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Summary
Background Booster vaccination is an efficient way to address the waning protection of vaccines and immune escape
of SARS-CoV-2 variants. We aimed to assess the safety and immunogenicity of SCTV01C, a novel bivalent protein
vaccine as a booster for people who previously received two doses of mRNA vaccine.

Methods In this randomized, phase 1/2 trial, adults fully vaccinated with mRNA vaccines 3–24 month earlier were
enrolled. Participants received SCTV01C at 20 μg, 40 μg or placebo. The primary endpoints were adverse reactions
within 7 days and immunogenicity on Day 28 after vaccination. This trial was registered with ClinicalTrials.gov
(NCT05043311).

Findings Between January 27 and April 28, 2022, 234 adults were randomly assigned to receive SCTV01C or placebo.
The most common solicited adverse events (AEs) were Grade 1 injection-site pain (10.7%) and pyrexia (6.3%). There
were no reports of Grade 3 or above solicited AE, serious AEs or AEs of special interests. On Day 28 post the booster,
the geometric mean concentrations (GMCs) of the specific binding IgG antibodies to spike protein for placebo, 20 μg
and 40 μg SCTV01C were 1649, 4153 and 5354 BAU/mL, with fold of increase from baseline of 1.0, 2.8 and 3.4-fold,
respectively. GMTs of neutralizing antibodies against live Delta variant were 1280, 3542, and 4112, with fold of
increase of 1.1, 3.9 and 4.1-fold, respectively; GMTs of neutralizing antibodies against live Omicron variant were
218, 640, and 1083, with fold of increase of 1.1, 4.4 and 5.1-fold, respectively. Participants with low neutralizing
antibody titers at baseline (below the lower limit of quantitation) had 64.0 and 49.4-fold of increase in GMTs for
Delta and Omicron, respectively.

Interpretation The heterologous booster of SCTV01C was safe, and induced uniformly high cross-neutralization
antibody responses against Delta and Omicron variants.
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Research in context

Evidence before this study
With the emergence of SARS-CoV-2 variants, the effectiveness
of the vaccines developed based on the original strain have
dropped dramatically, although the protection against the
severe disease from COVID-19 is still largely retained.
Homologous or heterologous COVID-19 booster vaccinations
may provide effective protection against Omicron variant.
Several studies have systematically analyzed prime/booster
regimens including 11 homologous prime/booster (3× BBIBP-
CorV, 3× CoronaVac, 3× ADZ1222 vaccine, 3× BNT162b2
vaccine, 3× mRNA-1273 vaccine, 3× BriLife vaccine and
3× ZF2001 vaccine); and 4 heterologous prime/booster
(2× BBIBP-CorV + 1× ZF2001 vaccine, 2× CoronaVac + 1×
BNT162b2 vaccine, BNT162b2 vaccine + CoronaVac+BNT162b2
vaccine, and 2× BNT162b2 vaccine + 1× Ad26.COV2.S1 vaccine).
The resultant fold-increase in neutralization GMTs ranged
between 2.5 and 53.81 for Delta variant and 1.17–96.94 for
Omicron after booster vaccination.

Added value of this study
A variant-adapted vaccine capable of inducing potent and
broad immune responses against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) as a booster is
currently being evaluated. SCTV01C, a bivalent protein vaccine
based on the spike protein ectodomain (ECD) sequences of

SARS-COV-2 Alpha (B.1.1.7) and Beta (B.1.351) variants,
demonstrated favorable safety profile with low AE rates
comparable to traditional inactivated viral vaccines.
Importantly, SCTV01C boosting induced potent cross-strain
neutralizing antibody responses to non-vaccine variants, Delta
and Omicron. For the people with low levels of neutralizing
antibody titers at baseline (below the lower limit of
quantitation), SCTV01C boosting elevated their neutralizing
antibody titers against both Delta and Omicron variants to
high levels similar to titers observed in participants with high
baseline titers. Hence, boosting with SCTV01C could induce
uniformly high cross-neutralizing antibody responses
regardless of the titers at baseline.

Implications of all the available evidence
With excellent thermostability, favorable safety profile, and
cross-neutralization against non-vaccine variants, SCTV01C
may play an important role in controlling the on-going
Omicron pandemic. The use of vaccines that contain Alpha
and Beta spike protein may be a promising strategy for
broader protection against SARS-CoV-2 variants. SCTV01C
may become a platform for the development of upgraded
multi-variant vaccines (by adding or replacing with new
variants) against future SARS-CoV-2 variants.
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Introduction
The COVID-19 pandemic has evolved substantially ever
since the first case of SARS-CoV-2 infection was
reported in late 2019 and it is likely that this evolution
will continue. Omicron variant (B.1.1.529) and its sub-
lineages (BA.1, BA.2, BA.2.12.1, BA.3, BA.4 and BA.5),
especially BA.4 and BA.5, are rapidly becoming the
dominant variants in the U.S.1 Due to the highly
transmissible Delta and Omicron variants and the
waning immunity, there is an urgent need for the
booster doses after the primary vaccination.

Homologous/heterologous mRNA vaccine boost af-
ter a primary series of BNT162b2 (Pfizer-BioNTech) or
mRNA-1273 (Moderna) generated cross-neutralizing
antibody responses to the Omicron variant.2–7 Howev-
er, the vaccine efficacy was much lower than the pro-
tection efficacy against the prototype strains, i.e., the
protection efficacy of a third dose of BNT162b2 against
Omicron infection waned from 53.4% to 16.5% in a
span of three months after vaccination.8

The mRNA vaccine has a potential disadvantage in
terms of storage and transportation. The stringent condi-
tions under which the vaccine remains stable hinders its
global availability. In addition, the lack of long-term safety
record and potential side effects have all contributed to
vaccine hesitancy. With the shift in global COVID-19
vaccination strategy as propelled by ultra-transmissible
and immune escape variants, next generation vaccines
based on classical technologies, but capable of offering
cross-protection against existing and future variants are
required to increase vaccination rates worldwide.

Bivalent or multivalent vaccines may represent an
important strategy for developing broad-spectrum vac-
cines. Each variant contributes unique neutralizing epi-
tope(s) that could expand the repertoire of neutralizing
antibodies, and high frequent mutations possessed by
multiple circulating variants would likely be present in the
future variants. The WHO Technical Advisory Group on
COVID-19 Vaccine Composition (TAG-CO-VAC) has
recommended updating the composition of current
COVID-19 vaccines when developing multivalent or
broad-protective vaccines against SARS-CoV-2 current and
future emerging variants.9 Trials based on broad-spectrum
anti-coronavirus vaccines using multivalent design,
including mRNA-1273.211 (bivalent wild type and Beta
variants, Moderna),10 mRNA-1273.214 (bivalent wild type
and omicron B.1.1.529 variants),5 NVSI-06-08 (recombi-
nant protein vaccine, three heterologous RBDs from
the prototype, Beta and Kappa SARS-CoV-2 strain, Sino-
pharm)11 and V-01D-351 (recombinant protein vaccine,
bivalent from Beta and Delta, Livzon)12 are in progress.

SCTV01C contains two recombinant proteins, which
are homotrimeric proteins, based on spike protein
ectodomain (ECD) sequences of Alpha (B.1.1.7) and
Beta (B.1.351) variants, and adjuvanted with SCT-
VA02B, a squalene-based oil-in-water emulsion. The
www.thelancet.com Vol 87 January, 2023

www.thelancet.com/digital-health


Articles
two monovalent vaccines induced potent neutralizing
antibody responses against the antigen-matched vari-
ants, but drastic reductions in neutralizing antibody
titers against antigen-mismatched variants were observed.
In comparison, the bivalent vaccine SCTV01C induced
relatively higher and broad-spectrum cross-neutralizing
activities against various SARS-CoV-2 variants, including
the D614G variant, variants of concern (VOCs) (B.1.1.7,
B.1.351, P.1, B.1.617.2, B.1.1.529), variants of interest
(VOIs) (C.37, B.1.621), variants under monitoring
(VUMs) (B.1.526, B.1.617.1, B.1.429, C.36.3) and other
variants (B.1.618, 20I/484Q) in mouse immunogenicity
studies.13,14 It possesses a trimerization auxiliary domain
(T4-Foldon) which helps stabilize the trimeric protein
conformation15 and boost the immune responses as well.
Thermostable test showed that SCTV01C remained stable
at 25 ◦C up to 6 months.13 Furthermore, a phase 1 study
in previously unvaccinated participants showed that
SCTV01C was well tolerated, and induced promising
cross-strain neutralization against Alpha, Beta, Delta,
Omicron variants and the sublineages of Omicron
(NCT0514809, manuscript submitted).

Here, we report the safety and immunogenicity results
of SCTV01C as a booster in adults previously vaccinated
with two doses (primary series) of mRNA vaccine.
Methods
Ethics
The trial complied with the ethical requirements of
Good Clinical Practice and the Declaration of Helsinki.
The survey and study design were reviewed and
approved by the Ministry of Health and Prevention
(reference number: RCMOHP/CT1/0123/2021). All
trial participants enrolled voluntarily and signed the
inform consent prior to any study procedure.
Study design and participants
This was a randomized, double-blinded, placebo-
controlled, phase 1/2 trial of a booster vaccination of
SCTV01C (a bivalent SARS-CoV-2 trimeric spike protein
vaccine) conducted at a single center, the Al Kuwait
Hospital (Al Baraha Hospital) in Dubai, United Arab
Emirates (UAE). All eligible participants were 18–59
years old and fully vaccinated with mRNA anti-SARS-
CoV-2 vaccine (Pfizer-BioNTech or Moderna) 3–24
months earlier. Health status and history of the in-
fections with other coronaviruses and/or infections with
SARS-CoV-2 were assessed based on the medical history
and clinical laboratory findings, vital sign and physical
examination during the screening visits. Participants
with a history of SAS-CoV-2 or COVID-19 tested
positive with nasopharyngeal/nasal/throat swabs (by
real-time polymerase chain-reaction assay), high-risk
populations to COVID-19 infection (such as medical
workers, close contacts of patients with COVID-19
www.thelancet.com Vol 87 January, 2023
infection, etc.), individuals with fever, and those with a
history of severe acute respiratory syndrome (SARS),
Middle East Respiratory Syndrome (MERS) or other
coronavirus infection were excluded.
Randomization and masking
The Interactive Network Response System (IWRS) was
used to randomize eligible participants prior to study
vaccination. The randomization codes were generated
via block randomization using SAS software (version
9.4). During the phase 1 trial, participants in each cohort
were randomly assigned in a 4:1 ratio to receive an
intramuscular injection of SCTV01C (20 μg or 40 μg) or
saline placebo; whereas participants were assigned in a
2:1 ratio for each cohort of the phase 2 trial. The vaccine,
adjuvant or placebo were identical in appearance. All
participants, investigators, clinical research associates,
data analyst and laboratory staff were masked to group
allocation.
Procedures
SCTV01C is a recombinant protein vaccine developed
and manufactured according to good manufacturing
practice guidelines by Sinocelltech Ltd., with genetic
engineering technology adopted to express in CHO
cells. Main active ingredients of SCTV01C comprise of
trimeric spike extracellular domain (S-ECD) of SARS-
CoV-2 variants Alpha (B.1.1.7) and Beta (B.1.351), and
adjuvanted with SCT-VA02B, an oil-in-water emulsion.
SCTV01C was supplied in single use vials as a sterile,
emulsified, white solution, 0.5 mL/vial, with low (20 μg)
and high dose (40 μg), stored and transported at 2–8 ◦C
protected from light, with a validity period of 24 months.
The placebo in this trial was 0.9% sodium chloride
(normal saline) injection and the dosage form, package
and route of administration were consistent with those
of the study vaccine.

This seamless Phase 1/2 clinical study was composed
of a dose-escalation phase I stage (cohort A1 and cohort
B1) and a dose exploration phase II stage (cohort C1 and
cohort D1). The enrollment started with cohort A1.
Fifteen participants aged from 18 to 59 years were
randomly assigned to receive 20 μg SCTV01C or saline in
a ratio of 4:1. Upon completing 7 days safety observation,
enrollment began in cohort B1 and cohort C1 simulta-
neously: fifteen participants in cohort B1 were randomly
assigned to receive 40 μg SCTV01C or saline in a ratio of
4:1 and 102 participants in cohort C1 were randomized to
receive 20 μg SCTV01C or saline in a ratio of 2:1.
Following 7 days safety observation of cohort B1, enroll-
ment of Cohort D1 was initiated: 102 participants were
randomized to receive 40 μg of SCTV01C or saline in a
ratio of 2:1 (Supplementary Fig. S1).

Post booster vaccination, solicited AEs within 7 days;
unsolicited AEs (adverse event) within 28 days; SAEs,
3
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AESIs, MAAEs within 365 days were monitored and
recorded. AEs and abnormal changes in laboratory tests
were graded according to the Toxicity Grading Scale for
Healthy Adult and Adolescent Volunteers in Preventive
Vaccine Clinical Trial - FDA Standard.16

Serum samples were collected to evaluate the geo-
metric mean titer (GMT) of the specific binding-IgG
antibodies against the spike protein of SARS-CoV-2 on
D0 and D28 by enzyme-linked immunosorbent assay
(ELISA), following the manufacturer’s instructions of
LIAISON® SARS-CoV-2 TrimericS IgG assay.17 GMTs
of IgG antibodies were normalized according to the
First WHO International Standard for anti-SARS-CoV-2
immunoglobulin (NIBSC code: 20/268),18 and converted
to geometric mean concentration (GMC) using WHO
assigned International Binding Antibody Units (BAU).
GMTs of neutralizing antibody activities against live
SARS-CoV-2 Delta and Omicron variants were
measured using plaque reduction neutralization test
(PRNT) with the test kits shown in previous study.19 The
peripheral blood mononuclear cells were collected to
assess specific T-helper-1(Th1, interferon gamma (IFN-
γ) release) and T-helper-2 (Th2, interleukin-4 (IL-4)
release) responses before vaccination, and on day 14
after booster vaccination (D14) using T-SPOTⓇ.COVID
test and enzyme-linked immunospot (ELISpot) IL-4
COVID TEST assay, reported in previous studies.20

The ELISA IgG test, ELISpot assay and live virus
neutralization assay were performed according to the
manufacturer’s guidelines (Biogenix, Abu Dhabi,
United Arab Emirates) at G42 LABORATORY LLC in
Abu Dhabi, United Arab Emirates.
Outcome
The endpoints for safety were the incidence and severity
of adverse reactions (ARs) within 7 days after vaccination;
adverse events (AEs) within 7 days; unsolicited AEs within
28 days; laboratory abnormalities related AEs within 14
days; serious adverse events (SAEs); AEs of special inter-
est (AESIs) and medically attended AEs (MAAEs) within
365 days, after vaccination. The endpoints for immuno-
genicity were geometric mean concentration (GMC) of
the specific binding-IgG antibodies against spike protein
of wild-type SARS-COV-2 strain on day 28 after vaccina-
tion (D28); GMTs of neutralizing antibodies (live virus
neutralization assay) to Delta (B.1.617.2) and Omicron
(B.1.1.529) variants on D28; the fold increase of these
GMC and GMT from baseline (before vaccination). The
exploratory endpoint of the specific T-cell response
induced by SCTV01C at day 14 after booster vaccination
was measured only in the phase 1 trial.

Statistics
Statistical analyses were done with SAS software
(version 9.4). A sample size of 240 assuming 20% of the
participants being none valuable or withdrawing was
determined mainly by referring to the ‘Technical
Guidance for Prophylactic Vaccine Clinical Trials’ pub-
lished by China health authority. This sample size
would allow to achieve at least 5-fold increase over
control group in the GMTs of neutralizing antibodies to
Omicron, assuming a true increase of 8-fold, standard
deviation of 0.4 (in Log10 scale) and a power of 80%. The
8-fold increase after booster vaccination was estimated
based on the pre-clinical animal studies and human
studies on SCTV01C, and the published data of the
neutralizing antibody titers in mRNA COVID-19 vac-
cine recipients. The safety and immunogenicity analyses
were performed based on intention to treat population.
The comparison was performed from high dose group
to low dose group in a hierarchical order to account for
multiple comparisons. For the safety analysis, all par-
ticipants who received booster vaccines were analyzed
based on solicited AEs (local and systemic) within 7 days
and unsolicited AEs within 28 days after booster vacci-
nation. The proportion of participants with at least one
solicited AE of Grade ≥3 was reported for each group.
Unsolicited adverse events were coded by MedDRA
version 24.1 and tabulated by primary system organ
class (SOC) and preferred term (PT) for each group. The
immunogenicity analysis included the full analysis set
of participants with valid immunogenicity test results
before and after booster vaccination. In the analysis of
immunogenicity, data reported as below the lower limit
of detection were imputed as half of the threshold. The
comparison between SCTV01C and placebo groups
were performed using Analysis of Covariance
(ANCOVA) based on log-transformed data.
Role of the funding source
The funder of the study had no role in data collection,
data analysis, data interpretation, or writing of the
article. All authors had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.
Results
Study participants
From January 27, 2022 to April 28, 2022, 368 partici-
pants aged 18–59 years were screened, of whom 30 and
205 participants were eligible and randomized into the
phase I and phase II trials respectively. The data form
234 participants were used for the safety analysis and
the immunogenicity evaluations were performed on the
data of 232 participants; therefore, the target sample size
(240 with a 20% dropout) was reached. Specifically, 75,
79 and 80 participants received placebo (normal saline),
20 μg and 40 μg SCTV01C, respectively (Fig. 1). Three
participants were excluded from analysis for either
missing baseline or post-baseline immunogenicity data:
one participant was due to blood sample being lipemic
www.thelancet.com Vol 87 January, 2023
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Fig. 1: Study profile.
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at baseline, and the other two for missing blood collec-
tions at Day 28 after the vaccination. Participants and
investigators were blinded to the treatment when the
missing data occurred, and there were no informative
clue that this missing could introduce bias to the
immunogenicity assessment, so the data missing was
considered to be in a random mechanism. The de-
mographic and baseline characteristics were generally
balanced between groups in terms of age, ethnicity, sex,
allergic and vaccination history (Table 1). All partici-
pants previously received mRNA anti-SARS-CoV-2 vac-
cine and the median interval from last vaccination was
6.7 months. One participant in the 40 μg SCTV01C
group withdrew from the study for personal reason after
booster vaccination.

All participants completed at least a 4-week follow-up
after vaccination and up to day 120.
Safety
The overall occurrence of injection related AEs was
32.7% within 28 days after injection. Altogether, 30/79
(38.0%) in the 20 μg SCTV01C group, and 22/80
(27.5%) in the 40 μg SCTV01C group reported at least
one injection related AE within 28 days. One (1.3%)
related Grade 3 hyperglycemia was reported in the 20 μg
SCTV01C group. The incidences of solicited AEs were
13.3%, 25.3% and 16.3% in the placebo, 20 μg and 40 μg
SCTV01C groups, respectively. No deaths or hospitali-
zations, SAEs, AESIs, MAAEs or Grade ≥3 vaccine-
related solicited AEs were reported. There were no
significant differences in routine clinical laboratory
values across groups. In the SCTV01C group, the most
common: solicited local AEs with incidence ≥1% were
www.thelancet.com Vol 87 January, 2023
injection site pain (10.7%), pruritus (1.3%), and swelling
(1.3%); solicited systemic AEs with incidence ≥1% were
pyrexia (6.3%), cough (2.5%), and headache (1.3%).
There was significant increase in the occurrence of
solicited local AEs in SCTV01C group compared to the
placebo group (p = 0.0373). Likewise, the most common
unsolicited AEs in SCTV01C group with incidence ≥2%
were pyrexia (4.4%), blood creatine phosphokinase
increased (3.1%), glycosuria (2.5%) and headache
(2.5%), All these unsolicited AEs were Grade 1–2, except
one report of Grade 3 elevated CPK in the 20 μg
SCTV01C group that was identified as un-related to the
injection (Table 2 and Fig. 2).
Immunogenicity
The humoral immune responses were examined on the
day before SCTV01C vaccination (D0, baseline) and 28
days after the booster injection (D28). One booster dose
of SCTV01C induced significant specific spike binding
IgG and neutralizing antibody responses to both Delta
and Omicron variants, and the immune responses at the
two dose levels (20 μg and 40 μg) were similar. The
immune response to the placebo was minimal.

On Day 28 post booster vaccination, the GMCs of
specific spike protein binding-IgG (converted to WHO
International Binding Antibody Units, BAU) were 1649
(95% CI: 1402–1940), 4153 (95% CI: 3526–4891), and
5354 (95% CI: 4587–6251) BAU/mL, with 1.0
(p = 0.7580), 2.8 (p < 0.0001) and 3.4 (p < 0.0001)-fold
increase over the baseline (D0), for placebo, 20 μg and
40 μg groups respectively (Fig. 3A). The GMTs of
neutralizing antibody responses to live SARS CoV-2
Delta variant were 1280 (95% CI: 1045–1567), 3542
5
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SCTV01C

Saline (N = 75) 20 μg (N = 79) 40 μg (N = 80) Total (N = 159) Overall (N = 234) p valuea

Age (years) 0.58

N (missing) 75 (0) 79 (0) 80 (0) 159 (0) 234 (0)

Mean (SD) 29.1 (7.73) 28.8 (6.97) 29.4 (7.88) 29.1 (7.43) 29.1 (7.51)

Median 28.0 28.0 28.0 28.0 28.0

Range (19, 58) (19, 51) (19, 53) (19, 53) (19, 58)

Sex 0.77

Female n (%) 0 0 2 (2.5) 2 (1.3) 2 (0.9)

Male n (%) 75 (100) 79 (100) 78 (97.5) 157 (98.7) 232 (99.1)

Race 0.32

Asian n (%) 75 (100) 78 (98.7) 79 (98.8) 157 (98.7) 232 (99.1)

Black n (%) 0 1 (1.3) 0 1 (0.6) 1 (0.4)

Other n (%) 0 0 1 (1.3) 1 (0.6) 1 (0.4)

BMI (kg/m2) 0.17

N (missing) 75 (0) 78 (1) 79 (1) 157 (2) 232 (2)

Mean (SD) 24.3 (4.16) 24.2 (4.31) 22.8 (3.59) 23.5 (4.01) 23.8 (4.07)

Median 23.7 23.65 22.2 23.2 23.4

Range (17.0, 36.1) (15.8, 40.4) (16.2, 34.7) (15.8, 40.4) (15.8, 40.4)

Allergic history 0.54

Yes n (%) 1 (1.3) 0 2 (2.5) 2 (1.3) 3 (1.3)

No n (%) 74 (98.7) 79 (100.0) 78 (97.5) 157 (98.7) 231 (98.7)

History of SARS-COV-2 vaccination –

Yes n (%) 75 (100) 79 (100) 80 (100) 159 (100) 234 (100)

No n (%) 0 0 0 0 0

Interval from last vaccine (months) 0.12

N (missing) 74 (1) 79 (0) 76 (4) 155 (4) 229 (5)

Mean (SD) 6.9 (2.0) 6.2 (2.0) 6.9 (2.3) 6.6 (2.2) 6.7 (2.1)

Median 7.0 5.8 6.9 6.5 6.7

Min, Max 3.2, 10.9 3.3, 12.0 2.2, 10.9 2.2, 12 2.2, 12

Comorbidities n (%) –

Hypertension 0 1 (1.3) 0 1 (0.6) 1 (0.4)

Diabetes mellitus 0 2 (2.5) 0 2 (1.3) 2 (0.9)

Glucose tolerance impaired 0 1 (1.3) 0 1 (0.6) 1 (0.4)

Gastrointestinal disorders 0 0 1 (1.3) 1 (0.6) 1 (0.4)

Malignancy 0 0 0 0 0

Hepatitis E 0 1 (1.3) 0 1 (0.6) 1 (0.4)

BMI = Body Mass Index; SD = Standard Deviation. aStatistical analysis between saline group and total (SCTV01C 20 μg group + SCTV01C 40 μg group) group.

Table 1: Baseline characteristics of participants.

Articles

6

(95% CI: 2922–4293), and 4112 (95% CI: 3545–4768),
with 1.1 (p = 0.5195), 3.9 (p < 0.0001) and 4.1
(p < 0.0001)-fold increase over baseline (D0) for the
placebo, 20 μg and 40 μg groups, respectively (Fig. 3B).
One booster dose of SCTV01C also elicited potent
neutralizing antibody responses to live Omicron variant.
The GMTs of neutralizing antibody responses to Omi-
cron BA.1 were 218 (95% CI: 164–290), 640 (95% CI:
520–788), and 1083 (95% CI: 868–1352), with 1.1
(p = 0.6015), 4.4 (p < 0.0001) and 5.1 (p < 0.0001)-fold
increase for the placebo, 20 μg and 40 μg groups,
respectively (Fig. 3C).

For the combined 20 μg and 40 μg groups of
SCTV01C, the specific binding-IgG to spike protein was
4716 (95% CI: 4211–5281), with a 3.1-fold increase to
baseline (Table 3). Likewise, the GMTs of neutralizing
antibodies to Delta and Omicron variants were 3816 (95%
CI: 3382–4305) and 833 (95% CI: 713–973), with a fold
increase of 4.0 and 4.7, respectively (Table 3).

The impact of the pre-existing SARS-COV-2 immu-
nity on SCTV01C booster was analyzed. The partici-
pants were assigned to different groups - low baseline
titer group, medium baseline titer group, and high
baseline titer group based on the GMT levels of the
neutralizing antibody before booster vaccination. For
the Omicron variant, participants with GMTs at D0
equal to or lower than the lower limit of quantitation
(LLOQ: 20), in the range of 40–80 and over 80 were
www.thelancet.com Vol 87 January, 2023
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AE SCTV01C

Saline (N = 75)
n (%)

20 μg (N = 79)
n (%)

40 μg (N = 80)
n (%)

Total (N = 159)
n (%)

p valuea

TEAEs 26 (34.7) 32 (40.5) 31 (38.8) 63 (39.6) 0.7431

Vaccine-related TEAEs 22 (29.3) 30 (38.0) 22 (27.5) 52 (32.7)

AEs within 0–7 days 11 (14.7) 18 (22.8) 13 (16.3) 31 (19.5)

AEs within 0–28 days 22 (29.3) 30 (38.0) 22 (27.5) 52 (32.7)

Grade ≥3 AEs 0 1 (1.3) 0 1 (0.6)

Grade ≥3 vaccine-related AEs 0 1 (1.3) 0 1 (0.6)

Solicited AEs

Any 10 (13.3) 20 (25.3) 13 (16.3) 33 (20.8) 0.1416

Grade ≥3 0 0 0 0

Solicited local AEs

Any 2 (2.7) 11 (13.9) 8 (10.0) 19 (11.9) 0.0373

Grade ≥3 0 0 0 0

Injection site pain 2 (2.7) 10 (12.7) 7 (8.8) 17 (10.7)

Injection site pruritus 0 1 (1.3) 1 (1.3) 2 (1.3)

Injection site swelling 0 0 2 (2.5) 2 (1.3)

Injection site erythema 0 0 1 (1.3) 1 (0.6)

Injection site induration 0 0 1 (1.3) 1 (0.6)

Solicited systemic AEs

Any 8 (10.7) 11 (13.9) 6 (7.5) 17 (10.7) 0.4313

Grade ≥3 0 0 0 0

Pyrexia 6 (8.0) 6 (7.6) 4 (5.0) 10 (6.3)

Cough 0 2 (2.5) 2 (2.5) 4 (2.5)

Headache 2 (2.7) 2 (2.5) 0 2 (1.3)

Constipation 0 1 (1.3) 0 1 (0.6)

IP-related solicited AEs 9 (12.0) 18 (22.8) 12 (15.0) 30 (18.9) 0.1826

Unsolicited AEs 21 (28.0) 17 (21.5) 21 (26.3) 38 (23.9) 0.6532

Vaccine-related unsolicited AEs 14 (18.7) 15 (19.0) 12 (15.0) 27 (17.0)

Pyrexia 2 (2.7) 4 (5.1) 3 (3.8) 7 (4.4)

CPK increased 1 (1.3) 3 (3.8) 2 (2.5) 5 (3.1)

Glycosuria 2 (2.7) 0 4 (5.0) 4 (2.5)

Headache 0 1 (1.3) 3 (3.8) 4 (2.5)

SAEs 0 0 0 0

AESI 1 (1.3) 0 0 0

AESI = adverse event of special interest; CPK = creatine phosphokinase; IP = investigational product; SAE = serious adverse event; TEAE = treatment-emergent adverse event.
aStatistical comparison of AEs between saline and total SCTV01C.

Table 2: Adverse events and reactions after the booster vaccination.
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considered as low, medium and high baseline titers,
respectively. Similarly, for the Delta variant, GMTs at D0
equal to or lower than 80 (four times the LLOQ), in the
range of 160–320 and over 320 were considered as low,
medium and high baseline titers, respectively (Fig. 4).
For combined data of 20 μg and 40 μg of SCTV01C, the
Day 28 GMTs of the cross-neutralizing antibody to Delta
variant were from 2560 to 3765, with a fold increase of
64.0 (p < 0.0001), 18.6 (p < 0.0001), and 2.5 (p < 0.0001)-
fold for the low, medium and high baseline titer groups,
respectively. Likewise, the GMTs to Omicron variants
were from 698 to 963 with a fold increase of 49.4
(p < 0.0001) 10.1(p < 0.0001) and 2.6-fold (p < 0.0001)
for the low, medium and high baseline titer groups,
respectively.
www.thelancet.com Vol 87 January, 2023
The peripheral blood mononuclear cells were collected
to assess specific Th1 (IFN-γ release) and Th2 (IL-4
release) responses before vaccination and 14 days (D14)
after booster vaccination. For saline, 20 μg SCTV01C and
40 μg SCTV01C groups, number of specific T-cells with
secretion of IFN-γ (Th1) increased 1.1 (p = 0.9022), 3.1
(p = 0.0019) and 1.6 (p = 0.0614)-fold from the baseline
respectively, and number of IL-4 (Th2) secreting T-cells
increased by 1.0 (p = 0.9891), 2.9 (0.1916) and 2.4
(p = 0.0996)-fold from the baseline, respectively On D14.
The numbers of IFN-γ (Th1) secreting T cells and IL-4
(Th2) secreting T-cells were increased after SCTV01C
booster, however, the statistically significant change was
only observed for IFN-γ levels and only in the 20 μg
SCTV01C group (Fig. 5 and Table 4).
7
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Fig. 2: Incidence of local and systemic solicited AEs after booster injection. The grading scales are derived from the Toxicity Grading Scale for
Healthy Adult and Adolescent Volunteers Enrolled in Preventive Vaccine Clinical Trials (Grade 1: mild, Grade 2: moderate or Grade 3: severe). The
percentages of participants in each group with adverse events during the 7 days after vaccination are plotted for solicited local (Panel A) and
systemic (Panel B) adverse events. Among all participants who received SCTV01C, the most frequent solicited local and systemic AEs were Grade
1 injection-site pain and pyrexia. There were no Grade 3 (severe) events. Participants with zero adverse events make up the remainder of the
100% calculation (not shown).
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Discussion
We conducted a randomized, double-blind phase 1/2
trial to assess the reactogenicity and immunogenicity of
SCTV01C, a novel bivalent COVID-19 vaccine as a
booster in adults previously vaccinated with two doses of
mRNA vaccines.

The demographic and characteristics of the partici-
pants in terms of age, BMI and health condition generally
reflected those of the study’s population. However, male
and Asian constituted a large portion of participants, so
the female and other ethnicities were not well repre-
sented. This study aimed to assess the reactogenicity and
immunogenicity of SCTV01C in the healthy adults. The
immunocompromised patients and/or people with se-
vere or uncontrollable medical conditions were excluded
from enrollment, so, the number of the participants with
the comorbidities was small. During the course of the
trial, we did not observe the impact of comorbidities or
pre-existing health conditions on the immune responses
induced by SCTV01C vaccination.

SCTV01C was safe, with low reactogenicity. Among
159 participants who received SCTV01C, the incidence
rate of solicited ARs was 18.9%. No hospitalizations,
SAEs, AESIs, MAAEs, Grade ≥3 solicited or unsolicited
treatment related AEs. Furthermore, SCTV01C associ-
ated ARs that occurred in ≥5% subjects were mild
injection-site pain (10.7%) and pyrexia (6.3%).
Compared to the saline control group, the statistical
significant increase was only shown in the solicited local
AEs in SCTV01C group. The overall safety and reac-
togenicity profile of one SCTV01C boost was similar to
that of reported homologous prime/booster with inac-
tivated vaccines (CoronaVac showed 6–18% solicited
ARs and 1–16% of injection-site pain. BBIBP-CorV
showed 12.72% solicited ARs, 3.98% of injection-site
pain and 4.2% of headaches),11,21 and comparable to
the AEs of the primary 2 dose series of inactivated
vaccines.22,23 Contrastingly, greater reactogenicity, such
as fatigue, headache, arthralgia, myalgia, nausea, diar-
rhea, fever, chill, irritability, loss of appetite and pain at
the injection-site were commonly observed in homolo-
gous/heterologous boosting with adenoviral vectored
vaccines or mRNA vaccines.24

Generally, the heterologous booster regimens were
immunogenically superior to homologous prime/
booster with the same COVID-19 vaccines.4–7,25 Heter-
ologous booster of one dose of SCTV01C in previous
mRNA vaccine recipients resulted in substantial cross-
neutralizing antibody responses against both Delta and
Omicron variants. The PRNT50 values compared
favorably to the homologous prime/booster of three
doses of mRNA vaccines,4,6 although direct comparison
of neutralizing titers obtained from different labs was
hampered by the variabilities of the assays. For the
combined 20 μg and 40 μg SCTV01C groups, GMTs of
neutralizing antibodies against live Delta and Omicron
variants were 4716 (95% CI: 4211–5281) and 833 (95%
CI: 713–973) on D28, respectively. Table 5 compared the
GMTs results of this study with those from the previous
studies with the Pfizer BNT162b2 booster.26–28

This clinical trial started when the COVD-19
pandemic was evolving rapidly with the Omicron
variant gradually overtaking Delta variant and a signifi-
cant portion of the population either vaccinated or
infected with SARS-CoV-2 in UAE. According to pub-
lished reports, asymptomatic infections accounted for
approximately 32.4%–45% of Omicron infections.29,30

We observed highly diversified baseline neutralizing
antibody titers to both Delta and Omicron variants prior
to boosting with SCTV01C. About 90% of the partici-
pants showed positive PRNT50 (above lower limit of
quantitation LLOQ: 20) of neutralizing antibody to live
Omicron, which were much higher than previously re-
ported for people vaccinated with two doses of mRNA
www.thelancet.com Vol 87 January, 2023
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Fig. 3: GMC (BAU/mL) of anti-spike protein IgG (A) and GMTs of neutralizing antibodies against live SARS-CoV-2 Delta variant (B) and
Omicron variant (C). Specific binding-IgG antibody titers were measured using enzyme-linked immunosorbent assay (ELISA) and converted to
geometric mean concentration (GMC) using WHO assigned International Binding Antibody Units (BAU). GMTs of neutralizing antibody re-
sponses were measured using 50% plaque reduction neutralization test (PRNT50). Bars show the GMCs and GMTs with 95% CIs at Day 0 and
Day 28. Dots represent the values for individual participants. Note: Only those with available baseline and post-baseline data were included;
***p < 0.0001, paired statistical comparison over time.
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vaccines. A BNT162b2 study showed that 3–5 weeks
post second dose, the neutralizing GMTs against Omi-
cron was 731 and likewise mRNA 1273 preprint study
showed neutralizing GMTs of 14 against Omicron four
weeks post second dose.32

Consequentially, we assessed the impact of the
heterogeneities of the pre-existing SARS-CoV-2 im-
munity on the immunogenicity of SCTV01C booster.
Participants were assigned to different groups - low
baseline titer group, medium baseline titer group, and
high baseline titer group - based on the GMT levels
of the neutralizing antibody before SCTV01C booster
www.thelancet.com Vol 87 January, 2023
vaccination (Fig. 4). The Day 28 GMTs of the neutral-
izing antibodies to Delta variant were 2560, 4413 and
3765 with corresponding fold increase of 64.0, 18.6
and 2.5, for the low, medium and high baseline titer
groups, respectively. GMTs to Omicron variant were
698, 580 and 963 with a fold increase of 49.4, 10.1 and
2.6, respectively, for the low, medium and high base-
line titer groups. Notably, the participants with low
levels of neutralizing antibodies at baseline reached
high PRNT50 values after SCTV01C boosting, with the
highest fold increase achieved in the low baseline titer
group.
9
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Day Saline SCTV01C

N = 74 20 μg, N = 79 40 μg, N = 79 Total N = 158

IgG (BAU/mL)

Day 0 GMC (95% CI) 1711 (1434, 2042) 1490 (1195, 1857) 1562 (1320, 1849) 1525 (1330, 1750)

Day 28 GMC (95% CI) 1649 (1402, 1940) 4153 (3526, 4891) 5354 (4587, 6251) 4716 (4211, 5281)

Fold-Increase (95% CI) 1.0 (0.9, 1.0) 2.8 (2.2, 3.6) 3.4 (2.8, 4.2) 3.1 (2.6, 3.6)

GMR (95% CI) 2.6 (2.1, 3.2) 3.3 (2.7, 4.1) 2.9 (2.4, 3.5)

p value <0.0001 <0.0001 <0.0001

Delta live virus neutralizing antibody PRNT50

Day 0 GMT (95% CI) 1166 (948, 1433) 901 (666, 1219) 992 (805, 1224) 946 (788, 1135)

Day 28 GMT (95% CI) 1280 (1045, 1567) 3542 (2922, 4293) 4112 (3545, 4768) 3816 (3382, 4305)

Fold-Increase (95% CI) 1.1 (1.0, 1.2) 3.9 (2.8, 5.5) 4.1 (3.3, 5.2) 4.0 (3.3, 5.0)

GMR 2.9 (2.3, 3.7) 3.3 (2.6, 4.2) 3.1 (2.5, 3.8)

p value <0.0001 <0.0001 <0.0001

Omicron live virus neutralizing antibody PRNT50

Day 0 GMT (95% CI) 197 (150, 258) 145 (106, 200) 212 (161, 278) 175 (142, 216)

Day 28 GMT (95% CI) 218 (164, 290) 640 (520, 788) 1083 (868, 1352) 833 (713, 973)

Fold-Increase (95% CI) 1.1 (0.9, 1.3) 4.4 (3.2, 6.2) 5.1 (3.9, 6.8) 4.7 (3.8, 5.9)

GMR (95% CI) 3.2 (2.4, 4.4) 4.8 (3.6, 6.5) 4.0 (3.1, 5.1)

p value <0.0001 <0.0001 <0.0001

Fold-Increase = Fold increase over baseline; GMT = Geometric Mean Titer; GMC = Geometric Mean Concentration; GMR = fold increase over control (saline). p value was
calculated by comparison of control group and SCTV01C group, through an ANCOVA model adjusted by log-transformed baseline and interval of vaccination. For each type
of variant, only those with available baseline and post-baseline data are included (iFAS).

Table 3: Anti-spike protein IgG and neutralizing antibodies against live SARS-CoV-2 Delta variant and Omicron variant.
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The findings in this study has limitations. First, the
data showed unexpected high titers of neutralizing
antibody present in a large portion of the trial partici-
pants at baseline, which may relate to the asymptomatic
infection. However, the impact of previous infection
and/or asymptomatic infection that occurred during the
observation period could not be analyzed in-depth.
Second, the immunogenicity of booster vaccination
was assessed in a short period, and as result, the im-
mune persistence data is not yet available. Furthermore,
subgroup analysis provided some insights on the
fold-of-increase for those with low baseline titers, but
this population may not be well presented due to the
small sample size. . Finally, this trial initially estimated
an 8-fold increase in the neutralizing antibody titers
against Omicron after SCTV01C booster vaccination,
however, the unexpected high baseline neutralizing
antibody titers to both Delta and Omicron, compro-
mised the overall fold-of-increase, as a result, the pre-
defined the fold of increase in the neutralizing
antibody did not reach.

Including this study, SCTV01C has been evaluated in
three separate phase 1/2 clinical trials. A phase 1 trial
assessing SCTV01C in vaccine naïve people in China with
a two-dose regimen (NCT05148091) has shown favorable
safety profiles and potent immunity against Alpha, Beta,
Delta and Omicron variants (manuscript submitted). In
another phase 1/2 booster study in people previously
vaccinated with inactivated vaccine (NCT05043285),
similar safety profiles and immunogenicity to this booster
study were observed (manuscript submitted), further
confirming the potential application of SCTV01C booster
as an important tool for controlling Omicron pandemic. A
phase 3 immunogenicity and safety study comparing
SCTV01C in head-to-head with mRNA vaccine is on-
going (NCT05323461).

In summary, the current data showed that heterolo-
gous booster of SCTV01C in mRNA vaccine recipients
was safe and well tolerated with a reactogenicity pro-
file comparable to that of inactivated vaccines. Most
importantly, SCTV01C booster vaccination induced
significant neutralization activities against Delta and
Omicron variants. Even participants with low level of
neutralizing antibody at baseline, SCTV01C boosting
elicited a high fold of increase in the neutralizing anti-
body responses for both Delta and Omicron variants.
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Fig. 4: Fold increase of neutralizing antibodies against live SARS-CoV-2 Delta (A) Omicron (B) variants in groups with low, medium and
high baseline titers. The participants were assigned to three groups based on the GMT levels at baseline. For the Omicron variant, GMTs at D0
equal to or lower than the lower limit of quantitation (LLOQ: 20), in the range of 40–80 and over 80 were considered as low, medium and high
baseline titers, respectively. For the Delta variant, GMTs at D0 equal to or lower than 80 (four times the LLOQ), in the range of 160–320 and
over 320 were considered as low, medium and high baseline titers, respectively. Note: The combined data of 20 μg and 40 μg of SCTV01C were
used; ***p < 0.0001, paired statistical comparison over time.
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Fig. 5: Th1 (A. IFN-γ release) and Th2 (B. IL-4 release) responses. The peripheral blood mononuclear cells (PBMC) were collected from the
participants of phase 1 before vaccination, and on day 14 after booster vaccination (D14). The number of specific T cells with secretion of IFN-γ
(Th1) and IL-4 (Th2) were measured with spot per 10⁶ PBMC using enzyme-linked immunospot (ELISpot) assay. Note: Only those with available
baseline and post-boosting data were included; **p < 0.01, paired statistical comparison over time.

Day Saline SCTV01C

N = 6 20 μg, N = 12 40 μg, N = 11 Total, N = 23

T cell INF-gamma (spot per 10⁶ PBMC)

Day 0 GMC (95% CI) 100 (36, 280) 46 (24, 89) 105 (64, 172) 68 (45, 104)

Day 14 GMC (95% CI) 106 (57, 198) 146 (110, 195) 170 (111, 260) 157 (125, 198)

Fold-Increase (95% CI) 1.1 (0.6, 1.8) 3.1 (1.6, 6.3) 1.6 (0.9, 2.9) 2.3 (1.5, 3.6)

GMR (95% CI) 1.5 (0.9, 2.7) 1.6 (0.9, 2.7) 1.6 (1.0, 2.6)

p value 0.1208 0.0924 0.0753

T cell IL-4 (spot per 10⁶ PBMC)

Day 0 GMC (95% CI) 20 (7, 59) 18 (7, 46) 18 (9, 35) 18 (10, 31)

Day 14 GMC (95% CI) 20 (5, 81) 53 (28, 99) 41 (18, 98) 47 (29, 76)

Fold-Increase (95% CI) 1.0 (0.3, 3.6) 2.9 (1.0, 8.3) 2.4 (0.6, 8.6) 2.6 (1.2, 5.6)

GMR (95% CI) 2.6 (0.8, 8.4) 2.1 (0.6, 6.7) 2.3 (0.8, 6.8)

p value 0.1054 0.2292 0.1198

Fold-Increase = Fold increase over baseline; GMC = Geometric Mean Concentration; GMR = Fold increase over control (saline). p value was calculated by comparison of
control group and SCTV01C group, through an ANCOVA model adjusted by log-transformed baseline and interval of vaccination. For each type of variant, only those with
available baseline and post-baseline data are included (iFAS).

Table 4: Th1 (A. IFN-γ release) and Th2 (B. IL-4 release) responses.
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SCTV01C boosterd

PRNT50 (GMT) Pfizer mRNA booster Low baseline Medium baseline High baseline Overall

N = 2026 N = 2027 N = 2028 N = 16 N = 35 N = 107 N = 158

Delta Pre-booster 86 NA 40 238 1505 946

Post-booster 2315a 2560 4413 3765 3816

Fold-change 26.9 64 18.6 2.5 4

Omicron Pre-booster 35 5 13 14 57 369 175

Post-booster 628a 67b 336c 698 580 963 833

Fold-change 17.9 13 25 49.4 10.1 2.6 4.7

GMT = Geometric Mean Titer. aTested at 2–3 weeks after the booster dose. bTested at 28 days after the booster dose. cTested at 1 month after the booster dose. dTested
measured at 28 days after the booster dose.

Table 5: Comparison of neutralizing antibody against Omicron between Pfizer mRNA booster and SCV01C booster.
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