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Original article

Safety and immunogenicity of
PIKA-adjuvanted recombinant
SARS-CoV-2 spike protein subunit
vaccine as a booster against SARS-
CoV-2: a phase Il, open-label,
randomized, double-blinded study

Purpose: This study evaluated the safety and immunogenicity of the PIKA-adjuvanted recom-
binant severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein subunit
vaccine as a booster dose for healthy adults who had previously received two or more doses
of an inactivated coronavirus disease 2019 (COVID-19) vaccine.

Materials and Methods: The study was a phase Il multicenter, double-blinded, comparator-
controlled, randomized trial. Participants were randomly assigned to receive either the PIKA
COVID-19 vaccine booster dose or an inactivated COVID-19 vaccine (Sinovac, China). Safety
was assessed based on adverse events, while immunogenicity was measured by neutralizing
antibodies against SARS-CoV-2 and serum immunoglobulin G (IgG) levels. Data on safety and
immunogenicity were collected in the short-term (within 14 days after the booster dose) and
long-term (from 90 to 365 days after the booster dose).

Results: The PIKA-adjuvanted vaccine demonstrated a significant increase in neutralizing
antibodies against the Omicron variant (geometric mean ratio [GMR]=2.0 on day 7, p-value
<0.001; GMR=2.7 on day 14, p-value <0.001) and the wild type SARS-CoV-2 virus (GMR=2.3 on
day 7, p-value <0.001; GMR=2.8 on day 14, p-value<0.001) in the early post-vaccination period
when compared to the inactivated vaccine. Additionally, the PIKA COVID-19 vaccine showed
higher seroconversion rates for neutralizing antibodies against both variants during the first 14
days post-vaccination. However, there were no significant differences in neutralizing antibody
levels between the two vaccines from day 90 to day 360 post-vaccination. Serum IgG anti-
body levels for the PIKA COVID-19 vaccine were also higher throughout the study period. The
incidence of adverse events was slightly higher in the PIKA COVID-19 group, with the most
common events being pain at the injection site and headache. All adverse events were mild or
moderate, with no reports of severe or life-threatening adverse events in either group.
Conclusion: The PIKA COVID-19 vaccine, when administered as a booster dose, showed
promising short- and long-term immunogenicity with no emergent safety issues identified. The
booster dose of the PIKA COVID-19 vaccine elicited a robust immune response against vari-
ous SARS-CoV-2 variants and provided some seroprotection for up to 360 days (ClinicalTrials.
gov registration number: NCT05463419).

Keywords: Vaccine, COVID-19, PIKA adjuvant, Recombinant subunit COVID-19 vaccine,
Phase Il clinical trial

329



VACCINE

Renan James Lim et al « Phase II study of PIKA-adjuvanted recombinant COVID-19 vaccine as booster dose

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), responsible for causing coronavirus disease 2019
(COVID-19), has sparked the third major coronavirus out-
break in the last two decades [1]. Even with the administra-
tion of nearly 13.58 billion vaccine doses as of July 2024,
SARS-CoV-2 continues to spread globally due to ongoing
transmission and waning immune responses over time [2,3].
Consequently, there is an urgent need to develop safe and ef-
fective vaccines capable of eliciting rapid, potent, and endur-
ing immune responses [4].

Recently, a new vaccine, the refined polyinosinic-polycyti-
dylic acid (Poly:C) stabilized with kanamycin and calcium-
(PIKA) adjuvanted recombinant SARS-CoV-2 spike (S) pro-
tein subunit vaccine, has been developed to combat COV-
ID-19 [5-7]. It contains a recombinant S protein antigen (5 pg/
mL) as a trimer based on the coronavirus S protein and a
novel double-stranded RNA (dsRNA) PIKA adjuvant (1 mg).
He PIKA adjuvant is a chemically synthesized double-strand-
ed RNA analogue comprising double-stranded polyinosinic
acid-polycytidylic acid, kanamycin monosulfate, and calcium
chloride. It functions as an agonist of toll-like receptor 3, a
crucial receptor for recognizing dsRNA viral infections and
activating the innate immune system [6,7]. The S protein
plays a crucial role in the SARS-CoV-2 viral cycle by binding
to human angiotensin-converting enzyme 2 (ACE2) to enter
the body [8-10]. The PIKA COVID-19 vaccine enhances the
production of neutralizing antibodies against the SARS-CoV-2
S protein, thereby preventing viral entry and subsequent in-
fection. Preclinical and phase I clinical studies have demon-
strated its potential to induce both humoral and cellular rap-
id, robust, and long-lasting immune responses [5,11,12].

This phase II study evaluated the safety and immunogenic-
ity of a booster dose of the PIKA COVID-19 vaccine in adults
aged 18 years and over who have received two or more doses
of inactivated COVID-19 vaccine as their primary series. The
objectives included assessing the vaccine’s safety and im-
mune response in the short term (primary) for the first 28
days after vaccination and in the long term (secondary) from
90 up to 360 days.

Study design
This phase II study was conducted at three sites in the Philip-
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pines: the Health Index Multispecialty Clinic, Clinical Re-
search Center; the Tropical Disease Foundation, Clinical Re-
search Unit; and the University of the East Ramon Magsaysay
Research Center. Participants were randomly assigned in a
1:1 ratio, with stratification based on age groups (>18-<60
years old versus =60 years old) to receive either a booster
dose of the PIKA COVID-19 vaccine (group 1) or the inacti-
vated COVID-19 vaccine, Sinovac (Beijing, China) (group 2).

Subject enrollment and randomization

A total of 300 participants were enrolled in the study. Eligible
participants were healthy adults aged 18 years or older who
had previously received two or more doses of an inactivated
COVID-19 vaccine. They tested negative for SARS-CoV-2
through nasopharyngeal swabs using reverse transcription-
polymerase chain reaction at the time of enrollment, had a
body temperature of <37.5°C, had no known allergy to any
component of the two vaccines, and had not been on any
systemic immunosuppressants or other immunomodulators
in the 30 days prior to enrollment. Vaccine group assignment
was based on a randomization schedule centrally managed
by a validated Interactive Web Response System and pre-
pared by an independent statistician for the study team.

Vaccine formulation

The investigational PIKA COVID-19 vaccine contains 5 pg of
the SARS-CoV-2 S subunit protein, 1.0 mg/mL of the PIKA
adjuvant, and other components. This vaccine is provided in
a freeze-dried powder form and must be mixed with a clear,
colorless solution before administration. The standard vial
volume is 1 mL.

The antigen used in this candidate vaccine is a recombi-
nant SARS-CoV-2 S protein, produced in Chinese hamster
ovary cells. The S protein plays a crucial role in mediating the
virus’s entry into human cells by binding to the ACE2 recep-
tor via its receptor binding domain (RBD) and undergoing
proteolytic activation by human proteases. This RBD exhibits
high affinity for the human ACE2 receptor, facilitating effi-
cient viral entry. Additionally, the S protein’s pre-activation
by the proprotein convertase furin may reduce its reliance on
target cell proteases for entry, potentially aiding immune eva-
sion by the virus. The exact S sequence used in this study is
based on the original Wuhan strain. Although some variants
carry mutations in the S protein, previous studies suggest that
vaccines based on the ancestral strain can still generate cross-
reactive antibodies, potentially due to shared epitopes be-
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tween variants [13,14].

Vaccine schedule

Following randomization and confirmation of subject eligi-
bility, a singular dose of either the PIKA COVID-19 vaccine or
the inactivated COVID-19 vaccine, according to the assigned
vaccine group, was administered in the deltoid muscle on
study day 0.

Study endpoints

The primary immunogenicity endpoint of the study was the
geometric mean titer (GMT) of neutralizing antibodies
against the Omicron virus 14 days after the booster dose ad-
ministration. Secondary endpoints included evaluating the
seroconversion rate on day 14 and early-term and long-term
immunogenicity endpoints. Early-term immunogenicity was
measured using GMT of neutralizing antibodies, seroconver-
sion rates, and geometric mean titer fold growth ratio (GM-
FR) of neutralizing antibodies against both the wild-type
SARS-CoV-2 virus and the Omicron variant, as well as GMT
and seroconversion rate of serum immunoglobulin G (IgG)
antibodies on day 7. Long-term immunogenicity was as-
sessed on days 90, 180, and 360 using the same endpoints.
Seroconversion was defined as at least a four-fold increase in
antibody titer from baseline.

Safety endpoints examined were the incidence of expected
local and systemic adverse events (AEs) for 7 days following
the booster dose, unsolicited AEs and medically attended
AFEs (MAAEs) for 28 days after the booster dose, and serious
adverse events (SAEs), suspected unexpected serious adverse
reactions (SUSARs), and adverse events of special interest
(AESIs) for up to 360 days after the booster dose.

Study procedures for safety monitoring and follow-up
Following the vaccine’s administration, all participants were
monitored for a minimum of 30 minutes. Any solicited AEs
were recorded over the next 7 days, while unsolicited AEs and
MAAESs were collected for 28 days. SAEs, SUSARs, and AESIs
were documented throughout the entire duration of the
study.

Furthermore, blood samples for assessing immunogenicity
were collected on days 0, 14, 90, 180, and 360 for all partici-
pants. To facilitate early immunogenicity assessment, an ad-
ditional subset of the first 100 randomized subjects under-
went blood sampling on day 7.

https://doi.org/10.7774/cevr.2024.13.4.329

Statistical analysis

Immunogenicity analysis set consisted of all randomized
subjects who received a booster dose of the study vaccines
and contributed valid results for both pre-and at least one
post-vaccination blood samples. Log-transformed neutraliz-
ing antibody titers were analyzed using the analysis of covari-
ance (ANCOVA) method. The ANCOVA model controlled for
the age group and log-transformed baseline titer. Geometric
mean ratios (GMRs) were reported based on the exponen-
tially back-transformed least squares mean differences be-
tween the log-transformed neutralizing antibody titers. Sero-
conversion rates were presented as percentages and were
compared between the two vaccine groups using the Co-
chran-Mantel-Haenszel method to allow stratified analysis
by age group.

Safety analysis was performed on all subjects who received
booster dose of the study vaccines. Safety parameters were
summarized per vaccine group using descriptive statistics.
All statistical analyses were performed using SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA). Whenever applicable, 95%
confidence intervals (CIs) were calculated.

Ethical approval

The study protocol and study-related documents were ap-
proved by the Single Joint Ethics Review Board of the Philip-
pines with document approval identifier: SJREB 2022-62. The
study was carried out in compliance with the protocol, in ac-
cordance with the International Council for Harmonization
Technical Requirements for Registration of Pharmaceuticals
for Human Use harmonized tripartite guideline for Good
Clinical Practice (GCP) and applicable national and institu-
tional regulations and guidelines which govern GCP opera-
tions. All subjects provided written informed consent to be
part of the study (ClinicalTrials.gov registration number:
NCT05463419).

Subject disposition and baseline demographic
characteristics

Overall, 426 subjects were screened before reaching the en-
rollment target of 300, with 150 randomized into each vac-
cine group. Of these 300 subjects, only 294 were able to com-
plete the study; the four subjects who did not finish the study
were due to consent withdrawal (n=1), reason not disclosed
(n=1), orlost to follow-up (n=2) (Fig. 1).

331



VACCINE

Renan James Lim et al « Phase II study of PIKA-adjuvanted recombinant COVID-19 vaccine as booster dose

Screened
(n=426)
= Screen failure
g (n=126)
Enrolled
(n=300)
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Inactivated COVID-19 vaccine

Fig. 1. Subject enrollment flow diagram. COVID-19, coronavirus disease 2019.

The baseline demographic characteristics of the subjects
were consistent between the two vaccine groups. The majori-
ty (98.7%) of subjects were under the age of 60 years, with a
higher proportion being female (60.3%). Of these females,
93.4% of were of childbearing potential. All participants were
of Asian ethnicity, and the average body mass index was
23.615 kg/m? (Table 1).

Immunogenicity

SARS-CoV-2 neutralizing antibody against omicron variant
Baseline GMTs on day 0 (pre-vaccination) of neutralizing an-
tibodies against the Omicron variant were similar for both
the PIKA and inactivated vaccine groups, with levels of 252.4
IU/mL (95% CI, 205.4-310.2 IU/mL) and 282.6 IU/mL (95%
CI, 230.1-346.9 IU/mL), respectively.

Following the booster dose, the PIKA vaccine group dem-
onstrated notably higher levels of neutralizing antibodies
against the Omicron variant early on, particularly on days 7
and 14 post-vaccination. On day 14, the PIKA group had a
GMT of 749.5 IU/mL (95% CI, 458.0-1,226.6 TU/mL), com-
pared to 280.2 IU/mL (95% CI, 166.8-470.6 IU/mL) in the in-
activated group, with a GMR of 2.7 (p<0.001). Similarly, on
day 7, the GMT for the PIKA group was 371.5 IU/mL (95% CI,
219.6-628.5 IU/mL), while for the inactivated group, it was
185.1 IU/mL (95% CI, 105.1-326.1 IU/mL), with GMR=2.0
(p<0.001) (Fig. 2). GMT fold growths of neutralizing antibod-
ies against the Omicron variant from day 0 for the PIKA vac-
cine group compared to the inactivated vaccine group were
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(n=150)
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(n=150)
= Discontinued
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Table 1. Subject demographic characteristics
PIKA Inactivated
Characteristic COVIl?-19 COVIQ-19 Overall
vaccine vaccine (n=300)
(n=150) (n=150)

Age at enrollment (yr) 30.8+10.7 304492 30.6+10.0
<60 147 (98.0) 149(99.3) 296(98.7)
>60 3(2.0) 1(0.7) 4(1.3)

Gender
Male 63 (42.0) 56 (37.3) 119(39.7)
Female 87(58.0) 94(62.7) 181(60.3)

Childbearing potential®
Of childbearing potential 81(93.1) 88(93.6) 169 (93.4)
Postmenopausal 6(6.9) 5(5.3) 11(6.1)
Permanently sterilized 0 1(1.1) 1(0.6)

Race
Asian 150(100.0) 150(100.0) 300(100.0)

Weight (kg) 5856+1222 60221278  59.39+12.51

Height (cm) 158.82+7.70 158284789  158.55+7.79

Body mass index (kg/m?) 23.23+4.81 24.01+4.56 23.62+4.69

Values are presented as mean+ standard deviation or number (%).

COVID-19, coronavirus disease 2019.

“For childbearing potential, percentages are based on the number of female
subjects.

1.5 versus 0.7 (GMFR=2.0, p<0.001) on day 7 and 2.7 versus
1.0 (GMFR=2.7, p<0.001) on day 14. Furthermore, serocon-
version rates for neutralizing antibodies against the Omicron
virus from day 0 to days 7 and 14 were also significantly high-
er in the PIKA vaccine group compared to the inactivated

https://doi.org/10.7774/cevr.2024.13.4.329
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GMT of nAbs against Omicron variant
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(From baseline) Day0 Day7 Day 14 Day90 | Day180 | Day 360
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Inactivated 0.7 1.0 2.1 16 2.1
GMR al a)
(PIKA vs. inactivated) 20 21 13 1 1

Days since vaccination

Fig. 2. Geometric mean titers of neutralizing antibodies against Omicron variant at different timepoints. GMT, geometric mean titer; GMFR,
geometric mean titer fold growth ratio; GMR, geometric mean ratio. ?Significantly higher GMT for PIKA vaccine at 0.=5%.

vaccine group: 37.5% versus 4.2% on day 7 (p<0.001) and
45.1% versus 12.3% on day 14 (p<0.001). Altogether, these
support the claim of early onset of significantly higher sero-
protection by the PIKA vaccine as a booster dose against the
COVID-19 Omicron variant.

Conversely, there were no significant differences in neu-
tralizing antibody levels between the two groups on days 90,
180, and 360 post-vaccination, with GMRs between 1.1 and
1.3 (p=0.114, p=0.349, and p=0.447, respectively). However,
the GMT levels among PIKA vaccine recipients remained at
least 485 IU/mL which was higher than at baseline pre-vacci-
nation, potentially indicating sustained seroprotection as a
booster dose for at least a year post-vaccination (Fig. 2).

SARS-CoV-2 neutralizing antibody against wild type
SARS-CoV-2 variant

Baseline GMTs on day 0 (pre-vaccination) of neutralizing an-
tibodies against the wild type SARS-CoV-2 variant were simi-
lar for both the PIKA and inactivated vaccine groups, with
levels of 564.9 IU/mL (95% CI, 467.7-682.2 IU/mL) and 703.6
IU/mL (95% CI, 594.7-832.6 IU/mL), respectively. Following
the booster dose, the PIKA vaccine group not only again
demonstrated notably higher levels of neutralizing antibod-
ies against the wild type SARS-CoV-2 variant early on days 7
and 14 post-vaccination but also showed significantly higher
GMTs on days 90 up to 360 post-vaccination. Moreover, the

https://doi.org/10.7774/cevr.2024.13.4.329

GMT levels among PIKA vaccine recipients remained at least
734.5 IU/mL, which was higher than at baseline pre-vaccina-
tion (at least GMFR=1.1 compared to baseline) (Fig. 3). When
administered as a booster dose, the PIKA vaccine demon-
strated early onset and durable and sustained seroprotection
up to 360 days post-vaccination against the COVID-19 wild
type SARS-CoV-2 variant.

Serum immunoglobulin antibody

The GMT of serum IgG antibody in the PIKA vaccine group
was significantly higher than in the inactivated vaccine group
on days 7, 14, 90, and 180 post-vaccination. GMRs were 3.1
(p<0.001), 3.4 (p<0.001), 1.8 (p<0.001), and 1.7 (p<0.001),
respectively, on these timepoints. Similarly, the seroconver-
sion rates of serum IgG antibody in the PIKA vaccine group
were significantly higher than in the inactivated vaccine
group on day 7 (44.9% versus 2.0%, p<0.001) and day 14
(45.3% versus 4.3%, p<0.001) post-vaccination (Table 2).

Safety

A total of 106 subjects (35.3%) experienced 394 AEs, with 55
subjects (36.7%) in the PIKA vaccine group and 51 subjects
(34.0%) in the inactivated vaccine group reporting a total of
192 and 202 events, respectively. Among these, 96 subjects
(32.0%) reported 361 instances of solicited AEs, with 51 sub-
jects (34.0%) in the PIKA vaccine group and 45 subjects
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GMT of nAbs against wild type SARS CoV-2 variant

3,000 —— PIKA vaccine
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Days since vaccination

Fig. 3. Geometric mean titers of neutralizing antibodies against wild type severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vari-
ant at different timepoints. GMFR, geometric mean titer fold growth ratio; GMR, geometric mean ratio; GMT, geometric mean titer. ?Signifi-

cantly higher GMT for PIKA vaccine at a.=5%.

(30.0%) in the inactivated vaccine group. Most frequently re-
ported solicited AE was pain at injection site which was also
higher in the PIKA vaccine group compared to the inactivat-
ed vaccine group (30.0% versus 20.7%). Incidence of solicited
systemic reactions were consistent between the two groups,
and the most frequently reported of which were headache
(14.7% versus 13.3%) and fatigue (7.3% versus 10.7%). All so-
licited AEs were only mild or moderate.

Twenty-six (8.7%) reported a total of 33 unsolicited AEs,
with 12 subjects (8.0%) in the PIKA vaccine group and 14
subjects (9.3%) in the inactivated vaccine group. The most
frequently reported unsolicited AEs were related to infections
and infestations. All unsolicited AEs were either mild or mod-
erate. Two subjects, however, experienced unsolicited AEs
which were assessed as vaccine-related: hyperfibrinogen-
emia for the one in the PIKA vaccine group, hypersensitivity
for the one in the inactivated vaccine group.

Notably, no subjects experienced MAAEs in the PIKA vac-
cine group, while three subjects experienced four MAAEs in
the inactivated group, one of which assessed as inactivated
vaccine-related (hypersensitivity). There were no SAEs. SU-
SARs, nor AESIs reported in the study. No clinically significant
abnormalities were also found in clinical laboratory examina-
tions, vital signs, nor physical examinations. Lastly, no AEs
leading to death nor study discontinuation were also reported.
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The PIKA COVID-19 vaccine, comprising a recombinant S-
trimer protein antigen and the innovative double-stranded
RNA PIKA adjuvant, has shown promising results in preclini-
cal and our phase I studies [5-7,11,12]. The S-trimer protein
has demonstrated a strong binding affinity to human ACE2
[9,10], while the PIKA adjuvant has elicited a more potent im-
mune response compared to other adjuvants [7]. This phase
II study further confirmed the main findings of our phase I
study [12]. When administered as a booster vaccine, the PIKA
COVID-19 vaccine exhibited a favorable safety and immuno-
genicity profile against various SARS-CoV-2 variants such as
Omicron and the wild type.

Our phase II study demonstrated that a booster of this PI-
KA COVID-19 vaccine generated a stronger humoral im-
mune response to the Omicron virus and wild type SARS-
CoV-2 virus compared to the inactivated COVID-19 vaccine,
with rapid and enduring immune responses observed. The
faster and more robust neutralizing antibody titers induced
by PIKA COVID-19 vaccine suggest that this may serve as a
promising booster to effectively combat diverse SARS-CoV-2
variants, including the immune-evading Omicron variant
and its sublineages [13,14].

In response to the emergence of immune-evading variants

https://doi.org/10.7774/cevr.2024.13.4.329
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Table 2. Geometric mean titer levels of serum immunoglobulin anti-
body and seroconversion from baseline, when applicable, at different
timepoints

PIKA Inactivated
Timepoint and statistic COVID-19vaccine COVID-19vaccine
(n=150) (n=150)
Day 0 (baseline, pre-vaccination)
GMT (IU/mL) 2402 2413
95% Cl (203.5-283.5) (202.3-287.8)
Day 7
GMT (IU/mL) 850.1 2733
95% ClI (558.3-1,294.4) (176.9-422.0)
GMR (PIKA vs. inactivated) 31
p-value, GMR <0.001
SCR (%) 449 2.0
95% Cl (30.7-59.8) (0.0-10.4)
p-value, SCR difference <0.001
Day 14
GMT (IU/mL) 12429 365.3
95% Cl (874.3-1,766.7) (254.2-525.1)
GMR (PIKA vs. inactivated) 34
p-value <0.001
SCR (%) 453 43
95% Cl (36.1-54.8) (14-97)
p-value, SCR difference <0.001
Day 90
GMT (IU/mL) 1,184.2 656.9
95% Cl (705.4-1,987.7) (386.2-1,117.1)
GMR (PIKA vs. inactivated) 18
p-value <0.001
Day 180
GMT (IU/mL) 1,347.3 8107
95% Cl (914.1-1,985.9) (544.5-1,206.9)
GMR (PIKA vs. inactivated) 17
p-value <0.001

Values are presented as meanz standard deviation or number (%).
COVID-19, coronavirus disease 2019; GMT, geometric mean titer; Cl, confidence
interval; GMR, geometric mean ratio; SCR, seroconversion rate.

of SARS-CoV-2, specific vaccines have been developed utiliz-
ing various technologies, including inactivated virus-based,
messenger RNA-based, and recombinant protein-based ap-
proaches [4,15]. These vaccines target updated variants such
as Beta, Delta, Omicron BA.1, or Omicron BA.2. Additionally,
research has explored the combination of variant-specific
and prototype vaccines to evoke wide-ranging responses
against diverse SARS-CoV-2 strains [16-18]. Nonetheless, en-
suring the safety and tolerability of these vaccines remains a
significant concern. The unpredictable evolution of SARS-
CoV-2 can lead to increased transmissibility, immune eva-
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sion, and virulence in the future. Developing new variant-
specific vaccines for each occurrence may not be sufficiently
expedient [13,15,18]. Consequently, it is imperative to devel-
op technologies that can effectively address the majority of
variants while ensuring the safety and tolerability of these
vaccines, including as boosters, for a wide demographic.
From this study, our PIKA COVID-19 vaccine holds promise
in meeting these crucial criteria.

SARS-CoV-2 infection has been associated with specific
patterns of anti-S IgG1 Fc glycosylation [1,9,10,19]. In severe
COVID-19 cases, there has been an observed increase in afu-
cosylated anti-S IgG, particularly during seroconversion
[20,21]. IgG is believed to play a key role in helping to protect
against infection by various SARS-CoV-2 variants and in miti-
gating the progression of COVID-19. Given that our PIKA
COVID-19 vaccine utilizes a recombinant antigen and the PI-
KA adjuvant, it is reasonable to hypothesize that the vaccine
may contribute to generating IgG responses against the S
protein, similar to those seen in natural infection. While this
hypothesis requires further validation in future clinical stud-
ies, it provides a basis for early indications that our vaccine
could offer protection against infection from different SARS-
CoV-2 variants and potentially reduce the severity of COV-
ID-19. Furthermore, the safety of our vaccine is attributed to
the use of PIKA as the adjuvant, which has been found to
have a tolerable and comparable, if not more favorable, safety
profile to other COVID-19 vaccines [22-24]. Thus, our vaccine
development approach of combining the PIKA adjuvant with
a well-designed antigen represents a safe and immunogenic
option to support large-scale booster vaccination efforts.

Our study comes with certain limitations. Firstly, only a
small percentage of subjects underwent early immunogenic-
ity testing, which may not fully reveal the extent of the rapid
immune response. Secondly, the trials primarily involved an
Asian population, with a minimal number of elderly individ-
uals, making it challenging to generalize the findings to other
racial groups and older age categories. Thirdly, the PIKA CO-
VID-19 vaccine, while relatively broad-reactive, may require
periodic assessments and updates to maintain high neutral-
izing antibody titers in response to new SARS-CoV-2 variants
with significant antigenic changes [14,25]. However, the clini-
cal trial design, randomization, and statistical methods may
have helped address some of these limitations, particularly
reducing the impact of biases and potentially confounding
factors. Furthermore, our ongoing phase III study, planned to
be conducted in several countries, aims to analyze more end-
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points, including vaccine effectiveness against actual COV-
ID-19 infection, which should help address some of these
limitations.

In conclusion, the PIKA COVID-19 vaccine, when adminis-
tered as a booster dose, showed promising short- and long-
term immunogenicity with no emergent safety issues identi-
fied. The booster dose of the PIKA COVID-19 vaccine elicited
a robust immune response against various SARS-CoV-2 vari-
ants and provided some seroprotection for up to 360 days.
The ongoing phase III study of this vaccine is expected to
provide more data to further establish the early and long-
lasting vaccine-induced protection and safety profile of this
vaccine, supporting its potential as a booster dose.
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