SCIENTIFIC
O ARENTVRS,
Journal of Diabetes and Clinical Research Commentary

BCG Immunotherapy: Promising Protection from COVID-19
and Other Infectious Diseases in Type 1 Diabetics

] Diabetes Clin Res. 2025;7(1):38-43.

Denise L Faustman, MD, PhD'", Miriam Davis, PhD?, Willem M Kuhtreiber, PhD!
"Massachusetts General Hospital, Laboratory of Immunobiology and Harvard Medical School, Boston, MA, USA
*Massachusetts General Hospital, Laboratory of Immunobiology, Boston, MA, USA

"Correspondence should be addressed to Denise L Faustman, dfaustman@mgh.harvard.edu

Received date: May 16, 2025, Accepted date: August 06, 2025

Citation: Faustman DL, Davis M, Kiihtreiber WM. BCG Immunotherapy: Promising Protection from COVID-19 and Other
Infectious Diseases in Type 1 Diabetics. ] Diabetes Clin Res. 2025;7(1):38-43.

Copyright: © 2025 Faustman DL, et al. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.

Abstract

Individuals with type 1 diabetes are more vulnerable than the general population to morbidity and mortality from infectious disease, including
COVID-19. Over the last 20 years, the >100-year-old tuberculosis vaccine, known as Bacille Calmette-Guerin (BCG), has been observed in global
populations to protect from viral, bacterial and parasitic infections, among others. Our laboratory conducted the first and only trials in type 1
diabetics (T1Ds) to determine whether infectious disease protection could be conferred by multi-dose BCG vaccine as an immunotherapy. In
two back-to-back randomized, placebo-controlled, double-blinded trials covering the entire course of the COVID-19 pandemic, we found that
up to six doses of BCG were safe and protected against developing COVID-19 and other infections. Like other BCG-related off-target effects,
these benefits took a minimum of 3 years to begin to materialize, yet they potentially may last for decades. A total of 12 worldwide clinical
trials have evaluated largely single-dose BCG vaccines for COVID-19 prevention in other high-risk populations, like the elderly and health
care workers. Five found BCG to be efficacious, while seven did not. The BCG trials that failed to find benefit were often too short in duration
to obtain protection. We show, in a US T1D population, that full infectious disease protection takes up to 5 years. Also, many negative trials
testing BCG efficacy were actually BCG booster (re-vaccination) trials in which placebo groups had also received prior neonatal BCG vaccines,
thereby obscuring the possibility of finding a large benefit in the treatment group. Further, not all clinical trials utilized the most potent BCG
strains. On the basis of our successful trials of multi-dose BCG in a vulnerable US population of T1D subjects, we conclude that this population
stands to benefit from multi-dose BCG immunotherapy for protection from COVID-19 and other infectious diseases.
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Introduction

Type 1 diabetics (T1Ds) are more vulnerable to infectious
disease than the general population [1]. T1Ds are also at higher
risk of morbidity and mortality from COVID-19, according
to two nationwide studies, one from the US and the other
from Greece. These studies find that T1Ds have up to 74%
higher rate of hospitalization, up to 4 times higher rate of ICU
admission, and up to 6 times higher mortality from COVID-19
than a reference population of type 2 diabetics (T2D) or non-
diabetics [2,3]. The reasons why T1Ds are at such high-risk
from COVID-19 and other infections are not known, but one
study finds that immune T cells in autoimmune disease may
have lower T cell receptor density and signal strength [4]. The
T cell receptor is a driver of the immune response and helps B
cells make life-saving immunoglobulins to prevent infectious
diseases.

The Bacille Calmette-Guerin Vaccine

The Bacille Calmette-Guerin (BCG) vaccine has beguilingly
broad protective properties against infectious disease.
Originally introduced >100 years ago for tuberculosis
prevention, BCG consists of a live attenuated version of the
bacterium that causes tuberculosis in cattle (Mycobacterium
bovis). It provides protection against Mycobacterium
tuberculosis, the strain that causes human tuberculosis,
in about 50% of recipients for a period of 10-20 years [5].
As early as 1931, one the founders of the vaccine, Albert
Calmette, observed that the BCG vaccine had infectious
disease benefits beyond tuberculosis: it curtailed childhood
mortality unrelated to tuberculosis by four-fold [6]. Since then,
research has established that the BCG vaccine protects against
upper respiratory tract infections, leprosy, malaria, viral, and
bacterial infections [7-21]. In our studies in the US, subjects
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do not frequently get parasites, malaria or yellow fever but
frequently, especially with diabetes, have high incidences of
bladder infection, skin infections related to glucose and insulin
infusion devices, dental infections and more susceptible
to cold and flu episodes, all which decrease after long term
exposures to BCG [22,23].

BCG has been in continuous use since its introduction and is
currently administered to neonates in more than 150 countries
[24]. BCG is one of the safest vaccines ever developed. Around
3-4 billion people have been vaccinated thus far with minimal
side effects.

BCG Immunotherapy for Type 1 Diabetes

Our laboratory’s interest in BCG traces back more than a
decade when we hypothesized that the BCG vaccine used not
for prevention but as an immunotherapy would hold promise
for treating type 1 diabetes based on its immunomodulatory
effects. Our first randomized clinical trial found that multi-
dose BCG produced favorable biomarker changes and
transiently restored small amounts of pancreatic insulin—but
did not lower hemoglobin Alc (HbA1c) by the conclusion
of the 20-week trial [25]. We did observe the acute death of
insulin autoreactive T cells from the known action of BCG to
induce innate immunity and the release of TNF, a cytokine that
at low dose kills only autoreactive T cells. Upon learning that
BCG held therapeutic benefit for multiple sclerosis, another
autoimmune disease, after a post-exposure latency period
of years rather than months [26], we extended the period of
observation of our trial long beyond 20 weeks. This made all
the difference: we were able to show that BCG successfully
reduced HbA1c levels to near normal in T1Ds after an interval
of 3 years, and the benefit persisted for at least another 5

years [27]. Additional clinical trials, all conducted in the US,
confirmed two more times that BCG successfully reduces
HbA1c levels to near normal levels in T1Ds after a minimum
interval of 2-3 years [28,29]. This exciting result was achieved
in people with longstanding diabetes averaging 15-20 years
duration (Figure 1).

Later, in 2020, at the origin of the COVID-19 pandemic, we
had underway a Phase 2 double-blind, placebo-controlled
trial of multi-dose BCG for glycemic control in T1D. Patients
already had received three 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 with 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 [22]. Our participants had received neither COVID-19
vaccine nor prior neonatal BCG vaccine, and they also were
tuberculosis-negative. We found that multi-dose BCG was
not only safe but was 92% effective compared to placebo in
protecting type 1 diabetics from COVID-19 infection early
in the pandemic [22] (Figure 2). Moreover, the BCG group
(vs placebo group) had fewer infections of any type, fewer
infectious symptoms, and lower infection severity (Figure 2).
This kind of broad infectious disease protection suggested
that BCG also might be advantageous against new SARS-
CoV-2 variants. The trial’s strengths were multi-dose BCG, use
of a potent strain of BCG (Tokyo-172), long follow-up period,
and no systemic adverse events or patient drop-outs. The 92%
efficacy was similar to that in both the Pfizer and Moderna
mMRNA clinical trials [30,31]. In sum, BCG was acting as a
platform immunotherapy for infectious diseases and for all
versions of the evolving COVID-19 virus.
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Figure 1. Past adult BCG human clinical trials with autoimmune outcomes. The data shows, for both randomized double-blind trials (RCT)
as well as for open label clinical trials, clinically meaningful outcomes in both autoimmune diabetes and multiple sclerosis. It is important
to note for all clinical trials, at least in adults, a lag time of 2-3 years from the start of multi-dosing of BCG to the appearance of clinically
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Figure 2. All infectious diseases in Type 1 diabetics for 8 years: From Phase Il RCT for diabetes outcomes, 8+ years. The data reveals
in subjects receiving 6 BCG vaccines, two vaccines in year 01 followed by four yearly vaccines, that onset of infectious disease protection
is a slow process whether for all infectious diseases or for COVID-19 protection. The dashed line is the start of the COVID-19 US pandemic.
The data also shows the durability and growing stability of infectious disease protection against all infectious diseases with multi-dose BCG.

Our second trial, a Phase 3 trial, was a 19-month-long trial
conducted late in the pandemic during the period of delta
and omicron variant predominance, again in vulnerable
T1D subjects. We found that BCG had an efficacy of 43.2% vs
placebo against SARS-CoV-2 infection (p=0.023) [23]. When
we combined results of the Phase 2 and 3 trials, we reported
an efficacy of 54.3%. Also, BCG was acting like a platform
vaccine and continued to work against evolving strains of
the COVID-19 virus. In contrast, the COVID-19 mRNA vaccines
not only had short duration of protection in the general US
population, but also rapid obsolescence against viral drift
during the pandemic. Our Phase 3 trial also demonstrated
that mRNA vaccines had no efficacy in the type 1 diabetic
population [23].

Itisimportantto point out that like the multi-dose BCG clinical
trials in autoimmunity, the clinically significant protection
from all infectious disease or from COVID-19 required about
4 years for the placebo and BCG treatment groups to diverge
(Figure 2). This re-set of the immune system was slow but
stable and increased in magnitude with the passage of time.

Two other trials in high-risk populations supported our
findings in high-risk T1D subjects. The first, known as
ACTIVATE-2, was a multi-center, double-blind, placebo-
controlled, phase lll randomized trial of BCG for protection
against COVID-19 among high-risk patients in Greece [32].
The high-risk patients were over 50 years old and nearly
20% had T2D. No T1Ds were included. The trial found a 68%
reduced risk of symptom-based and/or laboratory-based
COVID-19 infection compared to placebo. While it did not
study protection against other pathogens, an earlier trial by

the same investigators, known as ACTIVATE, reported that
BCG (vs placebo) reduced the incidence of non-COVID upper
respiratory tract infections in elderly individuals 65 years or
older [12].

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 [33]. Participation was excluded if patients had been
vaccinated against COVID-19. Fifty percent of patients had
diabetes, but the authors did not specify which type(s). A
history 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 unreported) 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 probable COVID-19 by
symptom profile. The trial found that BCG did not prevent
definite COVID-19, but it did prevent probable COVID-19. The
BCG group displayed a 62% decrease in probable 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 cases
in the BCG group and 6 cases (2.4%) in the placebo group,
each with a P value of 03. The trial found no vaccine-related
serious adverse events (grade 3 or grade 4). The US population
is particularly well-suited for BCG human clinical trials because
in the US the BCG vaccine has never been used routinely and
has never been administered at birth like in most third-world
countries.
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Figure 3. Cumulative infectious diseases during COVID-19 pandemic in type 1 diabetic subjects that received 4 BCG vaccines in prior
years. This RCT data shows that in T1Ds throughout the entire US COVID-19 pandemic, there was protection from all infectious diseases and
against all COVID-19 variants, with growing efficacy over the passage of time. This combined data is from both a Phase Il and Phase Ill RCT of
COVID-19 and infectious disease outcomes [22,23]. Note that, at the start of these two sequential clinical trials, T1D subjects had all received
at least 3 BCG vaccines during the prior two years in a separate clinical trial.

Studies of Off-target Effects Need Long Term Follow-up
Plus Other Design Features

When looking at the body of evidence, there have been 12
randomized clinical trials of BCG for COVID-19 prevention. Five
of them, including our two US based clinical trials, show BCG
efficacy against primary COVID-19 infection, while seven did
not. Post-hoc analysis of 8 of these trials found that BCG was
superior to placebo in preventing death from COVID-19 [34].

Design features of the negative trials may have precluded
observing a BCG effect on primary prevention. First, the trial
may not have excluded people with prior BCG or tuberculosis
exposure, both of which confer long-term protection against
infectious diseases [35]. Inclusion of BCG-vaccinated or
tuberculosis-exposed subjects would have obscured finding
a BCG benefit with respect to SARS-CoV-2 infection. Second,
the trial may not have used the most potent strains of BCG.
The strain we used, Tokyo 174, is the most potent [36]. Third,
the trial may have used only a single dose instead of a multi-
dose regimen of up to 6 doses. Multiple BCG doses work
best to achieve the metabolic and T cell changes that occur
in the adaptive and innate immune system, according to our
mechanistic studies [4,28,29,37]. Fourth, the trial may have
been in health care workers who as a group are resistant to
infections and lack immune compromise. Fifth, and arguably
the most important feature, the trial may not have been long
enough in duration. BCG benefit takes at least 3-5 years to
be realized against primary COVID-19 infection, but once

obtained may last years to decades [27,35] instead of the
months-long protection afforded by mRNA vaccines against
primary infection [38,39]. Figure 1 summarizes the years-long
interval needed to observe benefit from BCG in autoimmune
patients never previously immunized with BCG. It captures our
experience with BCG for improving glycemic control in T1D,
as well as for preventing infectious diseases. The figure also
summarizes the experience of the team studying BCG for the
treatment of multiple sclerosis (MS) [26].

A key question is why BCG immunotherapy in US-based
adults takes 2-3 years to show autoimmunity benefits and even
5years for full infectious disease protection. In the case of T1D,
BCG triggers a shift in host energy metabolism from oxidative
phosphorylation to aerobic glycolysis, a transformation
that occurs gradually over a 2-3 year interval [27]. We also
have recently reported, on the basis of human imaging with
positron emission tomography, that BCG's glucose-lowering
effect in T1Ds unfolds gradually in the spleen, where BCG
takes up residence over a similar years-long time course [40].

Current Covid Vaccines Do Not Protect Type 1 Diabetics
from SARS-CoV-2 Infection

In clinical trials of COVID-19 mRNA vaccines, people with
diabetes were successfully protected against SARS-CoV-2
infection. We know this from subgroup analyses of the Pfizer
and Moderna trials, as reported in FDA briefing documents.
The documents revealed that the mRNA vaccine efficacy in
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diabetics ranged from 94 to 100%, a range similar to that seen
in the general population. The problem is that the COVID-19
clinical trial data did not specify the type of diabetes. Since
T1Ds account for only 6% of all diabetics [41], we assert that
these trial results do not necessarily apply to T1Ds. In fact,
there is evidence to the contrary. T1Ds are at least twice as
likely to die from COVID-19 compared to T2D [3]. At least two
real-world studies report that diabetics are more susceptible
to breakthrough infection after COVID vaccination than
nondiabetics [42,43]. In addition, when we separately analyzed
the no-BCG placebo recipients in our trials, we found that the
COVID-19 vaccine-treated subset developed COVID-19 at
a rate no different from that in placebo subjects who never
received COVID-19 vaccinations [23]. To reiterate, none of
these placebo T1D subjects received prior BCG vaccine. Others
have also found that the administration of the COVID-19 mRNA
vaccines in T1D populations have low efficacy [44]. Others
report, even more disconcertingly, that either COVID-19 mRNA
vaccines or COVID-19 infection also can trigger new-onset
diabetic disease [45,46]. Published research has also indicated
that diabetics as a group are at greater risk of breakthrough
infection after receipt of mRNA vaccine [42,43], which further
suggests that the existing mRNA vaccines are less effective for
diabetics when compared with non-diabetics. If diabetics, as
a group, are at risk of breakthrough infection, then T1Ds, in
particular, are likely to have an even poorer outcome. This is a
reasonable inference based on findings wherein T1Ds, when
compared to T2Ds, are at least twice more prone to dying from
COVID-19 [3]. Taken together, this suggests an unmet need
in T1Ds for an effective vaccine against all infections and/or
COVID-19. We conclude that this group of highly infectious
disease-susceptible adults, who also have poor responses to
mRNA COVID-19 vaccines, may uniquely stand to gain from
multi-dose BCG immunotherapy.
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