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ABSTRACT

Background: We evaluated immunogenicity of SCB-2019, a subunit vaccine candidate containing a pre-
fusion trimeric form of the SARS-CoV-2 spike (S)-protein adjuvanted with CpG-1018/alum.

Methods: The phase 2/3, double-blind, randomized SPECTRA trial was conducted in five countries in par-
ticipants aged > 18 years, either SARS-CoV-2-naive or previously exposed. Participants were randomly
assigned to receive two doses of SCB-2019 or placebo administered intramuscularly 21 days apart. In
the phase 2 part of the study, on days 1, 22, and 36, neutralizing antibodies were measured by pseu-
dovirus and wild-type virus neutralization assays to SARS-CoV-2 prototype and variants, and ACE2-
receptor-binding antibodies and SCB-2019-binding antibodies were measured by ELISA. Cell-mediated
immunity was measured by intracellular cytokine staining via flow cytometry.

Results: 1601 individuals were enrolled between 24 March and 13 September 2021 and received at least
one vaccine dose. Immunogenicity analysis was conducted in a phase 2 subset of 691 participants, includ-
ing 428 SARS-CoV-2-naive (381 vaccine and 47 placebo recipients) and 263 SARS-CoV-2-exposed (235
vaccine and 28 placebo recipients). In SARS-CoV-2-naive participants, GMTs of neutralizing antibodies
against prototype virus increased 2 weeks post-second dose (day 36) compared to baseline (224 vs
12.7 IU/mL). Seroconversion rate was 82.5 %. In SARS-CoV-2-exposed participants, one SCB-2019 dose
increased GMT of neutralizing antibodies by 48.3-fold (1276.1 IU/mL on day 22) compared to baseline.
Seroconversion rate was 92.4 %. Increase was marginal post-second dose. SCB-2019 also showed cross-
neutralization capability against nine variants, including Omicron, in SARS-CoV-2-exposed participants
at day 36. SCB-2019 stimulated Th1-biased cell-mediated immunity to the S-protein in both naive and
exposed participants. The vaccine was well tolerated, no safety concerns were raised from the study.
Conclusions: A single dose of SCB-2019 was immunogenic in SARS-CoV-2-exposed individuals, whereas
two doses were required to induce immune response in SARS-CoV-2-naive individuals. SCB-2019 elicited
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a cross-neutralizing response against emergent SARS-CoV-2 variants at antibody levels associated with
clinical protection, underlining its potential as a booster.

Clinicaltrials.gov: NCT04672395; EudraCT: 2020-004272-17.
© 2023 Clover Biopharmaceuticals. Published by Elsevier Ltd. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The assessment of efficacy and immunogenicity of COVID-19
vaccines was initially focused on the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) naive population. However,
during the pandemic, the overall seroprevalence increased rapidly
due to asymptomatic SARS-CoV-2 infection and COVID-19 disease,
as well as vaccination [1]. Therefore, evaluating the immunogenic-
ity and efficacy of COVID-19 vaccines in both SARS-CoV-2-naive
and SARS-CoV-2-exposed individuals is essential for understand-
ing the magnitude of the immune response and differences in
the cross-neutralization of new emergent SARS-CoV-2 variants.

Clover Biopharmaceuticals has developed a subunit vaccine
candidate, SCB-2019, using its innovative Trimer-Tag™ technology
[2]. SCB-2019 contains the SARS-CoV-2 spike (S) glycoprotein
(Wuhan-Hu-1 strain), in a native-like prefusion trimeric conforma-
tion, adjuvanted with the Toll-like receptor agonist CpG-1018 and
alum [3]. The efficacy, immunogenicity, and safety of the SCB-2019
vaccine were assessed in the global phase 2/3 clinical trial (SPEC-
TRA) with more than 30,000 study participants from five countries.
In SARS-CoV-2-naive subjects, the vaccine demonstrated 100 %
efficacy against severe COVID-19 and COVID-19-associated hospi-
talizations, 67 % efficacy against COVID-19 of any severity for all
strains, and 79 % efficacy against the predominant Delta variant
[4]. As approximately half of the study participants had a history
of previous exposure to SARS-CoV-2, the study has also assessed
the efficacy, immunogenicity, and safety of SCB-2019 in this popula-
tion [5]. On top of the 83.2 % protection afforded by previous expo-
sure to SARS-CoV-2, a single SCB-2019 vaccine dose had an efficacy
of 49.9 % against COVID-19 of any severity, whereas two doses had
an additional efficacy of 64.2 % [5]. The cumulative effect of vaccinat-
ing participants with evidence of previous exposure to SARS-CoV-2
was 89.7 % after one dose and 93.8 % after two doses [5].

The vaccine was generally well tolerated in SARS-CoV-2-naive
and previously exposed individuals. Rates of solicited adverse
events were similar in vaccine and placebo groups, except for a
higher rate of short-lived, mild-to-moderate injection site pain
reported in the vaccine group. Few severe or serious adverse events
were reported, and no safety concerns were raised [4,5].

Here, we describe the immunogenicity results of the SCB-2019
vaccine in both SARS-CoV-2-naive and exposed individuals from
the SPECTRA trial, including levels of cross-neutralizing antibodies
against multiple SARS-CoV-2 variants that circulated during and
after the study period, as well as vaccine-induced cell-mediated
immune response.

2. Materials and methods
2.1. Study design

Clover’s SPECTRA is a randomized, placebo-controlled, phase
2/3 trial conducted in participants aged > 12 years in five countries
(Belgium, Brazil, Colombia, the Philippines, and South Africa) [4].
Here, we present the analysis of immunogenicity data obtained
between 24 March 2021 and 13 September 2021 (data lock point)
in participants > 18 years enrolled in the phase 2 part of SPECTRA
in Belgium, Colombia, and the Philippines. The trial was double-
blinded; study participants, study center staff involved in the study
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conduct and monitoring, and laboratory staff conducting immuno-
genicity testing were blinded.

Individuals eligible to participate in this study were healthy
individuals or had a stable pre-existing medical condition,
were > 12 years of age, and were willing to comply with the study
requirements and procedures. Full inclusion and exclusion criteria
have been previously described [4]. The main exclusion criteria
were pregnancy; breastfeeding; a history of severe adverse reac-
tion or anaphylaxis to any vaccine component; any chronic condi-
tion or therapy likely to impact immune responses; and prior
receipt of any coronavirus vaccine. Individuals with a history of
SARS-CoV-2 infection were allowed for enrollment (except RT-
PCR-confirmed COVID-19 at screening or within 14 days before
enrollment).

The primary and secondary efficacy and safety results of the
SPECTRA study have been previously described [4,5]. The immuno-
genicity of SCB-2019 was to be evaluated in a subset of phase 2
participants. The exploratory immunogenicity objectives were to
assess the cell-mediated immunity (CMI) elicited by SCB-2019 in
a subset of adult participants and to explore the cross-
neutralization of new emergent SARS-CoV-2 variants of concern
(VOCs) by antibodies elicited from two doses of SCB-2019
vaccination.

The study was conducted in accordance with the Declaration of
Helsinki, Good Clinical Practice guidelines, and local regulations.
The protocol was approved by all site institutional review boards
and applicable national authorities. All participants provided writ-
ten informed consent before enrollment.

2.2. Vaccine

The SCB-2019 vaccine was supplied as 720 pg of SCB-2019 (Clo-
ver Biopharmaceuticals) in 1 mL (20 doses) of solution for injec-
tion. The CpG-1018 adjuvant (Dynavax Technologies) was
provided in a 2-mL vial containing 12 mg/mL of a 22-mer phospho-
thioate oligodeoxynucleotide in Tris-buffered saline (24 mg per
vial) and alum was provided as a vial containing 10 mg/mL of alu-
minum hydroxide (Alhydrogel®, Croda Health Care). All vaccine
components, except aluminum hydroxide, were stored at 2-8 °C
and mixed such that each vaccine dose contained 30 pg SCB-
2019, 1.5 mg CpG-1018, and 0.75 mg alum. The vaccine or placebo
(0.9 % sodium chloride) was then administered by intramuscular
injection (0.5 mL per dose) in the deltoid region of the non-
dominant arm. The vaccine syringes were opacified to avoid
unblinding, and vaccine administration was carried out by an
unblinded dosing team who were not involved in any study
evaluation.

All adults were to receive two doses of the vaccine or placebo
21 days apart (on days 1 and 22) according to the randomization
stratified by site, age group (>18 to < 65 years of age
vs > 65 years of age), absence/presence of comorbidities associated
with a high risk of severe COVID-19, and a known history of
COVID-19.

2.3. Assessments of humoral immune responses

Previous exposure to the SARS-CoV-2 virus was assessed in all
participants at baseline (day 1) using Roche Elecsys anti-SARS-
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CoV-2 S kit to measure the anti-S immunoglobulins (Ig). All partic-
ipants were also tested for antibodies against the nucleocapsid (N)-
protein using Roche Elecsys anti-SARS-CoV-2 kit (anti-N test), a
component not included in the SCB-2019 vaccine. Individuals hav-
ing a positive result with the anti-S ELISA test or the anti-N test at
baseline and individuals with a documented history of SARS-CoV-2
were considered SARS-CoV-2-exposed.

Humoral immune responses induced by SCB-2019 in SARS-CoV-
2-naive and exposed subjects were compared to the placebo using
four different assays: SCB-2019-binding antibody ELISA to analyze
SCB-2019-specific antibodies; two virus neutralization assays
(wild-type virus and pseudovirus using a biosafety level 2-level
recombinant VSV backbone expressing S protein from SARS-CoV-
2 and green fluorescent protein) to assess neutralizing antibodies
to the prototype SARS-CoV-2 (Wuhan-Hu-1), as well as to SARS-
CoV-2 Alpha (B.1.1.7), Beta (B1.351), Gamma (P.1), Delta
(B.1.617), Mu (B.1.621), and Omicron BA.1, BA.2, BA.4, and BA.5
(B.1.1.529) variants; and ACE2-competitive ELISA to analyze serum
ACE2 receptor-binding IgG antibodies. Details on the assays are
provided in the Supplementary materials. Geometric mean titers
(GMTs) for the virus neutralization assays with the prototype
SARS-CoV-2 and the SCB-2019-binding antibody ELISA were
expressed in IU/mL, whereas GMTs for neutralization assays
against variants were expressed in 1/dilution.

2.4. Assessments of cell-mediated immune responses

CMI was evaluated in 150 adult participants (75 in the SCB-
2019 arm and 75 in the placebo arm) randomly enrolled at selected
sites (two in Belgium and one in Colombia) able to collect and pro-
cess the peripheral blood mononuclear cells (PBMC) samples
before shipping to testing laboratory. Whole blood (32 mL) was
collected at baseline (day 1) and 14 days after the second vaccina-
tion (day 36). The number of lymphocytes and intracellular cyto-
kine staining (ICS) of PBMCs were analyzed using flow cytometry
to evaluate CD4+/CD3+ T cells expressing markers of T-helper type
1 cells (interferon y [IFNY], interleukin [IL]-2, and tumor necrosis
factor o [TNF a]), T-helper type 2 cells (IL-4, IL-5), and T-helper
type 17 cells (IL-17) after in vitro stimulation with 15-mer (with
11 overlapping amino acids) peptide pools spanning across S1
and S2 subunits of SARS-CoV-2 spike protein.

2.5. Assessment of safety

The detailed reactogenicity data were presented earlier by
Bravo et al. [4]. Unsolicited adverse events, medically attended
adverse events, adverse events of special interest, and serious
adverse events were collected during the entire study period. The
detailed safety data obtained in all adult participants who received
at least one dose of the SCB-2019 vaccine or placebo are reported
separately (Husain et al., manuscript in revision).

2.6. Statistical analysis

A total of 1600 participants were planned to be recruited in the
phase 2 part of the SPECTRA trial. The immunogenicity subset was
to include all 800 subjects in the SCB-2019 arm and 100 randomly
selected participants in the placebo arm who received at least one
dose of the study vaccine and had available blood sample at day 36
for immunogenicity assessment. Only a subset of participants was
selected from the placebo arm for immunogenicity testing because
no increase of antibody titers was expected in this group. SARS-
CoV-2 naive participants who received two doses and had no major
protocol deviations that could affect the immunogenicity of the
vaccine were included in the Immunogenicity-per-protocol set
(PPS). Immunogenicity analysis of SARS-CoV-2-exposed individu-
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als was performed on the Immunogenicity-full analysis set (FAS)
Exposed cohort, which included individuals who received two
doses and had been exposed to SARS-CoV-2 or had a history of
COVID-19 before vaccination.

Immunogenicity endpoints included GMTs, geometric mean
fold rise (GMFR post-vaccination to baseline), the proportion of
participants with seroconversion, and the proportion of partici-
pants with antibody titer above the lower limit of quantification
(LLoQ).

The geometric mean was calculated as the mean of the antibody
titers after the data were log-transformed, followed by exponenti-
ating the log mean to present the results on the original scale. A
two-sided 95 % confidence interval (CI) was obtained by taking
the log-transform of the antibody results and calculated based on
t-distribution. GMFR was calculated as the mean of the difference
after log-transformed results (post-vaccination minus baseline)
and exponentiating the mean; a two-sided 95 % CI for GMFR was
obtained using paired t-distribution. Seroconversion was defined
as four times the LLoQ for seronegative participants at baseline
and as a 4-fold increase in the titer from the pre-vaccination value
for seropositive participants. The Clopper-Pearson method was
used to calculate the CIs for seroconversion rates and the propor-
tion of participants with antibody titer above LLoQ. Missing data
were not imputed. Statistical analyses were done using SAS soft-
ware version 9.4 (SAS Institute).

3. Results
3.1. Study population

A total of 1660 individuals were screened for enrolment in the
phase 2 part of the SPECTRA study, of whom 1601 were enrolled
(Fig. 1). Among them, 808 participants were randomized to the
SCB-2019 arm and 793 to the placebo arm. All participants
received at least one vaccine dose. The immunogenicity subset
included 759 participants in the SCB-2019 arm and 95 participants
in the placebo arm. Of those, 248 participants in the vaccine arm
and 32 participants in the placebo arm were seropositive for
SARS-CoV-2. In total, 143 participants in vaccine arm and 20 par-
ticipants in placebo arm had protocol deviations (mainly missing
blood samples post-vaccination, deviations from vaccination, or
blood sample schedule) or reported RT-PCR-confirmed COVID-19
before day 36.

Analysis of SARS-CoV-2-naive participants was conducted in
the Immunogenicity-PPS, which included 381 participants in the
SCB-2019 arm and 47 participants in the placebo arm. Analysis
of SARs-CoV-2-exposed participants was conducted in the
Immunogenicity-FAS, which included 235 participants in the
SCB-2019 arm and 28 participants in the placebo arm.

The demographic characteristics were similar between the SCB-
2019 and placebo arms in both the SARS-CoV-2-naive and exposed
populations analyzed (Table 1). More SARS-CoV-2-naive partici-
pants were females , but more participants were males in the pla-
cebo arm of the SARS-CoV-2-exposed cohort. The median age of
participants per group ranged between 34.9 and 38.5 years. The
SARS-CoV-2-naive cohort included proportionally more partici-
pants from Belgium and who identified themselves as White than
the exposed cohort, which included mostly participants from the
Philippines. This difference was due to the higher number of
SARS-CoV-2-naive participants recruited from Belgium than from
the Philippines [5]. In the SARS-CoV-2-exposed cohort, 7.2 % of
the participants had a known history of COVID-19, and 99.6 % of
the participants were positive for SARS-CoV-2 serostatus at
baseline.
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47 SARS-CoV-2-naive
(Immunogenicity-PPS)

Fig. 1. Participant flow diagram. Flow diagram of participants enrolled in the phase 2 part of the phase 2/3 SPECTRA trial. Participants included in the immunogenicity

analysis are highlighted in grey. BL - baseline; Ab - antibodies.

3.2. Humoral immune responses induced by SCB-2019

In SARS-CoV-2-naive participants (381 in the SCB-2019 arm and
47 in the placebo arm), a robust increase of the GMTs as measured
by the wild-type virus neutralization assay was observed 2 weeks
after the second dose of SCB-2019 (day 36) compared to baseline
(224 vs 12.7 IU/mL, respectively) (Table 2). The GMT increased
by 17.5-fold (95 % CI: 15.1-20.2) between baseline and day 36 in
SCB-2019 recipients. On day 36, the percentage of SCB-2019 recip-
ients who seroconverted was 82.5 % (179/217) and 96.8 %
(213/220) of SCB-2019 recipients had titers above the LLoQ. No
increase was detected in GMTs, seroconversion rates, or propor-
tions of participants with titers above the LLoQ on day 36 over
baseline in placebo recipients.

In previously SARS-CoV-2-exposed participants (235 in the SCB-
2019 arm and 28 in the placebo arm), neutralizing antibodies
increased by 48.3 fold in SCB-2019 recipients on day 22 (from
26.4 to 1276.1 IU/mL), 3 weeks after the first vaccine dose. On
day 36, 2 weeks after the second dose, the GMT reached
1831.4 IU/mL and increased by 69.3-fold compared to baseline
(95 % CI: 55.9-85.8). In contrast, the GMTs on days 1, 22, and 36
remained within a range from 32.7 to 58.3 IU/mL in placebo recip-
ients. In addition, 92.4 % (95 % CI: 86.0-96.5) of the SARS-CoV-2-
exposed participants seroconverted in the SCB-2019 arm, com-
pared to 5.6 % (95 % CI: 0.1-27.3) in the placebo arm. Most SARS-
CoV-2-exposed participants had titers above the LLoQ after vacci-
nation with SCB-2019 (44.1 % on day 1, 97.5 % on day 22, and
100 % on day 36), compared to 38.9 % (day 1) and 61.1 % (days
22 and 36) in the placebo arm. Similar kinetics of SARS-CoV-2-
specific neutralizing antibodies in SCB-2019 recipients were
revealed by testing with a pseudovirus neutralization assay. In
addition to neutralizing antibodies, we also measured overall
SCB-2019 binding and ACE2-receptor binding antibodies using
SCB-2019 binding and ACE2-competitive binding ELISAs, respec-

tively. The results of these assays were also consistent with those
of the wild-type SARS-CoV-2 neutralization assays (Supplemen-
tary results and Table S1). Two doses of SCB-2019 were immuno-
genic in SARS-CoV-2-naive participants, and a single dose of
SCB-2019 showed a significant immune response in SARS-CoV-2-
exposed participants.

Cross-neutralizing immune responses against nine variants of
SARS-CoV-2 (Alpha, Beta, Gamma, Delta, Mu, and Omicron BA.1,
BA.2, BA4, and BA.5) were evaluated in SARS-CoV-2-naive and
SARS-CoV-2-exposed participants after two doses of SCB-2019 vac-
cine (Fig. 2). The cross-neutralization capability of SCB-2019 was
shown against Alpha, Beta, Gamma, Delta, and Mu variants in
SARS-CoV-2-naive participants after the second vaccine dose and
to a greater extent in SARS-CoV-2-exposed participants. Whereas
no antibodies against the Omicron BA.1 and BA.4 variants and
low cross-neutralizing antibodies against the Omicron BA.2 and
BA.5 variants were detected in SARS-CoV-2-naive participants at
day 36, high titers of cross-neutralizing antibodies against all these
Omicron variants were noted in SARS-CoV-2-exposed participants
2 weeks after the second vaccine dose (MNsq [1/dilution], 208 for
BA.1, 442 for BA.2, 153 for BA.4, and 984 for BA.5). The GMT of neu-
tralizing antibodies against all Omicron variants in this cohort was
comparable to GMTs against the original Wuhan-Hu-1 strain
observed in SARS-CoV-2-naive participants on day 36 (MNsq, 157).

3.3. Cell-mediated immune responses induced by SCB-2019

Cell-mediated immune responses were measured by ICS in a
subset of SARS-CoV-2-naive and exposed participants (Fig. 3).
Overall, 137 subjects were included in the CMI analysis, 70 from
the SCB-2019 arm and 67 from the placebo arm. Increases of
Th1-type cytokine-expressing cells (i.e., CD4+/CD3+ T cells produc-
ing IFNvy, IL-2, or TNFo) were observed between the baseline and
2 weeks after the second vaccine dose (day 36) in CD4+/CD3+ T
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Table 1
Baseline characteristics of the SARS-CoV-2-naive and exposed populations.

Vaccine 41 (2023) 1875-1884

SARS-CoV-2-naive population
(Immunogenicity-PPS)

SARS-CoV-2-exposed population
(Immunogenicity-FAS Exposed)

SCB-2019 Placebo Total SCB-2019 Placebo Total
N =381 N =47 N =428 N =235 N=28 N =263
Sex, n (%)
Male 160 (42.0) 19 (40.4) 179 (41.8) 114 (48.5) 17 (60.7) 131 (49.8)
Female 221 (58.0) 28 (59.6) 249 (58.2) 121 (51.5) 11 (39.3) 132 (50.2)
Age (years)
Mean (SD) 36.0 (12.5) 38.5(13.8) 36.3 (12.7) 36.1(13.2) 34.9 (14.1) 36.0 (13.3)
Median (range) 35.0 (18-77) 39.0 (18-68) 35.0 (18-77) 34.0 (18-72) 31.5 (19-81) 34.0 (18-81)
Age group, n (%)
>18 to < 64 years 374 (98.2) 45 (95.7) 419 (97.9) 224 (95.3) 27 (96.4) 251 (95.4)
>65 years 7 (1.8) 2 (4.3) 9(2.1) 11 (4.7) 1(3.6) 12 (4.6)
>65 to < 74 years 6 (1.6) 2(4.3) 8(1.9) 11 (4.7) 0 11 (4.2)
>75 years 1(0.3) 0 1(0.2) 0 1(3.6) 1(04)
>18 to < 59 years 357 (93.7) 43 (91.5) 400 (93.5) 220 (93.6) 27 (96.4) 247 (93.9)
>60 years 24 (6.3) 4(8.5) 28 (6.5) 15 (6.4) 1(3.6) 16 (6.1)
Race, n (%)
American Indian or Alaska Native 30(7.9) 2 (4.3) 32(7.5) 24 (10.2) 0 24 (9.1)
Asian 199 (52.2) 20 (42.6) 219 (51.2) 174 (74.0) 22 (78.6) 196 (74.5)
Black or African American 4(1.0) 0 4(0.9) 0 0 0
White 124 (32.5) 23 (48.9) 147 (34.3) 20 (8.5) 6 (21.4) 26 (9.9)
Other 24 (6.3) 2 (4.3) 26 (6.1) 17 (7.2) 0 17 (6.5)
Ethnicity, n (%)
Hispanic or Latino 64 (16.8) 9(19.1) 73 (17.1) 59 (25.1) 1(3.6) 60 (22.8)
Not Hispanic or Latino 317 (83.2) 38 (80.9) 355 (82.9) 176 (74.9) 27 (96.4) 201 (77.2)
Country, n (%)
Belgium 131 (344) 23 (48.9) 154 (36.0) 20 (8.5) 6(21.4) 26 (22.8)
Colombia 52 (13.6) 4(8.5) 56 (13.1) 41 (17.5) 0 41 (15.6)
Philippines 198 (52.0) 20 (42.6) 218 (50.9) 174 (70.0) 22 (78.6) 196 (74.5)
High risk of severe COVID-19, n (%)
No 307 (80.6) 36 (76.6) 343 (80.1) 187 (79.6) 24 (85.7) 211 (80.2)
Yes 74 (19.4) 11 (23.4) 85 (19.9) 48 (20.4) 4(14.3) 52 (19.8)
Obesity (BMI > 30 kg/m?) 46 (12.1) 2 (4.3) 48 (11.2) 26 (11.1) 1(3.6) 27 (10.3)
Hypertension 24 (6.3) 6 (12.8) 30 (7.0) 24 (10.2) 2(7.1) 26 (9.9)
Type 2 diabetes mellitus 7(1.8) 1(2.1) 8(1.9) 4 (1.7) 0 4 (1.5)
Asthma 7 (1.8) 2(4.3) 9(2.1) 2(0.9) 0 2 (0.8)
Baseline SARS-Cov-2 serostatus, n (%)
Negative 381 (100.0) 47 (100.0) 428 (100.0) 1(0.4) 0 1(04)
Positive 0 0 0 234 (99.6) 28 (100) 262 (99.6)
Known history of COVID-19 at baseline, n (%)
No 381 (100.0) 47 (100.0) 428 (100.0) 217 (92.3) 27 (96.4) 244 (92.8)
Yes 0 0 0 18 (7.7) 1(3.6) 19 (7.2)
Baseline evidence of prior SARS-CoV-2 infection, n (%)
No 381 (100.0) 47 (100.0) 428 (100.0) 0 0 0
Yes 0 0 0 235(100) 28 (100) 163 (100)

Abbreviations: BMI, body mass index; PPS, per protocol set; FAS, full analysis set; SD, standard deviation.
N is the number of participants in each arm; n is the number of participants with available data.

1 This participant had a history of confirmed COVID-19.

lymphocytes from both SARS-CoV-2-naive and exposed partici-
pants vaccinated with SCB-2019, after in vitro stimulation with
peptide pools from S1 and S2 subunits of SARS-CoV-2 spike pro-
tein. The magnitude of immune response was higher in previously
SARS-CoV-2-exposed individuals. No increases in Th2 (CD4+/CD3
+T cells producing IL-4 or IL-5) or Th17 (CD4+/CD3+ T cells produc-
ing IL-17) cellular immune responses were observed (data not
shown), suggesting that a Thl-biased cell-mediated immune
response specific to the SARS-CoV-2 S-protein was induced after
a two-dose vaccination with SCB-2019. In the placebo recipients,
neither a Th1 nor a Th2 response could be detected, as expected.

3.4. Overall SCB-2019 safety profile

The detailed safety data obtained in all 30,137 adult partici-
pants who received at least one dose of SCB-2019 (N = 15,070) or
placebo (N = 15,067) between 24 March 2021 and 01 December
2021 are reported separately (Husain et al., manuscript in revi-
sion). SCB-2019 has an acceptable safety profile. Overall, unso-
licited adverse events, medically attended adverse events,
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adverse events of special interest, and serious adverse events were
reported in similar frequencies in vaccine and placebo arms over
the 6-month follow-up period.

4. Discussion

All approved COVID-19 vaccines were designed to elicit neutral-
izing immune responses against the SARS-CoV-2 spike protein of
the Wuhan strain and were initially tested in SARS-CoV-2-naive
individuals. The primary population for evaluating the protective
efficacy of all approved COVID-19 vaccines were individuals with-
out evidence of previous SARS-CoV-2 infection. However, during
the pandemic, a significant proportion of any study population
was naturally primed due to asymptomatic or symptomatic
SARS-CoV-2 infection. A systematic review and meta-analysis of
the global seroprevalence of SARS-CoV-2 antibodies, conducted
for a period from 01 January 2020 to 31 December 2020, estimated
a global population-wide seroprevalence of 4.5 % [6]. In April 2021,
WHO assessed SARS-CoV-2 seroprevalence as 26 % overall, ranging
between 0.3 % in WHO’s Western Pacific Region to 57 % in high-
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Table 2
Neutralizing antibodies induced by SCB-2019.
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SARS-CoV-2-naive population
(Immunogenicity-PPS)

SARS-CoV-2-exposed population
(Immunogenicity-FAS Exposed)

SCB-2019 Placebo SCB-2019 Placebo

N =381 N =47 N =235 N=28
Endpoint n Value (95 % CI) n Value (95 % CI) n Value (95 % CI) n Value (95 % CI)
Wild-type SARS-CoV-2 neutralizing antibodies (IU/mL)
Day 1
Mean GMT 219 12.7 (12.6-12.9) 27 12.5 (=) 118 26.4 (22.3-31.3) 18 32.7 (16.3-65.8)
>LLoQ, % 219 0.9 (0.1-3.3) 27 0.0 (0.0-12.8) 118 44.1 (34.9-53.5) 18 38.9 (17.3-64.3)
Day 22
Mean GMT 215 15.7 (14.1-17.5) 28 12.8 (12.4-13.3) 118 1276.1 (999.3-1629.7) 18 42.1 (20.6-86.6)
GMFR 212 1.2 (1.1-14) 27 1.0 (1.0-1.1) 118 48.3 (36.9-63.2) 18 1.3 (0.7-2.3)
SCR, % 212 4.2 (2.0-7.9) 27 0.0 (0.0-12.8) 118 92.4 (86.0-96.5) 18 5.6 (0.1-27.3)
>LLoQ, % 215 9.3 (5.8-14.0) 28 0.0 (0.0-12.3) 118 97.5 (92.7-99.5) 18 61.1 (35.7-82.7)
Day 36
Mean GMT 220 224 (194.0-258.7) 28 12.8 (12.4-13.3) 118 1831.4 (1545.9-2169.8) 18 58.3 (26.6-128.1)
GMFR 217 17.5 (15.1-20.2) 27 1.0 (1.0-1.1) 118 69.3 (55.9-85.8) 18 1.8 (0.8-3.8)
SCR, % 217 82.5(76.8-87.3) 27 0.0 (0.0-12.8) 118 98.3 (94.0-99.8) 18 16.7 (3.6-41.4)
>LLoQ, % 220 96.8 (93.6-98.7) 28 0.0 (0.0-12.3) 118 100.0 (96.9-100.0) 18 61.1 (35.7-82.7)
Pseudovirus neutralizing antibodies (IU/mL)
Day 1
Mean GMT 219 15.8 (15.5-16.1) 27 15.5 (-) 119 47.6 (39.2-57.9) 18 56.7 (27.5-117.0)
>LLoQ, % 219 1.4 (0.3-4.0) 27 0.0 (0.0-12.8) 119 63.9 (54.6-72.5) 18 61.1 (35.7-82.7)
Day 22
Mean GMT 214 22.9 (20.1-26.1) 28 15.9 (15.0-16.9) 118 1559.9 (1266.3-1921.5) 18 70.8 (32.5-154.3)
GMFR 212 1.5 (1.3-1.6) 27 1.0 (1.0-1.1) 118 32.4 (25.0-42.2) 18 1.2 (0.6-2.4)
SCR, % 212 7.5 (4.4-12.0) 27 0.0 (0.0-12.8) 118 90.7 (83.9-95.3) 18 5.6 (0.1-27.3)
>LLoQ, % 214 19.6 (14.5-25.6) 28 3.6 (0.1-18.3) 118 97.5 (92.7-99.5) 18 66.7 (41.0-86.7)
Day 36
Mean GMT 220 540.3 (472.8-617.5) 28 20.3 (14.8-27.8) 119 2192.1 (1931.7-2487.6) 18 74.0 (35.3-155.0)
GMFR 218 34.1 (29.8-39.0) 27 1.3 (1.0-1.8) 119 46.0 (37.1-57.0) 18 1.3 (0.7-2.5)
SCR, % 218 93.6 (89.5-96.4) 27 3.7 (0.1-19.0) 119 95.8 (90.5-98.6) 18 11.1 (1.4-34.7)
>LLoQ, % 220 98.2 (95.4-99.5) 28 14.3 (4.0-32.7) 119 100.0 (96.9-100.0) 18 66.7 (41.0 -86.7)

Abbreviations: CI, confidence interval; FAS, full analysis set; GMFR, geometric mean fold rise; GMT, geometric mean titer; LLoQ, lower limit of quantification; PPS, per protocol

set; SCR, seroconversion rate.

N is the number of participants in each arm; n is the number of participants with available data.

Titer value measured as below LLoQ of the assay was set to LLoQ/2.

income countries in the Americas [7]. Based on the recent U.S. CDC
data, the seroprevalence of infection-induced SARS-CoV-2 antibod-
ies increased from 33.5 % (95 % CI: 33.1-34.0) to 57.7 % (95 % CI:
57.1-58.3) for the period from December 2021 to February 2022
[1]. In our study, approximately half of the participants had been
exposed to SARS-CoV-2 at the time of enrollment [5]. This propor-
tion varied between countries, from 12.6 % in Belgium to 64.9 % in
the Philippines [5].

As such, the assessment of vaccine-induced immune response
and protection against COVID-19 in SARS-CoV-2-naive and previ-
ously exposed individuals is now essential for understanding the
benefit of vaccination campaigns and optimal booster strategy.
The results reported here were obtained in the phase 2 part of
the Clover SPECTRA phase 2/3 clinical trial, which was conducted
to evaluate the humoral and cell-mediated immune responses
induced by SCB-2019 in both SARS-CoV-2-naive and exposed par-
ticipants. As measured by SARS-CoV-2 neutralization assays, SCB-
2019-binding ELISA, and ACE2-competitive ELISA, we showed that
two doses of SCB-2019 were immunogenic in-SARS-CoV-2-naive
participants. Furthermore, in SARS-CoV-2-exposed participants, a
single dose of SCB-2019 elicits a rapid and significant immune
response, which is consistent with prior observations that a single
dose of SARS-CoV-2 vaccine (mRNA or adenovirus-vectored) elicits
a robust immune response in individuals previously infected with
SARS-CoV-2 [8-10]. These results support the efficacy data
obtained in the trial. From 2 weeks after the second vaccination,
for all the VOCs evaluated, SCB-2019 demonstrated 100 % efficacy
against severe COVID-19, 83.7 % efficacy against moderate-to-
severe disease, and 67.2 % efficacy against COVID-19 of any sever-
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ity in SARS-CoV-2-naive individuals [4]. After only one vaccination,
in SARS-CoV-2-exposed participants, the incremental vaccine effi-
cacy over that afforded by natural infection against all VOCs was
499 % and it increased to 64.2 % after the second vaccination.
Immune response against new emergent VOCs appeared lower
compared to those against homologous Wuhan-Hu-1 prototype
virus. However, despite being low, the titers of neutralizing anti-
bodies induced by SCB-2019 against Delta (45 IU/mL), Gamma
(86 IU/mL), and Mu (37 IU/mL) variants in naive subjects were
associated with clinical protection against COVID-19 of any sever-
ity (78.7 %, 91.8 %, and 58.6 %, respectively) [4].

Goldblatt et al. applied a population-based approach to define
an immunologic correlate of protection for COVID-19 vaccines
based on anti-spike IgG antibodies. The authors proposed a protec-
tive threshold of 60 binding antibody units (BAU)/mL (95 % CI: 35—
102), suggesting that relatively low levels of binding antibodies
might be sufficient to protect against COVID-19 [11]. They also
demonstrated a high correlation between binding and neutralizing
antibodies and clinical protection against symptomatic COVID-19
disease. Goldblatt et al. also assessed responses by ELISA in a sub-
set of naive recipients of the SCB-2019 vaccine and found compa-
rable concentrations in binding antibodies to mRNA vaccines [12].
These results support our observation of significant efficacy against
variants of concerns in SARS-CoV-2-naive participants with rela-
tively low titers of cross-neutralizing antibodies as measured in
neutralization assays.

In SARS-CoV-2-exposed individuals, a two-dose primary vacci-
nation with SCB-2019 was associated with a significant increase
of antibody titers against all tested VOCs including Omicron BA.1,
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Fig. 2. Cross-neutralization of new emergent variants of SARS-CoV-2 by SCB-2019 vaccine-elicited sera. Geometric mean titers (GMTs) of cross-neutralizing antibodies
against different SARS-CoV-2 variants are shown in serum samples collected at days 1 and 36 from SARS-CoV-2-naive (top) and exposed (bottom) participants vaccinated

with SCB-2019, as measured by virus microneutralization assay (VNA).

BA.2, BA4, and BA.5. The Omicron BA.1 variant contains more than
59 mutations throughout its genome, with over 36 of them occur-
ring within the S protein, including 15 mutations in the receptor-
binding region [13]. BA.1 has then evolved into several sub-
variants [14]. The presence of these mutations in regions accessible
to antibodies makes Omicron variants markedly different from the
prototype Wuhan-Hu-1 virus and may explain the low cross-
neutralization titers in SARS-CoV-2-naive participants. However,
SARS-CoV-2-exposed  participants achieved higher cross-
neutralizing titers against Omicron variants after receiving two
doses of SCB-2019 than SARS-CoV-2-naive participants. Thus,
SCB-2019 elicited a robust cross-neutralizing response against all
nine VOCs at antibody levels associated with clinical protection
in participants with evidence of prior SARS-CoV-2 infection, under-
lining the additional value of SCB-2019 as a potential booster
vaccine.
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Neutralizing antibodies can prevent virus entry into host cells
and play a central role in protecting against infection [15]. In addi-
tion, virus-specific CD4+ T-cell immune responses and CD8+ cyto-
toxic T-cell responses have been proposed as reducing the severity
of disease [16-22]. SCB-2019 induced not only high neutralizing
antibody titers but also stimulated Thl-biased cell-mediated
immune responses in both SARS-CoV-2-naive and exposed individ-
uals, suggesting that this recombinant SCB-2019 vaccine, when
delivered with CpG-1018/alum adjuvant, can elicit both proper B
and T cell immune responses to the S protein and, subsequently,
confer protection from SARS-CoV-2 infection. Both Th1 and Th2
cellular immune responses were consistent with those reported
in the SCB-2019 phase 1 study and aligned with the responses eli-
cited by other COVID-19 vaccines [3,16,23-25].

This study has a few limitations. Due to the availability of
authorized COVID-19 vaccines for the populations at high risk of
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Fig. 3. Cell-mediated immunity of SCB-2019 vaccine. Cell-mediated immunity was measured by intracellular cytokine staining and flow cytometry in serum samples from
a subset of participants vaccinated with SCB-2019 (N = 70) or placebo (N = 67). Results are geometric mean (GM) of cytokine expressed in CD4+/CD3+ T cells (i.e., [FNy+/CD4+/
CD3+, IL-2+/CD4+/CD3+, and TNF o +/CD4+/CD3+) with 95 % confidence intervals (indicated by black lines on top of the bars). Top panel, GMs in samples collected at days 1
and 36 from SARS-CoV-2-naive and exposed participants vaccinated with SCB-2019 or placebo. Bottom panel, GMs in samples collected at days 1 and 36 in participants
vaccinated with SCB-2019 or placebo (regardless of SARS-CoV-2 exposure history), after in vitro stimulation with peptide pools spanning across S1 or S2 subunit of SARS-CoV-

2 spike protein.

severe COVID-19, few older participants were enrolled in this
study. The study population is composed mainly of young adults.
Another limitation is that immunogenicity was analyzed only up
to 14 days after the second vaccine dose and thus does not evaluate
long-term persistence of the responses induced by SCB-2019. How-
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ever, a previous phase 1 study showed that 25-35 % of the
observed peak value of neutralizing and binding antibodies persist
up to 6 months following vaccination with SCB-2019 [26]. Assess-
ing the long-term persistence of the responses induced by SCB-
2019 would be of interest because the duration of protection pro-
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vided by the approved COVID-19 vaccines against disease caused
by the circulating variants appears to be limited [27,28]. This study
does not provide a comparative evaluation of the immunogenicity
of SCB-2019 to other authorized COVID-19 vaccines. Furthermore,
a recent study has shown that antibody titers elicited by SCB-2019
against the original prototype Wuhan-Hu-1 and Alpha variants are
comparable or superior to those induced by four approved COVID-
19 vaccines [12].

5. Conclusions

We have shown in this study that the adjuvanted trimeric S pro-
tein recombinant vaccine SCB-2019 elicits a robust immune
response in both SARS-CoV-2-naive and previously exposed indi-
viduals, which correlates with the vaccine efficacy demonstrated
against SARS-CoV-2 previously described. A single dose of SCB-
2019 was immunogenic in naturally primed SARS-CoV-2-exposed
individuals and a higher humoral immune response was obtained
in previously exposed individuals than in SARS-CoV-2-naive ones.
The SCB-2019 induced cross-reactive neutralizing antibodies to
several emergent SARS-CoV-2 variants and a robust Th1-biased
cell-mediated immune response specific to the SARS-CoV-2 S pro-
tein and consistent with other COVID-19 vaccines.
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