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A B S T R A C T   

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of the coronavirus 
disease 2019 (COVID-19), and its variants have brought unprecedented impacts to the global public health 
system, politics, economy, and other fields. Although more than ten COVID-19 specific vaccines have been 
approved for emergency use, COVID-19 prevention and control still face many challenges. Bacille Calm-
ette–Guérin (BCG) is the only authorized vaccine used to fight against tuberculosis (TB), it has been hypothesized 
that BCG may prevent and control COVID-19 based on BCG-induced nonspecific immune responses. Herein, we 
summarized: 1) The nonspecific protection effects of BCG, such as prophylactic protection effects of BCG on 
nonmycobacterial infections, immunotherapy effects of BCG vaccine, and enhancement effect of BCG vaccine on 
unrelated vaccines; 2) Recent evidence of BCG’s efficacy against SARS-COV-2 infection from ecological studies, 
analytical analyses, clinical trials, and animal studies; 3) Three possible mechanisms of BCG vaccine and their 
effects on COVID-19 control including heterologous immunity, trained immunity, and anti-inflammatory effect. 
We hope that this review will encourage more scientists to investigate further BCG induced non-specific immune 
responses and explore their mechanisms, which could be a potential tool for addressing the COVID-19 pandemic 
and COVID-19-like “Black Swan” events to reduce the impacts of infectious disease outbreaks on public health, 
politics, and economy.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic is an infectious 
respiratory disease caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-COV-2). Since the end of 2019, the global public health 
system, economy, politics, and culture have been profoundly affected by 
COVID-19 [1]. Scientists generally consider the COVID-19 pandemic to 
be a “black swan” event, which often has broad and far-reaching effects 
and can only be recognized and understood with hindsight [2]. Ac-
cording to the World Health Organization (WHO) website (https 
://covid19.who.int/), as of May 3, 2022, there were 511,965,711 
confirmed COVID-19 cases and 6,240,619 deaths worldwide. 

Currently, although WHO has approved more than ten vaccines for 
emergency use (https://www.who.int/teams/regulation-prequalificati 
on/eul/COVID-19), and dozens of vaccines are approved by different 
countries, the spread of the COVID-19 pandemic is still not effectively 

contained [3–6]. More notably, SARS-CoV-2 variants keep emerging and 
may break through the protection of existing vaccines [7–9]. For 
instance, researchers found that the SARS-CoV-2 Omicron variant 
(B.1.1.529) was undetectable in most participants vaccinated with 
mRNA-1273, BNT162b, or Ad26.COV2.S vaccines [10,11]. Before the 
COVID-19 specific vaccines were available, some existing vaccines, such 
as Bacille Calmette-Guérin (BCG), measles vaccine (MV), oral polio 
vaccine (OPV), and Measles-Mumps-Rubella (MMR), had started to be 
repurposed to prevent SARS-CoV-2 infection [12,13]. BCG is a live 
attenuated strain derived from Mycobacterium bovis in 1921 and has 
been widely used for preventing tuberculosis (TB) in children globally 
[5,14]. It not only reduces the risk of TB but also protects against many 
nonmycobacterial infections, especially respiratory virus infections 
[15], making it a focus as a potential tool against COVID-19 and COVID- 
19-like “Black Swan” incidents. 

Nowadays, numerous studies have been published to evaluate the 
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effects of BCG vaccination on COVID-19 control, either for or against. 
However, most previous reviews cited these studies without systemati-
cally classifying the study types or methods, and actual effects are still 
elusive. Furthermore, most reviews usually emphasize heterologous 
immunity and trained immunity involving nonspecific protection 
mechanisms. However, recent studies have proved only these two 
mechanisms are not enough to explain the nonspecific protection of BCG 
on COVID-19 control, and scientists have begun to turn their attention 
toward the anti-inflammatory effect of BCG on fighting against COVID- 
19, which was scarcely mentioned in the previous reviews. In addition, 

as the COVID-19 pandemic continues, different opinions and studies, 
especially some important clinical trials and animal experiments, 
continue to be updated. So, an updated review is still needed. 

Herein, we summarized BCG-induced nonspecific immune responses 
and their underlying mechanisms and discussed the potential roles of the 
BCG vaccine in protective effects against other pathogens, preventing 
and controlling COVID-19, and dealing with black swan events similar 
to COVID-19. 

Table 1 
Overview of the role of BCG-induced specific cellular immunity against pathogens or diseases in clinical studies.  

Pathogens or 
diseases 

Research subjects Study type Effects of BCG The specific cellular immunity of BCG Ref 

Yellow fever 
virus 

healthy Dutch male 
subjects (n = 30) 

RCT Induced epigenetic reprogramming in human 
monocytes, functional reprogramming, and 
protection against non-related viral infections 

Reduction of viremia was highly correlated with 
the upregulation of IL-1β 

[26] 

Influenza A 
(H1N1) 

Healthy volunteers (n 
= 40) 

RCT Resulted in a more pronounced increase and 
accelerated induction of functional antibody 
responses against the 2009 pandemic influenza A 
(H1N1) vaccine strain 

Enhanced antibody production and more 
sustained IFN-γ production 

[27] 

HSV Patients with genital 
herpes (n = 155) 

RCT Recurrence over 9 months of follow-up was 0.528 
recurrences per month compared with 0.392 in 
placebo recipients 

NA [28] 

HPV Children with common 
and plane warts (n =
80) 

Case series Improved clearance of viral warts The activation of CD4 lymphocytes and an 
increase in IL-1, IL-2, and TNF-α 

[29]  

RRP patients (n = 15) Case-control Improved clearance of viral warts Potentiating Treg differentiation, limiting 
hyperactivation and virus-specific T cell clones 
depletion, and restoring a Th1 cytokine 
background. 

[30]  

Patients with warts (n 
= 60) 

RCT Improved clearance of viral warts NA [31]  

Patients with warts (n 
= 190) 

Non-randomized 
controlled trial 

More effective than topical salicylic acid for 
treating viral warts 

NA [32] 

RSV Infants (n = 386) Case-control A beneficial effect of BCG vaccination for girls NA [33] 
AURTI Patients with AURTI (n 

= 34) 
RCT BCG vaccinations in elderly significantly prevent 

the AURTI 
Increase the IFN-γ level as Th1 response and IL- 
10 as Treg response 

[34] 

RTI Elderly patients (n =
198) 

RCT Prolonged the time to the new infections, and the 
incidence of new infections in volunteers 
vaccinated with BCG or placebo was 25.0% or 
42.3% 

Production of TNF-α, IL-1β, and IL-10 induced 
by non-mycobacterial ligands was higher in 
BCG group than that in placebo group 

[35] 

COVID-19 Individuals aged 3 
months to 75 years (n 
= 46,889) 

RCT Little evidence of any beneficial effect of BCG 
revaccination on all-cause mortality 

NA [36] 

Genital warts Patients with genital 
warts (n = 50) 

Clinical Trial BCG had an 80% success rate in treating genital 
warts with no significant side effects and no 
recurrence 

NA [37] 

CIS Patients with CIS (n =
700) 

Meta-Analysis Intravesical BCG significantly reduces the risk of 
short and long-term treatment failure compared 
with intravesical chemotherapy 

NA [38] 

AD and PD Patients with BC (n =
12,185) 

Multi-center 
retrospective cohort 
study 

Bladder cancer immunotherapy by BCG is 
associated with a significantly reduced risk of 
Alzheimer’s Disease and Parkinson’s Disease 

NA [39] 

Cancer American Indian and 
Alaska Native 
schoolchildren 

Multi-center 
retrospective cohort 
study 

The rate of lung cancer was significantly lower in 
BCG vs placebo recipients 

NA [40] 

NL and NHL Subjects (n = 400,611) Retrospective 
cohort study 

No association was observed between BCG 
vaccination and either HL or NHL 

NA [41] 

Cancer Children aged 1 to 18 
years (n = 77,972) 

Clinical Trial BCG vaccination had no protective effect on the 
subsequent development of cancer 

NA [42] 

T1D Participants with or 
without T1D (n = 282) 

Clinical Trial Long-term and stable blood sugar reduction with 
BCG vaccinations 

BCG-induced demethylation causes increased 
mRNA expression of the Treg signature genes, 
such as Foxp3, TNFRSF18, IL2RA, IKZF2, IKZF4, 
and CTLA4 

[43] 

T1D Adults aged 18 to 50 
years (n = 85) 

RCT BCG treatment modified the autoimmunity that 
underlies T1D by stimulating the host innate 
immune response and has value in the treatment of 
long-term diabetes 

Induction of regulatory T cells, resulting in 
insulin autoreactive T cell death by stimulating 
TNF 

[44] 

Typhoid fever Healthy adult 
volunteers (n = 30) 

Clinical trial Prior BCG vaccination does not increase adaptive 
response to TFV 

Induced a significant increase in IL-22, IFN-γ, IL- 
1β, and IL-6 production 

[45] 

AD, Alzheimer’s disease; AURTI, acute upper respiratory tract infection; BC, bladder cancer; BCG, Bacille Calmette–Guérin; CIS, carcinoma in situ; HL, Hodgkin’s 
lymphoma; HPV, human papillomavirus; HSV, Herpes simplex virus; IFN, interferon; IL, interleukin; NHL, non-Hodgkin’s lymphoma; PD, Parkinson’s disease; RCT, 
Randomized Controlled Trial; RRP, Recurrent respiratory papillomatosis; RTI, Respiratory Tract Infections; T1D, type 1 diabetes; TFV, Typhoid fever vaccine. 
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2. Nonspecific protection effects of BCG 

Vaccine-induced heterologous or nonspecific effects (known as off- 
target effects) can protect against pathogens other than their intended 
specific pathogen [16]. Vaccines, including BCG, OPV, MV, smallpox 
vaccine, and yellow fever vaccine, are believed to have nonspecific ef-
fects [13]. Originally, BCG was introduced to prevent TB, leprosy, and 
Buruli ulcer disease [13]. However, it’s believed that BCG is only 
moderately efficacious against pulmonary TB, especially in adults, 
where the efficacy is limited [17]. Interestingly, BCG vaccine was 
epidemiologically associated with reduced infant mortality independent 
of its effect on TB [18]. Several observational studies were performed to 
confirm the protective efficacy of BCG. As a result, a 50% reduction in 
overall mortality was observed in children in West Africa [19–21], 
similarly, a 48% reduction in neonatal mortality was found in infants 
with low birth weight in Guinea-Bissau [22,23]. By analyzing the above 
data, it is not difficult to see that children and infants’ mortality 
decreased by approximately 50% after BCG vaccination. BCG’s protec-
tion can hardly explain this data against TB alone, which may be related 
to BCG’s protection against unrelated infectious agents (including vi-
ruses, bacteria, and protozoa) [24–45] (Table 1). These beneficial effects 
have been considered to be related to the nonspecific effects, including 
prophylactic protection effects, immunotherapy effects, as well as 
enhancement effects on other vaccines. 

2.1. Prophylactic protection effects of BCG on nonmycobacterial 
infections 

In animals, BCG vaccination protects against infections of various 
pathogens, including viruses and bacteria [24]. It protected against 
influenza virus infection by enhancing efferocytosis and the capacity of 
macrophages to reduce viral titers of influenza A virus in mice [46,47]. 
Muramyl dipeptide (MDP), a peptidoglycan fragment derived from the 
cell wall component of mycobacteria, could protect against infections of 
several viruses by triggering the immune responses in mice, such as 
herpes simplex virus type 2 (HSV-2), vaccinia virus, and Sendai virus 
[48,49]. Moreover, previous studies have reported that BCG has a po-
tential ability to induce protection or enhanced resistance against a large 
number of viruses and bacteria in animal models, including herpes 
simplex type 1, HSV-2, Japanese encephalitis virus, encephalomyocar-
ditis virus, ectromelia virus, Staphylococcus aureus, M. fortuitum, Sal-
monella enteritidis, and Klebsiella pneumonia [50–59]. 

Clinical studies have been conducted on children or elderly people. 
BCG vaccination in children improved survival independently of TB 
prevention as mentioned above. In Spain, the non-TB hospital admis-
sions in infants vaccinated with BCG reduced by 32% for respiratory 
infections and 53% for sepsis, respectively [60], which could have been 
due to an effect of BCG on bacterium or virus infection. In Guinea- 
Bissau, where a significant reduction in neonatal mortality was 
observed, as mentioned above, BCG vaccination significantly reduced 
the morbidity of acute lower respiratory tract infection caused by res-
piratory syncytial virus (RSV) in a case-control study performed in 
young children [61]. In clinical trials involving older adults, BCG 
significantly reduced the incidence of acute upper respiratory tract in-
fections and the risk of pneumonia in tuberculin-negative older adults 
compared with placebo [34,62]. A recent phase III trial (ACTIVATE, 
ClinicalTrials.gov NCT03296423) assessed the heterologous effects of 
BCG vaccination in the elderly (n = 198). Its interim analysis indicated 
that BCG vaccination dramatically prolonged the time to the new in-
fections, and the incidence of new infections in volunteers vaccinated 
with BCG or placebo was 25.0% (95% CIs 16.4%-36.1%) or 42.3% (95% 
CIs 31.9%-53.4%), respectively [35]. Actually, the prophylactic pro-
tection effects on acute upper and lower respiratory tract infections and 
pneumonia in elderly people have encouraged scientists to further 
validate its role in preventing COVID-19, for elderly people infected by 
SARS-CoV-2 performed a higher mortality rate due to their underlying 

diseases [63]. 
A recent study assessed all-cause mortality following a large BCG 

revaccination trial between January 1986 and November 1989 in 
Malawi and didn’t find a beneficial effect of BCG revaccination on all- 
cause mortality in the 30-year follow-up [36], which may be due to 
the high proportion of deaths attributable to non-infectious causes as 
well as the long-time interval since BCG revaccination. In addition, there 
are sporadic reports that BCG also has a non-specific protective effect on 
protozoan infections such as Leishmania donovani, Eimeria maxima, 
Eimeria tenella, and malaria [64–67]. Still, the relevant data are few, and 
further studies are needed. 

2.2. Immunotherapy effects of BCG vaccine 

BCG’s nonspecific immunotherapy has effectively treated virus 
infection, cancer, and autoimmune diseases. For example, in a placebo- 
controlled trial conducted in Egypt, 65% of children with common warts 
caused by human papillomavirus (HPV) showed resolution when treated 
with viable topical BCG [29]. Another placebo-controlled study in Egypt 
showed that BCG had an 80% success rate in treating genital warts after 
a maximum of six BCG applications, with no significant side effects and 
no recurrence [37]. A similar result was observed in another clinical trial 
in India, in which 28.6% and 48.5% of the patients performed a com-
plete clearance of viral warts after one single BCG vaccination [68] and 
three BCG vaccinations [31], respectively. In cancer treatment, BCG 
could reduce the growth of subcutaneously transplanted tumors in mice 
[69,70]. As an immunomodulator, BCG has been used to treat human 
bladder cancer to reduce the risk of recurrence [38]. In addition, BCG 
vaccination has shown benefits in treating various autoimmune diseases 
(AIDs), including Alzheimer’s disease, multiple sclerosis (MS), and 
diabetes [71]. It has been reported that BCG could restore glycemic 
control in T1D patients by using a repeat vaccination strategy [72]. 
Moreover, a single BCG vaccination could decrease the characteristic 
magnetic resonance imaging activity in patients with MS [73,74]. 

2.3. Enhancement effects of BCG vaccine on unrelated vaccines 

BCG may also improve vaccines’ response against viral or bacterial 
infections. Actually, Freund’s Complete Adjuvant, one of the most 
commonly used adjuvants in immune-related animal experiments, 
contains the cell wall component of M. tuberculosis and has a potent 
ability to enhance the immune effects of antigens. Therefore, it’s not 
unanticipated that the BCG vaccine enhances immune responses of other 
unrelated vaccines. Furthermore, a previous study reported that single 
administration of typhoid fever vaccine (TFV) induced a significantly 
higher level of anti-inflammatory cytokine IL-10, interestingly, this ef-
fect can be reversed by using a prime-boost strategy with BCG and TFV, 
indicating that BCG vaccination could decrease pro-inflammatory re-
sponses of TFV vaccination [45]. Similarly, a prime-boost strategy with 
BCG and hepatitis B vaccine markedly enhanced the levels of humoral 
and cellular immune responses induced by a single administration of the 
hepatitis B vaccine [75,76]. 

BCG vaccination prior to other vaccines vaccination has similar ef-
fects to co-administration. In 2013, a clinical trial conducted in Australia 
investigated the non-specific impacts of the BCG vaccine, and results 
suggested that the geometric mean concentrations of antibodies against 
pneumococcal, Haemophilus influenzae type B, and tetanus toxoid were 
significantly higher in the BCG-immunized individuals than that in the 
non-BCG-immunized individuals [77]. 

The adjuvant effect of BCG on unrelated vaccines makes it possible to 
act against these infections [15]. Thus, the enhancement ability of BCG 
on unrelated vaccines has drawn scientists’ attention to develop a BCG- 
based vaccination against COVID-19. In a recent animal study, the 
combination of BCG and spike antigen of SARS-CoV-2 induced high-titer 
neutralizing antibodies, and Th1 type cellular immune response, 
resulting in mild symptoms, minimal inflammation, and undetectable 
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viral loads in the lungs of K18-hACE2 mice infected by B.1.1.7 and 
B.1.351 SARS-CoV-2 variants after a single dose of BCG:CoVac vacci-
nation [78]. These findings demonstrate that BCG-based vaccination 
may play roles in protecting against SARS-CoV-2 variants infection [78]. 

3. Is the BCG vaccine effective against SARS-CoV-2 infection? 

In the early stages of the COVID-19 pandemic, due to the lack of safe 
and effective vaccines and effective treatment drugs and protocols, re-
searchers and public health experts recommended using existing 
licensed vaccines or medicines to treat COVID-19, such as vaccines 
(BCG, MMR, OPV, and influenza vaccine) [12,13,79], antimicrobials 
(didanosine and hydroxychloroquine didanosine) [80,81], antibiotics 
(azithromycin) [82], or antiviral drugs (lopinavir/ritonavir, favipiravir, 
and remdesivir) [83]. Among them, BCG has received the most atten-
tion. A growing number of studies have suggested that BCG plays a 
protective role in fighting against COVID-19 [84,85], but the contro-
versy about its true efficacy in COVID-19 control still exists [86]. 
Therefore, it’s necessary to discuss and distinguish its clear roles in 
COVID-19 control. This section will highlight recent advances in the 
nonspecific protection effects of BCG against COVID-19, including 
ecological studies, analytical studies (mainly case-control and cohort 
studies), clinical trials, and animal experiments, providing new insights 
for further clarification and resolution of the controversy. In the litera-
ture searches (Fig. 1), we used a Boolean Operations “(COVID-19 OR 
SARS-CoV-2) AND (BCG vaccination OR BCG vaccine) NOT review[pt]” 
in the PubMed database (http://pubmed.ncbi.nlm.nih.gov) to collect all 
literature except reviews concerning SARS-CoV-2 or COVID-19 and BCG 
vaccine. Some unrelated publications with the theme or publication 
types of meta-analysis, case report, clinical trial protocol, and comments 
were excluded manually. The remaining publications (n = 54) were 
divided into ecological studies, analytical studies, clinical trials, and 
animal experiments for separate review (Table 2). 

3.1. Ecological studies 

In the early months of the COVID-19 pandemic, there were sub-
stantial geographical differences in the speed of the SARS-CoV-2 trans-
mission and the extent of its impact, resulting in significantly higher 

numbers of confirmed cases and deaths in North America and Western 
Europe than that in Asia, Africa, and South America. Furthermore, in 
March 2020, Miller et al. analyzed publicly available data and found 
that countries with universal BCG vaccination policies had generally 
lower numbers of COVID-19 infections and deaths [85]. Our previous 
study observed similar results [14]. The publication of these papers had 
a huge impact and led to many similar ecological studies, either for or 
against this theory (Table 2). One hypothesis links the incidence and 
mortality of COVID-19 to BCG vaccination rates: these substantial dif-
ferences in morbidity and mortality of COVID-19 may be associated with 
the universal BCG vaccination policies of developing countries in Asia, 
Africa, and South America [14]. To confirm this hypothesis, one study 
compared the number of confirmed cases and deaths from COVID-19 in 
countries with mandated BCG vaccination or not (until at least 2000). 
The results revealed that mandatory BCG vaccination may have played a 
positive role in the fight against COVID-19 [87]. In epidemiological 
analysis, the interference of potential confounding factors must be 
considered and excluded as much as possible. Escobar et al. performed 
an epidemiological study, after eliminating the potential confounding 
factors such as the COVID-19 epidemic stages, geographical distribu-
tion, population density, and age structure, they found a 10% increase in 
the BCG index resulted in a 10.4% decrease in COVID-19 deaths [88]. 
Interestingly, a large number of subsequent ecological studies have 
found a similar phenomenon that BCG vaccination rates and years of 
implementation of the BCG vaccination policy are significantly nega-
tively correlated with COVID-19 morbidity and mortality [14,89–113]. 

Potential confounding factors must be considered in epidemiological 
studies to avoid disturbing the results, including differences in health 
systems, levels of economic development, income, education, de-
mographics, rural and urban environments, timing of COVID-19 out-
breaks, number and criteria of diagnostic tests, national control 
strategies and possible arbitrary selection bias [88,110,114]. Besides, 
there are some inherent uncertainty issues or biases. For example, these 
studies were based on population-level data, with little investigation and 
analysis at the individual level (for example, individuals who received 
BCG vaccination and those who did not), resulting in much information 
being ignored. Another example is that if studies are carried out during a 
rapidly progressing pandemic, the number of cases and deaths may be 
underestimated in many low- and middle-income countries vaccinated 

Fig. 1. Flow chart of the literature search strategy.  
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Table 2 
A brief summary of the studies involving the BCG vaccination effects on COVID-19 control.  

Study types Objects BCG vaccination effect Conclusions Ref 

Ecological study* Global study Middle high and high-income countries with a 
universal BCG policy had significantly lower 
COVID-19-related mortality and morbidity than 
those never had a universal BCG policy, with 0.78 
± 0.40 (mean ± s.e.m) vs. 16.39 ± 7.33 deaths per 
million people (P = 8.64e-04) and 59.54 ± 23.29 
vs. 264.90 ± 134.88 cases per million inhabitants 
(P = 0.0064). 

Positive: Countries without universal policies of 
BCG vaccination were more severely affected by 
COVID-19 compared to countries with universal 
and long-standing BCG policies, suggesting broad 
BCG vaccination along with other measures could 
slow the spread of COVID-19. 

[85] 

Ecological study Global study The morbidity and mortality of COVID-19 in 
countries with BCG vaccination recommendation 
were significantly lower than these in countries 
without BCG vaccination recommendation (P <
0.05 and P < 0.001, respectively). 

Positive: The study supports the hypothesis that 
BCG vaccination is beneficial in reducing the 
morbidity and mortality of COVID-19, however, 
many confounders might affect the accuracy. 

[14] 

Ecological study 135 countries Linear mixed models revealed both the growth 
rates of COVID-19 cases and COVID-19–related 
deaths were significantly slower in countries with 
mandated BCG vaccinations compared to 
countries without them (P < 0.001). 

Positive: Mandated BCG vaccination can be 
effective in the fight against COVID-19. 

[87] 

Ecological study Global study A strong correlation between the BCG index 
(degree of universal BCG vaccination deployment 
in a country) and COVID-19 mortality in different 
socially similar European countries was observed 
after mitigating effects of potentially confounding 
factors. Every 10% increase in the BCG index was 
associated with a 10.4% reduction in COVID-19 
mortality. 

Positive: BCG vaccination could have a protective 
effect against COVID-19. 

[88] 

Ecological study 186 countries Countries with universal BCG vaccine had 
significantly lower total infection and mortality 
rates, with 0.2979 vs. 3.7445 and 0.0077 vs. 
0.0957 per 1000 people, respectively (P < 0.001). 

Positive: Countries with universal BCG vaccine had 
significantly lower total infection and mortality 
rates caused by COVID-19, suggesting that BCG 
vaccination could reduce the infection. 

[106] 

Ecological study Strictly selected countries BCG vaccination for the preceding 15 years could 
reduce COVID-19-related deaths per million by 
71% (95% CI 53–89%). 

Positive: A consistent association between 
countries with a BCG vaccination for the preceding 
15 years and COVID-19 related mortality existed. 

[94] 

Ecological study 139 countries The countries having a current BCG policy had a 
significantly lower mortality rate relative to the 
countries with a past BCG policy or a BCG policy 
only for special groups (P < 0.001). 

Positive: The presence of current BCG policy rather 
than the type of strain used in the vaccination 
program was associated with decreased COVID-19- 
related disease burden. 

[104] 

Ecological study Global study Cases per million inhabitants, deaths per million 
inhabitants and mortality rates were significantly 
lower in countries with BCG with vaccination 
schedule than those without (P < 0.01). 

Positive: Countries where BCG vaccination was 
given at birth showed a lower contagion rate and 
fewer COVID-19-related deaths, suggesting the 
BCG vaccine’s protection against COVID-19. 

[89] 

Ecological study 171 countries A 30-fold decrease of COVID-19 mortality per 
population. 

Positive: Countries with current universal pediatric 
BCG policy were associated decrease of COVID-19 
mortality compared to countries without the 
policy. 

[109] 

Ecological study Countries with at least 500 or 1 000 
cases 

Both cases/million and deaths/population in 
countries with a national BCG vaccination 
program were statistically significantly lower than 
those that did not have/ceased their national BCG 
vaccination programs (P < 0.0001 and P < 0.01, 
respectively). 

Positive: The lower than expected number of 
COVID-19 cases in countries might stem from the 
BCG immunization induced heterologous 
protection. 

[91] 

Ecological study European countries or regions Using least squares regression and a robust 
standard error algorithm, the authors found a 
significant effect exerted by the BCG (P < 0.0005) 

Positive: The study confirmed an association 
between BCG-positive vaccination policy and 
lower death rates from COVID-19. Implementing 
BCG vaccination policy might have a significant 
impact on the control of SARS-CoV-2 epidemic. 

[108] 

Ecological study Global study The rate ratio of the cumulative COVID-19 
mortality/million was 2.70 per 1 unit decrease in 
the incidence rate of tuberculosis (per 100,000 
people). This association existed even after 
adjusting for potential confounders. 

Positive: An inverse relationship existed between 
the past epidemic indicators of M. tuberculosis and 
current COVID-19 impact. 

[103] 

Ecological study Global study The occurrence of deaths due to COVID-19 was 
21-fold lower in countries with a national BCG 
vaccination policy than in countries without. 

Positive: BCG could have a protective effect by 
decreasing the occurrence of death due to COVID- 
19. 

[96] 

meta-regression 160 countries The countries that had ≤ 70% and greater than 
70% coverage of BCG vaccine reported 6.5 and 
10.1 less COVID-19 infections per 10,000 
population as compared to countries that reported 
no coverage, respectively. 

Positive: BCG was associated with reduced COVID- 
19 infections. 

[93] 

Ecological study Young population in Japan The prevalence of SARS-CoV-2 infection was 
significantly negatively correlated with BCG 
vaccine coverage in 2004 (P < 0.01). Effect size 
was not calculated. 

Positive: The routine infant BCG vaccination 
coverage in young generation had a significant 
impact on prevention of local COVID-19 spread in 
Japan. 

[99] 

Ecological study 55 countries [90] 

(continued on next page) 
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Table 2 (continued ) 

Study types Objects BCG vaccination effect Conclusions Ref 

There were strong and significant correlations 
between the number of years of BCG 
administration and COVID-19-related deaths/ 
million outcomes (P < 0.001) and cases/million 
outcome (P < 0.05). 

Positive: BCG immunization coverage, especially 
among the most recently vaccinated population, 
contributed to attenuation of the spread and 
severity of the COVID-19 pandemic. 

Ecological study 67 countries Countries with BCG vaccination policy had 58% 
less mortality as compared with countries without 
BCG coverage. 

Positive: BCG vaccination could have a protective 
effect against COVID-19 by decreasing mortality. 

[105] 

Ecological study 140 countries BCG was marginally associated with fewer 
reported COVID-19 death rates (P < 0.05). 

Positive: There were associations between live 
vaccine coverage and COVID-19 outcomes. 

[111] 

Ecological study Global study TB incidences and deaths due to TB negatively 
correlated with COVID-19 deaths/million in 
various time points (P < 0.0001 and P < 0.01, 
respectively) and correlated with mortality rate at 
two early time points (both with P < 0.05). 

Positive: TB incidences and deaths and BCG 
vaccination negatively correlated with COVID-19 
deaths/million. Countries with high BCG 
vaccination coverage as well as high TB deaths 
displayed the lowest COVID-19 deaths/million 

[107] 

Ecological study 80 malaria-endemic countries TB prevalence was significantly associated with 
reduced COVID-19 mortality. Effect size was not 
calculated. 

Positive: TB prevalence was significantly 
associated with reduced COVID-19 mortality, 
indicating BCG could have a protective effect 
against COVID-19. 

[101] 

Ecological study Organisation for Economic 
Cooperation and Development 
countries 

The correlation with BCG vaccination policies was 
statistically significant for both morbidity (P =
0.0186) and mortality (P = 0.00266). Effect size 
was not calculated. 

Positive: Those countries implementing BCG 
vaccination had a reduced number of COVID-19 
morbidity and mortality cases, compared to those 
who had never implemented a BCG vaccination 
policy, suggesting the potential protective effect of 
BCG vaccination against COVID-19. 

[98] 

Ecological study European countries There were consistently negative covariations of 
the cases/million (r(20): − 0.5511 to − 0.6338; P: 
0.0118 to 0.0027) and deaths/million (r(20): 
− 0.2836 to − 0.3283; P greater than 0.05) with 
population’s % latent TB infection at all the time 
points evaluated. 

Positive: The prevalence of tuberculin 
immunoreactivity was found consistently 
negatively correlated with COVID-19 infections 
and mortality. 

[100] 

Ecological study 173 Countries A moderately negative association (rho = -0.29) 
existed between BCG vaccine coverage and 
COVID-19 mortality rather than COVID-19 
morbidity 

Positive: The recent BCG vaccine coverage was 
negatively associated with mortality, but not 
morbidity of COVID-19. 

[92] 

Ecological study Global study There was a significant negative correlation 
between the year of the establishment of universal 
BCG vaccination and death/million based on May 
15th data (rs = -0.28, P = 0.035). 

Positive: COVID-19 deaths/million negatively 
associated with universal BCG vaccination. 

[110] 

Ecological study Two European countries A strong negative correlation of BCG coverage and 
excess mortality during the early phase of the 
COVID-19 pandemic (R2 = 0.7–0.81, P < 0.001) 
in Europe. 

Positive: BCG vaccination could reduce mortality 
rates of COVID-19 during the first months of the 
pandemic. 

[112] 

Ecological study Formerly East and West German 
federal states 

Formerly East and West German federal states 
where divergent BCG vaccination policies existed 
performed significant difference in morbidity and 
mortality (P < 0.05). 

Positive: The observations strongly supported the 
protective effect of BCG vaccination. 

[113] 

Ecological study 142 Countries No effect. Negative: Among the countries with universal BCG 
vaccination policy, a weak but positive correlation 
was observed between COVID-19 cases and deaths 
per million population and BCG vaccination 
coverage rates. There was no significant 
correlation between case-fatality rate and BCG 
coverage at any of the set time points. 

[115] 

Ecological study All countries from the BCG World 
Atlas 

No effect. Negative: After correction for confounding 
variables, most notably testing rates, there was no 
association between BCG vaccination policy and 
COVD-19 spread rate or percent mortality. 

[118] 

Ecological study 97 countries No effect. Negative: There was no effect of country-level BCG 
status on SARS-CoV2 cases or deaths analyzed by a 
log-linear regression model. There was no 
statistical evidence for an association between BCG 
vaccination policy and either SARS-CoV2 
morbidity or mortality. 

[120] 

Ecological study 18 countries No effect. Negative: No effect on COVID-19 case fatality rate 
or number of deaths per population could be 
demonstrated between countries that had 
introduced BCG in the 1950 s and those that had 
not. There was no evidence for a beneficial effect of 
BCG vaccination on COVID-19 reported cases or 
fatalities. 

[119] 

Ecological study Young population in Taiwan, China No effect. Negative: BCG immunization might not relate to 
COVID-19 severity in the young population. 

[117] 

Epidemiological 
model prediction 

Former East and West German states A 5% heterologous vaccine efficacy of BCG was 
estimated in the highly vaccinated former East 
Germany using the COVID-19 International 

Positive: A comparable BCG vaccination campaign 
undertaken prior to the pandemic was associated 
with decrease in projected mortality. 

[130] 

(continued on next page) 
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Table 2 (continued ) 

Study types Objects BCG vaccination effect Conclusions Ref 

Modeling (CoMo) Consortium model. A 
comparable BCG vaccination campaign 
undertaken prior to the pandemic in former West 
Germany, instituted along with known country- 
wide transmission reduction measures, was 
associated with a 37% decrease in projected 
mortality by mid-summer, 2020. 

Cohort study 5 933 people born before or after the 
cessation of the universal BCG vaccine 
program in Israel 

No effect. Negative: BCG vaccination in childhood was 
associated with a similar rate of positive test results 
for SARS-CoV-2 compared with no vaccination and 
this study did not support the idea that BCG 
vaccination in childhood had a protective effect 
against COVID-19 in adulthood. 

[121] 

Cohort study 2 044 848 people born before or after 
the cessation of the universal BCG 
vaccine program in Sweden 

No effect. Negative: Regression discontinuity analysis 
provided strong evidence that receiving the BCG 
vaccine at birth did not have a protective effect 
against COVID-19 among middle-aged individuals. 

[122] 

Cohort study 1 906 Italian physicians No effect. Negative: The study did not find possible protective 
role of BCG vaccination, performed years earlier, 
against COVID-19. 

[123] 

Cohort study 200 health care workers in India No effect. Negative: The study did not support the beneficial 
effect of BCG vaccine in protection against the 
development of COVID-19 disease. 

[124] 

Cohort study 406 leprosy patients in Brazil No effect. Negative: The use of BCG vaccination did not affect 
the occurrence or severity of COVID-19. 

[125] 

Cohort study 103 adult patients (18 years or above) 
with positive SARS-CoV-2 polymerase 
chain reaction 

The patients with prior BCG vaccination had lower 
mortality (3% vs. 17.9%). 

Partial positive: The BCG vaccine had no impact on 
the severity of COVID-19 but could have a 
protective role with a low mortality rate in already 
infected patients. 

[136] 

Cohort study 2 803 individuals affected with high 
risk non-muscle-invasive bladder 
cancer and treated with intra-bladder 
instillation of BCG in Italy 

No effect. Negative: The study showed no evidence of a 
protective effect of BCG against COVID-19 in non- 
muscle-invasive bladder cancer patients. 

[139] 

Cohort study 167 patients with BCG and 167 
without bladder cancer 

No effect. Negative: Intravesical BCG administration did not 
decrease the frequency of COVID-19 infection. 

[138] 

Cohort study 102 bladder cancer patients with a 
history of BCG therapy 

No effect. Negative: No statistically significant association 
was observed between receiving BCG therapy and 
developing COVID-19, however, the infection rate 
in patients who had recently received BCG therapy 
was lower than those who had received therapy 
more than a year ago. 

[137] 

Cohort study 120 COVID-19 patients in Rhode 
Island, United States 

Individuals with BCG vaccination were less likely 
to require hospital admission during the disease 
course (3.7% vs. 15.8%, P = 0.019). This 
association remained unchanged after adjusting 
for demographics and comorbidities (P = 0.017) 
using multivariate regression analysis. 

Positive: Individuals with BCG vaccination were 
less likely to require hospital admission during the 
disease course of COVID-19, suggesting the 
potential of BCG in preventing more severe COVID- 
19. 

[127] 

Cohort study Individuals recently vaccinated with 
BCG 

BCG-vaccinated individuals had less sickness (an 
adjusted odds ratio (AOR) of 0.58, P < 0.05) and 
less incidence of extreme fatigue compared with 
control group (8.3% vs. 18.9%, AOR 0.37, P <
0.01), when obtained COVID-19. 

Positive: BCG vaccination might be associated with 
a decrease in the incidence of sickness during the 
COVID-19 pandemic, and lower incidence of 
extreme fatigue. 

[134] 

Cohort study 6 201 health care workers in a 
multisite Los Angeles health care 
organization 

Compared with individuals who were not BCG 
vaccinated, those with a history of BCG 
vaccination were less likely to report experiencing 
COVID-19-related symptoms (75.6% vs. 72.7%; P 
= 0.017; the percentage of individuals with a 
serology test positive for SARS-CoV-2 (IgG) was 
significantly lower for BCG-vaccinated individuals 
than those who were not BCG vaccinated (2.7% vs 
3.8%, P < 0.05) 

Positive: A history of BCG vaccination, rather than 
meningococcal, pneumococcal, or influenza 
vaccination, was associated with decreased SARS- 
CoV-2 IgG seroconversion. 

[135] 

Case-control study 263 039 controls and 167 664 COVID- 
19 cases of U.S. military veterans 

No effect. Negative: The study did not support the hypothesis 
that BCG in infancy was protective against COVID- 
19. 

[126] 

Case-control study 920 cases and 2 123 controls in 
Quebec 

No effect. Negative: The vaccinated group was as likely as the 
unvaccinated group to require hospitalization or to 
die, indicating BCG did not provide long-term 
protection against symptomatic COVID-19 or 
severe forms of the disease. 

[133] 

Case-control study 175 bladder cancer patients in 
instillations with BCG 

Patients with non-muscle invasive bladder cancer 
submitted to instillations with BCG have a lower 
case-fatality rate than the national registry of 
patients between 70 and 79 years (2.3% vs. 14%, 
respectively). 

Positive: Intravesical BCG could decrease the 
mortality due to COVID-19. 

[140] 

Cross-sectional 
study 

123 adults with COVID-19 pneumonia 
in Istanbul, Turkey 

No effect. Negative: BCG vaccination was not associated with 
disease severity in COVID-19 pneumonia 

[128] 

(continued on next page) 
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with BCG, as these countries have fewer COVID-19 tests and more 
underreported / misclassified deaths [84,114,115]. In addition, 
although BCG vaccination coverage in South America and South Africa 
is high, the number of COVID-19 deaths in both of them is still rising 
rapidly with the global spread of the epidemic. A follow-up analysis 
from South America and South Africa found a remarkable negative 
correlation between BCG coverage rate and deaths of COVID-19 re-
ported on April 22, 2020, but this negative correlation was not observed 
on August 1, 2020 [116], suggesting that the stage of COVID-19 trans-
mission progression is a confounding factor that seriously affects 
epidemiological statistics. Meanwhile, the association between BCG 
coverage and COVID-19 mortality varies according to the Healthcare 
Access and Quality Index (HAQI) in 140 countries, indicating that dif-
ferences in structural health systems and policies may further confuse 
linkages at the population level [111]. The early effective epidemic 
prevention strategies of these countries may also partly explain the low 
COVID-19 mortality in the early stage of the epidemic, which has been 

successfully proved by regions or countries such as Taiwan, Hong Kong, 
New Zealand, and South Korea [117]. Hensel J et al. found that after 
correction for confounding factors, no association between BCG vacci-
nation policy and COVD-19 spread rate or percent mortality was 
observed anymore [118], as several other studies reported [119,120]. 

In summary, the results from ecological studies, though most of them 
support the hypothesis, are highly controversial and not very credible or 
persuasive. Therefore, more plausible clinical trials are needed to 
determine the nonspecific protective effect of BCG in fighting against 
COVID-19 infection 

3.2. Analytical analysis (case-control and cohort studies) 

Except for the ecological studies conducted between countries, some 
analytical studies, mainly case-control and cohort studies, at the indi-
vidual level have been undertaken within a country or region, which has 
fewer differences and potentially confounding factors than the between- 

Table 2 (continued ) 

Study types Objects BCG vaccination effect Conclusions Ref 

Clinical trial Elderly individuals in India. Not available. Positive (indirect evidence): BCG vaccination was 
associated with enhanced DC subsets and IL-28A/ 
IL-29 in elderly individuals, suggesting its ability to 
induce non-specific innate immune responses. 

[141] 

Clinical trial* 301 elderly Greek patients BCG revaccination resulted in 68% risk reduction 
for total COVID-19 clinical and microbiological 
diagnoses. 

Positive: BCG revaccination resulted in reduction 
for total COVID-19 clinical and microbiological 
diagnoses. 

[142] 

Clinical trial 280 hospital staffs in United Arab 
Emirates 

The SARS-CoV-2 infection rate in the BCG- 
unvaccinated group was 8.6% vs. zero in the BCG 
booster vaccinated group (Fisher’s exact test P =
0.004). 

Positive: The study demonstrated the potential 
effectiveness of the booster BCG vaccine, 
specifically the booster in preventing COVID-19 
infections in an elevated-risk healthcare 
population. 

[143] 

Clinical trial* 60 COVID-19 patients Resolution of pneumonia, viremia, ICU 
admissions, duration thereof, and mortalities were 
significantly improved in COVID-19 patients 
receiving BCG and concomitant standard of care 
compared with those receiving normal saline with 
concomitant standard of care, with reduction in 
oxygen requirement decreasing from day 3–4 and 
improved radiological resolution from day 7–15. 

Positive (in therapy): The study showed that BCG 
could be used in patients with moderate COVID-19 
to reduce requirement of oxygen supplemented 
beds and disease burden in low resource countries. 

[144] 

Clinical trial 60 participants The participants from the BCG group and anti- 
SARS-CoV-2 vaccine group had increased serum 
cytokine concentrations (i.e., IL-1β, IL-4, IL-6, IL- 
12p70, IL-13, IL-18, GM-CSF, INF-γ, and TNF-α) 
and higher neutralizing antibody titers, compared 
to the group with Placebo-anti-SARS-CoV-2. 

Positive: Revaccination with BCG synergized with 
subsequent vaccination against SARS-CoV-2 in 
occupationally exposed personnel. 

[145] 

Clinical trial 695 health care workers in Poland No effect. Negative: The statistical analysis did not reveal any 
significant correlation between the frequency of 
incidents suspected of COVID-19 and BCG-10 
vaccination, the result of the tuberculin test and 
the number of scars. 

[146] 

Animal experiment Human-ACE2 transgenic mice When challenging BCG intravenous vaccinated 
mice on day 42, mice were largely protected with 
85% survival rate vs. 15% in control (P < 0.001), 
and challenging on day 112, mice were 
significantly protected with survival rate of 50% 
compared with controls of 10% (P < 0.01); 
Intravenous BCG reduced viral loads in the lungs, 
SARS-CoV-2-associated pulmonary pathology, 
immune cell infiltration, and chemokine 
production. 

Positive: Prior intravenous, but not subcutaneous, 
administration of BCG protected human-ACE2 
transgenic mice against lethal challenge with 
SARS-CoV-2 and resulted in reduced viral loads in 
non-transgenic animals infected with an alpha 
variant. 

[147] 

Animal experiment M. tuberculosis infection in two mouse 
models 

Control mice without M. tuberculosis infection lost 
a significant portion of body weight after 
challenging by SARS-CoV-2, however, 
experimental mice infected by M. tuberculosis did 
not lose significant body weight after challenging 
with significantly lower virus burden in lungs 
compared with control mice (P < 0.05) 

Positive: M. tuberculosis infection conditioned the 
lung environment in a manner that was not 
conducive to SARS-CoV-2 survival. 

[148] 

Animal experiment Rhesus Macaques No effect. Negative: Aerosol BCG vaccination did not enhance 
the initial clearance of virus or reduce the 
occurrence of early disease pathology after high 
dose SARS-CoV-2 challenge. 

[149] 

Positive, BCG vaccination or M. tuberculosis infection plays a positive role in COVID-19 control; Negative, BCG vaccination or M. tuberculosis infection doesn’t correlate 
with COVID-19 control; *, preprints without peer-reviewed. 
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countries comparison. 
As 2020, a cohort study compared the PCR positive rate of COVID-19 

infection among individuals born three years before and after the 
cessation of the universal BCG vaccination program in Israel, and the 
results showed that BCG vaccination in childhood did not protect against 
COVID-19 infection in adulthood [121]. Similarly, evidence from a 
natural experiment based on a large population (including 1,026,304 
people born before 1975 and 1,018,544 born after 1975) in Sweden 
showed that BCG vaccination at birth didn’t provide adequate protec-
tion against COVID-19 infection in middle-aged individuals [122]. 
Similar results were observed in Italian physicians [123], Indian 
healthcare workers [124], and Brazilian leprosy patients [125]. 
Recently, Bates MN et al. conducted a case-control study on COVID-19 
disease and BCG vaccination status at birth determined by nationality 
and year of birth among 430,703 American veterans. They found that 
early BCG vaccination was not protective against COVID-19 infection 
[126]. On the contrary, a study during the first months of the COVID-19 
pandemic in European countries showed a strong correlation between 
the years of BCG vaccination programs and age-standardized mortality 
[112]. Another cohort study in Rhode Island, United States, proved 
COVID-19 patients with BCG vaccination were less likely to require 
hospital admission, suggesting the potential of BCG in preventing more 
severe COVID-19 [127]. 

The heterogeneity of these findings may be associated with many 
confounding factors, such as nationality, age, income, and medical care 
level. In the above studies, the average age of BCG vaccinated people is 
generally higher than that of non-vaccinated people. In fact, the impact 
of age on the clinical manifestations and mortality of COVID-19 can not 
be ignored. Poor immunity and more complications will result in a 
higher hospitalization rate, severe disease rate, and mortality in the 
elderly population infected with SARS-CoV-2. Interestingly, a retro-
spective cross-sectional study in Turkey found significant correlation 
between age or income rather than BCG vaccination and the seriousness 
of COVID-19 [128]. 

In addition, non-pharmaceutical interventions (NPIs) are the po-
tential interferences for evaluating the protective effect of BCG against 
COVID-19, including handwashing, social distancing, online classes at 
home, working at home, restrictions on international travel, vaccination 
policy, and shielding the elderly [129], which can reduce the morbidity 
and mortality of the COVID-19. In a recent study evaluating the heter-
ologous protective efficacy of BCG vaccination in former East and West 
Germany using the Oxford-Cornell-founded COVID-19 International 
Modeling (CoMo) Consortium model revealed that the combination of a 
comparably efficacious BCG vaccination campaign instituted prior to 
the onset of the SARS-CoV-2 pandemic, along with an identical suite of 
NPIs, would decrease the corresponding median infection rate by 40% as 
well as the median mortality by 37% in former West Germany by mid- 
summer, 2020 [130]. 

Furthermore, the duration of non-specific immune response induced 
by BCG vaccination should be considered. Previous studies indicated 
that the “trained immunity” stimulated by BCG immunization could be 
maintained for at least one year [131], and the protective effect caused 
by BCG vaccination fight against TB infection might be last for 15–20 
years [132]. Therefore, we hypothesized that the “trained immunity” 
induced by BCG vaccination could provide cross-protection against 
COVID-19. In theory, observational studies should assess the risk of 
COVID-19 in the first 30 years after BCG vaccination. It is not surprising 
that the protective effect of BCG on COVID-19 and even TB will decline 
after 35 years [114]. Therefore, it’s reasonable that no protective effect 
was found for BCG vaccination during childhood in individuals born in 
Quebec between 1956 and 1976 [133]. 

Therefore, exploring whether BCG vaccination provides short-term 
protection against COVID-19 may be more meaningful. A retrospective 
study evaluated the safety and COVID-19 symptoms in healthy volun-
teers who had been vaccinated with and without BCG in recent five 
years, and the results showed that injection of BCG might be related to 

the decrease of COVID-19 incidence rate and the occurrence of extreme 
fatigue [134]. Moreover, a multivariable analysis found that the years of 
BCG vaccination were negatively correlated with the deaths per million, 
and the most significant contribution was attributed to the BCG vacci-
nation coverage of young people [90]. These data suggest that BCG may 
provide short-term protection against COVID-19. 

Interestingly, some opposite results of BCG providing short- or long- 
term protection exist. In a longitudinal, retrospective observational 
study in 6,201 health care workers (HCWs) with a mean age of above 40 
years old, researchers found that the history of BCG vaccination was 
associated with a decrease in SARS-CoV-2 IgG titers [135]. In addition, a 
study in young people in Taiwan, China did not find significant corre-
lation between BCG vaccination status and COVID-19 severity [117]. A 
similar study also found that BCG vaccination did not contribute to 
reducing the severity of COVID-19 but provided protection to reduce 
mortality in COVID-19 patients [136]. BCG intravesical treatment is 
often used in bladder cancer patients, so comparations of SARS-CoV-2 
infection rates or mortalities between patients with BCG treated or not 
were conducted in several studies. Basically, three of the four collected 
studies reported that no statistically significant association was observed 
between receiving BCG therapy and developing COVID-19 [137–139], 
however, either the small number of recruitment patients or the low 
prevalence of infection (<1%) might have influenced the results. The 
remaining paper reported that COVID-19 patients submitted to in-
stillations with BCG have a lower case-fatality rate than the national 
data (2.3% vs. 14%, respectively) in Chile [140]. In contrast, a com-
parison with a control group data rather than the national data is 
believed to be more convincing. COVID-19. 

It seems that more ecological studies support the nonspecific pro-
tection effect of the BCG vaccine in COVID-19 control (Table 2). In 
comparison, more analytical studies are against the theory or support 
the short-term protection against COVID-19 theory. Therefore, these 
observational and varied findings should be evaluated by large-scale 
randomized, prospective clinical trials. 

3.3. Clinical trials 

In the absence of direct evidence from clinical trials, the existing 
epidemiological data are insufficient to support the hypothesis of using 
the BCG vaccine to prevent and control COVID-19 or other emerging 
infectious diseases. Therefore, WHO has not recommended BCG for 
COVID-19 prevention and control through official channels. Our previ-
ous study has indicated that more than 51 clinical trials have been 
conducted worldwide [4]. However, only limited papers were pub-
lished, including some preprinted papers without peer-reviewed. 

As early as July 17, 2020, ICMR-National Institute for Research in 
Tuberculosis conducted a phase 3 clinical trial to evaluate the effec-
tiveness of the BCG vaccine in decreasing morbidity and mortality of 
elderly individuals with COVID-19 in India (NCT04475302). The pre-
liminary results observed the proliferation of plasma-like dendritic cells 
and myeloid dendritic cells and increased levels of IFN-λ1 (IL-29), IFN- 
λ2 (IL-28a), and IFN-λ3 (IL-28b) and decreased levels of IFN-α and IFN- 
βin plasma induced by BCG vaccination [141]. These results provide 
indirect evidence for BCG vaccination to fight SARS-CoV-2 infection by 
enhancing heterologous immunity. 

In a double-blind, randomized phase III ACTIVATE-2 study 
(NCT04414267), participants were randomized to receive either BCG 
revaccination or placebo to evaluate whether BCG vaccination can 
prevent COVID-19 infection in the elderly population [142]. During the 
6-month observation, BCG revaccination reduced the risk of COVID-19 
clinical and microbiological diagnosis by 68%, suggesting its protec-
tive effect in the elderly against COVID-19. Interestingly, three months 
after BCG vaccination, anti-SARS-CoV-2 antibodies that were induced in 
mild or asymptomatic infection were detected in more BCG-vaccinated 
volunteers (4.7%) than the placebo (1.3%), indicating that BCG revac-
cination may improve the low antibody responses and enhance its 
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protection against COVID-19 infection in mild or asymptomatic patients 
[142]. This preprinted study provided substantial evidence of the pro-
tective efficacy of BCG on COVID-19 prevention. However, one draw-
back of the study is the small sample size. 

Another similar study recruited HCWs who had the BCG vaccine 
administered at birth in the United Arab Emirates and gave them a 
booster BCG vaccination or not [143]. There were significant differences 
in the rate of COVID-19 infection between the booster BCG vaccination 
group and the BCG unvaccinated group (zero (0/71) vs. 8.6% (18/209), 
P = 0.004), demonstrating the potential value of a booster BCG vacci-
nation in preventing COVID-19 infectionCOVID-19. 

Except for the prophylactic protection effects, the potential thera-
peutic effect of BCG for COVID-19 control was also evaluated by a Phase 
II clinical trial. Sixty COVID-19 patients with pneumonia requiring ox-
ygen therapy were recruited and were given an intradermal injection of 
BCG or normal saline (control group) [144]. Compared with the control 
group, the BCG group was found to have significantly faster resolution of 
COVID-19 associated hypoxia, significantly radiological improvement 
from day 7–15, and a substantially higher percentage of patients with 
favourable outcomes. These findings suggest that BCG may be a safe and 
cost-effective treatment that can be used as a standard for treating pa-
tients with moderate COVID-19 by reducing the need for oxygen 
replenishment beds and disease burden in resource-poor countries. 

After the vaccines against SARS-CoV-2 were available, the 
enhancement effect of BCG on the vaccines was also evaluated. A study 
exploring the effect of revaccination with BCG on the response to a 
subsequent anti-SARS-CoV-2 vaccine in persons occupationally exposed 
to COVID-19 patients found that prior BCG vaccination enhanced the 
increase of serum cytokine concentrations and higher neutralizing 
antibody titers, indicating the synergistic effects of BCG on subsequent 
vaccination against SARS-CoV-2 [145]. 

A most recent multicenter, randomized, double-blind, and placebo- 
controlled study (Register No. of NCT04648800 at ClinicalTrials.gov) 
on HCWs in Poland didn’t acquire similar results [146]. The participants 
in the study with a negative tuberculin test were randomized (1:1), 
received either the BCG- or placebo vaccine, and then subjected to 
observation for COVID-19 symptoms occurrence. The BCG vaccination, 
the tuberculin test result, and the number of scars were not observed to 
correlate with the suspected COVID-19 incident rate in statistical anal-
ysis. However, before the trial, all the participants had previously 
received at least two doses of the BCG vaccine due to the vaccination 
policy of Poland, which may decrease the variation between the BCG 
revaccination group and placebo group and is a significant limitation of 
this study [146]. In this sense, a control group with never-vaccinated 
participants may lead to a different result. 

All the clinical trials except one with outcomes are for the nonspe-
cific effect of BCG against COVID-19, indicating its promise as a po-
tential tool against COVID-19 and COVID-19-like Black Swan incidents. 
However, what can not be ignored is that two of the six clinical trials are 
preprints without peer-reviewed, which may cause some biases in 
conclusion, and the results need more careful discrimination. The results 
of clinical trials are still scarce, and we look forward to more results of 
the over 50 ongoing clinical trials. 

3.4. Animal studies 

Except for clinical studies, the protective effects of the BCG vaccine 
against COVID-19 infection were also evaluated in animal models. A 
recently published study systematically assessed the protective effect of 
BCG immunization in transgenic mouse models and wild-type mouse 
models infected by SARS-CoV-2 [147]. It was found that intravenous but 
not subcutaneous injection of BCG could provide adequate protection on 
transgenic mice against lethal challenge with SARS-CoV-2, and reduced 
viral loads were also observed in the lungs obtained from transgenic 
mice and wild-type mice infected with SARS-CoV-2B.1.1.7 variant 
[147]. The authors also pointed out that the protective effect of BCG in 

the mouse model stems from the changes in the composition and func-
tion of pulmonary intercellular compartments induced by BCG immu-
nization, which affect the innate response to SARS-CoV-2 infection and 
subsequent immunopathology. The nonspecific immune response stim-
ulated by the BCG vaccine can promote host resistance to SARS-CoV-2 
lethality. This animal study strongly proved the nonspecific protection 
effects of the BCG vaccine in COVID-19 prevention. 

In addition, a study found that M. tuberculosis-infected mice were 
resistant to secondary SARS-CoV-2 infection [148]. The pathological 
outcomes and the resistance of mice infected with M. tuberculosis are 
related to the expansion of T and B lymphocyte subsets during the SARS- 
CoV-2 challenge. The impact of M. tuberculosis infection on the lung 
environment is not conducive to the survival of SARS-CoV-2 [148]. The 
study provides circumstantial evidence for the nonspecific protection 
effects of the BCG vaccine against COVID-19. 

However, a recent study using an aerosol BCG vaccinated rhesus 
macaques model found that BCG could enhance the production of 
proinflammatory and immunoregulatory cytokines in serum and in-
crease circulating monocytes and activated γδ T-cell populations by 
SARS-CoV-2 challenge, but couldn’t enhance the initial clearance of 
virus after high-dose SARS-CoV-2 challenge [149]. It’s believed the 
macaque model can’t replicate severe COVID-19 as in susceptible pa-
tients, for whom delayed and dysregulated immune responses occur 
after infection [149]. From this point of view, the study doesn’t indicate 
aerosol BCG vaccination is helpless to moderate severe COVID-19 dis-
ease in susceptible individuals. Also, aerosol delivery may affect the 
effect of injection, for, as indicated by Hilligan et al. [147], different 
administration methods can lead to different results. More studies are 
needed to overcome these limitations to clarify the biases. 

In general, animal studies are still too scarce, not only in numbers but 
also in animal types as well as inoculation methods. Nevertheless, we 
believe the current animal results provide evidence of the nonspecific 
effect of BCG against COVID-19. 

4. Possible mechanisms and their effects on COVID-19 control 

Though controversary of the nonspecific protective effects of BCG 
vaccine for COVID-19 control exist in ecological or analytical studies, 
clinical trial and animal experiment results strongly prove the nonspe-
cific protective effects. The nonspecific protective effects of BCG vacci-
nation in human and animal models may be due to three immunological 
mechanisms: heterologous immunity, training immunity, and anti- 
inflammatory effect [15,150] (Fig. 2). Furthermore, when SARS-CoV-2 
infects the host, BCG vaccination may play a protective role by 
enhancing the immune response to the virus and help to inhibit the 
systemic inflammatory immune response of patients caused by SARS- 
CoV-2 infection [151]. 

4.1. Heterologous immunity 

BCG could induce enhanced adaptive immune responses to second-
ary unrelated infectious agents, called heterologous immunity [152]. 
Different from natural immunity, adaptive immunity is specific. T 
lymphocytes and antigen-presenting cells (APCs) recognize each other 
through MHC molecules to activate non-specific immune responses. At 
the same time, a part of T lymphocytes becomes memory T lymphocytes, 
which will realize the homologous antigen in future infections and 
rapidly induce a more robust immune response. The most significant 
difference between heterologous immunity and immunity induced by 
memory T lymphocytes is whether the secondary pathogen is the same. 
Heterologous immunity means that even if the initial infection is over, 
the host can generate a strong Th1/Th17 immune response in a short 
time, releasing high levels of interferon-γ (IFN-γ) and tumor necrosis 
factor (TNF)-α to combat the invasion of unrelated pathogens [153]. 
Furthermore, the nonspecific Th1/Th17 response can be enhanced at 
least one year after BCG vaccination in healthy volunteers [131]. For 
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instance, BCG vaccination protected mice against vaccinia virus and 
HSV-2 infections by resulting in immunity based on enhanced T cell 
receptor signal transduction and increased secretion of IFN-γ by memory 
CD4+ T lymphocytes [154]. A previous study has found that even six 
months after BCG vaccination, memory CD4+ T lymphocytes are still 
activated in response to the attack of the vaccinia virus and produce a 
large amount of IFN-γ to clear the virus [154]. In the treatment of 
condyloma acuminatum and warts, BCG-activated CD4+ T lymphocytes 
are able to downregulate HPV gene transcription by secreting high levels 
of TNF-α [29]. In addition, in treating recurrent respiratory papil-
lomatosis caused by HPV, BCG can fight the virus by stimulating the host 
to produce Th1-type cytokines [30]. 

Two mechanisms in these studies were postulated. First, there may 
be cross-reactive CD4 epitopes between BCG and the vaccinia virus. 
However, BCG and M. tuberculosis have more than 4000 proteins, and 
each protein has a large number of CD4+ T lymphocytes epitopes. 
Moreover, BCG can potentially protect against many pathogen in-
fections, so the probability that all pathogens share BCG epitopes is very 
low [15]. Therefore, sharing epitopes with other pathogens may be one 
mechanism of its nonspecific protective effects, but not the only one. For 
example, a recent study involving SARS-CoV-2 found eight new BCG 
derived peptides with significant homology with NSP3 or NSP13 derived 
peptides of SARS-CoV-2 [155], along with several similar studies 
involving in silico identification of multiple cross-reactive peptides be-
tween SARS-CoV-2 and BCG or Mycobacterium sp. antigens, which could 
drive heterologous immunity induced by BCG vaccination [156–160]. 
Furthermore, it was also found that the first stimulation of BCG-derived 
peptides could significantly enhance the immunoreactivity of CD4+ and 
CD8+ T cells to corresponding homologous peptides derived from SARS- 
CoV-2 [155,161]. Another mechanism is that CD4+ and CD8+ memory T 
lymphocytes can be triggered in an antigen-independent model. For 
example, IL-12 and IL-18 induced by heterologous pathogen infection 
can induce effector and memory CD8+ T lymphocytes to secrete high 
levels of IFN- γ to eliminate pathogens [154,162]. 

4.2. Trained immunity 

Traditionally, only B lymphocytes and T lymphocytes are considered 
to establish memory response through adaptive immunity. However, 
surprisingly, some studies have shown that BCG vaccination can induce 
histone modification and genome-wide epigenetic reprogramming of 
human innate immune cells at the promoter site of the inflammatory 
cytokine gene, resulting in a more active natural immune response when 
cells encounter a secondary stimulus [163,164]. Furthermore, BCG 
vaccination has been proved to boost nonspecific innate immune re-
sponses by inducing higher frequencies of plasmacytoid dendritic cells 
(pDCs) and myeloid DCs (mDCs) and plasma levels of IL-28A/IL-29 in 
the elderly population [141]. This nonspecific memory immunity of 
innate immune cells induced by BCG is called “training immunity” 
[163,164]. “Training immunity” is considered to be the critical mech-
anism for BCG to induce its nonspecific effect. “Training immunity” 
focuses on immune memory in innate immune cells, especially macro-
phages, natural killer (NK) cells, and monocytes, rather than an adaptive 
immune mechanism based on T and B lymphocytes [165–167] (Fig. 3). 

BCG-induced training immunity has been validated in both animal 
models and humans. For example, a study showed that BCG vaccination 
has a protective effect on severe combined immunodeficiency (SCID) 
mice lacking functional T and B lymphocytes, proving that innate im-
mune cells play a crucial role in mediating nonspecific protection [164]. 
Here, it is important to note that that BCG vaccination is contraindicated 
in SCID patients. Similarly, in human volunteers immunized with BCG, it 
was found that stimulation of peripheral blood mononuclear cells 
(PBMCs) with unrelated pathogens in vitro could induce significantly 
high levels of proinflammatory cytokines such as IL-1β and TNF-α, 
which is related to the increase in activation markers CD11b, CD14, 
TLR4, and epigenetic reprogramming of human monocytes encoding the 
promoter site of proinflammatory cytokine gene [164]. These results 
suggest that BCG-induced increased cytokine secretion of monocytes 
may improve clinical outcomes in secondary virus infection. 

Furthermore, the mechanism behind trained immunity of BCG was 

Fig. 2. The possible mechanisms of immunity induced by BCG vaccination.  
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also explored. From February to November 2015, Arts RJW and col-
leagues conducted a randomized placebo-controlled study in 30 healthy 
Dutch male subjects who received either BCG or placebo [26]. This 
study analyzed the effect of BCG vaccination on genome-wide histone 
modification in monocytes, the functional changes induced by BCG in 
monocytes, and how BCG vaccination affected viral, serological, and 
immunological parameters. They found that BCG vaccination could 
induce the whole genome epigenetic reprogramming of monocytes, 
accompanied by the immune function changes, and mediate the pro-
tective effect against the infection of the attenuated yellow fever vaccine 
(YFV) strain. In addition, this study also found that the reduction of 
viremia was highly correlated with the upregulation of IL-1β rather than 
increased IFN-γ, TNF-α, IL-6, IL-17, and IL-22. These data indicated that 
IL-1β is a xenogeneic cytokine associated with the induction of trained 
immunity, which is consistent with other findings that IL-1β plays a 
crucial role in anti-viral immunity [168]. 

Nevertheless, in the animal study mentioned above, the aerosol BCG 
vaccination induced trained immunity and primed unconventional T- 
cell populations in rhesus macaques but didn’t lead to virus clearance 
after the SARS-CoV-2 challenge [149], indicating the trained immunity 
may not provide enough protection against COVID-19. 

4.3. Anti-inflammatory effect 

Both the heterologous immunity and trained immunity mechanisms 
of BCG enhance its immunity to a nonspecific stimulus. However, in 
some cases, such as in autoinflammatory or autoimmune responses, a 
hyperinflammatory reaction induced by a stimulus may lead to further 
tissue damage [135,163]. Cytokines play a crucial role in immunopa-
thology during SARS-CoV-2 infection. Compared with healthy donors, 
significantly higher levels of inflammatory factors, such as IFN-γ, TNF-α, 
IL-1β, IL-6, IL-10, IL-17, and IL-18, can be seen in patients with COVID- 
19 [169]. 

TNF-α and IFN-γ are mainly driving inflammatory macrophage 
phenotype in the lung of severe COVID-19 patients [170], and IL-6, IL- 
1β, and high serum levels of IL-6, IL-8, and TNF-α in hospitalized pa-
tients were strong and independent predictors for survival [169]. The 
severity of the COVID-19 disease has been reported to be significantly 
associated with excessive inflammation and high levels of circulating 
cytokines [171]. In order to investigate whether the immune response 
induced by BCG vaccination is also harmful to COVID-19 patients, 

Kumar et al. detected the levels of cytokines, chemokines, acute phase 
proteins (APPs), matrix metalloproteinases (MMPs), and growth factors 
in 82 older adults after BCG vaccination [172]. Surprisingly, the results 
showed that BCG vaccination reduced the concentrations of pro- 
inflammatory cytokines (TNF-α, IL-1β, and IL-6), chemokines (CCL2 
and CXCL10), APPs, and MMPs, suggesting that BCG vaccination may 
protect the elderly from severe COVID-19 by modulating systemic 
inflammation [172]. Therefore, it has been proposed that the immune 
response induced by BCG vaccination is not associated with hyper-
inflammation but with downregulation of the underlying inflammatory 
status, which may be protective against inflammatory disease in the 
elderly population [172]. Another large cohort study in healthy volun-
teers showed that BCG vaccination could increase the antimicrobial 
response of innate immune cells and reduce systemic inflammation by 
decreasing the level of pro-inflammatory cytokines in a gender- 
dependent model [173]. In animal studies, immune regulatory cells 
were also found in the cervical lymph nodes draining BCG vaccinated 
site on the dorsum of the ear in guinea pigs [174]. 

In a condition of high inflammation, BCG can trigger anti- 
inflammatory or tolerogenic effects to reduce the damage caused by 
excessive inflammatory responses, but the mechanism behind it is 
currently unclear [150,173]. Considering that BCG plays a role in 
generating beneficial outcomes for several autoimmune diseases 
mentioned above [43,71,175], it’s not inconceivable that BCG can 
trigger the anti-inflammatory response. Furthermore, it has been re-
ported that BCG can trigger Treg proliferation via various mechanisms 
[150]. For example, preliminary studies proved that neonatal BCG 
vaccination could induce CD4+ CD25+ T cells to produce IL-10 [176] 
and stimulate CD8+ T cells to express classical markers of Treg such as 
Foxp3 and CD25, which was shown to suppress the Th1 effector 
response [177]. In addition, BCG vaccination can activate human den-
dritic cells to upregulate sonic hedgehog (SHH) signaling, resulting in 
the expression of programmed death-ligand 1 (PD-L1) and prostaglandin 
E2 (PGE2), which can promote Treg proliferation [178]. 

In treating autoimmune diseases, BCG can enhance glycolysis, and 
Tregs are highly dependent on glycolysis to develop and maintain 
tolerance, thereby reducing inflammation in autoimmune diseases 
[71,179,180]. In addition, BCG can also induce demethylation of mul-
tiple CpG methylation sites of major Treg signature genes such as foxp3, 
il2ra, and ctla4, and upregulate their expression in lymphocytes [43]. 
Although BCG-induced Tregs have not been reported in acute 

Fig. 3. The immune response of trained immunity induced by BCG.  

W. Gong et al.                                                                                                                                                                                                                                   



International Immunopharmacology 108 (2022) 108870

13

inflammation caused by viral infection, in severe COVID-19, BCG- 
induced immune tolerance can suppress excessive inflammatory re-
sponses and benefit patients. 

5. Discussion and prospect 

“Black Swan” is an event with a small probability but a significant 
impact, while “Gray Rhino” is a metaphor for a potential crisis with a 
large probability and great effects. The “Black Swan” is unpredictable 
and uncontrollable, while the “Gray Rhinos” can’t be prevented because 
of neglect, disregard, and contempt of contradictions. It is not hard to 
see that the “Black Swans” and the “Gray Rhinos” often go hand in hand. 
The sudden outbreak of COVID-19 in 2020, for example, is a classic 
“Black Swan” event. However, this outbreak also has the characteristics 
of “Gray Rhinos.” The precursor to the COVID-19 pandemic can be 
traced back to the SARS pandemic in 2003, after which many corona-
viruses have been discovered, including SARS-CoV-1, MERS-CoV, and 
SARS-CoV-2 [181]. The suspected animal-to-human transmission in-
dicates their significant pandemic potential. Therefore, we should not 
ignore the possibility of hypothetical SARS-CoV-X or other new viruses 
from animals but should be vigilant and prepared for emerging infec-
tious diseases that may appear worldwide. In a COVID-19 International 
Modeling Consortium mathematical model, a study has proved that even 
with low (5 to 15%) effectiveness, heterologous vaccination in-
terventions could reduce COVID-19 cases, hospitalization, and mortality 
in endemics [182]. In this sense, nonspecific vaccines for multiple 
pathogens may be effective emergency tools and need more study. 

Considering that a number of effective COVID-19 vaccines are 
currently available, the clinical trials confirming BCG’s protective ef-
fects against COVID-19 or the discussion on its actual effects might seem 
trivial. However, there are several important reasons why these studies 
remain vital. Firstly, developing countries have a natural disadvantage 
in COVID-19 vaccine availability, and BCG vaccination can be used as a 
temporary solution. As our previous studies reported, BCG vaccination 
programmes are available in most developing countries [4,5,14]. 
Therefore, before obtaining enough COVID-19 vaccine, the BCG vacci-
nation strategy can play an essential role in reducing the COVID-19 
incidence rate, hospitalization rate, and mortality. Secondly, the 
continuous appearance of new variants of SARS-CoV-2 is continuously 
increasing escape rates and challenging the existing vaccines. The 
employment of vaccines with nonspecific protective immunity could 
thus prove very important when such viral variants become most pre-
vailing. Thirdly, evidence that BCG prevents respiratory viral infections 
can provide lessons to address future infectious disease challenges like 
COVID-19. Also, before specific vaccines against COVID-19-like infec-
tious diseases are available, a strategy employing such vaccines can be 
used as a “bridge vaccination” to protect the population partially. 

In conclusion, though previous ecological studies and analytical 
analysis lead to opposite results, clinical trials and animal experiments 
provide strong evidence supporting the nonspecific effect of BCG. 
Furthermore, the mechanisms of heterologous immunity, trained im-
munity, and anti-inflammatory effect are believed to have worked 
together in this process. This review hopes to encourage more re-
searchers to further confirm the nonspecific protective effect induced by 
BCG and the mechanism behind it, explore the possibility of using BCG 
as a potential tool to combat COVID-19 and COVID-19-like “black swan” 
events, and provide suggestions for reducing public health impacts and 
avoiding high societal and economic toll. 
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Guérin, J. Infect. Dis. 136 (1977) 171–175. 

[47] S. Mukherjee, R. Subramaniam, H. Chen, A. Smith, S. Keshava, H. Shams, N. Vij, 
Boosting efferocytosis in alveolar space using BCG vaccine to protect host against 
influenza pneumonia, PLoS ONE 12 (7) (2017) e0180143. 

[48] S. Ikeda, T. Negishi, C. Nishimura, Enhancement of non-specific resistance to viral 
infection by muramyldipeptide and its analogs, Antiviral Res. 5 (4) (1985) 
207–215. 

[49] C. Ishihara, N. Mizukoshi, J. Iida, K. Kato, K. Yamamoto, I. Azuma, Suppression of 
Sendai virus growth by treatment with N alpha-acetylmuramyl-L-alanyl-D- 
isoglutaminyl-N epsilon-stearoyl-L-lysine in mice, Vaccine. 5 (1987) 295–301. 

[50] F. Floc’h, G.H. Werner, Increased resistance to virus infections of mice inoculated 
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of Bacille Calmette-Guérin on Hepatitis B Vaccine Immunogenicity in the Preterm 
and Term Newborn, Front. Immunol. 9 (2018), https://doi.org/10.3389/ 
fimmu.2018.0002910.3389/fimmu.2018.00029.s001. 

[77] N. Ritz, M. Mui, A. Balloch, N. Curtis, Non-specific effect of Bacille Calmette- 
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Calmette-Guérin (BCG) vaccination predicts flattened curves for the spread of 
COVID-19, Sci. Adv. 6 (32) (2020), https://doi.org/10.1126/sciadv.abc1463. 

[88] L.E. Escobar, A. Molina-Cruz, C. Barillas-Mury, BCG vaccine protection from 
severe coronavirus disease 2019 (COVID-19), PNAS 117 (30) (2020) 
17720–17726. 

[89] C. Covián, A. Retamal-Díaz, S.M. Bueno, A.M. Kalergis, Could BCG Vaccination 
Induce Protective Trained Immunity for SARS-CoV-2? Front. Immunol. 11 (2020) 
970. 

[90] D. Klinger, I. Blass, N. Rappoport, M. Linial, Significantly Improved COVID-19 
outcomes in countries with higher BCG vaccination coverage: a multivariable 
analysis, Vaccines (Basel) 8 (2020). 

[91] M. Gursel, I. Gursel, Is global BCG vaccination-induced trained immunity relevant 
to the progression of SARS-CoV-2 pandemic? Allergy 75 (7) (2020) 1815–1819. 

[92] M. Urashima, K. Otani, Y. Hasegawa, T. Akutsu, BCG Vaccination and Mortality of 
COVID-19 across 173 Countries: An Ecological Study, Int. J. Environ. Res. Public 
Health 17 (15) (2020) 5589, https://doi.org/10.3390/ijerph17155589. 

[93] M. Joy, B. Malavika, E.S. Asirvatham, T.D. Sudarsanam, L. Jeyaseelan, Is BCG 
associated with reduced incidence of COVID-19? A meta-regression of global data 
from 160 countries, Clinical epidemiology and global health. 9 (2021) 202–203. 

[94] N.A. Brooks, A. Puri, S. Garg, S. Nag, J. Corbo, A.E. Turabi, N. Kaka, R. 
W. Zemmel, P.K. Hegarty, A.M. Kamat, The association of Coronavirus Disease-19 
mortality and prior bacille Calmette-Guerin vaccination: a robust ecological 
analysis using unsupervised machine learning, Sci. Rep. 11 (1) (2021), https:// 
doi.org/10.1038/s41598-020-80787-z. 

[95] W.X. Li, Worldwide inverse correlation between Bacille Calmette-Guérin (BCG) 
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[138] O. Karabay, O. Köse, A. Tocoglu, B. Uysal, H. Dheir, S. Yaylaci, E. Guclu, 
Investigation of the frequency of COVID-19 in patients treated with intravesical 
BCG, Rev. Assoc. Med. Bras. 66 (suppl 2) (1992) 91–95. 

[139] U. Fedeli, A. Porreca, M. Colicchia, E. Schievano, W. Artibani, L.R. Biasio, G. Palù, 
Intravescical instillation of Calmette-Guérin bacillus and COVID-19 risk, Hum 
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