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A B S T R A C T

Background: This was a phase 1, dose-escalation open-label trial to evaluate the safety and immunogenic-
ity of MVC��COV1901, a SARS-CoV-2 S-2P protein vaccine adjuvanted with aluminum hydroxide and
CpG 1018.
Methods: Between September 28 and November 13 2020, 77 participants were screened. Of these, 45
healthy adults from 20 to 49 years of age were to be administered two doses of MVC��COV1901 in
doses of 5 mg, 15 mg, or 25 mg of spike protein at 28 days apart. There were 15 participants in each
dose group; all were followed for 28 days after the second dose at the time of the interim analysis.
Adverse events and laboratory data were recorded for the safety evaluation. Blood samples were col-
lected for humoral, and cellular immune response at various time points. Trial Registration: Clinical-
Trials.gov NCT 04487210.
Findings: Solicited adverse events were mostly mild and similar. No subject experienced fever. After the sec-
ond dose, the geometric mean titers (GMTs) for SARS-CoV-2 spike-specific immunoglobulin G were 7178.2,
7746.1, 11,220.6 in the 5 mg, 15 mg, and 25 mg dose groups, respectively. The neutralizing activity were
detected in both methods. (Day 43 GMTs, 538.5, 993.1, and 1905.8 for pseudovirus; and 33.3, 76.3, and 167.4
for wild-type virus). The cellular immune response induced by MVC��COV1901 demonstrated substantially
higher numbers of IFN-g- producing cells, suggesting a Th1-skewed immune response.
Interpretation: The MVC��COV1901 vaccine was well tolerated and elicited robust immune responses and is
suitable for further development.
Funding:Medigen Vaccine Biologics Corporation
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
i), changsc@ntu.edu.tw

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

Human infections due to SARS-CoV-2 began to spread globally fol-
lowing the outbreak in Wuhan, China. WHO declared the COVID-19
outbreak as a public health emergency and subsequently character-
ized it as a pandemic on March 11th, 2020 [1].

Approximately 15% of COVID-19 cases are severe requiring oxy-
gen support and 5% are critical with complications such as respiratory
failure, acute respiratory distress syndrome (ARDS), sepsis, and septic
shock [2].

There is currently no cure for the potentially lethal COVID-19
making development of a range of vaccines imperative. For vaccines
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Research in context

Evidence before this study

We searched PubMed, up to Feb 28, 2021, for published clinical
trials assessing the safety and immunogenicity of COVID-19
vaccines. The searched terms used were COVID-19, SARS-CoV-
2, S-2P, recombinant protein, “Clinical trials” and “vaccine”. We
identified no published clinical trials of the safety and immuno-
genicity of COVID-19 vaccine using S-2P recombinant protein.

Added value of this study

We are reporting interim results of a phase 1, dose-escalation
study designed to evaluate the safety and immunogenicity of
the COVID-19 vaccine, MVC��COV1901. This vaccine consists of
the S-2P protein, developed by Dr. Barney S. Graham at Vaccine
Research Center, National Institute of Allergy and Infectious
Diseases (NIAID), U.S.A., using a recombinant protein platform
in combination with the adjuvants CpG 1018, a Toll-like recep-
tor 9 agonist, and aluminum hydroxide. This study demon-
strates that MVC��COV1901 was well tolerated with most
solicited post-injection reactions reported as mild. The neutral-
izing antibody Geometric Mean Titers (GMT) were comparable
with the GMT levels of human convalescent sera.

Implications of all the available evidence

These immunogenicity results were comparable with human
convalescent serum panel in this study, and with favorable
tolerability. This vaccine candidate can be stored at 2�8 °C.
We believe that subunit vaccines play an indispensable role
against the SARS-CoV-2 pandemic due to their tolerability and
possible broader indications for vulnerable populations. The
article is the first clinical report of a subunit protein vaccine
using S-2P antigen, adjuvanted with Th1-skewing CpG and
aluminum hydroxide that demonstrates good tolerability and
immunogenicity, and support further clinical development of
S-2P protein adjuvanted with CpG 1018 and aluminum
hydroxide.
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intended to generate a protective immune response, using an antigen
with proper conformation is critical. The neutralizing antibodies
induced by the spike (S) protein block viruses from binding to their
target receptor ACE2 and hence inhibit viral infection. The S protein
has two major conformational states, prefusion and postfusion [3].
The S-2P protein is a recombinant version of the S protein developed
by McLellan and Graham and is a stabilized prefusion S ectodomain,
encoding residues 1 � 1208 of the SARS-CoV-2 spike protein with
two proline substitutions at residues 986 and 987, a “GSAS” substitu-
tion at residues 682�685 to abolish the furin cleavage site, and a T4
fibritin trimerization motif at the C-terminus [4]. Cryo�electron
microscopy showed the protein produced by this construct is in the
prefusion conformation and can bind to ACE2 [4]. A similar strategy
had been used to maintain the MERS-COV S protein in the prefusion
conformation and demonstrated that the stabilized MERS-COV S pro-
tein was able to elicit high neutralizing antibody concentrations [5].
Additionally, mRNA vaccines coding for the S-2P protein of SARS-
CoV-2 have proven to be efficacious [6]. Medigen’s MVC��COV1901
vaccine is formulated as S-2P adjuvanted with Dynavax’s CpG 1018
and aluminum hydroxide. CpG 1018 is an oligodeoxynucleotide
which acts as a toll-like receptor 9 agonist and has been shown in
our preclinical studies to enhance immunogenicity and induce a
Th1-skewed immune response [7]. We conducted a first-in-human,
phase 1, dose-escalation study done to assess the safety, and
immunogenicity of three dose levels of MVC��COV1901 adminis-
tered to healthy adults as two doses 28 days apart.

2. Methods

2.1. Trial design

This study was a phase 1, prospective, open-label, dose-escalation,
non-randomized study to evaluate the safety and immunogenicity of
a SARS-CoV-2 vaccine in adults aged 20 to 49 years. The study was
initiated at the National Taiwan University Hospital, a medical center
located in northern Taiwan, in September 2020. The trial protocol
and informed consent form were approved by the Taiwan Food and
Drug Administration and the ethics committee at the site. The trial
was conducted in accordance with the principles of the Declaration
of Helsinki and Good Clinical Practice. An independent data and
safety monitoring board (DSMB) was established to monitor safety
data and the trial conduct. (ClinicalTrials.gov NCT 04487210) The
study fully adhered to the protocol and statistical analysis plan before
this interim analysis. The protocol is available in the appendix.

2.2. Participants

The study aimed to enroll 45 subjects. The number of subject was
based on the phase 1 design of Moderna[8] and was considered ade-
quate to obtain a preliminary assessment of safety and immunoge-
nicity of three different dose levels of antigen to identify a dose level
to move forward into a phase 2 study. Eligible participants were
healthy adults 20 to 49 years of age. Eligibility was determined based
on medical history, physical examination, laboratory tests, and inves-
tigators’ clinical judgment. Exclusion criteria included a history of
known potential exposure to SARS CoV-1 or 2 viruses, having
received any other COVID-19 vaccine, impaired immune function,
history of autoimmune disease, uncontrolled HIV, HBV, or HCV infec-
tion, abnormal autoantibody tests, febrile or acute illness within
2 days of first dose, and acute respiratory illness within 14 days of
first dose.

2.3. The investigational vaccine

We applied technology previously used for MERS-CoV to produce
a prefusion-stabilized SARS-CoV-2 spike protein, S-2P [4], adjuvanted
with CpG 1018 and aluminum hydroxide as previous reported [7].
Each MVC��COV1901 vaccine contained 5, 15, or 25 mg of S-2P adju-
vanted with 750 mg of CpG 1018 and 375 mg (Al equivalent to
weight) of aluminium hydroxide, administered as a single 0.5 mL
intramuscular (IM) injection. The vaccine was produced in the Medi-
gen Vaccine Biologics Corporation facility which is compliant with
the current good manufacturing practices (cGMP).

2.4. Interventions

This study was a dose escalation study with three separate groups
of participants 20 to 49 years of age. Each sub-phase consisted of 15
participants. The three different dose levels employed were 5, 15,
and 25 mg of S-2P protein for cohort 1a, 1b, and 1c, respectively. The
vaccination schedule consisted of two doses, administered by IM
injection in the deltoid muscle of the non-dominant arm 28 days
apart, on Day 1 and Day 29. The protocol permitted an interim analy-
sis to facilitate decisions regarding vaccine development strategy.

Cohort 1a: Four sentinel participants were to be recruited to
receive vaccine with 5 mg of S-2P to evaluate the preliminary safety
data of the vaccine. If no � Grade 3 Adverse Event (AE) or Serious
Adverse Event (SAE) occurred within 7 days after the first dose in the
4 sentinel participants, dosing of the remaining participants in Phase
1a and Phase 1b would proceed.
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Cohort 1b: Another 4 sentinel participants were to be enrolled to
receive vaccine with 15mg of S-2P If no � Grade 3 AE or SAE occurred
within 7 days after the first dose in the 4 sentinel participants, dosing
of the remaining participants in Phase 1b and Phase 1c would pro-
ceed.

Cohort 1c: Another 4 sentinel participants would be enrolled to
receive vaccine with 25mg of S-2P If no � Grade 3 AE or SAE occurred
within 7 days after the first dose in the 4 sentinel participants, dosing
of the remaining participants in Phase 1c would proceed.

If any � Grade 3 AE or SAE occurred, the DSMB was to evaluate
preliminary safety data and determine if it was safe to continue dos-
ing.

An interim analysis of immunogenicity and safety data was to be
conducted when all participants completed the visit at 28 days after
the second dose.

2.5. Outcomes

The primary endpoint was to evaluate the safety of
MVC��COV1901 in three different strengths (5, 15, and 25 mg S-2P
protein adjuvanted with CpG 1018 and aluminium hydroxide) from
Day 1 to 28 days after the second dose. Vital signs and electrocardio-
gram (ECG) were performed before and after vaccination. Participants
were observed for at least 30 min after each dose to identify any
immediate AEs, and were asked to record solicited local (pain, ery-
thema, swelling/induration) and systemic (fever, myalgia, malaise/
fatigue, nausea/vomiting, diarrohea) AEs in the participant’s diary
card for up to 7 days after each dose. Unsolicited AEs were recorded
for 28 days following each dose; all other AEs, SAEs and adverse
events of special interest (AESIs) were recorded throughout the study
period (approximately 7 months). Please refer to protocol for more
details.

Serum samples were collected for haematology, biochemistry and
immunology evaluation measured as described in the protocol.

The immunogenicity endpoints were to evaluate neutralizing
antibody titers and binding antibody titers at 14 days (Day 15) and
28 days (Day 29) after first and at 14 days (Day 43) and 28 days (Day
57) after second dose, as well as 90 days and 180 days after the sec-
ond dose. Convalescent serum specimens from 35 recovered COVID-
19 patients (Mitek COVID-19 Panel 1.1 and COVID-19 Panel 1.4
obtained from Access Biologicals LLC) were also tested. (See Table S1
for characteristics of the patients who provided convalescent sera.)
Cellular immune responses were evaluated at 28 days after the sec-
ond dose by interferon-gamma (IFN-g) ELISpot and interleukin (IL)�
4 ELISpot.

2.6. Laboratory methods

SARS-CoV-2 spike-specific immunoglobulin G (IgG): Total serum
anti-Spike IgG titers were detected with direct enzyme-linked immu-
nosorbent assay (ELISA) using customized 96-well plates coated with
S-2P antigen.

SARS-CoV-2 pseudovirus neutralization assay: Pseudovirus pro-
duction and titration followed the previous report [7]. Serial dilutions
of the samples to be tested were performed (initial dilution of 1:20
followed by two-fold dilutions to a final dilution of 1:2560). The
diluted serum was mixed with an equal volume of pseudovirus (1000
TU) and incubated before adding to the plates with HEK293-hAce2
cells (1 £ 104 cells/well). The amount of pseudovirus entering the
cells was calculated by lysing and measuring the relative luciferase
units (RLU). Fifty percent inhibition dilution (concentration) titers
(ID50) were calculated considering uninfected cells as 100% neutrali-
zation and cells transduced with virus as 0% neutralization and recip-
rocal ID50 geometric mean titers (GMT) were both determined.

Wild‑type SARS‑CoV‑2 neutralization assay: SARS-CoV-2 virus
(hCoV-19/Taiwan/CGMH��CGU-01/2020, GenBank accession
MT192759) was titrated to obtain TCID50 and Vero E6 cells (2.5 £ 104

cells/well) were seeded in 96-well plates and incubated. The sera
underwent two-fold dilutions with the final dilution being 1:8192,
and the diluted sera were mixed with equal volume of viral solution
containing 100 TCID50. The serum-virus mixture was incubated and
then added to the plates containing the Vero E6 cells, followed by fur-
ther incubation. The neutralizing titer was defined as the reciprocal of
the highest dilution capable of inhibiting 50% of cytopathic effect
(CPE NT50), which was calculated in using the Reed-Muench method.
The National Institute for Biological Standards and Control (NIBSC;
Potters Bar, UK) reference serum sample 20/130, was analysed using
the same validated assays as a comparator.

Cellular immune response: The number of antigen-specific IFN-g
or IL-4 secreting Spot Forming Units (SFU) were determined by ELI-
Spot assays. Cryopreserved peripheral blood mononuclear cells
(PBMC) were rapidly thawed and allowed to rest overnight. Cells
were dispensed at 1 £ 105 cells per well for IFN-g ELISpot assay
(Human IFN-g ELISpot Kit, MABTECH) or 2 £ 105 cells per well for IL-
4 ELISpot assay (Human IFN-g ELISpot Kit, MABTECH). Cells were
stimulated with a pool of peptides consisting mainly of 15-mer
sequences with 11 amino acids overlap, covering the N-terminal S1
domain of the S protein of SARS-CoV-2 (PepTivator SARS-CoV-2
Prot_S1, Miltenyi Biotec) and incubated at 37 °C for 24�48 h. Cells
stimulated with CD3�2 mAb served as the positive control. IFN-g or
IL-4 release were detected following the manuals and the spots were
counted using the CTL automatic ELISpot reader. The mean SFU
counted in peptide pool stimulation triplicate was calculated and
normalized by subtracting the mean of the negative control replicates
(control media). Results were expressed as SFU per million PBMC.
3. Statistical analysis

The sample size was not based on any statistical hypothesis. Only
descriptive statistics are presented for all variables defined by group.
Safety analyses were performed on the Total Vaccinated Group (TVG)
population who received at least 1 dose of vaccine. The immunoge-
nicity endpoints comprised the Geometric Mean Titer (GMT) and
Sero-conversion Rate (SCR) of antigen specific immunoglobulins and
wild type virus and pseudovirus neutralizing antibody titers. SCR is
defined as the percentage of participants with � 4-fold increase in
titers from the baseline or from half of the lower limit of detection
(LoD) if undetectable at baseline. The GMT and SCR are presented
with two-sided 95% CI. Antigen specific cellular immune responses
are presented as means determined by IFN-g ELISpot and IL-4 ELI-
Spot.

3.1. Role of the funding source

Taiwan Centers for Disease Control, Ministry of Health and Wel-
fare provided grant funding for this study, but does not necessarily
stand by any commentary made in this paper.

Medigen Vaccine Biologics Corp. was the study sponsor and man-
ufacturer of the investigational vaccine, and co-designed the trial,
provided the study product, and coordinated interactions with regu-
latory authorities. The sponsors used contract clinical research orga-
nization to oversee clinical site operations. Data were collected by
the clinical site research staff, managed by a contract research organi-
zation data management team, monitored by a contract research
organization, and overseen by the sponsor and an independent data
and safety monitoring board. The interim analysis was performed by
the contract research organization. Data interpretation, manuscript
preparation were performed by the authors and the decision to sub-
mit the manuscript for publication was made by the authors.



Fig. 1. Consort Flow Diagram.

Table 1
Demographic Characteristics of Eligible Participants.

LD: 5mg MD: 15mg HD: 25mg Total

No. of Participants 15 15 15 45
Age
Mean (SD), years 36.7 (8.97) 33.3 (8.03) 31.5 (5.78) 33.8 (7.84)
Gender
Male, No. (%) 7 (46.7%) 9 (60.0%) 12 (80.0%) 28 (62.2%)
Female, No. (%) 8 (53.3%) 6 (40.0%) 3 (20.0%) 17 (37.8%)
BMI (kg/m2)
Mean (SD) 23.18 (3.394) 23.30 (3.084) 23.17 (2.429) 23.22 (2.928)

4 S.-M. Hsieh et al. / EClinicalMedicine 38 (2021) 100989
4. Results

Between September 28 and November 13 2020, 77 participants
were screened. Of these, 45 eligible participants completed two doses
of MVC��COV1901 (Fig. 1). Most screen failures were due to abnor-
mal autoantibody tests (defined antinuclear antibody titer � 1:40 as
abnormal). Participants’ baseline demographic characteristics are
summarized in Table 1.

4.1. Safety

No SAE or AESI occurred at this data cut-off point (December 23,
2020). No study intervention was modified or interrupted. Occur-
rences of solicited AEs are summarized in Fig. 2 and Table S2. The
most commonly reported local AEs were pain/tenderness (80.0%),
while malaise/fatigue (28.9%) were the most commonly reported sys-
temic AEs among all treatment groups. All local and systemic AEs
were mild, except for one malaise/fatigue in the 25 mg dose group.
No participant had fever. Solicited AEs after the first and the second
dose were similar. Evaluation of safety laboratory values, ECG inter-
pretation, and other unsolicited adverse events revealed no specific
concern (Table S3). An increase in anti-nuclear antibody occurred in
31.1% of participants but all titers were all < 1: 160 and all were
asymptomatic.
4.2. Humoral immune response

The humoral immunogenicity results are summarized in Fig. 3
and Table S4.

Binding IgG titers to S protein increased rapidly after the second
dose, with seroconversion in all participants by Day 43 and 57. The
GMTs peaked at Day 43 with a value of 7178.2 (95% CI:
4240.3�12,151.7), 7746.1 (95% CI: 5530.2�10,849.8), 11,220.6 (95%
CI: 8592.293�14,652.84) in the 5 mg, 15 mg, and 25 mg dose groups,
respectively. The GMT levels in the 5 mg, 15 mg, and 25 mg dose
groups on Day 43 ranged from 3.3 to 5.1 times the GMT of conva-
lescent serum specimens. (2179.6, [95%CI: 1240.9 - 3828.4]) (Fig. 3A
and Table S4).

No subject had detectable pseudovirus neutralizing titers (ID50) at
the lower limit of serum concentration tested (1:20 dilution) in the
assay at baseline. At Day 43, the pseudovirus neutralizing titers (ID50)
showed peak GMTs of 538.5 (95% CI: 261.9 - 1107.0), 993.1 (95% CI:
655.0�1505.7), and 1905.8 (95% CI: 1601.7�2267.8) in the 5 mg,
15 mg, and 25 mg dose groups, respectively. All participants serocon-
verted after the second dose. The GMT levels in the 5 mg, 15 mg, and
25 mg dose groups on Day 43 ranged from 1.25 to 4.4 times the GMT
of convalescent serum specimens. (430.5, [95%CI: 274.9�674.0])
(Fig. 3B and Table S4).

Before vaccination, no subject had detectable wild-type virus neu-
tralizing titers (NT50) at the lower limit of serum concentration tested
(1:8 dilution) in the assay. After the second dose, neutralizing
responses were identified in serum samples from all participants in
the 15 mg and 25 mg dose groups. At Day 43, the GMTs were 33.3
(95% CI: 18.5�59.9), 76.3 (95% CI: 53.7�108.3), and 167.4 (95% CI:
122.1�229.6) in the 5 mg, 15 mg, and 25 mg dose groups, respec-
tively. At Day 57, GMTs were similar in the 15 mg and 25 mg dose
groups: 52.2 (95% CI: 37.9 - 71.8) and 81.9 (95% CI: 55.8 - 120.2),
respectively. The GMT levels in the 5 mg, 15 mg, and 25 mg dose
groups on Day 43 were 0.8, 1.8, and 3.9 times the GMT of conva-
lescent serum specimens (42.7, [95%CI: 26.4 - 69.0]; titers ranged
from undetected to 631.0). All participants in 15 mg and 25 mg dose
groups seroconverted at Day 43 and Day 57; some were similar to



Fig. 2. Summary of Solicited Adverse Events
Participants were asked to record solicited local and systemic adverse events in the participant’s diary card for up to 7 days after each vaccination. Solicited AEs were tabulated

and graded as mild, moderate, or severe.
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the NIBSC reference serum 20/130 (281.8). The results of wild-type
SARS-CoV-2 neutralizing antibody titers are summarized in Fig. 3C
and Table S4.

4.3. Cellular immune response

All participants had minimal IFN-g secreting T cells at baseline. By
Day 57, a mean of 161.3, 85.5 and 94.9 IFN-g secreting T cells were
observed per million cells in participants vaccinated with 5 mg,
15mg, and 25mg, respectively.

Before vaccination, all participants had minimal IL-4 secreting T
cells. By Day 57, a mean of 24.1, 16.0 and 31.3 IL-4 secreting T cells
were observed per million cells in participants vaccinated with 5 mg,
15 mg, and 25 mg, respectively. The results of cellular immune
response are summarized in Fig. 4.

5. Discussion

This is the first and currently the only clinical trial report to
address the protein-based vaccine using the S-2P protein developed
by NIAID, U.S.A. as the antigen, and adjuvanted with CpG 1018 and
aluminium hydroxide.

This interim analysis demonstrated that the MVC��COV1901 vac-
cine was well tolerated and immunogenic in healthy adults aged 20
to 49 years. Across the three dose groups, local injection-site reac-
tions were all mild. This safety profile is similar to that described in
the previous report for subunit protein vaccines adjuvanted with
CpG 1018 or aluminium hydroxide [9],[10] The rate and severity of
solicited AEs (Fig. 2) were similar among the 5 mg, 15 mg, and 25 mg
dose groups and between the first and second dose.

There were no neutralizing responses at baseline, aligning with
the fact that there was no circulating SARS-CoV-2 in Taiwan. The neu-
tralizing antibody titers were measurable at Day 43 and Day 57 for all
dose levels. All participants in the 15 mg and 25 mg dose groups
developed wild-type SARS-CoV-2 neutralizing antibodies and the
wild type neutralizing antibody responses correlated well with IgG
and pseudo-virus neutralizing antibody titers (Figure S1). Serum neu-
tralizing activity has been shown to be a correlate of protection for
other viral vaccines, such as yellow fever vaccine, polio vaccine, and
Japanese encephalitis vaccine[11], and is generally accepted as a use-
ful biomarker of the in vivo humoral response. Although the correlate
of protection has not yet been demonstrated, neutralizing antibody
responses appear to be predictive of immune protection by a COVID-
19 vaccine [12]. For example, mRNA-1273, with GMT levels 2~3
times[8] the GMT of convalescent sera, demonstrated an efficacy of
94.0% [6]; BNT162b2, with GMT levels 1.7~4.6 times[13] the value of
convalescent sera, demonstrated an efficacy of 95.0% [14]; and Ad26.
COV2.3S, with GMT levels 0.53~0.67 times[15] the value of conva-
lescent sera, demonstrated an efficacy of 70.4% [16]. The geometric
mean titers in the 15 mg and 25 mg dose groups were generally com-
parable with those of a panel of control convalescent serum speci-
mens with all participants in both groups seroconverting after two
doses. However, the rather low level of GMT for the convalescent
samples in this study of 42.7 compared to NIBSC 20/130 at 281.8 sug-
gests these control convalescent samples may not be truly represen-
tative. While there are limitations to the use of human convalescent
serum because they are likely not representative and there is range
of antibody responses based on the severity of illness, the highest
titer of GMT 176.5 was still considered comparable with NIBSC 20/
130 (281.5) for the 2-fold dilution factor in this neutralizing assay. In
addition, the preclinical study of MCV-COV1901[17] showed that
hamsters were protected from SARS-CoV-2 virus challenge after two
doses of 1 mg or 5 mg S-2P protein adjuvanted with 150 mg CpG and
75 mg aluminum hydroxide. Therefore, 15 mg S-2P combined with
CpG 1018 and aluminum hydroxide was deemed adequate to elicit a
profound humoral immune response.

We had also investigated the neutralizing titers of antibodies from
sera of 28 days after second dose (Day 57) in this study against pseu-
doviruses coated with the wildtype, D614G, B.1.1.7, or B.1.351 spike



Fig. 3. Summary of Humoral Immune Response
Sera of participants vaccinated with 5, 15, or 25mg of MVC��COV1901 were measured for anti-spike IgG by (A) ELISA, and neutralization titers were measured by (B) pseudovi-

rus neutralization assay or (C) live virus neutralization assay. Human convalescent sera (HCS) from 35 recovered COVID-19 patients were analysed by the same assays for compari-
son and NIBSC 20/130 standard was used in the live virus neutralization assay as a standard (asterisk in panel C). Bars indicate geometric mean titers and error bars indicate 95%
confidence intervals. A: The SARS-CoV-2 spike specific IgG GMTs at Day 43 were 7178.2 (5mg), 7746.1 (15mg), 11,220.6 (25mg), and 2179.6 (HCS); B: The SARS-CoV-2 pseudovirus
ID50 GMTs at Day 43 were 538.5 (5 mg), 993.1 (15 mg), 1905.8 (25 mg), and 430.5 (HCS); C: The wild type SARS-CoV-2 NT50 GMTs at Day 43 were 33.3 (5 mg), 76.3 (15 mg), 167.4
(25mg), and 42.7 (HCS) as detailed in Table S4. The value of NIBSC 20/130 standard was 281.8. (asterisk).
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Fig. 4. Summary of Cellular Immune Response
Cells were stimulated with a S1 peptides pool of peptides and incubated at 37⁰C for 24�48 h. Cells stimulated with CD3�2 mAb served as a positive control. IFN-g (left) or

IL-4 (right) were detected using an ELISpot assay. The mean of spot-forming units (SFU) counted in peptide pool stimulation triplicate was calculated and normalized by sub-
tracting the mean of the negative control replicates (control media). Results were expressed as SFU per million PBMC. Bars indicate the mean values and error bars indicate
standard deviations.
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proteins. The result showed reduced neutralization against the
B.1.351 variant and was discussed elsewhere[18].

Previous experience with vaccines and animal models of SARS-
CoV-1[19] and MERS-CoV[20] infection have raised safety concerns
about the potential for Vaccine-Associated Enhanced Disease (VAED).
Reducing the risk of VAED by induction of high neutralizing antibody
responses and Th1-skewed T-cell responses has become the consen-
sus of COVID-19 vaccine development [21]. Although, it is possible
that the observed IFN-g responses were mediated in part by CD8 T
cells since the ELISpot assay captures cell-mediated responses indis-
criminately. It is worth noting that MVC��COV1901 induced substan-
tially higher numbers of IFN-g- than IL-4- producing cells in human
PBMC, suggesting a Th1-skewed immune response.

This interim report has some limitations: the small size of the
trial, the short period of follow-up at this time point, and the partici-
pants’ young age and good health status. We were not able to assess
the durability of the immune responses after Day 57 in this interim
report. However, participants will be followed up for 6 months after
the second dose with scheduled blood collections throughout that
period to evaluate humoral immunologic responses.

These safety and immunogenicity findings support further
advancement of the MVC��COV1901 vaccine in subsequent clinical
trials. Of the three doses evaluated, both the 15 mg and 25 mg dose
elicited high neutralising antibody responses with all participants
seroconverting after the second dose and a Th1-skewed T cell
immune response. A phase 2 trial with 3700 participants (including
the populations at greatest risk for serious COVID-19 such as those
with chronic medical diseases and older adults) is on-going (Clinical-
Trials.gov number, NCT04695652).
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