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Objectives: To test whether Bacillus Calmette-Gu�erin (BCG) vaccination would reduce the incidence of
COVID-19 and other respiratory tract infections (RTIs) in older adults with one or more comorbidities.
Methods: Community-dwelling adults aged 60 years or older with one or more underlying comorbidities
and no contraindications to BCG vaccination were randomized 1:1 to BCG or placebo vaccination and
followed for 6 months. The primary endpoint was a self-reported, test-confirmed COVID-19 incidence.
Secondary endpoints included COVID-19 hospital admissions and clinically relevant RTIs (i.e. RTIs
including but not limited to COVID-19 requiring medical intervention). COVID-19 and clinically relevant
RTI episodes were adjudicated. Incidences were compared using Fine-Gray regression, accounting for
competing events.
Results: A total of 6112 participants with a median age of 69 years (interquartile range, 65e74) and
median of 2 (interquartile range, 1e3) comorbidities were randomized to BCG (n ¼ 3058) or placebo
(n ¼ 3054) vaccination. COVID-19 infections were reported by 129 BCG recipients compared to 115
placebo recipients [hazard ratio (HR), 1.12; 95% CI, 0.87e1.44]. COVID-19-related hospitalization occurred
in 18 BCG and 21 placebo recipients (HR, 0.86; 95% CI, 0.46e1.61). During the study period, 13 BCG re-
cipients died compared with 18 placebo recipients (HR, 0.71; 95% CI, 0.35e1.43), of which 11 deaths
(35%) were COVID-19-related: six in the placebo group and five in the BCG group.
Clinically relevant RTI was reported by 66 BCG and 72 placebo recipients (HR, 0.92; 95% CI, 0.66e1.28).
Discussion: BCG vaccination does not protect older adults with comorbidities against COVID-19, COVID-
19 hospitalization, or clinically relevant RTIs. Eva L. Koekenbier, Clin Microbiol Infect 2023;29:781
© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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Introduction

Although people of any age can develop COVID-19, older adults
are at highest risk of developing severe COVID-19, which is
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associated with high mortality and morbidity [1]. At the onset of
the pandemic, when preventive or curative interventions with
demonstrated efficacy were unavailable, strategies to prevent
SARS-CoV-2 infection or reduce infection severity in older adults
with comorbidities were urgently needed to bridge the gap until
effective vaccines and treatments became available.

Bacillus Calmette-Gu�erin (BCG), a live-attenuated tuberculosis
vaccine, has been one of the most used vaccines in the world [2].
Its use has been associated with off-target beneficial effects on the
innate immune system, called trained immunity [3]. It has been
suggested that BCG vaccine induces protection against various
respiratory infections, including those of viral etiology [4]. Pro-
tective effect of BCG vaccine has been demonstrated for the res-
piratory syncytial virus, influenza virus, and herpes simplex virus
in animals [5]. In a randomized clinical trial in Greece (ACTIVATE)
conducted before the COVID-19 pandemic, BCG vaccination in
older adults after hospital discharge was associated with lower
incidence of respiratory tract infections during a one-year follow-
up period [6]. In addition, murine studies have suggested bene-
ficial effects of BCG on the outcome of experimental infectionwith
SARS-CoV-2 [7].

Therefore, we tested the hypothesis that BCG vaccination would
reduce the incidence of COVID-19 and other respiratory tract in-
fections in older adults with one or more comorbidities in a ran-
domized double-blind placebo-controlled multicentre trial.

Methods

Trial design

We conducted a double-blind multicentre randomized placebo-
controlled trial with an adaptive primary endpoint in 20 hospitals
in the Netherlands.

Ethical considerations

The trial was approved by the Utrecht Institutional Review
Board (protocol NL74730.041.20), registered in the European Clin-
ical Trials Database (2020-003470-47), and conducted in compli-
ance with the ethical principles of the Declaration of Helsinki and
the Guidelines for Good Clinical Practice. All individuals provided
written informed consent prior to any study procedure.

Eligibility

Candidates were recruited at different departments, outpatient
clinics, and thrombosis care services; and were approached via the
treating physician or through leaflets. Patients could also self-
report their interest in the study. The period of inclusion was
from 7 September 2020 to 18 December 2020, before the start of
vaccination with COVID-19-specific vaccines in the Netherlands on
6 January 2021. Patients were eligible for enrolment in the trial if
they were 60 years of age or older and at risk of severe COVID-19,
had no contraindications to BCG vaccination, and had no docu-
mented COVID-19 infection prior to enrolment. Subjects with
previous receipt of BCG were eligible for participation. Full eligi-
bility criteria are provided in Table S1.

Trial procedures

Study participants were randomly assigned in a 1:1 ratio to
receive either 0.1 mL of BCG (Danish strain 1331; Statens Serum
Institut, Copenhagen, Denmark, all from the same batch) or 0.1 mL
saline placebo via intradermal injection in the left upper arm.
Concealed allocation was achieved by computer-generated
randomization (Castor electronic data capture system) in blocks
of varying sizes and stratified by centre and age (60e69, 70e79, and
�80 years). Participants, caregivers, and study personnel were
blinded, except for the medical monitor and the person who ran-
domized participants and prepared placebo or BCG vaccinations;
these unblinded persons were not involved in the enrolment or
administration of study vaccine. Participants were asked to answer
questions about symptoms, SARS-CoV-2 tests, vaccinations, and
healthcare visits either via a smartphone application or via regular
telephone calls for 6 months (182 days) after study vaccination (see
Supplementary Methods). Adherence to completed questionnaires
was monitored centrally, and non-adherent participants were
contacted. An independent Data Safety Monitoring Board (DSMB)
regularly reviewed unblinded data to monitor recruitment, data
quality, safety, and progress towards reaching the predefined
number of primary endpoints (see Outcomes below). The DSMB
could recommend premature termination of the trial if participant
safety might be jeopardized, or in case of BCG superiority in pre-
venting at least one of the primary endpoints.

Outcomes

All outcomes were based on participant self-reports, supple-
mented with data obtained from general practitioners and hospital
medical records when considered relevant. The trial was designed
with an adaptive primary endpoint. The primary endpoint would
either be (a) incidence of self-reported diagnostic test or imaging-
confirmed COVID-19 (with at least 67 episodes required) or (b)
clinically relevant RTI requiring medical intervention, potentially
including COVID-19 episodes (with at least 90 episodes required).
Endpoints were determined by adjudication (see Supplementary
Methods for definitions).

Secondary endpoints included the incidence of self-reported
asymptomatic, mild/moderate, and severe (requiring hospitaliza-
tion) SARS-CoV-2 infections, as well as pneumonia, medically
attended RTIs (irrespective of intervention), RTI-related hospital
admissions, and mental, physical, and social functioning (based on
validated questionnaires). To understand the impact of COVID-19
on clinically relevant RTI, we added an analysis of clinically rele-
vant RTIs excluding COVID-19. Safety endpoints included 6-month
mortality from all causes, adverse events (AEs), and serious adverse
events (SAEs). Detailed definitions of primary and secondary end-
points are provided in Table S2.

Statistical analysis

See Supplementary Methods for the sample size calculation.
All analyses were performed from an intention-to-treat

perspective, and patients who did not complete follow-up for
reasons other than deathwere censored. The primary endpoint was
reported as the cumulative incidence by treatment arm. A
competing risk analysis was performed using the Fine-Gray
regression model, with death as competing event and variables
used for stratified randomization (site of enrolment and age) as
covariates. The effect was reported as a sub-distribution hazard
ratio with 95% CI. Secondary and explorative endpoints were
analyzed using the same Fine-Gray model for time-to-event data, a
negative binomial regression model for count data [reported as risk
ratio with 95% CI], a Poisson regressionwith robust standard errors
for binary outcome (reported as risk ratio with 95% CI), and linear
regression for continuous outcome (reported as difference in mean
with 95% CI). For clinically relevant RTIs, we added a priori selected
outcome predictors as covariates in the regression models: car-
diovascular disease or stroke, chronic pulmonary disease, diabetes
mellitus, malignancy, and moderate-to-severe chronic renal
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disease. An unplanned explorative analysis of SARS-CoV-2-related
symptom severity and duration was performed by visually
inspecting the mean self-reported symptom severity per day for
30 days after symptom onset or test-positivity, whichever was
observed first. Analyses were performed in R version 4.0.3 [8].

Clinical trial registration: NCT04537663, Prevention of Respira-
tory Tract Infection and COVID-19 Through BCG Vaccination in
Vulnerable Older Adults (BCG-PRIME).
Results

From 7 September to 28 December 2020, 6112 subjects were
included and randomized: 3054 in the placebo group and 3058 in
the BCG group. In the BCG group, slightly more patients had a
history of BCG vaccination compared to the placebo group; other-
wise, baseline characteristics were comparable between the groups
(Tables 1 and S3). Follow-up was terminated prematurely for 88
(1.4%) participants (Fig. 1). At the end of study follow-up, 71% of the
participants had received first dose of SARS-CoV-2 vaccination
(placebo 2123/2962, 71.7% vs. BCG 2121/2979, 71.2%) and 31% were
fully vaccinated (placebo 940/2962, 31.7% vs. BCG 902/2979, 30.3%)
with no difference in the timing of the first dose between study
groups (Fig. S1).
Table 1
Baseline characteristicsa

Placebo

n 3054
Female sex (%) 1150 (37.7)
Age at enrolment, median (IQR) 69.00 [65.00,
Age category (%)

60e69 years
70e79 years
80þ years

1565 (51.2)
1260 (41.3)
229 (7.5)

Country/region of birth (%)
The Netherlands
Other

2944 (96.9)
110 (3.1)

Body mass index, median (IQR) 26.53 [24.15,
Number of reported comorbidities, median (IQR) 2 [1e3]
Comorbidities (%)

Hypertension
Cardiovascular disease
Post stroke
Diabetes mellitus
COPD
Asthma
Other pulmonary disease
Moderate-to-severe renal disease
Malignancy
Dementia

1622 (53.1)
1769 (58.0)
209 (6.8)
686 (22.5)
511 (16.7)
412 (13.5)
151 (4.9)
240 (7.9)
162 (5.3)
8 (0.3)

BCG vaccination previously (%) 413 (14.9)
Flu vaccination 2019e2020 season (%) 2211 (73.3)
Flu vaccination 2020e2021 season (%) 1578 (51.8)
Pneumococcal vaccination 2019e2020 season (%) 44 (1.5)
Pneumococcal vaccination 2020e2021 season (%)b 394 (13.0)
Other vaccination in past 12 mo (%) 68 (2.2)
Clinical frailty scale (%)

1e3 (Vital)
4e5 (Moderately frail)
6þ (Severely frail)

2571 (84.3)
421 (13.8)
58 (1.9)

Dependent (Katz ADL scorec) (%) 39 (1.3)
Dependent (Lawton & Brody iADL scorec) (%) 270 (8.9)
EQ-5D-3L quality of life scorec,
median (IQR)

0.93 [0.81, 0.

EQ VASc score, median (IQR) 80.00 [70.00,

ADL, activities of daily living; BCG, Bacillus Calmette-Gu�erin; iADL, instrumental activitie
a For the complete baseline characteristics and medication use at enrolment, please se
b Routine vaccination of adults over 60 years of age with 23-valent pneumococcal poly

season was 73e79 years old.
c See Table S2 for definition.
Most participants (68%) used the mobile application to fill in the
(bi)weekly questionnaires with no difference between the BCG and
placebo group. In total 90 649 of 91 680 planned follow-up ques-
tionnaires (98.9%) were completed and 5900 (96.5%) participants
completed all questionnaires (see Supplementary Results).
Clinical outcomes

The target number of primary endpoints was met for SARS-CoV-
2 infection on 5 January 2021. Based on the lack of a difference
between BCG and placebo (Table S4), the DSMB recommended
continuation of collecting endpoints as planned. At the end of the
follow-up period, there were no statistically significant differences
in any of the primary or secondary endpoints (Tables 2, S2, and
S5eS7 and Fig. 2). Hospital admission occurred in 39 of 270 (14%)
episodes of SARS-CoV-2 infection. SARS-CoV-2-related symptom
severity and duration was comparable between the placebo and
BCG groups (Fig. S2).

In an unplanned sensitivity analysis of the primary endpoint, we
censored participants at the time of their first SARS-CoV-2 vacci-
nation. Twenty-one COVID-19 infections (placebo 10 and BCG 11)
and one COVID-19-related hospitalization (BCG) occurred after the
first SARS-CoV-2 vaccination, yielding an adjusted sub-distribution
BCG Missing %

3058 d

1125 (36.8) 0.0
74.00] 69.00 [65.00, 74.00] 0.0

1576 (51.5)
1254 (41.0)
228 (7.5)

0.0

2951 (96.8)
107 (3.2)

0.4

29.76] 26.51 [24.07, 29.63] 0.1
2 [1e3] 0.3
1600 (52.3)
1708 (55.9)
207 (6.8)
656 (21.5)
529 (17.3)
449 (14.7)
166 (5.4)
224 (7.3)
152 (5.0)
4 (0.1)

0.0
0.1
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0

495 (17.9) 9.5
2209 (73.0) 1.1
1592 (52.1) 0.2
56 (1.8) 0.7
409 (13.4) 0.4
79 (2.6) 0.5
2588 (84.8)
413 (13.5)
51 (1.7)

0.2

25 (0.8) 0.4
281 (9.2) 0.4

93] 0.93 [0.81, 0.93] 0.4

89.25] 80.00 [70.00, 90.00] 0.5

s of daily living; IQR, interquartile range; VAS, visual analog scale.
e Table S3.
saccharide vaccine started in autumn of 2020. The target group for the 2020e2021
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hazard ratio of 1.13 (95% CI, 0.87e1.47) for COVID-19 and 0.81 (95%
CI, 0.43e1.54) for COVID-19-related hospitalizations.

Safety outcomes

Safety reports included 1749 non-serious AEs in 1218 placebo
recipients and 2964 non-serious AEs in 2050 BCG recipients, as well
as 249 SAEs in 217 placebo recipients and 300 SAEs in 256 BCG
recipients (Tables 3, S8, and S9).

Injection site AEs were most common, with local pain or
tenderness within 4 weeks reported by 246 participants in the
placebo group and 2137 in the BCG group. Most injection-site re-
actions were graded as mild or moderate and resolved within
12 weeks. However, 101 participants in the BCG group and one in
the placebo group reported severe local site reactions. Participants
in the BCG group with BCG vaccination prior to the trial had a
higher incidence and longer duration of local side effects (Fig. S3).
Fig. 1. Flowchart.
* A total of 1509 non-inclusions were recorded in 12 hospitals. These hospitals together enrol
screened patients.
As the DSMB noted more cardiac-related SAEs among BCG
recipients, an unplanned analysis of these events was requested.
The incidence of first cardiac arrhythmia SAEs was comparable
between both study groups, but first coronary artery SAEs
occurred more frequently in the BCG group than in the placebo
group (Table 3 and Fig. S4). Four of 22 (18%) patients with a cor-
onary artery SAE also had infection or inflammation-related (S)
AEs prior to the event, as compared to one of nine (11%) patients in
the placebo group. Due to the lack of a clear association between
cardiac events and preceding infection or inflammation episodes,
the DSMB concluded that the higher incidence of cardiac SAEs in
the BCG group was unlikely to be mediated by BCG but it advised
further monitoring for the occurrence of cardiac SAEs in study
participants.

All-cause 6-monthmortality did not differ significantly between
the two groups (Table 3). Eleven of the 31 (35%) deaths were related
to COVID-19: six in the placebo group and five in the BCG group.
led 4451 participants in the study. Other participating hospitals did not keep a record of



Table 2
Primary and secondary outcomes

Endpoint Intervention Number of subjects FU timea Number of events Cumulative incidenceb SDHR

COVID-19 Placebo 3054 1479.4 115 0.038 (0.031e0.045) [ref]
BCG 3058 1480.8 129 0.042 (0.036e0.050) 1.12 (0.87e1.44)

Documented SARS-CoV-2 infection Placebo 3054 1477.3 126 0.041 (0.035e0.049) [ref]
BCG 3058 1476.9 144 0.047 (0.040e0.055) 1.15 (0.90e1.45)

Asymptomatic SARS-CoV-2 infection Placebo 3054 1508.0 11 0.004 (0.002e0.006) [ref]
BCG 3058 1510.7 16c 0.005 (0.003e0.008) 1.46 (0.68e3.14)

Mild-moderate SARS-CoV-2 infection Placebo 3054 1485.1 94 0.031 (0.025e0.037) [ref]
BCG 3058 1485.0 111c 0.036 (0.030e0.044) 1.18 (0.90e1.55)

COVID-19-related admissions Placebo 3054 1505.7 21 0.007 (0.004e0.010) [ref]
BCG 3058 1510.9 18 0.006 (0.004e0.009) 0.86 (0.46e1.61)

Clinically relevant RTI Placebo 3054 1491.7 72d 0.024 (0.019e0.030) [ref]
BCG 3058 1497.4 66e 0.022 (0.017e0.027) 0.89 (0.63e1.24)

Medically attended RTI Placebo 3054 1492.8 68 0.022 (0.018e0.028) [ref]
BCG 3058 1496.1 68 0.022 (0.018e0.028) 1.00 (0.72e1.41)

RTI-related hospital admission Placebo 3054 1503.6 29 0.010 (0.007e0.014) [ref]
BCG 3058 1508.1 26 0.009 (0.006 - 0.012) 0.90 (0.53 - 1.53)

Clinically relevant RTI not including COVID-19 Placebo 3054 1497.4 50 0.016 (0.012e0.021) [ref]
BCG 3058 1503.6 38 0.012 (0.009e0.017) 0.76 (0.50e1.16)

RTI-like symptomsf Placebo 3054 1367.0 440 0.144 (0.132e0.157) [ref]
BCG 3058 1364.6 465 0.152 (0.140e0.165) 1.06 (0.93e1.21)

Pneumoniag Placebo 3054 1505.9 24 0.008 (0.005e0.012) [ref]
BCG 3058 1509.3 18 0.006 (0.004e0.009) 0.75 (0.41e1.39)

BCG, Bacillus Calmette-Gu�erin; FU, follow-up; RTI, respiratory tract infection; SDHR, sub-distribution hazard ratio; [ref], reference category.
a Follow-up time (person-years). This includes time until the first event, occurrence of a competing event, loss to follow-up, or day 182, whichever occurred first.
b From the cumulative incidence function, taking into account competing events and censoring. The value represents a proportion.
c One participant had two episodes, the first mild-moderate and the second asymptomatic.
d Five participants had two episodes, one had three episodes and other one had four episodes.
e Two participants had two episodes and one had three episodes.
f Based on self-reported symptoms.
g Self-reported, medically diagnosed, not including documented COVID-19.
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Discussion

In this multicentre double-blind randomized placebo-
controlled trial, BCG vaccination did not reduce the incidence or
severity of COVID-19 or other RTIs in older adults with comorbid-
ities. This study reports the largest prospective evaluation of BCG
vaccination in older adults with comorbidities, and reveals that in
this age group, BCG vaccination frequently leads to prolonged local
site reactions (mild/moderate), and an increased incidence of car-
diovascular SAEs, in particular coronary artery events, which
appeared unlikely to be mediated by BCG vaccination. These ob-
servations warrant cautious use of BCG in older adults with
comorbidities.

There is extensive in vitro and experimental evidence that BCG
vaccination activates the innate immune system in a non-specific
manner, thereby boosting the immunity for months [9]. Likewise,
several smaller studies have found a protective effect of BCG on the
incidence of respiratory infections in adults [6,10,11]. The ACTIVATE
study was the first randomized controlled trial in which BCG
vaccination, given to 100 subjects at the time of hospital discharge,
was associated with 45% reduction in the incidence of infections
during a 12-month follow-up that ended before the COVID-19
pandemic began. Most infections were RTIs and most likely of
viral origin [6]. In the Netherlands, two other randomized placebo-
controlled trials, one in healthcare workers (BCG-CORONA,
N ¼ 1511) and the other in relatively healthy adults over 60 years of
age (BCG-ELDERLY, N ¼ 2014), failed to demonstrate the impact of
BCG on the incidence of COVID-19 [12,13]. However, severe COVID-
19 events were rare in both trials, limiting the possibility to exclude
clinically relevant benefits. The results of the current trial confirm
the higher risk of developing severe COVID-19 in this population,
and also confirm the results of other trials that BCG vaccination
does not offer protection against COVID-19 or clinically relevant
RTIs caused by other pathogens.
A study with multiple BCG vaccinations vs. placebo (three vac-
cinations over a 2-year time period preceding the pandemic) in
patients with type 1 diabetes showed lower cumulative incidence
of COVID-19 in the BCG-treated (1%) vs. the placebo-treated (12.5%)
groups [14]. Although promising, this was a small study of 144
participants and thus requires replication in a larger trial. Consid-
ering the frequency and timing of repeated BCG vaccinations, this
intervention is also inappropriate for an epidemic setting.

In the Greek ACTIVATE-2 trial, 301 individuals aged 50 years or
older with underlying comorbidities were randomly assigned to
BCG or placebo group. After 6 months, COVID-19 was observed in
seven of 92 BCG and 20 of 98 placebo recipients with at least
6months of follow-up (odds ratio, 0.32; 95% CI, 0.13e0.79) [15]. The
reason for the discrepancy between the Greek and the three Dutch
trials is unclear. A difference between the Greek and Dutch pop-
ulations is that in ACTIVATE-2, all participants had prior exposure
to BCG and underwent re-vaccination during the trial, whereas the
majority of participants in the Dutch trials were BCG-naïve. How-
ever, sub-group analysis of the 908 BCG-PRIME participants with
previous exposure to BCG did not reveal a differential effect of BCG.
Genetic or environmental differences between the populations
cannot be excluded, and the influence of geography on BCG has
been documented in children [16,17]. ACTIVATE-2 results could be
biased due to a high loss-to-follow-up, with 111 of 301 participants
lost to follow-up between 3 months and 6 months.

This trial has several limitations. First, the injection site re-
actions may have unblinded many of the BCG recipients. However,
we used objective criteria for the primary and most of the sec-
ondary endpoints and adjudication of the primary endpoints was
blinded for treatment allocation, thereby avoiding information bias.

A second limitation is that SARS-CoV-2 infections was based on
self-reported PCR or antigen test results. We confirmed reported
positive tests by phone, thus avoiding false-positive reports.
However, we may have missed positive tests. We do not expect this



Fig. 2. Cumulative incidence function of primary and secondary endpoints.
(A) COVID-19, (B) documented asymptomatic SARS-CoV-2 infection, (C) mild-moderate SARS-CoV-2 infection, (D) COVID-19-related hospitalization, (E) clinically relevant RTI, and
(F) clinically relevant RTI excluding COVID-19.
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to be different for BCG and placebo participants. Therefore, the
relative effect estimate is considered unbiased. Additionally, we
may have missed asymptomatic and mild infections by not using
serological data [12]. General practitioner visits for RTIs and hos-
pitalizations for any reason are always confirmed in medical
records.

Furthermore, the SARS-CoV-2 vaccination programme in the
Netherlands started during the follow-up phase. At the end of
follow-up, 71% of the study population had received first dose and
31% of the population was fully vaccinated. Yet, vaccination
occurred at equal pace in both study groups. Although vaccination
most likely reduced the incidence of COVID-19, there is no evidence
that this influenced the conclusion of the study, as demonstrated by
the sensitivity analysis. Although there is some evidence that BCG
vaccination leads to higher antibody titres after SARS-CoV-2
vaccination, which may enhance the effect of BCG in preventing
COVID-19 [18], less number of COVID-19 episodes after SARS-CoV-2
vaccination in our study precludes demonstration of such an effect.

Finally, for the hazard ratio of BCG for COVID-19-related hos-
pitalizations, the lower bound of the CI was 0.46, which, therefore,
included a meaningful reduction. With 39 episodes of COVID-19-
related hospitalizations, this study cannot completely exclude a



Table 3
Safety endpoints

Endpoint Intervention Number of subjects FU timea Number of events Cumulative incidence SDHR

First non-serious adverse event Placebo 3054 1121.0 1213 0.399 (0.382e0.416) [ref]
BCG 3058 641.5 2047 0.671 (0.654e0.687) 2.51 (2.35e2.69)

First serious adverse event Placebo 3054 1453.1 216 0.071 (0.062e0.080) [ref]
BCG 3058 1447.0 251 0.082 (0.073e0.092) 1.17 (0.97e1.40)

Death Placebo 3054 1510.6 18 0.006 (0.004e0.009) [ref]
BCG 3058 1514.7 13 0.004 (0.002e0.007) 0.71 (0.35e1.43)

First cardiac arrhythmia event Placebo 3054 1500.4 35 0.011 (0.008e0.016) [ref]
BCG 3058 1502.5 45 0.015 (0.011e0.020) 1.29 (0.83e2.01)

First coronary artery disorder event Placebo 3054 1508.1 9 0.003 (0.001e0.005) [ref]
BCG 3058 1509.1 22 0.007 (0.005e0.011) 2.44 (1.12e5.32)

BCG, Bacillus Calmette-Gu�erin; FU, follow-up; SDHR: sub-distribution hazard ratio; [ref], reference category.
a Follow-up time (person-years). This includes the time until the first event, occurrence of a competing event, loss to follow-up, or day 182, whichever occurred first.
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clinically relevant reduction in severe COVID-19 incidence through
BCG vaccination, and future meta-analyses may answer this ques-
tion. However, the lack of effect on symptom severity and duration
of symptoms does not suggest beneficial effects on the course of
SARS-CoV-2 infections.

Strengths of the BCG-PRIME study include its sample size and
completeness of follow-up in a study population at higher risk of
developing severe COVID-19 than enrolled in previous studies
[12,13,15]. Yet, despite a median age of 69 years and a median of
two comorbidities, 85% of the participants were considered
important based on clinical frailty scores. Subjects with lower
frailty scoresmay be at higher risk of severe COVID-19, but based on
our findings, beneficial effects of BCG vaccination seem unlikely in
this population.

In conclusion, BCG vaccination did not protect against COVID-19
infection and did not reduce the incidence of clinically relevant RTIs
in a large cohort of older adults with comorbidities from the
Netherlands.
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