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ABSTRACT

Objective Assessing safety and immunogenicity of an
inactivated whole virus particle vaccine.

Design Single-centre, double-blind, randomised, placebo-
controlled, phase | (stage I: 1850, stage Il: 51-75 years),
phase Il (18-75 years) clinical trials.

Setting 29 December 2020 to 22 April 2021.
Participants Stage I-phase I: 56 participants; stage II-
phase I: 32; phase II: 280.

Intervention During stage |, participants randomly

(3:3:1) received 3 pg, 5 pg vaccine or placebo in a 14-day
interval. Participants in stage Il received two shots of 5 g
vaccine or placebo (3:1). In phase Il, participants received
5 pg vaccine or placebo (4:1) in a 28-day interval.
Primary and secondary outcome measures Safety
assessment and immunogenicity assessment via antibody
response and conventional virus neutralisation test (CVNT).
Results All adverse events (AEs) were mild or moderate
and transient in both phase | and phase Il, and no AEs of
special interest were reported. The seroconversion-rate

of neutralising, antireceptor binding-domain (RBD) and
anti-spike-glycoprotein (anti-S) antibodies 14-days after
second dose of 5 pg vaccine in stage | was 70.8% (95% ClI
48.9% to 87.4%), 87.5% (95% Cl 67.6% t0 97.3%), 91.7%
(95% Cl 73.0% to 99.0%). The antibody titres increased
more among 5 pg than 3 pg. The corresponding rates for 3
g vaccine were 45.8% (95% Cl 25.6% to 67.2%), 54.2%
(95% Cl 32.8% to 74.5%) and 70.8% (95% Cl 48.9% to
87.4%), respectively. In stage I, 100% (95% Cl 84.6%

t0 100%), 86.4% (95% Cl 65.1% to 97.1%) and 86.4%
(95% Cl 65.1% to 97.1%) of participants seroconverted
for neutralising, anti-RBD and anti-S antibodies. In phase
I, the seroconversion rate of neutralising-antibody was
82.8% (95% Cl 77.0% to 87.6%), anti-RBD 77.0% (95%
Cl 70.7% to 82.6%) and anti-S 79.9% (95% Cl 73.8%

t0 85.1%) on day 42. In the cVNT, the sera at 1/64 times
dilution would neutralise SARS-CoV-2 among 91.7%,
77.3% and 82.5% of vaccinated participants in phase

7,9

Strengths and limitations of this study

= Antibody response was assessed via determining
the geometric mean titres and the seroconversion
rates of neutralising, antireceptor binding-domain
and anti-spike-glycoprotein antibodies in both
phases.

= The conventional virus neutralisation test was per-
formed to evaluate the levels of functional antibod-
ies raised against SARS-CoV-2.

= Cellular immunity induced by vaccination was not
assessed in the study.

|-stage I, phase |-stage Il and phase Il clinical trials,
respectively.

Conclusions These results support further evaluation of
this inactivated whole virus particle vaccine.

Trial registration numbers IRCT20201202049567N1
and IRCT20201202049567N2 for phase | and
IRCT20201202049567N3 for phase II.

INTRODUCTION
A tremendous global effort has been made
to rapidly produce vaccines against SARS-
CoV-2 as a strategy to control the COVID-19
pandemic. Experts believe that safe and effec-
tive vaccines may be a potential pathway for
controlling this ongoing crisis.' * Remarkably,
the time between identifying SARS-CoV-2 as
an emerging pathogen and completing the
first clinical trial for a vaccine was less than 9
months.*”

As of 3 August 2021, 294 vaccines were
being studied, among which 110 vaccines
have been tested on humans in clinical trials.*
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Fortunately, several COVID-19 vaccines showed promising
results in phase 3 clinical trials, and vaccinations began in
early 2021.°® WHO has authorised emergency use for six
vaccines and continues to evaluate additional proposals.”
Nevertheless, since the introduction of vaccines against
SARS-CoV-2 of various platforms worldwide, a growing
body of literature has been focusing on vaccine safety,”
efficacy” and their estimated effectiveness'’ against infec-
tion, symptomatic and severe disease caused by SARS-
CoV-2 variants, and how the effectiveness wanes over
time.""

Notwithstanding such  impressive achievements,
the production and distribution of billions of vaccine
doses around the globe remain challenging. There
are concerning inequities regarding timely access to
safe COVID-19 vaccine, as only 1% of available vaccine
doses worldwide have been administered in Africa. The
COVID-19 Vaccines Global Access (COVAX) scheme has
endeavoured to ensure fair access to vaccines, as no one
is safe until everyone is safe. Nevertheless, COVAX has
not progressed as expected due to the lack of support
from wealthy nations and significant vaccine production
challenges."

COVID-19 has resulted in more than 4 million reported
cases and 93 thousand confirmed deaths in Iran on 6
August 2021." Since the beginning of the crisis, the
Iranian healthcare system has faced limited access to life-
saving medicines and equipment.'* As of 6 August 2021,
less than 3.5% of the Iranian population have been fully
vaccinated for COVID-19." Considering that some 60
million adults in Iran need vaccination,” the prompt
administration of a safe domestic COVID-19 vaccine
could be valuable in controlling the crisis and preventing
the spread of new mutations of SARS-CoV-2.

Considering Iran’s successful experiences in the mass-
production of inactivated vaccines,'® efforts to make
domestic vaccines of this platform against SARS-CoV-2
seemed feasible. BIVI-Covlran is an inactivated whole
virus particle vaccine that has demonstrated safety and
immunogenicity in preclinical studies in mice, rabbits
and non-human primates'’; therefore, it was approved
for progression to human studies. This study presents the
results of phase I and II randomised placebo-controlled
clinical trials of the BIV1-Covlran vaccine to assess its
safety and immunogenicity.

METHODS

This study reports the findings of single-centre, double-
blind, randomised, phase I and Phase II clinical trials of
BIV1-Covlran vaccine among adults aged 18-75. Partic-
ipants, outcome assessors, data managers, statisticians
and other study-related personnel were masked to group
allocations. Two intramuscular doses of the vaccine were
administered on days 0 and 14 in phase I and days 0 and
28 in phase II. The primary outcomes included the safety
assessment of the vaccine in phase I and the immunoge-
nicity induced by the vaccine administration in phase II.

The study protocol is presented in online supplemental
appendix 1.

Study design
This study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice. The study
protocol was fully explained to volunteers at screening,
and all participants provided written informed consent
before enrolment."*™’ An independent data and safety
monitoring board (DSMB) periodically evaluated the
data and advised the outcome assessors about the clinical
trials' continuation, suspension or early termination.
Phase I and II were conducted as single-centre,
randomised,  placebo-controlled,  parallel-designed,
double-blind clinical trials to evaluate the inactivated
whole virus particle vaccine’s safety, tolerability and
immunogenicity BIVI-Covlran. Phase I was carried out in
two stages: Stage I included individuals aged 18-50, and
stage II included individuals aged 51-75 years.

Setting

The first vaccine/placebo injection of the first participant
in stage I of phase I occurred on 29 December 2020, and
the last dose was administered on 4 March 2021. The
first vaccine/placebo injection of the first participant
in stage II of phase I occurred on 15 March 2021, and
the last dose was administered on 9 April 2021. The first
vaccine/placebo injection of the first participant in phase
IT occurred on 15 March 2021, and the last dose was
administered on 25 May 2021. Notably, the recruitment
of participants aged 51-75 in phase II started on 22 April
2021, after initial safety analysis of the corresponding age
group in phase I (figure 1). The study site, where enrol-
ment, injections, participant monitoring and follow-up
visits took place, was Eram Hotel, Tehran, Iran.

Patient and public involvement statement

The public was not involved in setting the research ques-
tion, the outcome measures, the design or implementa-
tion of the study.

Participants

Invitations to participate were shared on mass media and
social media platforms, and volunteers were contacted
and then received detailed explanations about the clinical
trial protocol. A pre-enrolment screening was conducted
at the clinical trial site, including medical history, phys-
ical examination and laboratory tests. Participants aged
18-75 years who did not have a history of COVID-19,
documented via medical history and negative serolog-
ical screening, and were not infected with SARS-CoV-2
at the time of screening, documented via a negative real-
time reverse transcription PCR (RT-PCR), the absence of
suspicious symptoms, and no contact with a person with
confirmed SARS-CoV-2 infection in the past 14 days, were
included. The serological screening was performed using
ELISA Kkits: PT-SARS-CoV-2.IgM-96 (the reported sensi-
tivity and specificity: 79.4% and 97.30%, respectively)®!
and PT-SARS-CoV-2.IgG-96 (the reported sensitivity and
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specificity: 91.1% and 98.3%, respectively),”® Pishtaz
Teb,23 Tehran, Iran.

In phase I, volunteers with increased risk for severe
COVID-19 were excluded. During phase II, volunteers
with any uncontrolled diseases like uncontrolled blood
pressure (systolic and diastolic blood pressure above 140
and 90 mmHg, respectively), diabetes, chronic heart,
kidney, liver, neurological or pulmonary diseases in
medical examinations and according to the volunteer
history (significant change in the course of treatment
or hospitalisation due to exacerbation of the disease in
the last 3 months) were excluded. However, like other
healthy individuals, all patients with controlled, mild to
moderate diseases could attend phase II of the study.
Other key exclusion criteria included a self-reported
history of severe allergic reactions, known allergy to
vaccine ingredients, genetic, congenital or neurological
disorders, chronic renal, hepatic or pulmonary diseases,
malignancy, immunodeficiency, coagulation abnor-
malities, tuberculosis and hepatitis B or C. Pregnant or
breastfeeding volunteers, women who had an intention
to get pregnant in the following year, and those who did
not plan to use contraception during the study period
were also excluded. Receiving a live attenuated vaccine
in the prior month, or any vaccines in the past 14 days,
as well as receiving immunosuppressive medication,
immunoglobulin or blood products during the past 3
months, led to exclusion from the clinical trial. Notably,

participants were advised to delay other live or attenuated
vaccine injections up to at least 1 month after receiving
the last dosage of the vaccine; however, exceptions were
considered in case of an urgent indication for vaccina-
tion, such as for rabies postexposure prophylaxis. Indi-
viduals with occupations that were deemed high risk for
SARS-CoV-2 exposure (eg, healthcare professionals) did
not enter the study. Further details about screening and
eligibility criteria are available in the summary of study
protocols.'®*

Enrolment, randomisation and interventions

Phase |

In stage I, a total of 56 volunteers aged 18-50 years were
randomised with an allocation ratio of 3:3:1 into three
arms to receive 3 pg of the vaccine (24 participants), 5
pg of the vaccine (24 participants) or placebo (8 partic-
ipants) on days 0 and 14. Randomisation was conducted
in two stages. Initially, 14 participants were randomised to
receive the 3 pg dosage of the vaccine or placebo (12 vs
2). Participants were monitored for 7 days after injection,
followed by a DSMB meeting that approved the vaccine
safety and authorised further proceeding. The remaining
42 individuals were randomised to the 3 pg, 5 pg, and
placebo arms. The randomisation sequence was generated
by a computer in a block size of 7. Two types of randomisa-
tion blocks were used, corresponding to the two randomi-
sation steps. The first two blocks allocated six participants
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Assessed for eligibility (n=150)

Excluded (1=94)
Chronic diseases (1=22)
Declined to participate (n=15)
High SARS-CoV-2 IgG titre (n=14)
History of hypersensitivity (n1=6)
Other reasons (1=37)

Enrolled and randomised (n=56)

Randomly assigned (o Spg Randomly assigned to 3pg Randomly assigned to placebo
(n=24) (n=24) (n=8)
Received dose 1 on day 0 Received dose 1 on day 0 Reccived dose 1 on day 0
(n=24) (n=24) (n=8)

| l l

Received dose 2 and assessed for Received dose 2 and assessed for
immunogenicity on day 14 immunogenicity on day 14 (1=23)
(n=24) Did not receive the Spg vaceine:
positive SARS-CoV-2 RT-PCR
onday 7 (n=1)

l | l

Analysed for on

Received dose 2 and assessed for
immunogenicity on day 14 (n=8)

Analysed for immunogenicity on Analysed for immunogenicity on

‘ Assessed for cligibility (n=98) ‘

Excluded (n=66)
Chronic diseases (n=25)
High SARS-CoV-2 IgG titer (n=14)
Declined to participate (n=8)
History of hypersensitivity (n=6)
Other reasons (n=13)

Enrolled and randomised (n=32) ‘

i l

Randomly assigned to 5 pg (n=24)
Received dose 1 on day 0 (n=23)
Did not receive the 5 pg vaccine: white coat
syndrome (n=1)

Randomly assigned to placebo (n=8)
Received dose 1 on day 0 (n=§)

|

Received dose 2 and assessed for immunogenicity
on day 14 (n=8)

l l

Received dose 2 and assessed for immunogenicity
on day 14 (n=23)

days 21 and 28 (1=8)

days 21 and 28 (1=24) days 21 and 28 (1=23)

Figure 2 Diagram of screening, enrolment, randomisation
and follow-up in stage | of phase I. RT-PCR, reverse
transcription PCR.

to the 3 pg vaccine group and one to the placebo group.
The remaining six blocks were randomised with an allo-
cation ratio of 2:4:1, in which participants were assigned
to three study groups: 3 pg of vaccine, 5 pg of vaccine or
placebo, respectively (figure 2).

In stage II of phase I, after a review of the safety and
immunogenicity data of this age group by the DSMB, 32
volunteers aged 51-75 years were enrolled to randomly
receive 5 pg of the vaccine (24 participants) or placebo
(eight participants) on days 0 and 14. The 5 pg dose was
favoured over 3 pg due to better immunogenicity based
on the interim analysis of stage I. The randomisation
sequence was computer generated in permuted blocks
of size 4 with an allocation ratio of 3:1. All random allo-
cation processes were performed by an interactive web
response system (figure 3).

Phase Il
In phase II, the vaccine schedule was modified to enhance
efficacy, based on the experts’ opinion after early results
of phase I, as well as the emerging evidence from other
studies.** ™ Thus, the intervention arm received 5 pg of
the vaccine on days 0 and 28; volunteers in phase II were
stratified based on their age group—age 18-50 and 51-75
years. Participants aged 51-75 years were not recruited in
phase II, until safety results from that age group in phase I
were available. Overall, 280 participants (200 aged 18-50
years and 80 aged 51-75 years) were randomised with a
4:1 ratio to receive 5 pg vaccine shots (224 participants)
or a placebo (56 participants), as presented in figure 4.
In both phases of the study, a 0.5 mL dose of vaccine/
placebo was administered intramuscularly into the deltoid
muscle of the non-dominant side. After receiving the first
dosage, individuals who experienced a severe allergic
reaction, severe fever (axillary temperature >39°C) for
3 days, or other vaccine-related serious adverse events

Assessed for immunogenicity on days 21 and 28 Assessed for immunogenicity on days 21 and 28
(1=22) (n=8)
Excluded from the study: Positive RT-PCR for
SARS-CoV-2 (n=1)

Figure 3 Diagram of screening, enrolment, randomisation
and follow-up in stage Il of phase I. RT-PCR, reverse
transcription PCR.

(SAEs), and participants with positive RT-PCR after
the first dose would not proceed to receive the second
dose. All vaccine and placebo vials containing one dose
were identical in appearance and were labelled with a
randomisation code by a contract research organisation
(CRO). Access to each vial was authorised after finalising
the enrolment of each eligible volunteer. Participants,
outcome assessors, data managers, statisticians and other
study-related personnel were blinded in allocation stages,
vaccine injection and outcome assessment. Only the CRO
was unblinded at the study site.

Procedures

BIV1-Covlran is an inactivated whole virus particle vaccine
manufactured by Shifa Pharmed Industrial Group. The
SARS-CoV-2 virus was isolated from the nasopharyngeal
specimen of an Iranian patient with COVID-19. The virus
was sequenced and cultured using a Vero cell manu-
facturing platform in a biosafety level 3 facility.27 Viral
particles were inactivated with B-propiolactone. After
purification, the inactivated virus particles were sterilised
with filtration and formulated with Alhydrogel as adjuvant
(Croda International®®). Each dose of vaccine included a
maximum of 500 pg of alhydrogel.

Further details about vaccine production are presented
elsewhere.!” The placebo solution contained the same
amount of Alhydrogel, diluted by phosphate-buffered
saline. Vaccine and placebo vials were stored at 2°C-8°C.

Follow-up

Phase |

In phase I, participants resided in the clinical trial site
(Eram Hotel) for up to 7 days after each injection for close
observation. In this period, twice daily clinical visits by
physicians and constant monitoring by study nurses were
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Assessed for eligibility (n1=430) ‘

Excluded (n=150)
High SARS-CoV-2 IgG titre (n=45)
Declined to participate (n=24)
Positive SARS-CoV-2 RT-PCR (n=18)
Chronic discases (n=16)
History of hypersensitivity (n=7)
Other reasons (n=40)

Enrolled and randomised (n=280) ‘

l l

Randomly assigned (0 5 pg (1=224)
Received dose 1 on day 0 (n=224)

Randomly assigned to placebo (n=56)
Reccived dose 1 on day 0 (n=56)

|

Received dose 2 and assessed for immunogenicity
on day 28 (n=56)

Received dose 2 and analysed for immunogenicity on day
28 (0=213)

Not received the vaceine, no immunogenicity
assessment: positive SARS-CoV-2 RT-PCR (n=9), death
due to suicide via cyanide (oxicity (n=1), co-administered
another COVID-19 vacecine platform* (n=1)

l l

Assessed for immunogenicity on day 42 (n=213)

Assessed for immunogenicity on day 42 (1=56)

Figure 4 Diagram of screening, enrolment, randomisation
and follow-up in phase Il. *The latter participant reported
administering a dose of another vaccine after the first
injection of BIV1-Covlran, and was thus excluded from the
study. RT-PCR, reverse transcription PCR.

provided to assess any AEs. On home discharge, partici-
pants were instructed to record their symptoms at home
and fill out diary cards designed for this purpose. More-
over, follow-up phone calls by study nurses were made
daily. On day 14, the second vaccine dose was adminis-
tered at the clinical trial site, and participants were moni-
tored for another 7 days in the hotel. On day 21, the
physician visited participants and then would leave the
trial site. Another follow-up visit occurred on day 28. In
the meantime, participants were instructed to contact the
24/7 study call centre should they have any concerns or
need medical attention. In case of suspicion for COVID-
19, a nasopharyngeal specimen would be obtained at
the clinical trial site, and RT-PCR would be performed
at a central laboratory. Suspected COVID-19 cases were
defined as presenting at least two of the following symp-
toms: fever (axillary temperature >37.5°C), chills, sore
throat, stuffy nose, myalgia, fatigue, headache, nausea
or vomiting, or diarrhoea; OR at least one respiratory
sign or symptom (including cough, shortness of breath),
new olfactory or taste disorder, radiographic evidence of
COVID-19 like pneumonia. Blood samples were collected
on days 7, 14, 21 and 28 after the first injection.

Phase Il

In phase II, participants were monitored at the clinical
trial site for at least an hour after injection. Visits were
performed on day 28 (injection of the second dose)
and day 42. Follow-up phone visits by study nurses were
conducted at 14-day intervals. Participants were provided
with diaries and instructed to record AEs or prespecified
symptoms associated with COVID-19 infection. Moreover,

participants would contact the 24/7 study call centre
should they have any concerns or need medical atten-
tion. In case of suspicion for COVID-19, a nasopharyn-
geal specimen would be obtained at the clinical trial site,
and RT-PCR would be performed at a central laboratory.
Blood samples were collected on days 28 and 42 after the
first injection.

Outcomes

Safety

The safety outcome was the incidence of any AEs after
injections. The adverse events of special interest (AESI)
defined for COVID-19 vaccines were investigated in the
study.” The Food and Drug Administration Guidance
for Industry and Toxicity Grading Scale for Healthy
Adult and Adolescent Volunteers Enrolled in Preventive
Vaccine Clinical Trials® were used for AEs categorisation.
Any other AEs not mentioned in the guidance were clas-
sified based on the Common Terminology Criteria for
Adverse Events V.5.0.%" Solicited AEs were defined as any
events which occurred from day zero to day seven after
each injection. Unsolicited AEs were defined as any AEs
which occurred from day 8 to day 28 after each injection.
All events were classified based on the Medical Dictionary
for Regulatory Activities, V.23.1, and are reported irre-
spective of the causality.”

Immunogenicity

Immunogenicity outcomes were categorised based
on humoral responses to the vaccine. The humoral
response was assessed through geometric mean titres
(GMT), geometric mean ratios (GMR) of antibodies
against SARS-CoV-2, and seroconversion rate. GMR was
defined as the ratio of GMTs in the vaccine group to the
corresponding titres in the placebo group at the same
time point. Seroconversion was defined as an increase
in antibodies >4 times their baseline level. Neutralising,
antireceptor binding domain (RBD) and anti-spike glyco-
protein antibodies were measured using ELISA Kits:
SARS-CoV-2 Neutralising Ab IgG-96,> SARS-CoV-2 RBD
1gG96>" and SARS-CoV-2 spike 1gG-96, Pishtaz Teb,
Tehran, Iran. Moreover, antibodies against S1 domain of
the spike glycoprotein of SARS-CoV-2 were assessed via EI
2606-9601 G kit, Euroimmun.*

Conventional virus neutralisation test assay

Conventional virus neutralisation test (cVNT) was
employed to assess the vaccine effectiveness in inducing
functional antibodies against SARS-CoV-2. To inactivate
the complement, plasma samples were heated at 56°C
for 30 min. Afterwards, plasma samples were serially
diluted in two-fold dilutions. SARS-CoV-2 suspensions at
100 Tissue Culture Infectious Dose 50 assay (TCID50)
were incubated with diluted plasma at 37°C and 5% CO2
for an hour. Monolayer Vero E6 cells with 80% conflu-
ency were overlaid with plasma-virus suspensions. Each
neutralisation test was performed in triplicates. Then,
virus-specific cytopathic effects (CPE) were visualised
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72 hours later and were observed via light microscopy.
The Reed-Muench method was applied to calculate the
neutralising antibody titre that reduced the number of
infected wells by 90%.%” * Neutralising antibody titres are
presented as values of the highest dilution inhibiting CPE
formation.” *’

Statistical analysis
The sample size was not determined based on the statis-
tical power calculation. The ratio of vaccination to
placebo was 3:3:1, containing 3 pg or 5 pg whole virus
particle or placebo, in stage I-phase I; 4:1, containing 5
pg whole virus particle or placebo, in stage II-phase I; and
3:1, containing 5 pg whole virus particle or placebo, in
phase II. The safety analysis was conducted for all partic-
ipants who received at least one dose of the vaccine/
placebo after randomisation and had any safety evalu-
ation data. The incidence of AEs in each subgroup was
defined as the number of participants with AEs divided
by the number of participants in the corresponding
intervention/placebo subgroup. The analysis of humoral
immunogenicity was conducted for all enrolled partici-
pants who had randomly received the vaccine/placebo
with blood collection before and after each injection.
Frequency, mean and SD were used to describe the
data. We used the ” test and Fisher’s exact test for catego-
rised variables. D'Agostino’s K-squared test was employed
to check the normality of the distribution."" F-test of
equality of variances was used to verify the equality of vari-
ances for the two-sample t-test.*” If the normality assump-
tion was not satisfied, the means were compared using
the Mann-Whitney test. In cases of normal distribution, if
the variances were equal, the mean titres among groups
were compared with a two-sample t-test at a two-sided
5% significance level. Otherwise, the Welch correction
(Welch’s t-test) was used while using the two-sample t-test.
Cramér’s V was used to investigate the effect size for the
safety analysis.*

The statistical analyses were carried out using R statis-
tical packages V.3.4.3 (http://www.r-project.org, RRID:
SCR_001905). Data visualisations were performed using
Tableau Desktop, V.2020.1, an interactive data visualisa-
tion software. Data for visualisation of weekly COVID-19
new cases and mortality in figure 1 were derived from an
interactive web-based dashboard to track COVID-19 in
real time.*!

Role of the funding source

The study’s sponsor was not involved in study design and
had no role in data collection, analysis, interpretation,
manuscript drafting or submission. Clinical Trial Center
(CTCQC), an academic CRO affiliated with Tehran Univer-
sity of Medical Sciences, Tehran, Iran, performed clinical
trial management and monitoring. The unmasked rando-
misation list was not shared with the study sponsor. Data
cleaning, analysis, and drafting the manuscript were done
by a third-party research centre (Non-Communicable
Diseases Research Center, Endocrinology and Metabo-
lism Population Sciences Institute, Tehran University of
Medical Sciences, Tehran, Iran).

RESULTS

Phase |

As many as 56 participants were enrolled in stage I and 32
in stage II of phase I (table 1). None of the participants
in phase I had any underlying conditions. Figures 2—4
demonstrate diagrams of screening, enrolment, randomi-
sation and follow-up at phase I.

Safety

Among participants aged 18-50 years, the overall inci-
dence of solicited AEs after the first injection was 14,/24
(58.3%) in the 3 pg group, 16/24 (66.7%) in the 5 pg
group and 6/8 (75.0%) in the placebo group. The overall
incidence of local solicited AEs after the first injection in
stage I was 16/56 (28.6%), including 6/24 (25.0%) in the

Table 1

Baseline characteristics of participants in phase | clinical trial

Stage | (18-50 years)

Stage Il (51-75 years)

Placebo 3 pg 5 ug Placebo 5 ug
Characteristics (N=8) (N=24) (N=24) (N=8) (N=24)
Sex (N, %)
Female 4 (50.0) 10 (41.7) 6 (25.0) 4 (50.0) 11 (45.8)
Male 4 (50.0) 14 (58.3) 18 (75.0) 4 (50.0) 13 (54.2)
Age (mean-SD) 34.4 (7.8) 34.0 (8.6) 35.0 (6.8) 55.5 (3.5) 58.5 (6.9)
Baseline vital signs (mean-SD)
Body temperature (°C) 36.8 (0.4) 36.6 (0.2) 36.5 (0.2) 36.7 (0.2) 35.2 (7.5)
Respiratory rate (per minute) 16.1 (1.3) 15.9 (1.0) 15.6 (0.5) 15.3 (0.9) 14.5 (3.2)
Heart rate (beats per minute) 89.9 (3.1) 82.9 (9.3) 86.7 (6.8) 81.0 (12.9) 79.0 (18.9)
Systolic blood pressure (mm Hg) 120.6 (11.6) 119.7 (11.7) 118.6 (10.6) 124.9 (8.5) 120.0 (26.3)
Diastolic blood pressure (mm Hg) 79.6 (10.4) 77.2 (9.6) 77.5 (6.5) 81.5 (4.0) 77.8 (17.0)
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3 ng, 8/24 (33.3%) in the 5 pg and 2/8 (25.0%) in the
placebo group. In addition, 31/56 (55.4%) participants
showed systemic solicited AEs: 13/24 (54.2%) participants
in the 3 pg, 13/24 (54.2%) in the 5 pg and 5/8 (62.5%)
in the placebo group. Of 12/56 (21.4%) participants who
had unsolicited AEs after the first injection, 6 were in 3 pg
group, 3 were in 5 pg group and 3 in the placebo group.
In stage I, there were low significant differences in the
incidence ratio of solicited (Cramér’s V=0.46) and unso-
licited (Cramér’s V=0.36) AEs between the intervention
and placebo groups.

Considering the exclusion of one participant in the 3
pg group due to a positive RT-PCR test, of all 55 partici-
pants who received the second injection, 38/55 (69.1%)
and 9/55 (16.4%) showed solicited and unsolicited AEs,
respectively. Among participants with solicited AEs after
the second injection, 14/23 (60.9%) were among the
3 pg group, 18/24 (75.0%) among the 5 pg group and
6/8 (75.0%) among the placebo group. The incidence
of unsolicited AEs after the second injection was 4/23
(17.4%), 3/24 (12.5%), and 2/8 (25.0%) among 3 pg,
5 pg and placebo groups, respectively (online supple-
mental appendix 2, table SI).

A total number of 63 AEs occurred among 24/31
(77.4%) participants in stage II. Of 31 participants,
15 (48.4%) had at least one AE after the first injection
and 19/31 (61.3%) after the second injection. As many
as 15/31 (48.4%) participants in stage II had solicited
AEs after the first injection and 18/31 (58.1%) after the
second injection. The incidence of solicited AEs in the
5 pg group was 13/23 (56.5%) after the first injection
and 14/23 (60.9%) after the second injection. After both
injections, only 3/31 (9.7%) participants reported unso-
licited AEs, all of them were in the intervention group
(online supplemental appendix 2, table S2). Similar to
stage I, there were low significant differences in the inci-
dence ratio of solicited (Cramér’s V=0.04) and unsolic-
ited (Cramér’s V=0.18) AEs between intervention and
placebo groups.

Among participants of both stages, the most prevalent
AE was pain at the injection site, followed by weakness
and headache (online supplemental appendix 2, tables
SI and S2). All AEs among the vaccinated participants
in phase I were mild or moderate, and no AESI was
witnessed. There were low significant abnormalities in
the laboratory assessment of participants during phase I
(online supplemental appendix 2, tables S3 and S4).

In phase I, there were two SAEs, which occurred
among men aged 44 and 63 years. The 44-year-old man
had received the 3 pg vaccine, and his chief complaint
was moderate chest discomfort 2 days after his first
injection, with a normal ECG, creatine phosphoki-
nase, high-resolution CT scan and negative COVID-19
RT-PCR. He was hospitalised in a general ward for one
night, not needing significant medical interventions.
He recovered and was discharged from the hospital
symptom-free 1 day later. The investigator consid-
ered the event unrelated to the intervention, and the

participant proceeded to the second injection without
any problems.

The 63-year-old man had coughing, myalgia and mild
headache before the second injection of the 5 pg vaccine.
The evaluation of vital signs was normal, the COVID-19
RT-PCR test result was negative on symptom onset, and
there were no signs of lung involvement in the phys-
ical examination. Thus, he received the second dose
of the vaccine. Following close observation and during
the daily physical examinations, the symptoms exacer-
bated and the outcome assessors decided to repeat the
COVID-19 RT-PCR test, which turned out to be positive.
The essential diagnostic and therapeutic measures were
instantly taken, and he was admitted to the hospital due
to moderate bradycardia. Ten days later, he recovered
and was discharged from the hospital. Similar to the first
event, the investigator defined the causality assessment of
the event as unrelated to the vaccine.

Immunogenicity

At the baseline, none of the participants was positive for
SARS-CoV-2 RT-PCR, nor did they have any detectable
IgM or IgG antibodies against SARS-CoV-2. All anti-SARS-
CoV-2 antibodies increased over time after the second
injection of the vaccine. Neutralising antibody increased
on day 21 in all vaccine groups; however, the antibody
level continued the sharp increase on day 28 in the 5 pg
group, while it plateaued in the 3 pg group. Similarly,
anti-spike glycoprotein antibody rose sharply by day 21
in both 3 pg and 5 pg groups. Nevertheless, anti-RBD
antibody continued to increase until day 28 with the 5 pg
vaccine, while it plateaued in the 3 pg group after day 21
(table 2). GMR of neutralising, anti-RBD, and anti-spike
glycoprotein antibodies at different time points in phase
I is presented in table 3.

Among participants aged 18-50 years, the seroconver-
sion rate (95% ClIs) of neutralising antibodies 14 days
after the second dose of vaccine injection was 45.8%
(25.6% to 67.2%) in the 3 pg group, 70.8% (48.9% to
87.4%) in the 5 pg group and 37.5% (8.5% to 75.5%)
in the placebo group. Simultaneously, the seroconversion
rate of anti-RBD antibodies (95% CI) was 54.2% (32.8%
to 74.5%) in the 3 pg group, 87.5% (67.6% to 97.3%) in
the 5 pg group, and 0.0 (0.0 to 0.0) in the placebo group.
The seroconversion rate of anti-spike antibodies (95%
CI) was 70.8% (48.9% to 87.4%) in the 3 pg group, 91.7%
(73.0% to 99.0%) in the 5 pg group, and 50.0% (15.7%
to 84.3%) in the placebo group (table 4, figure 5A-C).
Anti-spike glycoprotein antibody was also assessed via
Euroimmun kit, which showed a 91.7% (73.0% to 99.0%)
seroconversion rate on day 28 in the 5 pg group (online
supplemental appendix 2, table S5). In cVNT, the sera
at 1/64 times dilution of 91.7% of vaccinated partici-
pants with 5 pg BIV1-Covlran neutralised SARS-CoV-2.
In contrast, zero per cent of the participants’ sera at the
same dilution neutralised the virus in the placebo group
(figure 6).
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Table 3 Geometric mean ratios of neutralising, anti-receptor-binding domain, and anti-spike glycoprotein antibodies at

different time points in phase |

Antibody

Stage | (18-50 years)

Stage Il (51-75 years)

Geometric mean ratio* (95% CI)

Geometric mean ratio (95% CI)

3 Hg

5 g

5 g

Neutralising antibody

0.87 (0.4 to 1.89)
1.17 (0.38 to 3.61)
5.94 (1.57 to 22.51)
5.58 (1.47 to 21.14)

1.69
22.39
53.14

63.7

0.66 to 4.35)
8.4 to 59.69)
25.4 to 111.19)

P PR P

2.37 (0.61 t0 9.18)
11.83 (2.21 to 63.39)

37.86 to 107.19)

0.65 (0.41 to 1.04)

2.93 (0.78 to 10.97)

6.70 (2.05 to 21.94)
14.81 (5.11 to 42.93)

1.40 (0.74 to 2.65)

3.03 (0.84 to 10.86)
39.98 (11.05 to 144.58)
60.23 (21.83 to 166.16)

1.23 (0.29 t0 5.18)
3.69 (0.63 to 21.75)

Day 0 1.13 (0.72 to0 1.77)
Day 14 1.04 (0.28 to 3.8)
Day 21 4.77 (1.4 to 16.33)
Day 28 2.86 (0.62 to 13.24)
Anti-receptor binding domain IgG
Day 0 1.93 (0.63 to 5.93)
Day 14 3.71 (0.89 to 15.37)
Day 21 5.99 (1.4 to 25.62)
Day 28 10.34 (2.65 to 40.27)
Anti-spike glycoprotein IgG
Day 0 7.91 (1.31 to 47.66)
Day 14 11.71 (1.38 to 99.25)
Day 21 14.92 (3.37 to 65.95)
Day 28 34.28 (6.69 to 175.63)

(
(

117.17 (24.04 to 571.11)
(

(
(

80.32 (35.59 to 181.29)
( 292.79 (98.91 to 866.70)

232.26 (127.12 to 424.36)

Results reported at baseline (day 0), 2 weeks after the first vaccination (day 14), and 2 weeks after the second vaccination (day 28) for 3 ug,
5 pg, and placebo groups. In stage |, one participant in the 3 pg group became RT-PCR positive for COVID-19 on day seventh after the first
dose and was thus excluded from the study. In stage Il, one participant in the 5 pg group was excluded from the study and did not receive

any doses due to white coat syndrome. Another participant in the 5 pg group of stage Il became RT-PCR positive for COVID-19 within a day

after the second injection and thus was excluded from data analysis.

*Neutralising antibody is reported in ug/mL—anti-receptor binding domain IgG in RU/mL—and anti-spike glycoprotein IgG in RU/mL.

RT-PCR, reverse transcription PCR.

Among participants aged 51-75, the seroconversion rates
of neutralising, anti-RBD and anti-spike glycoprotein anti-
bodies at day 28 from the first injection in the 5 pg group were
100.0% (95% CI 84.6% to 100.0%), 86.4% (95% CI 65.1%
t0 97.1%) and 86.4% (95% CI 65.1% to 97.1%), respectively
(table 4, figure 5D-F). Euroimmun anti-spike glycoprotein
showed 77.3% (95% CI 54.6% to 92.2%) seroconversion rate
on day 28 in the 5 pg group (online supplemental appendix
2, table S5). In cVNT, the sera at 1/64 times dilution of some
77.0% of vaccinated participants with 5 pg BIV1-CovIran
neutralised SARS-CoV-2. In contrast, one-fourth of the partic-
ipants' sera at the same dilution neutralised the virus in the

placebo group (figure 6).

Phase Il

Phase II clinical trial was conducted with the participation of
280 individuals: 224 in the 5 pg group and 56 in the placebo
group. The mean (SD) age of participants was 42.2 (12.8) in
the 5 pg group and 40.4 (12.4) in the placebo group (table 5).
Figure 4 demonstrates diagrams of screening, enrolment,
randomisation and follow-up in phase II.

Safety

A total number of 317 AEs occurred in 152/280 (54.0%)
participants during phase II: 125/224 (56.3%) among
the 5 pg group compared with 27/56 (46.4%) among

the placebo group (p=0.23, Cramér’s V=0.07). Almost all
solicited and unsolicited AEs were mild in both 5 pg and
placebo groups. In the 5 pg group, the overall incidence
rate of solicited AEs was 68/224 (30.4%) participants
after the first injection. After the first injection, eleven
participants were excluded (figure 4); thus, the incidence
rate of solicited AEs after the second injection was 54,/213
(25.3%). Among 56 participants in the placebo group,
the overall incidence rate of solicited AEs was 12/56
(21.4%) after the first injection and 18/56 (32.1%) after
the second injection.

As many as 10/280 (3.6%) participants showed unso-
licited AEs after the first injection: 9/224 (4.0%) in the
5 pg group and 1/56 (1.8%) in the placebo group. After
the second injection, 37/269 (13.8%) participants had
unsolicited AEs: 29/213 (13.6%) in the 5 pg group and
8/56 (14.3%) in the placebo group. There was no differ-
ence between the incidence rates of AEs among the inter-
vention and the placebo groups for solicited (p=0.23,
Cramér’s V=0.07) and unsolicited (p=0.70, Cramér’s
V=0.03) AFEs.

The most common AE among phase II participants was
a pain in the injection site, which was reported in 45/224
(20.1%) participants after the first injection of the vaccine
and 40/213 (18.8%) after the second injection of vaccine vs
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Phase Age Group Group Day 1/2 1/4

Phase | 18-50 Placebo Day 28
3ug Day 28
5ug Day 28
51-75 Placebo Day 28
5ug Day 28
Phase Il 18-75 Placebo Day 28
Day 42

5ug Day 28 85.5%

Day 42 96.3%

3

Sera Dilutions

1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1024

12.5% 0.0%

45.8% 0.0%

83.3% 0.0%

100.0%

92.5%

Figure 6 Proportion of serially diluted plasma samples, which neutralised wild-type SARS-CoV-2 virus in conventional virus

neutralisation test among participants of phase | and phase II.

9/56 (16.1%) participants in the first injection of the placebo
and 10/56 (17.9%) participants in the second injection of
the placebo (online supplemental appendix 2, table S6).

There were no reports of AESI defined for COVID-19
vaccines in phase II clinical trial. No medical intervention
was required after vaccination, except for the administration
of paracetamol. One AE was classified as serious; one partic-
ipant passed away on day 24 after receiving one injection (5
pg vaccine). The cause of death was documented as suicide
via cyanide toxicity after an investigation by forensic medicine
specialists, Iranian Legal Medicine Organisation and DSMB,
and was considered unrelated.

Immunogenicity

Titres (GMTs) of all anti-SARS-CoV-2 antibodies,
including neutralising, anti-RBD and anti-spike anti-
bodies, increased after the first injection and on day 28

reached 1.3 (95% CI 0.9 to 1.7), 1.0 (95% CI 0.8 to 1.2)
and 8.8 (95% CI 6.4 to 12.1), respectively. Following the
second injection, the GMT of the neutralising, anti-RBD
and anti-spike glycoprotein antibodies continued the
sharp increase and on day 42 reached 11.4 (95% CI 8.7
to 15.0), 2.9 (95% CI 2.4 to 3.5) and 37.8 (95% CI 29.6
to 48.3), respectively. In contrast, the GMT of corre-
sponding antibodies in the placebo group was 0.7 (95%
CI 0.4 to 1.3), 0.4 (95% CI 0.3 to 0.7) and 3.8 (95% CI
1.7 to 8.4) on day 42. The seroconversion rates of all anti-
SARS-CoV-2 antibodies reached 75% on day 42; with the
most increase for neutralising antibodies with the rate of
82.8% (95% CI77.0% to 87.6%) vs 25.5% (95% CI 14.7%
to 39.0%) in the control group (table 6, figure 5G-I).
The seroconversion rate of Euroimmun anti-spike glyco-
protein was 83.3% (95% CI 77.5% to 88.1%) on day 42

Table 5 Baseline characteristics of participants in phase Il

18-50 years 51-75 years
Placebo Intervention Placebo Intervention
Characteristics (N=40) (N=160) (N=16) (N=64)
Sex (N, %)
Female 15 (37.5) 50 (31.2) 7 (43.7) 30 (46.9)
Male 25 (62.5) 110 (68.8) 9 (56.3) 34 (53.1)
Age (mean-SD) 34.2 (8.7) 35.6 (7.8) 55.8 (3.0) 58.6 (6.2)
Underlying conditions (N, %)
Chronic hypertension 1(2.5) 8 (5.0) 1(6.3) 15 (23.4)
Diabetes mellitus 0(0.0) 0(0.0) 0(0.0) 6 (9.4)
Hyperlipidaemia 0(0.0) 0(0.0) 3(18.8) 10 (15.6)
Hypothyroidism 1(2.5) 7 (4.4) 0(0.0) 9(14.1)
Baseline vital signs (mean-SD)
Body temperature (°C) 36.6 (0.3) 36.6 (0.3) 36.7 (0.2) 36.7 (0.2)
Respiratory rate (per minute) 15.0 (0.8) 15.0 (0.9) 15.1 (0.7) 15.0 (0.5)
Heart rate (beats per minute) 82.3 (11.2) 83.5 (8.3) 78.8 (7.0) 79.1 (9.8)
Systolic blood pressure (mm Hg) 122.1 (8.8) 122.1 (12.2) 122.9 (11.0) 126.7 (9.1)
Diastolic blood pressure (mm Hg) 79.2 (7.7) 79.1 (7.0) 76.6 (6.0) 77.5(7.1)
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in the 5 pg group (online supplemental appendix 2 table
S5). In cVNT, the sera at 1/64 times dilution of some
82.0% of vaccinated participants with 5 pg BIV1-CovIran
neutralised SARS-CoV-2 on day 42. In contrast, less
than 10% of the participants’ sera at the same dilution
neutralised the virus in the placebo group (figure 6).

DISCUSSION

This study presents the findings from phase I and II
clinical trials of BIV1-Covlran, an inactivated whole
virus particle vaccine for SARS-CoV-2, adjuvanted with
aluminium hydroxide. In either phase of the study, no
AESI occurred, nor were any clinically significant abnor-
malities in laboratory values seen. Thus, the vaccine was
well tolerated in both 3 pg and 5 pg dosages. Follow-up
of phase I participants showed that neutralising anti-
body titres increased in all groups, though the antibody
level rise was more prominent in the group receiving 5
pg vaccine dosage. Moreover, vaccine injection induced
significant seroconversion in the intervention group.
The sera at 1/64 times dilution of 92%, 77% and 82%
of vaccinated participants could neutralise SARS-CoV-2
in phase I-stage I, phase I-stage II and phase II clinical
trials, respectively. The ethical committee did not allow
a phase I clinical trial to be conducted among people
aged >50 without evidence of safety among younger age
groups. Thus, phase I clinical trial was conducted in two
stages, with the first stage focusing on people aged 18-50.
Once the preliminary evidence for the vaccine’s safety
was provided for the ethical committee, permission for
the conduction of stage II was granted. Moreover, partic-
ipants aged 51-75 years were not recruited in phase II,
until safety results from that age group in phase I were
available.

The most common AE in both phases was injection
site pain. No vaccine-related serious or life-threatening
AEs were reported. Moreover, there were no clinically
significant differences in safety among the study groups.
The vaccine and the placebo both contained the same
aluminium hydroxide adjuvant, a common adverse effect
of which could be injection site pain and tenderness.*

The incidence of local and systemic AEs after both
vaccine doses in this study was similar to that of other
inactivated SARS-CoV-2 vaccines,24 % and lower than that
of other SARS-CoV-2 vaccine platforms at the time of
study.*** Nevertheless, further studies are required to
compare the short-term and long-term safety across all
SARS-CoV-2 vaccine platforms.

BIV1-Covlran induced the production of neutralising
antibodies, and the seroconversion rates of vaccine recip-
ients ranged from 70.8% to 100% in phase I and phase
II. The seroconversion rates were comparable to reports
from phase I and phase II clinical trials of other SARS-
CoV-2 vaccines: BBV152,%° BBIBP-CorV,** mRNA-1273%7
and Ad26 and rAd5.”

In phase I, the immune response induced by the 5 pg
dosage among participants aged 18-50 years was more

prominent and persistent than the 3 pg dosage. Thus, the
5 pg dosage was selected for stage II of phase I and phase
IT clinical trials. In phase I, the two vaccine doses were
administered on days 0 and 14. Nevertheless, the days 0
and 28 vaccination schedule was planned for phase II,
based on the promising results of the vaccines with the
same platform,****! which would make the schedule suit-
able for potential routine use. The immune persistence
of the two schedules needs to be further evaluated in
future studies.

The clinical trial phases were conducted when the
number of daily diagnosed cases with COVID-19 was
rapidly increasing."”” In phase II, the seroconversion of
the placebo group was witnessed in 12.7% of participants
on day 28% and 25.5% on day 42. Moreover, 10% of the
participants’ sera in the placebo group in 64-times dilu-
tion deactivated the wild-type virus. Considering high
ongoing SARS-CoV-2 circulation at the community level
during the clinical trial, it could be possible that partici-
pants have been exposed to the virus, which could result
in seroconversion, reported earlier as well.** Future
studies need to assess whether the antibody response
among vaccinated participants could be inflated due to
subclinical COVID-19 infection.

To assess vaccine efficacy and further evaluate the safety
outcomes, a phase III clinical trial is being conducted since
16 June 2021 with the participation of 20 000 volunteers
aged 18-75 years in six cities in Iran. After random assign-
ment to 5 pg or placebo group, participants received the
intervention twice on days 0 and 28. All participants are
followed up for efficacy or any AEs. Moreover, a subsa-
mple including 400 participants is being followed for
immunogenicity. The phase III clinical trial protocol
summary is available elsewhere.”’

Based on the follow-up data, BIV1-Covlran has the
potential to provide humoral immune responses. Consid-
ering the catastrophic toll of COVID-19 in Iran, the
public rollout of a safe domestic COVID-19 vaccine could
be a valuable solution. This study assessed the antibody
response by determining the geometric mean titres and
the seroconversion rates of neutralising, anti-RBD and
anti-spike-glycoprotein antibodies in both phases. More-
over, a cVNT was performed to evaluate the levels of
functional antibodies raised against SARS-CoV-2 in phase
I. Nevertheless, cellular immunity induced by vaccina-
tion was not assessed in the study. The pharmaceutical
company has also submitted the clinical trial documen-
tation to WHO for emergency use consideration. In the
early stages of the study, only diagnostic kits were acces-
sible for COVID-19 in Iran, and research authorised
kits were not commercially available. Thus, based on
the current Kkits in the recruiting phase of the study, all
eligible participants needed to be negative for COVID-19
RT-PCR as well as anti-nucleocapsid IgM and IgG. After
proper COVID-19 neutralising antibody detection Kkits
were available, all the collected samples at the baseline
were checked, and some samples became positive. Subse-
quently, a sensitivity analysis was conducted, and all
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participants with positive samples for neutralising anti-
bodies in the baseline were excluded. The results of the
sensitivity analysis are presented in online supplemental
appendix 2 tables S7-S9.

Conclusions

Administration of the two shots of 5 pg dose BIVI-
Covlran vaccine with a 28-day interval has demonstrated
the potential to enhance the immunity of vaccine recip-
ients against SARS-CoV-2 with no serious vaccine-related
SAEs. These results support further evaluation of this
inactivated whole virus particle vaccine in phase III.
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