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Objectives: We sought to investigate the efficacy and safety of SpikoGen®, a subunit coronavirus disease
2019 (COVID-19) vaccine composed of a recombinant severe acute respiratory syndrome coronavirus 2
spike protein with Advax-CpG55.2™ adjuvant.
Methods: This randomized, placebo-controlled, double-blind, phase 3 trial was conducted on 16 876
participants randomized (3:1) to receive two intramuscular doses of SpikoGen® or a saline placebo
21 days apart. The primary outcome was to assess the efficacy of SpikoGen® in preventing symptomatic
COVID-19. Secondary outcomes included safety assessments and evaluation of SpikoGen® vaccine's ef-
ficacy in preventing severe COVID-19. The study aimed for 147 COVID-19 symptomatic cases.
Results: Overall, 12 657 and 4219 participants were randomized to the SpikoGen® and placebo group and
followed for a median of 55 days (interquartile range, 48e60 days) and 51 days (interquartile range, 46
e58 days) after 14 days of the second dose, respectively. In the final per-protocol analysis, the number of
COVID-19 cases was 247 of 9998 (2.4%) in the SpikoGen® group and 119 of 3069 (3.8%) in the placebo
group. This equated to a vaccine efficacy of 43.99% (95% CI, 30.3e55.0%). The efficacy was calculated to be
44.22% (95% CI, 31.13e54.82%) among all participants who received both doses. From 2 weeks after the
second dose, 5 of 9998 (0.05%) participants in the SpikoGen® group and 6 of 3069 (0.19%) participants in
the placebo group developed severe COVID-19, equating to a vaccine efficacy against severe disease of
77.51% (95% CI, 26.3e93.1%). The SpikoGen® vaccine was well tolerated.
Discussion: A 2-dose regimen of SpikoGen® reduced the rate of COVID-19 and severe disease in the wave
of the Delta variant. Payam Tabarsi, Clin Microbiol Infect 2023;29:215
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

As of August 2022, >580 million coronavirus disease 2019
(COVID-19) cases have been confirmed worldwide [1]. Vaccination
can be an efficient strategy for controlling viral infections, and
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arati).

biology and Infectious Diseases. P
adequate global access to safe and effective COVID-19 vaccines re-
mains a key priority.

Reduced vaccine effectiveness has been seen caused by waning
vaccine immunity together with the development of vaccine-
resistant variants, including Beta, Delta, and Omicron [2]. Given
the high levels of uncertainty regarding future evolution of the
virus, additional vaccine approaches may still offer benefits
alongside the existing vaccines.

Recombinant subunit protein vaccines are a well-established
platform known for their high efficacy, safety, and low
ublished by Elsevier Ltd. All rights reserved.
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reactogenicity [3]. SpikoGen® is a subunit spike protein vaccine
formulated with Advax-CpG adjuvant.

Previous studies of the SpikoGen® have shown robust protec-
tion against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) challenge test along with the induction of neutral-
izing antibodies and T-cell responses [4e8].

Based on the positive phase 2 results, this phase 3 efficacy trial
was undertaken to assess the efficacy and safety of the SpikoGen®
vaccine. The prevalent variant of SARS-CoV-2 circulating in the
community at the time of the trial was the Delta variant.

Materials and methods

Study design

This study was a phase 3, parallel, randomized, double-blind,
placebo-controlled trial (3:1) with safety follow-up of 6 months
after the second dose. The trial was conducted at the Espinas Palace
Hotel, Tehran, Iran, in August and September 2021, which was
converted into a large clinical trial site (please see supplementary
material for a video link). Immunocompetent adults aged
18e50 years with stable medical conditions (not being hospitalized
within 3 months before the screening visit) were enrolled in the
study. The key exclusion criteria were active infection with clinical
signs of SARS-CoV-2 during screening, history of previous vaccina-
tion with any type of SARS-CoV-2 vaccine, and receiving immuno-
suppressive medications. Please see supplementary material for
detailed exclusion criteria and the rules for stopping the trial.

The study design was agreed with the Iranian Food and Drug
Administration as the relevant regulator, conducted in compliance
with Good Clinical Practice, approved by the Iran National Ethics
Committee (IR.NREC.1400.005) and registered at ClinicalTrials.gov
(NCT05005559) and the Iranian Registry of Clinical Trials
(IRCT20150303021315N24).

Randomization and intervention

Eligible participants were randomized using R-CRAN 4.0.1, to
either the vaccine candidate arm or the placebo comparator arm
(allocation 3:1). The randomizationwas stratified by age (from 18 to
<40 years or from 40 to <50 years). The appearance of the vaccine
and placebo were identical, and the participants, investigators, and
laboratory staff were blinded to the allocation. Please see supple-
mentary material for details of the randomization process.

The SpikoGen® vaccine was administered as two 25-mg doses of
recombinant spike protein with Advax-CpG55.2 adjuvant (15.5 mg
Advax,171 mg CpG). The two doses were administered 21 days apart
in the deltoid muscle. Before-injection vital signs, including heart
and respiratory rates, temperature, and oxygen saturation, were
assessed. Moreover, serum samples were taken for later nucleo-
capsid antibody testing by ELISA (Pishtazteb, Iran).

Outcomes

The primary outcome was the occurrence of symptomatic
COVID-19 starting from 14 days after the administration of the
second dose based on the prespecified criteria (please see supple-
mentary material).

Secondary outcomes included severe COVID-19 based on the
specific criteria (please see supplementary material) and safety
outcomes, including the incidence of local and systemic solicited
adverse events for 7 days after each dose and the incidence of
unsolicited adverse events up to 28 days after the second dose.
Serious adverse events and suspected unexpected serious adverse
events were evaluated up to 6 months after the second vaccination.
Follow-up and outcome assessment

The participants completed electronic diaries for local and sys-
temic solicited adverse events daily for 7 days after each vaccina-
tion. Safety outcomes were reported based on the Medical
Dictionary for Regulatory Activities classification. Each participant's
severity score was assessed based on the Food and Drug Adminis-
tration Toxicity Grading Scale along with the causality assessment
of the adverse events [9].

Statistical analysis

A sample of 16 876 participants was calculated based on
detecting 147 cases of COVID-19 to achieve 60% vaccine efficacy
(VE) with 90% power and 0.025 significance level. An interim
analysis was planned after reaching 50% of the target number of
COVID-19 cases (i.e. 74 subjects). The sample size was calculated
using R-CRAN.

The population sets for the analysis were defined as follows:

1. Safety analysis dataset included participants who took at least
one dose of the study intervention. Safety results were pre-
sented as incidence and percentages of solicited and unsolicited
adverse events for each group.

2. Sensitivity analysis dataset 1 (all participant population)
included participants who took both doses of study intervention
within the specified time window and were not discontinued/
withdrawn from the study until 14 days after the second dose.

3. Sensitivity analysis dataset 2 (per-protocol [PP] þ nucleocapsid
antibodyepositive population) included a subset of the partici-
pants in the sensitivity analysis dataset 1 who had no major
protocol deviations that may affect the study data; PP analysis
dataset included a subset of the participants in the sensitivity
analysis dataset 2 who were negative for anti-nucleocapsid IgG
antibodies at baseline.

To facilitate the regulatory review of data related to VE as the
earliest possible opportunity, an interim efficacy analysis was
planned once the number of COVID-19 cases exceeded 74. The
participants, investigators, and all other trial staff remained blinded
throughout the interim analysis. VE was defined as (1 � relative
risk) � 100, and the relative risk was estimated using the Poisson
regressionwith robust error variance.We used R (version 3.6.0) and
STATA 14 for all statistical analyses. The ‘Sandwich’ package in the
R-CRAN version 4.0.1 was used for analysing robust standard error.

Results

Study participants

The trial was initiated on 7 August 2021. In total, 12 657 vol-
unteers were randomized to the SpikoGen® group and 4219 vol-
unteers to the placebo group. Fig. 1 depicts a Consolidated
Standards of Reporting Trials diagram showing the flow of partic-
ipants through the study. Demographic and baseline characteristics
of the participants are provided in Table 1. Detailed baseline med-
ical histories are presented in Table S1.

Efficacy outcomes

In the interim analysis 10 612 participants (8100 in the Spik-
oGen® group and 2512 in the placebo group) were analysed.
Fourteen days after the second dose, 50 of 8100 (0.62%) participants
in the SpikoGen® group and 37 of 2512 (1.47%) participants in the
placebo group of the PP population had symptomatic COVID-19,
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Fig. 1. Consolidated Standards of Reporting Trials diagram showing the participants' flow through trial screening, randomization, vaccination, and analysis steps.

Table 1
Participant characteristics of the randomized population

Characteristics SpikoGen® (N ¼ 12 657) Placebo (N ¼ 4219)

Sex (male), n (%) 7120 (56.26) 2431 (57.62)
Body mass index (kg/m2),

mean ± SDa
25.99 ± 4.56 25.99 ± 4.52

Age (y), mean ± SD 32.37 ± 6.79 35.21 ± 6.76
Nucleocapsid antibody status

(positive), n (%)b
1516 (11.98) 487 (11.54)

Medical history, n (%)c

Obesityd 2343 (18.51) 784 (18.59)
Anxiety/depression 871 (6.88) 253 (6)
Hepatic steatosis 703 (5.55) 227 (5.38)
Hypertension 258 (2.04) 89 (2.11)
Asthma 203 (1.6) 69 (1.64)
Malignancy 164 (1.30) 59 (1.40)
Diabetes mellitus 95 (0.75) 31 (0.73)
Cerebrovascular accident 6 (0.05) 1 (0.02)
Myocardial ischaemia 5 (0.04) 0 (0)
Dyslipidaemia 5 (0.04) 0 (0)
Deep vein thrombosis 4 (0.03) 2 (0.05)

a The body mass index is the weight in kilograms divided by the square of the
height in metres.

b Values of >1.1 were considered positive at baseline.
c Malignancy includes ovarian cyst, breast cyst, uterine leiomyoma, fibroadenoma

of breast, benign pituitary tumour, ovarian fibroma, benign bone neoplasm, uterine
polyp, thyroid cancer, renal cyst, fibrocystic breast disease, breast cancer, and
benign breast neoplasm.

d Obesity is defined as body mass index of �30 kg/m2.

Table 2
Vaccine efficacy against symptomatic COVID-19

Study population No. of events/Total No. Rate ratio Vaccine efficacy
(95% CI)a

SpikoGen® Placebo (95% CI)

Per-protocol 247/9998 119/3069 0.56
(0.45e0.70)

43.99
(30.30e55.00)

Per-protocol þ
nucleocapsid
antibodyepositive

264/11 417 128/3502 0.56
(0.45e0.69)

43.81
(30.61e54.51)

All participants 266/11 760 128/3603 0.56
(0.45e0.69)

44.22
(31.13e54.82)

COVID-19, coronavirus disease 2019.
a Vaccine efficacy and 95% CIs of the SpikoGen® in preventing COVID-19 in

different populations with the use of Poisson regression with robust error variance.
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indicating a VE of 59.69% (95% CI, 37.95e73.57%). In the
PP þ baseline nucleocapsid antibodyepositive population analysis
dataset, the VE was 64.36% (95% CI, 46.54e76.11%).
At the time of the final efficacy analysis, themedian of follow-up
after 14 days of the second dose in the SpikoGen® and placebo
group were 55 days (interquartile range, 48e60 days) and 51 days
(interquartile range, 46e58 days), respectively. The blinded part of
the study was continued after the interim analysis until the
emergency use authorization was granted, at which point, with
agreement from the regulator, the trial was unblinded, and all
participants in the placebo group were offered an active vaccine. By
that time, 424 symptomatic infections had already occurred during
the study as this was at the time of the massive wave of the Delta
variant in Iran. Hence, all symptomatic infections that occurred up
to the time of unblinding were considered in the final analysis.

In the PP analysis dataset, the VE was 43.99% (95% CI,
30.3e55.0%) (Table 2). The results of the VE in different populations
are provided in Table 2.
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Fig. 2. Kaplan-Meier curve of efficacy of the SpikoGen® vaccine in preventing coronavirus disease 2019.

Table 3
Percentage of participants experiencing main solicited local and systemic adverse
events by symptoms, vaccination dose, vaccine group, and maximum toxicity
grading scale

Symptom Grade Vaccination 1 Vaccination 2

SpikoGen® Placebo SpikoGen® Placebo

Any solicited
local adverse
event

1 9833 (77.69) 1053 (24.96) 8096 (63.96) 791 (18.75)
2 853 (6.74) 35 (0.83) 1203 (9.50) 48 (1.14)
3 1 (0.01) 0 (0) 7 (0.05) 0 (0)

Injection site
pain

1 9417 (74.40) 992 (23.51) 7522 (61.48) 755 (19.22)
2 678 (5.36) 30 (.71) 944 (7.72) 45 (1.15)
3 0 (0) 0 (0) 1 (.008) 0 (0)

Injection site
swelling/

1 2092 (16.53) 116 (2.75) 1999 (16.34) 59 (1.50)
2 195 (1.54) 5 (0.12) 304 (2.49) 3 (0.08)
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Of those with PCR-confirmed COVID-19, 50 were successfully
sequenced, and all isolates were confirmed to be the B.1.617.2
(Delta) variant. Fig. 2 shows the Kaplan-Meier curve of VE in pre-
venting any symptomatic COVID-19. The incidence rate in the
SpikoGen® group was 175.52 versus 313.35 per 1000 person/y in
the placebo group.

Eleven participants developed severe COVID-19, from 2 weeks
after the second dose: 5 of 9998 (0.05%) in the SpikoGen® group
and 6 of 3069 (0.19%) in the placebo group. The efficacy of Spik-
oGen® in preventing severe COVID-19 was 77.51% (95% CI,
26.32e93.14%). No COVID-19erelated death was reported from
2 weeks after the second dose in participants belonging to either
group.
induration 3 1 (0.01) 0 (0) 4 (0.03) 0 (0)
Injection site

erythema
1 473 (3.74) 54 (1.28) 577 (4.72) 23 (0.58)
2 46 (0.36) 1 (0.02) 156 (1.27) 1 (0.03)
3 0 (0) 0 (0) 5 (0.04) 0 (0)

Any solicited
systemic
adverse
event

1 6782 (55.58) 2031 (48.14) 5193 (41.03) 1226 (29.06)
2 3173 (25.07) 970 (22.10) 2896 (22.89) 657 (15.57)
3 328 (2.60) 82 (1.95) 367 (2.90) 79 (1.88)

Fatigue 1 3974 (31.40) 1125 (26.67) 2986 (24.41) 666 (16.95)
2 1478 (11.68) 430 (10.19) 1373 (11.22) 300 (7.64)
3 192 (1.52) 53 (1.26) 245 (2.00) 48 (1.22)

Headache 1 2717 (21.47) 929 (22.02) 1921 (15.70) 490 (12.47)
2 1654 (13.07) 551 (13.06) 1538 (12.57) 388 (9.88)
3 11 (0.09) 1 (0.02) 17 (0.14) 4 (0.10)
Safety outcomes

The vaccine was well tolerated. Most adverse events were
graded as mild and lasting for no longer than 1e2 days. Table 3
shows the incidence of local and systemic main solicited adverse
events after the first and second injection.

Please see supplementary material for detailed data on the
incidence of the solicited and unsolicited adverse events, serious
adverse events, grading, and the causality of the adverse events
(Tables S2, S3, S4, and S5).
Myalgia 1 2184 (17.25) 567 (13.44) 1415 (11.57) 296 (7.53)
2 822 (6.49) 178 (4.22) 751 (6.14) 141 (3.59)
3 74 (0.58) 10 (0.24) 122 (1) 19 (0.49)

Arthralgia 1 1222 (9.65) 335 (7.94) 821 (6.71) 185 (4.71)
2 385 (3.04) 93 (2.20) 379 (3.10) 60 (1.53)
3 36 (0.28) 9 (0.21) 62 (0.51) 12 (0.31)

Chills 1 463 (3.66) 118 (2.80) 446 (3.65) 88 (2.24)
2 144 (1.14) 39 (0.92) 241 (1.97) 37 (0.94)

Pyrexia 1 346 (2.73) 81 (1.92) 220 (1.80) 39 (0.99)
2 68 (0.54) 17 (0.40) 34 (0.28) 6 (0.15)
3 71 (0.56) 19 (0.45) 43 (0.35) 10 (0.26)
Discussion

This phase 3 trial confirmed that SpikoGen® vaccine when used
as a primary 2-dose course is safe and able to significantly reduce
the rate of COVID-19 in baseline seronegative participants. The VE
was calculated as 44% (95% CI, 30.30e55.0%) against any symp-
tomatic COVID-19 and as 77.51% (95% CI, 26.32e93.14%) against
severe COVID-19. Similar levels of VE were observed when baseline
nucleocapsid antibodyepositive volunteers were included, sug-
gesting that the SpikoGen® vaccine can boost protection even in
those with natural immunity acquired through previous infection.

It is not possible to directly compare our efficacy results with
that of other vaccine trials, given the differences in populations,
endpoints, and timing. Furthermore, our VE was measured in
response to a major wave of Delta variant in Iran, which contrasts
with phase 3 trials for earlier approved vaccines where the interim
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analyses leading to approval were conducted before the Delta
variant surge. Overall, the COVID-19 vaccine effectiveness against
the Delta variant has been found to be reduced compared with the
more ancestral strains with, for example, a test-negative case-
control study showing two-dose effectiveness of the AstraZeneca
ChAdOx1 to be only 59.8% (95% CI, 28.9e77.3%) against the B.1.617.2
(Delta) variant versus 66.1% (95% CI, 54.0e75.0%) for the earlier
B.1.1.7 (Alpha) variant [10]. The same study showed that the
effectiveness of two doses of BNT162b2 mRNA vaccine dropped
from 93.7% against the Alpha variant to 88.0% against the Delta
variant. Similarly, a U.S. Department of Veterans Affairs study
showed the effectiveness in September 2021 of two doses of vac-
cine against the Delta variant was just 13.1% for the Janssen
adenoviral vector vaccine, 43.3% for Pfizer mRNA vaccine, and 58%
for ModernamRNAvaccine, having been earlier measured inMarch
2021 against the earlier strains (predominantly Alpha) as 86.4%,
86.9%, and 89.2%, respectively [11].

Algorithms have been developed based on the extrapolations
from antibody levels and virus neutralization assays to predict the
overall VE against ancestral strains [12,13]. Therefore, we evaluated
our previously published phase 2 trial data [7] to determine what
might have been the likely efficacy of SpikoGen® against the
ancestral strains. Earle et al. [14], developed an algorithm based on
the ratio of the mean vaccine-induced neutralizing antibodies to
mean convalescent levels to predict VE. Based on the phase 2 data,
baseline seropositive participants had a geometric mean concen-
tration (GMC) of 9.92 RU/mL for S1 IgG. We then used this measure
as our convalescent level to compare the levels after the adminis-
tration of two doses of SpikoGen®, where the GMC was 29.12 RU/
mL. Hence, the ratio of mean spike IgG levels after vaccination to
mean convalescent levels was 2.93 (29.12:9.92). Applying this ratio
to the Fig. 2B in the study by Earle et al. [14] would predict the
efficacy of SpikoGen® at approximately 85% (Fig. S1a).

Next, we performed a similar evaluation using surrogate virus
neutralizing antibody levels from the phase 2 trial. The baseline
seropositive participants had a GMC of 1.61 mg/mL. By contrast,
participants who received two doses of SpikoGen® had a GMC of
19.71 mg/mL, or 12.24 times the convalescent level. Plotting this
12.24 ratio on Fig. 2A in the study by Earle et al. [14] would predict
the efficacy of SpikoGen at >95% (Fig. S1b). Similarly, plotting this
ratio on Fig. 1 in the study by Khoury et al. [12] would similarly
predict the efficacy of SpikoGen at >95% (Fig. S1c).

Lastly, 191 of 302 (63.25%) of the SpikoGen®-immunized par-
ticipants in the phase 2 trial achieved S1-binding IgG levels of >60
binding antibody units/mL. Based on supplementary Fig. 3 pre-
sented in the study by Goldblatt et al. [15], this would predict the
efficacy of SpikoGen® at 63.25% (Fig. S1d).

These algorithms predict SpikoGen® vaccine's efficacy against
the ancestral strain to be in the range of 60% to 95% depending on
the actual algorithm and antibody levels used.

SpikoGen® vaccine significantly reduced the risk of severe
COVID-19 by 77.5%. Given the small number of such events, there
were wide CIs around this estimated effect that ranged from 93.1%
at the high side to 26.3% on the low side. Although phase 3 trials for
other vaccines reported higher point estimates of efficacy against
severe disease of up to 95%, these estimates were similarly based on
extremely small numbers with consequent wide CIs that overlap
with ours and their data that was largely collected pre-Delta
[16e18].

An important consideration for COVID-19 vaccines is that in
addition to efficacy, they should have high levels of safety and
tolerability. Notably, the SpikoGen® vaccine exhibited normal
vaccine-associated reactions, including pain at injection site,
headache, myalgia, and fatigue, that were predominantly mild and
short lasting. Reassuringly, no episodes of central venous
thrombosis, myocarditis/pericarditis, or autoimmune phenomena,
such as Guillain-Barre syndrome, were seen in our study. Recom-
binant protein vaccines have a long history of safety and tolera-
bility, established overmany decades of use [19]. This history of safe
long-term use could be an advantage for regular COVID-19
boosters, if required.

This study had some limitations, including the enrolment of
adults aged 18e50 years only; a restriction imposed by the ethics
for conducting a placebo-controlled phase 3 trial against COVID-19
at a time when other vaccines were starting to become available.

Based on the interim analysis results, which confirmed the VE
on a PP basis, SpikoGen® vaccine received an emergency-use
approval from the Iranian Food and Drug Administration. After
this approval, the number of participants requesting to be un-
blinded to determine whether they had received a placebo and
should thereby seek active vaccination became too much. More-
over, with the agreement of the regulator, the whole trial was un-
blinded and the placebo group received active vaccination. Before
unblinding the participants, an efficacy analysis on the whole
symptomatic COVID-19 cases was performed, which showed a VE
of 44.0% (95% CI, 30.30e55.0%) against the symptomatic disease,
which was lower than the results obtained at the interim analysis.
Several potential factors might have contributed to this lower
second result. The first is that because other approved vaccines
were available to them, an increasing number of trial participants
were requesting unblinding. This could have created imbalances
among the originally randomized groups, and the reduction in
active participant numbers diluted the power of the study at the
later timepoints. The use of a saline placebo may lead to a degree of
unblinding because of the complete lack of reactogenicity of the
saline compared with the known local reactogenicity of an active
vaccine. This problem would also be an issue for most of the other
phase 3 COVID-19 vaccine trials that also used a saline placebo
[16,17]. An exception was the Oxford trials of the AstraZeneca
vaccine that used an activemeningococcal vaccine comparator [18].
At the time of the study, Iran was in the middle of a devastating
Delta-driven outbreak, and we hypothesized that the measured VE
could be reduced during periods of extremely high infection rates.
Unlike the normal situation where a small number of trial partici-
pants may get exposed to the virus just once or twice, with
extremely high community infection rates, trial participants may
be repeatedly exposed to high levels of virus given the number of
infected people around them. The higher the viral challenge dose,
the greater the likelihood of infection. High community infection
rates may act to reduce the measured VE, with breakthrough in-
fections more likely in such an environment. Notably, the observed
disease rate in our trial was many times higher than the predicted
rate used in the initial trial power calculations. A study of immune
correlates of protection indicated a higher baseline exposure risk of
SARS-CoV-2 infections and predicted higher probability of all
infection outcomes, except for asymptomatic infections, which
would fit with our hypothesis [20].

Overall, this phase 3 trial highlights the challenges of under-
taking a pivotal VE study in the middle of a pandemic, with rapidly
changing circumstances necessitating adaptations to trial design
and analysis. Despite these many challenges, this pivotal phase 3
trial confirmed that two doses of SpikoGen® given 3 weeks apart
provide significant efficacy against COVID-19 and a significant
reduction in the risk of severe disease caused by the Delta variant.
The SpikoGen® vaccine had a positive safety profile, and solicited
adverse events were predominantly mild and short lived. With the
rate of global infections not abating and with the ongoing waves of
the disease caused by novel variants, the SpikoGen® vaccine pro-
vides an additional protein-based vaccine to assist in the global
battle against COVID-19.
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