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 Now nearly a century old, the Bacillus Calmette-Guérin (BCG) vaccine is used routinely in humans for the 

prophylaxis of tuberculosis and to clear up leprosy. As the immune response to the vaccine shows some degree of 

cross-antigenicity, the vaccine also affects a level of resistance to a range of unrelated diseases and pathogens. 

Clinical studies data have shown that the BCG vaccine has effects on autoimmune and inflammatory diseases.  

Although the vaccine does not possess any inherent antiviral activity, it engages in the host immune system such 

that many types of viral infections are considerably reduced. Hence, we expect that the frequency and severity of 

many microbial diseases, including COVID-19, will be lower in counties in which mass BCG vaccination programs 

are implemented. So the BCG vaccine may prove useful in the coming months especially in countries where 
already have mass BCG vaccination, as the COVID-19 pandemic has placed an unprecedented strain on health 

services across the world. Currently, countless front-line healthcare staff is in immediate danger of exposure to 

the SARS-CoV-2 virus.  

Furthermore, as oral zinc sulfate as immunomodulator has proved an effective means to treat various viral 

diseases (including viral warts and herpes), parasitic infections, and diseases with autoimmune reactions such as 
Behcet’s disease and recurrent aphthous stomatitis, it could be employed in combination with the BCG vaccine to 

enhance the immunological functions of patients with COVID-19. So BCG immunotherapy combined with oral zinc 

sulfate will be encouraging protective programs in societies where coronavirus is going to spread. 

Keywords: BCG, Coronavirus, COVID-19, Zinc sulfate 
 

INTRODUCTION 

The Bacillus Calmette-Guérin (BCG) vaccine was developed 

in the early part of the 20th Century by Albert Calmette and 

Camille Guérin. The process involved subculturing different 

strains of Mycobacterium tuberculosis and M. bovis (with each 

subculture, the strains produced become progressively less 

virulent). Work started in 1908 and lasted 13 years, during 

which time over 200 subcultures of M. bovis were produced. In 

1921, the BCG vaccine was used in humans for the first time (1). 

The principal use of the BCG vaccine is to protect against 

tuberculosis, although it is far from perfect in this regard. The 

vaccine is thought to reduce the risk of contracting 

tuberculosis by approximately 50%, although this number 

varies by population (e.g. while the UK exhibits a protective 

effect of between 60% and 80%, the vaccine’s protective effect 

drops to nearly 0% in equatorial countries) (2,3). 

However, despite the benefits of the BCG vaccine, a recent 

meta-analysis determined that the vaccine has the potential to 

increase the risk of developing non-Hodgkin’s lymphoma (4). 

Having said that, Salmon et al. noted that, after restricting their 

data analysis solely to higher-quality studies, the BCG vaccine 

was no longer associated with an increased risk of non-

Hodgkin’s lymphoma. 

The BCG vaccine has also been used as an 

immunotherapeutic agent in the treatment of superficial 

bladder cancer, although there is some considerable risk to the 

procedure, specifically in terms of toxicity and non-response 

(5,6). There is also some evidence to demonstrate BCG-based 

efficacy in patients with type I diabetes, as the vaccine has been 

linked to reduced blood sugars (resulting in accelerated 

glucose utilisation), changes in metabolism, and epigenetic 

changes in T regulatory genes (7). 

BCG AND TUBERCULOSIS 

Initially, the public uptake of the BCG vaccine was slow. A 

contaminated batch of the vaccine caused 72 infant mortalities 

and led to intense public criticism and legal action against the 

vaccine’s manufacturers. Now reasonably well-known, the so-

called “Lübeck Disaster” involved the inoculation of 251 

neonates between 1929 and 1933, of whom 173 went on to 

develop symptoms of tuberculosis infection as a result of 

vaccines being contaminated with live Mycobacterium 

tuberculosis (8). 
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Although the standard delivery of the BCG vaccine is by 

mouth, recent research in rhesus macaques has indicated that 

there may be improved protection when the vaccine is 

delivered intravenously (9,10). 

Following the somewhat understandable hesitancy of the 

public to engage with the vaccine following the Lübeck 

Disaster, BCG vaccine usage did not expand until after World 

War II. 

The diagnostic test for tuberculosis, the Mantoux test, 

makes use of a combination of proteins known as tuberculin, 

which is a glycerol extract from the bacterium. The protein is 

injected intradermally, and the result of the test is read 48 to 72 

hours later. Patients who have been infected mount a type IV 

hypersensitivity reaction, recruiting T cells to the area and 

generating local inflammation (11). A recent study has posited 

that a granulomatous reaction might appear at the site of the 

tuberculin injection, and that, simulating TB pathology, this 

severe reaction might be of value to TB diagnosis (12). 

Currently, the BCG vaccine is not universally administered. 

Some countries choose instead to detect active disease via the 

Mantoux tests and treat cases as they arise. 

BCG AND LEPROSY 

Leprosy is another disease caused by bacteria of the genus 

Mycobacterium. As mentioned previously, there is some 

considerable variation in the level of protection offered by the 

BCG vaccine against tuberculosis. However, a study in Malawi 

noted that, whilst levels of protection against tuberculosis 

were minimal, the BCG vaccine offered some protection 

against M. leprae infection (13). A meta-analysis incorporating 

26 studies concluded that, although insufficient to protect 

against tuberculosis, a single dose of BCG is capable of 

preventing leprosy (14). A second dose generated even further 

protection, and was recommended for contacts of leprosy 

patients. 

BCG AND AUTOIMMUNE DISEASES 

The BCG vaccine has shown promise in terms of its 

potential application to conditions other than mycobacterial 

infections, specifically autoimmune disorders. There is thought 

to be some degree of cross-antigenicity between 

mycobacterial and human antigens (15). Indeed, the BCG 

vaccine has been shown to be of some benefit to the treatment 

of high-risk superficial bladder carcinoma (although such 

treatment can result in severe complications, including 

reactive arthralgia or arthritis) (16). Radiographic evaluations 

of this reactive arthritis often reveal no abnormal findings, and 

laboratory testing yields only non-specific inflammatory 

markers. There are also isolated case reports of autoimmune 

retinopathy associated with intravesical BCG (17). 

In contrast to the induction of autoimmune conditions, in 

some cases BCG has exhibited some protective effects against 

inflammatory and autoimmune diseases. Murine studies have 

shown the vaccine to be of some benefit against allergic 

asthma, multiple sclerosis, and type I diabetes (as mentioned 

previously) (18). 

Alopecia areata is thought to be an autoimmune disease 

that is precipitated by the compromise of hair follicles that are 

usually immune-privileged (19). Standard treatments involve 

topical corticosteroids, minoxidil, or ciclosporin (although the 

efficacy of such treatments is questionable) (20). A study from 

2003 provides evidence that BCG immunotherapy is an 

effective treatment for alopecia areata (especially severe 

cases), and that the BCG vaccine can be used either alone or in 

combination with other treatments in such contexts (21). Oral 

zinc sulphate (employed as an immunomodulator) is another 

effective therapeutic action for alopecia areata. 

A study from 2010 indicates that, when injected locally, 

BCG-polysaccharide nucleic acid, used in combination with 

prednisolone acetate, is of some benefit to the treatment of 

alopecia areata (22). However, this was a very small-scale 

study, and there have been no further publications on the 

matter.  

BCG polysaccharide nucleic acids are also employed in the 

management of both oral and cutaneous lichen planus, a 

chronic immune-mediated inflammatory condition that can 

affect the hair, nails, skin, and mucous membranes (23). 

Although this result was presented by another small study, 

statistically significant differences were identified that 

indicated a positive response from participants with alopecia 

areata that were treated with BCG. 

BCG AND ORAL APHTHOSIS 

Aphthous ulcers form in the membranes of the mouth and 

produce painful (although benign and non-contagious) lesions. 

Although their pathophysiology is not completely understood, 

T-cell responses are thought to be involved. Such responses 

may be triggered by a variety of pathological or environmental 

reasons (24). Other inflammatory or autoimmune conditions 

can also trigger persistent aphthous ulcers, particularly 

conditions affecting the gastrointestinal tract, such as 

inflammatory bowel diseases (25). 

The application of three intradermal BCG injections at 

monthly intervals has shown some promise in the 

management of recurrent oral aphthosis over a six month 

follow-up period (26). Conversely, however, a Crohn’s disease-

like gastrointestinal inflammatory disease has been observed 

to arise shortly after the intravesical injection of BCG, 

suggesting the possibility of increased immune and 

inflammatory activity in the gastrointestinal tract (27). This 

induction of Crohn’s disease-like symptoms via the 

administration of BCG would tie in with the body of literature 

that suggests a mycobacterial causative agent: the 

Mycobacterium avium subspecies paratuberculosis has been 

implicated as a cause of not only Crohn’s disease and 

ulcerative colitis, but also colorectal cancer (28,29). 

BCG AND VIRAL INFECTION 

Viral Warts 

Given its capacity to mobilise the immune system, it follows 

that administration of BCG may aid in the management of 

infections. Indeed, there is some accumulated evidence that 

the BCG vaccine offers non-specific protection and reduces the 

morbidity and mortality rates of viral infections (30). Viral 

warts, for example, have been managed using intradermal 

injections of BCG (intradermal injection of saline were used as 
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a control). The resulting response rate was a little over 40% 

(31). Interestingly, tuberculin (the antigenic extract of M. 

tuberculosis) has been injected intralesionally for warts, and 

had shown some efficacy as an immunotherapy for viral warts 

(32). 

Herpes Simplex Virus Infection 

Similarly to viral warts, BCG has shown some effect in the 

context of herpes infections. Early studies evidenced no effect 

(33), or even some level of toxicity, upon repeated exposure 

(34). However, a larger, later study indicated that, although 

there is indeed some preventative effect of BCG on herpes 

simplex recurrences, this effect drops over time (19% of 

patients were herpes-free after three years, and 9% after six 

years) (35). 

Coronavirus: Is BCG beneficial for coronaviruses? 

The SARS-CoV-2 virus has swept across the globe at what 

for some might consider a startling speed, but is essentially in 

accord with mathematical pandemic models (36-38). 

Given the virulence of this particular virus, and the severity 

of the COVID-19 respiratory syndrome that accompanies many 

incidences of infection, any protective strategy is of substantial 

potential benefit. 

As the COVID-19 pandemic is still only in its first few 

months, peer-reviewed data is scarce. Having said that, there 

are some useful trends that have been identified in the existing 

data, and unreviewed studies are available on various pre-print 

servers (39). 

There is the known effect of trained immunity, in which 

infection with one pathogen confers protection against other 

pathogens. This effect has been mentioned briefly with respect 

to the capacity of the BCG inoculation to render the immune 

system prepared for viral infections (30,40). 

As the BCG vaccine is already approved for human use, any 

human studies to determine efficacy would only require Phase 

III clinical trials, making this an attractive option (foregoing 

Phase I and II trials can take a year off the development time of 

a vaccine). Indeed, the Abundance Foundation is currently 

funding such a clinical trial (41). 

There is substantial data to indicate that BCG vaccination 

provides protection against a range of infections, not simply 

the mycobacterium for which the vaccine was originally 

developed. A study that involved both BCG vaccination at birth 

and delayed vaccination evidenced that the reduced mortality 

rate of the vaccinated group was attributable to the BCG-based 

prevention of a range of conditions, including respiratory 

infections, neonatal sepsis, and fevers (30). Similarly, BCG 

vaccination of elderly patients over a period of three months 

was observed to result in a reduction in the incidence of acute 

upper respiratory tract infections (42). 

In addition to its capacity to increase host resistance to 

non-specific infections, BCG has also shown some promise as a 

non-specific immunotherapy for virus-mediated conditions, 

including viral warts and herpes simplex (as described above). 

Interestingly, the BCG vaccine can also improve the 

immune response to other vaccines. One study involving the 

administration of the BCG vaccine prior to the influenza 

vaccine showed that antibody titre to the latter was 

significantly enhanced (43). This study also evidenced that, 

following the BCG vaccination, there was a more rapid 

seroconversion and enhanced pro-inflammatory leukocyte 

response, and even a modulation of cytokine responses 

against unrelated pathogens. 

ZINC, INFECTION AND IMMUNITY 

Zinc is essential to the health of human beings. Zinc is 

involved in the metabolism of more 300 enzymes in the body 

(44), and has many essential functions, including maintaining 

the proper reproductive function, immune status, wound 

repair, macrophage and neutrophil functions, natural killer cell 

activity, and complement activity (44). Zinc deficiency might be 

associated with many metabolic and dermatological 

manifestations, but most importantly zinc deficiency interferes 

with immunological functions (45). 

A number of studies have treat various medical problems 

via the use of oral zinc sulfate (including viral warts (46), herpes 

simples infections (47), and acute cutaneous leishmaniasis) 

(48-50). Zinc sulfate is also used as a therapy for autoimmune 

diseases like alopecia areata (51), Behcet’s disease (52), and 

recurrent aphthous stomatitis (53). Hence, we suggest that oral 

zinc sulfate be used to protect human beings from infections 

like COVID-19. Also, we can suggest using oral zinc in 

combination with BCG vaccine to have much more effective 

protection against infections including COVID-19. 

CONCLUSION 

The effects of the BCG vaccine have been studied for close 

to a century, and although its efficacy in the prevention of 

paediatric tuberculosis is highly variable, likely as a function of 

genetic and environmental factors, the vaccine has 

demonstrated some success in other areas as its capacity to 

ward off leprosy is well documented, as it its function in non-

specific immunity. 

Given the impact that it is known to have in reducing the 

incidence of respiratory viral infections, its use during the 

COVID-19 pandemic may prove beneficial. Results of upcoming 

clinical trials are eagerly anticipated and encouraging. We also 

can conclude that societies that have received BCG as a mass 

vaccination will have less frequency of COVID-19 and might run 

a mild course of the disease. We also can recommend using oral 

zinc sulfate combined with BCG immunotherapy to have more 

effective protection against infection including COVID-19 than 

BCG immunotherapy alone. BCG vaccine has much more rapid 

action in people who have already been BCG vaccinated. Hence 

societies with mass vaccination will have more quick and 

powerful action in protection against coronavirus. 
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