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Summary
Background NVX-CoV2373, a Covid-19 vaccine was developed in the USA with ∼90% efficacy. The same vaccine
is manufactured in India after technology transfer (called as SII-NVX-CoV2373), was evaluated in this phase 2/3
immuno-bridging study.

Methods This was an observer-blind, randomised, phase 2/3 study in 1600 adults. In phase 2, 200 participants were
randomized 3:1 to SII-NVX-CoV2373 or placebo. In phase 3, 1400 participants were randomized 3:1 to SII-NVX-
CoV2373 or NVX-CoV2373 (940 safety cohort and 460 immunogenicity cohort). Two doses of study products
(SII-NVX-CoV2373, NVX-CoV2373 or placebo) were given 3 weeks apart. Primary objectives were to demonstrate
non-inferiority of SII-NVX-CoV2373 to NVX-CoV2373 in terms of geometric mean ELISA units (GMEU) ratio of anti-
S IgG antibodies 14 days after the second dose (day 36) and to determine the incidence of causally related serious
adverse events (SAEs) through 180 days after the first dose. Anti-S IgG response was assessed using an Enzyme-
Linked Immunosorbent Assay (ELISA) and neutralizing antibodies (nAb) were assessed by a microneutralization
assay using wild type SARS CoV-2 in participants from the immunogenicity cohort at baseline, day 22, day 36 and
*Corresponding author: Serum Institute of India Pvt Ltd, Poonawalla Biotechnology Park SEZ, Manjari (Bk), Pune, 412307, India.
E-mail address: drpsk@seruminstitute.com (P.S. Kulkarni).
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day 180. Cell mediated immune (CMI) response was assessed in a subset of 28 participants from immunogenicity cohort
by ELISpot assay at baseline, day 36 and day 180. The total follow-up was for 6 months. Trial registration: CTRI/2021/02/
031554.

Findings Total 1596 participants (200 in Phase 2 and 1396 in Phase 3) received the first dose. SII-NVX-CoV2373 was
found non-inferior to NVX-CoV2373 (anti-S IgG antibodies GMEU ratio 0.91; 95% CI: 0.79, 1.06). At day 36, there
was more than 58-fold rise in anti-S IgG and nAb titers compared to baseline in both the groups. On day 180 visit,
these antibody titers declined to levels slightly lower than those after the first dose (13–22 fold-rise above baseline).
Incidence of unsolicited and solicited AEs was similar between the SII-NVX-CoV2373 and NVX-CoV2373 groups. No
adverse event of special interest (AESI) was reported. No causally related SAE was reported.

Interpretation SII-NVX-CoV2373 induced a non-inferior immune response compared to NVX-CoV2373 and has
acceptable safety profile.

Funding SIIPL, Indian Council of Medical Research, Novavax.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
NVX-CoV2373 was originally manufactured in USA for which
data on the safety, immunogenicity and efficacy is published.
This vaccine was subsequently manufactured in India after
technology transfer, (SII-NVX-CoV2373). We searched
PubMed for research articles published from 01 January 2020
(before the start of the pandemic) until 19 November 2022,
with no language restrictions, using the terms “SII-NVX-
CoV2373”, “vaccine”, “Covovax” and “clinical trial” and no
publications were found on SII-NVX-CoV2373.

Added value of this study
This is the first worldwide report on the safety and
immunogenicity of SII-NVX-CoV2373 vaccine. The vaccine
was found safe and well tolerated. Based on the immune

response, SII-NVX-CoV2373 was successfully bridged to NVX-
CoV2373.

Implications of all the available evidence
NVX-CoV2373 was found safe and efficacious in studies in
USA, UK, South Africa. SII-NVX-CoV2373 was found non-
inferior to NVX-CoV2373. Based on these data, SII-NVX-
CoV2373 received regulatory approvals in many countries as
well as WHO emergency use listing. As a result, the vaccine
was supplied to many countries as well as to UNICEF and has
been used in millions of doses. Moreover, the bulk of SII-NVX-
CoV2373 was also used to make formulation of NVX-
CoV2373. This formulation with bulk from India was
approved in USA, UK, EU, Australia, Canada etc. and has been
supplied to these countries in millions of doses.
Introduction
SARS-CoV-2 is a novel beta coronavirus originating
in late 2019 leading to COVID-19 pandemic. SARS-
CoV-2 is characterized by high transmission rates, at
times leading to large outbreaks, mostly in indoor
congregate settings. SARS-CoV-2 gets transmitted by
droplet transmission and may also be by airborne
transmission.1

Worldwide during the pandemic millions of
COVID-19 cases and deaths have been reported.2 As of
19 November 2022, India has reported more than 44.5
million cases and more than 0.5 million deaths.3

In response, many vaccines emerged to limit
COVID-19’s ability to spread. In the United States
of America (USA), a recombinant spike protein
nanoparticle vaccine adjuvanted with Matrix M™ was
developed (NUVAXOVID™, NVX-CoV2373, Novavax
Inc.).4

In a Phase 1/2 study conducted in Australia and USA,
NVX-CoV2373 was well tolerated and elicited immune
responses that were 4-fold higher than those observed in
COVID-19 convalescent sera.4 In the phase 2 study in
USA and Australia, similar findings were seen.5 In the
phase 3 study in UK, vaccine efficacy was 89.7% (95%
CI, 80.2, 94.6).6 In another Phase 3 study in USA and
Mexico, similar vaccine efficacy was reported: 90.4%;
95% CI, 82.9 to 94.6 for any strain and 92.6% (95% CI,
83.6 to 96.7) for any variant of concern or interest.7

After the technology transfer to Serum Institute of
India Private Limited [SIIPL], the vaccine was also
www.thelancet.com Vol 10 March, 2023
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manufactured at SIIPL initially formulated from the
bulk drug substance (DS) received from Novavax and
eventually the vaccine was manufactured from bulk
stage to fill finish (drug product; DP) (COVOVAX™, SII
NVX-CoV2373) with the composition of the two vac-
cines being identical.

We performed an immunobridging study with the
two vaccines to assess safety and immunogenicity in
Indian adults.
Methods
Study design
This was a Phase 2/3, multi-center, observer-blind,
randomized, controlled study in adults to evaluate the
safety and immunogenicity of SII-NVX-CoV2373 in
1600 adults (1140 in safety cohort and 460 in immu-
nogenicity/reactogenicity cohort). In all the cohorts, two
doses of 0.5 ml of study vaccines/placebo were admin-
istered on day 1 and day 22 intramuscularly in the del-
toid muscle.

The study was conducted in two parts as described
later.

The study was approved by the Drugs Controller
General of India (DCGI) and Institutional ethics com-
mittees of each of the participating study sites. The
study was conducted at 20 hospitals across India in
compliance with the ICH-GCP guidelines and the
principles of the Declaration of Helsinki (2013). Written
informed consent was provided by each participant
before enrolment. Trial registration: CTRI/2021/02/
031554.

Study procedure
In the Phase 2 of the study, 200 participants were
enrolled in the safety cohort with 3:1 allocation to SII
NVX-CoV2373 or placebo (Table 1). There was a tele-
phone call at seven days after the first dose for safety
assessment. This one-week safety data was reviewed by
an independent Data Safety Monitoring Board (DSMB).
After the DSMB’s recommendation and the approval
from the DCGI, the study progressed to the Phase 3
part. Simultaneously, the Phase 2 study participants
were followed up as per protocol.

In the Phase 3 of the study, remaining 1400 partic-
ipants (940 in the safety cohort and 460 in the
Phase Cohorts

Phase 2 (n = 200) Safety Cohort (n = 200)

Phase 3 (n = 1400) Safety Cohort (n = 940)

Immunogenicity and Reactogenicity Cohort (n = 46

Table 1: Treatment allocation.

www.thelancet.com Vol 10 March, 2023
immunogenicity/reactogenicity cohort) were enrolled
with 3:1 allocation to SII NVX-CoV2373 or NVX-
CoV2373 (Table 1).

All the participants received 2 doses of study vaccine
3 weeks apart i.e. on day 1 and day 22 as per randomi-
zation. After day 1 visit, participants visited the sites on
days 22, 36, 85 and 180 and were contacted telephoni-
cally on day 120 for safety follow up.
Study population
The study enrolled healthy adults ≥18 years of age.
Acute illness with or without fever, history of laboratory
confirmed COVID-19, prior receipt of a COVID-19
vaccine, history of severe allergic reactions after previ-
ous vaccinations, immunodeficiency or autoimmune
conditions, pregnancy, lactation, bleeding disorder,
chronic administration of immunosuppressive or im-
mune modifying drugs, acute or chronic clinically
unstable systemic disorders were the exclusion criteria.
Individuals with clinically stable conditions were
enrolled.
Study vaccines
In the Phase 2 part, SII-NVX-CoV2373 (DS manufac-
tured by Novavax and DP fill and finished by SIIPL)
or placebo were used. In the Phase 3 part, SII
NVX-CoV2373 [DS and DP manufactured by SIIPL
(COVOVAX™)] or NVX-CoV2373 (NUVAXOVID™)
manufactured by Novavax were used.

Each dose of 0.5 ml of NVX-CoV2373/SII-NVX-
CoV2373 contains 5 μg SARS-CoV-2 recombinant
spike protein antigen and 50 μg Matrix M adjuvant.
The other ingredients are 25 mM phosphate buffer
(pH 7.2), 300 mM sodium chloride and 0.01% (v/v)
polysorbate 80.

The placebo used in the Phase 2 part was 0.9%
sodium chloride (manufactured by SIIPL).
Randomization and blinding
The randomization scheme was generated using SAS
software version 9.4 (SAS Institute Inc, USA) for
Interactive Response Technology (IRT).

The study participants, the study personnel respon-
sible for the evaluation of any study endpoints and the
Investigational products Number of Participants

SII-NVX-CoV2373 150

Placebo 50

SII-NVX-CoV2373 705

Control vaccine (NVX-CoV2373) 235

0) SII-NVX-CoV2373 345

Control vaccine (NVX-CoV2373) 115

3

www.thelancet.com/digital-health


Articles

4

laboratories involved in the immunological testing were
blinded. Personnel involved in getting randomization
code by accessing interactive web response system
(IWRS), vaccine preparation and administration were
unblinded and they did not conduct any study evalua-
tions. The unblinded monitors and statisticians from
the CRO could access the participants level unblinded
data as per the need.

For the Phase 2 part, the blind was broken on or after
day 85 visit and participants were offered SII-NVX-
CoV2373, if they had received Placebo and they were
continued in the study for safety follow-up.
Safety assessment
In the immunogenicity/reactogenicity cohort, pre-
specified local and systemic adverse events (AEs) were
actively solicited for 7 days after each vaccination by
using structured diary cards.

In all the participants unsolicited AEs were collected
until 2 weeks after the second dose, serious adverse
events (SAEs) and adverse events of special interest
(AESI) were collected throughout their participation.

For unsolicited AEs, SAEs and AESI, causality
assessment was done by the investigators. All AEs were
graded on a scale of 1–5 with pre-defined criteria based
on the Division of AIDS (DAIDS) table for severity,
corrected version 2.1, July 20, 2017 of the US National
Institute of Health. The events that were not listed in the
DAIDS table were graded as per pre-defined criteria.

At each study visit, the participants were assessed
for any AEs and underwent general and systemic
examinations.

Safety data was reviewed at periodic intervals by an
independent DSMB comprising of two physicians and a
biostatistician.

Immunogenicity assessment
In the immunogenicity cohort
Anti-S IgG assessments by a validated ELISA were
performed at Novavax Inc., Gaithersburg, Maryland,
USA on day 1, day 22, day 36, and day 180 in all par-
ticipants of immunogenicity/reactogenicity cohort. The
LLOQ for this assay was a titer of 200 ELISA units per
mL (EU/mL), with titers below this level documented as
100 EU/mL. Neutralizing antibodies (nAb) were
measured at 360biolabs, Melbourne, Australia on day
1 and day 36 in all participants of immunogenicity/
reactogenicity cohort and in about one third of randomly
selected participants (maintaining 3:1 allocation) on day
22 and day 180 using the validated virus neutralizing
assay (VNA) with wild type virus (SARS-CoV-2 hCoV-
19/Australia/VIC01/2020, GenBank MT007544.1). The
LLOQ for this assay was a titer of 20, with titers below
this level documented as 10. Seroconversion was
defined as a four-fold increase in antibody titers from
baseline.
CMI testing in a subset of 28 participants selected
by stratified randomization was performed on day 1, day
36 and day 180 at ICMR-NARI, Pune, India using ELI-
Spot assay and intracellular cytokines were detected by
antibodies specific for T helper 1 (Th1) cytokines inter-
feron gamma (IFN-γ) and T helper 2 (Th2) cytokine IL-5.

In all participants
Anti-nucleocapsid (anti-N) IgG testing was performed
by Chemiluminescent Microparticle Immunoassay
(CMIA) using ARCHITECT SARS-CoV-2 IgG kit (6R86)
and ARCHITECT i2000 SR system from Abbott Labo-
ratories at ICMR-NARI, Pune, India. The cutoff for
seropositivity was S/C index ≥1.40. The test was per-
formed on all 1600 participants on day 1, day 22, day 36,
day 85 and day 180.

Participants with suspected COVID-19 or a contact
with a COVID-19 case, were tested by RT-PCR at the site
laboratory. All positive cases from 14 days after each
vaccination were considered for analysis.
Statistical analysis
The study had 95% probability to detect at least one
causally related SAE, if the frequency of such an event is
1/400. The study had at least 90% power to show non-
inferiority of immune responses assuming a coeffi-
cient of variation of 1.35, a one-sided significance level
of 0.025 and 0 difference in Anti-S IgG antibody titers
between the two vaccine groups and that the proportion
of non-evaluable participants in the immunogenicity/
reactogenicity cohort was ≤20%. Non-inferiority was
concluded if the lower limit of the 95% confidence in-
terval (CI) for the geometric mean ELISA units (GMEU)
ratio for Anti-S IgG antibodies between SII-NVX-
CoV2373 and NVX-CoV2373 vaccine is more than
0.67, as per the WHO guidelines for clinical evaluation
of vaccines.8 Sample size calculations were performed
using a non-inferiority test for the ratio of two means in
PASS 15.0.7 Version software.

For the co-primary immunogenicity analysis,
ANCOVA fitted to the log transformed Anti-S IgG with
terms for vaccine group, log baseline titer, co-morbidity,
age group and sex to compare SII-NVX-CoV2373 against
Control vaccine (NVX-CoV2373) for co-primary
endpoint.

1) Missing data generated as a result of hypothetical
strategy was implemented for handling of intercur-
rent event’s (death, immune modifiers, COVID-19/
SARS-CoV-2 infection, missed second dose of vac-
cine) and for a participant who belong to immuno-
genicity analysis set and had a missing data at day
36 with assumption that data was missing at
random. Only 3 participants had a missing data
(2 in the SII-NVX-CoV2373 group and 1 in the NVX-
CoV2373 group) which is less than 1% with respect
www.thelancet.com Vol 10 March, 2023
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to immunogenicity analysis population count in
each treatment arm.

2) Same ANCOVA model was used for analysing each
of the imputed datasets to compute Least Square
(LS) means and LS mean difference.

3) The results from the analysis of 50 data sets were
combined (using PROC MIANALYZE) per Rubin’s
rule to produce an overall estimate and a standard
error (based on Rubin’s formula) with associated
95% CI for the final statistical inference.

Categorical data are expressed as proportions while
quantitative data are expressed as mean and SD.

All safety analyses were performed on the safety
population which included all participants who received
at least one dose of the study vaccines. All immunoge-
nicity analyses were performed on the immunogenicity
population which comprised of all participants who
received the first dose of the study vaccine and provided
an evaluable serum sample post vaccination for at least
one assessment and had day 1 data available.

All statistical analyses were performed using SAS
software Version 9.4.

Role of funding source
Funding by SIIPL, Indian Council of Medical Research
the funder of the study was involved in study design,
data interpretation, and writing of the report, but was
not involved in data collection and data analysis.

Results
Baseline characteristics and demographics
In the Phase 2 part in March 2021, 211 participants were
enrolled of which 8 were screen failures, and 3 did not
receive the vaccine. Thus, 200 participants received the
first dose while 196 participants received second dose of
the study vaccines (Fig. 1). In the Phase 3 part, 1431
participants were screened of which 32 were screen
failures and 1400 were randomized (with 1 screen fail-
ure inadvertently randomized, but not vaccinated).
While 1396 received the first dose, 1375 received the
second dose of the study vaccines (Fig. 2). In the
immunogenicity/reactogenicity cohort, 458 participants
received the first dose while 452 participants received
the second dose. In the safety cohort 938 participants
received the first dose of which 923 received the second
dose (Fig. 2).

Overall the demographic and baseline characteristics
between the study groups were comparable in terms of
age, sex, race and comorbidities. In the Phase 2 part,
overall, 199 participants (99.5%) were between 18 and
59 years of age. The overall mean age was 33.7 (SD 9.36)
years. 143 (71.5%) of the participants were male. In the
Phase 3 part, overall 1364 participants (97.7%) were
between 18 and 59 years of age. The mean age was 34.5
(SD 10.66) years. 811 (58.1%) of the participants were
male (Table 2).
www.thelancet.com Vol 10 March, 2023
There were 25 (12.5%) and 172 (12.3%) participants
with at least one comorbidity (Table 2). The most
commonly reported (≥1%) conditions included surgical
and medical procedures, hypothyroidism, gout, hyper-
lipidemia, type 2 diabetes mellitus and hypertension.
Immunogenicity results
SII-NVX-CoV2373 met the co-primary endpoint of
non-inferiority to NVX-CoV2373 vaccine with 0.79 as
the lower bound of 95% CI for the anti-S IgG anti-
bodies (GMEU ratio of 0.91, 95% CI 0.79, 1.06)
(Table 3). Baseline GMEU of anti-S IgG antibodies
were comparable between the groups and there was
increase in GMEU in both the groups after each dose.
There was more than 17-fold rise in GMEU at 21 days
after the first dose and more than 65-fold rise at 14
days after the second dose in both the groups and
more than 15-fold rise on day 180 (Fig. 3). In the
baseline seronegative and those with negative baseline
RT-PCR test, there was more than 129-fold rise in
GMEU at 14 days after the second dose and more than
28-fold rise on day 180 in both the groups (Suppl.
Table S1).

At 21 days after the first dose, seroconversion for
anti-S IgG antibodies was 82.6% in the SII-NVX-
CoV2373 group and 83.6% in the NVX-CoV2373
group, which increased to 92.9% and 96.3%, respec-
tively at 14 days after the second dose and then
decreased to 78.0% and 78.2%, respectively on day 180
(Suppl. Table S2). In the participants with baseline
seronegative status and negative RT-PCR, seroconver-
sion after the first dose was more than 87.5%, more
than 98.6% after the second dose and more than 90.4%
on day 180 in both the groups (Suppl. Table S3).

With respect to neutralizing antibodies, baseline
GMTs were comparable between the groups. After the
first dose, there was more than 22-fold rise while after
the second dose, there was more than 57-fold rise in
both the groups and more than 13-fold rise on day 180
(Fig. 4). In the baseline seronegative and negative RT-
PCR participants, the GMTs increased by more than
79-fold after the second dose and more than 19-fold on
day 180 in both the groups (Suppl. Table S1).

The seroconversion for neutralizing antibodies was
more than 87% after the first dose, more than 92% after
the second dose and more than 83% on day 180 in both
the groups (Suppl. Table S2). In baseline seronegative
and negative RT-PCR participants, the seroconversion
was more than 85.7% after the first dose, more than
98.7% after the second dose and more than 90.0% on
day 180 in both the groups (Suppl. Table S3).

In terms of CMI response, T cells secreting IFN-γ
against whole length of spike protein antigen contained
in the vaccine increased after the second dose and
remained above the baseline values at day 180 in both
the groups. T cells secreting IL-5 were less than those
5
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Screened
(n=211)

Screen failure (n=8)

2nd dose
(n=49)

Lost to Follow-up (n=1)

1st dose
(n=50)

Day 36 visit
(n=47)

Day 180 visit
(n=45)

Placebo
(n=50)

1st dose
(n=150)

2nd dose
(n=147)

Withdrawal by 
parƟcipant (n=1),
Lost to Follow-
up (n=2)

SII-NVX-CoV2373
(n=150)

Day 36 visit
(n= 143)

Day 180 visit
(n=140)

Randomized
(n=203)

Not vaccinated* (n=3)

Safety PopulaƟon
(n=150)

Safety PopulaƟon
(n=50)

Withdrawal by parƟcipant (n=1),
Lost to Follow-up (n=1)

Withdrawal by parƟcipant (n=2),
Lost to Follow-up (n=1)

Fig. 1: CONSORT Flow Chart – Phase 2. *Due to temperature excursion reported at the site, 3 participants could not be vaccinated and by then
target of 200 participants was completed at other study sites.
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secreting IFN-γ, suggesting Th1 skewed CMI response
(Suppl. Table S4).

At 14 days after the first dose, there was 1 each case of
symptomatic COVID-19 (0.7%) and asymptomatic SARS
CoV-2 infection (0.7%) in the SII-NVX-CoV2373 group
and none in the placebo group in the Phase 2 part, and
there were 2 cases of symptomatic COVID-19 (0.2%) in
the SII-NVX-CoV2373 group in the Phase 3 part. From
14 days after the second dose until day 180 visit, there
was only one case of COVID-19 reported in the SII-NVX-
CoV2373 group (in the Phase 3 part). No case required
ICU admission and all recovered completely.

Safety results
In the Phase 2 part, overall 70 participants (35%) re-
ported 107 AEs after any dose. Of these, 61 participants
(40.7%) reported 96 AEs in the SII-NVX-CoV2373 group
and 9 participants (18%) reported 11 AEs in the placebo
group. Most of the AEs were mild in the severity and
resolved without any sequelae.
www.thelancet.com Vol 10 March, 2023
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Screened
(n=1431)

Screen failure (n=32)

Randomized
(n=1400)*

Safety Cohort
(n=940)

Immunogenicity
Cohort (n=460)

SII-NVX-CoV2373
(n=703)

NVX-CoV2373
(n=235)

SII-NVX-CoV2373
(n=343)

NVX-CoV2373
(n=115)

1st dose
(n=703)

1st dose
(n=235)

1st dose
(n=343)

1st dose
(n=115)

2nd dose
(n=691)

2nd dose
(n=111)

2nd dose
(n=341)

2nd dose
(n=232)

Day 36 visit
(n=110)

Day 36 visit
(n=339)

Day 36 visit
(n=229)

Day 36 visit
(n= 683)

Withdrawal by 
parƟcipant (n=2)
Lost to Follow-
up (n=2)

Withdrawal by 
parƟcipant (n=2)
Lost to Follow-
up (n=1)

Lost to Follow-up
(n=2)

Withdrawal by 
parƟcipant (n=7)
Lost to Follow-up
(n=4)

Safety PopulaƟon
(n= 703)

Safety PopulaƟon
(n=235)

Safety PopulaƟon
(n=343)

Immunogenicity 
PopulaƟon

(n=340)

Safety PopulaƟon
(n=115)

Immunogenicity 
PopulaƟon

(n=110)

Inadvertently randomized (n=3) 
and withdrew consent (n=1)

Inadvertently randomized (n=1), 
Withdrew consent (n=1)Inadvertently randomized (n=2) 

Withdrawal by parƟcipant (n=6)
Lost to Follow-up (n=3)

Withdrawal by parƟcipant 
(n=1)
Lost to Follow-up (n=2)

Withdrawal by parƟcipant 
(n=1)
Lost to Follow-up (n=1)

Withdrawal by parƟcipant 
(n=1)

Day 180 visit
(n=655)

Day 180 visit
(n=221)

Day 180 visit
(n=329)

Day 180 visit
(n=103)

Fig. 2: CONSORT Flow Chart – Phase 3. *Of total 1431 screened, 32 were screen failures with 1 screen failure inadvertently entered as ran-
domized in the database. Thus, actually 1399 were randomized and 1 screen failure was inadvertently randomized.
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The incidence of vaccine related AEs was higher in
the SII-NVX-CoV2373 group (51 participants, 34%)
than in the placebo group (8 participants, 16%). The
most commonly reported vaccine related unsolicited
AEs with frequency ≥5% were injection site pain,
pyrexia, headache, malaise and pain. One participant
www.thelancet.com Vol 10 March, 2023
reported an SAE, which was COVID-19 pneumonia
in the SII-NVX-CoV2373 group. It was not related to
the study vaccine. No AESI was reported in the Phase
2 study.

In the Phase 3 part, overall 282 participants in the
immunogenicity/reactogenicity cohort reported 1052
7
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Parameter Phase 2 Phase 3

SII-NVX-CoV2373
(N = 150)

Placebo
(N = 50)

SII-NVX-CoV2373
(N = 1046)

NVX-CoV2373
(N = 350)

Age (Years), Mean (SD) 33.4 (9.47) 34.5 (9.08) 34.8 (10.80) 33.4 (10.18)

Sex, n (%)

Male 111 (74.0) 32 (64.0) 602 (57.6) 209 (59.7)

Female 39 (26.0) 18 (36.0) 444 (42.4) 141 (40.3)

Baseline SARS-CoV-2 serology and/or
RT-PCR results, n (%)a

Positive 22 (14.7) 6 (12.0) 335 (32.0) 118 (33.7)

Negative 128 (85.3) 44 (88.0) 709 (67.8) 231 (66.0)

Co-morbidities, n (%) 20 (13.3) 5 (10.0) 134 (12.8) 38 (10.9)

aResults missing in 2 and 1 participants in the two groups in Phase 3 study, respectively.

Table 2: Demographics and baseline characteristics – (Safety population).
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solicited AEs after any dose (Table 4). The incidence was
63% in the SII-NVX-CoV2373 group and 57.4% in the
NVX-CoV2373 group. The incidence was higher after
the second dose (49.8%) than after the first dose
(37.6%). Majority of the solicited AEs were of mild
severity.

Overall, 425 participants (30.4%) reported 772 un-
solicited AEs. With similar incidence in the SII-NVX-
CoV2373 and NVX-CoV2373 groups (30.6% and
30.0%, respectively), most of the unsolicited AEs were
mild in severity.

In the safety cohort, vaccine related unsolicited AEs
(those AEs that were solicited in the immunogenicity/
reactogenicity cohort) were reported by 39% and 39.1%
participants in the SII-NVX-CoV2373 and NVX-CoV2373
groups, respectively. All were mild in severity except
for 7 moderate severity events. In the immunogenicity/
Multiple Imputationa

Results
Using Rubin’s Methodb

SII-NVX-CoV2373
(N = 340)

NVX-CoV2373
(N = 110)

Estimated Mean

GMEUc 139937.78 153200.54

95% Confidence
Interval

(116839.75,
167602.05)

(124050.99,
189199.68)

Estimated Ratio

GMEU Ratioc 0.91

95% Confidence
Interval

(0.79, 1.06)

aMultiple Imputation model with classification variables vaccine, age group, sex,
comorbidity status and continuous covariates log baseline titer used to impute
50 values for each missing value. bRubin’s method in PROC MIANALYZE used to
pool estimates and SE across the 50 multiply imputed datasets. cPooled
ANCOVA results, LS Mean and it’s 95% CI values by treatment were used to
generate the GMEU and 95% CI and the differences in LS Means and
corresponding 95% CI limits were used to obtain GMEU Ratio and 95% CI using
back transforming to the original scale.

Table 3: Non-inferiority of SII-NVX-CoV2373 to NVX-SARS-CoV-2
Vaccine in terms of Anti-S IgG Antibodies at 14 days after second
dose– Immunogenicity analysis Population – Phase 3.
reactogenicity cohort, no vaccine related unsolicited AEs
were reported.

Overall 13 SAEs were reported in 12 participants
with only 1 SAE in the Phase 2 part and remainder in
the Phase 3 part; 9 events in 9 participants in the SII-
NVX-CoV2373 group and 4 events in 3 participants in
the NVX-CoV2373 group. These included COVID-19
pneumonia (Phase 2 part) and dengue fever, gastroen-
teritis, femur fracture, head injury, limb crushing
injury, pyrexia, hemolytic anemia, retinal vein occlu-
sion, increased blood bilirubin, and joint effusion
(Phase 3 part). None of the SAEs were related to the
study vaccines and recovered without sequelae. No AESI
was reported.
Discussion
The present study compared SII-NVX-CoV2373 with
placebo/NVX-CoV2373 for safety and immunogenicity
in adults. There were no causally related SAEs. The
incidence of vaccine related AEs was higher in the
SII-NVX-CoV2373 group than in the placebo group,
but similar with the NVX-CoV2373 group. Most of the
vaccine related AEs were mild in severity. SII-NVX-
CoV2373 was non-inferior to NVX-CoV2373 in terms
of GMEU ratio of anti-S IgG antibodies. Both anti-S
IgG and nAb titers peaked at 14 days after the sec-
ond dose and declined by day 180 to the levels slightly
below to those seen after the first dose. The sero-
conversion for both anti-S IgG and nAb was ≥92%
after the second dose which declined to more than
78% at day 180 in both the groups. SII-NVX-CoV2373
was found safe, well tolerated and immunogenic
among adults in India. This waning of antibody titers
is seen with all vaccines.9,10 It is known that neutral-
isation titers have a strong correlation with protection
from SARS-CoV-2 parent strain as well as variants.
Moreover, modelling of the effects of waning immu-
nity predicts a loss of protection to the variants after
vaccination.11 Solante R et al. reported that the real-
www.thelancet.com Vol 10 March, 2023

www.thelancet.com/digital-health


0

50000

100000

150000

200000

G
M

EU
 o

f A
nt

i-S
 Ig

G
 an

tib
od

ie
s

Day 1 Day 22 Day 36 Day 180

Time since vaccination

NVX-CoV2373SII-NVX-CoV2373Treatment:

Fig. 3: Line plots of GMEU (including 95% CIs) of Anti-S IgG - Immunogenicity Analysis Population.

Articles
world evidence from different COVID-19 vaccines
(parent strain) supports the completion of primary
series and booster vaccinations where appropriate,
especially to restore waning vaccine effectiveness
against the more infectious Omicron variant and
protect populations from severe outcomes, hospital
admissions, and longer lasting post-COVID-19 com-
plications, as well as mortality.12 Considering this,
booster doses are recommended at about 4–6 months
or later after completion of primary immunization.
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There are two COVID-19 vaccines majorly used in
the adult immunization program of India, Covishield™
(ChAdOx1 nCoV-19, a simian adenovirus vectored
COVID-19 vaccine, Serum Institute of India) and
Covaxin™ (Whole virus inactivated vaccine with an
adjuvant, Bharat Biotech). The seroconversion of Cova-
xin for neutralizing antibodies range from 91.9% to
96.6%.13,14 Covishield was tested in Phase 2/3 clinical
trial in India. The seroconversion for neutralizing
antibodies was 85.6%.15 The results in the present study
Day 36 Day 180

e vaccination

NVX-CoV2373CoV2373

tibodies (nAb) against SARS-Cov-2 - Immunogenicity Analysis
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First dose Second dose

SII-NVX-CoV2373
(N = 343)
n (%) [E]

NVX-CoV2373
(N = 115)
n (%) [E]

SII-NVX-CoV2373
(N = 343)
n (%) [E]

NVX-CoV2373
(N = 115)
n (%) [E]

Participants with at Least One Solicited Adverse Event 137 (39.9) [328] 35 (30.4) [86] 171 (50.1) [495] 54 (48.6) [143]

Participants with at Least One Local Solicited AE 94 (27.4) [153] 28 (24.3) [44] 116 (34.0) [184] 28 (25.2) [34]

Injection Site Pain 82 (23.9) [82] 28 (24.3) [28] 109 (32.0) [109] 26 (23.4) [26]

Injection Site Tenderness 34 (9.9) [34] 8 (7.0) [8] 39 (11.4) [39] 7 (6.3) [7]

Injection Site Swelling 15 (4.4) [15] 4 (3.5) [4] 13 (3.8) [13] 0

Injection Site Erythema 12 (3.5) [12] 3 (2.6) [3] 12 (3.5) [12] 0

Injection Site Induration 10 (2.9) [10] 1 (0.9) [1] 11 (3.2) [11] 1 (0.9) [1]

Participants with at Least One Systemic Solicited AE 91 (26.5) [175] 21 (18.3) [42] 145 (42.5) [311] 49 (44.1) [109]

Headache 54 (15.7) [54] 8 (7.0) [8] 68 (19.9) [68] 28 (25.2) [28]

Fatigue 30 (8.7) [30] 14 (12.2) [14] 61 (17.9) [61] 21 (18.9) [21]

Myalgia 29 (8.5) [29] 8 (7.0) [8] 54 (15.8) [54] 13 (11.7) [13]

Malaise 23 (6.7) [23] 2 (1.7) [2] 32 (9.4) [32] 8 (7.2) [8]

Arthralgia 15 (4.4) [15] 5 (4.3) [5] 34 (10.0) [34] 13 (11.7) [13]

Fever 12 (3.5) [12] 3 (2.6) [3] 49 (14.4) [49] 20 (18.0) [20]

Nausea 7 (2.0) [7] 1 (0.9) [1] 9 (2.6) [9] 3 (2.7) [3]

Vomiting 5 (1.5) [5] 1 (0.9) [1] 4 (1.2) [4] 3 (2.7) [3]

Table 4: Summary of solicited AEs (immunogenicity and reactogenicity cohort) – phase 3 (safety population).
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for SII-NVX-CoV2373 as well as for NVX-CoV2373 are
on the same lines. However, the efficacy of Covaxin and
Covishield was 77.8% (95% CI 65.2–86.4)16 and 74.0%
(95% CI, 65.3 to 80.5),17 respectively while the same of
NVX-CoV2373 was 89.7% (95% CI, 80.2 to 94.6)6 and
90.4% (95% CI 82.9 to 94.6)7 in UK and USA/Mexico,
respectively indicating that, in addition to humoral
immunogenicity, that there may be other facets of the
immune response contributing to the efficacy of the
vaccine.

For NVX-CoV2373 vaccine, the seroconversion in
anti-S IgG and for nAb was 100% in two Phase 1/2
studies.5,18 The present study shows similar results.
However, in the Phase 2 study in USA and Australia,
the GMT of anti-S IgG was 44,420.9 (95% CI, 37,929.1,
52,023.8) and that of neutralizing antibodies was 2200.8
(95% CI, 1342.6, 3607.5).5 In the Japan Phase 1/2 trial,
the IgG GMT was 31,037 (95% CI, 26,837, 35,894) while
neutralizing antibodies GMT was 884 (95% CI 749,
1044).18 The anti-S IgG GMTs in the present study were
143506.4 (133,203.2, 154,606.7) in the SII-NVX-
CoV2373 group while 152,276.9 (95% CI, 132,441.4,
175,083.1) in the NVX-CoV2373 group. The respective
neutralizing antibody GMTs were 3590.8 (95% CI,
3271.2, 3941.6) and 3970.1 (95% CI, 3255.8, 4841.0).
These antibodies were measured at the same labora-
tories where all NVX-CoV2373 clinical trial samples
were tested. The reasons for these apparent differences
possibly are: about a third of participants (33.8%)
enrolled in the present study were seropositive at base-
line, while the same in the USA/Australia5 and Japan18

studies were 1.9% and all seronegative, respectively;
the population in the NVX-CoV2373 trials was older
[mean age 51.3 years (SD 17.47)] in the USA/Australia
study5 while 52.6 years (range 20–77) in the Japan
study,18 while the same in India trial was much lower
(mean age 34.8 years [SD 10.80] in the SII-NVX-
CoV2373 group and 33.4 [SD 10.18] in the NVX-
CoV2373 group). Further, the Indian trial Phase 2 part
was started in March 2021 and Phase 3 part started in
end of June 2021. The Indian immunization program
had started on 16 January 2021 targeting initially the
health care workers and elderly people. By the time the
Indian study started, many of the elderly had received
the available vaccines and therefore, the number of
elderly participants in the study was comparatively low.
It is known that the immune responses are lower in the
elderly population.19–21

SII-NVX-CoV2373 was found safe and well tolerated
in the study. No SAE or AESI was caused by the vaccine.
These findings are on the similar lines with the trials of
NVX-CoV2373.4–7

The reactogenicity of the mRNA vaccines is more
with the second dose as compared to the first dose.22–24

With SII-NVX-CoV2373 as well, we find increased
reactogenicity after the second dose. It is possible that
matrix M adjuvant could be contributing to the
increased reactogenicity. Increase in reactogenicity as
the doses advance in vaccine series for adjuvanted vac-
cines like tetanus and diphtheria are known.25

We found a total of 13 COVID-19 cases from the first
dose until two weeks after the second dose of vaccine in
the study. There was only a single break-through case of
symptomatic COVID-19 beyond two weeks after the
www.thelancet.com Vol 10 March, 2023
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second dose which is consistent with the ∼90% efficacy
seen in UK and USA/Mexico studies,6,7 though the
present study was not powered for efficacy.

The data from trials in US/Australia showed that the
sera of NVX-CoV2373 recipients could neutralize Delta
as well as Omicron variant, though there was a drop in
neutralizing titers as compared to the original Wuhan
strain.26 We do not currently have data on this from our
study, though we expect results along similar lines of
NVX-CoV2373 studies. This study was conducted dur-
ing the second wave of COVID-19 in India with pre-
dominant delta variant cases emerging during phase 2
part and declining cases during phase 3 part.

For COVID-19 vaccines, neutralizing antibodies and
binding antibodies correlate with clinical protection,27

though a protective cut off is not known. Hence, it is
not possible to give seroprotection achieved by our study
population. However, the high levels of seroconversion
as well as GMTs for both types of antibodies that are in
line with or higher than in the US/Australia trials of
NVX-CoV2373, and efficacy of ≥90% in UK and USA/
Mexico trials, SII-NVX-CoV2373 is expected to give the
similarly high level protection.

Our study had a few potential limitations. We
excluded previous known SARS-CoV-2 infection cases
from the study. The study did not include participants
with uncontrolled comorbid conditions, immunocom-
promised people, pregnant and lactating women and
further studies are needed for these special populations.
However, since our study population was representative
of majority of population across the country, we believe
these limitations do not affect the conclusions drawn on
immunogenicity and safety of the vaccine from this
study.

SII-NVX-CoV2373 was found non-inferior to NVX-
CoV2373. At day 36, there was more than 58-fold rise
in anti-S IgG and nAb titers compared to baseline in
both the groups. Incidence of unsolicited and solicited
AEs was similar between the SII-NVX-CoV2373 and
NVX-CoV2373 groups. No AESI or causally related SAE
was reported. The vaccine was found safe and highly
immunogenic and should be an additional option for
protection against COVID-19 parent strain as well as
emerging variants such as Omicron. The vaccine has
been evaluated in adults as a heterologous booster and
will be evaluated as a booster in children.
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