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Abstract

IMPORTANCE The protein-based SARS-CoV-2 vaccines Soberana 02 and Soberana Plus showed
good safety and immunogenicity in phase 1and 2 trials, but the clinical efficacy of the vaccine
remains unknown.

OBJECTIVE To evaluate the efficacy and safety of a 2-dose regimen of Soberana 02 (cohort 1) and a
3-dose regimen of Soberana 02 with Soberana Plus (cohort 2) in Iranian adults.

DESIGN, SETTING, AND PARTICIPANTS A multicenter, randomized, double-blind, placebo-
controlled, phase 3 trial was conducted at 6 cities in cohort 1and 2 cities in cohort 2. Participants
included individuals aged 18 to 80 years without uncontrolled comorbidities, coagulation disorders,
pregnancy or breastfeeding, recent immunoglobulin or immunosuppressive therapy, and clinical
presentation of or laboratory-confirmed COVID-19 on enrollment. The study was conducted from
April 26 to September 25, 2021.

INTERVENTIONS In cohort 1, 2 doses of Soberana 02 (n = 13 857) or placebo (n = 3462) were
administered 28 days apart. In cohort 2, 2 doses of Soberana 02 plus 1dose of Soberana Plus

(n = 4340) or 3 placebo doses (n = 1081) were administered 28 days apart. Vaccinations were
administered via intramuscular injection.

MAIN OUTCOMES AND MEASURES The primary outcome was polymerase chain reaction-
confirmed symptomatic COVID-19 infection at least 14 days after vaccination completion. Other
outcomes were adverse events and severe COVID-19. Intention-to-treat analysis was performed.
RESULTS In cohort 1a total 17 319 individuals received 2 doses and in cohort 2 5521 received 3 doses
of the vaccine or placebo. Cohort 1 comprised 60.1% men in the vaccine group and 59.1% men in the
placebo group; cohort 2 included 59.8% men in the vaccine group and 59.9% in the placebo group.
The mean (SD) age was 39.3 (11.9) years in cohort 1and 39.7 (12.0) years in cohort 2, with no
significant difference between the vaccine and placebo groups. The median follow-up time in cohort
1was 100 (IQR, 96-106) days and, in cohort 2, 142 (137-148) days. In cohort 1, 461 (3.2%) cases of
COVID-19 occurred in the vaccine group and 221(6.1%) in the placebo group (vaccine efficacy: 49.7%;
95% Cl, 40.8%-57.3%) vs 75 (1.6%) and 51 (4.3%) in cohort 2 (vaccine efficacy: 64.9%; 95% Cl,
49.7%-59.5%). The incidence of serious adverse events was lower than 0.1%, with no vaccine-
related deaths.

Key Points

Question Do the protein-based SARS-
CoV-2 vaccines (Soberana 02 and
Soberana Plus) provide safe and
effective protection against SARS-
CoV-2?

Findings In this randomized clinical trial
including 23 959 individuals, vaccine
efficacy for prevention of polymerase
chain reaction (PCR)-positive
symptomatic COVID-19 was 49.7%;
severe disease, 76.8%; and
hospitalization, 77.7% after the 2-dose
regimen of Soberana 02, which
improved to 64.9% for prevention of
PCR-positive symptomatic COVID-19,
96.6% for prevention of severe disease,
and 96.6% for prevention of
hospitalization in recipients of a 2-dose
regimen of Soberana 02 and with a third
dose of Soberana Plus. The incidence of
serious adverse events was lower

than 0.1%.

Meaning The findings of this trial
suggest that Soberana 02, in
combination with a third dose of
Soberana Plus, is a safe vaccine inducing
a potent immune response against
COVID-19.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this multicenter, randomized, double-blind, placebo-
controlled, phase 3 trial of the efficacy and safety of Soberana 02 and Soberana Plus, 2 doses of
Soberana 02 plus the third dose of Soberana Plus showed acceptable vaccine efficacy against
symptomatic COVID-19 as well as COVID-19-related severe infections. Vaccination was generally safe
and well tolerated. Therefore, Soberana may have utility as an option for mass vaccination of the
population, especially in resource-limited settings, because of its storage condition and

affordable price.

TRIAL REGISTRATION isrctn.org Identifier: IRCT20210303050558N1

JAMA Network Open. 2023;6(4):€2310302. doi:10.1001/jamanetworkopen.2023.10302

Introduction

Vaccines have been considered one of the most important interventions for curbing the COVID-19
pandemic. COVID-19 vaccine studies have been conducted based on different approaches including
the first-generation platforms (eg, attenuated and inactivated virus vaccines), the second-
generation vaccines, such as replicating vector vaccines and protein-based vaccines (eg, subunit and
viral vectors), and the third-generation vaccines, such as nanoparticle and genetic vaccines (eg,
DNA/RNA vaccines).! Several COVID-19 vaccines are developed from the SARS-CoV-2 spike
glycoprotein receptor-binding domain (RBD) to prevent the virus attachment to human cell
angiotensin-converting enzyme 2 receptors.

Soberana 02 is a protein subunit vaccine conjugated to the tetanus toxoid carrier protein and
has shown potential in preclinical studies?> and phase 1, 2, and 3 trials.*” Soberana Plus, which is an
RBD dimer without conjugation, has enhanced neutralization response in individuals recovering from
COVID-198 and, when used as the third dose to Soberana 02, induced neutralizing anti-RBD
immunoglobulin G (IgG) antibodies (eMethods in Supplement 2).* Soberana 02 and Soberana Plus
have received permission for emergency use in Belarus, Cuba, Iran, Mexico, Nicaragua, and
Venezuela. Soberana 02 and Soberana Plus vaccines are developed and produced at the Finlay
Vaccine Institute of Cuba and branded as Pastocovac and Pastocovac Plus, and are manufactured by
the Pasteur Institute of Iran after a successful technology transfer.

On approval of the first sets of COVID-19 vaccines, governments all over the world rushed to
place orders for supplies, based on the assumed effectiveness and relevance of the vaccine for their
populations. While the recent launch of several safe and efficient COVID-19 vaccines has offered hope
to tens of millions of people, vaccine supply is limited in low-income countries where the
governments face supply challenges posed by vaccine cost as well as storage and transportation
conditions.® The potential advantage of RBD-based vaccines is their rapid and affordable production,
ease of scalability, and stability at 2 to 8 °C,'° while the presence of multiple T- and B-cell epitopes of
tetanus toxoid carriers, as part of a conjugate vaccine, potentiates cellular immune response.?

We report a double-blind, randomized, placebo-controlled phase 3 vaccine trial to assess the
efficacy, safety, and immunogenicity of Soberana 02 with the third dose of Soberana Plus, 50 pg, in
Iran, as a country that has not reported on many trials.

Methods

Study Design and Participants

A multicenter, randomized, double-blind, parallel-group, placebo-controlled phase 3 clinical trial was
conducted to evaluate the efficacy, safety, and immunogenicity of a 2-dose regimen of conjugated
protein-based Soberana 02, 25 pg, in one cohort (cohort 1) and a 2-dose regimen of Soberana 02
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with a third dose of Soberana Plus, 50 pg, in a second cohort (cohort 2) in Iran. The study was
conducted from April 26 to September 25, 2021. The trial protocol was reviewed and approved by
Iran’s Food and Drug Administration and the National Committee for Ethics in Biomedical Research.
The study followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline.”

Participants were recruited from 8 geographically dispersed cities between April 26 and May
23,2021 (eFigure 1in Supplement 2) on signing written informed consent. Participants received
financial compensation. Cohort 1included 17 319 volunteers (resided in 6 cities), and cohort 2
included 5521 volunteers (lived in 2 cities) (eAppendix in Supplement 2).

Volunteers aged 18 to 80 years without a current clinical presentation or laboratory-confirmed
COVID-19 or history of COVID-19 vaccination, congenital or uncontrolled type 2 diabetes, chronic
kidney disease, hypertension, and chronic liver disease could be included. The details of eligibility
criteria are provided in the protocol (Supplement 1).

During the study, Iran initiated an immediate COVID-19 vaccination program, prioritizing older
adults (=65 years). To comply with the ethical principles,'? and following the recommendation of the
National Committee for Ethics in Biomedical Research, blinding for participants aged 65 years or
older was discontinued (aged =70 years: May 25, 2021; aged 65-70 years, July 13, 2021). These
people were given priority in the national vaccination program to receive an approved vaccine and
were excluded from analysis.

Randomization

Randomization was conducted using a stratified balanced block randomization approach (block size:
25, stratum variable: city) on day O, at a 4:1 ratio. Participants, study staff, and investigators were
blinded for group allocation. Allocations were concealed through the central assignment. The vaccine
and placebo vials were identical and indistinguishable in appearance.

Procedures

Soberana 02 was administered via intramuscular injection, 28 days apart. Soberana Plus was used as
a third dose in cohort 2 on day 56. Vaccine composition is presented in the eMethods in

Supplement 2.

QuantiVac ELISA (enzyme-linked immunosorbent assay IgG) kit (Euroimmun, Germany) was
used to determine the titration of anti-S11gG (including RBD) antibodies. To evaluate vaccine
immunogenicity, a representative sample of participants (30% of the total) was selected from
randomly selected cities on days O and 56 in cohort 1(n = 5905) and days O and 84 in cohort 2
(n =1975). Microneutralization assay' was also performed in a proportion of anti-S1IgG ELISA-
positive participants on days 56 (cohort 1; n = 54) and 84 (cohort 2; n = 58) using SARS-CoV-2 (hCoV-
19/Iran/AK-SARS-A7/2020). Interferon-y was assessed on day 56 using the SARS-CoV-2 interferon
gamma release assay (Euroimmun). To rule out the possibility of natural infection interference with
the interferon-y release assay and neutralization tests, samples were collected from participants who
had IgG antibodies on day O or those who tested positive in real-time polymerase chain reaction
(RT-PCR) testing until the immunogenicity sampling times were excluded.

Participants with suspected COVID-19 (based on symptoms) were tested using a 1-step RT-PCR
kit (Pishtaz Teb Diagnostics), with the findings confirmed with the 2019-nCoV Nucleic Acid
Diagnostic Kit (Sansure Biotech). Participants with RT-PCR-positive testing with an N gene cycle
threshold value less than 25 underwent an S gene sequence analysis.™ SARS-CoV-2 variant
determination was conducted using the Nextclade application.’™ All sequences were submitted to
the Global Initiative on Sharing Avian Influenza Data (eMethods in Supplement 2).

Outcomes
Consistent with other vaccine trials, the primary outcome was symptomatic COVID-19, confirmed by
RT-PCR 14 days after the second and third doses. Secondary outcomes were severe COVID-19,
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COVID-19-related death, adverse events (AEs), and humoral and cellular immune responses
(eMethods in Supplement 2).

Participants recorded solicited AEs (ie, set of symptoms or events that study participants are
explicitly requested to document) using an online platform within 3 days after receiving each
injection. Unsolicited AEs were followed up 28 days after each dose. Within 28 days after the
injection of each dose, participants were followed up for any type of AEs (mildly or moderately
severe, AEs with medically attended visits, or life-threatening AEs) on day 3 and then weekly through
telephone calls. From day 28 until the end of the follow-up period, telephone follow-ups were
performed every 2 weeks. Also, participants were supported with a continuously operating call
center and medical visits. Medically attended AEs and serious AEs were monitored 6 months after
the first dose in cohort 1and 7 months after the first dose in cohort 2.

Statistical Analysis

The sample size was calculated to be approximately 18 000 participants in cohort 1 (vaccine: 14400,
placebo: 3600) and 6000 in cohort 2 (vaccine: 4800, placebo: 1200) (eMethods in Supplement 2).
Intention-to-treat analysis was performed. Vaccine efficacy was defined as the reduction in the
hazard ratio for the symptomatic COVID-19 (vaccine vs placebo), using a Cox proportional hazards
regression model stratified by city. It was calculated as a 1- exp(3) of vaccine group vs the placebo
group. The geometric mean titer ratio was used to calculate 95% Cls with the nonparametric
percentile bootstrap method with 1000 repetitions. A bootstrap t test was used to compare
log-transformed titers between the vaccine and placebo groups.

Seroconversion was defined as a 4-fold increase in anti-SARS-CoV-2 S11gG titer compared with
the baseline. Adverse events were compared between the vaccine and placebo groups using the x>
or Fisher exact tests. Risk ratios for any AEs are reported. For safety analysis, AEs of cohort 1and
cohort 2 in the first and second doses were combined. All statistical analyses were conducted in R,
version 4.1.0 software (R Foundation for Statistical Computing). The testing for significance was
2-sided, with a threshold of .05. The comparison between the vaccine and placebo groups and the
analysis of AEs were unpaired, while the analysis of the difference in antibody titer between day O
and subsequent days was paired. Further details on statistical analysis are provided in the eMethods
in Supplement 2.

Results

Participants

Between April 26 and May 23, 2021, of 24126 volunteers screened, 18 000 were randomized to
placebo or vaccine in cohort 1and 6000 were randomized to placebo or vaccine in cohort 2. A total
of 23 959 participants (cohort 1[n = 17 972] and cohort 2 [n = 5987]) were randomly assigned to
receive the vaccine (n = 19165) or placebo (n = 4794) (Figure 1). Overall, the mean (SD) age was 39.3
(11.9) years in cohort 1and 39.7 (12.0) years in cohort 2, with no significant difference between the
vaccine and placebo groups. In cohort 1, participants’ mean (SD) age was 39.4 (11.9) years in the
vaccine group (n = 14 375; 8637 [60.1%] men, 5738 [39.9%] women) and 39.1 (11.7) years in the
placebo group (n = 3597; 2127 [59.1%] men, 1470 [40.9%] women). In cohort 2, the mean (SD) age
was 39.6 (12.1) years in the vaccine group (2866 [59.8%] men, 1924 [40.2%] women) and 39.9 (11.7)
years in the placebo group (717 [59.9%] men, 480 [40.1%] women). At least 1underlying disease
was reported in 5208 (29.0%) participants in cohort 1and 1798 (30.0%) in cohort 2.

Of participants who underwent a serologic test on day O (cohort 1, 5905; cohort 2, 1975), 35.7%
of those in the cohort 1vaccine group and 33.7% of those in the cohort 2 vaccine group, as well as
36.7% of those in the cohort 1 placebo group and 29.7% in the cohort 2 placebo group, had anti-
SARS-CoV-2 S11gG (Table 1).
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Immunologic Response

In the vaccine group, the seroconversion rates of anti-SARS-CoV-2 S11gG increased 4 weeks after the
second (81.1% [95% Cl, 79.7%-82.2%]) and third (92.9% [95% Cl, 91.4%-94.2%)]) doses (P < .001)
(eTable 4 in Supplement 2). For neutralizing antibodies, the rates were 69.8% (95% Cl,

Figure 1. Trial Profile
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Reasons for unmet inclusion criteria in screened participants are reported in eTable 10 in Supplement 2.
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53.8%-82.8%) after the second dose and 100% after the third dose (eFigure 3 and eMethods in
Supplement 2).

A specific IFN-y response to SARS-CoV-2 S1was analyzed in 363 participants 4 weeks after the
second dose (295 from the vaccine group and 68 from the placebo group). The geometric mean titer
ratio of IFN-y between the vaccine and placebo groups was 5.3 (95% Cl, 3.1-9.2; P = .001).

Efficacy

The median follow-up time for cohort 1was 100 days (IQR, 96-106 days), and for cohort 2, 142 days
(IQR, 137-148 days). In cohort 1, 461 (3.2%) symptomatic cases in the vaccine group and 221(6.1%) in
the placebo group were observed, which yielded a vaccine efficacy (VE) of 49.7% (95% Cl, 40.8%-
57.3%). In cohort 2, 75 (1.6%) symptomatic cases occurred in the vaccine group and 51 (4.3%) in the
placebo group, corresponding to a VE of 64.9% (95% Cl, 49.7%-59.5%) (Figure 2; Table 2; eFigure 2
in Supplement 2). Among participants who tested negative for anti-SARS-CoV-2 S11gG on day O, VE
was relatively comparable to the VE in the total sample (cohort 1: 54.7%; 95% Cl, 35.0%-68.5% and
cohort 2: 64.1%; 95% Cl, 34.0%-80.5%) (eResults in Supplement 2). Vaccine efficacy for the
prevention of severe cases in cohort 1was 76.8% (95% Cl, 61.7%-86.0%) and for prevention of
COVID-19-related hospitalization was 77.7% (95% Cl, 60.9%-87.4%). Vaccine efficacy for the
prevention of severe cases after the third dose was 96.6% (95% Cl, 72.2-99.6) and for prevention of
hospitalization was 96.6% (95% 5 Cl, 72.2%-99.6%) (Table 2). During the follow-up period, only 1
COVID-19-related death was detected in the placebo group; therefore, estimation of the VE for the
prevention of COVID-19-related death was not feasible. The VE estimates based on logistic
regression model are provided in eTable 2 and eTable 3 in Supplement 2. The VEs in different
subgroups on the prevention of various outcomes based on age, sex, and underlying diseases are
presented in eTable 1 of Supplement 2. The number of participants needed to vaccinate in cohort 1
was 32.3 and in cohort 2 was 29.4 (eTable 9 in Supplement 2).

Table 1. Baseline Characteristics of the Participants Who Received at Least 1Dose of the Assigned Treatment

No. (%)
Cohort 1 Cohort 2
Vaccine Placebo Vaccine Placebo
Characteristic (n=14375) (n=3597) (n =4790) (n=1197)
Age,y
Mean (SD) 39.4(11.9) 39.1(11.7) 39.6(12.1) 39.9(11.7)
<65 14031 (97.6) 3511 (97.6) 4676 (97.6) 1169 (97.7)
Sex
Men 8637 (60.1) 2127 (59.1) 2866 (59.8) 717 (59.9)
Women 5738(39.9) 1470 (40.9) 1924 (40.2) 480 (40.1)
Educational level
Illiterate 196 (1.4) 42(1.2) 73 (1.5) 17(1.4)
High school 1370 (9.5) 355(9.9) 556 (11.6) 139 (11.6)
Diploma or postdiploma 4942 (34.4) 1240 (34.5) 1471 (30.7) 356 (29.7)
Bachelor’s degree 4825 (33.6) 1225(34.1) 1644 (34.3) 412 (34.4)
>Master’s degree 3042 (21.2) 735(20.4) 1046 (21.8) 273 (22.8)
Underlying diseases®
Yes 4253 (29.6) 973(27.1) 1446 (30.2) 352 (29.4) Abtl)rev?ati(?ns: BMI, b-o$1y mass in-dex (-calculated as
weight in kilograms divided by height in meters
A4 squared); IgG, immunoglobulin G.
e () L) 265160 22 ) 21 E3) 2 Underlying diseases: obesity (BMI >30), controlled
<25 5410(37.6) 1407 (39.1) 1540 (32.2) 373(31.2) hypertension, chronic kidney disease, chronic liver
25-30 5887 (41.0) 1457 (40.5) 2113 (44.1) 533 (44.5) disease, type 2 diabetes, chronic obstructive
>30 3078 (21.4) 733 (20.4) 1137 (23.7) 291 (24.3) pulmonary disease), controlled asthma, history of
Anti-SARS-CoV-2 S1 IgG on day 0° any malignancy or cancer, and ischemic heart
o disease. The details are provided in the protocol
Positive 1684 (35.7) 436 (36.7) 538(33.7) 113 (29.7) (Supplement 1.
Negative 3034 (64.3) 751(63.3) 1057 (66.3) 267 (70.3) b 1gG antibodies against the S1 subunit (S11gG).
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The spike gene sequencing analysis of 419 participants with RT-PCR-positive testing revealed
that the Alpha variant was dominant before June 10, 2021 (when the second dose was administered).
However, 1month after the second dose, Delta became the dominant variant as of August 2021 when
100% of individuals with positive RT-PCR testing were infected with the Delta variant (eFigure 4 in
Supplement 2).

Figure 2. Cumulative Incidence of COVID-19 Incident Cases (1 - Kaplan-Meier Estimate) in the Primary Analysis
Following the First Dose of Vaccine or Placebo in the 2-Dose and 3-Dose Regimen
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Table 2. Vaccine Efficacy Against SARS-CoV-2 14 Days After the Second and Third Doses in Cohort 1and Cohort
2 Among the Vaccine and Placebo Groups

No./total No. (%)

Vaccine efficacy, % (95%

Condition? Total cases, No. Placebo Vaccine (B

Cohort 1: 14 d after the second dose

Confirmed symptomatic 682 221/3600(6.1) 461/14400 49.7 (40.8-57.3)

COVID-19 (3.2)

Severe cases 51 25/3600(0.7) 26/14400(0.2) 76.8(61.7-86.0)

Hospitalization 48 25/3600(0.7) 23/14400(0.2) 77.7 (60.9-87.4) ? Confirmed symptomatic COVID-19 indicates the

primary outcome, and severe cases as the secondary
outcome; only 1COVID-19-related death was

Cohort 2: 14 d after the third dose

goolqlflilgmleg symptomatic 126 51/1200(4.3) 75/4800 (1.6) 64.9 (49.7-59.5) observed in the placebo group during the follow-up
period in cohort 1.
Severe cases 8 7/1200 (0.6) 1/4800 (0.0) 96.6 (72.2-99.6)
T 5 Vaccine efficacy was defined as a 1- exp(p) of vaccine
Hospitalization 8 7/1200 (0.6) 1/4800 (0.0) 96.6 (72.2-99.6)
group vs the placebo group.
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Consistent with other vaccine trials,'®” the infections occurring during 14 days after the second
and third dose were not included in the efficacy analyses. In cohort 1, 2 (placebo group) and 3
(vaccine group) participants had infections during the 14 days following the second dose. In cohort
2, the number of participants who experienced infections in this period was 2 (placebo group) and 1
(vaccine group).

Safety

Solicited AEs at the injection site were reported more frequently in the vaccine group than the
placebo group after the first dose (7269 [38.2%] vs 737 [15.5%]), second dose (6470 [35.7%] vs 649
[14.4%]), and third dose (1042 [25.0%] vs 98 [9.3%]) (Figure 3; eTable 5 in Supplement 2). Local
pain at the injection site was the most common AE, reported in 35.1% of the participants in the
vaccine group and 13.9% in the placebo group (Figure 3; eTable 6 in Supplement 2).

Systemic solicited AEs were more common in the vaccine group than in the placebo group after
the first dose (5585 [29.3%] vs 1211[25.5%]), second dose (4427 [24.4%]) vs 977 [21.7%]), and third
dose (739 [17.7%] vs 148 [14.1%]). Fatigue was the most common systemic AE in both the vaccine
(dose 1: 2380 [12.5%], dose 2: 1971[10.9%], and dose 3: 299 [7.2%]) and placebo (dose 1: 492
[10.4%], dose 2: 411 [9.1%], and dose 3: 62 [5.9%]) groups (Figure 3; eTable 6 in Supplement 2).

Figure 3. Local and Systemic Adverse Events After Injection of the First, Second, and Third Doses Among Participants Who Received Vaccine or Placebo
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Unsolicited AEs within 3 days after the injection were comparable among participants in the
vaccine and placebo groups after the first (1696 [8.9%] vs 458 [9.6%]) and second (1324 [7.3%] vs
334 [74%]) doses. However, in cohort 2, after the injection of Soberana Plus, there was a significant
difference between the vaccine and placebo groups (330 [7.9%] vs 55 [5.2%]) (P = .003) (eTable 5
in Supplement 2). Moreover, 37 participants had medically attended AEs (31[0.2%] in the vaccine
group and 6 [0.1%] in the placebo group) (eTable 6 in Supplement 2), 4 of which were associated
with the vaccine (2 injection site reactions, 1generalized itching, and 1abdominal pain and fecal
impaction) and 1 with the placebo (lower limb paresthesia and vomiting).

Overall, 23 serious AEs (19 [0.1%] in the vaccine group and 4 [<0.1%] in the placebo group) were
reported, none of which were associated with the vaccine (eTable 7 in Supplement 2). Four (<0.1%)
deaths were reported in the vaccine group (1 sudden cardiac death, 1 brain death after ventricular
arrhythmias and cardiac arrest, 1death of unknown cause, and 1road accident) and 2 (<0.1%) in the
placebo group (1 from ischemic heart disease and 1from cardiorespiratory arrest with underlying
stroke and hypertension), none of which were related to the vaccine (eTable 8 in Supplement 2).
Moreover, 2 COVID-19-related deaths were reported in the placebo group of cohort 1, 1 of which
occurred during the follow-up period for VE (57 days after the second dose), and 1 happened 22 days
after unblinding (98 days after the second dose). One COVID-19-related death occurred in the
vaccine group of cohort 110 days after the end of the follow-up period for VE and unblinding (78 days
after the second dose).

Discussion

Our analysis showed that the VE of Soberana 02 in cohort 1in preventing symptomatic infections was
49.7% of the participants, severe cases in 76.8%, and COVID-19-related hospitalizations in 77.7%.
Vaccine efficacy was higher in recipients of the third dose, at 64.9%, for preventing symptomatic
infections and 96.6% for preventing severe cases and hospitalizations.

Subunit protein vaccines are one of the most viable options for resource-limited settings due to
their possible storage in refrigerators and easier distribution.'®2° These vaccines have shown
potential utility in preclinical animal studies and controlled trials.2®2""2> The preclinical results with
the vaccine highlighted the advantages of immunization with the recombinant RBD-tetanus toxoid
conjugates and showed that it could trigger a robust immune response.?3

Findings of a phase 3 randomized clinical trial on Soberana 02 in 44 031 participants in Cuba
reported VE against PCR-confirmed COVID-19 cases to be 69.7% (95% Cl, 56.5%-78.9%) for the
2-dose and 92.0% (95% Cl, 80.4%-96.7%) for the 3-dose regimen.” Our trial's VE against
symptomatic disease has been lower, particularly for the 3-dose regimen. The observed differences
between VE estimates against symptomatic disease could be partly explained by the differences in
the force of infection, presence of comorbidities in the studied populations, and circulating SARS-
CoV-2 variants before and during the trials in both countries. Although the case definitions of
symptomatic disease in both trials have been equivalent, the cultural representation of the various
signs and symptoms may vary between the 2 settings, resulting in patients presenting with a
different clinical picture being selected for PCR confirmation.

The VE assessed in this study should be interpreted in the context of the dominance of the
immune-evasive Delta variant during the follow-up period.?%%” A study in England suggested that the
effectiveness of the BNT162b2 vaccine decreased from 93.7% (95% Cl, 91.6%-95.3%) among people
with the Alpha variant to 88.0% (95% Cl, 85.3%-90.1%) in the Delta variant.?® Studies have
highlighted lowered VE of BNT162b2 vaccine against new infections in Qatar (64.2% [95% Cl,
38.1%-80.1%1),%° Israel (39% [95% Cl, 9.0%-59.0%)]),%° and the US (42% [95% Cl,
13.0%-62.0%)).3' The VE of mRNA-1273 vaccine against the Delta variant has also shown a modest
reduction (2.1-fold) in neutralizing titers.2® Moreover, the VE of ChAdOx1 nCoV-19 vaccine appears to
be reduced against the Delta (67.0% [95% Cl, 61.3%-71.8%] vs Alpha (74.5% [95% Cl,
68.4%-79.4%]) variant.?® Although our understanding of the adverse effects of vaccine-escaping
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variants on the existing VEs continues to increase, the reduced acquired immunity could partly
explain the decreased VE estimates over time.

This trial benefited from a large sample size and a cohort of geographically diverse volunteers
across the country. Soberana 02 is one of the only vaccines that noted the need for a third dose from
its early design phases and could serve as an accessible, scalable, and affordable option for
resource-limited settings that have faced challenges in accessing an equitable vaccine supply.

In this study, we only excluded individuals with current COVID-19 and included others regardless
of their COVID-19 history. This was recommended by the Iran Food and Drug Administration
committee based on several considerations. The study started about 15 months after the onset of the
epidemic in Iran. Within this period, a substantial proportion of the population contracted SARS-
CoV-2 infection. However, COVID-19 history could not be verified through PCR test records, as many
individuals with actual positive infection did not undergo testing at the early stages of the epidemic.
Even if we had used negative antibody titers at baseline as an inclusion criterion, we would have
erroneously included many individuals with a history of COVID-19 who had been infected at the early
stages of the pandemic and had undetectable antibody titers due to the waning of their antibodies
over time. The effect of serostatus on VE still needs further investigation. In a well-powered study
conducted at the same time as our trial,>? large proportions of the participants were seropositive at
baseline (44%), and the VE for the complete analysis set (66.7%) and seronegative population
(67.2%) were similar. These data are comparable with our results, which showed that the VE in the
naive population was similar to that of the total population.

Limitations

We acknowledge the limitations of this study. First, up to 30% of volunteers with controlled
underlying diseases were selected. This may have impacted the overall VE in this study. Second, we
could not run serologic tests for all our participants at baseline due to our limited resources in Iran.
Third, given that the older population had undergone mass vaccination during the study period, this
age group underwent premature unblinding to receive approved vaccines, a procedure that could
lead to selection bias due to the nonrandom exclusion of this group postrandomization; it was an
ethical decision and was based on good clinical practice standards. Also, the magnitude of this bias
was not considerable (approximately 2.5% of the total sample).

Conclusions

In this multicenter, randomized, double-blind, placebo-controlled, phase 3 clinical trial, the study
findings indicate that the Soberana 02 vaccine, in addition to the third dose of Soberana Plus, has
acceptable VE against symptomatic cases and high efficacy against severe cases of COVID-19 and
COVID-19-related hospitalizations. Soberana 02 and Soberana Plus also appeared to be well
tolerated and have a favorable safety profile.
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