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Introduction
The Bacille-Calmette-Guerin (BCG) vaccine may 
broadly protect humans from infectious diseases. 
Originally introduced >100 years ago for tubercu-
losis prevention, BCG consists of a live attenuated 
version of the bacterium that causes tuberculosis 
in cattle (Mycobacterium bovis). It provides pro-
tection against Mycobacterium tuberculosis, the 
strain that causes human tuberculosis, in about 
50% of recipients for a period of 10-20 years, ac-
cording to meta-analysis [1]. As early as 1931, one 
the founders of the vaccine, Albert Calmette, ob-
served that the BCG vaccine had broader infectious 
disease benefits beyond tuberculosis: it curtailed 
childhood mortality (unrelated to tuberculosis) by 
four-fold [2]. Since then, research has established 
that BCG protects against upper respiratory tract 
infections, leprosy, malaria, viral, and bacterial 

infections [3-17]. The BCG vaccine also has thera-
peutic efficacy. It has been used since the 1970s to 
effectively treat bladder cancer [18,19] and, after a 
long follow-up period, it has therapeutic benefit for 
two autoimmune diseases: type 1 diabetes [20,21] 
and multiple sclerosis [22, 23]. 
Considering BCG’s wide-ranging infectious dis-
ease benefits, it was no surprise that, at the origin 
of the COVID-19 pandemic in 2019 and before the 
introduction of COVID-19 vaccines in mid-2021, a 
worldwide effort would be launched to determine 
whether the BCG vaccine could prevent primary in-
fection by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). Safety was not expected 
to be a concern given that BCG is one of the safest 
vaccines ever developed. Around 3-4 billion people 
have been vaccinated thus far with minimal side ef-
fects. BCG’s safety is so remarkable that it is given 
to 120 million newborns annually [24]. 
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ABSTRACT
Bacille-Calmette-Guerin (BCG) is a>100 year-old biological vaccine with versatile 
contemporary applications. It is still used worldwide to protect against tuberculosis, 
upper respiratory infections, and childhood mortality. Heralded as the safest vaccine 
ever introduced, it is given to 120 million newborns each year in developing countries. 
At the beginning of the COVID-19 pandemic and before introduction of COVID-19 
vaccines, at least 5 randomized, double-blind, placebo-controlled trials were launched 
to test BCG’s efficacy against primary infection by SARS-CoV-2. One of those trials was 
expressly for type 1 diabetics, one of the patient populations at high-risk of morbidity 
and mortality from COVID-19. The trial found that multi-dose BCG was safe and 92% 
effective versus placebo against SARS-CoV-2 primary infection. BCG recipients also 
had fewer infections of any type, suggesting that the vaccine may also provide broad-
based protection against future SARS-CoV-2 variants. Two other trials with a mixture 
of high-risk patients also found BCG vaccines were about 65% effective. These trials 
might have found even greater efficacy had patients been observed for longer periods 
and after higher vaccine doses. Three clinical trials with BCG in health care workers 
used the Danish BCG strain and these subjects were previously vaccinated with BCG 
or had latent tuberculosis. These trials showed no efficacy. The major limitation is 
that BCG in adults takes 1-2 years to start to take full effect in adult populations. But 
once benefits appear, they may last years-to-decades according to other studies. In 
this review, we summarize the randomized clinical trial evidence surrounding BCG’s 
use against COVID-19 and possible mechanistic underpinnings. We argue in support 
of BCG’s use in patients with type 1 diabetes, especially because they are at high-
risk of infections such as SARS-CoV-2 and the efficacy for the current vaccines is poor 
withbreakthrough infection after COVID-19 vaccination. 
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Literature review
This review summarizes the clinical trial evidence 
surrounding BCG for prevention against COVID-19 
in type 1 diabetics and other high-risk populations. 
It also deals with mechanistic underpinnings and 
discussion of health care worker trials and ends 
with BCG’s benefits for vaccine delivery.

BCG for COVID-19 protection in type 1 diabetics
Type 1 and type 2 diabetics are at higher risk of 
morbidity and mortality from COVID-19 than com-
parator populations, according to a meta-analysis 
of 40 studies with more than 18,000 participants 
[25]. Two more recent and nationwide studies, from 
the US and Greece, find that type 1 diabetics, in par-
ticular, have up to 74% higher rate of COVID-19-re-
lated hospitalization, up to 4 times higher rate of 
ICU admission, and up to 6 times higher mortali-
ty than non-diabetics [26,27]. Diabetics also have 
higher rates of breakthrough infections by SARS-
CoV-2, despite vaccination with viral vector or 
mRNA COVID-19 vaccines [28-30]. The reasons 
why type 1 diabetics, in particular, are at such high 
risk are not known, but a new study suggests that 
their immune T cells may not be properly activated 
to defend against infections [31].
In 2020, at the origin of the COVID-19 pandemic, 
we had underway a Phase 2/3 double-blind, place-
bo-controlled trial of multi-dose BCG for another 
purpose: the treatment of type 1 diabetes. Patients 
had already received 3 doses of BCG or placebo 
two years earlier as part of a 5-year-long study. 
We adapted this trial into a parallel study to see if 
BCG could protect against primary infection by the 
original strain of SARS-CoV-2. The parallel study 
followed patients from January, 2020 until April, 
2021, a 15-month period before the introduction 
of COVID-19 vaccines. Participants had received 
neither COVID-19 vaccine nor BCG vaccine at birth. 
They also were tuberculosis negative.
We found that BCG was safe and was 92% effective 
compared to placebo in protecting type 1 diabetic 
from COVID-19 infection [32]. Moreover, the BCG 
group (vs placebo group) had fewer infections of 
any type, few infectious symptoms, and lower infec-
tion severity. This kind of broad infectious disease 
protection suggests that BCG also might be advan-
tageous against new SARS-CoV-2 variants. The tri-
al’s strengths were multi-dose BCG, use of a potent 
strain of BCG (Tokyo-172), long follow-up period, 
and outstanding safety with no systemic adverse 
events or patient drop-outs. The major limitation 
was that the benefits did not start to become mani-
fest until 1-2 years after dosing. Still, once they ap-

pear they may last for years to decades, based on 
research on other off-target effects [20, 33].
BCG for COVID-19 protection in other high-risk 
populations
Two other trials in high-risk populations reinforced 
our findings. The first, known as ACTIVATE-2, was 
a multi-center, double-blind, placebo-controlled, 
phase III randomized trial of BCG for protec-
tion against COVID-19 among high-risk patients 
(n=301) in 11 departments of internal medicine in 
Greece [34]. The high-risk patients were over 50 
years old and had co-morbidities, the most com-
mon of which were vascular hypertension (25.7%), 
COPD (25.7%) and type 2 diabetes (18.9%). No 
type 1 diabetics were included. The 301 volunteers 
in the trial received either a single dose of BCG 
(Moscow strain 361-1) or placebo, and were fol-
lowed for 6 months. The trial found a 68% reduced 
risk of symptom-based and/or laboratory-based 
COVID-19 infection compared to placebo (based on 
an odds ratio of 0.32 and a 95% confidence inter-
val of 0.13-0.79). It did not study protection against 
other pathogens. But an earlier trial by the same in-
vestigators, known as ACTIVATE, reported that BCG 
(vs placebo) reduced the incidence of non-COVID 
upper respiratory tract infections in elderly indi-
viduals 65 years or older [8].
The second confirmatory trial, known as BRIC, was 
a phase 3, quadruple-blind, placebo-controlled, 
multi-center trial in high-risk adults (n=495; ages 
18-60 years) in 3 hospitals in India [35]. Partic-
ipation was excluded if patients had been vacci-
nated against COVID-19. Patients had these high-
risk conditions: diabetes (50%), cardiovascular 
disease (32%), chronic lung disease (15%) and 
chronic kidney disease (15%). (The authors did not 
specify which type of diabetes mellitus.) A histo-
ry of tuberculosis was detected in 6% of the BCG 
group and 4% of the placebo group. Participants 
were given single-dose BCG (the strain was unre-
ported) or placebo and followed for 9 months. The 
primary outcome, new COVID-19 infection, was 
assessed by two methods: definite COVID-19 by 
cartridge-based nucleic acid amplification, or prob-
able COVID-19 by symptom profile. Secondary out-
comes included severe COVID-19, hospitalization, 
and oxygen requirement. Severe COVID-19 was 
defined by a respiratory rate>30/min, oxygen satu-
ration (SpO2)<90% in room air, severe respiratory 
distress, or fulfilling criteria for acute respiratory 
distress syndrome. The authors did not report on 
whether participants had received BCG at birth. 
The trial found that BCG did not prevent definite 
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COVID-19, but it did prevent probable COVID-19. 
The BCG group displayed a 62% decrease in proba-
ble COVID-19 (vs placebo), based on an odds ratio of 
0.38 (95% confidence interval, 0.20-0.72). The BCG 
group had fewer cases of severe COVID-19, fewer 
hospitalizations, and fewer cases requiring oxygen. 
All three of these secondary outcomes showed 0 cas-
es in the BCG group and 6 cases (2.4%) in the place-
bo group, each with a P value of .03. The trial found 
no vaccine-related serious adverse events (grade 3 
or grade 4). 
Mechanisms underlying BCG’s beneficial immune 
effects
BCG’s benefits against the viral pathogens respon-
sible for respiratory disease have been the subject 
of a large body of mechanistic research. A consen-
sus has emerged that BCG exerts its beneficial effects 
against respiratory viruses by boosting the innate 
immune system. The innate immune system not only 
reacts rapidly and nonspecifically to a pathogen, but 
also may react by a newly uncovered process of im-
mune “memory” known as trained immunity [36, 
37]. Under trained immunity, BCG vaccinations work 
through epigenetic reprogramming of histones of the 
immune system monocytes (key players in the in-
nate immune system) to produce pro-inflammatory 
cytokines that lead to killing of a virus; when the re-
programmed monocytes meet the same virus again, 
they produce an even larger cytokine response. This 
“memory” response by monocytes is considered a 
novel feature of the innate immune system. Whether 
BCG-induced trained immunity specifically applies 
to SARS-CoV-2 is unknown [37].
Our laboratory has studied the mechanisms under-
lying BCG’s benefits specifically for type 1 diabetics. 
The focus has been on the innate and the adaptive 
immune system, the other branches of the immune 
system best known for classic “memory” responses. 
For these overall immune effects with BCG in adults 
often the clinical responses are slow to take effect 
but offer long term protection and as above involve 
all limbs of the immune response. Also, the epigen-
etic gene signaling pathway with methylation and 
de-methylation effects of BCG are on many important 
signaling pathways of the immune system. The adap-
tive immune system consists of B and T lymphocytes. 
BCG’s therapeutic benefits for type 1 diabetics may 
emerge from its actions on a subset of T cells where 
the density defects in correct signaling are correct-
ed over a 3 year course for improved signaling. BCG 
affects their immune and metabolic signaling path-
ways through epigenetics [21,38]. A central player 
in the adaptive T cell “memory” response is the T 
Cell Receptor (TCR). The TCR learns to recognize a 

specific pathogen and becomes activated to respond 
expressly against that particular pathogen. We have 
recently reported that the T cells of type 1 diabetics 
are not properly activated because of a striking re-
duction in TCR density [31]. Lower TCR density may 
help explain why type 1 diabetics are more suscepti-
ble to infection [39]. We attribute the lower density 
of TCR to hyper methylation of TCR-related genes. 
Hyper methylation blocks gene expression. Our re-
search shows that BCG acts over an extended peri-
od to correct the TCR defect in type 1 diabetics. It 
does so by epigenetically de-methylating the hyper-
methylated sites. That process facilitates expression 
of TCR genes. With better functioning of the TCR, 
type 1 diabetics may be more capable of combating 
COVID-19. 
BCG for health care workers
Two other double-blind, placebo-controlled trials of 
BCG were in health care workers, who were consid-
ered at high-risk by virtue of occupation. Both trials 
had negative findings. The first was of 1,511 health 
care workers at 9 Dutch hospitals who received either 
a single dose of BCG (Danish strain 1331) or placebo 
and followed for one year. The primary outcome, un-
planned absenteeism for any reason, was no differ-
ent between groups, as was the secondary outcome, 
COVID-19 incidence. There was also no difference 
in another secondary outcome, self-reported acute 
respiratory symptoms or fever [40,41]. The second 
negative trial -another randomized, double-blind, 
and placebo-controlled - was of 1000 health care 
workers at 3 South African facilities who received a 
single dose of BCG (Dutch strain 1331) and followed 
for one year. Nearly 100% of participants had re-
ceived BCG at birth and over 70% had latent tuber-
culosis, both of which may have offered background 
protection against COVID-19. In this second negative 
trial, BCG was not found to protect against COVID-19, 
severe COVID-19 (hospitalization), or respiratory 
tract infections (incidence or severity). Still under-
way is a large, 1-year long international trial of BCG 
for health care workers called BRACE [42]. 

Discussion
Here we have summarized the evidence that BCG 
vaccination protects against COVID-19 in type 1 di-
abetics and other high-risk populations. BCG does 
not appear to protect health care workers but, we 
believe, the two trials were negative for reasons 
that minimized the possibility of finding an effect. 
First, health care workers are generally younger and 
healthier than high-risk patients. Second, health care 
worker trials were relatively short (both followed 
patients for one year). Studies of other off-target 
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BCG effects in adults find that benefits do not appear 
until at least 1-3 years post-exposure [20-23]. Third, 
the dose of BCG in our view was not sufficiently high 
(trials used a single dose vs the minimum of 3 doses 
we use). Fourth, the strain (Dutch strain 1331) used 
in both health care worker trials was less potent than 
the one we use BCG Japan (Tokyo 172) for type 1 di-
abetics. Fifth, in both health care worker trials, par-
ticipants in the treatment and placebo groups had 
prior BCG vaccination at birth, which would tend to 
obscure the possibility of finding of an effect because 
vaccine protection lasts for decades.
The reason why the ACTIVATE-2 and BRIC trials were 
successful with an even shorter follow-up period 
than the health care worker trials was, in our view, 
because both were enriched with high-risk patients. 
Had these two positive trials of high-risk patients 
been longer in duration, and had patients received 
multi-dose BCG with a potent strain, their efficacies 
of 62-68% might have been even higher. Our use of 
multiple doses of a potent strain and an observation 
period of 1.5 years found an efficacy of 92%.
In summary, we believe that BCG vaccination offers 
multiple benefits for type 1 diabetics and other high-
risk groups as demonstrated by the recent RCT data. 
First, BCG has an enviable safety record stretching 
back 100 years. Its use in neonates worldwide is like-
ly to undercut vaccine hesitancy. Second, BCG is high-
ly affordable (about 10-75 cents a dose). Third, high-
risk conditions are common in developed countries. 
In the US, the presence of at least one of the high-risk 
condition (including being>65 years) affects 75.4% 
of the population, according to nationwide data from 
the US National Health and Nutrition Examination 
Survey (NHANES) [43]. Fourth, BCG’s benefits are 
likely to be durable. Benefits may last years to de-
cades [20, 33], versus months with the mRNA vac-
cines [44]. The long-lived nature of the BCG response 
may be due to proper functioning of the TCR and to 
direct gene methylation re-programming, which oc-
curs at a similar rate. In contrast clinical trials with 
high risk but healthy health care workers with the 
Danish BCG show no protection from COVID-19 dis-
ease so additional RCT need to focus likely on the 
most vulnerable populations [42]. 

Conclusion
Lastly, and perhaps most importantly, BCG may pro-
vide broad-based platform protection against future 
SARS-CoV-2 variants. This is an inference based on 
several types of studies. The clinical trial evidence 
from Faustman and colleagues (2022) showed that 
the BCG group exhibited fewer infections of any type, 
fewer symptoms of infection, and lower infection se-

verity than the placebo group. Further, the inference 
is based on a broad array of epidemiological stud-
ies showing BCG’s protection against a multitude 
of pathogens [3-17]. Existing mRNA vaccines nar-
rowly target SARS-CoV-2’s spike protein. Given the 
virus’ high mutation frequency in the spike protein, 
mRNA vaccines are struggling to keep pace against 
new variants [45] and against a vaccine-weary pub-
lic. The major limitation of BCG is that it does not 
work as swiftly as mRNA vaccines or live attenuated 
COVID vaccines. BCG’s benefits take 1-2 years to be-
come manifest. But once benefits do appear, they are 
likely to endure for years or longer.

None

Funding
None

Conflict of Interest Statement
All authors have no conflicts of interest.

References
[1] Nieuwenhuizen NE, Kaufmann SHE. Next-gener-

ation vaccines based on bacille calmette-guerin. 
Front Immunol 2018; 9:121. 

[2] Chalmette A. Preventive vaccination against tuber-
culosis with BCG. Proc R Soc Med 1931; 24:1481-90. 

[3] Aaby P, Roth A, Rain H, Napirna BM, Rodrigues A, 
Lisse IM, et al. Randomized trial of BCG vaccination 
at birth to low-birth-weight children: beneficial 
nonspecific effects in the neonatal period? J Infect 
Dis. 2011; 204:245-52. 

[4] Biering-Sorensen S, Aaby P, Lund N, Monteiro I, Jen-
sen KJ, Eriksen HB, et al. Early BCG-denmark and 
neonatal mortality among Infants weighing <2500 
g: A randomized controlled trial. Clin Infect Dis. 
2017;65:1183-90. 

[5] Biering-Sorensen S, Aaby P, Napirna BM, Roth A, 
Ravn H, Rodrigues A, et al. Small randomized trial 
among low-birth-weight children receiving bacillus 
Calmette-Guerin vaccination at first health center 
contact. Pediatr Infect Dis J 2012; 31:306-8. 

[6] de Castro MJ, Pardo-Seco J, Martinon-Torres F. Non-
specific (Heterologous) protection of neonatal BCG 
vaccination against hospitalization due to respi-
ratory infection and sepsis. Clin Infect Dis 2015; 
60:1611-9. 

[7] Garly ML, Martins CL, Bale C, Balde MA, Hedegaard 
KL, Gustafson P, et al. BCG scar and positive tuber-
culin reaction associated with reduced child mor-
tality in West Africa. A non-specific beneficial effect 
of BCG? Vaccine 2003; 21:2782-90. 

Acknowledgment

https://www.frontiersin.org/articles/10.3389/fimmu.2018.00121/full
https://www.frontiersin.org/articles/10.3389/fimmu.2018.00121/full
https://journals.sagepub.com/doi/10.1177/003591573102401109
https://journals.sagepub.com/doi/10.1177/003591573102401109
https://academic.oup.com/jid/article/204/2/245/833883
https://academic.oup.com/jid/article/204/2/245/833883
https://academic.oup.com/jid/article/204/2/245/833883
https://academic.oup.com/cid/article/65/7/1183/4079383?login=false
https://academic.oup.com/cid/article/65/7/1183/4079383?login=false
https://academic.oup.com/cid/article/65/7/1183/4079383?login=false
https://journals.lww.com/pidj/Fulltext/2012/03000/Small_Randomized_Trial_Among_Low_birth_weight.22.aspx
https://journals.lww.com/pidj/Fulltext/2012/03000/Small_Randomized_Trial_Among_Low_birth_weight.22.aspx
https://journals.lww.com/pidj/Fulltext/2012/03000/Small_Randomized_Trial_Among_Low_birth_weight.22.aspx
https://journals.lww.com/pidj/Fulltext/2012/03000/Small_Randomized_Trial_Among_Low_birth_weight.22.aspx
https://academic.oup.com/cid/article/60/11/1611/356084
https://academic.oup.com/cid/article/60/11/1611/356084
https://academic.oup.com/cid/article/60/11/1611/356084
https://academic.oup.com/cid/article/60/11/1611/356084
https://www.sciencedirect.com/science/article/pii/S0264410X03001816
https://www.sciencedirect.com/science/article/pii/S0264410X03001816
https://www.sciencedirect.com/science/article/pii/S0264410X03001816


Miriam Davis, Grace Wolfe, Maya Vaishnaw, Willem Kuhtreiber, Denise Faustman

Am J Prev Med Public Health • 2022 • Vol 8 • Issue 115

[8]	 Giamarellos-Bourboulis EJ, Tsilika M, Moorlag S, 
Antonakos N, Kotsaki A, Dominguez-Andres J, et 
al. Activate: randomized clinical Trial of BCG vac-
cination against Infection in the elderly. Cell 2020; 
183:315-23 e9. 

[9]	 Hawkridge A, Hatherill M, Little F, Goetz MA, Barker 
L, Mahomed H, et al. Efficacy of percutaneous ver-
sus intradermal BCG in the prevention of tubercu-
losis in south african infants: randomised trial. BMJ 
2008; 337:a2052.  

[10]	 Kristensen I, Aaby P, Jensen H. Routine vacci-
nations and child survival: follow up study in guin-
ea-Bissau, west africa. BMJ 2000; 321:1435-8. 

[11]	 Nemes E, Geldenhuys H, Rozot V, Rutkowski KT, 
Ratangee F, Bilek N, et al. Prevention of m. tubercu-
losis Infection with H4:IC31 Vaccine or BCG Revac-
cination. N Engl J Med 2018; 379:138-49. 

[12]	 Ponnighaus JM, Fine PE, Sterne JA, Wilson RJ, 
Msosa E, Gruer PJ, et al. Efficacy of BCG vaccine 
against leprosy and tuberculosis in northern Mala-
wi. Lancet 1992; 339:636-9. 

[13]	 Roth A, Gustafson P, Nhaga A, Djana Q, Poulsen 
A, Garly ML, et al. BCG vaccination scar associated 
with better childhood survival in Guinea-Bissau. 
Int J Epidemiol 2005; 34:540-7. 

[14]	 Shann F. The non-specific effects of vaccines. 
Arch Dis Child 2010;95:6627.

[15]	 Stensballe LG, Nante E, Jensen IP, Kofoed PE, 
Poulsen A, Jensen H, et al. Acute lower respiratory 
tract infections and respiratory syncytial virus in 
infants in Guinea-Bissau: a beneficial effect of BCG 
vaccination for girls community based case-control 
study. Vaccine 2005; 23:1251-1257.  

[16]	 Walk J, de Bree LCJ, Graumans W, Stoter R, van 
Gemert GJ, van de Vegte-Bolmer M, et al. Outcomes 
of controlled human malaria infection after BCG 
vaccination. Nat Commun 2019; 10:874. 

[17]	 Wardhana, Datau EA, Sultana A, Mandang VV, 
Jim E. The efficacy of Bacillus Calmette-Guerin vac-
cinations for the prevention of acute upper respira-
tory tract infection in the elderly. Acta Med Indones 
2011; 43:185-90. 

[18]	 Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder 
Cancer: A Review. JAMA 2020; 324:1980-91. 

[19]	 Crispen PL, Kusmartsev S. Mechanisms of im-
mune evasion in bladder cancer. Cancer Immunol 
Immunother 2020; 69:3-14. 

[20]	 Kuhtreiber WM, Tran L, Kim T, Dybala M, Nguy-
en B, Plager S, et al. Long-term reduction in hyper-
glycemia in advanced type 1 diabetes: the value of 
induced aerobic glycolysis with BCG vaccinations. 
NPJ Vaccines. 2018; 3:23.  

[21]	 Shpilsky GF, Takahashi H, Aristarkhova A, Weil 
M, Ng N, Nelson KJ, et al. Bacillus Calmette-Guer-
in’s beneficial impact on glucose metabolism: 
Evidence for broad based applications. IScience 
2021;24:103150. 

[22]	 Paolillo A, Buzzi MG, Giugni E, Sabatini U, 
Bastianello S, Pozzilli C, et al. The effect of bacille 
calmette-guerin on the evolution of new enhancing 
lesions to hypointense T1 lesions in relapsing re-
mitting MS. J Neurol. 2003; 250:247-8.  

[23]	 Ristori G, Romano S, Cannoni S, Viscon-
ti A, Tinelli E, Mendozzi L, et al. Effects of bacille 
calmette-guerin after the first demyelinating event 
in the CNS. Neurology. 2014; 82:41-8. 

[24]	 WHO, BCG vaccines: WHO position paper - Feb-
ruary 2018. Wkly Epidemiol Rec. 2018; 93:7396.  

[25]	 de Almeida-Pititto B, Dualib PM, Zajdenverg L, 
Dantas JR, de Souza FD, Rodacki M, et al. Severity 
and mortality of COVID 19 in patients with diabe-
tes, hypertension and cardiovascular disease: a me-
ta-analysis . Diabetol Metab Syndr. 2020; 12:75. .

[26]	 Barrett CE, Park J, Kompaniyets L, Baggs J, Cheng 
YJ, Zhang P, et al. Intensive care unit admission, me-
chanical ventilation, and mortality among patients 
with Type 1 diabetes hospitalized for COVID-19 in 
the U.S. Diabetes Care. 2021;44:1788-96.  

[27]	 Demirci I, Haymana C, Tasci I, Satman I, Atmaca 
A, Ashen M, et al. Higher rate of COVID-19 mortal-
ity in patients with type 1 than type 2 diabetes: a 
nationwide study. Endokrynol Pol. 2022;73:87-95. 

[28]	 Brosh-Nissimov T, Orenbuch-Harroch E, Chow-
ers M, Elbaz M, Nesher L, Stein M, et al. BNT162b2 
vaccine breakthrough: clinical characteristics of 152 
fully vaccinated hospitalized COVID-19 patients in 
Israel. Clin Microbiol Infect. 2021; 27:1652-7. 

[29]	 Basso P, Negro C, Cegolon L, Larese Filon F. Risk 
of vaccine breakthrough SARS-CoV-2 Infection and 
associated factors in healthcare workers of trieste 
teaching hospitals (North-Eastern Italy). Viruses. 
2022; 14.   

[30]	 Lee CM, Lee E, Park WB, Choe PG, Song KH, Kim 
ES, et al. Breakthrough COVID-19 infection during 
the delta variant dominant period: individualized 
care based on vaccination status is needed. J Kore-
an Med Sci. 2022; 37:e252. 

[31]	 Takahashi H, Kühtreiber WM, Keefe RC, Lee 
AH, Aristarkhova A, Dias HF et al. BCG vaccinations 
drive epigenetic changes to the human T cell recep-
tor: Restored expression in type 1 diabetes. Sci Adv 
2022;8: eabq7240.

https://www.sciencedirect.com/science/article/pii/S0092867420311399
https://www.sciencedirect.com/science/article/pii/S0092867420311399
https://www.bmj.com/content/337/bmj.a2052.long
https://www.bmj.com/content/337/bmj.a2052.long
https://www.bmj.com/content/337/bmj.a2052.long
https://www.bmj.com/content/321/7274/1435
https://www.bmj.com/content/321/7274/1435
https://www.bmj.com/content/321/7274/1435
https://www.nejm.org/doi/full/10.1056/NEJMoa1714021
https://www.nejm.org/doi/full/10.1056/NEJMoa1714021
https://www.nejm.org/doi/full/10.1056/NEJMoa1714021
https://www.thelancet.com/journals/lancet/article/PII0140-6736(92)90794-4/fulltext
https://www.thelancet.com/journals/lancet/article/PII0140-6736(92)90794-4/fulltext
https://www.thelancet.com/journals/lancet/article/PII0140-6736(92)90794-4/fulltext
https://academic.oup.com/ije/article/34/3/540/682234?login=false
https://academic.oup.com/ije/article/34/3/540/682234?login=false
https://adc.bmj.com/content/95/9/662.long
https://www.sciencedirect.com/science/article/pii/S0264410X04006747?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X04006747?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X04006747?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X04006747?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X04006747?via%3Dihub
https://www.nature.com/articles/s41467-019-08659-3
https://www.nature.com/articles/s41467-019-08659-3
https://www.nature.com/articles/s41467-019-08659-3
https://www.researchgate.net/publication/51699244_The_efficacy_of_Bacillus_Calmette-Guerin_vaccinations_for_the_prevention_of_acute_upper_respiratory_tract_infection_in_the_elderly
https://www.researchgate.net/publication/51699244_The_efficacy_of_Bacillus_Calmette-Guerin_vaccinations_for_the_prevention_of_acute_upper_respiratory_tract_infection_in_the_elderly
https://www.researchgate.net/publication/51699244_The_efficacy_of_Bacillus_Calmette-Guerin_vaccinations_for_the_prevention_of_acute_upper_respiratory_tract_infection_in_the_elderly
https://jamanetwork.com/journals/jama/article-abstract/2772966
https://jamanetwork.com/journals/jama/article-abstract/2772966
https://link.springer.com/article/10.1007/s00262-019-02443-4
https://link.springer.com/article/10.1007/s00262-019-02443-4
https://www.nature.com/articles/s41541-018-0062-8
https://www.nature.com/articles/s41541-018-0062-8
https://www.nature.com/articles/s41541-018-0062-8
https://link.springer.com/article/10.1007/s00415-003-0967-6
https://link.springer.com/article/10.1007/s00415-003-0967-6
https://link.springer.com/article/10.1007/s00415-003-0967-6
https://link.springer.com/article/10.1007/s00415-003-0967-6
https://n.neurology.org/content/82/1/41.long
https://n.neurology.org/content/82/1/41.long
https://n.neurology.org/content/82/1/41.long
http://apps.who.int/iris/bitstream/handle/10665/260306/WER9308.pdf;jsessionid=7080F2C88EA0040CC87290A9AD1944AB?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/260306/WER9308.pdf;jsessionid=7080F2C88EA0040CC87290A9AD1944AB?sequence=1
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-020-00586-4
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-020-00586-4
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-020-00586-4
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-020-00586-4
https://diabetesjournals.org/care/article/44/8/1788/138849/Intensive-Care-Unit-Admission-Mechanical
https://diabetesjournals.org/care/article/44/8/1788/138849/Intensive-Care-Unit-Admission-Mechanical
https://diabetesjournals.org/care/article/44/8/1788/138849/Intensive-Care-Unit-Admission-Mechanical
https://diabetesjournals.org/care/article/44/8/1788/138849/Intensive-Care-Unit-Admission-Mechanical
https://journals.viamedica.pl/endokrynologia_polska/article/view/87201
https://journals.viamedica.pl/endokrynologia_polska/article/view/87201
https://journals.viamedica.pl/endokrynologia_polska/article/view/87201
https://www.sciencedirect.com/science/article/pii/S1198743X21003670?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1198743X21003670?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1198743X21003670?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1198743X21003670?via%3Dihub
https://www.mdpi.com/1999-4915/14/2/336
https://www.mdpi.com/1999-4915/14/2/336
https://www.mdpi.com/1999-4915/14/2/336
https://www.mdpi.com/1999-4915/14/2/336
https://jkms.org/DOIx.php?id=10.3346/jkms.2022.37.e252
https://jkms.org/DOIx.php?id=10.3346/jkms.2022.37.e252
https://jkms.org/DOIx.php?id=10.3346/jkms.2022.37.e252


Miriam Davis, Grace Wolfe, Maya Vaishnaw, Willem Kuhtreiber, Denise Faustman

Am J Prev Med Public Health • 2022 • Vol 8 • Issue 116

[32]	 Faustman DL, Lee A, Hostetter ER, Aristarkho-
va A, Ng NC, Shpilsky GF, et al. Multiple BCG vacci-
nations for the prevention of COVID-19 and other 
infectious diseases in type 1 diabetes. Cell Rep Med. 
2022; 3:100728.   

[33]	 Aronson NE, Santosham M, Comstock GW, How-
ard RS, Moulton LH, Rhoades ER, et al. Long-term 
efficacy of BCG vaccine in American Indians and 
Alaska Natives: A 60-year follow-up study. JAMA. 
2004; 291:2086-91. 

[34]	 Tsilika M, Taks E, Dolianitis K, Kotsaki A, Lev-
entogiannis K, Damoulari C, et al. ACTIVATE-2: a 
double-blind randomized trial of BCG vaccination 
against COVID-19 in individuals at risk. Front Im-
munol. 2022; 13:873067. 

[35]	 Sinha S, Ajayababu A, Thukral H, Gupta S, Guha 
SK, Basu A, et al. Efficacy of bacillus calmette-guerin  
vaccination in reducing the incidence and severity 
of COVID-19 in high-risk population (BRIC): A phase 
III, multi-centre, quadruple-blind randomised con-
trol trial. Infect Dis Ther 2022; 11:2205–2217. 

[36]	 Netea MG, Joosten LA, Latz E, Mills KH, Natoli 
G, Stunnenberg HG, et al. Trained immunity: a pro-
gram of innate immune memory in health and dis-
ease. Science 2016; 352:aaf1098.  

[37]	 O’Neill LAJ, Netea MG. BCG-induced trained im-
munity: can it offer protection against COVID-19?. 
Nat Rev Immunol 2020; 20:335-7.  

[38]	 Kuhtreiber WM, Takahashi H, Keefe RC, Song Y, 
Tran L, Luck TG, et al. BCG vaccinations upregulate 
myc, a central switch for improved glucose metabo-
lism in diabetes. iScience 2020; 23:101085.  

[39]	 Shpilsky GF, Takahashi H, Aristarkhova A, Weil 
M, Ng N, Nelson KJ, et al. Bacillus calmette-guerin 
‘s beneficial impact on glucose metabolism: evi-
dence for broad based applications. iScience 2021; 
24:103150. 

[40]	 Ten Doesschate, T, van der Vaart TW, Debisa-
run PA, Taks E, Moorlag SJCFM, Paternotte N  et al. 
Bacillus Calmette-Guerin vaccine to reduce health-
care worker absenteeism in COVID-19 pandemic, a 
randomized controlled trial. Clin Microbiol Infect 
2022;28: 1278-1285.

[41]	 Upton CM, Wijk RCV ,Mockeliunas R , Simons-
son USH , McHarry K, Hoogen GVD  et al.  Safety 
and efficacy of BCG re-vaccination in relation to 
COVID-19 morbidity in healthcare workers: A dou-
ble-blind, randomised, controlled, phase 3 trial. 
EClinicalMedicine 2022;48: 101414.

[42]	 Pittet LF, Messina NL, Gardiner K, Orsini F, Abru-
zzo V, Bannister S, et al. BCG vaccination to reduce 
the impact of COVID-19 in healthcare workers: Pro-
tocol for a randomised controlled trial (BRACE tri-
al). BMJ Open 2021; 11:e052101.  

[43]	 Ajufo E, Rao S, Navar AM, Pandey A, Ayers CR, 
Khera A. U.S. population at increased risk of severe 
illness from COVID-19. Am J Prev Cardiol 2021; 
6:100156.  

[44]	 Chemaitelly H, Ayoub HH, AlMukdad S, Coyle P, 
Tang P, Yassine HM, et al. Duration of mRNA vac-
cine protection against SARS-CoV-2 Omicron BA.1 
and BA.2 subvariants in Qatar. Nat Commun 2022; 
13:3082.  

[45]	 Lauring AS, Tenforde MW, Chappell JD, Gaglani 
M, Ginde AA, McNeal T, et al. Clinical severity of, and 
effectiveness of mRNA vaccines against, covid-19 
from omicron, delta, and alpha SARS-CoV-2 vari-
ants in the United States: Prospective observational 
study. BMJ 2022; 376:e069761.   

https://www.sciencedirect.com/science/article/pii/S2666379122002713?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666379122002713?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666379122002713?via%3Dihub
https://jamanetwork.com/journals/jama/fullarticle/198681
https://jamanetwork.com/journals/jama/fullarticle/198681
https://jamanetwork.com/journals/jama/fullarticle/198681
https://www.frontiersin.org/articles/10.3389/fimmu.2022.873067/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.873067/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.873067/full
https://link.springer.com/article/10.1007/s40121-022-00703-y
https://link.springer.com/article/10.1007/s40121-022-00703-y
https://link.springer.com/article/10.1007/s40121-022-00703-y
https://link.springer.com/article/10.1007/s40121-022-00703-y
https://link.springer.com/article/10.1007/s40121-022-00703-y
https://www.science.org/doi/10.1126/science.aaf1098?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.science.org/doi/10.1126/science.aaf1098?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.science.org/doi/10.1126/science.aaf1098?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.nature.com/articles/s41577-020-0337-y
https://www.nature.com/articles/s41577-020-0337-y
https://www.cell.com/iscience/fulltext/S2589-0042(20)30270-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004220302704%3Fshowall%3Dtrue
https://www.cell.com/iscience/fulltext/S2589-0042(20)30270-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004220302704%3Fshowall%3Dtrue
https://www.cell.com/iscience/fulltext/S2589-0042(20)30270-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004220302704%3Fshowall%3Dtrue
https://www.cell.com/iscience/fulltext/S2589-0042(21)01118-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004221011184%3Fshowall%3Dtrue
https://www.cell.com/iscience/fulltext/S2589-0042(21)01118-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004221011184%3Fshowall%3Dtrue
https://www.cell.com/iscience/fulltext/S2589-0042(21)01118-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2589004221011184%3Fshowall%3Dtrue
https://bmjopen.bmj.com/content/11/10/e052101
https://bmjopen.bmj.com/content/11/10/e052101
https://bmjopen.bmj.com/content/11/10/e052101
https://bmjopen.bmj.com/content/11/10/e052101
https://www.sciencedirect.com/science/article/pii/S2666667721000118?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666667721000118?via%3Dihub
https://www.nature.com/articles/s41467-022-30895-3
https://www.nature.com/articles/s41467-022-30895-3
https://www.nature.com/articles/s41467-022-30895-3
https://www.bmj.com/content/376/bmj-2021-069761.long
https://www.bmj.com/content/376/bmj-2021-069761.long
https://www.bmj.com/content/376/bmj-2021-069761.long
https://www.bmj.com/content/376/bmj-2021-069761.long
https://www.bmj.com/content/376/bmj-2021-069761.long

