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Summary

Background Recurrences of herpes simplex virus (HSV) in the orofacial region (herpes labialis or cold sores) impact
quality-of-life. We aimed to study whether the bacille Calmette-Guérin (BCG) vaccine can attenuate cold sore
recurrences through off-target immunomodulatory effects.

Methods In this nested randomised controlled trial within the multicentre, phase 3 BRACE trial, 6828 healthcare
workers were randomised in 36 sites in Australia, the Netherlands, Spain, the United Kingdom and Brazil, to receive
BCG-Denmark or no BCG (1:1 ratio using a web-based procedure) and followed for 12 months with 3-monthly
questionnaires. Exclusion criteria included contraindication to BCG vaccine or previous vaccination with BCG
within the past year, any other live-attenuated vaccine within the last month, or any COVID-specific vaccine. The
intervention group received one intradermal dose of 0.1 mL of BCG-Denmark corresponding to 2-8 x 10> colony
forming units of Mycobacterium bovis, Danish strain 1331. The primary outcome was the difference in restricted
mean survival time (i.e., time to first cold-sore recurrence), in participants with frequent recurrent herpes labialis
(=4 recurrences/year), analysed by intention-to-treat. Secondary outcomes addressed additional questions,
including analyses in other sub-populations. Adverse events were monitored closely during the first 3 months and
were reported in all participants who received one dose of study drug according to intervention received. The
BRACE trial is registered with ClinicalTrials.gov, NCT04327206.

Findings Between March 30, 2020 and February 18, 2021, 84 individuals with frequent recurrent cold sores were
randomly assigned to BCG (n = 38) or control (n = 46). The average time to first cold-sore recurrence was 1.55 months
longer in the BCG group (95% CI 0.27-2.82, p = 0.02) than the control group (hazard ratio 0.54, 95% CI 0.32-0.91;
intention-to-treat). The beneficial effect of BCG was greater in the as-treated population (difference 1.91 months, 95%
CI 0.69-3.12, p = 0.003; hazard ratio 0.45, 95% CI 0.26-0.76). In prespecified subgroup analyses, only sex modified
the treatment effect (interaction p = 0.007), with benefit restricted to males. Over 12 months, a greater proportion of
participants in the BCG group compared with the control group reported a decrease in duration (61% vs 21%),
severity (74% vs 21%), frequency (55% vs 21%), and impact on quality of life (42% vs 15%) of cold sore
recurrences. In participants who had ever had a cold sore, there was also a decrease in self-reported burden of
recurrences in the BCG group. In participants who had never had a cold sore, there was an increased risk of a
first episode in the BCG group (risk difference 1.4%; 95% CI 0.3-2.6%, p = 0.02). There were no safety concerns.

Interpretation BCG-Denmark vaccination had a beneficial effect on herpes labialis, particularly in males with frequent
recurrences, but may increase the risk of a first cold sore.

Funding Bill & Melinda Gates Foundation, the Minderoo Foundation, Sarah and Lachlan Murdoch, the Royal
Children’s Hospital Foundation, Health Services Union NSW, the Peter Sowerby Foundation, SA Health, the In-
surance Advisernet Foundation, the NAB Foundation, the Calvert-Jones Foundation, the Modara Pines Charitable
Foundation, the UHG Foundation Pty Ltd, Epworth Healthcare, and individual donors.

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Herpes simplex virus; Cold sore; Herpes labialis; Bacille Calmette-Guérin; Mycobacterium bovis;
Prevention; Secondary prophylaxis; Off-target effects; Non-specific effects; Heterologous immunity

Introduction the burden of HSV recurrences, but is costly, and in-
Recurrent herpes labialis (‘cold sore’) is a common  volves the risk of adverse events.”* There is still no
condition caused by reactivation of the herpes simplex ~ vaccine available against HSV.”

virus (HSV) in the orofacial region." HSV-1 is endemic In addition to its intended effects, the anti-
worldwide, infecting up to 95% of individuals,? of whom  tuberculosis vaccine, bacille Calmette-Guérin (BCG),
between 14 and 40% have frequent recurrent cold  induces off-target (‘non-specific’) effects that confer
sores.’ Recurrences can be debilitating and significantly ~ additional benefits.* Examples of these immunomodu-
reduce quality of life. Long-term suppressive therapy latory effects include reduction in all-cause mortality in
with an oral antiviral is somewhat effective in reducing ~ infants,” prevention and treatment of certain cancers, """

www.thelancet.com Vol 64 October, 2023


http://ClinicalTrials.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eclinm.2023.102203
https://doi.org/10.1016/j.eclinm.2023.102203
https://doi.org/10.1016/j.eclinm.2023.102203
www.thelancet.com/digital-health

Articles

Research in context

Evidence before this study

In a recent systematic review, updated in April 2023,
vaccination with bacille Calmette-Guérin (BCG) was found to
be beneficial in 78% of individuals with recurrent herpes
labialis or genitalis. Albeit promising, these results were
mainly from observational studies done in the 1970s and
have never been confirmed in a randomised controlled trial.
One previous trial, restricted to patients with herpes genitalis,
had a number of limitations, in particular the use of a
potentially beneficial intervention in the control group.

Added value of this study

In a randomised controlled trial to assess whether BCG
vaccination protects against COVID-19, we did a nested sub-
study to determine the effect of BCG vaccination on
attenuating cold sore (herpes labialis) recurrences in

protection against progression of autoimmune dis-
eases,'” and protection against a variety of viral in-
fections."'* Observational studies suggest this includes
the prevention of HSV recurrences.” In a systematic
review of observational studies, BCG vaccination was
found to be beneficial in 78% of individuals with
recurrent herpes labialis or genitalis, with 37% being
recurrence-free for an extended period, 41% experi-
encing less frequent or severe episodes, and only 22%
reporting no change.” Albeit promising, these results
have never been confirmed in a randomised controlled
trial (RCT). The only RCT published to date, restricted to
patients with herpes genitalis, had a number of limita-
tions, in particular the use of a potentially beneficial
intervention in the control group.’

This study aimed to determine in a subgroup of
adults with recurrent cold sores whether BCG vaccina-
tion compared with placebo reduces HSV recurrences
in the BRACE RCT (BCG vaccination to reduce the impact
of COVID-19 in healthcare workers)."* Secondary aims
addressed a wider range of objectives, including the
impact of BCG on the burden of recurrences and the
risk of a first cold sore episode in sub-groups defined by
differing frequencies of HSV recurrence.

Methods

Trial design, setting, participants and intervention
The BRACE trial is a multicentre phase 3 RCT that
enrolled healthcare workers in 36 sites in Australia, the
Netherlands, Spain, the United Kingdom and Brazil,
which assessed whether BCG vaccination protects
against COVID-19. The BRACE trial primary outcomes
and protocol have been previously published
(ClinicalTrials.gov NCT04327206).'*” Briefly, exclusion
criteria included contraindication to BCG vaccine or
previous vaccination with BCG within the last year, any
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individuals with frequent recurrent cold sore episodes. We
found a 53% increase in the mean time spent without a first
recurrence over 12 months following BCG-Denmark
vaccination, and a significant decrease in the self-reported
burden of cold sore recurrences. We also observed a small
increased risk of reporting a first cold sore episode in the BCG

group.

Implications of all the available evidence

BCG-Denmark vaccination attenuates recurrences of herpes
labialis, particularly in males and in those with frequent
recurrences. Future studies should focus on other populations
in which herpes recurrence has a significant impact, including
children (in whom cold sore recurrences impact feeding and
schooling) and individuals with recurrent herpes genitalis.

other live-attenuated vaccine within the last month, or
any COVID-specific vaccine. Participants were rando-
mised in a 1:1 ratio using a web-based procedure
(REDCap®).s Those in the intervention group received
one intradermal injection of 0.1 mL of BCG-Denmark
(A] Vaccines, Copenhagen; corresponding to 2-8 x 10°
colony forming units of Mycobacterium bovis, Danish
strain 1331; batch numbers detailed in the Appendix).
Participants randomised to the control group received
either no intervention (defined as BRACE stage 1,
recruited before May 2020) or placebo saline intrader-
mal injection (defined as BRACE stage 2, recruited after
May 2020)."° Participants were followed up for 12
months, and adverse events monitored closely during
the first 3 months.'*"

Ethics

The study was approved by the Royal Children’s Hos-
pital Melbourne Human Research Ethics Committee
(No. 62586); the protocol was approved by the ethics
committee at each site and all participants provided
informed consent.

Outcome measures

Questionnaires were completed by participants at base-
line and at 3, 6, 9, and 12-months of follow-up. In the
baseline questionnaire, participants were asked de-
mographic questions (including sex) and details about
their previous history of cold sores, including age at first
episode, number of cold sore episodes (overall and in
the last year), use of treatment for cold sores, and impact
of cold sores on quality of life. In the follow-up ques-
tionnaires, participants were asked whether they had
had a cold sore recurrence since their last completed
questionnaire, the frequency of episodes, when the first
recurrence began, any treatment used for cold sores,
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and whether they noticed a change in cold sore re-
currences in terms of frequency, duration, severity, and
impact on quality of life.

The primary outcome for this nested study was the
time from randomisation to first self-reported cold sore
recurrence in the subset of participants with frequent
recurrent herpes labialis, defined as reporting four or
more cold sore recurrences in the preceding year at the
baseline questionnaire. Secondary outcomes included
the number of cold sore recurrences, proportion of
participants with a cold sore recurrence, and proportion
of participants with a perceived change in duration,
severity, frequency, or impact on quality of life of cold
sore recurrences (see Appendix).

Statistical analysis

The statistical analysis plan was finalised before
unblinding (see Appendix). Sample size calculations
were based on the primary outcomes of incidence of
severe and symptomatic COVID-19 in the BRACE trial.”
Participants were included under their randomised
treatment group, as per the intention-to-treat principle.
Our target estimate was the difference in restricted
mean survival time (RMST, i.e., time free from first cold
sore recurrence) over 12-months of follow-up and 95%
confidence intervals (CI), estimated using a flexible
parametric survival (Royston-Parmar) model on the log
cumulative hazard scale, standardised for stratification
factors used during randomisation (age group, presence
of comorbidity, geographical location, and study stage).”
Assuming the proportional hazards assumption was
found to be reasonable, we also presented hazard ratios
(HR) and their corresponding 95% CI. Participant data
were censored at 12-months of follow-up; otherwise,
data were censored at loss to follow-up or at the time of
latest survey completion date without missing outcome
data. Therefore, RMST can be interpreted as the average
time before first cold sore recurrence restricted to 12
months follow-up (or to 12 months follow-up in those
without recurrence). For clarity, this will be referred to
as the ‘time to first cold sore recurrence’.

Binary outcomes were summarised as between
group model-fitted marginal risk differences (RD) and
95% CI estimated using binomial regression models
adjusted for stratification factors. The frequency of cold
sore episodes over 12 months was summarised as an
incidence rate ratio (IRR) and 95% CI estimated using a
negative binomial regression model adjusted for strati-
fication factors.

Supplementary analyses were done in different
subsets of participants: (i) in participants who ever had a
cold sore (i.e., who reported having any number of
previous cold sore episodes at baseline); (ii) in partici-
pants who reported 1 or more cold sore episodes in the
preceding year; (iii) in participants who reported 2 or
more cold sore episodes in the preceding year; and (iv)
in participants who previously never had a cold sore.

Sensitivity analyses were done: (i) limiting data to that
ascertained through 3-month recall; (ii) in hypothetical
scenarios in which suppressive therapy was not available
(censoring data at initiation of suppressive therapy); and
(iii) in the as-treated population, with participants ana-
lysed according to the intervention they received.

Subgroup analyses were done for the primary
outcome, including by: (i) sex (male/female); (ii) history
of previous BCG (BCG-naive/previous BCG); (iii)
geographical location (Australia/Brazil/Europe); (iv) age
(<40 years/40-59 years/>60 years); (v) age at first cold
sore episode (0 to 5/6 to 12/13 to 18/>18 years-old); and
(vi) study stage (stage 1/stage 2). Heterogeneity of the
treatment effect by subgroup was assessed through in-
clusion of an interaction term (treatment x subgroup)
within the flexible parametric survival model.

Multiple imputation was used for the binary and
count outcomes when >10% of participants were
missing (see Appendix). All p values are two-sided. All
analyses were done using Stata v16.1.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

A total of 6828 participants were included in the BRACE
trial between March 30, 2020 and April 1, 2021, 3417 in
the BCG group and 3411 in the control group (Fig. 1).
They had a mean age of 42 years (standard deviation 12
years) and were predominately female (75%). Their
characteristics are detailed in the Appendix.

Of the 6447 participants who answered the baseline
HSV questions, 1894 (29.4%) participants reported
having had at least one cold sore episode in their life
and, of these, 84/1633 (5.1%) (1.4% of all participants)
reported frequent episodes with four or more re-
currences in the year preceding inclusion. Age at first
episode, number of cold sore episodes in the last year,
and self-reported impact of cold sores on quality of life
are detailed in Table 1. During follow up, 30 participants
with frequent recurrent cold sores reported using oral
therapy for cold sores: 19 in the BCG group and 11 in
the control group (including 4/19 (21%) and 5/11 (45%)
using long-term therapy to prevent recurrences,
respectively).

Primary outcome

Of the 84 individuals with frequent recurrent cold sores,
70 reported a recurrence (32/38 (84%) in the BCG group
and 38/46 (83%) in the control group) with a median
time to recurrence of 2.2 (IQR 1.6, 3.5) months after
randomisation in the BCG group, compared with 1.8
(IQR 1.1, 4.2) months in the control group. The time to
first cold sore recurrence was 1.55 months greater in the
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Fig. 1: Trial profile.

BCG group (95% CI 0.27-2.82, p 0.02) with a HR of 0.54
(95% CI 0.32-0.91; Fig. 2, Table 2). The beneficial effect
of BCG on the time to first cold sore recurrence was
greater in the as-treated population (difference 1.91
months, 95% CI 0.69-3.12, p 0.003; HR 0.45, 95% CI
0.26-0.76; Table 2), and persisted in all the other
sensitivity and supplementary analyses (Supplementary
Tables S1-S3). In prespecified subgroup analyses
(Fig. 2), only sex was associated with the treatment effect
(p for treatment arm x sex interaction 0.007), with a
difference in time to first cold sore recurrence of 5.20
(95% CI -0.14 to 10.53) months in males (HR 0.19, 95%
CI 0.02-1.71), compared with 0.43 (95% CI -1.04 to
1.91) months in females (HR 0.87, 95% CI 0.53-1.41).

Secondary outcomes

During the 12-month follow-up, a greater proportion of
participants with frequent recurrent cold sores in the
BCG group compared with the control group reported a
decrease in duration (61% vs 21%; RD 42%, 95% CI
20-64%), severity (74% vs 21%; RD 54%, 95% CI
34-75%) and perceived frequency (55% vs 21%; RD
35%, 95% CI 13-57%) of cold sore recurrences (Table 2,
Fig. 3). In addition, a greater proportion of participants
in the BCG group compared with the control group
reported a reduction in the impact of cold sores on their
quality of life (42% vs 15%; RD 25%, 95% CI 4-47%;
Table 2). There was no difference between the groups in
the proportion of participants reporting any cold sore
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recurrence, or the total number of cold sore recurrences
reported (Table 2).

Supplementary analyses in all participants who
previously ever had a cold sore

In the analyses done in the 1894 participants who ever
had a cold sore, there were differences in the proportion
of participants reporting a perceived decrease in dura-
tion (32% vs 17%; RD 15%, 95% CI 9-22%), severity
(36% vs 16%; RD 21%, 95% CI 14-27%), frequency
(30% vs 14%; RD 15%, 95% CI 9-21%), and impact on
quality of life (23% vs 11%; RD 12%, 95% CI 6-17%) of
cold sore episodes in the BCG group compared with the
control group (Table 2, Fig. 3). The magnitude of
decrease in severity was proportional to the frequency of
cold sore recurrences in the year preceding inclusion
(Table 2, Fig. 3). There was no difference between the
two groups in the time to first recurrence, the propor-
tion of participants reporting a cold sore recurrence, or
the number of cold sore recurrences (Table 2).

Supplementary analyses in participants who never
previously had a cold sore

In the 4553 participants who reported no prior cold sore
occurrences in the baseline questionnaire, the propor-
tion of participants reporting a first cold sore episode
during the 12 months of follow-up was greater in the
BCG group (90/2007, 4.5%) compared with the control
group (59/1861, 3.2%), with a RD of 1.4% (95% CI
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Participants with frequent recurrent cold sores
Control BCG
Baseline characteristics
Participants 46 38
Sex, female 41/46 (89%) 34/38 (89%)
Age, years 43.6 (11.8) 41.8 (10.6)
Presence of comorbidities 10/46 (22%) 5/38 (13%)
Geographical location
Australia 30/46 (65%) 26/38 (68%)
Europe 10/46 (22%) 7/38 (18%)
South America 6/46 (13%) 5/38 (13%)
Personal history of BCG or tuberculosis
BCG in the past 22/46 (52%) 20/38 (53%)
Lived in tuberculosis endemic country 5/46 (11%) 3/38 (8%)
Previous known latent tuberculosis infection 0/46 (0%) 0/38 (0%)
Previous positive tuberculin skin test (>5 mm) 446 (9%) 5/38 (13%)
Personal history of cold sores
Ever had a cold sore 46/46 (100%) 38/38 (100%)
Age at first episode of cold sore
<1 year old 1/43 (2%) 1/38 (3%)
1-5 years old 10/43 (23%) 9/38 (24%)
6-12 years old 11/43 (26%) 8/38 (21%)
13-18 years old 9/43 (21%) 12/38 (32%)
19-35 years old 10/43 (23%) 7/38 (18%)
36-50 years old 1/43 (2%) 1/38 3%)
>50 years old 1/43 (2%) 0/38 (0%)
Recurrence frequency in past year
4-6 episodes 36/46 (78%) 33/38 (87%)
7-12 episodes 10/46 (22%) 4/38 (11%)
>13 episodes 0/46 (0%) 1/38 (3%)
Impact of cold sores on quality of life
Does not impact quality of life 15/46 (33%) 9/38 (24%)
Painful 21/46 (46%) 19/38 (50%)
Aesthetically displeasing 15/46 (33%) 15/38 (39%)
Impact social life 10/46 (22%) 12/38 (32%)
Eating/drinking painful 9/46 (20%) 7/38 (18%)
Associated with bad mood 11/46 (24%) 7/38 (18%)
Impact work 7/46 (15%) 7/38 (18%)
Other impact 1/46 (2%) 1/38 (3%)
On-study data
Participants with 12 months of survey data® 37/46 (80%) 37/38 (97%)
Completed survey with 3-month recall Iengthb 146/152 (96%) 141/144 (98%)
On-study use of oral therapy for cold sores 11/27 (41%) 19/27 (70%)
To treat active cold sores 6/11 (55%) 15/19 (79%)
To prevent cold sores® 0/11 (0%) 0/19 (0%)
Both (treat and prevent) 5/11 (45%) 4/19 (21%)
“This is surveys completed and occurrence of HSV reported but is not indicative of complete data for all outcomes (e.g. individual items on survey could be missed).
“Denominator is the total number of surveys completed with HSV occurrence question answered. Prevention therapy defined as a daily oral anti-viral treatment lasting
more than 1 month.
Table 1: Participants characteristics at baseline and during the trial.

0.3-2.6%, p 0.02; Table 2, Fig. 3). The time to first cold =~ number of cold sore episodes over 12 months greater
sore occurrence was also shorter (difference —0.07  (IRR 1.5, 95% CI 1.0-2.3, p 0.04; Table 2) in the BCG
months, 95% CI —-0.14 to 0.00, p 0.06; Table 2) and the = group compared to the control group.
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Fig. 2: Primary outcome: time to cold sore recurrence by treatment arm, and in subgroup analyses. Forest plots show the subgroup
analyses of the primary outcome, time to cold sore recurrence and 95% confidence intervals. *p-value for subgroup x treatment arm interaction,
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As previously reported, there were no safety concerns
following BCG vaccination in the BRACE trial (see
Appendix).'”"

Discussion

This is the first RCT in which the efficacy of BCG
vaccination to reduce cold sore recurrence is assessed.
In individuals with frequent recurrent cold sore epi-
sodes, we found a 53% increase in the mean time spent
without a recurrence over the 12 months following
BCG vaccination, together with a decrease in the self-
reported burden of cold sore recurrences. Although,
participants in the BCG group were more likely to use
oral therapy during follow up, a higher proportion of
participants in the control group reported using it for a
longer period, to prevent cold sores. BCG vaccination
had the highest impact on individuals with frequent
recurrent cold sore episodes. A decrease in cold sore
burden was observed in participants with less frequent
cold sore recurrences, but of lower magnitude. The
effect of BCG on delaying time to first cold sore
recurrence was greater in the as-treated population,
supporting this being a true beneficial effect of the
intervention.

Overall, the benefit of BCG vaccination was mainly
qualitative (e.g. decreased severity of episode, lower
impact of episode on quality of life), rather than
quantitative (e.g. proportion of participant with a
recurrence, number of recurrences). This highlights
the need to include outcome measures that are clini-
cally relevant in clinical trials, as even small changes,
which may be difficult to capture with quantitative
measures alone, can significantly impact individuals’
everyday lives.

Previous observational studies reporting the impact
of BCG vaccination on HSV have involved a total of 127
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individuals with recurrent cold sores and 162 with
recurrent herpes genitalis.”* In the two studies restricted
to individuals with recurrent cold sores, nearly all par-
ticipants benefitted from BCG vaccination, with 48%
remaining recurrence-free and 45% clearly improving,
with fewer or less severe recurrences.'**

The only RCT addressing the use of BCG for HSV
recurrence was restricted to adults with active herpes
genitalis (first episode or recurrence). In that trial, a total
of 155 adults were randomised to BCG-Glaxo vaccina-
tion or to an intradermal injection of Candida sp. anti-
gen. The mean frequency of recurrence was unchanged
after BCG vaccination, but was lower among those with
recurrent herpes genitalis who received intradermal
Candida.” However, interpretation of this finding is
complicated by potential methodological limitations, the
most important being the control group receiving a
potentially beneficial intervention, as Candida sp. skin
test antigen is also known to induce non-specific
immunomodulation.”*

We observed a sex-differential effect, with BCG
vaccination benefitting males with frequently recurring
cold sores more than females. Although our study was
underpowered to detect subgroup effects, it is consistent
with previous studies reporting an influence of sex on
the immune response to infections and vaccines,* as
well as on off-target effects of vaccination.””

A previous study suggests that repeated doses of
BCG might be more effective than a single dose to
reduce herpes genitalis recurrences. In this prospective
study of 38 adults with severe and recalcitrant recurrent
episodes, BCG-Glaxo vaccination was given once a
month for a maximum of 6 total doses. The intervention
was beneficial for 63% of the individuals, with 21%
remaining recurrence-free and 42% experiencing fewer
or milder episodes.”® In our study, there was no addi-
tional Dbenefit in those who had previously received
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Control BCG Difference p-value
BCG-control

Primary outcome: Time to first cold sore recurrence, in participants with >4 cold sore recurrences per year
Intention to treat population N = 46 N =38
Participants with cold sore occurrence by 12 months 38 32

Median time to first recurrence (months)* 1.8 (IQR 1.1, 4.2) 2.2 (IQR 1.6, 3.5)

Event rate (per 100 person years) 320 (233, 440) 241 (170, 341)

RMST (months) 3.0 (2.4, 3.8) 4.6 (3.6, 5.8) 1.6 (0.3, 2.8) 0.02
As treated population (sensitivity analysis) N = 44 N = 40
Participants with cold sore occurrence by 12 months 36 34

Median time to first recurrence (months)* 1.7 (IQR 1.1, 3.2) 2.3 (IQR 1.6, 3.9)

Event rate (per 100 person years) 329 (237, 456) 239 (171, 335)

RMST (months) 2.8 (2.2,36) 47 (38, 5.9) 1.9 (07, 3.1) 0.003
Secondary outcomes by 12 months (analysed in ITT)
Participants with >4 cold sore recurrences per year N = 46 N =38
Proportion of participants with cold sores recurrence 38/41 (92.7%) 32/38 (84.2%) RD: -9.8% (-25.1, 5.5)° 0.2
Mean number of cold sores recurrences (months) 3.9 (SD 3.8) 4.0 (SD 3.6) IRR: 0.9 (0.6, 1.5)° 0.8
Decrease in duration of cold sores recurrences® 7134 (20.6%) 19/31 (61.3%) RD: 41.9% (20.4, 63.5) <0.001
Decrease in severity of cold sores recurrences” 7/34 (20.6%) 23/31 (74.2%) RD: 54.2% (33.7, 74.7) <0.001
Decrease in frequency of cold sores recurrences® 7/34 (20.6%) 17/31 (54.8%) RD: 34.7% (12.6, 56.8) 0.002
Decrease in impact on QoL of cold sores recurrences® 5/34 (14.7%) 13/31 (41.9%) RD: 25.4% (4.4, 46.5) 0.02
Participants with >2 cold sore recurrences per year =197 N =189
Time to first cold sore occurrence, RMST (months) 6.2 (5.6, 6.8) 6.1 (5.5, 6.7) -0.1 (-1.0, 0.8) 0.8

Median time to first recurrence (months)® 2.7 (IQR 1.6, 5.9) 3.3 (IQR 1.9, 5.8)
Proportion of participants with cold sores recurrence 135/182 (74.2%) 131/176 (74.4%) RD: -0.2% (-8.9, 8.6)b 1.0
Mean number of cold sores recurrences 2.6 (SD 3.2) 2.4 (SD 2.7) IRR: 0.9 (0.7, 1.2)° 0.5
Decrease in duration of cold sores recurrences” 21/115 (18.3%) 53/119 (44.5%) RD: 26.0% (14.6, 37.4) <0.001
Decrease in severity of cold sores recurrences” 21/115 (18.3%) 62/119 (52.1%) RD: 32.7% (21.2, 44.2) <0.001
Decrease in frequency of cold sores recurrences® 20/115 (17.4%) 52/119 (43.7%) RD: 25.2% (13.9, 36.6) <0.001
Decrease in impact on QoL of cold sores recurrences” 14/115 (12.2%) 39/119 (32.8%) RD: 19.2% (8.9, 29.6) <0.001
Participants with >1 cold sore recurrence per year N =431 N = 441
Time to first cold sore occurrence, RMST (months) 7.4 (7.0, 7.8) 7.2 (6.8,7.7) -0.2 (-0.8, 0.4) 0.6

Median time to first recurrence (months)® 33 (IQR 1.9, 6.7) 3.1 (IQR 2.0, 5.7)
Proportion of participants with cold sores recurrence 247/390 (63.3%) 256/403 (63.5%) RD: -0.1% (-6.6, 6.5)° 1.0
Mean number of cold sores recurrences 1.8 (SD 2.8) 1.8 (SD 2.5) IRR: 1.0 (0.8, 1.2)" 0.9
Decrease in duration of cold sores recurrences® 37/213 (17.4%) 89/229 (38.9%) RD: 21.2% (13.1, 29.3) <0.001
Decrease in severity of cold sores recurrences® 36/213 (16.9%) 101/229 (44.1%) RD: 26.6% (18.4, 34.8) <0.001
Decrease in frequency of cold sores recurrences® 31/213 (14.6%) 83/229 (36.2%) RD: 21.4% (13.6, 29.2) <0.001
Decrease in impact on QoL of cold sores recurrences” 24/213 (11.3%) 66/229 (28.8%) RD: 16.9% (9.8, 24.1) <0.001
Participants who ever had a cold sore N = 950 N = 944
Time to first cold sore occurrence, RMST (months) 9.0 (8.8, 9.3) 8.9 (87,9.2) -0.1 (-0.4, 0.3) 0.7

Median time to first recurrence (months)* 3.9 (IQR 2.0, 7.3) 3.8 (IQR 2.2, 7.1)
Proportion of participants with cold sores recurrence 369/832 (44.4%) 385/866 (44.5%) RD: 0% (-4.7, 4.6)° 1.0
Mean number of cold sores recurrences 1.1 (SD 2.2) 1.1 (SD 2.0) IRR: 1.0 (0.8, 1.2)° 0.9
Decrease in duration of cold sores recurrences® 54/328 (16.5%) 112/349 (32.1%) RD: 15.2% (8.9, 21.6) <0.001
Decrease in severity of cold sores recurrences® 51/328 (15.5%) 127/349 (36.4%) RD: 20.5% (14.1, 26.9) <0.001
Decrease in frequency of cold sores recurrences® 46/328 (14.0%) 103/349 (29.5%) RD: 15.2% (9.2, 21.3) <0.001
Decrease in impact on QoL of cold sores recurrences” 36/328 (11.0%) 81/349 (23.2%) RD: 11.8% (6.3, 17.4) <0.001
Participants who never had cold sores N = 2235 N = 2318
Time to first cold sore occurrence, RMST (months) 11.8 (11.8, 11.9) 11.8 (11.7, 11.8) -0.1 (-0.1, 0.0) 0.06

Median time to first recurrence (months)* 5.2 (IQR 2.7, 8.0) 5.8 (IQR 2.8, 8.4)
Proportion of participants with cold sores recurrence 59/1861 (3.2%) 90/2007 (4.5%) RD: 1.4% (0.3, 2.6)° 0.02
Mean number of cold sores recurrences 0.0 (SD 0.3) 0.1 (SD 0.4) IRR: 1.5 (1.0, 2.3)" 0.04

Numbers in parentheses represent 95% confidence intervals where not otherwise specified. All analyses are adjusted for stratification factors used at randomisation (age, geographical
location, presence of comorbidity, study stage). IRR: incidence rate ratio; RD: risk difference; QoL: quality of life; ITT: intention to treat; RMST: restricted mean survival time; SD: standard

deviation; IQR: interquartile range. “Among participants with a cold sore recurrence during the study. bMultiple imputation was required due to >10% of missing data.

Table 2: Primary and secondary outcomes.

www.thelancet.com Vol 64 October, 2023



www.thelancet.com/digital-health

Articles

Decrease in severity
Difference BCG - control

Participants with 24 cold sore reccurences per year

Participants with 22 cold sore reccurences per year
Participants with 21 cold sore reccurence(s) per year
Participants who ever had a cold sore

Participants who never had a cold sore

N
——
s
m—

No re/ocurrence 0
Re/ocurrence - Decreased severity

Re/ocurrence - No change in severity

Re/ocurrence - Both increased and decreased severity
Re/ocurrence - Increased severity

Re/occurence - Missing severity data

mnon

T : T T T

T T T 1
20 40 60 80

Risk difference [95%Cl]

1
40 60 100 0

Percentage of participants

80

Fig. 3: Secondary outcome: cold sore refoccurrence and perceived difference in severity of cold sores episodes at 12 months after
randomisation, by treatment arm and reported cold sore frequency at baseline.

BCG, however the prior dose was generally given de-
cades earlier, often in the neonatal period.

The mechanisms underlying predisposition to
recurrent HSV are uncertain. Host genetics and mi-
nor variations in the immune system may play a role.
Several genes associated with HSV infection and their
recurrence have been identified,”*! but these findings
have not been replicated. Imbalance in lymphocyte T
subsets has been reported in individuals with recur-
rent herpes labialis** or genitalis.** In one study, nor-
malisation of the ratio following BCG vaccination
paralleled clinical improvement.” In a case report,
defective interferon-y production due to specific de-
fects in double-stranded RNA recognition were iden-
tified in three patients with severe recurrent HSV-2
skin eruptions, who subsequently got better after
interferon-y treatment.”” Finally, in individuals with
recurrent cold sores, clinical improvement following
BCG vaccination has also been associated with sig-
nificant changes in in-vitro HSV-Ag-induced leukocyte
migration inhibition, which remained unchanged in
two non-responders.?!

BCG vaccine has well-documented effects on both
the innate and the adaptive immune system.**** How-
ever, the specific immunological mechanisms that un-
derlie the off-target effect of BCG vaccination are not yet
fully understood. In those with recurrent cold sores, a
BCG-induced change in the balance of lymphocytes
subsets and/or enhancement of interferon-y production
might play a role in the observed clinical effect.””*’

In our study, despite a beneficial effect on HSV re-
currences, BCG vaccination did not reduce the risk of a
first cold sore episode. The opposite was in fact
observed, with a slightly increased risk in the BCG
group. This might be explained by different immuno-
logical mechanisms underlying susceptibility to initial
infection compared with the mechanisms controlling
latent infection and suppressing reactivation. This
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provides an interesting insight on the immunomodu-
lation induced by BCG vaccination. It is noteworthy that
this finding is consistent with the results or the BRACE
trial which found that the risk of COVID-19 was higher
in the BCG group when compared with the placebo
group.” We plan further exploration of these mecha-
nisms using blood samples collected from participants
at baseline and during follow-up.

The small number of participants with frequent
recurrent cold sores included in this analysis and the
inability to ensure complete blinding in trials of BCG
are potential limitations of this study. In addition, the
episodes were self-reported, without virological
confirmation. However, this is the first RCT to report
the effect of BCG vaccination on cold sore recurrence.

In summary, BCG-Denmark vaccination had a
beneficial effect on herpes labialis, with an observed
increase in the time spent without a recurrence amongst
individuals previously reporting frequent recurrences.
The self-reported burden of cold sore recurrences
generally decreased following vaccination, especially in
those with the most frequent recurrences. Interestingly,
in contrast, we observed a small increased risk of
reporting a first cold sore episode in the BCG group.
Future studies should focus on other populations in
which herpes recurrence has a significant impact,
including children (in whom cold sore recurrences
impact feeding and schooling) and amongst individuals
with recurrent herpes genitalis.

Contributors

All authors contributed substantially to the BRACE trial. NC led the
BRACE trial. LFP designed the cold sore questionnaires for the nested
study. LFP and EMD cleaned the data. CLM wrote the statistical analysis
plan with input from LFP, and did all the statistical analysis. LFP wrote
the first draft of the report with input for NC and CLM, and all authors
critically reviewed it. All authors had full access to all the data in the
study and had final responsibility for the decision to submit for publi-
cation. LFP and CLM have directly accessed and verified the underlying
data reported in the manuscript.


www.thelancet.com/digital-health

Articles

10

Data sharing statement

Deidentified participant data and data dictionary are available to others
on request and on completion of a signed data access agreement. Re-
quests can be made in writing to braceresearch@mcri.edu.au.

Declaration of interests
We declare no competing interests.

Acknowledgements

We thank the trial participants and the site personnel who recruited
participants and assisted with the trial (detailed in the appendix); AJ
Vaccines (Copenhagen) for facilitating BCG vaccine supplies; Devon
Freewheelers (UK) for UK transport; Catalent (UK) for drug manage-
ment; Fiocruz Clinical Research Platform for coordination and moni-
toring of sites in Brazil; the Pharmacy, Pathology and Immunisation
Service teams from The Royal Children’s Hospital Melbourne, and the
Orygen Group for their support.

The trial is supported by the Bill & Melinda Gates Foundation [INV-
017302], the Minderoo Foundation [COV-001], Sarah and Lachlan
Murdoch, the Royal Children’s Hospital Foundation [2020-1263 BRACE
Trial], Health Services Union NSW, the Peter Sowerby Foundation, SA
Health, the Insurance Advisernet Foundation, the NAB Foundation, the
Calvert-Jones Foundation, the Modara Pines Charitable Foundation, the
UHG Foundation Pty Ltd, Epworth Healthcare and individual donors.
The funders had no role in the collection, analysis and interpretation of
data or in the preparation, review or approval of the manuscript. The
Murdoch Children’s Research Institute (MCRI) leads the BRACE trial
across 36 sites in five countries. It is supported by the Victorian Gov-
ernment’s Operational Infrastructure Support Programme. NC is sup-
ported by a National Health and Medical Research Council (NHMRC)
Investigator Grant (GNT1197117). LFP is supported by the Swiss
National ~Science Foundation (Early Postdoc Mobility Grant,
P2GEP3_178155).

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2023.102203.

References

1  Whitley RJ, Roizman B. Herpes simplex virus infections. Lancet.
2001;357(9267):1513-1518.

2 Looker KJ, Magaret AS, May MT, et al. Global and regional esti-
mates of prevalent and incident herpes simplex virus type 1 in-
fections in 2012. PLoS One. 2015;10(10):¢0140765.

3 Embil JA, Stephens RG, Manuel FR. Prevalence of recurrent herpes
labialis and aphthous ulcers among young adults on six continents.
Can Med Assoc J. 1975;113(7):627-630.

4 Chi CC, Wang SH, Delamere FM, Wojnarowska F, Peters MC,
Kanjirath PP. Interventions for prevention of herpes simplex labi-
alis (cold sores on the lips). Cochrane Database Syst Rev.
2015;8:CD010095.

5 Le Cleach L, Trinquart L, Do G, et al. Oral antiviral therapy for
prevention of genital herpes outbreaks in immunocompetent and
nonpregnant patients. Cochrane Database Syst Rev. 2014;8:
Cd009036.

6  Pittet LF, Curtis N. Does oral antiviral suppressive therapy prevent
recurrent herpes labialis in children? Arch Dis Child.
2019;104(9):916-919.

7  Johnston C, Gottlieb SL, Wald A. Status of vaccine research and
development of vaccines for herpes simplex virus. Vaccine.
2016;34(26):2948-2952.

8 Pollard AJ, Finn A, Curtis N. Non-specific effects of vaccines:
plausible and potentially important, but implications uncertain.
Arch Dis Child. 2017;102(11):1077-1081.

9  Higgins JP, Soares-Weiser K, Lopez-Lopez JA, et al. Association of
BCG, DTP, and measles containing vaccines with childhood mor-
tality: systematic review. BMJ. 2016;355:i5170.

10 Alexandroff AB, Jackson AM, O’Donnell MA, James K. BCG
immunotherapy of bladder cancer: 20 years on. Lancet.
1999;353(9165):1689-1694.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Kolmel KF, Grange JM, Krone B, et al. Prior immunisation of
patients with malignant melanoma with vaccinia or BCG is
associated with better survival. Eur | Cancer. 2005;41(1):118-
125.

Ristori G, Faustman D, Matarese G, Romano S, Salvetti M.
Bridging the gap between vaccination with Bacille Calmette-
Guerin (BCG) and immunological tolerance: the cases of type
1 diabetes and multiple sclerosis. Curr Opin Immunol.
2018;55:89-96.

Moorlag S, Arts RJW, van Crevel R, Netea MG. Non-specific effects
of BCG vaccine on viral infections. Clin Microbiol Infect.
2019;25(12):1473-1478.

Pittet LF, Curtis N. Does bacillus Calmette-Guerin vaccine prevent
herpes simplex virus recurrences?® A systematic review. Rev Med
Virol. 2021;31(1):1-9.

Douglas JM, Vontver LA, Stamm WE, et al. Ineffectiveness and
toxicity of BCG vaccine for the prevention of recurrent genital
herpes. Antimicrob Agents Chemother. 1985;27(2):203-206.

Pittet LF, Messina NL, Gardiner K, et al. BCG vaccination to reduce
the impact of COVID-19 in healthcare workers: protocol for a
randomised controlled trial (BRACE trial). BMJ Open. 2021;11(10):
€052101.

Pittet LF, Messina NL, Orsini F, et al. Randomized trial of BCG
vaccine to protect against Covid-19 in health care workers. N Engl |
Med. 2023;388(17):1582-1596.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)-a metadata-driven
methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009;42(2):377-
381.

Villanueva P, Crawford NW, Garcia Croda M, et al. Safety of BCG
vaccination and revaccination in healthcare workers. Hum Vaccin
Immunother. 2023;19(2):2239088.

Royston P, Parmar MKB. Restricted mean survival time: an alter-
native to the hazard ratio for the design and analysis of randomized
trials with a time-to-event outcome. BMC Med Res Methodol.
2013;13(1):152.

Jarisch R, Sandor I, Cerni C. [The leukocyte migration inhibition
test (LMIT) in recurrent herpes simplex labialis. Comparison of the
results of treatment with BCG and Levamisole (author’s transl)].
Arch Dermatol Res. 1979;265(1):15-22.

Nakagawa M, Coleman HN, Wang X, Daniels ], Sikes J,
Nagarajan UM. IL-12 secretion by Langerhans cells stimulated with
Candida skin test reagent is mediated by dectin-1 in some healthy
individuals. Cytokine. 2014;65(2):202-209.

Wang X, Coleman HN, Nagarajan U, Spencer HJ, Nakagawa M.
Candida skin test reagent as a novel adjuvant for a human papil-
lomavirus peptide-based therapeutic vaccine. Vaccine. 2013;31(49):
5806-5813.

Zimmermann P, Curtis N. Factors that influence the immune
response to vaccination. Clin Microbiol Rev. 2019;32(2):e00084.
Flanagan KL, Plebanski M. Sex-differential heterologous (non-
specific) effects of vaccines: an emerging public health issue that
needs to be understood and exploited. Expert Rev Vaccines.
2017;16(1):5-13.

Bierman SM. BCG immunoprophylaxis of recurrent herpes pro-
genitalis. Arch Dermatol. 1976;112(10):1410-1415.

Hobbs MR, Jones BB, Otterud BE, Leppert M, Kriesel JD. Identi-
fication of a herpes simplex labialis susceptibility region on human
chromosome 21. J Infect Dis. 2008;197(3):340-346.

Itzhaki R, Wozniak M. Susceptibility to herpes simplex labialis
conferred by the gene encoding apolipoprotein E. ] Infect Dis.
2008;198(4):624-625. author reply 5-6.

Arts P, van de Veerdonk FL, van der Lee R, et al. Immunologic
defects in severe mucocutaneous HSV-2 infections: response to
IFN-gamma therapy. | Allergy Clin Immunol. 2016;138(3):895—
898.

Kriesel JD, Jones BB, Matsunami N, et al. C21orf91 genotypes
correlate with herpes simplex labialis (cold sore) frequency:
description of a cold sore susceptibility gene. ] Infect Dis.
2011;204(11):1654-1662.

Santamaria P, Bowyer RCE, Nibali L. Associations between host
genetic variants and herpes simplex labialis in the twins UK cohort.
Arch Oral Biol. 2023;145:105587.

Mei XX, Lei SS, Xu L, et al. Herpes simplex virus type I-infected
disorders alter the balance between Treg and Th17 cells in

www.thelancet.com Vol 64 October, 2023


mailto:braceresearch@mcri.edu.au
https://doi.org/10.1016/j.eclinm.2023.102203
https://doi.org/10.1016/j.eclinm.2023.102203
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref1
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref1
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref2
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref2
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref2
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref3
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref3
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref3
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref4
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref4
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref4
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref4
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref5
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref5
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref5
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref5
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref6
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref6
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref6
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref7
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref7
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref7
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref8
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref8
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref8
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref9
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref9
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref9
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref10
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref10
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref10
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref11
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref11
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref11
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref11
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref12
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref12
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref12
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref12
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref12
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref13
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref13
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref13
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref14
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref14
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref14
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref15
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref15
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref15
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref16
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref16
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref16
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref16
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref17
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref17
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref17
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref18
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref18
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref18
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref18
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref18
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref19
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref19
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref19
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref20
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref20
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref20
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref20
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref21
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref21
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref21
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref21
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref22
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref22
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref22
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref22
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref23
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref23
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref23
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref23
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref24
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref24
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref25
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref25
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref25
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref25
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref26
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref26
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref27
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref27
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref27
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref28
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref28
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref28
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref29
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref29
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref29
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref29
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref30
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref30
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref30
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref30
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref31
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref31
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref31
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref32
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref32
www.thelancet.com/digital-health

Articles

33

34

recurrent herpes labialis patients. Int J Immunopathol Pharmacol.
2020;34:2058738420933099.

Deng YH, Chen XP, Xu CR, Chen YL, Wan M, Yang DL.
Enhancement of BCG-PSN on the cytokines in CD8+ T lympho-
cytes in the peripheral blood of patients with recurrent genital
herpes. [Chinese]. Chin ] Microbiol Immunol. 2004;24(11):901—
904.

Netea MG, Quintin ], van der Meer JW. Trained immunity: a
memory for innate host defense. Cell Host Microbe. 2011;9(5):
355-361.

www.thelancet.com Vol 64 October, 2023

35

36

37

Netea MG, Dominguez-Andres J, Barreiro LB, et al. Defining
trained immunity and its role in health and disease. Nat Rev
Immunol. 2020;20(6):375-388.

Kleinnijenhuis ], Quintin J, Preijers F, et al. Bacille Calmette-
Guerin induces NOD2-dependent nonspecific protection from
reinfection via epigenetic reprogramming of monocytes. Proc Natl
Acad Sci U S A. 2012;109(43):17537-17542.

Kandasamy R, Voysey M, McQuaid F, et al. Non-specific immu-
nological effects of selected routine childhood immunisations:
systematic review. BM]J. 2016;355:15225.

11


http://refhub.elsevier.com/S2589-5370(23)00380-2/sref32
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref32
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref33
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref33
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref33
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref33
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref33
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref34
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref34
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref34
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref35
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref35
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref35
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref36
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref36
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref36
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref36
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref37
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref37
http://refhub.elsevier.com/S2589-5370(23)00380-2/sref37
www.thelancet.com/digital-health

	Bacillus Calmette-Guérin vaccination for protection against recurrent herpes labialis: a nested randomised controlled trial
	Introduction
	Methods
	Trial design, setting, participants and intervention
	Ethics
	Outcome measures
	Statistical analysis
	Role of the funding source

	Results
	Primary outcome
	Secondary outcomes
	Supplementary analyses in all participants who previously ever had a cold sore
	Supplementary analyses in participants who never previously had a cold sore

	Discussion
	ContributorsAll authors contributed substantially to the BRACE trial. NC led the BRACE trial. LFP designed the cold sore qu ...
	Data sharing statementDeidentified participant data and data dictionary are available to others on request and on completio ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


