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ABSTRACT

In the context of the coronavirus disease 2019 (COVID-19) pandemic, Bacillus Calmette-
Guérin (BCG), a tuberculosis (TB) vaccine, has been investigated for its potential to prevent 
COVID-19 with conflicting outcomes. Currently, over 50 clinical trials have been conducted 
to assess the effectiveness of BCG in preventing COVID-19, but the results have shown 
considerable variations. After scrutinizing the data, it was discovered that some trials had 
enrolled individuals with active TB, latent TB infection, or a history of TB. This finding raises 
concerns about the reliability and validity of the trial outcomes. In this study, we explore the 
potential consequences of including these participants in clinical trials, including impaired 
host immunity, immune exhaustion, and the potential masking of the BCG vaccine’s 
protective efficacy against COVID-19 by persistent mycobacterial infections. We also put forth 
several suggestions for future clinical trials. Our study underscores the criticality of excluding 
individuals with active or latent TB from clinical trials evaluating the efficacy of BCG in 
preventing COVID-19.

Keywords: Bacillus Calmette-Guérin (BCG); Coronavirus Disease 2019 (COVID-19);  
Active Tuberculosis (ATB); Latent Tuberculosis Infection (LTBI); Protection Efficacy

INTRODUCTION

The pandemic of the coronavirus disease 2019 (COVID-19) prompted numerous studies 
investigating potential vaccines and medications to combat this lethal disease. One such 
candidate vaccine is Bacillus Calmette-Guérin (BCG), a live attenuated vaccine traditionally 
used to prevent tuberculosis (TB) infections for almost a century. BCG has been observed 
to stimulate a non-specific immune response termed “trained immunity”1,2 and has been 
reported to provide non-specific protection against other infectious diseases, bladder cancer, 
type 1 diabetes, and multiple sclerosis.3-10 Based on these findings, the notion has been put 
forth that BCG-induced trained immunity confers potential protection against COVID-19, 
specifically for reducing the incidence, hospitalization, severe disease, and mortality. During 
the early stages of the COVID-19 pandemic, initial testing of the hypothesis mainly focused 
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on epidemiological, statistical, and ecological studies.11-17 However, results were highly 
variable due to the presence of confounding factors such as epidemic stages, geographical 
distribution, population density, and age structure.18 As the pandemic has progressed, 
some cohort studies and clinical trials have been introduced to mitigate the heterogeneity of 
previous research.18 Nonetheless, the assessment of BCG’s efficacy in preventing COVID-19 
still yields conflicting data,19 which may reduce the signal-to-noise ratio in the medical 
literature and the resulting impact on the information gathered by ChatGPT and other AI 
language models.20

THE EVIDENCE FROM CLINICAL TRIALS

Clinical trials provide the most effective means to investigate the actual impact of BCG 
vaccination in combating COVID-19. In recent times, numerous clinical trials have been 
conducted to assess the hypothesis regarding the potential reduction in COVID-19 morbidity, 
hospitalization rates, severity of illness, and mortality through BCG vaccination (Table 1).21-32

A randomized controlled clinical trial (NCT04328441) recently published in mBio assessed the 
effectiveness of BCG vaccination in preventing healthcare workers (HCWs) from acquiring 
COVID-19.21 The trial involved 1,511 participants, with a final analysis of 665 and 644 
participants in the BCG and placebo groups, respectively. The baseline characteristics of the 
participants in the two groups indicated a statistically significant age difference (P = 0.043), 
but no significant differences were observed in other characteristics, including recruitment 
site, smoking status, hospital department, job function, scheduled work on COVID ward, 
history of BCG vaccination, past TB test results, respiratory infection in winter 2019–2020, 
influenza vaccination in winter 2020–2021, history of asthma, history of hay fever, history of 
other pulmonary diseases, any lung disease, or positive severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) test prior to baseline. The trial results revealed no significant 
differences between BCG and placebo participants in incidence rates of COVID-19, 
hospitalization, or severe disease.

Similar results have been observed in other clinical trials, including NCT04417335,22 
NCT04379336,23 NCT04327206,24 NCT04648800,25 and NCT04659941.26 Contrary to this, four 
clinical trials (NCT02081326, NCT04328441, NCT04414267, and CTRI/2020/07/026668) have 
shown that BCG vaccination can significantly reduce the cumulative incidence of COVID-19, 
particularly in individuals aged 50 and above, providing a certain degree of protection against 
potential COVID-19 infection.27-30 Additionally, two clinical trials (NCT04369794 and RBR-
4kjqtg) have demonstrated that while BCG immunization does not significantly decrease the 
incidence of COVID-19, it can induce higher levels of cytokines and antibodies.31,32

Interestingly, through the analysis of baseline data from the aforementioned twelve clinical 
trials, it was observed that the four clinical trials supporting the effectiveness of BCG 
vaccination in preventing COVID-19 explicitly excluded individuals with active TB (ATB), 
latent TB infection (LTBI), or a history of TB, thereby minimizing the impact of immune 
responses induced by Mycobacterium tuberculosis infection on the enrolled population. In 
contrast, the clinical trials that did not exclude individuals with ATB, LTBI, or a history of 
TB tended to lean towards not supporting this hypothesis. Previous research has shown that 
individuals with latent M. tuberculosis infection have a lower proportion of COVID-19 cases 
compared to the general population.33 Furthermore, it was found that the four clinical trials 
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supporting the aforementioned hypothesis were predominantly conducted in countries with 
current BCG vaccination for special groups, such as the United States, the Netherlands, 
Greece, where the overall percentage of prior BCG among the subjects was relatively low.24
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Table 1. Basic data from clinical trials evaluating the effect of BCG vaccination on COVID-19 and the TB status of subjects
Ref. NCT No. Countrya Phase Simple 

size
Clinical trial results % of prior 

BCGb
BCG 

schedulerc
Participants were excluded 

fromd

ATB LTBI TB history
21 NCT04328441 Netherlands Phase 

3
1,309 Did not reduce the incidence of 

SARS-CoV-2 infection in HCWs and the 
duration or severity of infection, but 
enhanced antibody production.

17.3% CBVSG No No No

22 NCT04417335 Netherlands Phase 
3

2,014 BCG vaccination did not impact the 
occurrence of SARS-CoV-2 infection 
among older adult volunteers. However, 
it did enhance the cytokine responses 
and antibody titers.

27.3% CBVSG No No No

23 NCT04379336 South Africa Phase 
3

1,000 BCG did not protect HCWs from 
SARS-CoV-2 infection or related severe 
COVID-19 disease and hospitalization.

49.6% CNBVPA Unknown No 
(48.5%)e

Unknown

24 NCT04327206 Australia, 
Netherlands, Spain, 
the United Kingdom, 

and Brazil

Phase 
3

3,988 Vaccination with BCG-Denmark did 
not result in a lower risk of COVID-19 
among health care workers than 
placebo.

76.7% CBVSG+PNBVA, 
CBVSG, NR, 

CNBVPA

No No No

25 NCT04648800 Poland Phase 
3

342 There was no meaningful association 
found between the frequency of 
suspected COVID-19 incidents and 
BCG-10 vaccination, tuberculin test 
results, or the number of scars.

Unknown CNBVPA No No Yes

26 NCT04659941 Brazil Phase 
2b

264 BCG did not demonstrate a protective 
hazard ratio against COVID-19.

93.2% CNBVPA No No 
(21.3%)e

No

27 NCT02081326 USA Phase 
2/3

144 A cumulative incidence of 12.5% of 
placebo-treated and 1% of BCG-
treated participants meets criteria 
for confirmed COVID-19, yielding an 
efficacy of 92%.

0% CBVSG Yes Unknown Yes

28 NCT04328441 Netherlands Phase 
3

1,511 BCG vaccination offers some defense 
against potential COVID-19 infection 
in patients over 50 years old who have 
underlying health conditions.

16.9% CBVSG Yes Yes Yes

29 NCT04414267 Greece Phase 
3

301 BCG vaccination can offer some 
protection against COVID-19 among 
individuals over 50 years old with 
underlying health conditions.

Unknown CBVSG Yes Yes Yes

30 CTRI/2020/ 
07/026668

India Phase 
3

495 Did not significantly reduce the 
incidence of PCR-positive COVID-19 
infection but did significantly reduce 
the incidence of clinically diagnosed 
COVID-19 infection in high-risk 
population.

Unknown CNBVPA No No No (4.8%)

31 NCT04369794 Brazil Phase 
3

378 BCG vaccine is safe and offers cross-
protection against COVID-19 with 
potential humoral response modulation.

94.0% CNBVPA No No No

32 RBR-4kjqtg Brazil Phase 
2

138 A second BCG Moscow vaccination was 
linked to a reduced rate of COVID-19 
infections, although the findings were 
not statistically significant.

86.3% CNBVPA No No No

BCG = Bacillus Calmette-Guérin, COVID-19 = coronavirus disease 2019, TB = tuberculosis, NCT = clinical trials registration number, HCWs = health care workers, 
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, CNBVPA = current national BCG vaccination policy for all, CBVSG = current BCG vaccination for 
special groups, CBVSG+PNBVA = current BCG vaccination for special groups and past national BCG vaccination for all, ATB = active tuberculosis, LTBI = latent 
tuberculosis infection.
aThe country or region of the participants enrolled in the clinical trial.
bPrior BCG vaccinations.
cVaccine scheduler was obtained from http://www.bcgatlas.org/, accessed on August 11, 2023.
dAll participants were excluded from ATB, LTBI, and a history of TB prior to enrollment.
eLTBI status of each participant was determined by using TB QuantiFERON.

http://clinicaltrials.gov/ct2/show/NCT04328441
http://clinicaltrials.gov/ct2/show/NCT04417335
http://clinicaltrials.gov/ct2/show/NCT04379336
http://clinicaltrials.gov/ct2/show/NCT04327206
http://clinicaltrials.gov/ct2/show/NCT04648800
http://clinicaltrials.gov/ct2/show/NCT04659941
http://clinicaltrials.gov/ct2/show/NCT02081326
http://clinicaltrials.gov/ct2/show/NCT04328441
http://clinicaltrials.gov/ct2/show/NCT04414267
http://clinicaltrials.gov/ct2/show/NCT04369794
http://www.bcgatlas.org/


The evidence presented above suggests that the protective effect of BCG vaccination against 
COVID-19 may be related to the TB infection status of the enrolled population and the BCG 
vaccination rates at birth.

CAUSES OF HETEROGENEITY IN CLINICAL TRIAL RESULTS

This clinical trial represents a significant contribution to understanding the potential use 
of the BCG vaccine to protect HCWs against COVID-19. The study findings indicate that 
BCG may not provide protection against COVID-19 in HCWs. The results shed light on the 
immune response to COVID-19 in individuals who have received BCG vaccination. Notably, 
the researchers meticulously considered the impact of BCG vaccination and M. tuberculosis 
infection history on the trial design and data analysis to minimize their influence. However, 
limitations include the failure to give detailed methods and tuberculin skin test (TST) or 
interferon-gamma release assays (IGRAs) results on determining participants with ATB, 
LTBI, or a TB history, which may have influenced the study outcomes and conclusions despite 
the study’s robust design and methodology. In the following section, we will conduct a 
comprehensive analysis and discussion of this limitation to offer valuable insights for future 
clinical trials (Fig. 1).

Impaired host immunity
Individuals with ATB, LTBI, or a history of TB have impaired immunity, which may have 
weakened the BCG-induced immune responses. The inclusion of individuals with ATB, LTBI, 
or a history of TB in clinical trials assessing the efficacy of BCG vaccination in preventing 
COVID-19 can lead to incorrect conclusions due to the impact of these conditions on the 
immune system. Individuals with ATB have impaired immunity due to the chronic activation 
of immune cells and pro-inflammatory cytokines, leading to low-grade inflammation 

4/10

ATB and LTBI Affect BCG Efficiency

https://doi.org/10.3346/jkms.2023.38.e343https://jkms.org

Fig. 1. BCG-induced trained immunity and the impact of acute and chronic MTB infection on its efficacy. The BCG-induced trained immunity relies on intercellular 
communication between various immune cells. The BCG vaccination stimulates innate immune cells to release inflammatory cytokines such as IL-1β, TNF-α, 
and IL-6, which in turn activate T cells and B cells for a more synchronized and effective response to subsequent infections, resulting in improved protection. 
However, acute and chronic MTB infections may impair immunity and exhaustion of T cells and mask the potential protective effects of the BCG vaccine. 
BCG = Bacillus Calmette-Guérin, DC = dendritic cells, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, TNF-α = tumor necrosis factor-α, IL = 
interleukin, PD-1 = programmed death 1, CTLA-4 = lymphocyte activation gene 3, and cytotoxic T lymphocyte antigen 4, Tim-3 = T-cell immunoglobulin and mucin 
structural domain protein 3, MTB = M. tuberculosis, ATB = active tuberculosis, LTBI = latent tuberculosis infection.



that can reduce the effectiveness of the BCG vaccine and the immune response to other 
pathogens. A study investigated the disparities in immune status amongst patients with ATB 
and those hospitalized for bacterial community-acquired pneumonia (CAP) of similar age 
and sex.34 The findings demonstrate a reduction in the absolute count of CD4+ T lymphocytes 
and CD19+ B lymphocytes in patients with ATB as compared to the CAP group, suggesting 
that M. tuberculosis infection impaired the host’s immune cells.34

Furthermore, LTBI may also impact the immune system and alter the response to the BCG 
vaccine and SARS-CoV-2. LTBI is characterized by the presence of dormant M. tuberculosis 
bacilli in macrophages, leading to chronic inflammation and altered immune responses.35 
Our recent studies observed that peripheral blood mononuclear cells from individuals with 
ATB and LTBI displayed lower cytokine production upon in vitro stimulation with vaccines, 
compared to healthy individuals.36,37 Moreover, patients with a history of TB may have long-
lasting inflammatory changes, scarring, and altered immunity after the resolution of the 
disease. These changes can lead to reduced lung function and impaired immune responses, 
leading to lowered efficacy of the BCG vaccine and reduced protection against COVID-19.

Immune exhaustion
Immune exhaustion could dampen the efficacy of BCG vaccination in patients infected 
with M. tuberculosis and nontuberculous mycobacteria (NTM). T-cell exhaustion is a state of 
hypofunctionality that is characterized by a progressive loss of T-cell effector function and 
self-renewal capacity and high expression of immunosuppressive receptors on their surface, 
such as programmed death 1 (PD-1), T-cell immunoglobulin and mucin structural domain 
protein 3 (Tim-3), lymphocyte activation gene 3, and cytotoxic T lymphocyte antigen 4 
(CTLA-4).38 The profile of exhausted CD4+ and CD8+ T cells has been identified in patients 
infected with M. tuberculosis and NTM.39 Previous studies have found an increased frequency 
of T cells with exhausted phenotype expressing inhibitory receptors such as PD-1 and Tim-3 
in individuals infected with M. tuberculosis.40,41 LTBI is characterized by persistent antigenic 
stimulation, which can last for decades. The persistent T-cell receptor stimulation of host 
immune cells by M. tuberculosis antigens may result in the development of T-cell exhaustion. A 
recent case-control study revealed significantly higher PD-1, CTLA-4, and Tim-3 expressions 
on lymphocytes and monocytes in the LTBI group than those in the healthy control group.42 
Individuals with LTBI may, therefore, present with decreased cytokine production and 
increased exhausted T cells, which could impact the host’s immune response to BCG 
vaccination and its protective efficacy against COVID-19. The most recent paper published 
in the New England Journal of Medicine has documented that the BCG vaccine exhibited no 
significant effect on healthcare workers.24 While this study excluded individuals who received 
the BCG vaccine within one year, it did not undergo pre-randomization screening with TST or 
IGRA. Suppose individuals with LTBI were included in the study, and their immune systems 
experienced depletion or dysregulation. In that case, this may be one of the explanations for 
the lack of protective effects of BCG against COVID-19.

The potential masking effect from persistent mycobacterial infections
In the early stages of infection, the immune response triggered by M. tuberculosis may 
potentially mask the protective effect of BCG-induced trained immunity against COVID-19, 
specifically LTBI. The hypothesis is that individuals with LTBI experience may enhanced 
immune responses due to a phenomenon called heterologous “trained immunity”.43 
Heterologous “trained immunity” refers to the ability of certain immune cells, primarily 
memory T cells, to recognize and respond to antigens from unrelated pathogens, potentially 
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leading to a more robust and rapid immune response against a secondary infection. This 
phenomenon involves priming innate immune cells following vaccination, leading to 
enhanced and long-lasting immune responses against other pathogens.44 However, the 
immune response elicited by M. tuberculosis is complex, and previous exposure to this 
pathogen could potentially influence the efficacy of the BCG vaccine.

Several studies have observed that individuals with prior exposure to M. tuberculosis may 
exhibit heterologous “trained immunity.” For instance, a recent study conducted in South 
Africa involving 63 HIV-negative adults with LTBI and 17 healthy adolescents found that those 
with LTBI displayed increased immune responses to TB vaccine peptides.45 This suggests 
that LTBI might enhance immune responses to other vaccines. Furthermore, a prospective 
study evaluating the impact of latent TB on the severity and outcomes of COVID-19 patients 
reported that individuals with LTBI had relatively less severe disease, higher counts of 
lymphocytes and monocytes, and reduced radiographic involvement compared to non-LTBI 
patients.46 These findings imply that the immune responses induced by M. tuberculosis might 
mask the potential protective effect of BCG-induced trained immunity against COVID-19. 
The altered immunity induced by pre-existing immune responses to M. tuberculosis could 
potentially impair the body's ability to generate an adequate immune response following 
BCG vaccination.

It's important to note that chronic mycobacterial infections can lead to immune impairment 
and exhaustion. The heterologous “trained immunity” induced by the Mycobacterium spp. 
may still elicit a distinct immune response due to the nature of the latent infection and the 
immunological memory it engenders. These dual effects, impaired immunity from chronic 
infection and enhanced immune response from heterologous “trained immunity,” may create 
a complex scenario in individuals with mycobacterial infections.

Relationship between clinical trial results and inclusion of individuals with 
MTB infection
Our analysis of published clinical trials revealed that studies that excluded ATB and LTBI 
participants mostly supported the beneficial effect of BCG vaccination in preventing 
COVID-19 morbidity, severity, and complications, as well as elevating antibody 
levels.21,22,28,29,32,47 However, interestingly, trials that only excluded individuals with ATB23 
or a TB history,25 and those that included persons with ATB, LTBI, and a history of TB26,30 
reported opposite conclusions. The heterogeneity of results from these clinical trials may 
result from various confounding factors, such as sample size, genetic background, inclusion 
and exclusion criteria, geographic region, BCG strains, trial procedures, and evaluation 
indicators. Nonetheless, in addition to minimizing the impact of these confounding factors 
on the results, the most crucial factor in the design, implementation, and analysis of these 
clinical trials is to exclude individuals with ATB, LTBI, and prior history of TB. Therefore, 
we offer some suggestions for future clinical trials on evaluating BCG’s efficacy against 
COVID-19: 1) Participant selection: It may be necessary to exclude individuals with ATB, LTBI, 
or previous TB history to enhance the study’s precision. 2) Immunity assessment: Individuals 
with ATB, LTBI, or history of TB should be monitored for their immune responses to 
determine the impact on BCG-induced immune responses and any potential protective effect 
against COVID-19. 3) M. tuberculosis interaction: Future trials should evaluate the influence of 
M. tuberculosis-induced immune responses on the potential protective effect of BCG-induced 
trained immunity against COVID-19 to help ascertain whether these interactions influence 
the potential protective effect of BCG. 4) NTM interaction: Future trials should investigate the 
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interaction between immune exhaustion and BCG vaccination in individuals infected with 
NTMs. 5) Study design: Future trials should adopt robust study designs and methodologies 
to consider the potential confounding effects of ATB, LTBI, and TB history. Overall, these 
suggestions can help researchers address the limitations of prior studies and improve the 
accuracy of future clinical trials evaluating BCG efficacy against COVID-19.

CONCLUSIONS

In summary, clinical trials conducted to assess the BCG vaccine’s effectiveness in preventing 
COVID-19 have yielded varied results. Several confounding factors, including the enrollment 
of individuals with ATB, LTBI, and a TB history, may contribute to biases in clinical trial 
outcomes. Persistent M. tuberculosis or NTM infection can impair host immunity and induce 
immune exhaustion, potentially masking the BCG vaccine’s protective efficacy against 
COVID-19. We recommend that future clinical trials evaluating the effectiveness of BCG in 
preventing COVID-19 and other emerging respiratory infectious diseases should exclude 
individuals with ATB, LTBI, and a history of TB from enrollment. If enrollment of these 
individuals is necessary, their immune status should be assessed, and the impact of M. 
tuberculosis or NTM infection on BCG immunity should be evaluated.
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