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Summary

Background Bacille Calmette-Guérin (BCG) vaccination has off-target (non-specific) effects that are associated with
protection against unrelated infections and decreased all-cause mortality in infants. We aimed to determine
whether BCG vaccination prevents febrile and respiratory infections in adults.

Methods This randomised controlled phase 3 trial was done in 36 healthcare centres in Australia, Brazil, the
Netherlands, Spain, and the United Kingdom. Healthcare workers were randomised to receive BCG-Denmark (single
0.1 ml intradermal injection) or no BCG in a 1:1 ratio using a web-based procedure, stratified by stage, site, age, and
presence of co-morbidity. The difference in occurrence of febrile or respiratory illness were measured over 12 months
(prespecified secondary outcome) using the intention-to-treat (ITT) population. This trial is registered with
ClinicalTrials.gov, NCT04327206.

Findings Between March 30, 2020, and April 1, 2021, 6828 healthcare workers were randomised to BCG-Denmark
(n = 3417) or control (n = 3411; no intervention or placebo) groups. The 12-month adjusted estimated risk of >1
episode of febrile or respiratory illness was 66.8% in the BCG group (95% CI 65.3%-68.2%), compared with
63.4% in the control group (95% CI 61.8%-65.0%), a difference of +3.4 percentage points (95% CI +1.3%
to +5.5%; p 0.002). The adjusted estimated risk of a severe episode (defined as being incapacitated for >3
consecutive days or hospitalised) was 19.4% in the BCG group (95% CI 18.0%-20.7%), compared with 18.8% in
the control group (95% CI 17.4%-20.2%) a difference of +0.6 percentage points (95% CI -1.3% to +2.5%; p 0.6).
Both groups had a similar number of episodes of illness, pneumonia, and hospitalisation. There were three
deaths, all in the control group. There were no safety concerns following BCG vaccination.

Interpretation In contrast to the beneficial off-target effects reported following neonatal BCG in infants, a small
increased risk of symptomatic febrile or respiratory illness was observed in the 12 months following BCG
vaccination in adults. There was no evidence of a difference in the risk of severe disease.

Funding Bill & Melinda Gates Foundation, Minderoo Foundation, Sarah and Lachlan Murdoch, the Royal Children’s
Hospital Foundation, Health Services Union NSW, the Peter Sowerby Foundation, SA Health, the Insurance
Adpvisernet Foundation, the NAB Foundation, the Calvert-Jones Foundation, the Modara Pines Charitable Founda-
tion, the UHG Foundation Pty Ltd, Epworth Healthcare, the National Health and Medical Research Council, the
Swiss National Science Foundation and individual donors.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Bacille Calmette-Guérin (BCG) vaccine; Immunity; Heterologous; Health personnel; Randomised
controlled trial; Primary prevention; Placebo

Introduction

The COVID-19 pandemic has focused attention on
bacille Calmette-Guérin (BCG) vaccine and its potential
to prevent respiratory infection through off-target (non-
specific) effects. This 100-years-old vaccine, used to
prevent tuberculosis, is associated with a decrease in all-
cause mortality in infants in high-mortality settings,’
and possible protection against respiratory infections
other than those caused by Mycobacterium tuberculosis.”™
It is postulated that BCG vaccination induces changes in
immune cells that lead to more efficient responses to
subsequent infections (‘trained immunity’), irrespective
of the pathogen.**

We previously reported that, in the BRACE (BCG
vaccination to reduce the impact of COVID-19 in health-
care workers) randomised controlled trial (RCT),” BCG
vaccination, compared with placebo vaccination, did not
reduce the incidence of COVID-19 in the 6 months

following randomisation.® Here we report on the pre-
specified secondary outcome of protection against any
febrile or respiratory illnesses in the 12 months
following randomisation.

Methods

Study design

BRACE is a phase III multicentre RCT involving
healthcare workers from 36 sites in Australia, Brazil, the
Netherlands, Spain, and the United Kingdom, who were
randomised between March 2020 and April 2021 in a
1:1 ratio to the BCG group or the control group, and
who were followed up for 12 months. The trial protocol
and primary outcomes have been published,”* and is
registered on ClinicalTrials.gov (NCT04327206; regis-
tered in March 2020 before enrolling the first partici-
pant). The trial comprised two stages: stage 1
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Research in context

Evidence before this study

A previous systematic review of randomised controlled trials
(RCT) showed that neonatal bacille Calmette-Guérin (BCG)
protects against unrelated infections and reduces all-cause
mortality in infants living in high-mortality settings;
preliminary results from several RCTs in adults suggest that
BCG vaccination offers some protection against unrelated
pathogens, including respiratory infections. Early in the
COVID-19 pandemic, it was proposed that the
immunomodulatory off-target effects of BCG vaccine could
be exploited to reduce the impact of COVID-19; it was hoped
they could provide partial protection against SARS-CoV-2
until effective COVID-19-specific vaccines became available.
However, in recent RCTs, BCG vaccine did not protect adults
against COVID-19 over 3-15 months of follow up.

Added value of this study
BCG vaccination increased, rather than decreased, the risk of
subsequent non-severe symptomatic febrile or respiratory

(recruitment in Australia between March and May 2020;
open label) and stage 2 (recruitment in Australia, Brazil
and Europe between May 2020 and April 2021; triple
blind). The transition from stage 1 to stage 2, made
possible by further funding, aimed to enhance the trial’s
robustness and adapt to the dynamic circulation of
SARS-CoV-2 during the pandemic. As SARS-CoV-2
exposure was virtually negligible during stage 1 in
Australia, these participants were excluded from the
previously published COVID-19-related outcomes at 6
months.”*

The study was approved by the Royal Children’s
Hospital Melbourne Human Research Ethics Com-
mittee (No. 62586); the protocol was approved by the
ethics committee at each site and all participants pro-
vided informed consent. The trial was overseen by a
steering committee and a data safety and monitoring
board. This report follows CONSORT reporting
guidelines.

Participants

All healthcare workers from participating institutions
were invited to have their eligibility ascertained during
a baseline visit. Exclusion criteria included: involve-
ment in another COVID-19 prevention trial, previous
positive test for SARS-CoV-2 or receipt of any COVID-
specific vaccine, contraindication to BCG vaccination,
receipt of BCG vaccine within the last year or of a live-
attenuated vaccine within the last month. All partici-
pants provided written informed consent and
answered a baseline questionnaire collecting de-
mographic and health data, including self-reported sex
data.
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illness in adults in the 12 months post randomisation. This
increase was relatively small (5% increase, +3.4 percentage
points) and was less evident for severe disease. There was no
increase in all-cause mortality, as the three deaths were all in
the control group.

Implications of all the available evidence

BCG vaccination did not prevent symptomatic febrile or
respiratory infection in adults in the 12 months following
randomisation. Future studies should focus on the
explanation for the observed setting-related and possibly age-
related discrepancy in the off-target effects of BCG
vaccination, as our results contrast with the considerable
beneficial off-target effects observed on unrelated infections
and all-cause mortality following neonatal BCG vaccination in
infants in high-mortality settings.

Randomisation and masking

Randomisation was done using a web-based procedure
(REDCap®),’ in randomly permuted blocks of variable
length (2, 4, or 6), stratified by stage, site, age and
presence of comorbidity. Investigators, statisticians, and
trial staff were blinded to the randomisation group
throughout the trial.

Procedure

BCG-Denmark (A] Vaccines, Copenhagen) was given to
participants randomised to the BCG group as a single
0.1 ml intradermal injection in the region of the deltoid
muscle at the inclusion visit, corresponding to 2-8 x 10°
colony forming units of Mycobacterium bovis Danish
strain 1331.

Participants randomised to the control group
received no intervention in stage 1, and a placebo saline
0.1 ml intradermal injection in stage 2.

Stage 1 participants were required to receive influ-
enza vaccination on the day of randomisation, regard-
less of group allocation, as they were recruited during
the Australian influenza season.

Participants were asked weekly if they had been
unwell using a smartphone application designed for the
trial (Trial Symptom Tracker, WeGuide) and/or by
direct contact. Symptom reports were collected daily
during each episode of illness and included the
following: fever, cough, shortness of breath/difficulty
breathing, sore throat, runny/blocked nose, fatigue,
muscle or joint pain, headache, nausea or vomiting,
diarrhoea, and loss of smell or taste. To evaluate the
severity of the episode, participants reported daily
whether they felt too unwell to work, were confined to
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bed and/or were hospitalised. Accuracy and complete-
ness of the data collected was ascertained 3-monthly by
participants using customised web-based questionnaires
that summarised individual data collected. Additional
information on hospitalisation was obtained from
medical records.

Outcomes

A febrile or respiratory illness was defined as an episode
lasting at least one day with at least one of the following
symptoms: fever, cough, shortness of breath, difficulty
breathing and/or sore throat. The illness was cat-
egorised as severe if the participant was unable to work
or confined to bed for three or more consecutive days,
was hospitalised, or died, as a result of the febrile or
respiratory illness.

Additional prespecified secondary outcomes over 12
months included: number of episodes of fever or res-
piratory illness, number of days with symptoms due to
fever or respiratory illness, number of days unable to
work due to fever or respiratory illness, number of days
confined to bed due to fever or respiratory illness,
occurrence of pneumonia as a consequence to fever or
respiratory illness, occurrence of hospitalisation as a
consequence to fever or respiratory illness, need for
oxygen therapy as a consequence to fever or respiratory
illness, admission to critical care as a consequence to
fever or respiratory illness, need for mechanical venti-
lation as a consequence to fever or respiratory illness,
occurrence of death as a consequence to fever or res-
piratory illness and number of days of unplanned
absenteeism for an acute illness or hospitalisation.

Statistical analysis

The statistical analysis plan was published before
unblinding.”® Analyses were done using Stata v17 (Sta-
taCorp, College Station, TX). Occurrence of febrile or
respiratory illness (any and severe) were compared be-
tween the two groups using difference in proportions,
estimated using a time-to-event analysis, and adjusted
for stratification factors used for randomisation, namely
stage/site (Australia stage 1; Australia stage 2; Europe;
South America), age (<40; 40-59; >60 years-old), and
comorbidity (presence; absence). To do this analysis, the
survival curve for each combination of strata and rand-
omised group was calculated using a flexible parametric
survival model (Royston-Parmar model) using 3 degrees
of freedom, which represented a good balance between
capturing the complexity of the baseline hazard function
and avoiding overfitting. The coefficients included in the
model were data collected at baseline and did not vary
over time. As modelling was used to estimate pro-
portions as well as the difference in proportion, the re-
sults from this analysis do not correspond directly to the
raw summaries presented. Participants were censored at
12 months or at the first instance at which it could not
be ascertained whether an episode had occurred

(defined as three or more consecutive days of missing
data). Sensitivity analyses were done using a hypotheti-
cal strategy censoring participants at the intercurrent
event of receiving any subsequent vaccine. Hazard ra-
tios (HR) were calculated for rarer outcomes (admission
to critical care, mechanical ventilation). Incidence rate
ratios (IRR) were used to compare the number of epi-
sodes, the number of days with symptoms, the number
of days unable to work, the number of days confined to
bed, and the number of days of unplanned absenteeism
between the two groups. Analyses were done using the
intention-to-treat (ITT) population, including all eligible
participants who undertook randomisation.

Predefined subgroup analyses were done when there
was a significant interaction between the treatment arm
and one of the stratification factors.

Role of the funding source

The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. LFP and FO have directly accessed and verified
the underlying data reported in the manuscript. All
authors had final responsibility for the decision to sub-
mit for publication.

Results

Of 6943 individuals screened, 6828 were randomised
(3417 to BCG group, 3411 to control) between March 30,
2020 and April 1, 2021 (Fig. 1). Baseline participant
characteristics were similar between treatment groups
(Table 1). Participants had a mean age of 42.0 years (SD
12.0) at inclusion and 18% reported a comorbidity.

During the 12 months of follow up, 4243 participants
reported one or more episodes of febrile or respiratory
illness, 2214 in the BCG group (adjusted estimated risk
66.8%; 95% CI 65.3%—68.2%), compared with 2029 in
the control group (adjusted estimated risk 63.4%; 95%
CI 61.8%—65.0%), a difference of +3.4 percentage points
(95% CI +1.3% to +5.5%; p 0.002; Fig. 2). Severe epi-
sodes of febrile or respiratory illness, as defined by the
trial, occurred in 637 participants in the BCG group
(adjusted estimated risk 19.4%; 95% CI 18.0%—-20.7%),
compared with 588 in the control group (adjusted esti-
mated risk 18.8%; 95% CI 17.4%-20.2%), a difference
of +0.6 percentage point (95% CI —1.3% to +2.5%; p 0.6;
Fig. 2).

When the number of days with symptoms was
compared between the two groups, there was evidence
of an interaction between the trial group and two ran-
domisation factors (comorbidity and geographical loca-
tion), which rendered an overall comparison between
randomisation groups noninterpretable. Subsequent
subgroup analyses showed that participants without a
comorbidity in the BCG group reported being ill for
fewer days, compared to those in the control group (IRR
0.91, 95% CI 0.86-0.96; p 0.001), whilst no effect was
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+ Did not go through the whole eligibility process
or declined to participate (n=30)
+ Did not meet inclusion criteria (n=37)

Assessed for eligibility in clinics ]
(n=6943) Excluded
Consented in clinics (n=6876) ]

Excluded pre-randomisation

+ Withdrew consent (n=35)
+ No blood sample (n=13)

Randomised (n=6828) ]
Allocation
) ( Control group (n=3411)

Withdrawn after vaccination (n=88)

«  Disappointed by randomisation to BCG (n=2)
Study has become a burden (n=24)
Relocation (n=9)

Received BCG (n=3401)
Did not receive BCG (n=15)
Unknown intervention given (n=1)

No BCG (n=3401)

Received BCG in error (n=10)

Withdrawn after vaccination (n=153)
«  Disappointed by randomisation to placebo (n=6)
Study has become a burden (n=41)
on (n=19)

Personal reason (n=1)
Serious concurrent medical condition (n=5)
No reason given (n=37)

Adverse event (n=1)

Other (n=9)

N

Lost to follow-up (n=178)

[ Analysed by intention to treat (1=3417)

] [ Analysed by intention to treat (n=3411) ]

Personal reason (n=5)

Serious concurrent medical condition (n=3)
No reason given (n=72)

Other (n=7)

Lost to follow-up (n=283)

Fig. 1: Consort diagram. Consort diagram of screening, randomisation and follow-up. BCG denotes bacille Calmette-Guérin.

shown in participants with comorbidities (IRR 1.1, 95%
CI 0.96-1.30; p 0.2). Regarding the interaction with
study stage and geographical region, participants in

Australia during stage 1 in the BCG group reported
being ill for fewer days, compared to those in the control
group (IRR 0.85, 95% CI 0.78-0.94; p 0.001), whereas

BCG Control
Participants 3417 3411
Sex, female 2511/3417 (73.5%) 2593/3411 (76.0%)

Age, years (mean, SD, range)
<40 years old
40-59 years old
>60 years old
Presence of comorbidities
Participant with 1 comorbidity
Participant with 2 comorbidities
Participant with 3 comorbidities
Cardiovascular disease
Chronic respiratory disease
Diabetes
BCG vaccination in the past
Last BCG 1-5 years prior to inclusion
Last BCG >5 years prior to inclusion
Previous known tuberculosis exposure
Previous positive tuberculin skin test (>5 mm)
Geographical location
Australia
Europe
South America
Study stage
Stage 1
Stage 2

SD, standard deviation.

42.0 (12.1), 18.4 to 78.7

1592/3417 (46.6%)
1566/3417 (45.8%)
259/3417 (7.6%)
613/3417 (17.9%)
552/613 (90.0%)
60/613 (9.8%)
1/613 (0.2%)
354/3417 (10.4%)
230/3417 (6.7%)
89/3417 (2.6%)
2264/3417 (66.3%)
53/2264 (2.3%)
2211/2264 (97.7%)
29/3417 (0.9%)
205/3417 (6.0%)

1634/3417 (47.8%)
498/3417 (14.6%)
1285/3417 (37.6%)

1418/3417 (41.50%)
1999/3417 (58.50%)

42.0 (12.0), 18.1 to 83.5
1594/3411 (46.7%)
1557/3411 (45.7%)
260/3411 (7.6%)
625/3411 (18.3%)
5771625 (92.3%)
45/625 (7.2%)
3/625 (0.5%)
364/3411 (10.7%)
208/3411 (6.1%)
104/3411 (3.0%)
2246/3410 (66.0%)
49/2246 (2.2%)
2197/2246 (97.8%)
24/3410 (0.7%)
224/3410 (6.6%)

1628/3411 (47.7%)
500/3411 (14.7%)
1283/3411 (37.6%)

1422/3411 (41.69%)
1989/3411 (58.31%)

Table 1: Participants characteristics at baseline, intention-to-treat population.
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Probability of fever or respiratory iliness

[ sce

Control

0 1 2 3 4

T T T T T T T T

5 6 7 8 9 10 11 12

Time (months) after randomisation

BCG Number at risk 3325 2815 2485 2212 1918 1759 1621 1480 1379 1281 1170 1091 1011
Number censored 0 9 4 38 11 4 27 8 1 21 2 0 1008
Control  Number at risk 3284 2785 2459 2186 1927 1781 1657 1497 1385 1308 1207 1126 1030
Number censored 0 16 2 53 15 4 56 10 5 32 3 4 1028
.3
[ Bco
Control
.25

Probability of severe fever or respiratory illness

0 1 2 3 4

5 6 7 8 9 10 11 12

Time (months) after randomisation

BCG Number at risk 3368 3273 3202 3114 2996 2925 2872 2767 2719 2675 2607 2572 2511
Number censored 0 10 4 50 13 4 55 9 2 43 6 3 2509
Control  Number at risk 3320 3177 3105 3024 2889 2825 2785 2653 2604 2560 2477 2440 2375
Number censored 0 18 4 67 23 5 79 13 9 54 7 12 2373

Fig. 2: Fever and respiratory illness by 12 months following randomisation, by treatment arm. Time to first symptomatic febrile or
respiratory illness (top panel) or first severe symptomatic febrile or respiratory illness (bottom panel) are shown with Kaplan-Meier curves and
95% confidence intervals. BCG denotes Bacille Calmette-Guérin. BCG group is shown in blue and control group in red.

no substantial intervention effect was seen between trial
groups amongst participants in stage 2 and the other
geographical strata (Table 2).

Both groups had a similar number of episodes of
illness (median 2, IQR 1-3 episodes) and number of

days confined to bed (median 0, IQR 0-0 days).
Regarding the number of days unable to work, there was
evidence of an interaction between trial group and two
randomisation strata (age group, and comorbidity) as
detailed in Table 2. Similarly, for the number of days of
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BCG Control Difference p-value
N = 3417 N = 3411 BCG/control
Febrile or respiratory illness by 12 months 2214 2029
Person years 1776 1783
Event rate (per 100 person years) 122 (116; 127) 112 (107; 117)
Adjusted estimated percent, with 95% CI* 66.8% (65.3; 68.2) 63.4% (61.8; 65.0) +3.4% (+1.3; +5.5) 0.002
Severe febrile or respiratory illness by 12 months 637 588
Person years 2885 2778
Event rate (per 100 person years) 22 (20; 23) 21 (19; 23)
Adjusted estimated percent, with 95% CI°* 19.4% (18.0; 20.7) 18.8% (17.4; 20.2) +0.6% (-1.3; +2.5) 0.6
Secondary outcomes by 12 months
Pneumonia™” 22 (0.7%) 21 (0.6%) +0.0% (-0.4; +0.4) 0.9
Hospitalisation“’b 27 (0.8%) 20 (0.6%) +0.2% (-0.2; +0.6) 0.4
Oxygen therapy” 12 (0.4%) 6 (0.2%) +0.2% (-0.1; +0.4) 0.2
Admission to critical care” 5 (0.2%) 3 (0.1%) aHR: 1.66 (0.40; 6.98) 0.5
Mechanical ventilation® 2 (0.1%) 1 (<0.1%) aHR: 1.98 (0.18; 21.85) 0.6
Death” 0 3 (0.1%) - -
Number of days confined to bed** 0 (0-0), min 0 max 116 0 (0-0), min 0 max 20 alRR: 0.95 (0.79; 1.14) 0.6
Number of episodes™* 2.0 (1.0-3.0) 2.0 (1.0-3.0) alRR: 0.98 (0.94; 1.03) 0.4
Post-hoc subgroup analysis
Number of days with symptoms®
Comorbidity randomisation strata 0.004'
Presence of any comorbidity™* 13.0 (6.0-25.0) 11.0 (5.0-22.0) alRR: 1.10 (0.96-1.26)
Absence of any comorbidity™* 11.0 (5.0-20.0) 11.0 (6.0-22.0) alRR: 0.91 (0.86-0.96)
Region strata 0.009"
Australia stage 1*° 8.0 (4.0-15.0) 9.0 (4.0-16.0) alRR: 0.85 (0.78-0.94)
Australia stage 2 8.0 (4.0-16.0) 7.5 (4.0-18.0) alRR: 0.92 (0.74-1.15)
Europe™® 11.0 (5.0-21.0) 10.0 (5.0-20.0) alRR: 1.11 (0.95-1.30)
South America™® 15.0 (8.0-27.0) 14.0 (8.0-28.0) alRR: 0.96 (0.89-1.04)
Number of days unable to work®
Age group randomisation strata 0.05
<40 years-old™ 1.0 (0.0-3.0) 1.0 (0.0-4.0) alRR: 0.99 (0.84-1.17)
40-59 years-old™® 1.0 (0.0-4.0) 0.0 (0.0-4.0) alRR: 1.14 (0.93-1.39)
>60 years-old™* 0.0 (0.0-3.0) 1.0 (0.0-3.0) alRR: 0.59 (0.35-1.01)
Comorbidity randomisation strata 0.05
Presence of any comorbidity™* 1.0 (0.0-4.0) 0.0 (0.0-4.0) alRR: 1.25 (0.93-1.69)
Absence of any comorbidity” 1.0 (0.0-4.0) 1.0 (0.0-4.0) alRR: 0.94 (0.82-1.08)
Number of days of unplanned absenteeism*®
Comorbidity randomisation strata 0.004"
Presence of any comorbidity™* 6.0 (2.0-14.0) 6.0 (3.0-11.0) alRR: 1.15 (0.96-1.38)
Absence of any comorbidity™* 5.0 (2.0-10.0) 5.0 (2.0-10.0) alRR: 0.91 (0.84-0.99)
Region strata 0.01"
Australia stage 1*° 3.0 (2.0-6.0) 4.0 (2.0-7.5) alRR: 0.84 (0.75-0.94)
Australia stage 2*° 3.0 (2.0-7.0) 3.0 (2.0-6.0) alRR: 1.03 (0.78-1.37)
Europe™ 4.5 (2.0-12.0) 3.0 (2.0-10.0) alRR: 1.17 (0.87-1.56)

South America™*

10.0 (5.0-14.0)

10.0 (5.0-14.0)

alRR:

1.02 (0.93-1.12)

aHR, adjusted hazard ratio®; alRR, adjusted incidence rate ratio.” *Adjusted for stratification factors. "Reported as n (%). “Within participant with one or more episode of
febrile or respiratory illness, reported as median (interquartile range). “The number of days with symptoms, the number of days unable to work, and the number of
unplanned absenteeism are only presented by subgroups, due to a significant interaction between treatment arm and stratification factors, which rendered the main arm

comparison non-interpretable. Denominators available in Supplementary Appendix (Table S1). fp-value for interaction between arm and subgroup.

Table 2: Fever or respiratory illness by 12 months following randomisation.

www.thelancet.com Vol 72 June, 2024


http://www.thelancet.com

Articles

unplanned absenteeism, there was evidence of an
interaction between the trial group and two random-
isation strata (comorbidity and geographical local-
isation). Subgroup analyses showed that participants
without a comorbidity in the BCG group reported being
absent for fewer days, compared to those in the control
group (IRR 0.91, 95% CI 0.84-0.99; p 0.02), which was
not the case in participants with comorbidities (IRR
1.15, 95% CI 0.96-1.38; p 0.1). Regarding the interac-
tion with study stage and geographical region, the dif-
ference was observed among stage 1 participants living
in Australia, with participants in the BCG group
reporting being absent for fewer days, compared to
those in the control group (IRR 0.84, 95% CI 0.75-0.94;
p 0.003). No substantial difference between trial groups
was seen among participants in stage 2 and the other
geographical strata (Table 2).

There was no evidence of a difference in the number
of participants with pneumonia (22/3417 in the BCG
group vs 21/3411 in the control group), who were hos-
pitalised (27/3417 vs 20/3411), required supplemental
oxygen therapy (12/3417 vs 6/3411), were admitted to
critical care unit (5/3417 vs 3/3411), required mechan-
ical ventilation (2/3417 vs 1/3411), or who died (0/3417
vs 3/3411). Causes of death were COVID-19 (2 partici-
pants) and unspecified pneumonia (1 participant).

Sensitivity analyses using the hypothetical strategy
showed similar results (see statistical report in the
Supplementary material). As previously reported, there
were no safety concerns following BCG vaccination in
the BRACE trial.*"

Discussion
In this large randomised controlled trial of nearly 7000
healthcare workers, we found that BCG vaccination was
associated with an increased risk of febrile or respiratory
illness in the 12 months following randomisation. This
increase was relatively small (5.4% increase, +3.4 per-
centage points) and not observed for severe disease, and
notably, the three deaths were all in the control group.
These findings contrast with previous trials in in-
fants in high-mortality settings which suggest that pre-
vention of unrelated respiratory infections and sepsis
underlies the reduction in all-cause mortality observed
following neonatal BCG vaccination.'*"* Although two
subsequent RCTs in low-mortality settings (Denmark
and Australia) did not find a significant overall beneficial
effect of neonatal BCG vaccination on the prevention of
unrelated infections,'*" the trial done in Denmark re-
ported a reduction in hospital admissions in BCG-
vaccinated infants born to BCG-vaccinated mothers
compared with controls.” BCG-induced protection
against unrelated respiratory infections has also been
observed in other age groups. In a sub-analysis of
adverse events in an RCT involving 990 adolescents in
South Africa, the rate of upper respiratory tract

infections was reduced in BCG-Denmark-vaccinated
adolescents compared with placebo vaccination (2.1%
vs 7.9%; p < 0.001), although the follow-up period was
relatively short.* In another RCT, involving 198 elderly
patients receiving BCG-Denmark or placebo vaccine at
hospital discharge in Greece, the incidence of respira-
tory tract infections was also lower in the BCG group
compared with placebo (4.2%; vs 17.9%; p 0.01).° In an
RCT in 34 elderly patients in Indonesia, three monthly
doses of BCG-Pasteur was reported to reduce respiratory
infections.?

During the COVID-19 pandemic, a number of trials
worldwide evaluated whether BCG vaccine’s off-target
effects could be exploited to protect high-risk in-
dividuals Dbefore COVID-19-specific vaccines were
developed (recently summarised in Noble et al.’). In
brief, among the 11 trials published to date, most failed
to find a protective effect of BCG vaccination against
COVID-19, except for one, in an ongoing trial investi-
gating the influence of repeated doses of BCG-Japan on
glycaemic control in type 1 diabetic patients (1/96 case
of COVID-19 in the BCG group vs 6/48 cases in the
control group; p 0.006)."” Although the results from the
11 trials were inconsistent and mostly underpowered,
three of the largest trials, including the BRACE trial,®
suggest that BCG vaccination increases the risk of
COVID-19.1¢%

The increased risk of febrile or respiratory illness
observed in the BCG group could be explained by an
enhancement of the immune response following vacci-
nation. Studies suggest that BCG vaccine trains the
innate immune system by inducing epigenetic and
functional reprogramming, making it more effective at
clearing a pathogen at subsequent encounters.”® A pre-
vious study using yellow fever vaccine in a human
challenge model reported reduced yellow fever virus
viraemia in the BCG group compared with the placebo
group, together with evidence of trained immunity.” In
a malaria human challenge model, evaluating whether
BCG-Bulgaria alters the clinical and immunological re-
sponses, BCG-vaccinated volunteers had earlier expres-
sion of NK-cell activation markers, which was associated
with lower parasitaemia, but with an earlier and more
severe clinical response, compared with controls.”

In participants from the BRACE trial, we reported a
stronger T-cell response to in vitro SARS-CoV-2 stimu-
lation in BCG-vaccinated participants compared with
controls.”’ The increased risk of illness in the BCG
group in the present study might also be explained by
fewer asymptomatic infections. The enhanced immune
response could be associated with more rapid clearance
of pathogens, leading to shorter illnesses. There was
some evidence for this in our trial, with some subgroup
analyses suggesting milder illness in the BCG group
compared with the control group, including in the
elderly. The latter finding is in line with some previous
reports which suggest a beneficial effect of BCG in the
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elderly,”” but in contrast with a large recent study that
failed to demonstrate a beneficial effect of BCG to pre-
vent COVID-19 in elderly individuals with or without
comorbidities.” In addition, the absence of effect of
BCG in the subgroup of participants with comorbidities
in the present study is in contrast with previous findings
suggesting a beneficial effect of BCG vaccination in
patients with comorbidities."”*

The discrepancies observed amongst BCG trials
might be attributable to differences in setting (mortality
rates, mycobacterial exposure, (epi)genetic differences
in population), age group (adults vs infants, adolescent,
or elderly), BCG dose regime (1 vs 3 doses in some
trials) or strain, definition of respiratory infection (any
vs upper or lower), pathogen (SARS-CoV-2 vs undeter-
mined) and/or duration of follow-up (12 months in
BRACE vs 7 days to 12 months in other studies).”
Nevertheless, reported all-cause mortality seems to be
lower in the BCG group, in both adults® and in infants.'

The strength of our trial is its size, being among the
largest to report the effect of BCG vaccination on
febrile or respiratory illness in adults. The main limi-
tation of our trial is the self-reporting of illness without
microbiological confirmation, precluding sub-analysis
by pathogen. Another is the inevitable inability to
ensure complete blinding in trials using BCG due to
formation of injection site scars in most BCG re-
cipients.”® The retention rate was higher in the BCG
group compared with the control group, but the person
years used for the analyses were comparable between
groups. Participants were exclusively healthcare
workers, who may differ from the general population
in terms of microbial (and mycobacterial) exposure.
Finally, lock downs and the use of masks, social
distancing and hand hygiene during the COVID-19
pandemic had an impact on the circulation of com-
mon respiratory pathogens. Our results are therefore
not necessarily generalisable to periods with higher
circulation of RSV, influenza, and rhinovirus.

In conclusion, our study is the first to suggest that
BCG vaccination slightly increases rather than decreases
the risk of subsequent non-severe symptomatic febrile
or respiratory illness in adults. Future studies should
focus on determining the factors that explain the dif-
ference in the effect to BCG in this setting compared
with the beneficial effects on infections and all-cause
mortality observed in neonates living in high-mortality
settings."'**’
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