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ABSTRACT

Introduction BCG vaccination modulates immune responses
to unrelated pathogens. This off-target effect could reduce
the impact of emerging pathogens. As a readily available,
inexpensive intervention that has a well-established safety
profile, BCG is a good candidate for protecting healthcare
workers (HCWSs) and other vulnerable groups against
COvID-19.

Methods and analysis This international multicentre phase
I randomised controlled trial aims to determine if BCG
vaccination reduces the incidence of symptomatic and severe
COVID-19 at 6 months (co-primary outcomes) compared with
no BCG vaccination. We plan to randomise 10 078 HCWs
from Australia, The Netherlands, Spain, the UK and Brazil in

a 1:1 ratio to BCG vaccination or no BCG (control group). The
participants will be followed for 1year with questionnaires
and collection of blood samples. For any episode of illness,
clinical details will be collected daily, and the participant will be
tested for SARS-CoV-2 infection. The secondary objectives are
to determine if BCG vaccination reduces the rate, incidence,
and severity of any febrile or respiratory illness (including
SARS-CoV-2), as well as work absenteeism. The safety of BCG
vaccination in HCWs will also be evaluated. Immunological
analyses will assess changes in the immune system following
vaccination, and identify factors associated with susceptibility
to or protection against SARS-CoV-2 and other infections.
Ethics and dissemination Ethical and governance approval
will be obtained from participating sites. Results will be
published in peer-reviewed open-access journals. The final
cleaned and locked database will be deposited in a data
sharing repository archiving system.

Trial registration ClinicalTrials.gov NCT04327206

INTRODUCTION
In the twilight of 2019, the novel human
pathogen SARS-CoV-2 emerged leading
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Strengths and limitations of this study

» By including healthcare workers in five countries
across three continents, this randomised controlled
trial is large enough to assess the effect of BCG vac-
cination on the incidence of severe COVID-19, as
well as symptomatic COVID-19 and other infections.

» The trial includes robust clinical data collection on a
daily basis during illness episodes to enable precise
measurement of severity, as well as real-time track-
ing of missed opportunities for SARS-CoV-2 testing
to trigger individualised reminders.

» By including regular blood sampling, the trial will
also provide information on the BCG-induced mo-
lecular and immunological changes associated with
protection against off-target infections.

» Limitations include the difficulty in blinding partic-
ipants to group allocation due to the reaction and
scar induced by BCG in most people, therefore re-
quiring careful choice of objective outcomes as well
as blinded assessment of measures where possible.

» A further limitation is that aspects of the trial may
require adjustment as the pandemic evolves and
knowledge about COVID-19 expands.

to the COVID-19 pandemic." With no pre-
existing immunity and in the absence of a
vaccine, it was predicted that up to 60% of
the global population could be infected.? As
a result of their close contact with patients,
healthcare workers (HCWs) are at particularly
high risk.”” By September 2020, over 7000
HCWs worldwide had succumbed to COVID-
19.% This susceptibility is consistent with the
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SARS epidemic in 2003, when HCWs comprised 21% of
all cases.* HCW absenteeism or quarantine requirements
due to COVID-19 impair healthcare delivery during the
pandemic.

Preventive interventions to protect against emerging
pathogens are needed, particularly for HCWs. The tuber-
culosis (TB) vaccine BCG has beneficial off-target effects
that protect against unrelated infections.”™® These effects
have been most extensively studied in high-mortality
settings in Africa, where trials have shown a 38% reduc-
tion in all-cause neonatal mortality in infants vacci-
nated with BCG-Denmark compared with unvaccinated
infants.'®!” This protection, observed within days of vacci-
nation, is proposed to be attributable to reduced deaths
from infections other than those caused by Mycobacterium
tuberculosis, particularly respiratory tract infections and
sepsis.”? 1% The beneficial off-target effects of BCG are
proposed to result from BCG-induced immunomodula-
tion.'? 1822 [ adults, BCG vaccination increases innate
immune responses to unrelated pathogens, an effect
termed trained immunity,® that is sustained for at least a
year after vaccination.**

In a human challenge model, prior vaccination with
BCG-Denmark reduced viraemia by over 70% and
improved antiviral immune responses to yellow fever
virus vaccine,'” a single-stranded, positive-sense RNA
virus (as is SARS-CoV-2) compared with no BCG vaccina-
tion. In three randomised controlled trials in adults, BCG
vaccination reduced the incidence of acute upper respira-
tory tract infections by 70%-80% compared with no BCG
vaccination (although this was not necessarily the primary
outcome of these trials).'"™!* Several studies have shown
that BCG can also reduce symptoms in human papilloma
virus and herpes simplex virus infections in adults."* '°
Another study in adults showed that BCG-Bulgaria altered
the clinical and immunological responses to malaria.”” In
animal models, numerous studies have shown that BCG
protects against disease and mortality caused by a wide
range of pathogens, including single-stranded, positive-
sense RNA viruses.'” ****

BCG vaccination potentially offers a readily available,
safe, and low-cost way to reduce the incidence and/or
severity of COVID-19, as well as other emerging patho-
gens that might arise in the future.*” ** This would be of
particular benefit among high-risk groups in whom the
disease has the greatest impact, such as HCWs.

STUDY AIMS

Primary objective

To determine in HCWs if BCG vaccination compared with
no BCG vaccination reduces the incidence of (1) Symp-
tomatic and (2) Severe COVID-19 during the 6 months
following randomisation.

Secondary objectives
To determine in HCWs, during the 6 months and 12
months following randomisation, if BCG vaccination

compared with no BCG vaccination: (1) Prolongs the
time to first SARS-CoV-2-proven symptomatic infection;
(2) Reduces the incidence and/or severity of febrile or
respiratory illness, including COVID-19; (3) Reduces
absence from work and (4) Is safe in HCWs (including
revaccination). Exploratory objectives are to determine
if BCG vaccination compared with no BCG vaccination:
(1) Reduces oral herpes simplex virus reactivation in the
subgroup of adults with recurrent cold sores; and (2)
Changes immune function and whether these changes
are associated with protection against non-tuberculous
infectious diseases, including COVID-19. The study will
also investigate factors that influence immune responses
and infection risk (including COVID-19).

METHODS AND ANALYSIS

Trial design and setting

In this multicentre, phase III, randomised controlled
trial, HCWs will be randomised in a 1:1 ratio to receive
or not receive BCG vaccination. The protocol is avail-
able in the online supplemental material. Recruitment
started 30 March 2020 and is divided into two stages. In
stage 1 (March to April 2020), HCWs in Australia were
randomised during the Australian influenza season in an
open-label design to receive BCG and influenza vaccine,
or influenza vaccine alone. In stage 2 (from May 2020),
HCWs in five countries are randomised in a blinded
fashion to receive BCG vaccine or placebo saline intra-
dermal injection. Participants will be followed-up for 12
months. Data will be combined from both stages in a
preplanned meta-analysis.

Participants and eligibility criteria

Up to 10 078 HCWs in Australia, The Netherlands,
Spain, the UK and Brazil will be recruited across
both stages of the trial. Potential participants will
receive information about the trial via email, health-
care facilities notice board, and/or website/social
media. This will include a short description about
the study, a link to a website with further informa-
tion and contact details for questions. Potential
participants will be able to evaluate their eligibility
online, and access the site-specific participant infor-
mation and consent form (see online supplemental
material) prior to attending the clinic for enrolment.
Eligibility will be ascertained by study staff during the
baseline visit where participants will give informed
consent. HCWs are eligible if working in healthcare
settings during the COVID-19 pandemic or having
face-to-face contact with patients. Stage 1 participants
were required to receive influenza vaccination on
the day of randomisation, regardless of group alloca-
tion. Exclusion criteria are: previous positive test for
SARS-CoV-2, contraindication to BCG vaccine (eg,
immunosuppression, pregnancy, serious underlying
illness, history of active TB), previous adverse reac-
tion to BCG vaccine (eg, significant local reaction
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such as abscess or suppurative lymphadenitis), BCG
vaccine administered within the last year, any other
live-attenuated vaccine administered within the last
month or indicated in the next month, any COVID-
19-specific vaccine administered, or involvement in
another COVID-19 prevention trial.

Intervention
Participants randomised to BCG will receive a single dose
of BCG-Denmark (A] Vaccines, Copenhagen), 0.1 mL
(corresponding to 2-8x10° colony forming units of Myco-
bacterium bovis, Danish strain 1331) as an intradermal
injection over the region where the deltoid muscle inserts
into the humerus, using a 1 mL syringe fitted with a short
(10mm) bevel needle (25G to 30G).

In stage 2, participants randomised to not receive BCG
will be given a saline placebo intradermal injection using
the same procedure described for BCG.

Randomisation process

Randomisation to BCG or non-BCG groups will be done
using a web-based randomisation procedure on the
Research Electronic Data Capture platform (REDCap),gl
provided by an independent statistician. Randomisation
will be in randomly permuted blocks of variable length
(2, 4 or 6) stratified by stage of the study (stage 1 or 2),
study site, age (<40 years; 40-59 years; 260 years) and
presence of comorbidity (any of diabetes, chronic respi-
ratory disease, cardiac condition, hypertension).

Blinding
In stage 1, participants will be recruited in an open-label
setting, meaning that only the trial statisticians will be
blinded.

In stage 2, only those preparing and administering
the intervention (BCG or placebo) will be unblinded;
participants, investigators, statisticians and other trial
staff involved in follow-up and data collection, will be
blind to the randomisation group throughout the trial.

The code breaking procedure is available in the online
supplemental material.

Randomisation  Vaccine diary
for 2 weeks
BCG or
Placebo R

3 months

al

Outcome

Primary outcomes

Two primary outcomes have been chosen for this study:
incidence of symptomatic COVID-19 and incidence of
severe COVID-19 during the 6 months after randomis-
ation. In light of the lack of knowledge about this new
virus, we deemed it important to have sufficient power
to detect the potential effect of BCG vaccine compared
with no BCG (control group) on both of these outcomes.
Our hypothesis is that BCG vaccine will reduce both
the number of cases of symptomatic COVID-19 and the
number of severe cases of COVID-19.

Symptomatic COVID-19 will be defined as an episode
of illness with fever or at least one symptom of respiratory
disease (including sore throat, cough and shortness of
breath) plus a positive SARS-CoV-2 test (PCR, antigen or
serology).

Severe COVID-19 will be defined as an episode of illness
with a positive SARS-CoV-2 test plus at least one of the
following as a consequence of COVID-19: (1) Death, (2)
Hospitalisation or (3) Non-hospitalised severe disease,
defined as being non-ambulant or unable to work for
three consecutive days or more. Non-ambulant will be
defined as being ‘pretty much confined to bed (meaning
finding it very difficult to do any normal daily activities)’,
and unable to work as ‘not feeling physically well enough
to go to work’.

Secondary outcomes

Secondary outcomes will be assessed over the 6 months
and 12 months following randomisation and are: any
febrile or respiratory illnesses, duration of symp-
toms, number of days of absence from work, number
of days confined to bed, complications (eg, pneu-
monia, need for oxygen therapy, admission to critical
care, need for mechanical ventilation, outcome), and
asymptomatic SARS-CoV-2 infection. Vaccine-related
adverse reactions (frequency, severity and duration)
will be compared between groups, and between
participants who are BCG-naive and those who are
BCG-revaccinated.

6 months 9 months 12 months
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Exploratory outcomes

The impact of BCG vaccination on herpes simplex virus
reactivation will be evaluated using the time to first recur-
rence, as well as the number, duration and severity of
recurrences. The impact of vaccinations on the immune
system will be evaluated using serology, immunoprofiling
and cytokine responses.”' * The influence of host and
external factors on the immune response and infection
will also be evaluated.

Data and sample collection

Participants will be followed-up for 12 months as illus-
trated in figure 1, using questionnaires and collection
of blood samples. Additional information on severe
disease will be obtained from hospital medical records.

Questionnaires
Web-based questionnaires will be completed by
participants or study staff at the time of recruitment,

randomisation, during the 2 weeks postvaccination
(vaccine diary) and 3-monthly during follow-up, using
the REDCap platform.” A summary of the data collected
is provided in table 1. To verify eligibility, and for stratifi-
cation prior to randomisation, the baseline questionnaire
will collect data on demographics, workplace exposure
and medical history. The vaccine diary will be used to
document common reactions in the first 2 weeks after
vaccination, with severity categorised using a toxicity
grading scale.” At 8 months, 6 months, 9 months and
12 months after randomisation, follow-up questionnaires
will be used to collect medical data outcome measures
and potential modulating factors.

lliness questionnaires

Participants will be asked weekly if they have been unwell
since the last contact using a smartphone application
designed for the trial (Trial Symptom Tracker, WeGuide)

Table 1 Data collected from the questionnaires

Eligibility Baseline / Vaccine 3-mly Episode

Participant questionnaires check randomisation diary* FUt FU
Demographics, medical history
Inclusion and exclusion criteria X
Age, sex, BMI, comorbidities (diabetes, cardiovascular disease, chronic X
respiratory disease, hypertension), alcohol, smoking
Medication: use of hydroxychloroquine, azithromycin, lopinavir-ritonavir, X X
oseltamivir or antihypertensive drugs
Vaccination: timing of administration of other vaccine(s) X
Mycobacterium spp exposure: prior BCG vaccination, previous positive TST, X X
latent TB, or stay in high TB prevalence country
Cold sores recurrences and impact on quality of life X X
COVID-19 exposure
Workplace: profession, department, amount of direct patient contact, contact X X
with COVID-19 cases
Household: composition, COVID-19 exposure X X
BCG vaccination site
Photograph of BCG vaccination site X X X
Vaccine site reaction (pain, redness, swelling, tenderness) X
Enlarged lymph node X
BCG scarring and complication X X
lliness episode
Presence of fever, cough, shortness of breath/difficulty breathing, sore throat, X X
runny/blocked nose, fatigue, muscle or joint pain, headache, nausea or
vomiting, diarrhoea, loss of smell or taste
COVID-19 test result X X
Days absent from work X X
Days confined to bed X
Medical consultation, ED presentation X X
Hospital admission X X
Complications X X

*Completed during the 2 weeks following vaccination.
TQuestionnaire available in the online supplemental material.

BMI, body mass index; ED, emergency department; Episode, illness episode; FU, follow-up; mly, monthly; TB, tuberculosis; TST, tuberculin skin test.
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and/or by contacting the participant by telephone, text
message or email. With each episode of illness, the partic-
ipant’s symptoms will be recorded daily. At the end of the
episode, a short survey will record COVID-19 test results,
the severity of the episode, its management and its impact
on ability to work.

COVID-19 testing

When symptomatic, participants will be asked to
undergo testing for SARS-CoV-2 infection with a vali-
dated test as required by their institution or local
health authority. Participants who report fever or
respiratory symptoms but have not been tested will be
identified rapidly through the daily illness question-
naires and the participant will be called by the study
staff to help arrange testing.

Blood sampling

Blood will be collected at recruitment and 3 months, 6
months, 9 months and 12 months after randomisation
for measurement of anti-SARS-CoV-2 antibodies. This will
enable us to identify participants who were seropositive
prior to randomisation and those who seroconvert during
follow-up. Blood samples will also be used for the explor-
atory objectives related to vaccine-induced changes in
the immune system and prediction of risk of COVID-19.
Interferon 7y release assays will be included in sites with a
high TB prevalence.

Active tracking of missing data

Automated reports will identify in real time any missing
data or missed opportunity for COVID-19 testing,
enabling individualised reminders by email, text message
and telephone call by the study staff.

Sample size

The sample size for stage 2 of the study and the
preplanned meta-analysis was chosen to provide
adequate power for the two primary outcomes.
Control of type I error will be managed by splitting
the significance level between both outcomes and
the preplanned interim analysis. The calculations are
summarised in online supplemental table 1.

It is estimated that 55% of participants will have symp-
tomatic COVID-19 in the control group by 6 months;
with 1:1 randomisation, a sample size of 2016 will provide
95% power with two-tailed 0.005 significance level for the
Pearson’s x” test (with continuity correction) to detect an
absolute difference of -10% (to 45%) between the BCG
vaccine group and the control group.

For severe COVID-19 by 6 months, the study is powered
to identify a risk ratio of 0.67 in the BCG compared
with the control group. Assuming a 4% rate of severe
COVID-19 by 6 months in the control group, a sample
size of 6076 will provide 80% power with two-tailed 0.04
significance level for the Pearson’s x* test to detect a
risk ratio of 0.67, equivalent to an absolute difference of
-1.3%. The remaining 0.005 was planned to be spent on

the interim analysis. Allowing for a 16% loss to follow-up,
we plan to recruit 7244 HCWs in stage 2.

In the preplanned meta-analysis, there will be a total
of 10078 participants (8062 allowing for 20% loss to
follow-up). Assuming a 4% rate of severe COVID-19 by
6 months in the control group, a sample size of 8062
(4031 per group) will provide 90% power with two-tailed
0.04 significance level for the Pearson’s % test to detect a
risk ratio of 0.67, equivalent to an absolute difference of
-1.3%.

Statistical analysis

The primary analysis will be an intention to treat anal-
ysis on all eligible participants randomised during stage
2 who did not have a SARS-CoV-2 positive test result
at time of randomisation. The proportions of partici-
pants that meet each of the primary outcomes will be
compared between the two groups using an absolute
risk difference, estimated using a time-to-event anal-
ysis, where the survival curve for each combination of
strata and randomised group will be calculated using a
flexible parametric survival model (Royston-Parmar™
model), presented with 95% CIs calculated with boot-
strap standard errors.

Secondary analyses are planned using similar models,
adjusting for the following covariates: sex, number and
type of comorbidities, history of previous BCG vaccina-
tion. Subgroup analysis based on the same covariates
are planned. The survival analysis strategy enables all
participants with any follow-up data to be included in the
analysis.

Secondary outcomes will be analysed and reported
according to their nature (binary, continuous or cate-
gorical). Survival analysis will be used to analyse time to
event outcomes with censoring of participants at their last
follow-up.

A meta-analysis combining participants from both
stages will be done, using the same analysis as described
above, adjusted for the stage of the study.

Rate, severity, time to onset and duration of adverse
reactions will be described using proportion, median and
IQR, and expressed according to the number of partici-
pants answering the safety questions, presented by treat-
ment group. The safety outcomes in the BCG group will
be compared between participants who were revaccinated
and those who were BCG-naive using the y” test and the
Mann-Whitney U test.

Further exploratory analyses will evaluate the associa-
tion between various factors and immune function, using
both clinical and in vitro measures.

The full details of the interim and final analysis will be
provided in the statistical analysis plan which will be final-
ised prior to unblinding and database lock.

Interim analysis

There will be a single interim analysis of severe COVID-19
once 100 events have occurred.” The analysis will follow
the same methodology as the primary analysis. The

Pittet LF, et al. BMJ Open 2021;11:¢052101. doi:10.1136/bmjopen-2021-052101

5

1ybuAdoo
Ag pesioid “Areiqi Ausieaiun yoann e zzoz ‘v Areniged uo /wodfwg uadolway/:dny woly papeojumod “TZ0Z 1890100 8Z U0 TOTZS0-TZ0Z-uadolwa/9eTT 0T Se paysiiand 1siy :uado rINg


https://dx.doi.org/10.1136/bmjopen-2021-052101
http://bmjopen.bmj.com/

stopping rule will be based on an alpha spending func-
tion, where the threshold to identify efficacy is based on
the amount of data available at the time of the interim
analysis.

ETHICS AND DISSEMINATION

Ethics

The trial will be run in accordance with the ethical prin-
ciples of the Declaration of Helsinki, and ethical and
governance approval sought for all participating sites.
The primary Human Research Ethics Committee is the
Royal Children’s Hospital Melbourne (No. 62586), and
the protocol was approved by all participating sites. An
independent data safety monitoring committee (DSMC)
will oversee trial conduct, safety and the interim analysis;
the DSMC charter is available in the online supplemental
material.

Risk

The BCG vaccine has a well-established safety profile in
healthy individuals. Infant BCG administration is near
universal in many countries, and therefore many HCWs
have previously received this vaccine. The risk of an
earlier and accelerated local reaction is increased for
HCWs who have previously had the vaccine (BCG revac-
cination), compared with those receiving it for the first
time (BCG-naive).”>™* However, passive surveillance in
countries recommending revaccination has not raised any
safety concerns.® Also, rates of serious adverse events
among BCG-revaccinated participants were not increased
in large randomised controlled trials in Africa compared
with those who had not previously received BCG.'" ** *
Participants in the current study will not be tested for
latent TB prior to inclusion as this does not predict the
development of local skin reactions, abscesses or axillary
lymphadenitis.”® Of relevance for participants enrolled
during stage 1, there is no additional risk for co-adminis-
tration of influenza and BCG vaccines.”® ¥’

While BCG has not been shown to cause fetal damage,
the use of live-attenuated vaccines is contraindicated in
pregnancy. Therefore, women of childbearing potential
who think they could be pregnant or are planning to
become pregnant within the next month are not eligible.
Participants are asked to do a pregnancy test if they have
any doubt, and encouraged to do so in the privacy of their
homes. In some regions, completing a pregnancy test will
be an eligibility requirement and test kits will be made
available at recruitment.

There is a hypothetical risk that BCG-induced trained
immunity could increase symptoms in those who contract
SARS-CoV-2, leading to a higher incidence of symptom-
atic COVID-19 in the BCG-vaccinated compared with
the non-vaccinated group. However, even if this occurs,
BCG might still be associated with a lower risk of severe
COVID-19 and hospitalisation as a result of a trained
immune response reducing the viral load or clearing
the infection faster. In a recent report, administration

of BCG at the time of hospital admission for COVID-19
did not raise any safety concerns.*® In addition, there was
no evidence of increased severity of COVID-19 among
participants who participated in BCG trials prior to the
pandemic.*

Limitations

As a papule develops at the injection site around
2weeks after BCG vaccination in most people, it is chal-
lenging to blind participants to their group allocation,
even with a placebo. We have chosen objective primary
outcomes to decrease the risk that awareness of alloca-
tion biases the trial results. Members of the research
team following up the participants will be blinded to
group allocation, as well as those doing the analysis (by
the removal of all variables related to BCG from the
data set) until data cleaning is complete and the statis-
tical analysis plan has been signed by all investigators.

The BRACE trial is designed in two stages, from which
data will be combined in a preplanned meta-analysis.
Stage 2 was initiated when extending the recruitment
outside Australia in April 2020. As it was spring in the
northern hemisphere, the influenza vaccine could
not be administered to the control group. In stage 2,
participants are randomised to BCG vaccination or a
saline placebo injection, with the placebo contributing
to increasing the retention rate and lowering the risk
of response bias.

The evolution of COVID-19 epidemiology and avail-
ability of COVID-19-specific vaccines are unpredict-
able, and we may not be able to detect any difference
between the groups if the numbers of symptomatic
and severe COVID-19 are too low. It is possible that
HCWs may become less likely to contract SARS-CoV-2
as a result of improved preventive practices, reduced
community transmission and/or following the avail-
ability of COVID-19 vaccines. In addition, once
COVID-19-specific vaccines become available, interest
in participating in the current trial might wane. We
have therefore chosen diverse recruitment settings
and included secondary outcome measures to eval-
uate the impact of BCG vaccination on other illnesses
and infections (febrile and/or respiratory symptoms,
herpes simplex virus reactivation) and on the immune
system overall (immunological studies).

Perspective

This trial is designed to determine whether BCG vaccina-
tion can reduce the incidence and/or severity of illness
caused by SARS-CoV-2 infection. It also aims to provide
data on the ability of BCG vaccination to reduce the
overall rate and/or severity of febrile and respiratory
illnesses in adults. This is particularly important for viral
outbreaks that coincide with the winter influenza season,
and could help to reduce the overall strain on the health-
care system. If the hypothesis of a beneficial effect of BCG
vaccination is correct, then this vaccine could be imple-
mented as an early intervention to protect HCWs and
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other high-risk groups in future novel respiratory virus
outbreaks.

Dissemination

The trial protocol is registered at ClinicalTrials.gov
(NCT04327206) and is available in the online supple-
mental material. Dissemination of the findings is
planned, regardless of the results, through the WHO,
in peerreviewed journals and at scientific confer-
ences. Once the database is cleaned and locked, it will
be deposited in a data sharing repository archiving
system. Access to the data will follow the rules of the
repository system.

Public involvement statement

The trial participants comprise only HCWs. The
BRACE trial investigators include a number of HCWs
and therefore representatives of the target popula-
tion were heavily involved in the design, management
and conduct of the trial. Most of the trial steering
committee and the data safety and monitoring board
(DSMB) members are also HCWs. The results of the
trial will be disseminated to the trial participants and
the HCW community.
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of 'the BRACE trial Consortium Group' have been updated.
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