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Summary
BackgroundWe assessed the efficacy of a receptor-binding domain (RBD)-based protein subunit COVID-19 vaccine.

Methods A randomised Phase-1/2 trial followed by a Phase-2 trial were conducted to assess the safety and immuno-
genicity of the COVID-19 vaccine Corbevax and select to an optimum formulation. Healthy adults (n=460) without
COVID-19 vaccination or SARS-CoV-2 infection in the Phase-1/2 study were randomly divided into four vaccine for-
mulation groups.

Findings A low incidence of adverse events was reported post-vaccination. All formulations showed similar profiles
of humoral and cellular immune responses that were associated with the content of CpG1018 adjuvant in the vac-
cine. In the Phase-2 study, 750 µg of CpG1018 showed significant improvement (> 4-fold increase from baseline) in
immune responses, including the titres of anti-RBD IgG and neutralising antibody (nAb), and cellular immune
responses, while maintaining the safety profile. Antibodies persisted consistently for 12 months after the second
dose of vaccine.

Interpretations Corbevax (two-dose schedule with 28 days of interval between doses) was well tolerated with no
observed safety concerns. Previous observations from efficacy studies by Moderna and AstraZeneca and the correla-
tion between nAb titres post-vaccination and a human convalescent serum panel showed that Corbevax induced sig-
nificantly high nAb titres. These studies were prospectively registered with the Clinical Trial Registry of India
(CTRI/2021/06/034014 and CTRI/2020/11/029032).
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Introduction
Coronavirus disease (COVID-19) is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2).1 Multiple vaccines have either been developed or are
under development to prevent infection and reduce dis-
ease severity. Most vaccines utilise the spike protein or
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Research in context

Evidence before this study

A search on PubMed on the 30th June 2022 with the
search terms ‘COVID-19’, ‘vaccine’, ‘protein subunit’,
with no language restrictions applied, and filtering for
clinical trial, generated only a few results: the SCB-
2019 vaccine, comprising S-Trimer protein formulated
with either AS03 or CpG/alum adjuvants and tested in
Phase-1, 2, and 3 studies; a recombinant tandem-
repeat dimeric RBD-based vaccine containing full-
length SARS-CoV-2 spike protein with alum (ZF2001);
a Sanofi vaccine (CoV2 preS dTM) tested in Phase-1
and 2 studies; and a recombinant subunit vaccine,
AKS-452, tested in a Phase-1 study, comprising of a Fc
fusion protein of the SARS-CoV-2 viral spike protein
RBD antigen and human IgG1 Fc emulsified in the
water-in-oil adjuvant. Many studies based on protein
subunit vaccines are in the clinical trial stage and only
limited data are available on RBD-based vaccine
candidates.

Added value of this study

The present study is based on using a soluble mono-
meric RBD protein as an antigen. To our knowledge,
this is the first vaccine for COVID-19, which is adju-
vanted with alum and CpG1018. This Phase-1/2 study
focused on identifying the optimal formulation of the
Corbevax vaccine, that is, relative concentrations of
the three key components: RBD antigen, alum, and
CpG1018 adjuvants, to meet key benchmarks of prod-
uct safety, reactogenicity, and immunogenicity. Test-
ing included robust humoral responses (binding and
nAb titres) and cellular immune responses. The stud-
ies were successful, and an optimal formulation (RBD
antigen - 25 µg, alum � 750 µg, and CpG1018 � 750
µg) was identified from the Phase-2 study, which was
then advanced into pivotal Phase-3 studies in adults
as well as paediatric populations. These studies are
currently ongoing.

Implications of all the available evidence

These findings suggest that the RBD-based protein sub-
unit Corbevax vaccine using a two-dose schedule is
safe, well tolerated, and highly immunogenic. The
Phase-3 trial will provide information on the safety and
immunogenicity of this vaccine in a larger adult and
paediatric population.
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entire inactivated virus as the antigen. Protein subunit
vaccines consist of either whole protein or specific pro-
tein regions from the pathogen containing key B- and
T-cell epitopes combined with an adjuvant.2 Subunit
proteins are often poorly immunogenic by themselves
and adjuvants are added to enhance their ability to
induce robust and long-lasting immune responses. Ani-
mal experiments suggest that vaccine-primed T helper
type 2 (Th2) or T helper type 17 (Th17) responses are
associated with immunopathology. Therefore, caution
should be exercised when selecting an appropriate adju-
vant. CpG motifs are Toll Like Receptor-9 (TLR-9) ago-
nists that generate potent T helper type 1 (Th1)-biased
responses and can mitigate Th2 or Th17-induced
immunopathology.3 In pre-clinical studies, the sub-
unit vaccine from the spike region of SARS-CoV-2,
when mixed with CPG1018 and Al3+, was highly
effective at inducing antibodies that neutralised pseu-
dovirus (PSV) and wild-type live virus with no vac-
cine-related adverse effects.4 Biological E developed a
receptor-binding domain (RBD)-based subunit vac-
cine with aluminium hydroxide and CpG1018 as
adjuvants. Baylor College of Medicine/Texas Child-
ren's Hospital produced and licenced the recombi-
nant Pichia Pastoris strain expressing RBD protein,
consisting of residues 331�549 of the spike protein
of SARS-CoV-2 Wuhan-Hu1 (GenBank Accession
Number: QHD43416.1) to Biological E,5�9 and Dyna-
vax Inc. supplied the CpG1018 adjuvant. The RBD of
spike protein can induce an excellent immune
response in terms of neutralising antibody (nAb)
titres against SARS-COV-2 virus.10�13 After satisfac-
tory results from pre-clinical and developmental
studies, clinical studies were planned to finalise vac-
cine formulation for late-stage clinical studies.

This manuscript describes clinical studies used to
evaluate the optimal formulation of the vaccine (Corbe-
vax). The Phase-1/2 study assessed the key role played
by the RBD and adjuvant CpG1018. The subsequent
Phase-2 study confirmed the safety and immunogenic-
ity of the optimum formulation. In addition, the persis-
tence of immune response at six and 12 months after
the second dose is also presented in the Phase-1/2
study.
Methods

Study population and study design
In total, 1497 subjects were screened for both studies,
and 460 subjects (n=360 and 100 in Phase 1/2 and
Phase-2 studies, respectively) were vaccinated with
different formulations of the Corbevax vaccine
(Table 1).
Study design
The Phase-1/2 and Phase-2 studies were conducted in
five and seven centres, respectively, across India. Stud-
ies were prospectively registered as multicentre, open-
label, and randomised (Phase-2 part of Phase-1/2) and
aimed to assess the optimal vaccine formulation for
safety, tolerability, reactogenicity, and immunogenicity
in real-time polymerase chain reaction (RT-PCR) for
COVID-19 and anti-SARS-CoV-2 antibody seronegative
www.thelancet.com Vol 83 Month , 2022



Phase-1/2 study Phase-2 study

Component details A B C D E

RBD antigen of SARS-CoV-2 (Covid-19) 50 µg 25 µg 25 µg 15 µg 25 µg

Aluminium Hydroxide gel as Al+++ 750 µg 750 µg 500 µg 750 µg 750 µg

CpG 1018 500 µg 500 µg 250 µg 500 µg 750 µg

Buffer (Tris and NaCl in water for injection) q¢s to 0¢5 mL q¢s to 0¢5 mL q¢s to 0¢5 mL q¢s to 0¢5 mL q¢s to 0¢5 mL

Table 1: Composition of the different formulations of CorbevaxTM.
RBD: receptor binding domain; NaCl: sodium chloride; µg: micrograms; mL: milli liters.
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subjects. Phase-1/2 and 2 trials were not placebo-con-
trolled, as they were primarily designed to select the
optimum formulation of the candidate vaccine. The
results of these studies are currently being tested in a
placebo-controlled Phase-3 clinical trial.

In the Phase-1/2 study, healthy volunteers were ran-
domly assigned into four groups to receive a 0.5 mL
dose of four different Corbevax formulations, desig-
nated as A, B, C, and D, as intramuscular injections
into the deltoid muscle in a two-dose schedule with a
28-day interval between the doses (Figure 1a). All sub-
jects were followed up for one year after the second
dose. The optimum Corbevax formulation consisting of
RBD antigen (25 µg) + aluminium hydroxide (750
µg) + CpG 1018 (750 µg) in a 0.5 mL volume (single
dose for a human subject), was evaluated in the Phase-2
study (formulation-E, Table 1). All participants are being
followed up for 12 months after the second dose of vac-
cine.

Healthy adult volunteers of either sex, between 18
to 65 years of age at the time of the first vaccination,
were included in these studies. In addition, partici-
pants who were virologically seronegative for SARS-
CoV-2 infection by RT-PCR (Dr.Dangs lab) and an
anti-SARS-CoV-2 antibody (Liaison-SARS-CoV-2
ELISA kit14) were included in the study. Subjects
with antibody concentrations below 12 units/mL
were designated seronegative and selected for the
trial (DiaSorin). Health status assessed during the
screening period was based on medical history, clini-
cal laboratory findings, vital signs, and physical
examination. Participants who had a history of vacci-
nation against COVID-19, were seropositive for IgG
antibodies against SARS-CoV-2, or were exposed to
COVID-19 patients were excluded from the study
(detailed eligibility criteria are described in the proto-
col in the supplement section).

Ethics
The Ethics Committee at each study site approved the
protocol (details of the Ethics Committee are available
in the supplement.) The study was conducted in accor-
dance with the principles of the Declaration of Helsinki,
the International Conference on Harmonisation, and
local regulatory guidelines. Written informed consent
www.thelancet.com Vol 83 Month , 2022
was obtained from all healthy volunteers prior to enrol-
ment.
Safety assessments
Each subject was under direct observation for any imme-
diate local and systemic adverse reactions, up to 120 min
post-vaccination. All subjects were provided with a sub-
ject diary and trained to observe and capture adverse
symptoms post-vaccination for the next seven days.

The number and percentage of subjects with adverse
events (AEs) and serious adverse events (SAEs) were
presented by system organ class (SOC) and preferred
term (PT). The percentage of subjects with at least one
local AE (solicited and unsolicited), one systemic AE
(solicited and unsolicited), and with any AE during the
solicited follow-up period was tabulated with an exact
95% confidence interval (CI). The same calculations
were performed for symptoms rated as grade 3 or
higher. Systemic and local tolerability, recorded in sub-
ject diaries, were summarised in a frequency table with
percentages based on the number of observed values.
SAEs, related AEs, AEs leading to death or withdrawal,
solicited AEs, and medically attended adverse events
(MAAEs) were separately summarised.
Immunological assays
Anti-SARS-CoV-2 antibody concentrations were mea-
sured using a DiaSorin kit.14 Anti-RBD antibody and
IgG subclass responses were measured using a vali-
dated enzyme-linked immunosorbent assay (ELISA). In
addition, nAbs against SARS-COV-2 were measured
using a microneutralisation assay (MNA). PSV neutrali-
sation assay (PNA) and cellular immune responses
analysis were conducted by measuring cytokine secre-
tion using TrueCulture tubes (Q2 solutions, USA)
coated with SARS-COV-2 peptides.

Humoral immune responses were evaluated using
the following methods:

1. Anti-RBD antibody response: Anti-RBD IgG con-
centrations in serum samples were measured pre-
vaccination (Day 0), post first dose (Day 28), and at
multiple time points post second dose (Days 42, 56,
3



Figure 1. (a) Subject disposition in Phase-1/2 study (consort diagram). A total of 854 subjects were screened, and 360 subjects
were randomly randomised to four different formulation groups (n=90 in each group). All subjects were of Indian origin; 305
(84.72%) were male the mean §SD age was 34.4§8.26 years and BMI (kg/m2) was 24.8§3.03. All subjects received the first dose,
and 358 subjects received the second dose of the COVID-19 vaccine of Biological E. Three participants voluntarily withdrew from
the study. A total of 357 (99.17%) and 360 (100%) patients were included in the immunogenicity and safety analyses, respectively.

N, number; RT-PCR, reverse transcription polymerase chain reaction; RBD, receptor-binding domain; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

(b) Subject disposition in Phase-2 part of Phase-2/3 study. A total of 643 subjects were screened, and 100 were enrolled in
the study. All 100 subjects were of Indian origin and received the first dose, and 99 subjects received the second dose of COVID-19
vaccine of Biological E. Out of the 100 subjects, 86 (86.00%) were male, and the mean§SD age was 33.2 §8.41 years. In one subject,
the second dose of the vaccine was withheld owing to COVID-19 infection. A total of 99 (99%) and 100 (100%) patients were
included in the immunogenicity and safety analyses, respectively.

n, number; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus
2.
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Figure 1. Continued
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and 208) using a validated ELISA at Dr.Dangs Lab,
New Delhi, India. CR-3022 (Lake Pharma Inc., CA,
USA), a monoclonal antibody against the RBD pro-
tein, was used to generate a standard curve com-
prising optical density (OD) values in ELISA and
antibody concentrations. An ELISA concentration
equivalent to 1 ng/mL of CR-3022 binding con-
centration was assigned as the concentration of
one anti-RBD ELISA Unit/mL. The anti-RBD
IgG concentration was reported as EU/mL. The
National Institute for Biological Standards and
Control, UK plasma reference standard 20/130,
was used as a positive control (range, 8151�15137
EU/mL).15 Geometric means were calculated at
specific time-points, fold rise in anti-RBD con-
centrations for all time points post-vaccination
was calculated in relation to the pre-vaccination
concentrations, and then fold rise in geometric
mean (GMFR) was calculated.

2. Anti-RBD IgG-subclass response: The titres of anti-
RBD IgG1 and IgG4 subclasses were measured in
serum samples pre-vaccination (Day 0), post-first
dose (Day 28), and at multiple timepoints post sec-
ond dose (Days 42 and 56) using a validated ELISA
executed at Dr.Dangs Lab. A pool of serum was pre-
pared with very low anti-RBD IgG concentrations
from pre-vaccination samples. The threshold ELISA
OD for titre assignment was calculated as following:

ThresholdOD

¼ Average of blank poolODþ 5 ¢ 56
� standard deviation: ðIÞ
www.thelancet.com Vol 83 Month , 2022
Each serum sample was tested as a series of two-fold dilutions

(starting from 50-fold), and the dilution that resulted in an OD

higher than the threshold OD was assigned as the titre of IgG1

or IgG4. Geometric means were calculated at specific time

points, and GMFR in anti-RBD IgG1 and IgG4 titres for all

time points postvaccination were calculated with respect to the

pre-vaccination titres.

3. SARS-COV-2 virus neutralisation: SARS-COV-2
nAb-titres were measured using two different meth-
ods.16 MNA was employed using wild-type SARS-
COV-2 strain (Victoria isolate 01/2020). A PNA was
employed using Vesicular stomatitis virus express-
ing SARS-COV-2 spike protein and luciferase
reporter gene. MNA and PNA were conducted at
the Translational Health Science and Technology
Institute (THSTI), Faridabad, India and Nexelis,
Quebec, Canada, respectively; both are Coalition for
Epidemic Preparedness Innovation (CEPI-network)
labs. nAb was tested as previously described.16 Both
laboratories have established conversion factors to
enable conversion of the neutralisation titre (NT50)
values to World Health Organization (WHO) Inter-
national Standard (NIBSC-20/136) and report the
NT50 values in International Units/mL.17 MNA
and PNA values were divided by 4¢064 and 1¢875,
respectively, to obtain the titres in IU/mL when
required for comparison. Geometric mean titres
were calculated at scheduled time points, and fold
increases from the pre-vaccination values were cal-
culated along with GMFR. For serum samples that
did not demonstrate a minimum of 50% neutralisa-
tion of the virus at 10-fold dilution [the lower limit
5
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of quantitation (LLOQ) of the assay], titres were
assigned as LLOQ/2. For key geometric mean titre
(GMT)/ geometric mean concentration (GMC) val-
ues, 95% CI were calculated. All serum samples
were assessed for nAb titres using the PNA method.
Subjects with PNA titres below and above the LLOQ
were considered seronegative and seropositive,
respectively. Seroconversion rates for anti-RBD IgG
concentration and nAb titres were calculated as fol-
lows: for seronegative subjects, a � 4-fold rise in
IgG or nAb titres and for seropositive subjects, a �
2-fold rise in IgG or nAb titres were seroconverted.

Cellular immune responses were assessed in a
subset of subjects using terms of cytokine secretion
in TrueCulture tubes.18 Whole blood samples were
incubated in TrueCulture tubes coated with SARS-
COV-2 peptides (Myriad Inc., TX, USA). Peripheral
blood mononuclear cells in the blood are stimulated
by peptides that resemble the vaccine antigen to pro-
duce cytokines. The culture supernatants were col-
lected, and the levels of interferon-gamma (IFN-g)
and interleukin 4 (IL-4) were measured using stan-
dard ELISA kits (Becton Dickinson, Franklin Lakes,
New Jersey, USA) at Dr.Dangs Lab. Cytokine contents
were reported in pg/mL, and averages were calculated
for each cohort.

Serum samples were tested for breakthrough infec-
tions after vaccination to detect IgG antibodies against
the nucleocapsid (N) protein of SARS-CoV-2 using an
automated, two-step chemiluminescent microparticle
immunoassay (06R9020, Abbott Alinity CMIA ELISA
kit; Abbott Diagnostics) following the manufacturer’s
instructions. Intensity of the chemiluminescent reac-
tion was measured in relative light units, which were
calculated as an index value S/C (specimen absorbance/
calibrator absorbance). An index � 1¢4 was considered
seropositive for anti-N.

Statistics

Sample size. The sample size used in Phase-1 of the
Phase-1/2 study was determined based on the WHO
guidelines on clinical evaluation of vaccines,19 as this is
the first human study to assess the safety, tolerability,
and reactogenicity of each drug dose. The sample size
used in Phase-2 of the Phase-1/2 study was calculated
based on the difference in seroconversion rates between
higher and lower dose groups using “SAS Proc” to
detect a treatment difference of �20%, �20%, and
�30%, for formulations B, C and D respectively, for
each of the comparisons with the highest dose group
(formulation A). Multiplicity adjustment was applied
for each comparison with an overall significance level of
0¢05. Therefore, the total sample size needed for Phase-
1 to be seamlessly followed by the Phase-2 study was
320 subjects. With the addition of not less than a 10%
dropout rate, 360 subjects were enrolled. The sample
size of the Phase-2 study was based on human trials
using a similar protein subunit-based vaccine,20 and
was calculated for a minimum power of 90% to assess
superiority against the background seroconversion rate
of 15% in the target population. The estimated serocon-
version rate in the cohort and the population back-
ground seroconversion rate were assumed to be 71%
and 15%, respectively, and the superiority margin was
60% based on human trials with similar vaccines along
with a significance level of 2.5% (one-sided test for supe-
riority) with not less than 90% power. Based on these
assumptions, a total sample size of 1268 was deter-
mined (n=100 in Phase-2 and 1168 in Phase-3), assum-
ing a 10% dropout rate.

Randomisation and masking
In this study, the Phase-2 part of Phase-1/2 employed
randomisation. First, equal randomisation of subjects
into different formulation groups was performed using
Interactive Web Response System containing random-
isation numbers and intended allocation. The random-
isation numbers were assigned as follows: EA001 (E-
enrolment; A-site code; 001-number of the enrolled sub-
jects), and this number continued in the same serial
order for all subjects.

Statistical analyses
All data are presented using descriptive statistics.
Demographic and primary safety analyses were based
on the total vaccinated population. The full analysis set
(FAS) included participants who provided informed
consent. Intention-to-treat (ITT) analysis set included
all participants from FAS who received vaccines in this
study. Per-protocol analysis set included all subjects
from ITT set. All subjects who received at least one dose
of the study vaccine were included in the safety analysis.
Statistical analyses were conducted using SAS 9¢4 or
higher (SAS Institute, Cary, NC, USA).

Immunogenicity data (IgG titres, IFN-g levels, and
nAb titres) were assessed in the protocol population.
Serum anti-SARS-CoV-2 IgG titres were determined
using validated ELISA and nAb assay against live and/
or pseudo-type SARS-CoV-2 virus once at baseline, on
days 28, 42, and 56 and at six and 12 months after the
second dose. Seroconversion was defined as the appear-
ance of antibodies (titre � 4-fold rise) in sera of subjects
who were seronegative before vaccination. A significant
vaccine response rate was defined as an increase in anti-
body concentration � 4-fold post-vaccination in a sero-
negative subject. Seronegative was defined as a person
with no detectable levels of antibodies against the vac-
cine-specific antigen. GMT was calculated at baseline,
and on days 28, 42, and 56 by taking the anti-log of the
mean of log-concentration transformations. Antibody
titres below the LLOQ were assigned an arbitrary value
of half the LLOQ cut-off for GMT calculation. In
www.thelancet.com Vol 83 Month , 2022
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addition, GMFR in anti-SARS-CoV IgG antibody titres
and nAb titres on Day 28 post second dose, from base-
line, along with their corresponding two-sided 95% CIs,
was presented.
Role of the funding source
The selection of a laboratory for immunogenicity
analysis was based on the recommendations of
CEPI. Funding sources were not involved in the
study, data analysis/interpretation, or writing of the
manuscript.
Results

Study population
The subjects’ demographics and baseline characteristics
are described in Table 2, and their disposition is shown
in Figure 1a and b. The Phase-1/2 study was conducted
between November 2020 and March 2021. The Phase-2
study was conducted between June to December in
2021.
Safety findings
In the Phase-1/2 study, AEs were reported in 42 subjects
(11.67%) with a range of 8¢89�15¢56%. The lowest and
highest numbers of subjects with AEs were reported in
B and D formulation groups, respectively (Table 3a). In
the Phase-2 study, 27 (27¢00%) subjects reported AEs
Parameter/Statistics/Category Phase-1/2 stu

A (N=90) B (N=90) C (

Age (Year) Mean §SD 35¢0§8¢7 35¢0§9¢1 32¢
Gender, N1 (%)

Male 74 (82¢22%) 75 (83¢33%) 74

Female 16 (17¢78%) 15 (16¢67%) 16

Height (Cms) Mean §SD 166¢8§8¢9 166¢9§7¢8 165

Weight (Kgs) Mean §SD 69¢8§10¢0 68¢8§11¢6 67¢
BMI (Kg/m2) Mean §SD 25¢1§2¢6 24¢6§3¢2 24¢
Ethinicty: Asian 90 (100.00%) 90 (100.00%) 90

Centres

GTB Hospital, Delhi 1 10 11

AIIMS, Patna 45 27 29

KGH, Vizag 6 7 4

STH, Hyderabad 34 43 43

MASH, Jaipur 4 3 3

ESIC, Faridabad - - -

Prakhar Hospital, Patna - - -

AIG Hospital, Hyderabad - - -

Table 2: Demographics and baseline characteristics of participants in p
Note: Percentages were calculated using column header group count as denomi

=round of ((Vaccination Date-Birth Date)/365¢25); BMI= Weight/(Height (in mts)
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post-vaccination. No AEs were reported in any subject
within 120 min post-vaccination. None of the AEs was
serious or of Grade-3 severity. Details of solicited local
and systemic AEs and unsolicited AEs are listed in
Table 3a (Phase-1/2) and Table 3c (Phase-2). Most AEs
were related to the study vaccine. MAAEs were reported
in 10 (2¢78%) and six (6%) subjects in Phase-1/2 and
Phase-2 studies, respectively, which were not serious
(Table 3b, c).

No abnormal laboratory values, vital signs, or physi-
cal examinations were reported to be clinically signifi-
cant. No SAEs were reported during the study.
Immunogenicity findings

The Phase-1/2 study. Anti-RBD IgG concentrations
moderately increased after the first dose, significantly
after the second dose, and plateaued between days 42
and 56 (Figure 2a). Seroconversion was highest (90%)
for B formulation (Table 4a). IgG1 titres significantly
increased in all four groups, with the highest GMT
(2940 on Day 56) and GMFR (39¢7) observed for B for-
mulation. The Day 0 titres were very low for both iso-
types in all groups.

A minor increase was observed in IgG4 titres of the
four groups on Day 56 (Table 4b). Nexelis tested 273
plasma samples collected from convalescent patients
detected COVID-19 positive by RT-PCR. The range of
disease severity in the collected plasma samples was
dy Phase-2 Study

N=90) D (N=90) Overall (N=360) E (n=100)

7§8¢1 34¢7§6¢7 34¢4§8¢2 33¢2 §8¢41

(82¢22%) 82 (91¢11%) 305 (84¢72%) 86 (86¢00%)

(17¢78%) 8 (8¢89%) 55 (15¢28%) 14 (14¢00%)

¢7§8¢4 165¢8§6¢8 166¢3§8¢0 167¢7 §7¢23
5§11¢2 68¢9§9¢7 68¢8§10¢7 65¢7 §10¢90
5§3¢2 25¢1§3¢1 24¢8§3¢0 23.30§3.2

(100.00%) 90 (100.00%) 360 (100.00%) 100(100.00%)

No of participants recruited (N)

3 25 3

17 118 12

1 18 -

67 187 31

2 12 10

- - 23

- - 17

- - 4

hase-1/2 study and phase-2 of phase-2/3 study.
nator.The Age were calculated using following formula: Age (at vaccination)
2); N1: Subject Count, N: Sample Size.
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N1 (%) [95% CI] n A
(N=90)

B
(N=90)

C
(N=90)

D
(N=90)

Overall (N= 360)

Overall Adverse Events

Any AE 11 (12¢22%)

[6¢26, 20¢82] 11
9 (10¢00%)

[4¢68, 18¢14] 9
8 (8¢89%)

[3¢92, 16¢77] 10
14 (15¢56%)

[8¢77, 24¢72] 16
42 (11¢67%)

[8¢54, 15¢44] 46
Any Local AE 7 (7¢78%)

[3¢18, 15¢37] 7
3 (3¢33%)

[0¢69, 9¢43] 3
3 (3¢33%)

[0¢69, 9¢43] 4
12 (13¢33%)

[7¢08, 22¢13] 12
25 (6¢94%)

[4¢54, 10¢08] 26
Solicited Local Adverse Events

Injection site erythema 1 (1¢11%)

[0¢03, 6¢04] 1
0 (0¢00%) [NE] 0 0 (0¢00%) [NE] 0 0 (0¢00%) [NE] 0 1 (0¢28%)

[0¢01, 1¢54] 1
Injection site pain 6 (6¢67%)

[2¢49, 13¢95] 6
3 (3¢33%)

[0¢69, 9¢43] 3
2 (2¢22%)

[0¢27, 7¢80] 3
10 (11¢11%)

[5¢46, 19¢49] 10
21 (5¢83%)

[3¢65, 8¢78] 22
Injection site swelling 0 (0.00%) [0.00,

4.02] 0

0 (0.00%) [0.00, 4.02] 0 1 (1¢11%)

[0¢03, 6¢04] 1
2 (2¢22%)

[0¢27, 7¢80] 2
3 (0¢83%)

[0¢17, 2¢42] 3
Any Systemic AEs 4 (4¢44%)

[1¢22, 10¢99] 4
5 (5¢56%)

[1¢83, 12¢49] 5
5 (5¢56%)

[1¢83, 12¢49] 6
4 (4¢44%)

[1¢22, 10¢99] 4
18 (5¢00%)

[2¢99, 7¢79] 19
Solicited Systemic Adverse Events

Chills 0 (0.00%) [0.00,

4.02] 0

0 (0.00%) [0.00, 4.02] 0 1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 1 (0¢28%)

[0¢01, 1¢54] 1
Pyrexia 3 (3¢33%)

[0¢69, 9¢43] 3
2 (2¢22%)

[0¢27, 7¢80] 2
2 (2¢22%)

[0¢27, 7¢80] 2
1 (1¢11%)

[0¢03, 6¢04] 1
8 (2¢22%)

[0¢96, 4¢33] 8
Myalgia 0 (0.00%) [0.00,

4.02] 0

1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 2 (0¢56%)

[0¢07, 1¢99] 2
Headache 1 (1¢11%)

[0¢03, 6¢04] 1
2 (2¢22%)

[0¢27, 7¢80] 2
0 (0.00%) [0.00, 4.02] 0 3 (3¢33%)

[0¢69, 9¢43] 3
6 (1¢67%)

[0¢61, 3¢59] 6
Urticaria 0 (0.00%) [0.00,

4.02] 0

0 (0.00%) [0.00, 4.02] 0 2 (2¢22%)

[0¢27, 7¢80] 2
0 (0.00%) [0.00, 4.02] 0 2 (0¢56%)

[0¢07, 1¢99] 2
Any Unsolicited Systemic AE

Dyspepsia 0 (0.00%) [0.00,

4.02] 0

1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 1 (0¢28%)

[0¢01, 1¢54] 1

Table 3a: Adverse events and reactions in the Phase-1/2 study.
AE: adverse event; NE: non estimable; CI: confidence interval.
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asymptomatic to that of hospitalised patients. The GMT
calculated using the PNA method for these convalescent
serum panels was 126 and is shown in Figure 2b for
days 0, 28, 42, and 56. The observed nAb titres were
similar to the anti-RBD IgG concentrations, with the
highest NT50 titres (130) on Day 42 induced by formu-
lation B. Figure 2c represents the GMTs for the nAb
titres measured using the MNA method for the four
groups on days 0 and 56, showing a similar increase in
the overall titre. However, GMFR and percentage sero-
conversion were not calculated, as the Day 0 titres were
measured for only a subset of randomly selected sub-
jects by the MNA method. UK Health Security Agency
(UKHSA)21 tested 32 convalescent plasma samples col-
lected from RT-PCR-positive COVID-19 subjects with
severe disease. The GMT obtained via the MNA method
was 522. Formulation B induced a higher NT50 (60 at
Day 0 vs 537 at Day 56) than did the other formulations
(Figure 2c). nAb titres were measured on Day 56 using
the PNA method, where Vascular Stomatitis Virus
(VSV) PSV expressed spike protein from the beta strain
of SARS-COV-2. Serum samples were obtained from a
subset of randomly selected subjects (81 of 358) in all
four groups. A comparison of the PNA titres measured
against the ancestral (Wuhan, GMT, 362) and the beta
(GMT, 161) strains is shown in Figure 2d. The ratio was
calculated for each pair of PNA titres, and the overall
fold reduction of geometric means in PNA titres from
the ancestral to the beta strain was 2¢25. A significantly
high IFN-g response was induced by B formulation (31¢
4 pg/mL) on Day 56 compared to that by formulations
A, C, and D (Table 4c).

Phase-2 study
The subjects in the Phase-2 study received the modified
vaccine formulation containing a relatively high
CpG1018 adjuvant (Formulation E, Table 1) to increase
the robustness and magnitude of the immune response.
Immunogenicity parameters were measured in 100
subjects based on anti-SARS-COV-2 IgG seronegative
status. The primary aim of this immunogenicity analy-
sis was to assess the increase in immune response
www.thelancet.com Vol 83 Month , 2022



Phase-1/2
SOC/PTN1 (%)
[95% CI] n

Treatment Groups OVERALL
(N=360)

A
(N=90)

B
(N=90)

C
(N=90)

D
(N=90)

Gastrointestinal

disorders

0 (0.00%) [0.00, 4.02] 0 1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 1 (0¢28%)

[0¢01, 1¢54] 1
Dyspepsia 0 (0.00%) [0.00, 4.02] 0 1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 1 (0¢28%)

[0¢01, 1¢54] 1
General disorders and

administration site

conditions

1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
4 (1¢11%)

[0¢30, 2¢82] 4

Pyrexia 1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
1 (1¢11%)

[0¢03, 6¢04] 1
4 (1¢11%)

[0¢30, 2¢82] 4
Nervous system

disorders

1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 2 (2¢22%)

[0¢27, 7¢80] 2
3 (0¢83%)

[0¢17, 2¢42] 3
Headache 1 (1¢11%)

[0¢03, 6¢04] 1
0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 2 (2¢22%)

[0¢27, 7¢80] 2
3 (0¢83%)

[0¢17, 2¢42] 3
Skin and subcutaneous

tissue disorders

0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 2 (2¢22%)

[0¢27, 7¢80] 2
0 (0.00%) [0.00, 4.02] 0 2 (0¢56%)

[0¢07, 1¢99] 2
Urticaria 0 (0.00%) [0.00, 4.02] 0 0 (0.00%) [0.00, 4.02] 0 2 (2¢22%)

[0¢27, 7¢80] 2
0 (0.00%) [0.00, 4.02] 0 2 (0¢56%)

[0¢07, 1¢99] 2

Phase-2
E (N=100) N1(%), 95% CI, n

Subjects with medically attended adverse events 6 (6¢0) [0¢02, 0¢13] 12
Infections and infestations 3 (3¢0) [0¢01, 0¢09] 3
COVID-19 1 (1¢0) [0¢00, 0¢05] 1
Nasopharyngitis 1 (1¢0) [0¢00, 0¢05] 1
Pharyngitis 1 (1¢0) [0¢00, 0¢05] 1

General disorders and administration site conditions 2 (2¢0) [0¢00, 0¢07] 4
Pain 2 (2¢0) [0¢00, 0¢07] 2
Pyrexia 2 (2¢0) [0¢00, 0¢07] 2

Musculoskeletal and connective tissue disorders 1 (1¢0) [0¢00, 0¢05] 1
Pain in extremity 1 (1¢0) [0¢00, 0¢05] 1

Nervous system disorders 1 (1¢0) [0¢00, 0¢05] 1
Lethargy 1 (1¢0) [0¢00, 0¢05] 1

Table 3b: Medically attended AEs by system organ class and preferred term.
Note: Percentages were calculated using column header count as denominator.

N1: Subject count in specified category; N= Total number of subjects; n= Event Count (One subject may be counted more than once),NE: Not Estimable; 95%

CI was based on percentage calculated by Clopper�Pearson Method.
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owing to changes in vaccine formulation; therefore, data
are presented for the C and B groups from Phase-1/2,
along with the E cohort from the Phase-2 trial. Formula-
tion E induced a stronger anti-RBD IgG response
(GMC, E-26448 vs. B-17301 and C-11497) than did for-
mulations C and B, whereas the seroconversion rate
was comparable for all three formulations (E, 89%; B,
88%; and C, 82%) on Day 42 (Figure 3a and Table 5a).
Anti-RBD IgG1/IgG4 ratio was significantly higher in
the Formulation E (75¢4) group than in the Formulation
C (38¢0) or B (37¢1) groups on Day 42 (Table 5b). The
GMTs of nAb measured via the PNA method are shown
in Figure 3b for days 0 and 42 with strong NT50
induced by Formulation E (GMT, 534) compared to that
www.thelancet.com Vol 83 Month , 2022
by B (GMT, 130) and C (GMT, 52). Similarly, Formula-
tion E induced very high nAb GMTs measured via the
MNA method on days 42 or 56 (E-1338 vs C-234 vs B-
537) (Figure 3c). The delta and beta strains of SARS-
COV-2 were isolated from Indian subjects by THSTI
and were used to assess nAb-titres on Day 42 serum
samples from a subset of 20 subjects (Figure 3d) using
the MNA method. The results showed a minimal reduc-
tion in nAb titres against these two variants of concern
(VOCs) indicating a significant potential of the vaccine
under study to prevent infections. Most other vaccines
have shown a significant drop (5-to 15-fold) in nAb titres
against these two VOCs. Significantly high IFN-g
responses were induced by E formulation (99¢82 pg/
9



N1 (%) [95% CI] n Corbevax (N= 100)

Overall adverse events

Any Adverse events 27 (27¢0) [0¢19, 0¢37] 105
Solicited adverse event 20 (20¢0) [0¢13, 0¢29] 52
Unsolicited adverse events 10 (10¢0) [0¢05, 0¢18] 17
Medically Attended Adverse Events 6 (6¢0) [0¢02, 0¢13] 12
Adverse Events Following Immunization 24 (24¢0) [0¢16, 0¢34] 47

Local Adverse events

Injection site pain 14 (14¢0) [0¢08, 0¢22] 39
Injection site erythema 2 (2¢0) [0¢00, 0¢07] 5
Injection site swelling 1 (1¢0) [0¢00, 0¢05] 2

Systemic Adverse events

Pyrexia 9 (9¢0) [0¢04, 0¢16] 15
Fatigue 4 (4¢0) [0¢01, 0¢10] 9
Pain 2 (2¢0) [0¢00, 0¢07] 2
Gastrointestinal disorders 4 (4¢0) [0¢01, 0¢10] 6
Musculoskeletal and connective

tissue disorders

4 (4¢0) [0¢01, 0¢10] 10

Nervous system disorders 4 (4¢0) [0¢01, 0¢10] 13
Infections and infestations 3 (3¢0) [0¢01, 0¢09] 3
Reproductive system and

breast disorders

1 (1¢0) [0¢00, 0¢05] 1

Respiratory, thoracic and

mediastinal disorders

1 (1¢0) [0¢00, 0¢05] 3

Table 3c: Adverse events and reactions in the phase-2 study.
N1: Subject count in specified category; N= Total number of subjects; n=

Event Count; CI: confidence interval.
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10
mL) on Day 56 compared to that by C (22¢03 pg/mL)
and B (31¢42 pg/mL) (Table 5c).
Persistence of immune response in study subjects of
Phase-1/2
The persistence of immune response was assessed at six
and 12 months after the second dose of vaccination. All
serum samples were assessed for anti-RBD IgG concen-
tration and nAb titres using the PNA method. Sero-sur-
veillance studies have shown that a significant
percentage of the population demonstrates asymptom-
atic infections, particularly during large waves. To deter-
mine the potential impact of asymptomatic infections
on the overall immune response, serum samples were
tested for antibodies raised against the N protein using
a commercial kit (Abbott) with a threshold for anti-N
IgG S/C ratio > 1¢4 indicative of seropositive status.
Serum samples of 6 and 12 months after the second vac-
cine dose were assessed for anti-N IgG concentration,
and the serostatus of the subjects was assigned. nAb
titres against PSV were measured at 6 and 12 months
after the second vaccine dose. These data were further
divided into anti-N seronegative and anti-N seropositive
groups. nAb titres in anti-N seronegative and seroposi-
tive subjects on days 208 (six months) and 393 (one
year) along with the titres at different time-points (Day
0, 28, 42,56, 208, and 393) are presented in Figure 4a
and b. Approximately, 78% and 65% of the study sub-
jects remained anti-N seronegative at six and 12 months,
respectively. nAb titres persisted even six and 12 months
after the second dose in vaccinated anti-N seronegative
subjects, indicating that nAbs were vaccine-induced and
not influenced by breakthrough infections. As expected,
higher nAb titres were detected in anti-N positive sub-
jects owing to asymptomatic infections. nAb titres in
anti-N negative subjects at six- and 12-months post Cor-
bevax vaccination are indicative of very high effective-
ness of this vaccine when compared with the
established high content screening (HCS) panel thresh-
old (GMT of HCS panel, 126) or Correlate of Protection
observed in other trials assessing vaccine efficacy.
Discussion
The studies presented here were prospective, open-
label, Phase-1/2 (randomised) and Phase-2 studies to
assess the safety, tolerability, reactogenicity, and immu-
nogenicity of four vaccine formulations (Phase-1/2) and
optimal formulations (Phase-2) that contained the same
antigen, i.e., the RBD protein, an essential target for vac-
cine development.22

The Corbevax vaccine, with a two-dose schedule and
28-day interval between doses, was safe and well-toler-
ated in all formulation groups. The percentage of sub-
jects with reported AEs was comparable among all
formulations (A, B, C, D, and E) tested in Phase-1/2 and
Phase-2 studies. Most AEs were of mild intensity. No
Grade-3 or serious AEs were reported. To date, very few
MAAEs have been reported. During the long-term fol-
low-up of subjects, other than two cases of mild
COVID-19, no additional AEs were reported after 10�12
and five months for the Phase-1/2 and Phase-2 studies,
respectively. Therefore, the optimised Corbevax formu-
lation E was considered safe with minimal reactogenic-
ity and will advance into pivotal Phase-3 studies.

In the Phase-1/2 study, both humoral and cellular
immune responses were analysed to determine the
impact of various compositions on the overall immune
response. All four groups had similar GMCs on Day 0,
which increased moderately by Day 28, representing a
low immune response after the first dose. The GMCs
increased substantially on Day 42 and plateaued by Day
56, showing a significant and stable immune response
after the second vaccination dose. Formulation B
induced the highest immune response among all four
formulations.

Antibodies induced by vaccines neutralise disease-
causing agents. All four formulations in this study
induced comparable nAb titres that were significant
after the second dose. Formulation B demonstrated the
highest GMTs in the PNA and MNA methods and
GMFR post-vaccination. The GMTs of nAb correspond-
ing to Formulation B, 132 (PNA method) and 533 (MNA
www.thelancet.com Vol 83 Month , 2022



Figure 2. (a) GMCs of anti-RBD IgG concentrations for all four formulation groups on Day 0 (pre-vaccination), Day 28 (post-
first dose), and Days 42 and 56 (post second dose). GMCs (top of each column) with a 95% confidence interval (two-sided bars)
are included in the figure.

RBD, receptor-binding domain; GMC, geometric mean concentration; IgG, immunoglobulin G.
(b) nAb titres determined by the PNA method for all four formulation groups on Day 0 (pre-vaccination), Day 28 (post-

first dose), and Days 42 and 56 (post second dose). GMT was determined from 273 serum samples (human convalescent serum
panel; HCS) collected from COVID-19 patients (determined by RT-PCR) with a range of disease severity. GMCTs (top of each column)
with 95% confidence intervals (two-sided bars) are shown in the figure.

nAb: neutralising antibody titres; PNA: pseudovirus neutralisation assay;; GMT: geometric mean titre.
(c) nAb titres determined by the MNA method for all four formulation groups on Day 0 (pre-vaccination) and Day 56

(post second dose). The GMT for human convalescent serum panel was determined using serum samples from 32 subjects. The
GMTs (top of each column) with 95% confidence intervals (two-sided bars) are included in the figure.

nAb, neutralising antibody; MNA, microneutralisation assay; GMT, geometric mean titre.
(d) Direct comparison of nAb titres by the PNA method against PSV mimicking the ancestral Wuhan and beta strains of

SARS-COV-2 for a subset of subjects from all four formulation groups on Day 56 (post second dose). A direct comparison of
neutralising antibodies was performed in a randomly selected subset of subjects from all four formulation groups on Day 56 (post
second dose). The geometric mean reduction in nAb titres of the ancestral Wuhan to those of the beta strain was 2.25-fold.

PSV: pseudovirus neutralization assay; GMT: geometric mean titre, PvSNT: pseudovirus neutralisation titres.
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Figure 2. Continued

Formulation Day28 GMFR Day42 GMFR Day56 GMFR Percentage of Seroconversion

A 4¢71 24¢97 24¢90 83%

B 4¢74 25¢15 28¢35 90%

C 4¢58 22¢03 21¢21 79%

D 3¢59 18¢46 19¢48 79%

Table 4a: Anti-RBD IgG concentration Geometric Mean Fold Rise from Day0 (pre-vaccination) to Day28 (post first-dose) and to Day42 & 56
(post second-dose) for all four formulation cohorts.
GMFR: Geometric mean fold rise; RBD: Receptor binding domain; IgG: Immunoglobulin; Note: Percentage seroconversion observed for Day56 time-point

sera samples based on �4-fold rise in anti-RBD-IgG concentration).

Articles
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Formulation Subjects IgG1 Titer IgG4 Titer D56-G1/G4 Ratio GMR

D0 GMT D56 GMT GMFR D0 GMT D56 GMT GMFR

A 89 74 2696 36¢25 31 57 1¢84 48¢7
B 90 74 2940 39¢7 31 76 2¢48 37¢1
C 89 65 1884 28¢92 27 50 1¢81 38¢0
D 89 89 2219 24¢94 32 57 1¢79 38¢4

Table 4b: Anti-RBD-IgG1 and IgG4 GMTs for all four formulation cohorts at Day0 (pre-vaccination), and Day56 (post second-dose).
IgG: Immunoglobulin G; RBD: Receptor binding protein; GMT: Geometric mean titer; D0: Day0, D56: Day56.

Note: GMFR for each formulation cohort is calculated from the Geometric Mean for the Fold Rise in titer at Day56 vs Day0 time-point for each cohort; Geomet-

ric Mean Ratio was calculated for IgG1 to IgG4 titers at Day56 for all four cohorts.

Articles
method), were higher than the established GMTs of the
HCS panels of 126 (PNA method) and 522 (MNA
method).

The Th1/Th2 balance in COVID-19 has been linked
to disease outcome. An appropriate Th1 immune
response is associated with disease clearance, whereas a
Th2 response is associated with poor prognosis.23,24 in
this study, all four formulations showed significant and
consistently high ratio of IgG titres on Day 56, indica-
tive of an immune response skewed towards Th1. This
may be owing to the adjuvant CpG1018 in the formula-
tion. CpG1018 is known to skew the immune response
towards Th1, as opposed to alum-only adjuvants that
tend to skew the immune response towards Th2.

The key cytokines monitored were IFN-g (Th1-
biased) and IL-4 (Th2�biased). On Day 0, cytokine con-
centrations were low or undetectable. A significant
increase was observed in active IFN-g concentration on
Day 56 across all cohorts, with the highest by B-formula-
tion. However, a slight increase was observed in IL-4
concentration on Day 56. This significant increase in
Th1-biased immune response induced by the Corbevax
vaccine further strengthens the role of Th1 responses in
fighting COVID-19 infection.23,24

Significant increases in the magnitude of immune
responses were observed by B formulation compared to
that by C formulation, presumably owing to the
CpG1018 content (250 and 500 µg per dose in C and B
Formulation Average Interferon-gamma concentration (pg/mL)

D-0 Null D-0 Active D-56 Null D-56 Act

A 2¢24 7¢95 1¢75 14¢01
B 2¢04 3¢73 1¢91 31¢42
C 1¢99 5¢59 2¢08 22¢03
D 2¢59 3¢02 1¢87 23¢03

Table 4c: Average cytokine concentration at Day0 (pre-vaccination) and
D-0: Day0; D-56; Day56; IL-4: Interleukin 4; pg/mL: picogram per milliliter.

Note: Cytokine measured in the supernatants of whole-blood samples incubated in

for a subset of subjects from all four cohorts.

www.thelancet.com Vol 83 Month , 2022
formulations, respectively). To further increase the mag-
nitude and consistency of immune response, we
increased the CpG1018 content in E-formulation to 750
µg per dose; the Phase-2 study confirmed expected
improvement in immune response parameters while
maintaining an excellent safety profile. Significant
improvements anti-RBD IgG1 and nAb titres measured
by the PNA and MNA methods were observed for E for-
mulation compared to that for B formulation. We also
tested the ability of Corbevax to protect from VOC. Dur-
ing the Phase-1/2 study, the dominant SARS-CoV-2
VOC in circulation in India was the beta strain. Nexelis
laboratory created a PSV that expressed the spike pro-
tein of the beta strain of SARS-COV-2 with all known
mutations. The same PSV strain was used in the PNA
method to assess nAb titres against beta-PSV, which
were measured and compared with observed nAb titres
against ancestral D614G-PSV strain. The Corbevax for-
mulation demonstrated excellent cross-neutralisation
potential (2¢25-fold reduction in nAb titres against the
beta strain compared to that of the ancestral strain),
which is significantly higher than that of other vaccines
(e.g., mRNA and adenovector vaccines), which show
5�10-fold reduction in nAb titres.25,26

In the Phase-2 study, a subset of subject serum sam-
ples was tested against the wild-type beta and delta
strains of SARS-COV-2, which showed only 1¢6- and
4.6-fold reduction in nAb GMTs from the ancestral
Average IL-4 concentration (pg/mL)

ive D-0 Null D-0 Active D-56 Null D-56 Active

1¢45 1¢63 1¢31 1¢36
3¢77 3¢72 2¢73 3¢19
1¢06 1¢69 1¢02 1¢60
1¢07 1¢23 0¢89 1¢22

Day56 (post second-dose).

tubes coated with SARS-COV-2 peptides (Active) and without coating (Null)
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Figure 3. (a) Comparison of GMCs of anti-RBD IgG concentrations for formulations C and B in the Phase-1/2 study vs formu-
lation E in the Phase- 2 study. The GMCs on Day 0 (pre-vaccination) and Day 42 (post-two-dose vaccination) are shown in the
figure. Formulation E induced a stronger anti-RBD IgG response than did formulations C and B on Day 42 compared to that on Day
0. The GMCs are shown at the top of the respective columns, and the 95% confidence intervals are shown as two-sided bars.

RBD, receptor-binding domain; GMC, geometric mean concentration; IgG, immunoglobulin G.
(b) Comparison of nAb titres determined by the PNA method against PSV mimicking the ancestral Wuhan strain of SARS-

COV-2 for formulations C and B in the Phase- 1/2 study vs formulation E in the Phase- 2 study. The GMTs on Day 0 (pre-vacci-
nation) and Day 42 (post-two-dose vaccination) are shown in the figure. Formulation E induced high NT50 compared to that by for-
mulations C and B tested using the PNA method. GMTs are shown at the top of the respective columns and the 95% confidence
interval is shown as two-sided bars.

PNA, pseudovirus neutralisation assay; PSV, pseudovirus; HCS, high-content screening; GMT, geometric mean titre; NT, neutralis-
ing titre.

(c) Comparison of nAb titres determined by the MNA method against the ancestral Wuhan strain of SARS-COV-2 for for-
mulations C and B in the Phase- 1/2 study vs formulation E in the Phase- 2 study. GMTs on Day 0 (pre-vaccination) and Days 56
or 42 (post-two-dose vaccination) are shown in the figure. Formulation E induced a very high NT50 compared to that by formula-
tions C and B tested using the MNA method. GMTs are shown at the top of the respective columns and the 95% confidence interval
is shown as two-sided bars.

nAb, neutralising antibody; MNA, micro neutralisation assay; HCS, high-content screening; GMT, geometric mean titre.
(d) Comparison of nAb titres determined by the PNA method against PSV mimicking the ancestral Wuhan strain of SARS-

COV-2 for formulations C and B in the Phase-1/2 study vs formulation E in the Phase-2 study. The GMTs of MNA were mea-
sured for the beta and delta strains and compared with those for the ancestral Wuhan strain on serum samples of Day 42 in a subset
of 20 subjects.

MNT, microneutralisation test; GMT, geometric mean titre; PNA, pseudovirus neutralisation assay.
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Figure 3. Continued

Articles
strain to the delta and beta strains, respectively. More
importantly, detectable nAb titres were found in all
serum samples against both beta and delta strains. Fur-
thermore, the corresponding convalescent serum con-
trol (obtained during the initial wave, i.e., infection
from the ancestral strain) showed 5¢8-fold and 17¢4-fold
reduction in nAb titres against the delta and beta
Formulation Day42 GMFR % Seroconversion at Day42

C 22¢03 82%

B 25¢15 88%

E 27¢99 89%

Table 5a: Anti-RBD IgG concentration Geometric Mean Fold Rise
from Day0 (pre-vaccination) to Day42 (post second-dose) for all
formulation C&B cohorts from Phase-1/2 and Formulation-E
cohort from Phase II study.
GMFR: Geometric mean fold rise; IgG: Immunoglobulin G.

Note: Percentage seroconversion observed for Day42 time-point sera sam-

ples based on �4-fold rise in anti-RBD-IgG concentration is also reported.

www.thelancet.com Vol 83 Month , 2022
strains, respectively. These results suggest that Corbe-
vax confers the most consistent cross-protection against
the two most relevant VOCs.

The longevity of immune response is an essential
attribute of any candidate vaccine, which is routinely
assessed during long-term monitoring. The subjects
showed excellent persistence of the humoral immune
response over a significant duration of 12 months post-
vaccination. This attribute of Corbevax is significantly
superior to that of other vaccines that have demon-
strated a 70�90% drop in the titres of binding antibody
and nAb for the same duration.27�29 During the 12-
month monitoring period after two doses of Corbevax
in the Phase-1/2 study, only two subjects (one each
from C and D formulation groups) reported mild symp-
tomatic COVID19 infection. This corresponds to a
COVID19 incidence rate of approximately seven cases
per 1000 person per year, indicating a high vaccine effi-
cacy. nAb titres in serum samples after two doses of vac-
cine correlated with protection (CoP) against
symptomatic COVID19 infection, which was reported
in Phase-3 efficacy studies of Spikevax30 (Moderna Inc.)
15



Formulation N IgG1 Titer IgG4 Titer IgG1/IgG4 RatioGMR post vaccination

D-0 GMT D-56 or D-42 GMFR D-0 GMT D-56 or D-42 GMFR
GMT GMT

C 89 65 1884 (D56) 28¢92 27 50 (D56) 1¢81 38¢0
B 90 74 2940 (D56) 39¢7 31 76 (D56) 2¢48 37¢1
E 98 126 7167 (D42) 56¢89 41 95 (D42) 2¢32 75¢4

Table 5b: Comparison of anti-RBD-IgG1 and IgG4¢GMTs for all formulation C&B cohorts from phase-1/2 study and formulation E from
phase-2 study.
N:number; D-0: Day0; D-42: Day42; D-56: Day56; GMT: Geometric mean titer; GMFR: Geometric mean fold rise; IgG: Immunoglobulin G; GMR: geometric

mean ratio.

Note: GMFR for each formulation cohort is calculated from the Geometric Mean for the Fold Rise in titer at Day56 or Day42 vs Day0 time-point for each

cohort¢ Geometric Mean Ratio was calculated for IgG1 to IgG4 titers post vaccination for the three cohorts.

Formulation Average Interferon-gamma concentration (pg/mL) Average IL-4 concentration (pg/mL)

D-0 Null D-0 Active D-56 Null D-56 Active D-0 Null D-0 Active D-56 Null D-56 Active

C 1¢99 5¢59 2¢08 22¢03 1¢06 1¢69 1¢02 1¢60
B 2¢04 3¢73 1¢91 31¢42 3¢77 3¢72 2¢73 3¢19
E 7¢03 26¢24 2¢63 99¢82 5¢19 4¢26 8¢10 10¢96

Table 5c: Average cytokine concentration at day0 (pre-vaccination) and day56 or day42 (post second-dose).
D-0: Day0; D-56: Day56; IL-4: Interleukin 4; pg/mL: picograms per milliliter.

Note: The cytokine concentrations are measured in the supernatants of whole-blood samples incubated in tubes coated with SARS-COV-2 peptides (Active) and

without coating (Null) for a subset of subjects from Formulation C&B cohorts from Phase-1/2 study and Formulation-E cohort from Phase-2 study.
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and Vaxzveria31 (AstraZeneca Inc.). Both studies
reported the CoP information in terms of nAb titres
(IU/mL) using calibration factors to convert nAb titres
to the WHO International Standard. Their CoP evalua-
tion studies suggest that nAb GMT > 100 IU/mL post
two-dose vaccination correspond to a significant vaccine
efficacy > 90% higher than that by placebo control. The
nAb GMTs on Day 42 (14 days after the second dose,
similar to that in case of Spikevax and Vaxzveria) in the
Phase-2 study using Corbevax were 285 and 329 IU/mL
based using the PNA and MNA methods, which are
indicative of a vaccine effectiveness > 90%. The ratio of
nAb GMTs post-vaccination to the HCS panel nAb
GMT correlates with vaccine efficacy independent of its
nature.32 These ratios after the Corbevax vaccination in
the Phase-2 trial were 4¢2 and 2¢6 based on the PNA
and MNA methods, respectively, which also indicate >

90% vaccine efficacy.
This was an open-label and not a double-blind study.

The study population did not include paediatric and
elderly (> 65 years) age groups. nAb titres against the
Omicron strain were not tested because this variant did
not start circulating in India during the study. A limited
number of subjects were included in Phase-1/2 and
Phase-2 studies. Vaccine performance will be further
tested in a larger cohort with a broader age range (5�80
years) in an ongoing Phase-3 study.
To evaluate the persistence of an immune response
generated by vaccination, serum samples were tested to
determine anti-N IgG levels. Subjects were designated
seropositive or seronegative based on the recommended
cut-off for seropositivity. However, the serostatus indi-
cated by anti-N IgG testing is a point assessment and is
also subject to waning of the immune response over
time. Therefore, it may not be fully representative of
viral exposure/asymptomatic infections during long-
term monitoring.

The Corbevax vaccine is safe and well-tolerated in
healthy adult volunteers (18�55 years) of Indian origin
with no AEs of clinical concern, shows > 90% effective-
ness, and provides protection against symptomatic
COVID-19 infection. The excellent maintenance of anti-
body binding and nAb titres over a 6-month duration
after two doses of all four vaccine formulations indicates
that a high level of protection from symptomatic infec-
tion will be sustained for an extended duration. This is
in contrast to the significant waning of immune
responses and effectiveness observed for most other
COVID-19 vaccines. Based on the safety profile, signifi-
cant and robust humoral and cellular immune
responses, and desired Th1 skewed immune response
post Corbevax vaccination, pivotal Phase-3 clinical trials
have been initiated using the selected optimal formula-
tion of the vaccine.
www.thelancet.com Vol 83 Month , 2022



Figure 4. (a) Persistence of immune response in terms of nAb titres by PNA for formulations A, B, C, and D. Summary of the
GMTs of nAb titres determined using the PNA method for all four groups on Day 0, after two weeks (D 42), six months (D 208), and
12 months (D 393) post second dose of vaccination is presented. Neg and Pos designations are for subjects who were seronegative
and seropositive, respectively, as per ELISA results for nucleocapsid conducted using samples of six and 12 months post second
dose of vaccine.

GMT, geometric mean titre; PNA, pseudovirus neutralisation assay; PSVNT, pseudovirus neutralisation titres; HCS, high-content
screening; nAb, neutralising antibody.

(b) Persistence of anti-RBD IgG immune response. The GMCs of anti-RBD IgG concentration in all four groups on Day 0, Day
42, Day 208 (six months), and Day 393 (12 months). Minimal changes in the GMCs of anti-RBD IgG were observed at six and 12
months compared to those at two and four weeks after the second dose of vaccine. Neg and Pos represent subjects who were sero-
negative and seropositive as per ELISA results for nucleocapsid conducted using samples after six and 12 months post second dose
of vaccine.

RBD, receptor-binding domain; GMC, geometric mean concentration; IgG, immunoglobulin G.
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