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Efficacy and safety of an inactivated whole-virion
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Summary
Background Vaccination remains the primary measure to prevent the spread of the SARS-CoV-2 virus, further eClinicalMedicine
necessitating the use of effective licensed vaccines. 2022;50: 101526
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Methods From Dec 25, 2020, to July 11, 2021, we conducted a multicenter, randomised, single-blind, placebo-con- |
eclinm.2022.101526

trolled phase 3 efficacy trial of the QazCovid-in® vaccine with a 180-day follow-up period in three clinical centres in
Kazakhstan. A total of 3000 eligible participants aged 18 years or older were randomly assigned (4:1) to receive two
doses of the vaccine (5 ug each, 21 days apart) or placebo administered intramuscularly. QazCovid-in® is a whole-
virion formaldehyde-inactivated anti-COVID-19 vaccine, adjuvanted with aluminium hydroxide. The primary end-
point was the incidence of symptomatic cases of the SARS-CoV-2 infection confirmed by RT-PCR starting from day
14 after the first immunisation. The trial was registered with ClinicalTrials.gov NCT04691908.

Findings The QazCovid-in® vaccine was safe over the 6-month monitoring period after two intramuscular immunisa-
tions inducing only local short-lived adverse events. The concomitant diseases of participants did not affect the vaccine
safety. Out of 2400 vaccinated participants, 31 were diagnosed with COVID-19; 43 COVID-19 cases were recorded in
Goo placebo participants with onset of 14 days after the first dose within the 18o0-day observation period. Only one
severe COVID-19 case was identified in a vaccine recipient with a comorbid chronic heart failure. The protective effi-
cacy of the QazCovid-in® vaccine reached 82-0% (95% CI 71.1—88.5) within the 180-day observation period.

Interpretation Two immunisations with the inactivated QazCovid-in® vaccine achieved 82-0% (95% CI 71.1—88.5)
protective efficacy against COVID-19 within a 180o-day follow-up period.

Funding The work was funded by the Science Committee of the Ministry of Education and Science of Kazakhstan
within the framework of the Scientific and Technical Program “Development of a vaccine against coronavirus infec-
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Research in context

Evidence before this study

The PubMed, Medline, and server medRxiv search for
publications on clinical trials of COVID-19 vaccines, con-
ducted on the 1st of October 2021, showed that several
inactivated whole-virion vaccines had been developed.
Safety and immunogenicity were demonstrated for the
BBV152 vaccine, formulated with aluminium and a Toll-
like receptor 7/8 agonist and manufactured in India,
within a 3-month follow-up period after the second
dose. Protective efficacy was investigated in phase 3
clinical trial with a 3-month follow-up for the CoronaVac
whole-virion vaccine, formulated with an aluminium
adjuvant (manufactured in Turkey). Here we evaluated
the protective efficacy of an inactivated vaccine within
a 6-month observation period.

Added value of this study

Double immunisation with QazCovid-in® is safe and
provides immunogenicity, Th1-biased cellular immunity,
and the protective efficacy of 82-0% (95% Cl 71.1—88.5)
SARS-CoV-2 over the 6-month follow-up period starting
14 days after the first immunisation.

Implications of all the available evidence

The data obtained enable to conduct a clinical trial with
the participation of pregnant women and children, as
well as large-scale post-registration studies.

Introduction

More than 500 million confirmed cases of SARS-CoV-2
infection, which led to more than 6 million deaths
worldwide, were reported by WHO in April 2022. The
rapid development of effective mRNA-based and ade-
novirus vectored vaccines enabled vaccination of the
population all over the world with more than 8-6 bil-
lion vaccine doses.'® Several inactivated whole-
virion vaccines against SARS-CoV-2 were also shown
to be effective in clinical trials within a 3-month fol-
low-up period.”*?

However, vaccination rates are insufficient for
achieving global herd immunity in order to prevent the
spread of SARS-CoV-2. New antigenic variants of
SARS-CoV-2, namely Alpha (lineage B.1.1.7), Gamma
(lineage P.1), Beta (lineage B.1.351), Delta (lineage
B.1.617.2), and Omicron (lineage B.1.1.529) have
emerged which carry mutations in the Spike protein
leading to more efficient transmission.” ” This has
raised a concern about the efficacy of the existing vac-
cines."*” "7 The neutralisation capacity of sera from
patients immunised with the BNT162b2 mRNA vaccine
is shown in vitro for Alpha (lineage B.1.1.7), Beta (line-
age B.1.351), and Delta (lineage B.1.617.2) mutants, and
the lowest titre is detected for the most transmissible

Delta variant (with a four-fold decrease).”®"® In clinical
studies, the mRNA BNT162b2 and adenovirus vector
ChAdOx1 vaccines are found to be highly effective in
reducing the number of severe cases and deaths
induced by the Alpha variant of SARS-CoV-2.*%*" The
effectiveness of the mRNA-1273 vaccine against severe
disease induced by Alpha mutant is shown to be 81-6%,
and it reaches 95-7% against the Beta variant.”* The
spreading of the Delta variant across the globe has led
to its predominance and revealed reduced effectiveness
of the BNT162b2, mRNA-1273, and ChAdOx1 vaccines
against symptomatic infection with the SARS-CoV-2
Delta variant.*>2°

In Kazakhstan, the technology for production of
formaldehyde-inactivated, adjuvanted with aluminium
hydroxide, whole-virion vaccine QazCovid-in® against
COVID-19 has been developed, and preclinical studies®”
as well as phases 1/2 clinical trials of the vaccine are
now completed.® The QazCovid-in® vaccine is proven
to be safe, well-tolerated, and immunogenic in two age
groups, 18—49 and >50 years.

The QazCovid-in® vaccine has passed a temporary
registration by the Ministry of Health of Kazakhstan,
allowing for its industrial production and launching the
preventive immunisation of the Kazakhstan population.
The vaccine is also used in the Kyrgyz Republic. Here
we report the results of the multicentre, randomised,
single-blind, placebo-controlled, phase 3 clinical trial
with a 18o-day follow-up period starting from the 14th
day after the first immunisation with QazCovid-in® to
evaluate vaccine safety, immunogenicity, and efficacy,
as well as the durability of the immune response to
immunisation.

Methods

Study design and participants

From Dec 25, 2020, to July 11, 2021, we conducted a
randomised, single-blind, placebo-controlled phase 3
multicentre clinical trial in the International Institute of
Postgraduate Education in Almaty, the 4th City Outpa-
tient Clinic in Almaty, and Multidisciplinary City Hospi-
tal in Taraz, Kazakhstan. The study complies with the
International Council for Harmonization Good Clinical
Practice guidelines. The protocol (available in Supple-
ment) is approved by the Committee for Control of
Medical and Pharmaceutical Activities of the Ministry
of Health of Kazakhstan (No. KZ78VMXoo0000211), the
Central Commission on Bioethics of the Ministry of
Health, and local ethical commissions of the clinical
centres.

The sample size was not based on any statistical
hypothesis, as the infection rate could not be prespeci-
fied, and was adjusted to study feasibility of near 3000
potential participants. Assuming the most commonly
used infection rate in placebo group at 5% and the point
estimate of VE at 80% (similar to another inactivated
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vaccine®), the designated sample size of 3000 individu-
als (Vaccine: Placebo = 4: 1) would ensure 54 total cases
of PCR-confirmed COVID-19 by the end of the study.
Using one-sample proportion test (RStudio, pwr pack-
age), the calculated number of cases would provide
98.2% power to detect the difference between the rec-
ommended null hypothesis (Ho: VE < 30%) and the
specified alternative hypothesis (Hi: VE = 80%) at the
0.05 significance level, or 81.4% power to detect the dif-
ference between the more satisfying Ho hypothesis
(VE < 50%) and the same Hr1 hypothesis.

We recruited 5476 potential participants and
screened them for eligibility for the study. The main
exclusion criteria comprised a history of COVID-19
diagnosis, close contacts with individuals suspected of
being infected with SARS-CoV-2 or diagnosed with
COVID-19 in the last 14 days, or presence of antibodies
to SARS-CoV-2 in ELISA. Detailed inclusion and exclu-
sion criteria are presented in the protocol (available in
Supplement). The majority of screen faluers (1954
[35-7%] were due to the exclusion criteria, and 1518
[27-7%)] had a positive test for SARS-CoV-2.

Randomisation and masking

Participants (3000) aged 18 years or older were randomly
assigned (4:1) to receive the QazCovid-in® vaccine (2400
participants) or placebo (600 participants) with complete
concealment. Eligible participants with a study number
assigned at enrolment were vaccinated accordingly. The
vaccine and placebo were assigned codes by block ran-
domisation using a computerised randomisation sched-
ule that was generated by an independent statistician
using own SAS Programming (version 9.4). The soft-
ware was built on a client-server scheme, which allowed
remote viewing of randomization codes through authori-
zation by the principal investigator, independent statisti-
cian, and sponsor's representative. We used the program
MySQL version & as a database. GraphPad Prizm v.8.4.8
was used for data processing.

The randomization procedure was carried out by
employees of the clinical base with the Principal Investi-
gator (IK). The Principal Investigator, the sponsor's des-
ignee, and an independent statistician had the
randomisation codes. Unblinding was scheduled on day
90 according to the study protocol. Premature unblind-
ing was possible in case of a serious adverse event (AE).

All participants signed an informed consent form
and underwent a screening examination. Volunteers of
the study were adults 18 years of age or older, healthy or
with chronic concomitant diseases listed in Table St
(available in Supplement).

Volunteers who met all criteria were randomly
assigned to the vaccine or placebo group and were
immunised on study days 1 and 21. The second
immunisation of 2329 participants was carried out
from January 14 to February 2, 2021. We evaluated
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the safety, immune response, and efficacy of two
doses of the QazCovid-in® vaccine (5 pg each) given
intramuscularly 21 days apart compared to placebo
over 180 days. The trial was registered with Clinical-
Trials.gov NCTo4691908.

Procedures

The QazCovid-in® vaccine was produced from the
SARS-CoV-2 /human/KAZ/KZ_Almaty/2020 strain
(GenBank accession number NC_o45512.2 for the com-
plete genome), similar in sequence to the SARS-CoV-2.
The details of the vaccine production were described
earlier.*® Follow-up visits were scheduled on days 1, 21,
42, 90 and 180.

The humoral immune response was analysed on
study day 1 and day 21 (before the first and second vacci-
nation, respectively), and on days 42, 9o, and 180 by
measurement of the neutralising antibody titres in a
microneutralisation assay (MNA) using SARS-CoV-2/
human /KAZ/KZ_Almaty/2020 strain and IgG anti-
bodies to Spike protein of SARS-CoV-2 in ELISA. Cellu-
lar immunity was assessed by a whole-blood cytokine
release assay on study day 1 (before the first vaccina-
tion), day 9o, and day 180. The levels of cytokines IL-6,
IFN-o, IFN-y, TNF-o were measured in response to
stimulation with two proteins (Nucleocapsid and Spike)
of the SARS-CoV-2 virus.>® A detailed description of all
assay methods were published earlier.*®

Participants in both groups were monitored for the
COVID-19 disease throughout the observation period.
COVID-19 was diagnosed based on clinical data and
confirmed by RT-PCR. The main clinical symptoms
included fever, general weakness, malaise, sweating,
myalgia and body aches, headache, sore throat, cough
(rare dry with a small amount of sputum, or severe par-
oxysmal), tightness, burning, pain, compression in the
chest, disturbance in the sensitivity of taste and smell,
diarrhoea, restlessness, conjunctivitis, rash. The severity
of SARS-CoV-2 infection was classified according to the
WHO Clinical Progression Scale. There were no
planned stopping rules for futility and no bias adjust-
ment were planned in the protocol.

Outcomes

The primary efficacy endpoint was the incidence of
symptomatic COVID-19 infection cases manifested
from day 14 after the first immunisation onwards and
confirmed by the detection of SARS-CoV-2 nucleic acid
in RT-PCR on a clinical sample.

Secondary efficacy endpoints were the rate of hospi-
talisation and death, level of neutralising antibodies
against SARS-CoV-2, rate of the antibody seroconver-
sion, the longevity of antibody response, and changes
in the level of antigen-specific cellular immunity. The
safety outcomes included the incidence of all local
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reactions observed in participants within 2 h after the
first and second doses of the vaccine, as well as the
incidence of solicited adverse reactions within 77 days
after the first or second vaccine administration, and
the incidence of unsolicited adverse events AEs from
the first vaccination up to day 180 of the study. During
their daily visits to the study centres within 7 days after
the first and second vaccination, volunteers were moni-
tored for local and systemic reactions which included
temperature, blood pressure, pulse, and other symp-
toms. From day 8 to day 20 and from day 28 to day 41,
volunteers recorded all symptoms in self-observation
Diaries 1 and 2, respectively. From day 43 to day 180 of
the study, the participants reported all local and sys-
temic reactions to the investigator by phone. All AEs
were graded as mild, moderate, or severe and were
assigned as vaccine-related or non-related according to
the Protocol (Appendix 1). Monthly calls were made by
investigators to register AEs and weekly calls to evalu-
ate the effectiveness of the QazCovid-in® vaccine. If
AEs (local and systemic reactions) and signs of ARVI
were detected, the participant informed the investiga-
tor by the phone.

Vaccine efficacy

The vaccine efficacy was calculated for the intention-to-
treat population using the following formula: VE (%)=(1
— RR) x 100, where the RR is as follows: RR=a/b* c/d,
where a - is the number of vaccinated participants with
COVID-19, b - is the total number of vaccinated partici-
pants, ¢ - is the number of placebo participants with
COVID-19, and d - is the total number of placebo partic-
ipants.’® The 95% confidence intervals (95%) CI were
calculated using the Koopman asymptotic score confi-
dence interval for the ratio of proportions as imple-
mented in the GraphPad Prizm v8.4.8 software.>®

Statistical analysis

The sample size was not based on any statistical hypoth-
esis and was adjusted to study feasibility. Qualitative
characteristics of a study group are presented as percen-
tages; quantitative parameters are presented as median
with an interquartile range (IQR) and a min-max range.
The safety analysis set included all randomised partici-
pants who received at least one dose of the study vaccine
or placebo. Descriptive summary data were provided as
numbers and per group percentages and included the
participants who reported at least one solicited local
reaction or systemic AE, any unsolicited AEs, serious
AEs, or AEs of special interest after the first or second
dose. The attributable risk was calculated for particular
groups and presented with 95% CI calculated by the
Newcombe-Wilson method with continuity correction.
Immunogenicity analysis included the participants who
received at least one dose of the study vaccine or placebo

and provided blood samples according to their allocated
vaccination schedule. Immunogenicity metrics were
presented as geometric mean titres (GMTs) with 95%
CIs. A seroconversion rate was assessed as the percent-
age of participants with a fourfold or greater increase in
antibody titre compared to day 1 and was presented with
95% Wilson CI. Post hoc statistical analyses with appro-
priate correction for multiple comparisons were per-
formed for cytokine data on day 9o and day 180 in
comparison to day 1 in each group; or between the vac-
cine group and the placebo group on indicated days.
Analyses were performed independently for each cyto-
kine data set. In case when immunogenicity data were
missing for several participants, the data omission pro-
cedure was run, and the data for these participants were
excluded from the analysis. Statistical analysis was per-
formed using GraphPad Prism 8 (version 8.4.3) soft-
ware by an independent external statistician.

Role of the funding source

The sponsor had no role in the design of the study, as
well as in the data collection, its analyses and interpreta-
tion, in the writing of the manuscript, and in the deci-
sion to publish the results. All authors confirm that they
had full access to all the data in the study and accept
responsibility to submit for publication.

Results

From Dec 25, 2020, until Jan 13, 2021, 5476 potential
participants aged 18 or older were screened to partici-
pate in the phase 3 study. The majority of screen failures
(2476 [55-21%)]) did not pass the inclusion criteria. Par-
ticipants meeting the inclusion criteria (3000 partici-
pants in 3 centres) were randomised to receive the
QazCovid-in® vaccine (2400 participants) or placebo
(600 participants) on days 1 and 21 and completed all
scheduled visits to the centres, except 165 participants
who dropped out of the study for various reasons. The
distribution of study participants is shown in Figure 1.

The demographic characteristics of the participants
enrolled in the study are shown in Table 1 and S3. The
study involved 1482 (49-4%) females and 1518 males
(50:6%). The median age in the vaccine group was
35 years (IQR 206, 45), and 34 years (IQR 206, 40) in the
placebo group. The mean height and weight of the vol-
unteers were comparable between the groups.

The safety subset included the participants who
received at least one dose of the study vaccine or pla-
cebo. Within 2 h after immunisation, only local reac-
tions, with pain at the injection site as the most
common one, were recorded: 13-04% after the first
dose, and 4-59% after the second dose (Figure S1). The
complete list of AEs recorded within 2 h after each
immunisation is presented in Table 2. No immediate
serious AEs within the first 2 h after both immunisa-
tions were reported.
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5,476 individuals

2,476 failed randomisation
1,954 failed inclusion criteria

screened 1,518 positive test for SARS-CoV-2
522 unspecified reasons
> 352 medical reasons
31 positive pregnancy test
53 elecrtrocardiogram pathology
A 4

3,000 randomised

v

v

v

2,400 received vaccine, dose 1
(day 0)

600 received placebo, dose 1
(day 0)

71 did not receive dose 2
50 withdrown
12 adverse events
8 were pregnant
1 lost to follow up

15 did not receive dose 2
4 were pregnant
9 withdrown
2 adverse events

\ 4

2,329 received vaccine, dose 2
(day 21)

2 lost to follow up
y

A

2,327 safety population (day 42)

8 lost to follow up
y

A

2,319 Safety population (day 90)

18 withdrown
25 refused
1 was pregnant

A\ 4

A 4
585 received placebo, dose 2
(day21)
\ 4
584 safety population (day 42)
\4
584 Safety population (day 90)
11 withdrown
13 refused |
v

2,275 Safety population (day 180)

560 Safety population (day 180)

Figure 1. Trial profile for the phase 3 study.

Within the first 7 days, the most often local reactions
included pain at the injection site (19-37% after the first,
6-14% after the second dose), hyperaemia (5-04% after
the first, 2.96% after the second dose), and swelling
(3-08% after the first dose, 2-02% after the second one)
(Figure S1, Table S2). Local reactions after the second
dose of the vaccine were recorded less frequently. All
local AEs within the first 7 days after both vaccinations
were mild (Grade 1) and short-lived.

The most often systemic reaction in the vaccine
group within the first 7 days was headache (1-83% after
the first and 2.0% after the second dose) (Figure Sz,
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Table S2). All noted AEs in the vaccine group were mild
(Grade 1). Within this period, we recorded more sys-
temic reactions after the second immunisation in the
placebo group compared to the vaccine group. These
reactions included headache (2:39%), weakness
(3-08%), sore throat (1.19%), fever (1-37%), cough
(1-02%), and rheum (1-02%), and were related to
COVID-19 diagnosed in 10 volunteers of the placebo
group within this observation period.

During the entire study period, only mild AEs
(Grade 1) and no severe AEs associated with vaccination
were revealed, as well as no cases of allergisation and
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Vaccine group Placebo group
(n =2400) (n =600)

Sex
Female, (%) 1195 (49-79) 287 (47-83)
Male, (%) 1205 (50-21) 313 (52:17)

Ethnicity
White, (%) 132 (5-50) 46 (7-67)
Asian, (%) 2268 (94-50) 554 (92-33)

Age, years

Median (IQR) 35.0(26 0,45 0) 34-0(26 0,46 0)
18-55, (%) 2225(927) 554 (92 3)
>55, (%) 175 (7 3) 46 (77)

Body-mass index*

Median (IQR) 243(217,278) 249(215,281)
<25, (%) 1342 (559) 347 (57 8)
25-30, (%) 688 (28 7) 167 (27 8)
>30.0:0bese 370 (15 4) 86 (14 4)

Table 1: Demographic characteristics of study participants, ITT
population.
Data are presented as numbers (%).

* The body-mass index is the weight in kilograms divided by the

square of the height in meters.

thrombi formation were recorded. One suicide death
unrelated to the vaccination was recorded in the placebo
group. Overall, the QazCovid-in® vaccine was well-toler-
ated and safe within the 18o-day observation period
after two intramuscular immunisations in volunteers
aged 18 years or older. The concomitant diseases of
participants did not affect the safety parameters of the
vaccine.

Two immunisations with the QazCovid-in® vaccine
induced a fourfold increase in MNA titres in 99% (95%
CI 99, 100) of participants with a GMT of 109 (105, 113)
on day 42. Antibodies were still present on days 9o and
180, although their titres decreased to 47-3 (95% CI

458, 48-9) and 91 (95% CI 8.4, 9-8) respectively
(Table 3). The increase in cellular immunity in response
to stimulation with Nucleocapsid and Spike proteins of
SARS-CoV-2 was observed as statistically significant ele-
vation of IFN-¢, IFN-y, IL-6, and TNF-« cytokine levels
(p < 0.0001) in the vaccine group on study days 9o and
180 compared to day 1 (Figure S3), as measured by a
whole-blood cytokine release assay. These data indicate
that the QazCovid-in® vaccine, administered intramus-
cularly twice with an interval of 21 days, stimulated both
humoral and cellular immune response against SARS-
CoV-2 which persisted for at least 180 days.

The preventive efficacy of the QazCovid-in® vaccine
was studied through epidemiological surveillance of the
study participants. Both the vaccine (2275 participants)
and placebo (560 participants) groups were monitored
for COVID-19 throughout 180 days of the observation
period. The preventive efficacy of the QazCovid-in® vac-
cine was assessed as the number of PCR-confirmed
COVID-19 cases of any severity determined in the vac-
cine group compared to the placebo from day 14 to day
180 of the study.*®

Within 14 days after the first vaccination, 4 (0-17%)
vaccine recipients and o (0%) placebo recipients were
diagnosed with mild COVID-19. Figure 2, S4 illustrate
the percentage of confirmed COVID-19 infection cases
diagnosed after the first dose of the vaccine or placebo
and time dependence of hazard functions for both
groups. A marked difference in the number of cases
between vaccine and placebo recipients is observed
immediately after the second vaccination, which indi-
cates the early protection provided by the vaccine.

From day 14 to day 180, COVID-19 was con-
firmed in 31 (1-36%) vaccine recipients, with 30
(5:35%) mild cases and 1 (0-005%) severe case. In
the placebo group, 43 (7:16%) cases of mild COVID-
19 were confirmed. The preventive efficacy of

Local and systemic AEs AEs after the first Vaccination AEs after the second Vaccination
Vaccine (n = 2400) (%) Placebo (n = 600) (%) Vaccine (n = 2329) (%) Placebo (n = 585) (%)

Any foreseen local and systemic AEs 1168 (48-67) 31(517) 278 (11 94) 21(359)
Local reactions 1502 (62 58) 31(517) 350 (1503) 25(427)
Soreness at the injection site 1094 (45 58) 15(25) 214 (919) 9(154)
Pain 313 (13 04) 10(167) 107 (4 59) 7(119)
Swelling 44 (1 83) 406 7(030) 4 (068)
Hyperaemia 37 (154) 0(00 22 (094) 5(085)
Systemic reactions 26 (1 08) 0(0 3(016) 2(034)
Fever 3(0125) 0(00 1(004) 0(00)
Headache 14 (0 58) 0(00 1(004) 1(017)
Cough 0(00) 0(0 1 (004) 1(017)
Mild (Grade 1) 0(00) 0(00 0(00) 0(00)
Moderate (Grade 2) 0(00) 0(00 0(00) 0(00)
Any serious AE 0(00) 0(0 0(00) 0(00)

Table 2: Any foreseen AEs within 2 h after the first or the second vaccination, ITT population.

Data are presented as n (%).
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Days after the
first immunisation

Vaccine GMT % seroconversion

Placebo GMT % seroconversion

Vaccine/Placebo GMT ratio (95% Cl)
% seroconversion ratio (95% Cl)

MNA ELISA MNA ELISA MNA ELISA
Day 1 10 1-0 10 1-0 1-0(1-0,1-0) 1-0(1-0,1-0)
n/a* n/a n/a n/a n/a n/a
Day 21 171 169-7 14 18 126 (11-6, 13-8) 97-0 (83-0,113-3)
99 99 1" 16 9-0(7-2,11-4) 6-1(5-1,7-4)
Day 42 109 7113 2.3 31 47-6 (43-3,52-3) 228-9 (200-7, 261-0)
99 100 24 26 4.1(3-5,47) 3.8(3-3,43)
Day 90 473 48-3 2:8 3-8 167 (15-1,18-3) 91-4 (79-6, 105-0)
99 929 29 30 3:4(3-0,3-9) 3:3(2:9,37)
Day 180 91 328 43 86 2-1(1-8,2-5) 3-8(3-0,4-9)
64 76 37 40 1-7(1-5,1-9) 1.9(1-7,2:1)

* n/a — not applicable.
lations are similar.

GraphPad Prizm v8.4.8.

Table 3: Imnmunogenicity of the QazCovid-in® vaccine in phase 3 study measured by MNA and ELISA, PP population.
95% CI for GMT ratio was calculated based on the 95% CI for difference between means of logarithmic values with assumption that the variances in the popu-

95% CI for %seroconversion ratios was calculated using the Koopman asymptotic score confidence interval for the ratio of proportions as implemented in the

vaccination was calculated as the ratio of confirmed
COVID-19 cases of any severity with onset on day 14
after the first vaccination or later in the vaccine
group to placebo. As shown in Table 4, the QazCo-
vid-in® vaccine efficacy amounted to 82-0% (95% CI,
71-1—88-5). Among participants diagnosed with
COVID-19, two participants had underlying medical
conditions: one participant with HCV from the pla-
cebo group had a mild COVID-19, and severe disease
was recorded in a vaccinated participant with chronic
heart failure. The latter was the only severe COVID-
19 case recorded in the study.

10-

Analysis of sera samples obtained from the placebo
group participants revealed a fourfold or more increase
in neutralising antibody titres to SARS-CoV-2 in 307
(52:5%) out of 585 participants tested on any scheduled
study day (day 21, 42, 90, or 180) in comparison to day 1
(Table 3). From the total 307 cases, 43 people had symp-
toms of COVID-19 confirmed by RT-PCR, while 264
participants (45%) were likely to have asymptomatic
infection. In the vaccine group, a fourfold or more
increase in neutralising antibody titers was observed in
248 (10-7%) of 2,319 participants from day 42 to day
180 of the study, which includes symptomatic and

— QazCovid-in
= - Placebo
& B8~
[a]
£2 5]
29 %
SF 4-
5E 5
-
o 24
(3]
1_
0
30 60 90 120 150 180
I I Time since first dose (days)
Number at risk
QazCovid-in 2400 2327 2323 2311 2299 2292 2289
Placebo 600 571 563 550 545 541 541

Figure 2. Kaplan—Meier cumulative incidence curves for the symptomatic, PCR-confirmed COVID-19 in participants who

received at least one dose of vaccine or placebo.

Cumulative incidence was calculated using the Kaplan—Meier method as implemented in GraphPad Prism 8.4.8. Dotted lines
represent the 95% confidence intervals. Arrows indicate the first and second immunisations. Numbers of individuals at risk for the

specified time points are shown below the graph.
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Efficacy end point Vaccine Placebo
Number and severity of SARS-CoV-2
cases recorded on day 90 after
the first vaccination
No of cases <14 days, 4 0
Mild, n
No of cases >14 days,
Mild, n 13 34
Moderate, n 4 0
Severe, n 0 0
Sum 17 34
Hospitalisation, deaths and 4 1
other secondary outcomes
Vaccine efficacy 87-5%
(95%Cl) (77.9-92-9)
Number and severity of SARS-CoV-2
cases recorded on day 180
after the first vaccination
No of cases < 14 4 0
No of cases > 14 days,
Mild, n 23 42
Moderate, n 7 1
Severe, n 1 0
Sum 31 43
Vaccine efficacy 82:0%
(95%Cl) (71-1-88-5)
Hospitalisation, deaths and 2 1
other secondary outcomes
Table 4: Protective efficacy of the QazCovid-in® vaccine against
SARS-CoV-2 infection, ITT population.
The 95% confidence interval for vaccine efficacy was calculated using the
Koopman asymptotic score confidence interval for the ratio of proportions
as implemented in the GraphPad Prizm v8.4.8.

supposed asymptomatic cases. We also observed a sta-
tistically significant increase (p < 0.0001) in the levels
of IFN-a, IFN-y, IL-6, and TNF-« cytokines on days 9o
and 180 compared to the placebo group (Figure S3).
These data suggest a nearly fivefold reduction in the
overall COVID-19 infection rate (symptomatic and
asymptomatic) in the vaccine group in comparison to
the placebo, which is comparable with the estimated
vaccine efficacy.

Over the period from December 2020 to July 2021,
45 virus samples were isolated from the participants
with confirmed COVID-19 and sequenced. The results
of sequencing showed that alongside the 19 original
SARS-CoV-2 viruses (5 in the vaccine and 14 in the pla-
cebo recipients), 16 isolates were similar to the Alpha
(lineage B.1.1.7) mutant variant (9 in the vaccine group
and 7 in placebo recipients), and 10 — to the Delta (line-
age B.617.2) variant of SARS-CoV-2 (7 from the vaccine
group and 3 from placebo recipients). The results indi-
cate that at least three variants of SARS-CoV-2 circulated
in Kazakhstan during the clinical trial period.

Discussion

This phase 3 clinical trial of the inactivated whole-virion
QazCovid-in® vaccine indicated that its double intra-
muscular administration was well-tolerated and safe for
180 days. No serious vaccine-related AEs were reported
during the study. All local AEs recorded in the vaccine
group were classified as foreseeable, typical for injectable
inactivated vaccines. All local reactions detected within
7 days after the vaccine administration were mild, lasted
from 1 to 3 days, and required no treatment. One sys-
temic AE of mild severity (37-1 °C body temperature on
the 1st day after vaccination) was revealed. No acute aller-
gic reactions, blood clots, or autoimmune conditions
were observed in the QazCovid-in® vaccine recipients.
Vaccination with QazCovid-in® was also safe for patients
with underlying medical conditions who were at high
risk of severe COVID-19 and death.

The inactivated whole-virion QazCovid-in® vaccine
ensured the formation of humoral immunity after two
immunisations, with GMTs of neutralising antibodies
reaching 109 (95% CI 105, 113) on study day 42 and grad-
ually decreasing to 47-3 (95% CI 45-8, 48-9) and 9-1
(95% CI 84, 9-8) in 3 and 6 months, respectively. As we
have shown in the phase 1 study using the IFN-y /IL-4
cytokine ratio, the QazCovid-in® vaccine induces the
Thr-biased cellular immune response ** which can con-
tribute to the formation of functional memory T cells.
The protective efficacy of the QazCovid-in® vaccine
amounts to 82-0% (95% CI 71-1—88.5) within 180 days
starting 14 days after the first vaccination, which suggests
early protection. This efficacy is comparable to that of
CoronaVac inactivated whole-virion vaccine produced in
Turkey (83-5%) and observed during a follow-up period
of 43 days.”

The correlates of protection for vaccines against
SARS-CoV-2 are not defined yet, although the positive
correlation between the titres of neutralising antibodies
with protection from SARS-CoV-2 infection is recog-
nised.>* 3* Studies of the immune response in partici-
pants infected with SARS-CoV-2 have shown that
neutralising antibody titres wane within 50 days after
mild disease, and they can be detected over 6—8 months
in case of moderate and severe disease, but also wane
with the time.>* 3® A deeper analysis of patients recov-
ered from COVID-19 have revealed that memory B and
T cells persist in patients with moderate disease and
potent virus-specific immunity is formed which can be
protective in case of a repeated encounter with SARS-
CoV-2.7739 These data suggest that potent humoral
immunity induced by the QazCovid-in® vaccine in com-
bination with increased cellular immunity lasting up to
6 months is capable of providing protective immune
memory response against SARS-CoV-2.

The regular monitoring of viruses circulated from
March to July 2021 in Kazakhstan revealed that the
Alpha (lineage B.1.1.7) variant of SARS-CoV-2 circulated
in March along with the original SARS-CoV-2 virus,
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and later they were substituted by the Delta (lineage
B.1.617.2.1.2) variant. The results of sequencing of
viruses isolated from the study participants diagnosed
with COVID-19 within the period from December 2020
to July 2021 showed that, alongside the original SARS-
CoV-2 virus, Alpha (lineage B.1.1.7) and Delta (lineage
B.1.617.2) variants induced the disease in vaccine recipi-
ents with a similar frequency. The study was completed
before the Omicron (lineage B.1.1.529) strain reached
Kazakhstan. Therefore, no data about the QazCovid-in®
vaccine efficacy against Omicron strain are available.
These data indicate that the QazCovid-in® vaccine pro-
motes the protection not only against the SARS-CoV-2
strain used for vaccine preparation but also against
more transmissible Alpha and Delta variants within 6
months after the first vaccination with an efficacy of
82:0% (71-1—88-5). The broad immunity could be
explained by the formation of B- and T-cell immune
response by QazCovid-in® vaccine.

A small sample size (2400 participants in the vac-
cine group and Goo in placebo) is the main limitation
of this phase 3 study performed with the QazCovid-in®
vaccine as compared to phase 3 studies of other vaccines
against SARS-CoV-2. However, 94-5% (2835 partici-
pants) from 3000 randomised participants completed
the whole 180-day trial including the estimation of
safety, immunogenicity, and efficacy parameters. Young
population with median age 35 years and predominance
of the Asian participants in the groups (2268 from
2400 of vaccinated participants) is the second limitation
of the study.
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