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ABSTRACT

Introduction: This randomized, double-blind,
placebo-controlled, phase 2a trial was con-
ducted to evaluate the safety and immuno-
genicity of the ID93 ? glucopyranosyl lipid

adjuvant (GLA)-stable emulsion (SE) vaccine in
human immunodeficiency virus (HIV)-nega-
tive, previously Bacillus Calmette–Guérin
(BCG)-vaccinated, and QuantiFERON-TB-nega-
tive healthy adults in South Korea.
Methods: Adults (n = 107) with no signs or
symptoms of tuberculosis were randomly
assigned to receive three intramuscular injec-
tions of 2 lg ID93 ? 5 lg GLA-SE, 10 lg
ID93 ? 5 lg GLA-SE, or 0.9% normal saline
placebo on days 0, 28, and 56. For safety
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assessment, data on solicited adverse events
(AEs), unsolicited AEs, serious AEs (SAEs), and
special interest AEs were collected. Antigen-
specific antibody responses were measured
using serum enzyme-linked immunosorbent
assay. T-cell immune responses were measured
using enzyme-linked immunospot and intra-
cellular cytokine staining.
Results: No SAEs, deaths, or AEs leading to
treatment discontinuation were found. The
solicited local and systemic AEs observed were
consistent with those previously reported.
Compared with adults administered with the
placebo, those administered with three intra-
muscular vaccine injections exhibited signifi-
cantly higher antigen-specific antibody levels
and Type 1 T-helper cellular immune responses.
Conclusion: The ID93 ? GLA-SE vaccine
induced antigen-specific cellular and humoral
immune responses, with an acceptable safety
profile in previously healthy, BCG-vaccinated,
Mycobacterium tuberculosis-uninfected adult
healthcare workers.
Trial Registration: This clinical trial was retro-
spectively registered on 16 January 2019 at
Clinicaltrials.gov (NCT03806686).

Keywords: Tuberculosis; Subunit vaccine; GLA-
SE; Safety; Immunogenicity

Key Summary Points

Why carry out this study?

Tuberculosis (TB) is a major infectious
disease inflicting more than 10 million
patients and 1.5 million deaths worldwide
each year. Given the inconsistent
effectiveness of Bacillus Calmette–Guérin
(BCG) vaccination against adult
pulmonary TB, it is imperative to develop
new safe and effective TB vaccine
candidates capable of inducing robust and
long-term protection against all forms of
TB in diverse populations and geographic
regions.

Although the ID93 ? GLA-SE TB vaccine
candidate was reported safe and
immunogenic in people in the USA and
South Africa, no report is available yet in
Asian countries.

This study aimed to evaluate the safety
and immunogenicity of the ID93 ? GLA-
SE TB vaccine candidate among the BCG-
vaccinated healthy adults in South Korea.

What was learned from the study?

The study showed the ID93 ? GLA-SE
vaccine candidate was safe among the
BCG-vaccinated healthy adults of South
Korea and induced the antigen-specific
antibody and type 1 T-helper cellular
immune responses.

This is the first report on the safety and
immunogenicity of ID93 ? GLA-SE in an
Asian population, positively supporting
the future efficacy trials of ID93 ? GLA-SE
(QTP101) in human immunodeficiency
virus (HIV)-negative, previously BCG-
vaccinated, healthy adults.
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INTRODUCTION

Both severe acute respiratory syndrome coron-
avirus 2, the causative agent of coronavirus
disease 2019, and Mycobacterium tuberculosis
(Mtb), which causes chronic tuberculosis (TB),
are the leading infectious agents worldwide,
ranking above human immunodeficiency virus
(HIV) infection [1]. A recent meta-analysis of
interferon-c (IFN-c) release assays and tuber-
culin skin test surveys showed that one-fourth
of the world’s population is infected with Mtb
[2]. Individuals who come in contact with
patients with active TB are at risk of developing
latent TB infection (LTBI), whereas 5–10% of
those with LTBI develop active TB during their
lifetime [1]. Furthermore, nearly 50% of indi-
viduals with active TB progression from a recent
infection occurs within the first 2 years [2].

In South Korea, TB is a major public health
concern, despite high infant Bacillus Cal-
mette–Guérin (BCG) immunization coverage
and improvement in controlling TB under the
National Tuberculosis Program (NTP). A recent
annual report from the surveillance system
indicated a TB incidence rate of 46.4 per
100,000 people (approximately 23,821 new
cases), with 1610 cases of TB-related deaths [3].
To achieve their goal of reducing TB, the Korean
NTP has strengthened a latent TB management
program since 2016 with various health poli-
cies, such as ‘‘mandatory LTBI diagnosis’’ and
‘‘full-subsidy for LTBI treatment costs’’ for
specific groups of individuals, including those
eligible for conscription, kindergarten teachers,
inmates, and healthcare workers. However, as
individuals with LTBI do not feel sick and
appear healthy, they often hesitate to start or
complete preventive treatment, which requires
steady medication for 3–6 months with possible
side-effects. To complement such limitations of
current NTP policies to control TB infection,
initiatives through innovative strategies in
diagnosis, treatments, and vaccine develop-
ment remain essential. The development of
effective vaccines against infectious TB is the
most successful approach to protect against TB
infection and transmission globally. However,
the only commercially available vaccine against

TB is the live attenuated BCG vaccine, which
has some disadvantages, such as variable and
partial effectiveness for pulmonary TB in ado-
lescents and adults (0–80%), and is influenced
by population, region, and exposure to envi-
ronmental factors [4–7]. The benefits and pit-
falls of the BCG vaccine remain debatable,
while international efforts continue to develop
a novel vaccine effective against all forms of TB
and in all age groups, regardless of environ-
mental factors [8]. In countries where BCG
prevents childhood TB for up to a minimum of
10 years, the most efficient strategy to control
TB might be the development of booster vacci-
nes to repair vaccine-induced immune failure of
BCG instead of developing a better neonatal TB
vaccine to replace BCG [9]. Encouraging out-
comes from recent clinical trials also support a
strategy to combine BCG vaccination with
subunit vaccine candidates, designed almost
exclusively as BCG boosters to enhance vaccine
activity against TB [8]. These subunit vaccine
candidates are composed of recombinant pro-
tein components with adjuvants, generally
requiring multiple doses to induce an effective
immune response.

ID93 is composed of four Mtb antigens
(Rv2608, Rv3619, Rv3620, and Rv1813) associ-
ated with virulence or latency; glucopyranosyl
lipid adjuvant (GLA)-stable emulsion (SE) is a
synthetic Toll-like receptor 4 agonist developed
as an adjuvant formulated with an oil-in-water
emulsion [10, 11]. This adjuvant system has
been successfully combined with recombinant
protein antigens to yield high antibody titers
[12, 13] and induce T-helper type 1 (Th1) cel-
lular immune responses associated with Mtb
and Leishmania infection models [12–14]. The
safety, immunogenicity, and pharmacodynam-
ics of the ID93 ? GLA-SE vaccine have been
previously demonstrated in various animal
models [15, 16]. Previous clinical studies have
also demonstrated that the ID93 ? GLA-SE
vaccine is safe and immunogenic in different
populations, including HIV-negative healthy
adults, adults with LTBI, and treated patients
with TB in the USA and South Africa [17–19]. In
addition to its use with the ID93 vaccine anti-
gen, GLA-SE was used in clinical trials for vac-
cines against schistosomiasis, malaria,
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leishmaniasis, and influenza [20–24]. Injections
of vaccines containing GLA-SE have generally
been well tolerated, and adverse events (AEs)
have been mostly mild, with no treatment-re-
lated serious AEs (SAEs) reported [17–19]. Along
with the previous studies that evaluated adults
with LTBI or treated patients with TB, this trial
focuses on healthy adults not previously infec-
ted with Mtb. We evaluated the safety and
immunogenicity of two dosages of the ID93 ?

GLA-SE vaccine compared with those of placebo
after three intramuscular (IM) injections in HIV-
negative, previously BCG-vaccinated Quanti-
FERON-TB (QFT)-negative, healthy healthcare
workers who are considered at higher risk of TB
exposure than the general population in South
Korea [25–27].

METHODS

Study Design and Participants

In this randomized, double-blind, placebo-con-
trolled, parallel phase 2a trial, we enrolled HIV-
negative, previously BCG-vaccinated, QFT-neg-
ative healthy adults (age 19–65 years), with no
evidence of historical or current TB, among
healthcare workers currently employed in three
hospitals located in Seoul and Suwon: Yonsei
University Severance Hospital, Ajou University
Hospital, and Chung-Ang University Hospital.
The study procedures, including inclusion and
exclusion criteria, are described in detail in
Supplementary Material Appendix 1.1 and 1.2.
This study was approved by the Institutional
Review Board and Ethical Committee of Yonsei
University Severance Hospital (IRB# 4-2018-
0230), Ajou University Hospital (IRB# AJIRB-
MED-CT2-18-078), and Chung-Ang University
Hospital (1833-001-320). Written informed
consent was obtained from all study partici-
pants. This study was conducted in accordance
with the Declaration of Helsinki.

Randomization and Masking

Each participant was sequentially assigned a
unique randomization number generated by a

randomization manager using the SAS program
(SAS v9.4 or higher). Randomization of partici-
pants was performed in a 1:1:1 ratio to the three
treatment cohorts. Participants who were QFT-
negative and BCG-vaccinated were sorted into
cohort 1, 2, or 3 and received injections on days
0, 28, and 56. The investigational product (IP:
ID93 ? GLA-SE) was administered by an
unblinded pharmacist, according to the partic-
ipant’s randomization number. The syringes
used for injection were blinded. Unblinded
study personnel were not involved in any other
duties that could have broken the double-blind
setting. Double blinding of the study was
maintained until database lock and data analy-
sis were completed at the end of the study. The
treatment assignments were disclosed to the
participants and the investigator at the end of
the study.

Procedures

The IPwas purchased from the InfectiousDisease
Research Institute/Access to Advanced Health
Institute (IDRI/AAHI; Seattle, WA, USA) and
supplied to pharmacists at the study sites. Study
participants were randomized to receive a 0.5 ml
IM injection of 2 lg ID93 ? 5 lg GLA-SE (cohort
1), 10 lg ID93 ? 5 lg GLA-SE (cohort 2), or 0.9%
normal saline placebo (cohort 3) on days 0, 28,
and56.All participantswere then followedup for
12 months after the final vaccination. Acute AEs
were assessed 30 min after each vaccination.
Solicited AEs (local and systemic) were assessed
7 days after each vaccination, and unsolicited
AEs were assessed 28 days after each vaccination
on the basis of their severity, causality, and seri-
ousness. Data on AEs were collected from par-
ticipant voluntary reporting, monitoring, and
interviews at site visits, phone call follow-ups,
and participant diaries. For long-term safety
assessment, SAEs and adverse events of special
interest (AESIs) were monitored for up to
12 months after the final vaccination. Further
definitions of AEs are provided in Supplementary
Material Appendix 1.3.

Other safety assessments included clinical
laboratory tests (clinical chemistry and hema-
tology), collection of vital signs (blood pressure,
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pulse, and body temperature), and physical
examination, including height and weight
measurements, chest radiography, pregnancy
testing, and virus screening tests that included
HIV, hepatitis B, hepatitis C, and sputum cul-
ture tests (only if clinically indicated).

Immunogenicity assessment was performed
using blood samples collected from the study
participants on days 0 (baseline), 28, 56, 84, and
421. Immunogenicity analysis was conducted at
central laboratories [Seegene Medical Founda-
tion, Seoul, South Korea; IDRI/AAHI, Seattle,
WA, USA; and the Center for Global Infectious
Disease Research (CGIDR) of Seattle Children’s
Research Institute, Seattle, WA, USA]. To mea-
sure humoral immune responses, serum IgG
enzyme-linked immunosorbent assay (ELISA)

was performed with recombinant ID93 antigen
as described in Supplementary Material Appen-
dix 1.4.1. To measure cell-mediated immune
responses induced by vaccination, peripheral
blood mononuclear cell (PBMC)-based enzyme-
linked immunospot (ELISpot) and intracellular
cytokine staining were performed according to
the method described in Supplementary Mate-
rial Appendix 1.4.2 and 1.4.3. The overall study
schedule for follow-up and blood collection is
shown in Fig. 1a.

Outcomes

The safety of ID93 ? GLA-SE as primary out-
comes included solicited AEs up to 7 days and

Fig. 1 Study design and trial profile. a Study design and
scheduled follow-ups and blood collections. Safety assess-
ment of ID93 ? GLA-SE recipients (cohorts 1 and 2)
compared with placebo recipients (cohort 3) was con-
ducted following three administrations at days 0, 28, and
56, and follow-ups for 12 months (421 days) from the final
vaccination. Blood samples for immunogenicity assessment
of ID93 ? GLA-SE recipients compared with placebo

recipients were collected on days 0 (baseline), 28, 56, 84,
and 421. b Eligible participants were randomly assigned in
a 1:1:1 ratio to one of three treatment groups to receive
either 2 lg ID93 ? 5 lg GLA-SE (cohort 1), 10 lg
ID93 ? 5 lg GLA-SE (cohort 2), or 0.9% normal saline
placebo (cohort 3) on days 0, 28, and 56
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unsolicited AEs up to 28 days after each vacci-
nation, which were based on their severity,
causality, and seriousness. SAEs and AESIs were
followed for up to 12 months. AEs were classi-
fied according to severity (i.e., mild, moderate,
or severe) and causality (i.e., related or unre-
lated). The immunogenicity of ID93 ? GLA-SE
as secondary outcomes were identified by the
antigen-specific total IgG antibody titer, IFN-c
secreting cells, and CD4? T cells expressing any
Th1 cytokine(s). A safety analysis was per-
formed using a safety set, while immunogenic-
ity analysis was performed using a per-protocol
set. This trial was retrospectively registered at
ClinicalTrials.gov (NCT03806686).

Statistical Analysis

On the basis of previous phase 1 and phase 2
studies [17–19], the sample size was determined
to be 35 participants per cohort, with an esti-
mated dropout rate of 15%. The number of
events along with the frequency, incidence rate,
and 95% confidence intervals (CIs) were calcu-
lated for local and systemic solicited AEs
observed for 7 days following each vaccination,
unsolicited AEs observed 28 days following each
vaccination, and SAEs/AESIs observed up to day
421. The AEs were classified according to their
severity and causal relationship to the vaccine,
and the frequency of events, number of people,
and incidence rate were presented. For severity
analysis, the severity of local and systemic soli-
cited AEs was graded according to the upper
limit of their severity. All AEs other than local
and systemic solicited AEs were classified fol-
lowing the Medical Dictionary for Regulatory
Activities (MedDRA) System Organ Class (SOC)
and Preferred Terms (PT).

Differences in immune responses between
study groups were compared using the
Mann–Whitney test (two groups), the
Kruskal–Wallis test (three or more groups), and
Fisher’s exact test (two nominal variables). In
addition, differences in paired immune
responses that occurred between baseline and
post-vaccination visits within the study group
were compared using Friedman’s test (three or
more groups) or the Wilcoxon matched-pair

signed-rank test. A p value\0.05 between the
compared study groups was considered statisti-
cally different. Statistical analyses and graphical
representation were performed with SAS version
9.4 and GraphPad Prism version 9.4.1.

RESULTS

Study Participants

As shown in Fig. 1, 107 of the 123 participants
screened were eligible. Of these, 16 participants
were excluded on the basis of screening criteria:
4 refused before randomization, 9 had QFT-
positive results, 1 had an influenza vaccination
before study participation, 1 visited outside the
window period for randomization, and 1 had a
fever[38 �C. All eligible participants were
randomly allocated to three study cohorts:
cohort 1 received 2 lg ID93 ? 5 lg GLA-SE
(n = 35), cohort 2 received 10 lg ID93 ? 5 lg
GLA-SE (n = 36), and cohort 3 received 0.9%
normal saline placebo (n = 36) (Fig. 1b). The
median age of study participants was 34 years
(23–58 years). The proportion of female partic-
ipants (73.8%) was higher than that of male
participants (26.2%), as there are more female
healthcare workers than male. Most partici-
pants (63.9–72.2%) worked in a department of
the hospital with medium risk of TB exposure,
followed by departments of high risk
(19.4–22.9%) and low risk of TB exposure
(5.7–13.9%) (Table 1). Overall, demographics
and baseline characteristics were comparable
across the study cohorts.

All eligible participants who received at least
one study injection were included in the safety
analysis. Of these participants, 28 (80.0%), 32
(88.9%), and 31 (86.1%) participants in cohorts
1, 2, and 3, respectively, completed the study as
per the protocol. Sixteen (14.9%) participants
discontinued during the study, mostly because
they did not consent to continue study follow-
up (withdrawal of consent). No participants
were withdrawn due to any treatment-related
SAEs. In cohort 1, seven participants were
excluded owing to the withdrawal of consent,
major protocol deviation, and QFT-positive
conversion at day 421. In cohort 2, four
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participants discontinued the study owing to
noncompliance with the protocol, withdrawal
of consent, loss to follow-up, and QFT-positive
conversion at day 84. Five participants in cohort
3 were withdrawn from the study owing to
noncompliance with the protocol, withdrawal
of consent, loss to follow-up, and QFT-positive
conversion on day 421 (Fig. 1b).

Safety Evaluation

Safety analysis indicated that ID93 ? GLA-SE
was safe and well tolerated at the two dosages
assessed. The most frequently reported solicited
local and systemic AEs were pain, tenderness at
the injection site, headache, fatigue, and myal-
gia in all three cohorts (Table 2). In the vaccine

groups (cohorts 1 and 2), 83.7% participants
reported local AEs and 56.9% participants
reported systemic AEs after all three injections.
In the placebo group, 23.3% participants
reported local AEs and 19.4% participants
reported systemic AEs during the study. Most
solicited local and systemic AEs were mild in
severity in all treatment groups. The overall
frequencies of participants (%) with solicited
local and systemic AEs after each dose of IP,
according to symptoms and severity, are pre-
sented in Supplementary Material Tables S1 and
S2. The most frequently reported (C 3.0% of
total participants) AEs sorted by PT were
nasopharyngitis (6.5%), dyspepsia (4.7%), and
headache (3.7%). Of these, the most frequently
reported vaccine-related AE was dyspepsia
(3.7%) (Table 3); however, most of the

Table 1 Summary of baseline demographics including full analysis of the population

Cohort 1 Cohort 2 Cohort 3 Total
(N = 107)(2 lg ID93 1 5 lg

GLA-SE,
N = 35)

(10 lg ID93 1 5 lg
GLA-SE,
N = 36)

(0.9% normal saline
placebo,
N = 36)

Age (years) 35.0 (24, 54) 32.0 (23, 58) 35.5 (23, 47) 34.0 (23, 58)

Sex, n (%)

Female 28 (80.0%) 24 (66.7%) 27 (75.0%) 79 (73.8%)

Male 7 (20.0%) 12 (33.3%) 9 (25.0%) 28 (26.2%)

Baseline BMI (kg/

m2)

23.0 (19, 28) 22.5 (19, 32) 22.0 (19, 32) 22.0 (19, 32)

*TB exposure risk, n (%)

High [1] 8 (22.9%) 7 (19.4%) 8 (22.2%) 23 (21.5%)

Medium [2] 25 (71.4%) 26 (72.2%) 23 (63.9%) 74 (69.2%)

Low [3] 2 (5.7%) 3 (8.3%) 5 (13.9%) 10 (9.3%)

Working period

(years)

2.0 (0, 27) 1.0 (0, 24) 2.0 (0, 24) 2.0 (0, 27)

Data are presented as n (%) or median (min, max)
*TB exposure risk at the time of the study was defined as ‘‘high-risk’’ if the medical staff had frequent contact with patients
with TB or TB specimens, such as in TB clinics, respiratory wards, emergency departments, microbiology laboratories
handling TB specimens with bronchoscopy or sputum induction, post-mortem examinations, and lung function testing.
‘‘Medium risk’’ includes medical staff with occasional contacts with patients with TB or TB specimens. ‘‘Low risk’’ includes
the medical staff without casual contacts with patients with active TB, such as staff in clerical areas, administrative
departments, and non-microbiological laboratories
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unsolicited AEs were mild in severity in the
vaccine groups. In total, 24.3% of the partici-
pants reported at least one AE that was related
to the vaccine (Supplemental Table S3). The
most frequently reported (C 3.0% of total par-
ticipants) unsolicited AEs sorted via SOC and PT
are presented with their severity and causality
in Supplementary Material Table S3.

During this study, eight participants (7.5%)
reported SAEs unrelated to IP, as determined by

study clinicians. One (2.9%) participant in
cohort 1 reported an ovarian cyst, four (11.1%)
participants in cohort 2 reported SAEs: tooth
impaction, ankle fracture, colon cancer, and
facial paralysis, and three (8.3%) participants in
the placebo group reported SAEs: facial bone
fracture, spinal column stenosis, and sponta-
neous abortion. One AESI unrelated to IP was
reported in cohort 2 (2.8%), which was also
assessed as an SAE (facial paralysis). In

Table 3 Most frequently reported adverse events by severity and causality assessment

AEs Severity/causality Cohort 1 Cohort 2 Cohort 3 Total

(2 lg ID93 1 5 lg
GLA-SE,
N = 35)

(10 lg ID93 1 5 lg
GLA-SE,
N = 36)

(0.9% normal saline
placebo,
N = 36)

(N = 107)

E n (%) E n (%) E n (%) E n (%)

Nasopharyngitis Total 3 3 (8.6) 3 2 (5.6) 2 2 (5.6) 8 7 (6.5)

Mild 2 2 (5.7) 3 2 (5.6) 1 1 (2.8) 6 5 (4.7)

Moderate 1 1 (2.9) 0 0 1 1 (2.8) 2 2 (1.9)

Severe 0 0 0 0 0 0 0 0

Related 2 2 (5.7) 1 1 (2.8) 0 0 3 3 (2.8)

Not related 1 1 (2.9) 2 1 (2.8) 2 2 (5.6) 5 4 (3.7)

Dyspepsia Total 2 2 (5.7) 3 3 (8.3) 0 0 5 5 (4.7)

Mild 1 1 (2.9) 3 3 (8.3) 0 0 4 4 (3.7)

Moderate 1 1 (2.9) 0 0 0 0 1 1 (0.9)

Severe 0 0 0 0 0 0 0 0

Related 2 2 (5.7) 2 2 (5.6) 0 0 4 4 (3.7)

Not related 0 0 1 1 (2.8) 0 0 1 1 (0.9)

Headache Total 1 1 (2.9) 1 1 (2.8) 2 2 (5.6) 4 4 (3.7)

Mild 0 0 0 0 2 2 (5.6) 2 2 (1.9)

Moderate 1 1 (2.9) 1 1 (2.8) 0 0 2 2 (1.9)

Severe 0 0 0 0 0 0 0 0

Related 0 0 1 1 (2.8) 1 (2.8) 1 (2.8) 2 2 (1.9)

Not related 1 1 (2.9) 0 0 1 (2.8) 1 (2.8) 2 2 (1.9)

AEs sorted using Preferred Terms in MedDRA. AEs in more than 3.0% of total participants are presented. Some
participants were included in more than one category
N number of participants in the population; n number of participants with symptoms; IP investigational product, %
percentage of participants, calculated using the total number in each cohort as the denominator
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summary, 51 (47.7%) participants reported 91
AEs during the study. Cohort 2 (63.9%) had the
highest proportion of participants who reported
any AEs compared with cohort 1 (40.0%) and
cohort 3 (placebo) (38.9%). Approximately half
of the reported AEs were related to the vaccine
[43 AEs reported in 26 participants (24.3%)], but
the most frequently occurring AEs were local
injection reactions. One participant in each
group reported an AE of grade 3 (severe); how-
ever, none of these SAEs were related to the
vaccine (Table 4). Moreover, none of the SAEs or
AESIs were related to the vaccine and no deaths
or AEs associated with vaccine discontinuation
were reported.

Immunogenicity Evaluation

Humoral Immune Response: Antigen-Specific
IgG Antibody Titer
To determine the vaccine-mediated humoral
immune response, serum total IgG antibody
levels specific to the ID93 fusion protein as
detected using ELISA with geometric mean titer
(GMT), geometric mean fold rise (GMFR), and
seroresponse rates (SRR) at post-vaccination
timepoints (days 28, 56, 84, and 421) were
compared between the three study cohorts. As
shown in Table 5, the GMT in cohorts 1 and 2
increased consistently from day 28 and peaked
at day 84 (4 weeks after the third IP dose), before
decreasing at day 421. At day 421 (12 months
after the third IP dose), the GMT in both
cohorts decreased to levels close to those at day
28, but remained higher than the baseline.

Table 4 Summary of adverse events by study groups

Cohort 1 Cohort 2 Cohort 3 Total

(2 lg ID93 1 5 lg
GLA-SE,
N = 35)

(10 lg
ID93 1 5 lg GLA-
SE,
N = 36)

(0.9% normal
saline placebo,
N = 36)

(N = 107)

E n (%) E n (%) E n (%) E n (%)

AEs 25 14 (40.0) 38 23 (63.9) 28 14 (38.9) 91 51 (47.7)

Acute AEs 0 0 0 0 0 0 0 0

Related AEs 16 11 (31.4) 16 10 (27.8) 11 5 (13.9) 43 26 (24.3)

SAEs 1 1 (2.9) 4 4 (11.1) 3 3 (8.3) 8 8 (7.5)

Related SAEs 0 0 0 0 0 0 0 0

Severe AEs 1 1 (2.9) 1 1 (2.8) 1 1 (2.8) 3 3 (2.8)

Related severe AEs 0 0 0 0 0 0 0 0

AESI 0 0 1 1 (2.8) 0 0 1 1 (0.9)

Deaths 0 0 0 0 0 0 0 0

AEs leading to drug discontinuation 0 0 0 0 0 0 0 0

Some participants were counted in more than one category
AE adverse event, AESI adverse events of special interest, E number of events, IP investigational product, N number of
participants in the population, SAE serious adverse events. % percentage of participants, calculated using the total number in
each cohort as the denominator
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Across the three cohorts, baseline antigen-
specific IgG responses were low and equivalent.
The increase in GMT over time was reflected in
the GMFR, which increased from 5.59 at day 28
to 143.07 at day 84 in cohort 1 and from 8.06 at
day 28 to 183.15 at day 84 in cohort 2. The
GMFR over time in cohort 2 was slightly higher
than that in cohort 1; however, this difference
was not significant. From day 84 to day 421, the
GMFR decreased just as GMT decreased in
cohorts 1 and 2. The GMFR over time in cohort
3 (placebo group) remained unchanged or was
lower than 1.00. After the first IP dose (day 28),
the SRRs of cohorts 1 and 2 were 57.14% (95%
CI 37.18–75.54) and 68.75% (95% CI
49.99–83.88), respectively, with a higher but
statistically insignificant SRR in cohort 2. After
the second and third IP doses (days 56 and 84),
the SRR increased to 100% equally in both
vaccine groups. However, after 12 months from
the third IP dose, the SRR decreased to 42.86%
(95% CI 2.46–62.82) in cohort 1 and 59.38%
(95% CI 40.64–76.30) in cohort 2, remaining
slightly, but insignificantly, higher in cohort 2.
However, all antigen-specific IgG antibody
responses in terms of GMT, GMFR, and SRR in
vaccine cohorts were significantly higher than
those in cohort 3 (placebo) after the first dose

and lasted up to 12 months after the third dose
(Table 5).

Antigen-Specific IFN-c-Secreting Cells

The ELISpot assay was used to measure the level
of antigen-specific IFN-c-secreting cells in blood
samples compared with PBS and phytohemag-
glutinin as negative and positive controls,
respectively. The antigen-specific IFN-c-secret-
ing T cells were comparable at baseline in all
three cohorts, whose mean values were under
the limit of detection [\25 spot-forming cells
(SFCs)]. Both cohorts 1 and 2 showed increased
antigen-specific IFN-c-secreting cells on days 28,
56, and 84, with cohort 2 showing slightly
greater responses than cohort 1 (Fig. 2). The
peaks of IFN-c-secreting cells in cohort 1 (mean
151.10, 95% CI 209.40–92.8) and cohort 2
(mean 194.10, 95% CI 263.60–124.60) were
observed on day 84. The IFN-c-secreting cells in
both vaccine groups dropped to an equivalent
level at 12 months after the third IP dose (co-
hort 1: 62.80 SFC per 106 PBMCs, cohort 2:
91.15 SFC per 106 PBMCs). The mean SFCs in
the placebo group remained low (\ 25 SFCs)
throughout the study period (Fig. 2a). For
cohorts 1 and 2, the level of antigen-specific
IFN-c-secreting cells gradually increased from

Fig. 2 Immunogenicity assessment of antigen-specific
interferon-c (IFN-c)-secreting cells. ID93-specific IFN-c
producing T cells using ELISpot. PBMCs from blood
samples obtained before vaccination (day 0) and on days
28, 56, 84, and 421 after vaccination were stimulated with
ID93 fusion protein in vitro. Results are shown for
subjects vaccinated with 2 lg ID93 ? 5 lg GLA-SE
(cohort 1), 10 lg ID93 ? 5 lg GLA-SE (cohort 2), or a

saline placebo (cohort 3). a Data are represented as the
mean and standard deviation and b each box extends from
the 25th to 75th percentile, and the line in the middle of
the box represents the median value. The whiskers go
down to the minimum value and extend to the maximum
value. Values were considered significantly different if
p\ 0.05 within the group, as indicated by *p\ 0.05,
**p\ 0.01, or ****p\ 0.0001
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the first to third IP doses with significant
changes from the baseline. From 12 months
after the third IP dose, the level of SFCs
decreased, but was significantly higher than the
baseline. For cohort 3, there was no change in
the level of SFCs between baseline and each
post-vaccination timepoint (Fig. 2b).

Antigen-Specific Th1 CD41 Cell-Mediated
Immune Response

T-cell immune responses induced by ID93 ?

GLA-SE were determined via PBMC-based
intracellular cytokine staining (ICS) analysis
using flow cytometry. The gating strategy and
representative scatterplots for the ID93 stimu-
lation are shown in Supplementary Material

Figure S1. As shown in Fig. 3a, the percentage of
ID93 antigen-specific CD4? T cells that pro-
duced at least one, two, or three
cytokine(s) [IFN-c, tumor necrosis factor-alpha
(TNF-a), and/or interleukin-2 (IL-2)] were mea-
sured on days 0 (baseline), 28, 56, 84, and 421.
ID93 antigen-specific CD4? T-cell responses
were low before vaccination, but significantly
increased in both vaccine groups after vaccina-
tion at all visits. Both cohort 1 and cohort 2
showed increased frequencies of cytokine-se-
creting CD4? T-cell responses on days 28, 56,
and 84. On day 421, significantly greater cyto-
kine-producing CD4? T-cell frequencies were
observed with cohort 2 than cohort 1
(p = 0.0116), showing a higher magnitude of
ID93-specific CD4? T cells with 10 lg
ID93 ? 5 lg GLA-SE. Medians for cohort 2 are
slightly higher but statistically insignificant at
days 56 and 84. Cytokine-secreting CD4? T-cell
responses in the placebo group remained low
(\0.1%) throughout the study. Meanwhile,
there were no differences in antigen-specific
CD8? T-cell responses among the three cohorts
or timepoints, indicating no CD8? T-cell
responses were observed in this study (Fig. 3b).
Similar frequencies of polyfunctional CD4? T-
cell responses on days 56 and 84 were observed
in cohorts 1 and 2 (Fig. 3c and d, respectively).
Pie charts representing day 84 versus day 421
samples show fewer 4? and 3? cytokine-pro-
ducing CD4? T cells at day 421 compared with
day 84 samples, demonstrating the contraction
of the ID93-specific population. Cohort 2 had
proportionately more 1? and fewer 3? than
cohort 1; we speculate that the statistical sig-
nificance for day 421 (see above) was because of
the enhanced retention of single cytokine
producers.

DISCUSSION

This study provides the first data to evaluate the
safety and immunogenicity of the ID93 ? GLA-
SE vaccine on over 70 previously BCG-vacci-
nated and QFT-negative individuals of an Asian
population. Previously, a phase 1b study in
South Africa was conducted in 12 QFT-negative
adults who were less likely to be latently

Fig. 3 Antigen-specific cytokine(s) positive CD4? T cells
from stimulated cryopreserved peripheral blood mononu-
clear cells. Blood samples were obtained before each
vaccination (days 0, 28, and 56) and at 4 weeks and
12 months after the final vaccination (days 84 and 421).
a The percentages of ID93-specific CD4? T cells produc-
ing any of the three T-helper type 1 (Th1) cytokines,
interferon-c (IFN-c), tumor necrosis factor-a (TNF-a),
and interleukin-2 (IL-2) (single producer, double produc-
ers, and triple producers) were measured in PBMC
stimulated with ID93 antigen using intracellular cytokine
staining and flow cytometry from each study participant.
b The percentages of ID93 specific CD8? T-cell
responses. Values were considered significantly different if
p\ 0.05, as indicated by *p\ 0.05 or ****p\ 0.0001. For
distribution of multifunctional CD4? T cells by visits, the
data is displayed from the two cohorts administered
ID93 ? GLA-SE; c cohort 1 and d cohort 2. Data are
presented as the percentage frequency of ID93-specific
CD4? T cells expressing either 4, 3, 2, or 1 immune
marker combination(s) including IFN-c, IL-2, TNF-a,
and CD40L at days 0, 28, 56, 84, and 421 for each cohort.
Pie charts represent the mean proportions of cells
expressing (after in vitro stimulation) any single marker
and combination of IFN-c, IL-2, TNF-a, and CD40L
marker-positive CD4? T cells of the total immune
marker-expressing CD4? T-cell response, at days 84 and
421 after vaccination. Paired responses of immune marker-
positive CD4? T cells on days 0, 28, 56, 84, and 421 after
vaccination are shown in c cohort 1 and d cohort 2

b
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infected with Mtb, using a dose reported to be
safe by the US phase 1 study [17, 18]. Similar to
the phase 1 and phase 1b clinical studies con-
ducted previously, no safety issues were repor-
ted in the present study, which selected ID93
(antigen) and GLA-SE (adjuvant) doses and an
administration route that were based on the
initial safety data from clinical studies in South
Africa and the USA [17–19], and clinical trials
on other vaccines with GLA-SE as adjuvants
[23, 24, 28]. In the US phase 1, vaccination of
BCG-naive, QuantiFERON-negative, healthy
adults with 2 lg ID93 plus 2 lg GLA-SE, 2 lg
ID93 plus 5 lg GLA-SE, 10 lg ID93 plus 2 lg
GLA-SE, or 10 lg ID93 plus 5 lg GLA-SE induced
a significantly higher antibody response than
ID93 alone, which peaked after two injections
in 100% of recipients and did not differ between
varying antigen and adjuvant doses [17]. A
preferential increase in IgG1 and IgG3 sub-
classes was observed, along with a multifaceted
Fc-mediated effector function response, and
enhanced magnitude and polyfunctional cyto-
kine profile of CD4? T cells. In the phase 1b in
South Africa, vaccination of BCG-immunized,
QuantiFERON-negative and positive, healthy
adults showed that vaccine dose (10 lg ID93
plus 2 lg GLA-SE, 2 lg ID93 plus 2 lg GLA-SE,
and 10 lg ID93 plus 5 lg GLA-SE) did not affect
frequency or severity of adverse events and
vaccination induced durable antigen-specific
IgG and Th1 cellular responses, which peaked
after two administrations. Vaccine dose also did
not affect magnitude, kinetics, or profile of
antibody and cellular responses in these partic-
ipants [18]. With an acceptable safety profile,
three injections of ID93 ? GLA-SE induced
strong ID93-specific antibody and cellular
immune responses in both vaccine cohorts that
were significantly higher than those with pla-
cebo, and the responses were maintained for a
12 month duration. This result was consistent
with a previous study showing an antigen-
specific antibody response predominantly
composed of IgG1 and IgG3 subclasses, sugges-
tive of strong major histocompatibility complex
class II T-cell activity, and CD4? T-cell respon-
ses elicited from all four ID93 antigen compo-
nents that persisted for a 6 month study period
[19].

In this study, there were peaks in both anti-
body and T-cell responses to the ID93 antigens
1 month after the third doses, which were
somewhat different from those in the previous
studies. In the phase 1 US study, a linear
dose–response relationship was not observed
and differences in CD4? T-cell responses in the
whole blood ICS assay were not statistically
significant [17]. While responses peaked after
two injections in 100% of recipients, responses
did not decrease after the third vaccine admin-
istration. Vaccine dose or dosage did not affect
magnitude, kinetics, or profile of antibody and
cellular responses in the phase 1 or phase 1b
participants [17, 18]. One of the reasons for
differences in a peak time of immune responses
to the ID93 antigen may be the BCG vaccina-
tion and latent TB infection histories of partic-
ipants and vaccination intervals among the
clinical studies. Further studies are required to
select vaccination frequencies and intervals to
reach the maximum efficacy in the target
populations.

While there was no difference in immune
responses and safety between vaccine doses and
both ID93 and GLA-SE concentrations in the
previous clinical studies [17–19], a fixed dose of
5 lg GLA-SE was chosen in this study on the
basis of the adjuvant formulation results [10].
Antigen doses of 2 lg ID93 (cohort 1) and 10 lg
ID93 (cohort 2), which were used in the previ-
ous studies, were also compared to select a dose
in this study. Although there was a tendency of
higher antibody and IFN-c ELISpot responses in
cohort 2, there was no statistical significant
difference in immune responses to the ID93
antigen, except in higher ID93-specific
cytokine(s) positive CD4? T cells 1 year after the
last vaccination in cohort 2 compared with
those in cohort 1. Therefore, three intramuscu-
lar injections of a dose of 10 lg ID93 ? 5 lg
GLA-SE are desirable for further studies includ-
ing efficacy evaluation in the future.

Healthcare workers were selected as the
study population since the public health service
has the highest distribution of occupational
infectious diseases among all industries, with
approximately one-third of the diseases being
LTBI [29]. According to the Rules for the
Prevention of TB, in ordinance of the Ministry
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of Health and Welfare of the Republic of Korea,
the head of a medical institution should peri-
odically conduct screenings for active and
latent TB infections in healthcare workers to
detect early-stage infection. As per these rules,
TB screening is carried out at least once a year
for healthcare providers who examine and treat
patients with TB, for medical technicians who
have diagnosed patients with TB, and for any
other healthcare workers who are at high risk of
respiratory infection [30]. The results of this
study are from a population with a higher risk
of Mtb infection and who would be expected to
generate data that allows for subsequent studies
to evaluate the safety and exploratory outcomes
of this vaccine in the wider public, non-
healthcare workers who are BCG-vaccinated,
and QFT-negative or QFT-positive adults and
adolescents.

Despite a confirmation of safety and
immunogenicity of the ID93 ? GLA-SE TB vac-
cine candidate in the BCG-vaccinated healthy
adults in South Korea, this study had limita-
tions such as more than two-thirds of enrolled
participants in all three cohorts with female.
Considering that more than 60% of TB patients
reported in the country in 2019 were male, the
gender ratio appears to be significantly skewed
in this study [3]. In addition, this study
employed a voluntary reporting procedure of
AEs by filling up the daily diary between study
visits, which may vary depending on the par-
ticipants’ understanding of the characteristics
and severity of AEs. While their impacts are not
known yet, these two limitations need to be
addressed in the upcoming phase 2b study by
balancing sexes of participants and by employ-
ing information technology tools for monitor-
ing AEs between study visits, respectively.

For further applications of ID93 ? GLA-SE,
we intend to characterize the preexisting and
underlying non-vaccine Mtb-specific responses
and compare them with the profile of ID93 ?

GLA-SE-induced and non-vaccine Mtb-specific
responses during immunization using an
MTB300 megapool without ID93 antigens in
future studies. Combinatorial Polyfunctionality
Analysis of Antigen-Specific T-cell Subsets
(COMPASS) can also be used to evaluate vac-
cine-induced CD4? T-cell subsets with unique

and/or overlapping profiles compared with
preexisting Mtb-specific responses [19].

CONCLUSIONS

This study showed the selected ID93 ? GLA-SE
regimens had an acceptable safety profile and
were clinically well tolerated after three IM
injections in BCG-vaccinated, QFT-negative,
healthy healthcare workers. This study showed
that a higher proportion of participants
administered active IP doses reported AEs than
those administered placebo. The solicited local
and systemic AEs observed in the current study
were consistent with those reported in previous
studies, with no reported SAEs related to IP or
death, or AEs that caused treatment discontin-
uation. The immunogenicity data in the current
study showed an immunogenic profile compa-
rable to those of the previous studies for
ID93 ? GLA-SE. Participants administered
ID93 ? GLA-SE showed higher humoral and
Th1 cellular immune responses, which persisted
throughout the 12 month study period, com-
pared with those who received placebo.
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