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Introduction: Interim analysis of phase | and phase Il clinical trials of personalized
vaccines made from autologous monocyte-derived dendritic cells (DCs)
incubated with S-protein of SARS-CoV-2 show that this vaccine is safe and
well tolerated. Our previous report also indicates that this vaccine can induce
specific T-cell and B cell responses against SARS-CoV-2. Herein, we report the
final analysis after 1 year of follow-up regarding its safety and efficacy in subjects
of phase | and phase Il clinical trials.

Methods: Adult subjects (>18 years old) were given autologous DCs derived from
peripheral blood monocytes, which were incubated with the S-protein of SARS-
CoV-2. The primary outcome is safety in phase | clinical trials. Meanwhile,
optimal antigen dosage is determined in phase Il clinical trials. Corona Virus
Disease 2019 (COVID-19) and Non-COVID-19 adverse events (AEs) were
observed for 1 year.

Results: A total of 28 subjects in the phase | clinical trial were randomly assigned
to nine groups based on antigen and Granulocyte-Macrophage Colony
Stimulating Factor (GM-CSF) dosage. In the phase Il clinical trial, 145 subjects
were randomly grouped into three groups based on antigen dosage. During the
1-year follow-up period, 35.71% of subjects in phase | and 16.54% in phase Il had
non-COVID AEs. No subjects in phase | experienced moderate—severe COVID-
19. Meanwhile, 4.31% of subjects in phase Il had moderate—severe COVID-19.
There is no difference in both COVID and non-COVID-19 AEs between groups.

Conclusions: After 1 year of follow-up, this vaccine is proven safe and effective
for preventing COVID-19. A phase Il clinical trial involving more subjects should

be conducted to establish its efficacy and see other possible side effects.
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1 Introduction

Since being designated by the WHO as a pandemic in March
2019, SARS-CoV-2 has infected more than 540 million people and
was responsible for 6 million deaths in June 2022 (1). In addition,
this virus continues to mutate so that new variants emerge (2).
Although the use of the SARS-CoV-2 vaccine currently can control
COVID-19 infection and mortality, various studies, including meta-
analyses, show a decrease in vaccine efficacy by up to 30% within 6
months after vaccination and a reduction in the ability of vaccines
against emerging SARS-CoV-2 variants (3, 4). The problem is also
exacerbated by the lack of optimal vaccination coverage caused by
various factors and the public’s rejection of the current SARS-CoV-
2 vaccine (5). Therefore, it is still necessary to develop vaccines that
can last a long time, are effective against various variants, and
increase vaccination coverage and public acceptance.

The development of dendritic cell (DC)-based vaccines is an
innovative vaccine that can overcome existing problems. DC-based
vaccines utilize the ability of DCs as antigen-presenting cells (APCs)
to induce a human immune system oriented to T-cell immunity (6).
The development of autologous DC-based vaccines with the ex vivo
method can be an effective method because it can ensure the quality
of the DCs used, streamline the DC maturation process and antigen
presentation that occurs, and improve the safety of vaccination,
including in subjects with comorbidities who have vaccination
contraindications. In addition, autologous vaccines have the
potential to increase public acceptance of vaccination (7).

In previous studies, both preclinical and interim analysis results
of phase I and II clinical trials found that this vaccine has good
potential. In short-term observations (3 months), no serious
adverse event (SAE) was found in the subjects of phase I and II
clinical trials. In addition, autologous DC-based vaccines loaded
with SARS CoV-2 S-protein (AV-COVID-19 or Nusantara vaccine)
can induce adequate T-cell immunity well. The vaccine can also
form an antibody response (8). This article will present the safety
results during 1-year observations. The efficacy potential of DC-
based vaccines was also analyzed.

2 Methods
2.1 Study oversight and outcomes

The study was randomized and double-blinded phase 1 and 2
clinical trials. The phase I clinical trial was carried out at Dr. Kariadi
Hospital Semarang, Faculty of Medicine, Diponegoro University,
from December 2020 to December 2021. The phase II clinical trial
was carried out at Gatot Subroto Hospital from April 2021 to May
2022. The research protocol follows the Helsinki declaration and
has received ethical approval. Data security is reviewed by an
independent Data Safety Monitoring Board (DSMB). The main
objective of phase I clinical trials is to determine the safety of AV-
COVID-19 vaccines, whereas phase II clinical trials aim to
determine the optimal dose of SARS-CoV-2 antigens used in
forming immunogenicity. Then, the safety and efficacy of the
vaccine was also analyzed based on the immune response to the
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SARS CoV-2 protein. This study is registered in the US National
Library of Medicine ClinicalTrials.gov under identifier
NCT05007496. This research was sponsored by PT. Aivita
Biomedika Indonesia.

2.2 Participants, randomization,
and blinding

In phase I, as many as 106 prospective subjects were screened,
and 33 subjects met the criteria and received the vaccine.
Meanwhile, in phase II, as many as 227 prospective subjects were
screened, and 145 subjects met the criteria and received the vaccine.
The subjects included in this study were over 18 years old, generally
healthy, not pregnant or planning to get pregnant for productive
women, willing to comply with research protocols, and provided
informed consent in writing. While the exclusion criteria consist of
subjects with symptoms of active COVID-19 infection, positive
PCR test results infected with SARS-CoV-2 less than 3 months,
rapid examination of reactive SARS-CoV-2 IgG antibodies, having
received other COVID-19 vaccines, positive pregnant, subjects with
immunodeficiency diseases (HIV infection, Hepatitis C, and
Hepatitis B), taking immunosuppressive drugs and corticosteroids
for a long time, conditions that require oxygen supplementation,
diagnosed with invasive cancer and receiving anticancer therapy, a
history of thromboembolism/genetic predisposition of
thromboembolic events/in antithromboembolic treatment other
than low-dose aspirin, physical/mental disabilities that make a
person unable to carry out daily activities, obesity (BMI > 40),
uncontrolled hypertension (cystole > 180, diastole > 100), and
unwilling to sign written consent. In phase I, in addition to the
above conditions, subjects with uncontrolled, autoimmune
laboratory abnormalities based on the Food and Drug
Administration was excluded, as well as a history of obtaining
blood products within 3 months.

All subjects that met the criteria were then randomized. In
phase I, the subjects were divided into nine groups based on three
antigen dose groups (0.1, 0.33, and 1.0 mcg) and three GM-CSF
groups administered (0, 250, and 500 mcg). In phase II, subjects
were divided into three different dose groups (0.1, 0.33, and 1.0
mcg). Neither the researchers nor the subjects knew the doses of
antigens and GM-CSF.

2.3 Vaccine

The vaccine consists of DCs and lymphocytes obtained from the
blood of the peripheral autologous. First, 40 cc of blood was taken
and then incubated with GM-CSF and IL-4 for 5 days to
differentiate monocytes into DCs. Then, DCs and lymphocytes
were incubated with recombinant SARS-CoV-2 S protein for 2
days. S protein is manufactured by LakePharma Biological (San
Carlos, USA). The antigen is SARS-CoV-2 spike (S) protein pre-
fusion stabilized ectodomain, C-terminus His tag, with the furin
cleavage site removed and trimerization stabilized. The sequence is
based on SARS-CoV-2 wild type. The amount of S protein given
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differs according to the dose group, namely, 0.1, 0.33, and 1.0 mcg.
The vaccine composition consists of 10% DCs and 90%
lymphocytes. In phase I clinical trials, a DC vaccine was given an
additional GM-CSF of 250 or 500 mcg, while in phase II
clinical trials, it was not given additionally. The formed DC
vaccine is dissolved in the subject’s plasma before injection.
Vaccines are produced following the requirements of a Good
Manufacturing Product.

2.4 Procedure

Screening of all potential subjects by medical staff was carried
out. In the phase I clinical trial, eligible subjects were randomly
divided into nine groups based on dose and GM-CSF addition,
while in the phase II clinical trial, the subjects were divided into
three groups. Then, 40 cc peripheral blood were drawn from
subjects, which was processed into a DC vaccine. Seven days after
the blood draw, the subject came back. If there are no signs of being
infected with COVID-19, 6 cc of blood is taken again to evaluate
baseline conditions before vaccination for hematology, BUN,
creatinine, sodium, potassium, chloride, phosphorus, calcium,
lipid profile, SGOT, SGPT, total protein, albumin, globulin,
alkaline phosphatase, total bilirubin, direct bilirubin, and lipase.
In patients with diabetes mellitus, fasting blood sugar and HbAlc
tests are carried out, while in non-diabetic patients, only blood
sugar is carried out. The vaccine was injected subcutaneously, and
subjects were monitored for 30 min to assess any unintended
reactions or events after vaccine administration. Then, the
subjects were asked to report the local and systemic reactions
they experienced within 7 days post-vaccination using a recall
card. Safety evaluations were conducted again on the 7th- and
28th-day visits. The subject was then monitored again in the 3rd,
6th, 9th, and 12th months for monitoring of unwanted events. In
phase II, an Enzyme-linked immunosorbent spot (ELISPOT)
examination is carried out at week 2 and 4 to determine the
immunogenicity of the vaccine. All data are stored in a manual
and electronic Case Report Form (CRF).

2.5 Safety assessment

Safety assessments are carried out by evaluating local and
systemic reactions experienced by post-vaccination subjects.
Subjects were monitored for 30 min post-vaccination to assess the
immediate effects of the vaccine. On the 7th and 28th days after
vaccination, we conducted a safety laboratory examination
consisting of haematology, blood urea nitrogen (BUN), creatinine,
sodium, potassium, chloride, phosphorus, calcium, lipid profile,
SGOT, SGPT, total protein, albumin, globulin, alkaline
phosphatase, total bilirubin, direct bilirubin and lipase. Fasting
blood glucose were examined in subjects with diabetes mellitus,
meanwhile non-fasting blood glucose were examined in non-
diabetic subjects. Patients are continuously monitored to assess
unwanted events that occurred in the 3rd, 6th, 9th, and 12th
months after vaccination.
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2.6 Immunogenicity and effective
dose assessment

In phase II, the determination of an effective dose is assessed
based on the immunogenicity of the vaccine. The doses of the
SARS-CoV-2 S protein composition tested were 0.10, 0.33, and 1.00
mcg. The immune response to detect specific memory T cells
against SARS-CoV-2 was assessed by performing an ELISPOT
examination measuring interferon-gamma.

2.7 Efficacy assessment

The efficacy assessment was assessed by looking at the
immunogenicity of the vaccine through the results of the ELISPOT
examination at weeks 2 and 4. In addition, clinical trial subjects were
followed for up to 1 year and incidence rates of COVID-19 that
occurred were recorded. Efficacy is assessed by the vaccine’s
protective ability to prevent hospitalization due to COVID-19.

2.8 Statistical analysis

In phase, I and phase II, vaccine safety and efficacy analysis for
up to 1 year were performed on all vaccinated subjects (intention-
to-treat). Vaccine safety is presented descriptively by showing the
proportion of unintended events in each dose group. The efficacy of
the vaccine for up to 1 year was presented descriptively by showing
the proportion of COVID-19 incidence in each dose group. If you
meet the requirements (the number of expected counts <5 does not
exceed 20%), then the difference in proportion is tested using chi-
square. However, if it does not meet the requirements, the
proportion difference test is carried out using Fisher’s exact test.

3 Result

3.1 Subject characteristics

In the phase, I clinical trial, a total of 28 subjects received the
vaccine and were grouped into nine groups. A total of 16 subjects
(57.14%) were men, and 12 (42.83%) were women. The subjects of
the study were in the age range of 18-61 years for men and 23-60
years for women. In the phase II clinical trial, a total of 145 subjects
received the vaccine and were grouped into three groups (Table 1).
In phase II clinical trials, there were several comorbidities in subjects
such as hypertension, diabetes mellitus, and asthma. Meanwhile, in
phase I clinical trials, these comorbidities were part of exclusion
criteria. There were no significant differences in characteristics
between the trial groups in either phase I or II clinical trials.

3.2 Safety

AEs occurring up to 28 days post-vaccination in phase I and
phase II clinical trial subjects have been previously reported where
there were no acute allergic reactions, SAE, or AE of degree 3 or 4

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1122389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jonny et al. 10.3389/fimmu.2023.1122389

TABLE 1 Demographic characteristics of phase Il clinical trial subjects.

Total (n = 145)

0.33 mcg (n = 49)

Characteristic 0.10 mcg (n = 49) 1.00 mcg (n = 47)

Mean Age in years + SD 453+13.3 475+12.3 449 + 124 45+13
Sex
Male 27 (55.1%); 22 (45.9%); 28 (59.6%); 77 (53.1%);
Female 22 (45.9%) 27 (55.1%) 19 (40.4%) 68 (46.9%)
Race/Ethnicity
Javanese 21 (42.9%); 16 (32.7%); 23 (48.9%); 60 (41.4%);
Tionghoa 13 (26.5%); 18 (36.7%); 12 (25.5%); 43 (29.7%);
Sundanese 4 (8.2%); 4 (8.2%); 3 (6.4%); 11 (7.6%);
Minangkabau 3 (6.1%); 2 (4.1%); 3 (6.4%); 8 (5.5%);
Bataknese 1 (2.0%); 3 (6.1%); 1(2.2%); 5 (3.4%);
Sumatran 2 (4.1%); 1 (2.0%); 0 (0%); 3 (2.1%);
Malaysia 1 (2.0%); 0 (0%); 2 (4.3%); 3 (2.1%);
Buginese 1 (2.0%) 1 (2.0%) 1(2.2%) 3(2.1%)
Comorbidities
Gastric reflux 0 (0%) 2 (4.1%) 1(2.2%) 3 (2.1%)
Hypertension 6 (12.2%); 5 (10.2%); 4 (8.5%); 15 (10.3%);
Hypercholesterolemia 1 (2.0%); 1(2.0%); 2 (4.3%); 4 (2.8%);
Diabetes 1 (2.0%); 1 (2.0%); 8 (17%); 10 (6.9%)
Asthma 3 (6.1%); 3 (6.1%); 1(2.2%); 7 (4.8%);
Hyperuricemia/Gout 0 (0%); 2 (4.1%); 3 (2.1%); 3 (2.1%);

[8]. In phase, I, subjects who experienced AE degrees 1 and 2 to 28
days were 64.5%. Meanwhile, in phase II, which experienced AE
degrees 1 and 2, it was 53.6%. The incidence of AE did not differ
significantly between the three antigen dose groups, except that the
proportion without AE was significantly higher in the 0.10 pg group
when compared to the 1.00 pug group.

Observations of the presence of AE occurred were made on all
subjects of phase I and phase II clinical trials for up to 1 year. In
addition to the incidence of COVID-19, 10 AEs that happened were
not related to vaccine administration in phase I clinical trial subjects
(Table 2). Meanwhile in the phase II clinical trial, a total of 25 AEs
not related to vaccine administration occurred. One of these
incidents classified as an SAE is retinal detachment, which
requires surgery but is not related to the vaccine administered.
There was no significant difference (p = 0.664) in the proportion of
AE among the antigen dose groups (Table 3). The most AE
occurred in the 1.0 pg antigen dose group.

3.3 Efficacy

Evaluation of the ELISPOT assay test shows that 38.8% of
subjects were reactive to SARS-CoV-2 S protein (significant
increase of spot count) at day 14. This number increases where
62.2% of subjects were reactive to SARS-CoV-2 S protein at day 14

Frontiers in Immunology

or day 28 (Table 4). There is no significant difference of proportion
between the dose group.

In a 1-year observation of the subjects of the phase I clinical
trial, eight people were confirmed positive for SARS-CoV-2
infection, all of whom were mild clinical symptoms and did not
require hospital treatment (Figure 1). Meanwhile, in a phase II
clinical trial in 1-year observation, 36 subjects were confirmed
positive for SARS-CoV-2 infection (Figure 2). Of the 36 subjects,
one subject died as a result of severe symptomatic SARS-CoV-2
infection. Overall in the phase II clinical trial, the incidence of
SARS-CoV-2 infection was 30 people infected with mild degrees
and received self-care at home, while severe degrees and requiring
hospitalization were six subjects consisting of four subjects in the
usual care ward and two subjects requiring ICU treatment.

4 Discussion

4.1 Safety

AEs that occur up to 28 days post-vaccination, based on
reported data, are all mild. Non-COVID AE for up to 28 days
was reported by 64.5% of phase I subjects and 53.6% of phase II
subjects, and there were no significant differences between
treatment groups (8). Similarly, in follow-ups from 1 to 12
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TABLE 2 Adverse event (AE) phase | clinical trials during a follow-up period of 1-12 months post-vaccination.

Adverse Event

Non GM-CSF (n = 9)

GM-CSF 250 mcg (n = 9)

GM-CSF 500 mcg (n = 10)

Month-3 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 2 (22.2%) 3 (33.3%) 1 (10%)
Month-6 Local reaction 0 (0%) 0 (0%) 0(0%)
Systemic reaction 1(11.1%) 1 (11.1%) 1 (10%)
Month-9 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 1(11.1%) 0 (0%) 0 (0%)
Month-12 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 0 (0%) 0 (0%) 0 (0%)
Adverse Event Antigen Dose 0.10 mcg Antigen Dose 0.33 mcg Antigen Dose 1.00 mcg
(n=9) (n=9) (n=10)
Month-3 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 3 (33.3%) 2 (22.2%) 1 (10%)
Month-6 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 1(11.1%) 1(11.1%) 1 (10%)
Month-9 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 1 (11.1%) 0 (0%) 0 (0%)
Month-12 Local reaction 0 (0%) 0 (0%) 0 (0%)
Systemic reaction 0 (0%) 0 (0%) 0 (0%)
Total Local reaction 0 0 0
Systemic reaction 5 (55.5%) 3 (33.3%) 2 (20%)

months, the total incidence of non-COVID AE in phase I was
35.71% of subjects. Meanwhile, in phase II, the total incidence of
non-COVID AE was 16.67% of subjects. From these data, it can be
concluded that this vaccine is safe. Even with AEs at 1-12 months,
the incidence rate is lower than 28 days post-vaccination, both in
phase 1 and phase 2.

The short-term AE incidence rate of DC vaccines is lower
compared to conventional COVID-19 vaccines (8). The grade 3
non-COVID AE:s for up to 1 year found in other reported COVID-
19 vaccine studies was 1.6% (Table 5) (13). Several other COVID-19
vaccines that have been widely circulated to date have only reported

COVID-19 related AE that occurs for up to 4-9 months and based
on the report, AE grade 3 that occurs in other COVID-19 vaccines
ranges from 0.1%-1.6% (Table 5) (9-12, 14). Meanwhile, in this
study, only one case of AE grade 3 (0.72%) was found. Thus, the AE
found in this study was lower than other COVID-19 vaccines. A low
AE in DC-based vaccines was also found in previous DC vaccine
studies (15-17). After two decades of observations on various phase
I and II clinical trials, the DC vaccine was well tolerated and
induced minimal toxicity. The most frequent manifestations of
AEs are local reactions at the injection site, such as rashes and
pruritus, and sometimes, systemic effects include fever and malaise

TABLE 3 AE phase Il clinical trials during a follow-up period of 1-12 months post-vaccination.

Adverse Event

0.1 mcg (N = 48)

0.33 mcg (N = 47) 1.00 mcg (N = 43)

Non-COVID respiratory infection 3 (6.25%) 6 (12.76%) 7 (16.28%)
Hypertension 1 (2.08%) 0 (0%) 1(2.32%)
Type II diabetes mellitus 0 (0%) 0 (0%) 1(2.32%)
Coronary artery disease 0 (0%) 1(2.13%) 0 (0%)
Fatty liver 1 (2.08%) 0 (0%) 0 (0%)
Unspecified infection 1 (2.08%) 0 (0%) 0 (0%)
Retinal detachment 1 (2.08%) 0 (0%) 0 (0%)
Total (p = 0.664) 7 (14.58%) 7 (14.89%) 9 (20.9%)

The meaning of bold values are the result from our study.

Frontiers in Immunology

05

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1122389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jonny et al. 10.3389/fimmu.2023.1122389

TABLE 4 SARS-CoV-2-specific T-cell memory response.

Formulation by the quantity of S-protein incubated with DC

0.01 mcg 0.33 mcg 0.1 mcg Total
Proportion reactive by antigen-stimulated ELISPOT assay at day-14* 14/33 (42.4%) 13/31 (41.9%) 11/34 (32.4%) 38/98 (38.8%)
Proportion reactive by antigen-stimulated ELISPOT assay test at day-14 or day-28* 22/33 (66.7%) 21/31 (67.7%) 18/34 (52.9%) 61/98 (62.2%)

*ELISPOT was conducted using venous peripheral blood, reactivity defined as statistically significant increase of spot count on in vitro antigen-stimulated (SARS-CoV-2 S protein) ELISPOT compared
to unstimulated ELISPOT. There was no difference in any 2 x 2 comparison of proportions with increased ELISPOTS based on quantity of S-protein used in manufacturing (p > 0.05, X>).

TABLE 5 AE Non-COVID up to 1 year COVID-19 vaccine clinical trial.

Study Number of Subjects Overall AE Non-Covid AE Grade >3 Follow-Up Period
AV-COVID-19 138 (phase II) 16,67% 0.72% 365 days
Astrazeneca ChAdOx1 nCoV-19 (9) 17.662 (phase III) NA 0.4% 135 days
J&J Ad26.COV2.S (4) 19.113 (phase III) NA 1% 294 days
Moderna mRNA-1273 (10) 14.287 (phase III) NA 1.3% 260 days
Pfizer BNT162b2 (11) 21.650 (phase III) NA 1.2% 238 days
Sinovac CoronaVac (12) 6.646 (phase III) NA 0.1% 120 days
Zififax ZF2001 (13) 12.625 (phase III) NA 1.6% 390 days

NA, Data not available.
* Reported data are AE phase III clinical trials in the treatment group.
The meaning of bold values are the result from our study.

(18). The low AE in this vaccine is caused by the autologous

formulation of the vaccine so that there is no exposure to foreign
bodies that can trigger excessive inflammatory reactions.

There was an incidence of type 2 diabetes mellitus, Number of COVID-19 Events in Phase Il
hypertension, coronary artery disease, fatty liver, retinal Subjects (Mild Symptoms)
detachment, and other infections in phase II subjects (Table 3).
However, there was no significant difference in the proportion of
incidence of these diseases among the dose group. In addition to the

incidence of COVID-19, there was reportedly only one severe AE 4
event, retinal detachment, which occurred in the 0.1 mcg antigen 2
formulation group. Compared to other COVID-19 vaccines, 0

3rd Month 6th - 9th Month 12th Month

=@ (.1 MCE ==@==0.33mcg ==@==1.0mcg

Number of COVID-19 Events in Phase | Subjects

i Number of COVID-19 Events in Phase Il
(Mild Symptoms)

Subjects (Severe Symptoms)
35

4 25 /
15 S
2 1
i i 0.5
0

3rd Month 6th - Sth Month 12th Month 3rd Month 6th - 9th Month 12th Month

Number of Subjects
w

=1 MCg ==@==0.33mcg ==@==1.0mcg
=@=0.1mcg =8=033mcg =8=1.0mcg

FIGURE 1 FIGURE 2

The number of mild symptomatic COVID-19 events from 3rd to The number of mild and severe symptomatic COVID-19 events from
12thmonths in phase | subjects. No severe symptomatic COVID-19 3rd to 12th months in phase Il subjects. No significant difference
events were observed. between dose group (p>0.05).
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vaccination is associated with an increased risk of some diseases. In
the phase III clinical trial of an adenovirus vector-based COVID-19
vaccine, more incidence of tinnitus, urticaria, pulmonary embolism,
and deep-vein thrombosis was found in subjects who received the
vaccine than placebo (14). This is in line with findings in mRNA-
based COVID-19 vaccines, which are linked to the incidence of
myocarditis, thrombocytopenia, sexual dysfunction, and
hypercoagulation (19-21). No incidence of these diseases was
found in phase 1 and 2 clinical trials of this vaccine. The causes
of the emergence of those diseases after the COVID-19 vaccination
are still under study. One of the hypotheses that emerged is
molecular mimicry, where viral antigens given to conventional
vaccines resemble self-proteins, triggering cross-reactivity in
susceptible individuals (21). In the DC vaccine, antigens are
introduced to DC ex vivo so that the risk of cross-reactivity with
self-protein in the body can be avoided. Although the risk of certain
diseases arising from the COVID-19 vaccine is relatively low, the
widespread and long-term use of the vaccine that causes these
incidents should be monitored and considered in future studies.

4.2 Efficacy and antigen dosage

ELISPOT results show that this vaccine can induce SARS-CoV-
2-specific memory T cells (Table 4). The number of reactive result
increases from 38.8% to 62.2% on day 28. There is no difference of
proportion between the dose group so that 0.01 mcg are adequate to
induce cellular immunity response. Presentation of antigens to T
cells by DCs is a highly efficient process (22) so that a small amount
of antigens is capable to induce T-cell responses. The lowest dose of
antigens in this study is the most optimal dose.

Although phase II aims to determine the optimal dose of
antigens, in this study, we also evaluated the efficacy of this
vaccine in preventing the onset of moderately and severely
symptomatic COVID-19 that requires hospital treatment. From a
follow-up for 1 year, six subjects experienced moderate-severe
symptomatic COVID-19 infection that required hospital
treatment in phase II subjects. Thus, it was found that this
vaccine protected 95.56% (intention-to-treat analysis, N = 138) of
subjects from hospitalization due to COVID-19 for up to 1 year.
When compared between dose groups, the proportion of subjects

TABLE 6 AE COVID-19 up to 1 year COVID-19 vaccine clinical trial.

Number of Subjects

Overall Symptomatic COVID-19

10.3389/fimmu.2023.1122389

infected with COVID-19, both mild degrees undergoing self-
isolation and severe degrees requiring hospital treatment, did not
differ significantly. Therefore, there was no difference in efficacy
between dose groups in preventing COVID-19 infection and
preventing hospitalization. Based on its safety profile and
immunogenicity for up to 28 days, the 0.1 mcg antigen dose
group was designated as the optimal dose. In the evaluation for
up to 1 year, there was no significant difference between the antigen
dose groups in preventing the onset of moderately and severely
symptomatic COVID-19, thus further supporting the selection of a
dose of 0.1 mcg as the most optimal antigen dose formulation.

Clinical trials of conventional COVID-19 vaccines mostly use
humoral responses to assess vaccine immunogenicity, although
correlates of protection from COVID-19 vaccines have not yet
been established (23). However, there is growing evidence that the
T-cell response plays a significant role in the elimination of the
COVID-19 virus and is thought to play a central role in forming
broad-spectrum and long-term immunity (24-26). In this clinical
trial, monitoring for up to 28 days showed that vaccine
administration could trigger an optimal specific T-cell response to
SARS-CoV-2 (8). Data from phase I also show good induction of
humoral responses. At the same time, the response rate of T cells is
not different in all formulation groups. The consistent rate of
efficacy for up to 1 year proves that the specific T-cell immune
response to SARS-CoV-2 formed from administering the DC
vaccine can last a long time. Therefore, it is quite possible that
booster vaccine might not be necessary.

Compared to the results of clinical trials of conventional
vaccines, the proportion of COVID-19 AE incidence up to 1 year
in this vaccine tends to be higher. However, this is likely because
this study is a phase II clinical trial with a small number of subjects
(Table 6). In addition, this study was conducted in Indonesia.
During the wide spread of SARS-CoV-2, omicron and delta
variants were more infectious and caused more severe symptoms
(27, 28). Therefore, a much larger number of samples is needed to
determine their effectiveness in preventing COVID-19 infection in
the population. Therefore, it is necessary to conduct phase III
clinical trials with a more significant number of subjects so that
the efficacy of this vaccine in preventing COVID-19 infection in the
population can be established.

COVID-19 Grade =3 = Follow-Up Period

AV-COVID-19 139 (phase II) 36 (25,89%)
Astrazeneca ChAdOx1 nCoV-19 (9) 17.662 (phase III) 0.4%

J&J Ad26.COV2.S (4) 19.113 (phase III) 2.31%
Moderna mRNA-1273 (10) 14.287 (phase III) 0.38%
Pfizer BNT162b2 (11) 21.650 (phase III) 0.37%
Sinovac CoronaVac (12) 6.646 (phase III) 1.11%
Zififax ZF2001 (13) 12.625 (phase III) 1.25%

The meaning of bold values are the result from our study.
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6 (4.31%) 365 days
<0.1% 135 days
2.27% 294 days
0.75% 260 days
0.005% 238 days
0% 120 days
0.047% 390 days

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1122389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jonny et al.

4.3 Feasibility

This research shows that personalized DC-based vaccines can
be manufactured in pandemic situations. This clinical trial was
conducted in two hospital centers with a production time of 1 week.
Trained staff can produce vaccines in health facilities/hospitals with
specific standard preparations. This vaccine is unsuitable for the
mass vaccination program, which requires fast production time.
However, due to its safety and ‘personal” source, this vaccine is a
promising option for subjects who cannot meet conventional
vaccine criteria for medical reasons (e.g., in autoimmune and
cancer patients) or non-medical (rejection religion/belief), and
this needs to be continued with the phase III clinical trial with a
larger number of subjects. Furthermore, this study used S-proteins
that proved effective. This can cut the exploration time of antigen
selection. However, it is necessary to consider using other antigens,
for example, by adding variant antigens or designing proteins
conserved in variants. This vaccine can be one of the COVID-19
vaccine options, thus expanding the range of COVID-
19 vaccination.

5 Conclusion

Based on phase I and II clinical trials of DC-based COVID-19
prevention vaccines, the absence of SAE associated with vaccine
administration for up to 1 year for SARS-CoV-2 infection shows
good tolerability and safety. Of the three vaccine dose candidates
tested, the smallest dose of 0.1 mcg provides good immunogenicity
and is supported by minimal AE. A 1-year evaluation shows that
this vaccine appears to have long-term immunogenic potential. The
phase III trial with a larger number of subjects is needed to ensure
the efficacy of this vaccine and see other possible side effects.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

References

1. World Health Organization. Coronavirus disease (COVID-19). Geneva: World Health
Organization. (2020) Available online: https://covid19.who.int/ (last cited: [5th June 2022])

2. Gralinski L, Menachery V. Return of the coronavirus: 2019-nCoV. Viruses (2020)
12(2):135. doi: 10.3390/v12020135

3. Malik JA, Ahmed S, Mir A, Shinde M, Bender O, Alshammari F, et al. The SARS-
CoV-2 mutations versus vaccine effectiveness: new opportunities to new challenges. ]
Infect Public Health (2022) 15:228-40. doi: 10.1016/j.jiph.2021.12.014

4. Feikin DR, Higdon MM, Abu-Raddad L], Andrews N, Araos R, Goldberg Y, et al.
Duration of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19
disease: results of a systematic review and meta-regression. Lancet (2022) 399:924-44.
doi: 10.1016/S0140-6736(22)00152-0

5. Lazarus JV, Wyka K, White TM, Picchio CA, Rabin K, Ratzan SC, et al. Revisiting
COVID-19 vaccine hesitancy around the world using data from 23 countries in 2021.
Nat Commun (2022) 13:3801. doi: 10.1038/s41467-022-31441-x

6. Jonny J, Putranto TA, Irfon R. Developing dendritic cell for SARS-CoV-2 vaccine:
Breakthrough in the pandemic. Frontiers in immunology (2022) 13:989685.
doi: 10.3389/fimmu.2022.989685

Frontiers in Immunology

10.3389/fimmu.2023.1122389

Ethics statement

The studies involving human participants were reviewed and
approved by Gatot Soebroto Army Hospital. The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

TP, YN, EL, RT, M, RS, and NS contributed to the design,
implementation, and analysis of the phase I trial. JJ, TP, MY, ES, RI,
and BR contributed to the design, implementation, and analysis of the
phase II trial. JJ, ES, RI, ES, and YN wrote the manuscript. All authors
contributed to the article and approved the submitted version.

Funding

The authors declare that this study received funding from PT.
Aivita Biomedika Indonesia. The funder was not involved in the
study design, collection, analysis, interpretation of data, the writing
of this article, or the decision to submit it for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Jonny J, Putranto TA, Sitepu EC, Irfon R. Dendritic cell vaccine as a potential
strategy to end the COVID-19 pandemic. why should it be ex vivo? Expert Rev Vaccines
(2022), 1-10. doi: 10.1080/14760584.2022.2080658

8. Nistor GI, Dillman RO, Robles RM, Langford JL, Poole AJ, Sofro MAU, et al. A
personal COVID-19 dendritic cell vaccine made at point-of-care: feasibility, safety, and
antigen-specific cellular immune responses. Hum Vaccines Immunother (2022) 18
(6):2100189. doi: 10.1080/21645515.2022.2100189

9. Falsey AR, Sobieszczyk ME, Hirsch I, Sproule S, Robb ML, Corey L, et al. Phase 3
safety and efficacy of AZD1222 (ChAdOx1 nCoV-19) covid-19 vaccine. N Engl ] Med
(2021) 385:2348-60. doi: 10.1056/nejmoa2105290

10. El Sahly HM, Baden LR, Essink B, Doblecki-Lewis S, Martin JM, Anderson EJ,
et al. Efficacy of the mRNA-1273 SARS-CoV-2 vaccine at completion of blinded phase.
N Engl ] Med (2021) 385:1774-85. doi: 10.1056/nejmoa2113017

11. Thomas SJ, Moreira ED, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine through 6 months. N
Engl ] Med (2021) 385:1761-73. doi: 10.1056/nejmoa2110345

frontiersin.org


https://covid19.who.int/
https://doi.org/10.3390/v12020135
https://doi.org/10.1016/j.jiph.2021.12.014
https://doi.org/10.1016/S0140-6736(22)00152-0
https://doi.org/10.1038/s41467-022-31441-x
https://doi.org/10.3389/fimmu.2022.989685
https://doi.org/10.1080/14760584.2022.2080658
https://doi.org/10.1080/21645515.2022.2100189
https://doi.org/10.1056/nejmoa2105290
https://doi.org/10.1056/nejmoa2113017
https://doi.org/10.1056/nejmoa2110345
https://doi.org/10.3389/fimmu.2023.1122389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jonny et al.

12. Tanriover MD, Doganay HL, Akova M, Giiner HR, Azap A, Akhan S, et al.
Efficacy and safety of an inactivated whole-virion SARS-CoV-2 vaccine (CoronaVac):
interim results of a double-blind, randomised, placebo-controlled, phase 3 trial in
Turkey. Lancet (2021) 398:213-22. doi: 10.1016/S0140-6736(21)01429-X

13. DaiL, Gao L, Tao L, Hadinegoro SR, Erkin M, Ying Z, et al. Efficacy and safety of
the RBD-Dimer-based covid-19 vaccine ZF2001 in adults. N Engl ] Med (2022)
386:2097-111. doi: 10.1056/nejmoa2202261

14. Sadoff J, Gray G, Vandebosch A, Cardenas V, Shukarev G, Grinsztejn B, et al.
Final analysis of efficacy and safety of single-dose Ad26.COV2.S. N Engl ] Med (2022)
386:847-60. doi: 10.1056/nejmoa2117608

15. Lu W, Arraes LC, Ferreira WT, Andrieu J-MM. Therapeutic dendritic-cell
vaccine for chronic HIV-1 infection. Nat Med (2004) 10:1359-65. doi: 10.1038/nm1147

16. Leplina O, Starostina N, Zheltova O, Ostanin A, Shevela E, Chernykh E.
Dendritic cell-based vaccines in treating recurrent herpes labialis: results of pilot
clinical study. Hum Vaccines Immunother (2016) 12:3029-35. doi: 10.1080/
21645515.2016.1214348

17. Liau LM, Ashkan K, Tran DD, Campian JL, Trusheim JE, Cobbs CS, et al. First
results on survival from a large phase 3 clinical trial of an autologous dendritic cell
vaccine in newly diagnosed glioblastoma. J Transl Med (2018) 16:142. doi: 10.1186/
512967-018-1507-6

18. Constantino J, Gomes C, Falcio A, Neves BM, Cruz MT. Dendritic cell-based
immunotherapy: a basic review and recent advances. Immunol Res (2017) 65:798-810.
doi: 10.1007/s12026-017-8931-1

19. Simpson CR, Kerr S, Katikireddi SV, McCowan C, Ritchie LD, Pan J, et al.
Second-dose ChAdOx1 and BNT162b2 COVID-19 vaccines and thrombocytopenic,
thromboembolic and hemorrhagic events in Scotland. Nat Commun (2022) 13:1-7.
doi: 10.1038/541467-022-32264-6

Frontiers in Immunology

09

10.3389/fimmu.2023.1122389

20. Alzarea AI, Khan YH, Alatawi AD, Alanazi AS, Alzarea SI, Butt MH, et al.
Surveillance of post-vaccination side effects of COVID-19 vaccines among Saudi
population: a real-world estimation of safety profile. Vaccines (2022) 10:1-16.
doi: 10.3390/vaccines10060924

21. Lee ASY, Balakrishnan IDD, Khoo CY, Ng CT, Loh JKX, Chan LL, et al.
Myocarditis following COVID-19 vaccination: a systematic review (October 2020-
October 2021). Hear Lung Circ (2022) 31:757-65. doi: 10.1016/j.hlc.2022.02.002

22. Gurevich I, Feferman T, Milo I, Tal O, Golani O, Drexler I, et al. Active
dissemination of cellular antigens by DCs facilitates CD8+ T-cell priming in lymph
nodes. Eur ] Immunol (2017) 47:1802-18. doi: 10.1002/eji.201747042

23. Kim JH, Marks F, Clemens JD. Looking beyond COVID-19 vaccine phase 3
trials. Nat Med (2021) 27:205-11. doi: 10.1038/s41591-021-01230-y

24. Chen Z, John Wherry E. T Cell responses in patients with COVID-19. Nat Rev
Immunol (2020) 20:529-36. doi: 10.1038/s41577-020-0402-6

25. Le Bert N, Tan AT, Kunasegaran K, Tham CYL, Hafezi M, Chia A, et al. SARS-
CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected
controls. Nature (2020) 584:457-62. doi: 10.1038/s41586-020-2550-

26. Nelson RW, Immunol S, Nelson RW, Chen Y, Venezia OL, Majerus RM, et al. SARS-
CoV-2 epitope-specific CD4 + memory T cell responses across COVID-19 disease severity
and antibody durability. Sci Immunol (2022) 7(73):eabl9464. doi: 10.1126/sciimmunol.abl9464

27. Kow CS, Ramachandram DS, Hasan SS. Risk of severe illness in patients infected
with SARS-CoV-2 of delta variant: a systematic review and meta-analysis. Infect Dis
(Auckl) (2022) 54:614-7. doi: 10.1080/23744235.2022.2055787

28. Chakraborty C, Sharma AR, Bhattacharya M, Agoramoorthy G, Lee SS. A
paradigm shift in the combination changes of SARS-CoV-2 variants and increased
spread of delta variant (B.1.617.2) across the world. Aging Dis (2022) 13:927-42.
doi: 10.14336/AD.2021.1117

frontiersin.org


https://doi.org/10.1016/S0140-6736(21)01429-X
https://doi.org/10.1056/nejmoa2202261
https://doi.org/10.1056/nejmoa2117608
https://doi.org/10.1038/nm1147
https://doi.org/10.1080/21645515.2016.1214348
https://doi.org/10.1080/21645515.2016.1214348
https://doi.org/10.1186/s12967-018-1507-6
https://doi.org/10.1186/s12967-018-1507-6
https://doi.org/10.1007/s12026-017-8931-1
https://doi.org/10.1038/s41467-022-32264-6
https://doi.org/10.3390/vaccines10060924
https://doi.org/10.1016/j.hlc.2022.02.002
https://doi.org/10.1002/eji.201747042
https://doi.org/10.1038/s41591-021-01230-y
https://doi.org/10.1038/s41577-020-0402-6
https://doi.org/10.1038/s41586-020-2550-z
https://doi.org/10.1126/sciimmunol.abl9464
https://doi.org/10.1080/23744235.2022.2055787
https://doi.org/10.14336/AD.2021.1117
https://doi.org/10.3389/fimmu.2023.1122389
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Safety and efficacy of dendritic cell vaccine for COVID-19 prevention after 1-Year follow-up: phase I and II clinical trial final result
	1 Introduction
	2 Methods
	2.1 Study oversight and outcomes
	2.2 Participants, randomization, and blinding
	2.3 Vaccine
	2.4 Procedure
	2.5 Safety assessment
	2.6 Immunogenicity and effective dose assessment
	2.7 Efficacy assessment
	2.8 Statistical analysis

	3 Result
	3.1 Subject characteristics
	3.2 Safety
	3.3 Efficacy

	4 Discussion
	4.1 Safety
	4.2 Efficacy and antigen dosage
	4.3 Feasibility

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References


