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Abstract

Background: Covaxin/BBV152 is one of the most widely used vaccines against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and one of the few vaccines used extensively in low- and middle-income
countries (LMIC).

Methods: We investigated the effect of Covaxin on the SARS-CoV-2 specific IgG and IgA and neutralizing antibody
(NADb) levels at baseline (M0) and at Months 1 (M1), 2 (M2), 3 (M3), 4 (M4), 6 (M6) and 12 (M12) following vaccination
in healthcare workers. In addition, we also examined the NAb levels against variant lineages of B.1.617.2 (Delta,
India), B.1.617.2.1 (Delta Plus, India), B.1.351 (Beta, SA), B.1.1.7 (Alpha, UK) and B.1.1.529 (Omicron).

Results: Covaxin induces enhanced SARS-CoV-2 binding antibodies of IgG and IgA responses against both spike
(S) and nucleocapsid (N) antigens at M1, M2, M3, M4, M6 and M12 in comparison with M0. Our data also
reveal that NAb levels against the ancestral strain (Wuhan, wild type) are elevated and sustained at M1, M2,
M3, M4, M6 and M12 in comparison with MO and against variant lineages of B.1.617.2 (Delta, India), B.1.617.2.1
(Delta Plus, India), B.1.351 (Beta, SA) and B.1.1.7 (Alpha, UK) are elevated at M3, M6 and M12 in comparison
with M0. However, NAb levels against B.1.1.529 (Omicron) was consistently below the limit of detection except
at M12.

Conclusion: Thus, Covaxin induces an enhanced humoral immune response, with persistence till at least 12 months
post-vaccination against most SARS-CoV-2 variants.
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Introduction

The first coronavirus disease of 2019 (COVID-19) case was
reported in Wuhan, China 2019' and the first case in India
was reported on 30th January 2020. COVID-19 spread among
Indian states happened primarily due to international travel.”
The efficacy of Covaxin/BBV152, a whole-virion inactivated
vaccine has been shown previously.’=® It has been demonstrated
that neutralizing antibody (NAb) responses remained elevated
in all the participants at 3 months after the vaccination series
in clinical trials.” A phase 3 clinical trial of Covaxin/BBV152
revealed that this vaccine is highly effective with an efficacy of
93% against severe symptomatic COVID-19 disease and with an
efficacy of 66% against symptomatic COVID-19.* Vaccination
was well tolerated with no safety concerns observed in this
interim analysis. India is considered as the vaccine industrial
hub of the world by contributing 60% to the global vaccine
supply.” This country has the capability to manufacture well
over 3 billion COVID-19 vaccine doses annually.*' India also has
the ability to manufacture low-cost COVID-19 vaccines, which
will benefit low-income countries that cannot afford expensive
vaccines.'” Covaxin has been approved for use in 13 countries, all
of which are low- and middle-income countries (LMIC; https:/
covid19.trackvaccines.org). Thus far, over 333 million doses
of the Covaxin have been administered in India alone. Most
of the humoral immune responses reported in the literature

are focused on mRNA vaccines''-"

and very little data on
the antibody responses to whole-virion inactivated vaccines are
available.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is known for the emergence of variants that could be more con-
tagious, cause severe disease, or escape natural or vaccine medi-
ated protective immunity."* So far, several variants of concern
(VOC) have been recognized. The Delta variant (B.1.617.2) and
its close relative (Delta Plus, B.1.617.2.1)" were first reported
in India and are associated with enhanced transmissibility and
augmented virulence.'® Studies have also reported that the UK
variant (Alpha, B.1.1.7) has an augmented risk of transmission
7and mortality.">'* Similarly, the South African variant (Beta,
B.1.351) is associated with increased risk of transmission."”
Finally, the Omicron variant (B.1.1.529), first identified in south-
ern Africa, is characterized by 30 or more changes in the spike
protein.”’*! It has also been reported that heterologous prime-
boost of ChAdOx1 vaccine, Covishield followed by BBV152,
Covaxin resulted elevated levels of binding antibody and neu-
tralizing antibodies against VOC.?> The duration and kinetics
of binding and neutralizing antibodies to SARS-CoV-2 VOC has
been to shown to wane over time with mRNA vaccines. To deter-
mine this property of Covaxin, we estimated the NAb response
against the ancestral strain (Wuhan) and variant lineages of
B.1.617.2 (Delta, India), B.1.617.2.1 (Delta Plus, India), B.1.351
(Beta, SA), B.1.1.7 (Alpha, UK) and B.1.1.529 (Omicron) in
Covaxin vaccinated individuals.

Materials and Methods

Study procedure

The study recruited healthcare workers working in the ICMR
research institutes of National Institute for Research in

Tuberculosis, Chennai, and National Institute of Epidemiology,
who received BBV152/Covaxin (Manufactured by Bharat
Biotech, Hyderabad in collaboration with the Indian Council
of Medical Research, India) at vaccination centres in Chennai,
India from February to May 2021. The inclusion criteria are all
adult participants of >18 years of age, vaccinated with COVID-
19 vaccine Covaxin and willing to provide written informed
consent. The participants were ineligible if they were vaccinated
with other COVID-19 vaccines and not willing to provide
written informed consent. During the follow-up, participants
were excluded if they turned SARS-CoV2 PCR positive during
the study. The first dose was administered at baseline or MO and
the second dose was administered 28 + 2 days later or M 1. Blood
was drawn at Day O (baseline, before vaccination) (MO0), Day
28 + 2 days post-first dose (M1), Day 56 + 2 days post-first dose
(M2), Day 86 2 days post-first dose (M3), Day 116 +2 days
post-first dose (M4), Day 176 +2 days post-first dose (M6) and
Day 340-370 days post-first dose (M12).

Antibody assays

Serological testing for antibodies targeting the viral nucleocapsid
protein IgG (N) and antibodies targeting the viral Spike protein
IgG (S) was performed using YHLO iFlash 1800 Chemilumines-
cence Immunoassay Analyzer using iFlash-SARS-CoV-2 IgG (N),
iFlash-SARS-CoV-2 IgG (S).

The cut-off value for SARS-CoV-2 IgG, according to
the manufacturer, IgG concentrations >10.00 AU/ml was
considered as positive and <10.00 AU/ml was considered
as non-reactive. IgA was measured using the Human SARS-
CoV-2 Spike protein S1 IgA and Human novel coronavirus
nucleoprotein IgA antibody using ELISA platform according
to manufacturer’s (MyBioSource) instructions. Plasma samples
were used to measure the circulating neutralizing antibodies
levels using SARS-CoV2 Surrogate Virus Neutralization Test
Kit according to manufacturer’s (GenScript) instructions.
The cut-off value >20% was considered as positive and
<20% was considered as non-reactive for SARS-CoV2 NAb
detection.

Statistical analysis

Covaxin vaccinated group at Day 0 (MO0), Month 1 (M1),
Month 2 (M2), Month 3 (M3), Month 4 (M4), Month 6
(M6) and Month (M12) groups were analysed using Kruskal-
Wallis test 1-way analysis of variance (ANOVA) Multiple
comparisons (Geometric mean with 95% CI). Multiple com-
parisons were corrected using the Holm’s correction method.
Differences across time points were analysed using paired #-
tests. All the analyses were performed using Graph-Pad PRISM
Version 9.0.

Ethics statement

The study was approved by the Ethics Committee of ICMR-
NIRT (NIRT-IEC No: 2021007). Informed written consent was
received from all study individuals.
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Table 1. Demographics of the study population

Study demographics Whole study Comorbidity
population

Total number of participants 115 46

Age in years, median (range) 35 (23-60) 42 (38-60)

Gender (male/female) 71/44 26/20

BP (systolic), median 120 125

BP (diastolic), median 80 80

BMI Kg/m? 25.3 28.2

Contact with COVID-19 Case 12 (10.5%) 3(6.5%)

Diabetes mellitus 15 (13.1%) 15 (32%)

Hypertension 15 (13.1%) 15 (32%)

Results

Study population

We enrolled #=115 individuals (Table 1) with the median age
of 35. We had 71 males and 44 females, the median BMI was
25.3 Kg m? among which 12 individuals had a history of contact
with COVID-19 positive case. We had 46 individuals with co-
morbidities including Type 2 diabetes (#=15) or hypertension
(n=15) or obesity (r=39). The demographics of the vaccinated
individuals—both the whole study population and the enriched
co-morbidities group are shown in Table I.

Covaxin induced enhanced IgG and IgA
responses persist till 12 months post-vaccination

To examine the durability of humoral immunity following two
doses of Covaxin, we measured the levels of IgG and IgA (against
S and N antigens) at M0, M1, M2, M3, M4, M6 and M12
following the first dose. As shown in Figure 1A, before the first
dose (MO0), a small proportion of participants had positive IgG (S)
and IgG (N) (33 [29%] and 31 [27%]), indicating prior infection.
A substantial increase in detectable concentrations of IgG (S) (55
[51%] of 108) and IgG (N) (52 [48%] of 108) was noted at M1.
Two months after the first dose and 1 month of the second (M2),
a rapid and marked increase in antibody detection and titers was
noted, IgG (S) (88 [98%] of 90) and IgG (N) (85 [95%] of 90)
antibodies were detected in most participants with a >10-fold
increase in titers compared with that at M1. Next, 3 months
after the first dose and 2 months of the second (M3), IgG (S)
(74 [93%] of 80) and IgG (N) (63 [79%] of 80) antibodies were
detected in most participants with M3 levels being significantly
higher than M0 and M1. In addition, we assessed the Ab levels
at 4 months after the first dose and 3 months after the second
(M4) IgG (S) (57 [99%] of 58) and IgG (N) (45 [78%] of 58)
antibodies were detected in most participants at M4. At 6 months
after the first dose and 5 months after the second (M6), IgG (S)
(48 [85%] of 57) and IgG (N) (34 [60%] of 57) antibodies were
detected. Finally, 12 months after the first dose and 11 months
after the second (M12), IgG (S) (49 [79%] of 62) and IgG (N)
(48 [77%] of 62) antibodies were detected. The antibody levels
of IgA (S) and IgA (N) levels were shown to have no significant
increase at M1, whereas IgA (S) and IgA (N) levels also exhibited
a significant increase at M2 in comparison with M0 and M1. In
addition, IgA (S) and IgA (N) levels were also significantly higher

at M3 compared with MO and/or M1. Finally, at M6 and M12,
IgA (S) levels were significantly lower in comparison with M2
and M3 but IgA (N) levels remained significantly elevated.

To examine the kinetics of humoral immunity against SARS-
CoV-2 binding antibodies, we measured the SARS-CoV-2 IgG
[S] and SARS-CoV-2 IgG [N] at M0, M1, M2, M3, M4, M6
and M12 following the first dose. As shown in Figure 1B, we
first measured the patterns of SARS-CoV-2 IgG [S] and SARS-
CoV-2 IgG [N] activity over time. SARS-CoV-2 IgG antibodies
peaked 2 months after first dose (Month 2), with moderate
decline over time through M6 in individuals with and without
prior SARS-CoV-2 infection and among which SARS-CoV-2 IgG
[S] were relatively higher antibody levels compared with SARS-
CoV-2 IgG [N]. Next, we also measured the patterns of SARS-
CoV-2 IgA [S] and SARS-CoV-2 IgA [N] activity over time.
SARS-CoV-2 IgA [S] antibodies peaked 2 months after first
dose (Month 2), with moderate decline over time through M6
in individuals with and without prior SARS-CoV-2 infection.
However, there was no significant change in the SARS-CoV-2 IgA
[N] antibody levels over time. All respective P values are shown
in the Supplementary Table 1, Supplementary data are available
at JTM online.

Finally, there was a substantial geometric mean fold increase
in the SARS-CoV-2 binding antibodies of IgG (N) with 4-, 24-,
14-, 12-, 7- and 18-fold increase at M1, M2, M3, M4, Mé6
and M12 compared with the first vaccine dose (Day 0) and
SARS-CoV-2 binding antibodies of IgG (S) with 6-, 45-, 39-, 34-,
25- and 29-fold increase at M1, M2, M3, M4, M6 and M12
compared with the first vaccine dose (Day 0; Figure 2B).

Neutralizing antibodies against SARS-CoV-2 viral
variants persist for 12 months after the second
dose of the Covaxin

We measured the NAb levels against wild type (ancestral
strain [Wuhan]) and the variant lineages of B.1.617.2 (Delta),
B.1.617.2.1 (Delta Plus, India), B.1.351 (Beta, SA) B.1.1.7
(Alpha, UK) and B.1.1.529 (Omicron) at M0, M3, M6 and
M12 following the first dose. As shown in Figure 2A, we first
measured the patterns of NADb activity over time. Neutralization
measurement against all variants peaked 3 months after first dose
(Month 3), with moderate decline over time through M6, among
which wild type NAb were relatively higher compared with other
variants. However, at M 12 there was a mild increase in the NAb
to both wild type and to other variants. B.1.1.529 (Omicron) was
not detected in the many of the individuals even during at the
M12. Furthermore, we assessed the NAb in individuals with and
without prior SARS-CoV-2 infection, among which individuals
with prior SARS-CoV-2 infection had only minimal decline over
time in NAb against wild type and other variants through M6,
although there was a moderate increase at M12 in wild type and
other variants. However, individuals without prior SARS-CoV-
2 infection also had a decline over time in wild type and other
variants comparatively till M12. Overall, the individuals without
prior SARS-CoV-2 infection had significantly greater decline of
antibodies at M6 and M12 in comparison with individuals with
prior SARS-CoV-2 infection.

Next, we wanted to evaluate the percentage of individuals in
whom the NAb to SARS-CoV-2 variants were detected for each
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Figure 1. Quantification of antibodies following whole-virion inactivated BBV152 (Covaxin) vaccination. (A) The plasma levels of SARS-CoV2 IgG
(S), IgG (N), IgA (S) and IgA (N) Abs were measured at Day 0 (baseline, before vaccination) (M0) [n=115], Day 28 + 2 days post-first dose (M1)
[n=108], Day 56 + 2 days post-first dose (M2) [n=90], Day 86 + 2 days post-first dose (M3) [n=80], Day 116 & 2 days post-first dose (M4) [n=58], Day
176 + 2 days post-first dose (M6) [n=57] and Day 340-370 days post-first dose (M12) [n=62] of vaccination. Box plots display the median values with
the interquartile range (lower and upper hinge). The data are also represented as scatter plots with each circle representing a single individual. P
values were calculated using the linear mixed effect analysis using multiple comparisons. (B) SARS-CoV2 binding antibodies of IgG [S] and IgG [N]
at M0, M1, M2, M3, M4, M6 and M12 following the first dose in all individuals and in those with prior infection and with no prior infection. Dotted
line indicates the limit of detection (>10). (C) SARS-CoV2 binding antibodies of IgA [S] and IgA [N] at MO, M1, M2, M3, M6 and M12 following the

first dose in all individuals and in those with prior infection and with no prior infection.

variant. As shown in Figure 2B, at M0 27, 31, 31, 19, 31 and
25% of individuals exhibited NAb against wild type, B.1.617.2,
B.1.617.2.1, B.1.351, B.1.1.7 and B.1.1.529. Next, 3 months
after the first dose and 2 months of the second (M3), there
was a substantial increase in the percentage of individuals with
93, 84 and 83% exhibiting NAb against wild type, B.1.617.2
and B.1.617.2.1 variants, respectively. In contrast, only ~61
and 72% of individuals exhibited NAb against B.1.351 and
B.1.1.7 variants, respectively. Then at 6 months after the first
dose and 5 months after the second dose (M6), the percentage of
individuals exhibiting NAb was 635, 68, 57, 61 and 14% against
B.1.617.2,B.1.617.2.1,B.1.351,B.1.1.7 and B.1.1.529 variants,
respectively. However, for the wild type ancestral strain (Wuhan),

NAD levels were persistently stable with 92% of individuals
exhibiting reactivity. Finally, at M12, 88, 73, 73, 70, 75 and
43% of individuals exhibited NAb against wild type, B.1.617.2,
B.1.617.2.1, B.1.351, B.1.1.7 and B.1.1.529 variants, respec-
tively. Thus, there was a moderate increase in the NAb percentage
in individuals to both wild type and other variants at M12.
All respective P values are shown in the Supplementary Table 2,
Supplementary data are available at JTM online.

In addition, there was a considerable geometric mean fold
increase in the SARS-CoV-2 neutralizing antibodies against wild
type and other VOC. As shown the Figure 2B wild type ancestral
strain with 22-, 19- and 20-fold increase, B.1.617.2 with 5-, 3-
and 5-fold increase, B.1.617.2.1 with 4-, 4- and 4-fold increase,
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Figure 2. Binding and neutralizing antibodies persist for 12 months after the second dose of the Covaxin/BBV152 (A) Surrogate Virus Neutralization
for wild type and variant lineages of B.1.617.2 (Delta) B.1.617.2.1 (Delta Plus, India) B.1.351 (Beta, SA), B.1.1.7 (Alpha, UK) and B.1.1.529 (Omicron) at
MO, M3, M6 and M12 following the first dose in all individuals and in those with prior infection and with no prior infection. Dotted line indicates
the limit of detection (>20). (B) Values are the percentage of sera (at each time point) for which antibodies were detected for each variant and fold

change increase of SARS-CoV-2 binding and neutralizing antibodies.

B.1.351 with 4-, 4- and 4-fold increase, B.1.1.7 with 3-, 3- and
3-fold increase at M3, M6 and M12, compared with the first
vaccine dose (Day 0). However, for the B.1.1.529 (Omicron)
there was no fold increase at M6 but there was a 3-fold increase
at M12 compared with the first vaccine dose (Day 0).

Discussion

Interim results from Covaxin efficacy trials have shown 78%
efficacy after 2 doses. After the first dose, 65% of participants
had anti-spike antibodies, which rose to 98% at Day 14 follow-
ing the second dose.*”>** Similarly, 48 % had NAbs after the first
dose, which rose to 97% at Day 14 following the second dose.
However, the breadth and depth of the antibody response as well
as its persistence has not been well detailed.

We, therefore, attempted to examine the antibody responses
in terms of isotypes (IgG and IgA), function (NAb activity) and
kinetics (MO, M1, M2, M3, M4 M6 and M12). Our data reveal
the following salient features of humoral immunity following

Covaxin administration. First, a single dose of Covaxin induces
significantly elevated IgG but not IgA responses to spike and
nucleocapsid. Second, the second dose of the vaccine results in
a major increase in the levels of IgG and IgA as demonstrated at
the levels at M2. Third, enhanced IgA antibody induction against
both spike and nucleocapsid appears to require both doses of the
vaccine. Fourth, the second dose of the vaccine elicits elevated
antibody production in comparison with not only pre-vaccinated
values but also in comparison with post-first dose vaccination,
indicating a truly booster effect of the vaccine on humoral
immunity. In addition, the vaccine elicited humoral immunity is
significantly elevated at 3-, 6- and 12-month post-vaccination in
comparison with pre-vaccination levels.

The correlates of protective immunity to SARS-CoV-2 are
not completely understood. However, the general consensus is
that both B cell and T cell responses play an important role

e.*"* In terms of B

in protection against infection and diseas
cell responses, antibody mediated responses include both binding

and NAD effects as well as non-neutralizing functions.”®*” In this
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study, we focused on only binding and NAb functions in terms of
humoral immunity following Covaxin. Our data clearly indicate
that in over 50% of the participants who had prior SARS-
CoV-2 infection, positive IgG and NAb responses were detected
indicating that a single dose of the vaccine is sufficient to induce
robust humoral responses in these individuals. Interestingly, IgG
responses against spike proteins continue to be present in 98% of
vaccinees at M2 and 93% of vaccinees at M3, 99% of vaccinees
at M4, 80% of vaccinees at M6 and 79% of vaccines at M12,
whereas IgG against nucleocapsid is present in 95% of vaccinees
at M2, 78% of vaccinees at M3, 79% of vaccinees at M4,
59% of vaccinees at M6 and 77% of vaccines at M12. As most
of the studies thus far suggest that IgG antibodies targeting
the spike proteins are the major component of immunity to
SARS-CoV-2," our data suggest the presence of robust anti-
COVID immune responses following Covaxin administration.
Similarly, NAbs are detectable in 93% of individuals at M2,
94% at M3, 100% at M4 and 92% at M6 and 89% at M12.
Since NAbs are considered to be the most accurate correlate
of vaccine-induced protective immunity,” our data also reveal
stable Covaxin induced immunity that lasts at least 12 months
in vaccinated individuals. Little is known about the ability of
COVID vaccines to induce IgA immunity. Previous studies with
endemic coronaviruses indicate that nasal IgA levels correlate
with protective immunity against these infections.’’:*! Although
we have not examined mucosal IgA, our data on serum IgA levels
clearly indicate enhanced levels of IgA responses against both
spike and nucleocapsid antigens engendered by Covaxin.

As the virus is well-known to frequently mutate, the emer-
gence of VOC including B.1.617.2 (Delta), B.1.617.2.1 (Delta
Plus) B.1.351 (Beta) and B.1.1.7 (Alpha) has been associated with

416-19 Omicron

an increased risk of transmission and mortality.'
variant is a latest among the profoundly mutated SARS-CoV-
2 variants known as B.1.1.529, and was designated as a VOC
by the World Health Organization on 26 November 2021.%%%
Reports from various groups suggest that VOC display a genetic
variation related with enhanced transmissibility, more serious
illness (e.g. increased hospitalizations or deaths), considerable
drop of neutralization by antibodies produced during natural
infection or vaccination, these in turn having a major impact
on diagnostics, treatments or vaccines.”* Recent findings have
revealed that NAb responses were significantly increased after
third dose (booster) dose of Covaxin against the homologous B.1
(19 fold), Delta (16 fold), Beta (14 fold) and Omicron (18 fold)
VOC.*” In addition, other factors might also play an important
role in disease transmission like changes in the serial interval
and incubation period before and after transmission peaks.*® Few
published studies have reported that more vaccine effectiveness
studies are entirely required to fully appreciate the effectiveness
of BBV152 against these VOC.”” Our data suggest that the
original vaccination series of two doses is sufficient to induce
long lasting antibody responses against most VOC. One of the
main aims of this study is to assess the vaccine-induced immune
response and most particularly to shed light on the still provoca-
tive question of how competently antibodies can bind and neu-
tralize SARS-CoV-2 VOC. Our findings suggest that neutraliza-
tion potency of Covaxin elicited Abs is enhanced against lineage
variants of B.1.617.2 (Delta), B.1.617.2.1 (Delta Plus), B.1.351
(Beta) and B.1.1.7 (Alpha) indicating good humoral response in
~60-80% at M3, >60% at 6-month post-vaccination, and >

70% of individuals at month 12 post-vaccination. These findings
reinforce the conclusions of the clinical studies that demonstrated
protection against severe disease by Covaxin against Delta, Delta
AY.1, B.1.617.3 variants and Alpha.*®* However, in the case of
B.1.1.529 (Omicron), there was no detectable response in all
individuals at M6 and modest response in 43% of individuals
at month 12 post-vaccination, most of which likely was due to
exposure to infection, rather than any vaccine mediated effects,
in corroboration with other studies.*’

Our study suffers from few limitations including the small
sample size, and the inclusion of a homogenous group of only
healthcare workers. Our study also did not examine functional
effect of T cell responses against VOC. Finally, our study did
not directly assess efficacy of the vaccine against SARS-CoV-2.
Nevertheless, our study provides a major insight into the depth
and breadth of the humoral response induced by Covaxin and
is one of the first studies to examine the kinetics of antibody
induction by this vaccine. This study also highlights the signifi-
cance of a complete assessment of humoral immune responses to
VOC. Finally, our study findings conclude that Covaxin produces
a robust humoral immune response, with persistence till at least
12 months post-vaccination against most SARS-CoV-2 variants.
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