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ABSTRACT

Introduction: Bacille Calmette–Guérin (BCG)
vaccination has shown promising therapeutic
effects for type 1 diabetes (T1D). According to
recent studies, immunometabolism modifica-
tion and regulation of T lymphocytes constitute
the proposed mechanisms by which BCG vac-
cination may delay T1D onset. Clinical trial
evidence from Turkey supports that two to three
doses of the BCG vaccine in childhood, with the
first dose administered in the first year of life,
may prevent T1D. In the same study, one or
zero vaccinations appeared to have no effect in

T1D onset prevention. In Greece, the BCG vac-
cine was administered in a single dose at the age
of 9 years in elementary school. BCG vaccina-
tion was not performed on a mandatory basis,
creating one BCG vaccinated and one non-
vaccinated population. The aim of our study
was to investigate the possible effect of a single
dose of BCG vaccine, at the age of 9 years, on
the time of T1D onset, in a population of BCG
vaccinated and non-vaccinated patients with
diagnosed T1D.
Methods: To test this hypothesis, a survey
through the Pan-Hellenic Federation of People
with Diabetes (PFPD) was performed. In this
observational, retrospective study, participating
patients provided information regarding age,
gender, time of diagnosis, and BCG vaccination
status. Patients diagnosed with T1D before the
age of 9 years were excluded from the analysis.
Results: The final sample included 196 patients
(73 male and 123 female) with a mean age of
42.2 ± 14.3 years and a mean duration of dia-
betes of 16.8 ± 12.9 years. Mean age of T1D
diagnosis in the BCG vaccinated group was
24.0 ± 19.0 years, while the mean age of T1D
diagnosis in the BCG non-vaccinated group was
21.5 ± 14.3 years (p = 0.03). No interaction was
found between gender and the age of diagnosis
for BCG vaccinated and unvaccinated patients
(p = 0.86).
Conclusion: The results of our study suggest
that a single dose of BCG vaccine, performed at
the age of 9 years, may delay the onset of T1D
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by 2.5 years. Additional studies of children
receiving multiple doses of BCG should be
conducted to possibly prove prolongation of
the disease-free interval.

Keywords: Diabetes; Type 1 diabetes; BCG
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Key Summary Points

Why carry out this study?

Approximately 463 million people are
living with diabetes worldwide.

Clinical trials support that bacille
Calmette–Guérin (BCG) vaccination
possibly delays type 1 diabetes (T1D)
onset via modification of
immunometabolism and inflammation.

In Greece BCG vaccination was not
performed on a mandatory basis, creating
one BCG vaccinated and one non-
vaccinated population.

What was learned from the study?

Differences between the age of diagnosis
and BCG vaccination status group were
tested by the Mann–Whitney U test.

The difference between the two groups
was statistically significant (p = 0.03). The
BCG non-vaccination group of patients
tends to have the initial diagnosis earlier
than vaccinated patients.

The current trial showed that BCG
vaccination, with a single dose at the age
of 9 years, probably causes a delay in T1D
onset.

INTRODUCTION

The global estimate of adults living with dia-
betes is 463 million, while a further 1.1 million
children and adolescents living with type 1

diabetes (T1D) [1]. Two decades of research have
indicated the beneficial effect of bacille Cal-
mette–Guérin (BCG) vaccination for T1D. BCG
is one of the commonest vaccines worldwide,
and it is has been used for over 100 years with
limited side effects. Clinical trials support that
BCG vaccination can delay or even prevent the
onset of T1D via modification of the immune
system response and immunometabolism [2].

According to the immunometabolism
mechanism, after BCG vaccination, immune
system cells shift their metabolic function from
overactive oxidative phosphorylation to aerobic
glycolysis. Oxidative phosphorylation depends
on small amounts of glucose to produce energy
via the Krebs cycle. On the contrary, aerobic
glycolysis demands great amounts of extracel-
lular glucose to obtain energy and synthesize
purines, which are DNA and RNA building
blocks [2]. In addition, BCG vaccination
enhances tumor necrosis factor (TNF) produc-
tion, which activates T regulatory cells (Tregs)
and eliminates T cytotoxic lymphocytes (CTL).
As a result, the autoimmune response of CTLs
against insulin-produced islet of the pancreas is
reduced due to the CTLs limited number and
the suppressive action of Tregs [3–5].

Clinical trial evidence from Turkey supports
that two to three doses of the BCG vaccine in
childhood, with the first dose administered in
the first year of life, may prevent T1D [6]. In
Greece, the BCG vaccine was administered in a
single dose at the age of 9 years in elementary
school as a part of the national vaccination
program. BCG vaccination was not performed
on a mandatory basis, creating one BCG vacci-
nated and one non-vaccinated population. The
aim of our study was to investigate the possible
effect of a single dose of BCG vaccine, at the age
of 9 years, on the time of T1D onset, in a pop-
ulation of BCG vaccinated and non-vaccinated
patients with diagnosed T1D.

METHODS

To test this hypothesis, a retrospective obser-
vational study, through the Pan-Hellenic Fed-
eration of People with Diabetes (PFPD), was
performed. Participating patients with
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diagnosed T1D provided information regarding
age, gender, time of diagnosis, and BCG vacci-
nation status. Patients diagnosed with T1D
before the age of 9 years were excluded from the
analysis. The study was conducted from January
2019 to June 2019.

Differences between the age of diagnosis and
BCG vaccination status group were tested by the
Mann–Whitney U test. Two-way analysis of
variance (ANOVA) after logarithmic transfor-
mation of the data was used to explore the
interaction with gender. Statistical analysis was
conducted with SPSS software version 25 for
Windows (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.).

The study protocol was conducted according
to the Declaration of Helsinki and approved by
the ethics committee of the Salamis Naval and
Veterans Hospital, Salamis, Greece.

RESULTS

The final sample included 196 patients diag-
nosed with T1D (73 male and 123 female) with
a mean age (± standard deviation) of
42.2 ± 14.3 years and a mean (± standard
deviation) duration of diabetes
16.8 ± 12.9 years.

The median (± interquartile range) age of
diagnosis in the BCG vaccinated group of
patients was 24.0 ± 19.0 years, while the med-
ian (± interquartile range) age of the BCG non-
vaccinated group of patients was
21.5 ± 14.3 years (p = 0.03) (Fig. 1). The differ-
ence between the two groups was statistically
significant. The BCG non-vaccinated group of
patients tended to have the initial diagnosis
earlier than vaccinated patients.

No interaction was found between gender
and the age of diagnosis for BCG vaccinated and
non-vaccinated patients (p = 0.86) (Fig. 2). For
male patients, the median (± interquartile
range) age of diagnosis in the BCG vaccinated
group was 25.0 ± 15.5 years, while the median
(± interquartile range) age of the BCG non-
vaccinated group was 20.5 ± 14.5 years. For
female patients, the median (± interquartile
range) age of diagnosis in the BCG vaccinated
group was 24.0 ± 21.3 years, while the median
(± interquartile range) age of the BCG non-
vaccinated group was 21.0 ± 17.0 years.

DISCUSSION

The aim of this study was to investigate the
effect of BCG vaccination on the time of onset
of T1D. We found that there is a difference
related to the age of diagnosis in favor of BCG
vaccinated patients. Previously published stud-
ies indicate possible mechanisms to explain the
vaccine’s effect on glucose metabolism and the
function of pancreatic islets.

Fig. 1 Boxplot of age of diagnosis in bacille Cal-
mette–Guérin (BCG) vaccination groups

Fig. 2 Line chart of interaction between gender and age of
diagnosis for bacille Calmette–Guérin (BCG) vaccination
groups
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In the autoimmune environment, there is an
imbalance between Tregs and CTLs. This
imbalance leads to increased destruction of
pancreatic islet cells, giving a smaller number of
Tregs that stabilize the immune response. Sev-
eral studies have shown that not only BCG
vaccination but also tuberculosis infection
restore this imbalance of autoimmunity via the
production of TNF. TNF activates Tregs and
reduces the number of CTLs. This activation
occurs via epigenetic changes in the signature
genes of the Tregs. Results from trials in diabetic
mice have indicated the efficacy of BCG vaccine
on the regeneration of the pancreatic islet cells.
On the contrary, residual C peptide levels in
humans with a long duration of T1D after vac-
cination were undetectable. In case the vacci-
nation occurs before the onset of diabetes, islets
of the pancreas may be protected from
autoimmunity. In our study, BCG vaccination
was performed approximately at the age of
9 years. According to the aforementioned pro-
posed mechanism, BCG vaccination may pre-
sented a protective effect in pancreatic cells
from CTLs and autoimmunity. As a result, vac-
cinated subjects experiences a delay in devel-
oping T1D compared to the unvaccinated
[4–11].

The hygiene hypothesis contends that in
modern societies, there is a rise of autoimmune
diseases because of the reduced exposure of the
immune system to pathogens. In general,
microorganisms shift host cells’ metabolism to
aerobic glycolysis. Recent data have indicated
the relationship between glucose levels and
immunometabolism. In patients with diabetes,
immune cells like lymphocytes and macro-
phages are in an overactive state of oxidative
phosphorylation for energy production. Oxida-
tive phosphorylation uses Krebs cycle, produc-
ing ketones, and consequently, there is minimal
need for glucose uptake. As a result, a greater
amount of glucose remains extracellularly. In
contrast, after BCG vaccination in patients with
diabetes, aerobic glycolysis becomes the pre-
dominant metabolic pathway for energy pro-
duction. Pentose phosphate shunt is activated,
and membrane transportation of glucose is also
accelerated. Glucose becomes the main fuel of
immunometabolism, and fewer metabolites are

funneled through the Krebs cycle. Trials have
shown that purines which are metabolic prod-
ucts of pentose phosphate shunt are aug-
mented, and as a result, levels of serum glucose
tend to be lower. BCG vaccination regulates the
imbalance between oxidative phosphorylation
and aerobic glycolysis in lymphocytes. Our data
suggest that this physiologic mechanism not
only delays the onset of diabetes but also ame-
liorates serum glucose and HbA1c in diabetic
patients [12–14].

Several studies in diabetic mice and humans
suggest that not one but multiple BCG doses are
necessary to prevent T1D. In a randomized,
8-year, prospective trial, two doses of BCG vac-
cine were performed. After 3 years of clinical
observation, HbA1c values had been reduced to
near-normal levels and maintained for the next
5 years. mRNA sequencing and metabolomics
demonstrated that a shift had occurred from
oxidative phosphorylation to aerobic glycolysis
during the trial. In our observational study,
only a single dose of BCG vaccine had been
performed at the age of 9 years old. Neverthe-
less, we have noticed a significant increase in
the age of T1D diagnosis [9, 15].

Limitations

The main limitation of our study is the small
sample size. Therefore, larger, high-quality trials
with long follow-up periods are required to
verify our findings.

CONCLUSION

The current trial showed that BCG vaccination,
with a single dose at the age of 9 years old,
probably delays T1D onset. Additional studies
of children receiving multiple doses of BCG
should be conducted to possibly prove prolon-
gation of the disease-free interval.
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8. Kühtreiber WM, Faustman DL. BCG therapy for
type 1 diabetes: restoration of balanced immunity
and metabolism. Trends Endocrinol Metab.
2019;30(2):80–92.
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