (hospitals, doctors, etc.), 

knowledge and awareness about preventive measures amongst the masses and testing 

rates/screening (24). Moreover, differences can be seen due to different strains of vaccine used by 

countries. Analysis of BCG vaccine strains used in different countries showed that Iran and China 

produced their vaccines. Although the vaccine strains used in these countries are not entirely clear, 

evidence suggests that the BCG vaccine strain in Iran is BCG-Pasteur 1173p2 and the one in China 

is a strain derived from Glaxo 1077, representing the most modified and highly attenuated strains 

deficient of methoxymycolic acids when compared to the Japan and Russia strains. It is 

conceivable that the trained immunity induced by the Iran and China BCG vaccine strains are 

short-lived compared to those conferred by the widely utilized older strains (20).  

Conclusion 

In conclusion, the BCG vaccine which has been used for decades in conferring immunity against 

tuberculosis has proven time and time again that it does have other covert immune-modulatory 

properties that can prove beneficial in extra-tuberculous respiratory tract infection, such as SARS-

CoV-2. Further clinical trials and evidence-based studies are warranted to prove correlations and 

explain the observations mentioned above. A summary of the arguments and an explanation of 

differences in mortality rates between BCG immunization-laden countries has been stated in Table 

1.  
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Figure 2 
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Table 1 

Argument Support 

Favor  Non-specific immune response 

mediated via trained immunity 

 Global coverage represents a 

correlation between BCG vaccination 

and low COVID-19 cases 

 Protective effects in lung injury (ACE- 

mediated), respiratory infections, 

neonates (not observed in higher 

income and higher latitude countries)  

Against  No clinical trial has been done to prove 

the correlation 

Explanation of differences in mortality rates between BCG immunization-laden countries 

 Different BCG vaccine strains 

 Different routes of administration (mucosal route seems to be more protective for lung 

as compared to systemic) 

 Use of Recombinant BCG vaccines 

 Boosters given or not given 

 Delay in BCG vaccinations (many children don’t receive it right after birth)  

 Vaccination setting  

 Variable Profiles of Response to BCG Vaccination  

 BCG scars/ marks used as a sign (might be misleading) 

 Different timing for introduction of sustained programs 
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