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Abstract. Vaccination of the population is one of the most effective countermeasures in responding to the pandemic
caused by novel coronavirus infection. Therefore, scientists all over the world have been working to develop effective and
safe vaccines. We have developed a synthetic peptide vaccine, EpiVacCorona, against novel SARS-CoV-2 coronavirus,
which is a suspension for intramuscular administration containing a composition of chemically synthesized peptide
immunogens of the S protein of SARS-CoV-2 coronavirus conjugated to a carrier protein and adsorbed on aluminum
hydroxide. Phase I-II clinical trials of the vaccine have started that consist of two stages: Stage 1 is an open study of the
safety, reactogenicity, and immunological activity of the vaccine with the involvement of 14 volunteers aged 18—30 years;
Stage 2 is a single blind, comparative, randomized placebo-controlled study with the involvement of 86 volunteers.
The study involved volunteers aged 18—60 years; the vaccine was injected intramuscularly twice, spaced 21 days apart
between injections. All local reactions in response to vaccine administration were mild, such as a short-term pain at
the injection site. There were no signs of development of local or systemic adverse reactions. The two-dose vaccination
scheme induced the production of antibodies, specific to the antigens that make up the vaccine, in 100% of the volunteers.
Seroconversion with a neutralizing antibody titer > 1:20 was reported in 100% of the volunteers 21 days following
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the second immunization dose. No seroconversion was reported in the groups of volunteers vaccinated with a placebo.
The peptide-based EpiVacCorona Vaccine has low reactogenicity and is a safe, immunogenic product. Clinical Trials
Identifier: NCT04527575.

Key words: EpiVacCorona, peptide vaccine, clinical trials, COVID-19, coronavirus.
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Pe3iome. BakiimHanus HaceneHUsI — ofHA U3 Hanbosee 3(pheKTUBHBIX MEP TPOTUBOICHCTBU S TAHAEMU U, BEI3BAHHOMN
HOBOII KOpOHaBUpPYycHOI WH(pekuuei. [ToaToMy ydeHble Bcero Mupa paboTaioT Haja co3gaHueM 3(DGhEeKTUBHBIX
u 0e3oMmacHbIX BakKUMH. Mbl pa3paboTaiyd CUHTETHMYECKYIO MENTUAHYI0 BakLuHy «DnuBakKopoHa» mpoTun
HoBoro KopoHaBupyca SARS-CoV-2, Kotopast npeacTaBsieT co00i CyCreH31I0 111 BHYTPUMbIILIEYHOTO BBEACHMUS,
colmepxXalyo KOMIO3UIMI0O XUMUYECKU CUHTE3WPOBAHHBIX MENTUAHBIX UMMYHOT€HOB S-0ejlKa KOpOHaBUpyca
SARS-CoV-2, KOHBIOTMPOBAHHBIX C OEJIKOM-HOCUTEJIEM, U aICOPOUPYETCS Ha TMAPOKCH e antoMuHus. B HacTosee
Bpems npoBoasaTcs [—I1 da3pl KIMHUYECKMX UCTIBITAHUI BaKIIMHbBI, KOTOPbIE COCTOSIT U3 ABYX dTanoB: 3Tam 1 —
OTKPBITOE UCCIIENIOBAaHNE OE30MACHOCTH, PEaKTOT€HHOCTH M MMMYHOJIOTUUYECKOI aKTMBHOCTH BAaKLIMHBI C y4acTHEM
14 no6poBosblieB B Bo3pacte 18—30 jeT, 3Tam 2 — MpocToe clenoe CpaBHUTENbHOE paHIOMU3MPOBaHHOE Mauebo-
KOHTPOJIMPYEMOE MCClieIoBaHUE ¢ yyacTueM 86 100poBoJiblieB. B uccaenoBaHUM MPUHSIN yUacTHe T0OPOBOJIbIIbI
B Bo3pacte 18—60 jet, BaKIIMHY BBOJMIM BHYTPUMBIIIEUHO ABAXIbl C MHTEPBAJIOM 21 NeHb MEXIY MHBEKIIUSIMU.
Bce mecTHble peakiiiu Ha BBeJeHUE BAaKIUHBI ObLIM yYMEPEHHBIMU, HAIPUMEDP KPAaTKOBPEMEHHasi 0OJb B MECTe
nHbeKIUK. [IpU3HAKOB pa3BUTHSI MECTHBIX MJIM CUCTEMHBIX MOOOYHBIX peakiuii He Oblo. CxeMa ABYXI030BOM
BaKI[MHAIIMK BbI3BaJia BEIPAOOTKY aHTUTEN, CeM(MUUHBIX K aHTUTEHaM, 13 KOTOPBIX COCTOMT BakIiuHa, y 100%
no6poBosiblieB. CepoOKOHBEPCUST ¢ TUTPOM HeWTpanusyromux aHTuTen > 1:20 Obta 3apeructpuposaHa y 100%
N0OpOBOJIBLIEB Yepe3 21 JeHb mocyie BTOPOid 103kl UMMYHU3aUMU. B rpynnax 100poBoibleB, BAKIIMHUPOBAHHBIX
mianebdo, 0 CepoKOHBepcUU He coodimanochk. BakiimHa «OnuBakKopoHa» Ha OCHOBE MENTUIOB MUMEET HU3KYIO
PEaKTOTEHHOCTD, SIBJISIETCS UMMYHOT€HHBIM 1 6e30omacHbIM mpoaykToM. Clinical Trials Identifier: NCT04527575.

Karoueesvie caosa: InuBak Kopona, nenmuonas éakyuna, Kkaunuueckue uccaedosanus, COVID-19, koporasupyc.

based on the following technological platforms: sub-
unit, vector replicating, and vector non-replicating,
RNA and DNA vaccines; inactivated, live attenu-
ated, and virus-like particle-based vaccines [9].

Introduction

Over the past two decades, coronaviruses have
caused epidemic outbreaks of two respiratory dis-

eases: Middle East Respiratory Syndrome and Severe
Acute Respiratory Syndrome [3, 15]. In late 2019,
a new virus type was detected in China that was able
to transmit from human to human causing an out-
break of viral pneumonia [25]. The emergence of nov-
el coronavirus confirms that diseases caused by this
group of viruses are a threat to global public health
since the virus has spread almost all over the world
within a short period of time. On March 11" of 2020,
the WHO declared the novel coronavirus a pandemic.

The current situation associated with the ongo-
ing COVID-19 pandemic brings up the question
of the need to rapidly develop countermeasures,
among which one of the most important measures
is the availability of an effective and safe vaccine [10].
Currently, the development of prophylactic products
against COVID-19 is underway around the world

We have developed EpiVacCorona Vaccine, con-
taining chemically synthesized peptide immuno-
gens corresponding to selected protective epitopes
of SARS-CoV-2 coronavirus S protein, conjugat-
ed to recombinant SARS-CoV-2 protein N, used
as a carrier, adjuvanted with aluminum hydrox-
ide. Currently, the Phase I-II clinical trial of the
EpiVacCorona Vaccine is underway, i.e. a study
of safety, reactogenicity and immunogenicity indica-
tors of the vaccine in volunteers aged 18—60 years.
This paper summarizes interim research findings.

The main trials tasks are: evaluation of EpiVac-
Corona Vaccine safety when administered twice
intramuscularly; evaluation of reactogenicity and
adverse reactions to vaccine administration; and in-
vestigation of immune responses following two doses
of EpiVacCorona Vaccine in comparison to placebo.
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Materials and methods
Trial design

The study was carried out at the Federal State
Budgetary Health Institution — Medical and Sanitary
Unit No. 163, Federal Medical and Biological Agency
(FSBHI MSU-163, FMBA of Russia).

The first phase was an open trial. This study en-
rolled 14 men and women, aged 18 to 30 years in-
clusive, who meet the inclusion criteria and have no
exclusion criteria, whose data will be used for subse-
quent analysis of safety and immunogenicity. The sec-
ond phase was a simple, blind, placebo-controlled,
randomized, parallel-group study. The study enrolled
86 men and women, aged 18 to 60 years inclusive,
who meet the inclusion criteria and have no exclusion
criteria (Fig. 1). Prior to all study procedures, writ-
ten informed consent was obtained from the subjects
towards their inclusion in the study. Inclusion criteria:
the study enrolled volunteers of both sexes with a body
mass index from 18.5 to 30 kg/m?. When collecting
anamnestic data and human-subjective data of the
volunteers, no chronic diseases, serious concomitant
diseases, pathological conditions, or acute infectious
diseases were reported. No data on a positive allergic
anamnesis or drug intolerance was reported. During
the study period, as well as 7 weeks or less before im-
munization, the volunteers did not take any drugs
influencing the parameters of the immune system.
At the screening stage, no deviations in the vital pa-
rameters (blood pressure, heart rate, respiratory rate,
body temperature) were reported in the volunteers.

When testing blood serum samples from volunteers
for the presence of antigen to hepatitis B (HBsAg),
antibodies to HIV and those to hepatitis C, and for the
presence of the causative agent of syphilis, negative
results were obtained. Determination of A, M, and
G class antibodies specific to SARS-CoV-2 was con-
ducted by ELISA. At the screening stage, antibodies,
as well as SARS-CoV-2 coronavirus RNA in naso-
pharyngeal swabs, were absent in all volunteers.
Exclusion criteria were the following: contacts
with COVID-19 patients for 14 days prior to the start
of the clinical trial; hypersensitivity to any compo-
nent of the vaccine and the history of allergic re-
actions to any vaccination in the past; the history
of serious post-vaccination reactions/complications;
pregnancy and breastfeeding; military personnel
on conscription; symptoms of any disease at the time
of inclusion in the study or if it has passed less than
4 weeks since recovery; the history of any acute res-
piratory disease within less than 3 months prior to in-
clusion in the study; the history of tuberculosis, can-
cer, autoimmune diseases, skin diseases (pemphigus,
psoriasis, eczema, atopic dermatitis); long-term use
(more than 14 days) of immunosuppressive drugs,
systemic glucocorticosteroids or immunomodula-
tory drugs within 6 months prior to the study; vac-
cination with any vaccine within one month prior
to inclusion; taking immunoglobulin drugs or blood
products within last 3 months prior to the study; do-
nation of 450 ml or more of blood or plasma within
less than 2 months prior to the study; participation
in other clinical trials within less than 3 months

[ Enroliment ]

Assessed for eligibility (n = 120)

Excluded (n=20)

- Not meeting inclusion criteria (n = 20)

*| _ Declined to participate (n = 0)
- Other reasons (n=0)

w
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¥
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Figurel. Clinical trial flow diagram
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prior to the study; alcohol or drug addiction; taking
more than 10 units of alcohol per week; positive test
for HIV, viral hepatitis B and C, lues venerea; false
inclusion (violation of inclusion and non-inclusion
criteria) or the appearance of non-inclusion criteria
during the study; exclusion due to a clinically signifi-
cant deviation from the protocol/violation of the pro-
tocol; and/or refusal of a volunteer to continue.

The volunteers were divided into groups after re-
ceiving examination results (medical history, physical
and laboratory and imaging examination). At the first
stage, the study was carried out with the involvement
of 14 volunteers included in one group (Group 1).
The vaccine was not coded. The vaccine was admin-
istered intramuscularly to the first volunteer who was
then followed up for 72 hours (i. e. Stop-time period);
in the event of no adverse events in the first volun-
teer, the second volunteer was vaccinated. Then there
followed the Stop-time period, and 72 hours later
the vaccine was administered to the third volunteer;
then following 72 hours — to the fourth; and follow-
ing another 72 hours — to the fifth volunteer. Seventy
two (72) hours following the vaccination of the 5%
volunteer, the first vaccination of the remaining
9 volunteers was performed. The second injection
was performed 21 days following the first admin-
istration of the vaccine. The second stage is a single
blind, comparative, randomized, placebo-controlled
study. Eighty-six (86) volunteers were divided into
two groups by block randomization in a 1:1 ratio
(randomization by the “sealed envelope” method):
Group 2 received the EpiVacCorona Vaccine (43 sub-
jects); Group 3 received a placebo (43 subjects). All
volunteers were admitted to a hospital the day before
the first vaccination. The time of hospital stay was
23 days. For the sake of objectification, the volunteers
did not know what study preparation was administered
to them. The study preparations were delivered to the
trial facility in a ready-to-use (coded) form. To en-
sure masking, before injection, the study preparations
were prepared in a treatment room behind a screen.
No special compliance measures were required to re-
ceive the study preparation as the study preparation
was administered at the medical facility by the facil-
ity’s trial center staff. The investigator physician, by
opening an envelope with the lowest number in the
set, knew which randomization number should be as-
signed and which study preparation should be admin-
istered to the volunteer. When the next volunteer was
included in the study, the next envelope was opened.

The primary outcome measures were the propor-
tions of vaccinated volunteers who do not have any
laboratory-confirmed symptoms of SARS-CoV-2
in combination with one or more of the following
symptoms: fever or chills; cough; shortness of breath
or labored breathing; fatigue; muscle pain; headache;
loss of taste or smell; sore throat; nasal congestion or
runny nose; nausea or vomiting; and diarrhea within
9 months of vaccination versus a placebo. The sec-

ondary outcome measures were the following:
the proportion of volunteers with an increase in the
level of immune response in the form of geomet-
ric mean titers of specific antibodies in ELISA; and
a specific neutralizing antibody titer > 1:20 42 days
after the first vaccination and 90, 180, and 270 days
after the first vaccination versus a placebo.

The Clinical Study Protocol was reviewed at
a meeting of the local Ethics Committee at FSBHI
MSU-163, FMBA of Russia, where the clinical study
was carried out (meeting minutes of July 25, 2020).
The study was approved by the Ethics Board of the
Russian Federation Ministry of Health (extract from
the minutes of the Ethics Board meeting No. 376
of July 24, 2020). The study was conducted in accord-
ance with the ethical principles of the Declaration
of Helsinki originally adopted by the 18th session
of the World Medical Association (1964), revised
in 2013. During the clinical study “A single blind,
placebo-controlled randomized study of the safety,
reactogenicity and immunogenicity of a peptide an-
tigen-based vaccine for the prevention of COVID-19
(EpiVacCorona), in volunteers aged 18—60 years
(Phase I-II)”, no modifications were made to the
Study Protocol. All procedures (physical examina-
tion, clinical tests, immunological study, and detec-
tion of adverse events) were carried out in accord-
ance with Protocol No. COV/pept-01/20 (Version 2
0f22.07.2020). The study began on July 26, 2020, and
it will be completed on May 18, 2021

Vaccine and placebo

Viral protein S, which is expressed on virion sur-
face and forms homotrimers, is a promising target
for the development of vaccines against the novel
coronavirus. SARS-CoV-2 protein S consists of two
subunits. The S1 subunit provides binding of the vi-
rus to ACE2 receptor located on the target cell mem-
brane. The S2 subunit ensures fusion of the virion
envelope and the target cell membrane. Blocking
of receptor binding and cell membrane fusion func-
tions can provide protection against viral infection.
However, the development of SARS-CoV-2 vaccines
using the complete molecular structure of viral S pro-
tein has a number of potential caveats, and the most
serious one is antibody-dependent enhancement
of infection, as previously shown for SARS-CoV-1
spike protein by a group of Chinese scientists [22].

Therefore, we considered an alternative approach
that provides the development of protective immuni-
ty and excludes the possibility of antibody-dependent
enhancement of infection. We used the technology
of synthetic peptide vaccines, which includes in silico
design of several immunoactive peptide fragments
representing the cognate viral antigen, chemical syn-
thesis of peptides, followed by conjugation to a high-
molecular carrier protein. The most effective con-
structs were selected for inclusion into the candidate
peptide vaccine formulation after studying their im-
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munogenicity, antigenic specificity and protectivity
in animal models (data not shown).

Peptide selection was based on published spatial
structures of homologous SARS-CoV-1 spike protein
and on actual genetic sequences data of novel coro-
navirus SARS-CoV-2 [5, 19]. Epitopes located near
the sites vital for the virus were designed using original
computer simulation methods. The design excluded
epitopes that can lead to antibody-dependent en-
hancement of infection (e.g. peptide S597-603) or have
local antigenic similarity to human proteins [7, 11, 12,
22]. In order to ensure the robustness of the vaccine
to possible mutations of the virus, which would entail
changes in antigenic properties, epitopes were selected
from the most conserved regions of the S protein [7,
12]. Synthesized peptides were covalently bound to the
carrier protein. The carrier protein MBP-6xHis-N
nCoV-2019 contains the structures of SARS-CoV-2
N protein, the E. coli maltose binding protein (MBP),
and the 6xHis-tag required for purification with metal
chelate affinity chromatography. SARS-CoV-2 N
protein was chosen since it is well-conserved and con-
tains virus-specific T-cell epitopes and thus should be
also involved in production of memory T cells. After
the purification stage, the carrier protein is covered
with covalently bound peptides and adsorbed on alu-
minum hydroxide used as adjuvant.

The EpiVacCorona Vaccine is a suspension for in-
tramuscular injection. The EpiVacCorona Vaccine
was developed and manufactured by FBRI SRC
VB VECTOR, Rospotrebnadzor (Russia, Koltsovo)
(GMP-0112-000170/17).

The vaccine was injected intramuscularly twice,
given 21 days apart in a single vaccination dose
of (225%45) pg/0.5 ml into the deltoid muscle using
sterile syringes (Vogt Medical, Germany). As a pla-
cebo, sodium chloride solution (a 0.9% solution
for the preparation of dosage forms for injections) was
administered intramuscularly twice, spaced 21 days
apart at a dose of 0.5 ml.

The vaccine and the placebo were stored at a tem-
perature of 2°C to 8°C.

Physical examination and clinical laboratory
procedures

Physical examinations, biochemical, immuno-
logical and hematological blood parameters, clini-
cal urine test were performed according to standard
clinical protocols. The examination schedule and all
the assessed parameters are shown in Supplementary
Table 1.

Physical examination was carried out accord-
ing to the standard practice and included a survey,
identification of complaints and symptoms, meas-
urements of body temperature, blood pressure, heart
rate and respiratory rate (these indicators were meas-
ured after the volunteer rested for 5 minutes in a sit-
ting position). Examination of the volunteers also in-
cluded examination of skin and mucous membranes

(eyes, mouth and pharynx), auscultation, pulmonary
percussion, palpation of the abdominal organs and
lymph nodes.

Safety and reactogenicity study

The safety of the vaccine was assessed by the fre-
quency and type of adverse events during the study:
immediate-type adverse events (allergic reactions)
that occur within 2 hours after vaccination and that
are identified both by the investigator physician and
by information provided by the volunteer; adverse
events (local and systemic reactions) that occur
within 7 days after vaccination and that are identified
both by the investigator physician and by data pro-
vided by the volunteer; or other adverse events that
occur 7 days after each vaccination (from 8 to 42 days
after the first vaccination, excluding the allowable
interval of visits) and that are noted by the volunteer
in the Subject (Self-observation) Diary. The fre-
quency of serious adverse events during the study was
recorded. Vital signs (temperature, blood pressure,
heart rate, respiratory rate) were assessed. A physical
examination and a study of biochemical and hema-
tological parameters was performed, and significant
deviations were recorded.

The usual post-vaccination reactions of the body
are divided into local and systemic reactions [1, 17].
The local symptoms include hyperemia, edema,
soreness, infiltrate formation, and itching at the in-
jection site. The system reactions include fever, ma-
laise, headache, myalgia, etc. The local and systemic
reactions were assessed on a 4-point scale [23]. Body
temperature was measured twice a day (in the morn-
ing and in the evening), and it was recorded in the
Subject Diary and in the individual registration card.
The vaccine is considered reactogenic if moderate or
strong local reactions or catarrhal phenomena lasting
more than 3 days are reported in more than one out
of 50 vaccinated individuals [2].

The adverse eventsidentified during the study were
grouped into frequency tables according to type, se-
verity, and association with the vaccine under study.
The proportions of patients with laboratory test val-
ues exceeding physiological norms were also assessed
to compare the groups under the study

ELISA serum assays

EpiVacCorona Vaccine specific antibodies were
identified using ELISA test system “Vector ELISA
Corona-Ab”, TU 21.10.60-092-05664012-2020. Virus-
specific antibodies were identified using beta-pro-
piolactone inactivated SARS-CoV-2 virus, strain
nCoV/Victoria/1/2020, propagated in Vero E6
cells. Immunosorbent was a 96-well polystyrene
plate of high sorption capacity containing an im-
mobilized inactivated natural SARS-CoV-2 antigen.
Inactivation of the virus was performed by adding
beta-propiolactone to antigens purified by precipita-
tion at a final concentration of 0.5%. The incubation
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is carried out for 2 hours at 4°C and stirring. After
that, beta-propiolactone is decomposed by heating
for 2 hours at 37°C. For titration, two-fold dilutions
ofthe sera of animalsimmunized with the vaccine and
control animals (not immunized) are prepared in the
range of 1:40—1:2560. After incubation for 30 min at
37°C, plate wells were washed five times with PBST
containing Tween-20. After washing, 100 pl of the
solution of Staphylococcus aureus protein A conjugat-
ed to horseradish peroxidase at a final concentration
of 1.26 ug/ml (Biosan, Novosibirsk) was added to the
wells. After a 30-minute incubation at 37°C, the wells
were washed and 0.05% tetramethylenebenzidine so-
Iution was added. The optical density of the solutions
was measured at a wavelength of 450 nm. The anti-
body titer is the maximum dilution of studied serum
at which the optical density of the solution exceeds
the average optical density of the negative control.

Virus neutralization assays

The studied serum samples were thermally in-
activated for 30 min at 56°C prior to virus neutrali-
zation assay. Sterile round-bottom plates were used
to prepare serial two-fold dilutions of the studied sera
in a cell culture medium (DMEM, 100 U/ml ben-
zylpenicillin, 100 pg/ml streptomycin, 300 pg/ml
L-glutamine, 2% fetal bovine serum [Invitrogen]).
The viral suspension containing 200 FFU of SARS-
CoV-2 (strain nCoV/Victoria/1/2020) was added
to each well of the plate, except negative controls,
with subsequent incubation for 1 h at 37°C. Vero
E6 monolayer of more than 90% confluence in flat-
bottomed 96-well cell culture plate was washed twice
with the cell culture medium, and 100 pl of viral sus-
pension was transferred from a round-bottom plate
with serum dilutions to the corresponding wells
of the plate with the cell monolayer. After incubation
for 1 hour at 37°C and 5% CO,, the medium was re-
moved from the wells and the plate was washed once
and 150-pul of the medium was added to all wells.
After 18—20 hours of incubation at 37°C and 5%
CO,, the medium was removed from the wells, 100 ul
of 80% acetone (cooled to minus 20°C) was added.
After 10—15 min incubation, acetone was removed,
and the plate was washed with phosphate buffered
saline (PBS). 100 pul of diluted human monoclonal
antibodies to SARS-CoV-2 (Anti-N protein SARS-
CoV-2 mAb_IgG, “SanyouBiopharmaceuticals”,
antibodies in PBS ratio 1:2000) was added to each
well. The plate was incubated at 37°C for 1 hour.
The wells were washed with PBS four times, and sec-
ondary rabbit antibodies to human IgG conjugated
to horseradish peroxidase (Abcam) were added at
a dilution of 1:1000. After 30 minutes of incubation,
the wells were washed four times with PBS, and AEC
(3-amino-9-ethylcarbazole, Sigma) solution was
added. Thirty min later: the solution was removed;
the plate was washed once with PBS; the infected cells
stained in red-brown were counted in microscope;

and the number of focus-forming units (FFUs) was
counted. The titer of the neutralizing serum antibod-
ies is a dilution at which the amount of FFU is re-
duced by 50% compared to the average value of FFU
in control wells.

PCR testing of nasopharyngeal swab

Isolation of RNA from nasal washes was per-
formed using a “Ribo-sorb” reagent kit (CRIE,
Russia) according to the manufacturer’s instructions.
The synthesis of cDNA from isolated RNA was car-
ried out using a “Reverta-L” (CRIE, Russia) reagent
kit for reverse transcription reaction in accordance
with the manufacturer’s instructions. Amplification
of SARS-CoV-2 cDNA fragments, synthesized
on SARS-CoV-2 RNA template in reverse tran-
scription reaction, was carried out using Vector-
PCRRT-COVID-19-RG reagent kit (FBRI SRC VB
VECTOR, Russia) according to the manufacturer’s
instructions. The test results are interpreted as de-
scribed in the kit’s instruction.

Statistical analysis

Statistical analysis was performed using the Wil-
coxon test for paired samples and Mann—Whitney
test for unpaired samples. The analysis of dynamical
changes of the studied indicators within the groups
was performed with Friedman’s test followed by
Nemenyi’s post-hoc test. The statistical significance
for categorical variables (changes in seroconversion
and infection markers etc.) was determined using
Fisher’s exact test. The adjustment for multiple test-
ing was performed using the Bonferroni correction.
An alpha value of 0.05 or less was considered statis-
tically significant. Statistical analysis was performed
using R statistical software [16].

Results

Trial population

The clinical trials began on July 26, 2020.
The start of the clinical trials was preceded by a stage
of screening the health status of the volunteers.
The volunteers were divided into groups after receiv-
ing examination findings (medical history, physical
and laboratory and imaging examination) and de-
ciding whether a volunteer met the inclusion/exclu-
sion criteria. At the first stage, with the involvement
of 14 volunteers, an open study of the vaccine’s safety,
reactogenicity, and immunological activity was car-
ried out (the study began on July 26, 2020).

The percentages of men and women in the group
were 64.3% and 35.7%, respectively. The average age
was 25.1 years, and the average weight was 71.8 kg.
At the second stage, with the participation of 86 vol-
unteers, a single blind, comparative, randomized,
placebo-controlled study was conducted (study
started on August 15, 2020). The percentages of men
and women in the group receiving the EpiVacCorona
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Vaccine were 60.5% and 39.5%, respectively. The ave-
rage age was 35.1 years, and the average weight was
73.7 kg. The percentages of men and women in the
placebo group were 48.8% and 51.2%, respectively.
The average age was 31.5 years, and the average weight
was 67.9 kg. More details can be found in Table 1.

Safety outcomes

The peptide Vaccine EpiVacCorona underwent
a toxicity study only in animals and its safety profile
for humans was not fully known. Then, according
to the recommendations, that is why the vaccination
of volunteers was started involving the first 5 partici-
pants being vaccinated in turn at 72 hours intervals.
In other words, the vaccine was administered intra-
muscularly to the first volunteer, who was monitored
for 72 hours (Stop-time period). In the absence of ad-
verse events in the first volunteer, the second volun-
teer was vaccinated, etc.

Based on the results of observations obtained in the
first five volunteers, the first interim report was provid-
ed to the Ministry of Health of the Russian Federation
and, 72 hours after the vaccination of the 5" volunteer,
the remaining 9 volunteers of the first stage were vac-
cinated. They were monitored daily for 5 days. After
that, based on the results of assessing the local and
systemic reactions of all participants in the first stage
(14 volunteers), as well as the results of biochemical
and hematological blood tests and clinical urine anal-
ysis, a second interim report on the safety and reacto-
genicity of the EpiVacCorona Vaccine was provided.
Due to the absence of significant adverse reactions,
it was decided to further conduct the study.

Intramuscular administration of the EpiVac-
Corona Vaccine was characterized by local pain
at the injection site after each injection (in 2 out
of 14 volunteers, 14.3%). Symptoms were very mild
and transient (1—2 days). No immediate reactions
(allergies) were observed. No systemic symptoms,
such as headache, myalgia, asthenia, fever, etc., were
registered in phase 1. At the same time, the aver-
age values of the biochemistry parameters did not
go beyond physiological norms, except for one vol-
unteer (i.e. an increase in the creatinine content
to 110 umol/L on the 7th and 14th days after the first
vaccination). Vaccination in most of the volunteers
did not cause changes in the hematological indica-
tors, except for two cases (14%) wherein changes
in monocyte content were detected on the 3™ day after
the first vaccination. When performing spirography,
no changes in the parameters of pulmonary function
were detected at all times of observation. The ECG
remained within normal limits in all the volunteers.
The ultrasound investigation of the abdominal or-
gans did not show any pathological changes in the
organs examined. No significant changes in physical
or laboratory examination results were observed, ex-
cept observations of ALT/AST activity in biochemi-
cal blood assays (Supplementary Table 2). However,

these observations were not attributed to vaccination
and were not considered clinically significant.

The further study of the safety and reactogenicity
of the EpiVacCorona Vaccine was carried out with
the involvement of 86 volunteers divided into two
groups. One group received the vaccine twice, given
21 days apart. The other group received the placebo
using the same scheme. In phase 2, no immediate
reactions were observed. The most common adverse
reaction was local pain at injection site (observed in 4
out of 43 volunteers after the first injection and in 2
more patients after the second injection). All local re-
actions were mild and transient (1—2 days). Only one
volunteer from the group of vaccinees had a short-
term moderate increase in body temperature 12 hours
after the first injection, accompanied by headache
and ear pain. The volunteer was placed in an isolation
box, where he was kept for 6 days. No viral RNA was
isolated upon daily examination of nasopharyngeal
swabs. A consultation with an otolaryngologist was
arranged, and otitis media was diagnosed with treat-
ment prescribed.

During the entire observation period (24 visits),
no significant changes were detected in terms of such
indicators as body temperature (all but one, attribut-
ed mainly to otitis media), blood pressure, heart rate,
or respiratory rate in any volunteer (vaccinated with
either EpiVacCorona Vaccine or placebo). All vital
indicators were within physiological norms in all pe-
riods. Local and systemic reactions are summarized
in Table 2.

Increased ALT enzyme activity was detect-
ed in 12 volunteers who received EpiVacCorona
Vaccine and in 12 individuals from the placebo
group. Increased AST activity was observed at least
once in 25 vaccinees and in 25 volunteers who re-
ceived placebo. Increased LDH activity was observed
at least once in 11 patients who received the vac-
cine and in 9 individuals from the placebo group.
Increased alkaline phosphatase activity was observed
in 9 vaccinees. However, the observed deviations
were mild and had no clinical manifestations; they
were explained by physiological reasons not related
to pathology and not attributed to vaccination. In the
study of the biochemical and hematological parame-
ters of the blood, there were no significant differences
found between the groups receiving the vaccine and
the placebo. The observations of biochemical and
hematological test results deviating from cognate
physiological norms obtained in different groups, are
shown in Supplementary Table 2.

No immediate reactions, and no local or systemic
reactions, were observed in patients who received
placebo preparation.

No statistically significant changes in AE/SAE
frequencies were observed; no statistically significant
differences in laboratory examination results were
observed between vaccinees and placebo groups at
any time.
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Table 1. Trial population characteristics

Variable | Phase | Vaccine Sex N Min Max Mean SD Med Q1 Q3
T | 1 F 5 36.4 36.8 36.64 0.18 36.7 36.5 36.8
T I 1 M 9 36.2 36.8 36.52 0.2 36.4 36.4 36.7
T I 0 F 16 36 36.9 36.69 0.26 36.75 36.6 36.9
T I 0 M 27 36 36.9 36.59 0.23 36.6 36.4 36.75
T I 1 F 23 36 36.9 36.59 0.27 36.7 36.5 36.8
T I 1 M 20 36.1 36.9 36.69 0.2 36.8 36.6 36.8
Age I 1 F 5 18 36 23.6 7.64 19 19 26
Age I 1 M 9 18 41 26 8.06 24 19 28
Age Il 0 F 16 22 59 35.31 12.42 32.5 24 41.25
Age I 0 M 27 21 52 32.81 8.23 32 275 37.5
Age Il 1 F 23 19 55 35.22 11.67 37 23.5 42
Age I 1 M 20 18 57 31.05 10.16 28 23.75 36.25
Weight I 1 F 5 62 74 67 4.9 65 64 70
Weight I 1 M 9 70 90.3 83.28 7.31 82 79.1 90
Weight I 0 F 16 48 78 63.75 9.11 66 58 70
Weight I 0 M 27 62 97 77.85 10 79 68.5 86.5
Weight I 1 F 23 48 84 62.32 9.5 59 56 69
Weight Il 1 M 20 55 103 79.7 10.28 775 74.75 84.5
Height I 1 F 5 160 169 166 3.67 168 165 168
Height I 1 M 9 171 188 180.89 6.03 182 176 186
Height I 0 F 16 157 177 165.06 4.67 165 163.75 | 166.25
Height I 0 M 27 166 194 180.19 6.69 180 176 184.5
Height Il 1 F 23 148 176 164.48 5.5 165 161 168
Height Il 1 M 20 160 195 177.9 7.83 178 173.5 182.5
SAP | 1 F 5 118 130 124.4 5.55 124 120 130
SAP I 1 M 9 120 130 125.11 4.01 124 124 130
SAP I 0 F 16 110 141 125.12 7.69 122 120 129.5
SAP I 0 M 27 119 139 130.07 5.58 130 125.5 134.5
SAP Il 1 F 23 117 137 125.04 5.84 125 120 128
SAP Il 1 M 20 110 137 125.6 716 125.5 120.75 130.25
DAP I 1 F 5 70 80 75.8 3.63 76 76 77
DAP I 1 M 9 78 82 80 1.4 80 80 80
DAP I 0 F 16 63 97 79.25 8.47 76.5 73.75 85.75
DAP I 0 M 27 67 95 81.85 6.27 82 80 85
DAP I 1 F 23 63 97 7917 7.33 80 75.5 83
DAP I 1 M 20 65 90 78.2 6.76 775 73.75 81.75
RR I 1 F 5 16 18 17.6 0.89 18 18 18
RR | 1 M 9 16 18 16.44 0.88 16 16 16
RR I 0 F 16 16 18 16.69 0.6 17 16 17
RR I 0 M 27 15 18 16.33 0.78 16 16 17
RR I 1 F 23 15 18 16.57 0.66 17 16 17
RR Il 1 M 20 15 17 16.2 0.62 16 16 17
HR | 1 F 5 74 78 772 1.79 78 78 78
HR | 1 M 9 72 76 74 1.73 74 72 76
HR I 0 F 16 66 84 77.56 4.53 78 75.75 82
HR I 0 M 27 68 88 76.15 5.33 76 72 79
HR I 1 F 23 63 84 75.91 5.35 77 725 79
HR Il 1 M 20 62 86 74.2 713 73.5 71.75 77.25

Notes. Variables: T — body temperature, Age (years), Weight (kg), Height (cm), SAP and DAP — systolic and diastolic arterial pressure respectively,
RR — respiratory rate, HR — heart rate. Vaccine — 1in EpiVacCorona group and 0 in placebo group. N — the number of volunteers. Min, Max and
Mean — are the minimal, maximal and average values respectively. SD is standard deviation. Med, Q1 and Q2 are the median value and the 1

and the 3 quartile values.
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The vaccine did not cause the development of im-
mediate adverse events (allergic reactions) occurring
within 2 hours after vaccination. The development
of serious adverse events was not observed during
the study. Thus, the vaccine was considered to be low
reactogenic, safe and well-tolerated. The reversible
local irritating effect of vaccination, observed in sev-
eral patients (6 out of 43), was expected due to known
effects of the aluminum hydroxide used as an adju-
vant in EpiVacCorona formulation.

However, three cases of acute respiratory viral
infections were reported during the study, with two
of them been laboratory-confirmed as COVID-19.
These were the only severe adverse events registered.

One case was an 18 year old patient from the first
group of vaccinees (phase 1). On July 30, 2020, he was
hospitalized for 23 days at the hospital, and the first
vaccination with EpiVacCorona (Series No. K010520)
was carried out on August 01, 2020. The second vac-
cination was on August 22, 2020, and the patient re-
turned back home on August 23, 2020. The scheduled
visits took place on August 24, September 28, and
October 4, 2020. There were no complaints reported,
and no SARS-CoV-2 coronavirus RNA was detected
in nasopharyngeal swabs on these dates. On day 45
after the first vaccination, a questionable PCR test
result was recorded (Ct33). On day 47, a second ex-
amination was positive, with a Ct of 21. The patient
had general malaise, rare dry cough, discharge from
the nose, and increased body temperature (38.0°C).
In the pharynx, there was a dull hyperemia of the
posterior pharyngeal wall. Heart and lungs were
without pathology. According to patient self-report,
he felt a deterioration on September 15, 2020 (mod-
erate weakness, loss of smell, a rare dry cough and
discharge from the nose appeared). The patient was
isolated (lived separately). On September 22, PCR
testing results for SARS-CoV-2 were negative.

Another laboratory-confirmed case of COVID-19
was registered in a 50 year old patient who received
the placebo. The first placebo administration she got
on August 18 and the second on September 7, 2020.

The scheduled visits took place on September 9 and
September 15, 2020. There were no complaints re-
ported, and no SARS-CoV-2 coronavirus RNA was
detected in nasopharyngeal swabs on these dates.
The first signs of the disease (increased body temper-
ature 37.5°C and weakness) were recorded appeared
on September 17, 2020. However, on September 20,
2020, no symptoms but weakness were recorded:
body temperature was 36.6°C; arterial pressure and
heart rate were normal; and breathing sound was clear
with no wheezing. On September 24, the tempera-
ture had risen to 39.0°C, and on September 25, 2020,
she was admitted to the Regional Clinical Hospital
with a diagnosis of bilateral lower lobe pneumonia
with SARS-CoV-2 RNA detected in nasopharyn-
geal swabs. The patient remained at the hospital until
October 06, 2020.

Another ARVI case was registered in a 25 year
old patient. She got the first placebo injection
on August 18 and the second one on September 07.
The scheduled visits took place on September 09 and
September 15. There were no complaints reported,
and no SARS-CoV-2 coronavirus RNA was detected
in nasopharyngeal swabs on these dates. The first
signs of disease appeared on October 07: body tem-
perature increased to 38.8°C; general weakness and
myalgia were reported. The hyperthermia persisted
for 3 days. No SARS-CoV-2 RNA was detected.

The diseased volunteer from the placebo group
with laboratory-confirmed COVID-19 disease de-
veloped a bilateral pneumonia. Clinical symptoms
in the vaccinated volunteer were much less pro-
nounced, but this could also be explained by the fact
that, in general, younger people have mild disease.

Immunogenicity outcomes

An enzyme-linked immunosorbent assay was
used to assess the specific antibody response to Epi-
VacCorona antigens and the antigens of a native
SARS-CoV-2. The highest seroconversion rate (100%)
for the vaccine antigen was reported on day 42 fol-
lowing the first injection of EpiVacCorona with geo-

Table 2. Local and systemic adverse reactions summary throughout the study

Adverse reactions

Local reactions

Systemic reactions

No. of volunteer
o. of volunteers Mild Moderate

Severe Mild Moderate Severe

N % N %

N % N % N % N %

EpiVacCorona (l)

After the 1%tinjection 14.3 0 0

After the 2" injection 14.3 0 0

EpiVacCorona (ll)

After the 1¢tinjection |[n=43 4 9.3 0 0

After the 2" injection |[n=43 2 47 0 0

Placebo (Il)

After the 1stinjection |[n=43 0 0 0 0

After the 2"injection |[n=43 0 0 0 0

Note. * — The observed reactions were not attributed to vaccination.
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Figure 2. Specific antibodies to EpiVacCorona antigens, 14, 21, 35 and 42 days after the first

immunization, log,,

metric mean titer reaching 1:2475 (Fig. 2, Table 3).
Geometric mean titers to whole SARS-CoV-2 anti-
gens were significantly lower: 1:105 and 1:156, on days
35 and 42 following the first immunization, respec-
tively. IgG seroconversion to native coronavirus an-
tigens was reported in 82.1% of volunteers on day 42
day following the first immunization (Fig. 3, Table 3).
IgM seroconversion, when measured to whole coro-
navirus proteins, was minimal and amounted to 5.3%
on days 14 and 21 following the first immunization,
decreasing to 1.8% by the 35" day following the first
immunization (data not shown).

Neutralization assay on Vero E6 cells was used
to measure the level of neutralizing antibodies. On day
42 following the first vaccination, 100% of the volun-
teers had neutralizing antibodies with titers ranging
from 1:20 to 1:160. Geometric mean titers were 1:68
and 1:48, on days 35 and 42 following the first immu-
nization, respectively. None of placebo group volun-
teers had seroconversion (Fig. 4, Table 2).
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Discussion

Clinical study of EpiVacCorona showed that
the maximum value of vaccine antigen seroconver-
sion was reported in 100% of volunteers on the 42"
day following the first injection. By this time, geo-
metric mean titer to the vaccine antigen in the group
of vaccinated volunteers reached the value of 1:2475,
ranging from 1:800 to 1:25 600.

High immunogenicity of EpiVacCorona was ob-
served during preclinical studies (data not shown,
the paper is under review). The GMTs of antibodies
to vaccine antigens in the sera of hamsters vacci-
nated with a dose of 260 pg were 1:11 943 two weeks
following the second inoculation. By the same time,
100% of vaccinated ferrets developed high levels
of specific antibodies, with GMTs ranging from
1:9051 to 1:10 159 in three groups of ferrets immu-
nized with three series of EpiVacCorona. In pri-
mates, the vaccine induces high titers of antibodies

4.0-
3.5-

3.0-

42
Conv.

$ EpiVacCorona

Figure 3. A) Specific antibodies to SARS-CoV-2 antigens in volunteer sera 14, 21, 35 and 42 days after
the firstimmunization, log,,. B) Specific antibodies to SARS-CoV-2 antigens in convalescent sera, log;,
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Table 3. Inmunogenicity and virus-neutralization studies results

Variable | Time | Vac. N Min Max Mean SD Gmean Med | Q1 Q3
Vac 0 0 43 40 800 139.3 117.99 115.01 [96.04, 137.74] 100 | 100 | 200
Vac 0 1 57 40 800 153.51 156.26 110.74 [90.36, 135.72] 100 50 200
Vac 14 0 43 50 800 213.95 143.23 175.8 [144.09, 214.49] 200 | 100 | 200
Vac 14 1 57 50 1600 383.33 313.58 284.57 [231.59, 349.66] 200 | 200 | 800
Vac 21 0 43 40 800 243.95 155.84 195.78 [157.24, 243.77] 200 | 100 | 400
Vac 21 1 57 40 3200 701.58 604.12 478.17 [370.71, 616.76] 400 | 400 | 800
Vac 35 0 43 40 400 49.3 54.83 43.09 [38.64, 48.04] 40 40 40
Vac 35 1 57 50 | 25600 | 4425.44 | 6116.2 | 2065.5[1454.96,2932.24] | 1600 | 800 | 3200
Vac 42 0 32 40 100 44.06 14.78 42.65[39.3, 46.29] 40 40 40
Vac 42 1 54 | 200 | 51200 | 5237.04 | 8745.98 | 2475.47 [1795.72,3412.52] | 1600 | 1600 | 5600
IgG_vir 14 0 43 50 50 50 0 50 [50, 50] 50 50 50
IgG_vir 14 1 57 50 200 72.81 29.99 67.76 [61.41, 74.77] 50 50 100
1gG_vir 21 0 43 50 50 50 0 50 [50, 50] 50 50 50
IgG_vir 21 1 57 50 400 91.23 55.2 81.32[72.11,91.71] 100 50 100
IgG_vir 35 0 43 50 50 50 0 50 [50, 50] 50 50 50
IgG_vir 35 1 56 50 800 138.39 148.01 105.08 [88.08, 125.36] 100 50 100
IgG_vir 42 0 42 50 50 50 0 50 [50, 50] 50 50 50
1gG_vir 42 1 56 50 | 51200 | 1533.93 | 7565.35 156.14 [111.31, 219.03] 100 | 100 | 200
Neutr 35 0 38 10 20 10.53 2.26 10.37[9.85, 10.92] 10 10 10
Neutr 35 1 57 20 160 74.04 45.03 61.97 [52.72, 72.84] 80 40 80
Neutr 42 0 43 10 10 10 0 10 [10, 10] 10 10 10
Neutr 42 1 56 20 80 52.5 21.43 48.16 [42.94, 54.01] 40 40 80

Notes. Variables: Vac — reciprocal titers of serum antibodies specific to vaccine antigens; IgG_vir — reciprocal titers of serum antibodies specific
to SARS-CoV-2 virions; Neutr — reciprocal virus-neutralizing serum titers. Time — the time in days since the 1stinjection. Vac. — 1in EpiVacCorona
group and 0 in placebo group. N — the number of volunteers. Min, Max and Mean — are the minimal, maximal and average values respectively.

SD is standard deviation. Gmean is the geometric mean value and its 95% confidence interval. Med, Q1 and Q2 are the median value and the 1stand

the 3" quartile values.

to the vaccine antigens and the whole-virion antigen
of coronavirus in 100% of animals 2—3 weeks fol-
lowing the first vaccination. Four weeks following
the first vaccination, GMTs to the vaccine antigen
reach 1:12 800 and 1:11 143, in rhesus macaques and
green monkeys, respectively. 100% of experimental
group animals had a titer of antibodies specific to the
vaccine antigen, ranging from 1:6400 to 1:25 600.
However, neutralizing antibodies were reported
14 weeks following the first vaccination and disap-
peared 4 weeks before coronavirus challenge. After
the challenge of vaccinated animals, none of the
primates showed focal infiltrative changes in lungs
typical for viral pneumonias, while placebo animals
showed extensive lung tissue damage and signs of vi-
ral pneumonia (pleurisy, cardiomegaly). In contrast
to our findings in preclinical studies in primates,
100% of the volunteers had neutralizing antibody
titers of 1:20 to 1:160 after two vaccinations, with
GMT of 1:68 on day 35 after the Ist injection. Thus,
EpiVacCorona Vaccine was found to be immuno-
genic and capable of inducing potentially protective
immunity and virus-neutralizing antibodies in hu-
man volunteers.

Peptides included into EpiVacCorona overlap
with epitopes described by VirScan, and the most
notable among them is the epitope S454-463, which
is located to receptor binding domain and over-
laps the binding site of virus-neutralizing antibody

CB6 [18]. In another SARS-CoV-2 B-cell epitope
study with peptide microarrays, there was found sim-
ilar overlapping epitope S456-460, which was previ-
ously identified as the epitope of neutralizing anti-
body B38 isolated from a convalescent patient [24].
Looking beyond the spike protein, which is the
primary target of the majority of current SARS-

Virus-neutralization titers
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Figure 4. Virus-neutralizing antibodies (reverse
titer) in volunteer sera 35 and 42 days after the first
immunization
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CoV-2 immunoassays and vaccines, many current se-
rological assays use recombinant protein N, since it is
produced in vast amounts by a replicating virus [13].
Protein N was even proposed for a mass-spectrom-
etry-based method for specific and sensitive SARS-
CoV-2 virus detection in nasopharynx epithelial
swabs, since such an approach was able to confidently
identify the virus in patient samples with even the low-
est viral loads [14]. Detailed overviews of the epitope
landscape within SARS-CoV-2 confirmed that pro-
tein N is a valuable marker bearing many B-cell
epitopes recognized by antibodies from exposed pa-
tients [13, 18, 21]. Interestingly, even with a single
protein N epitope located to region 155-171, it was
possible to achieve 92% sensitivity and 100% speci-
ficity in discriminating healthy individuals from in-
fected ones [13]. Protein N was proposed as a valuable
component of future SARS-CoV-2 vaccines [4], and
it was also shown to induce T-cell immune responses.
N-specific T cells were observed in SARS-CoV-2 N
immunized mice and COVID-19 convalescents [6,
8]. Recently, it was shown that intranasal inoculation
of recombinant adenovirus expressing SARS-CoV-2
protein N induce local and systemic T-cell immune
responses in mice. It induced CD8" CTL responses
in lungs and CD4" T-cell responses in spleen of im-
munized animals. N protein-specific CD4* T-cell
responses were also associated with humoral immune
response [8]. EpiVacCorona Vaccine contains SARS-
CoV-2 protein N that was selected to be used as a car-
rier for peptide antigens due to its high level of con-
servation and immunogenicity, as a valuable source
of CD4* T-cell epitopes according to our previous ex-
perience. Recent findings support the conclusion that
protein N, although unable to raise virus-neutralizing
responses, still might be important for developing vi-
rus-specific T- and B-memory cells; this is especially
important as memory T cells might persist longer
than antibodies or memory B cells, as it was observed
for SARS-CoV [6].

Besides, it is also important to point out that high
titers of virus-specific antibodies are not necessarily
associated with protection from COVID-19. During
the current pandemic, many research groups have
reported that individuals with mild or asymptomat-
ic disease have low antibody titers towards SARS-
CoV-2 antigens. For example, in one such study,
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it was found that 87.5% of asymptomatic and 23.5%
of mild patients had no detectable antibodies against
SARS-CoV-2 [20]. The rapid decline in virus-specif-
ic 1gG titers after viral infection has been described
in numerous reports, and it has also been shown that
up to 40% of asymptomatic individuals become se-
ronegative as soon as in 3 months [6].

EpiVacCorona Vaccine demonstrated low reac-
togenicity. Only four (9.3%) and two (4.7%) volun-
teers developed mild local reactions after the first
and the second injections of the vaccine, respectively.
The duration of symptoms after the first and the sec-
ond vaccinations was 1—2 days. Post-vaccination
reactions were mild, short-lived and caused no dis-
comfort to the volunteers. No other manifestations
of reactogenicity were reported. The vaccine was
shown to be safe and well tolerated. EpiVacCorona
peptide vaccine was found to induce virus-specific
and neutralizing antibodies in 100% of volunteers
at levels that, as it was shown in preclinical studies
(in hamsters, ferrets and primates), provided a 5-7-
day reduction of virus carriage duration and pre-
vented pneumonia (the publication is under review).
The number of volunteers enrolled and the number
of laboratory-confirmed COVID-19 cases is not suf-
ficient to draw conclusions about vaccine efficacy.

Supplementary materials

Supplementary Tables are available at:
http://dx.doi.org/10.15789/2220-7619-ASB-1699
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