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Abstract

Introduction The BBV 152 coronavirus disease 2019 (COVID-19) vaccine (COVAXIN) has recently been approved for
adolescents.

Objective We provide the first real-world safety data of COVAXIN use in adolescents and compare with adults.

Methods A prospective observational study was initiated in January 2022. Enrolled adolescents and adults were contacted
by telephone after 14 days of receiving the BBV 152 vaccine. The primary outcome was vaccine safety assessed as rate of
adverse events following immunization (AEFIs). Severity grading of AEFIs was done using the Food and Drug Administra-
tion (FDA) scale. Interim results are presented.

Results A total of 698 adolescents and 326 adults were enrolled. AEFIs after the first dose developed in 243 out of 670 ado-
lescents (36.3%), with 21% reporting only local AEFIs and 15.2% reporting systemic AEFIs. Among 340 adolescents who
had received the second dose of vaccine, 129 (37.9%) developed AEFIs, with only local involvement in 20.3% and systemic
involvement in 17.6%. Injection site pain and fever were the common AEFIs. The majority of AEFIs were mild-moderate.
Nearly 0.9% of adolescents receiving the first dose reported severe AEFIs. Atypical AEFIs were observed in 0.6-0.9% of
adolescents. The majority of the AEFIs resolved in 1-2 days. AEFIs were persistent in >2% of adolescents at day 14 after
the second dose, and also in 3.7% of adults overall at follow-up. No difference was observed in AEFI incidence and patterns
between adolescents and adults. Regression analysis showed females and those with a history of allergy to be, respectively,
at 1.6 times and 3 times increased risk of AEFIs among adolescents.

Conclusions COVAXIN carries an overall favorable short-term safety profile in adolescents. The observed AEFI rates in
adolescents are much lower than that reported with mRNA vaccines, but head—head comparisons in the same population are
required to generate relative vaccine safety data. Female adolescents and those with a history of allergy need watchfulness
for severe and persistent AEFIs. With some AEFIs persisting at 14 days, a longer follow-up is recommended to strengthen

the safety data of COVAXIN.

The short-term safety of the BBV152 coronavirus dis-
ease 2019 (COVID-19) vaccine in the 15- to 18-year-old
age group seems favorable.

Watchfulness for severe and persistent adverse events
may be needed for females and those with a history of
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1 Introduction

Vaccines based on novel and pre-existing platforms have
been licensed for use to curtail the coronavirus disease
2019 (COVID-19) pandemic. These include messenger
RNA (mRNA)-based vaccines, viral vectored vaccines,
and inactivated severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) vaccines. Initially high-risk groups
were prioritized for vaccination, and later on, the program
was extended to the general population. The World Health
Organization (WHO) recommends extension of vaccination
to children 5-17 years of age once the high-risk population
has been adequately vaccinated [1]. Pfizer’s mRNA based
BNT162b2 vaccine was the first to get Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) approval for vaccinating children against COVID-
19 [2]. The inactivated CoronaVac in China has also been
granted emergency use approval for children and adoles-
cents [3]. In India, COVISHIELD, based on the ChAdOx1-
nCoV-19 chimpanzee adenoviral platform, and COVAXIN
(BBV152), an inactivated SARS-CoV-2 vaccine, were
mostly used for mass vaccination of the adult population.
In late December 2021, COVAXIN was granted emergency
use authorization for use in adolescents 15—-18 years of age,
and mass vaccination for adolescents was initiated in the
first week of January 2022. There is a paucity of data on the
safety profile of COVAXIN specific to the adolescent subset.
The only evidence available to date is a pre-print of an open-
label phase 2/3 trial of the BBV 152 vaccine by the manufac-
turer, Bharat Biotech, which enrolled only 176 adolescents
[4]. Since the performance and safety of vaccines might dif-
fer in larger population samples in the real world and also
on long-term follow-up, we decided to conduct a prospective
observational study of the BBV 152 vaccine (COVAXIN) in
adolescents aged 15—18 years. Here, we provide the interim
results of the study and the first real-world safety data of
COVAXIN in adolescents. A comparative analysis of vac-
cine safety in adolescents and adults is also presented. A
pre-print version of the article is already available [5].

2 Methods
2.1 Study Design and Setting

This is a prospective observational study conducted in a
tertiary hospital of north India. The study started in Janu-
ary 2022, and with a target of 1 year follow-up of all par-
ticipants, it is expected to be continued until May 2023.
Adolescents visiting the COVID-19 vaccination center of
the hospital at the time of either their first or second dose
were recruited in the study. As mentioned earlier, COVID-19
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vaccination for adolescents began in the country during the
first week of January 2022. Since the present study could
be started in the second week of January 2022, after obtain-
ing ethical permission, a subset of participants had already
received their first dose of vaccine. In the absence of ado-
lescent-specific safety data on COVAXIN, and in order to
bring the safety data into the public domain in a timely man-
ner, it was decided that this subset should not be missed
out on and would be enrolled while receiving the second
dose. In this group, the adverse events following immuniza-
tion (AEFIs) following the first dose of vaccine were evalu-
ated retrospectively. This was also done to ensure that any
serious, severe, or atypical AEFIs, which are less likely to
be affected by recall bias, could be identified, and reported
in the public domain. The AEFI specific information was
obtained from these participants and their accompanying
guardians at the time of the second dose and was recorded
in the pre-designed case report form. Adult participants in
the study were recruited while visiting the vaccination center
at the time of either their first, second, or booster dose. As
per the Ministry of Health and Family Welfare (MoHFW)
guidelines, adults at high risk of COVID-19 were eligible
for a booster if they had received the second dose at least
9 months (39 weeks) back [6]. Because of the inconsist-
ent availability of COVAXIN and personal health concerns,
some of the adults receiving the second dose had received
the first dose more than 3 months back, although guidelines
mandate a 4- to 6-week gap between the first and second
doses for both adults and adolescents. Because of the signifi-
cant time lag and the possibility of recall bias, retrospective
evaluation of AEFIs was not performed in adults who were
enrolled at the time of either second or booster dose. All
adult participants were monitored prospectively to assess
the AEFIs.

Here, we report the first short-term safety results of all
participants—adolescents and adults who successfully com-
pleted at least 14 days of follow-up after any dose of the
BBV 152 vaccine (COVAXIN). The authors UK, SSC, and
VIJ had access to the complete data.

2.2 Study Participants

All individuals who received COVAXIN in the study center
during the period of enrolment were included in the study.
Participants were adolescents 15—18 years of age and adults
> 19 years of age. Informed consent was taken from the
adults. In the case of adolescents, informed consent was
taken from the accompanying guardian, along with written
assent of the adolescent. Adolescents who visited the center
without guardians were excluded, as were the vaccinees who
refused to provide consent/assent.
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2.3 Safety Analysis

AEFIs were recorded at 14 days after vaccination through
telephonic interview, and the following detailed data for
safety analysis were extracted:

e Incidence of AEFIs

e Type and pattern of AEFIs (Medical Dictionary for Reg-

ulatory Activities [MedDRA®] low level terms [LLT]

and system organ class [SOC] terminology used)

Distribution of AEFIs with respect to age and sex

Outcomes of AEFIs

Interventions done to manage AEFIs

Seriousness of AEFIs as per adapted WHO and FDA

definitions (Supplementary Table 1, see the electronic

supplementary material)

e Severity of AEFIs for local adverse events (AEs) and sys-
temic AEs [these were recorded as per the FDA severity
grading scale (Supplementary Table 1)]

e AEFIs requiring hospitalization

e Any vaccine—disease interaction resulting in AEFIs

e Any vaccine—drug interaction resulting in AEFIs

2.4 Vaccination Procedure and Enrolment in Study

Participants receiving any dose of COVAXIN were recruited
for the present study. COVAXIN is administered intramus-
cularly in the deltoid at the dose of 0.5 mL as a two-dose
schedule, with an interval of 4—6 weeks between the first and
second dose. Since mid-January 2022, the booster dose of
vaccine was recommended for adults with a gap of 9 months
from the second dose [6]. Post vaccination, all participants
were routinely monitored at the study site for 30 min. They
were informed of the AEs expected after vaccination and
of the detailed study procedure, including advice to record
AEFIs. They were contacted by phone after 14 days after
vaccination. Specifically, they were questioned about local
site symptoms such as pain, erythema, swelling, tenderness,
and any limitation of physical activity. Also, enquiry was
made about the occurrence of systemic events such as fever,
fatigability, myalgia, arthralgia, headache, nausea, vomit-
ing, diarrhea, rash, chest tightness, dyspnea, or any other
complaint. With the third wave of the COVID-19 pandemic
ongoing, individuals were given instructions regarding
reverse transcriptase polymerase chain reaction (RT-PCR)
based nasal or oropharyngeal swab tests for SARS-CoV-2
in any event of them developing COVID-19 like symptoms.

2.5 Data Sources/Measurement
Data related to demography and medical history were

recorded in a pre-designed case report form. The medical
history included history of SARS-CoV-2 positivity at any

time in the past, existing co-morbidities, concurrent drug
history, and history of allergy to any known stimuli includ-
ing, but not limited to, drugs, vaccines, food products, and
dust. For adolescents visiting the center for the second
dose, information regarding AEFIs during the first dose
was recorded in the case report form. For all participants,
the data recorded included severity of AEFIs, interventions
required for the management of AEFIs, outcomes of AEFIs,
and time to complete recovery.

2.6 Sample Size

The available safety data from controlled settings shows
the AEFI rate to vary between 12 and 21% in the general
population [7, 8]. The primary objective of the study was
to evaluate the safety profile of COVAXIN in adolescents.
Considering a 15% rate of occurrence of any AEFI, a margin
of error of 4%, and a 10% rate of drop out, the expected sam-
ple size for the present study was calculated to be 355. The
study also aimed to compare the vaccine safety in adoles-
cents with the adult population. Considering the feasibility
concerns, it was decided to enroll at least 1000 participants,
with an adolescent:adult ratio of around 2:1. The enrolment
was stopped after 1024 participants were recruited.

2.7 Statistical Analysis

For data such as incidence, severity, and outcomes of AEFIs,
values were recorded as frequencies as well as percentages.
Chi-square test was applied for dichotomous variables such
as sex, presence of co-morbidities, and prior COVID-19 to
find associations between these potential risk factors and the
development of AEFIs. Comorbidities in adolescents being
quite low in number were analyzed as a single composite
variable (comorbidities) rather than separate entities like
diabetes, hypertension, hypothyroidism, etc. Variables with
a statistically significant association (P <0.05) on bivari-
ate analysis or those deemed to be clinically relevant were
incorporated into the final regression model. In this model,
an AEFI occurring after any dose was the composite depend-
ent variable. In addition, a comparative AEFI analysis was
done only between adolescents and adults enrolled while
receiving the first dose and monitored prospectively. This
was done to ensure that the analysis was unadulterated by the
dose of vaccine or recall bias. Results were analyzed using
SPSS version 16.

3 Results

Figure 1 (as per the STrengthening the Reporting of OBser-
vational studies in Epidemiology [STROBE] guidelines)
shows the recruitment of vaccinees for the present study. Of
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Adolescents
screened, N=700
Refused to
: s <
participate, N=2
Adolescents
enrolled, N=698

Visiting the centre for
second dose and
analysed for AEFI after
first dose, N=359

Visiting the centre for
first dose, N=339

Lost to follow up, la—
N=28

Analysed for first
dose AEFI after 14
days, N=311

Analysed for second
dose AEFI after 14
days, N=340

Lost to follow up,
N=19

Adults screened,
N=330
_| Refusedto
| participate, N=4

Adults enrolled,
N=326

Visiitng the centre Visiting the centre Visitng the centre
for first dose, for second dose, for booster dose,

N=201 N=113 N=12

Lost to follow Lost to follow
< >
up, N=20 up, N=11

Analysed for first
dose AEFI after 14
days, N=181

Analysed for second
dose AEFI after 14
days, N=102

Analysed for booster
dose AEFI after 14
days, N=12

Figure 1 STROBE flowchart showing enrolment of adolescents and adults in the study. AEFI adverse event following immunization, STROBE

STrengthening the Reporting of OBservational studies in Epidemiology

the 698 adolescents enrolled, 339 and 359 were recruited
at the time of the first and second doses of COVAXIN,
respectively. Of the 339 adolescents visiting the center for
the first dose, 28 were lost to follow-up, and among ado-
lescents recruited at the time of the second dose, 19 were
lost to follow-up. Loss to follow-up was defined as no
response to three telephonic calls made at different times
by the study team. Thus, AEFIs after 14 days post-first dose
were assessed in a total of 670 adolescents, and AEFIs after
14 days post-second dose were assessed in 340 adolescents.
A total of 326 adults were recruited in the study, of whom
201, 113, and 12 were visiting the center for first, second,
and booster doses of COVAXIN, respectively. Of the 326
adults enrolled, 31 were lost to follow-up, and AEFI data
after 14 days of vaccination was available for the remaining
295. The baseline characteristics of the study participants
are mentioned in Table 1.

3.1 AEFIs After First Dose in Adolescents

Among the 670 adolescents for whom data were available,
243 reported systemic or local AEFIs (36.3%). The major-
ity of AEFIs involved the injection site and were reported
by 183 adolescents (27.3%). Systemic involvement with or
without local site involvement was reported by 102 (15.2%).
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Individually, injection site pain was the commonest AEFI
reported (179, 26.7%) followed by fever (12.2%) and weak-
ness (1.9%). The majority of AEFIs occurred within 24 h of
receiving the vaccine (n =233, 95.9% of all AEFIs). Most
local site AEFIs were mild (152/183, 83.1%), and most sys-
temic AEFIs were of ‘moderate’ grade (51/102, 50%). Alto-
gether, six adolescents (0.9% of all adolescents: five females,
one male) complained of systemic AEFIs of ‘severe’ grade,
and no ‘serious’ AEFIs were noticed. Complete recovery
from AEFIs was observed in all adolescents except three
(two females, one male), and time to recovery (TTR) varied
from 0.5 to 7 days. Four atypical AEFIs were reported in
four adolescents (0.6%). These included a case of severe
menstrual bleeding with no endocrinal disturbance in the
past, a case of disturbing burning sensation in lower limbs
in a male with insignificant past history, a case of recurrence
of seizure within 5 days of the first dose in a female with
pre-vaccination uncontrolled seizure disorder, and a case of
hypothyroidism within 3 weeks of the first dose in a female
with pre-vaccination neck swelling [Table 2 and Supplemen-
tary Table 2 (see the electronic supplementary material)].
The latter two were reported to the study team at the time of
the second dose. The MedDRA SOC:s of reported AEFIs are
shown in Fig. 2. Details of severe, atypical, and persisting
AEFIs are provided in Supplementary Table 2.
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Table 1 Baseline characteristics of enrolled adolescents and adults

Adoles- Adults (N=326)
cents
(N=698)
Female/male 368/330 165/161
Age (range in years) 15-18 19-82 (median 30)
Body mass index (mean+SD) 19.7+3.3 222+3.7
Comorbidities 33 4.7) 66 (20.2)
Asthma 8 DM 20
Epilepsy 4 Hypertension 20
Skin disease 7 Hypothyroidism 7
Hypothyroidism 4 Migraine 3
PCOD 2 Asthma 2
Others 8 Kidney disease 2
History of allergy, N (%)* 40 (5.7) 27 (8.3)
Prior SARS-CoV-2 infection, 42 (6) 26 (7.9)

N (%)

All percentages expressed with respect to total enrolled adolescents
and adults, respectively

DM diabetes mellitus, PCOD polycystic ovarian disease, SARS-
CoV-2 severe acute respiratory syndrome coronavirus-2

*Among adolescents with a history of allergy, common allergens
were dust, smoke, food products such as egg, and curd (yoghurt), per-
fumes, sunlight, cold items, plastic, and soap

3.2 AEFIs After Second Dose in Adolescents

Of 340 adolescents interviewed after the second dose,
AEFIs were reported by 129 (37.9%). Among these, local
site and systemic AEFIs were noticed in 96 (28.2%) and
60 adolescents (17.6%), respectively. Injection site pain
was the commonest (28.2%), followed by fever (14.1%) and
headache (3.2%). The majority of the local AEFIs were of
‘mild’ grade, and the majority of the systemic AEFIs were
‘moderate.” No ‘severe’ or ‘serious’ AEFIs were observed
(Table 2). The majority of AEFIs occurred within 24 h of
the vaccine (122, 94.6%), and recovery was seen in all except
eight (2.3%) until the date of interview. TTR varied from
0.5 to 14 days. Eight adolescents (six females, two males)
had persisting AEFIs at 14 days; none were of ‘severe’ or
‘serious’ grade. Three atypical AEFIs were reported in
three adolescents (0.9%). These included one case each of
epistaxis, recurrence of seizures in a female with uncon-
trolled seizure disorder pre-vaccination (same female, as
after the first dose), and aggravation of pre-vaccination skin
allergy. The MedDRA SOC:s of reported AEFIs are shown
in Fig. 3. The details of atypical and persisting AEFIs are
described in Supplementary Table 2 (see the electronic sup-
plementary material).

3.3 AEFIs in Adults After First, Second, and Booster
Dose of COVAXIN

After excluding those lost to follow-up, AEFIs were assess-
able in 181 adults after the first dose and in 102 adults after
the second dose. AEFIs occurred in 93 (51.4%) after the
first dose and 38 (37.3%) after the second dose of the vac-
cine (Table 2). Injection site pain and fever were common
AEs after both doses, and the majority of the AEFIs were
mild-moderate. Only one severe and no serious AEFI was
reported in adults. Among atypical AEFIs reported in two
adults (0.7%), epistaxis and heavy menstrual bleed were
reported in one case each after the first dose. AEFIs after a
booster dose were reported in 41.7% and are mentioned in
Table 2. AEFIs until the day of telephonic follow-up were
persisting in 11 (eight females, three males) adults (3.7%).
The majority of these AEFIs belonged to the SOC of ‘gen-
eral disorders and administration site conditions’ and ranged
in severity from mild to moderate. Details of severe, atypi-
cal, and persisting AEFIs in adults are given in Supplemen-
tary Table 2 (see the electronic supplementary material).

3.4 Comparative Analysis Between Adolescents
Receiving First Dose and Adults Receiving First
Dose

Direct comparison of AEFI occurrence was performed
between adults and adolescents recruited at the time of
receiving the first dose (n = 540). After excluding 48 par-
ticipants lost to follow-up, this analysis was conducted in
the set of 492 participants (311 adolescents and 181 adults).
No statistically significant difference was observed in the
local (41.8% vs 40.3%, P=0.75), systemic (19% vs 22.1%,
P =0.40), or overall occurrence (50.8% vs 51.4%, P =0.90)
of AEFIs between adolescents and adults.

3.5 Risk Factors of AEFIs in Adolescents

Bivariate analysis (Table 3a) was performed to determine
association between AEFIs occurring after any dose and
potential risk factors. This was performed only in adoles-
cents for whom there was complete information of AEFIs
available following both doses (n =344). Variables selected
were sex, history of previous COVID-19, presence of co-
morbidities, and history of allergy. In unadjusted analysis, a
statistically significant positive association for occurrence of
AEFIs was observed with female sex, as well as history of
allergy. Association of both these factors remained statisti-
cally significant even on logistic regression. Females were
at 1.6 times and those with history of allergy were at 3 times
higher risk of development of AEFIs with respect to respec-
tive comparators (Table 3b).
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Table 2 AEFIs in adolescents and adults after first, second and booster doses of BBV 152 vaccine (COVAXIN)

Adolescents after
first dose (n = 670)

Adolescents after sec-

ond dose (n = 340)

Adults after first

dose (n = 181)

Adults after sec-
ond dose (n = 102)

Adults after
booster dose

n=12)

Vaccinees developing AEFIs, n (%) 243 (36.3) 129 (37.9) 93 (51.4) 38 (37.3) 541.7)
Vaccinees with local/systemic AEFIs'

Only local 141 (21) 69 (20.3) 53 (29.3) 15 (14.7) 0(0)

Both systemic and local 42 (6.3) 27 (7.9) 20 (11.0) 43.9) 1(8.3)

Only systemic 60 (8.9) 33(9.7) 20 (11.0) 19 (18.6) 4(33.3)
Severity of local AEFIs"

Mild 152 (83.1) 90 (93.7) 71 (97.3) 15 (78.9) 1 (100.0)

Moderate 31 (16.9) 6 (6.3) 227 4(21.1) 0(0)
Severity of systemic AEFIs""

Mild 45 (44.1) 27 (45.0) 19 (47.5) 13 (56.5) 4 (80.0)

Moderate 51 (50.0) 33 (55.0) 20 (50.0) 10 (43.5) 1(20.0)

Severe 6(5.9) 0(0) 125 0(0) 0(0)
Individual AEFIs (LLT)?

Injection site pain 179 (26.7) 96 (28.2) 71 (39.2) 18 (17.6) 1(8.3)

Fever 82 (12.2) 48 (14.1) 29 (16.0) 13 (12.7) 1(8.3)

Weakness 13 (1.9) 3(0.9) 7(3.9) 329 1(8.3)

Headache 10 (1.5) 11(3.2) 7(3.9) 4(3.9 0(0)

General body pain 8 5 0

Injection site swelling
Abdominal distress
Diarrhea

Dizziness

Itching

Vomiting

Allergy (skin allergy increased)
Anorexia

Burning sensation in lower limbs
Cold (like features)
Convulsions*

Cough

Drowsiness

Dyspepsia (increased)
Dyspepsia (flatulence)
Epistaxis

Eye discomfort

Fall in blood pressure
Fatigue

Heavy menstrual bleeding
Hypothyroidism**

Joint pain (upper limb)
Nausea

Pain of lower extremities
Throat sore

Unilateral leg swelling

TTR (range in days)

AEFIs persisting at 14-days follow-up

©S O O R = B = =20 000000 = FE = OO0 0o NNDN AWV

5-7
3&

h — O OO0 —~ OO0 —~ O Rk kR, O, O R, O R, PR, O R, WO = = W

O O O O OO N OO OO0 0O O0C O RO 0RO O ~Oo

Ul»r»—
3

S = O O O O O OO0 o o o0 o+, O 0000 oo oo —o

-y
N

AEFI adverse event following immunization, LLT low level term, TTR time to recovery

*In a female with pre-vaccination uncontrolled seizure disorder
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Table 2 (continued)

**n a female with pre-vaccination neck swelling

'All percentages are expressed with respect to total vaccinees in group

" All percentages are expressed with respect to total number of local AEFIs

"' All percentages are expressed with respect to total number of systemic AEFIs

$All percentages are expressed with respect to total vaccinees in group; percentages mentioned only for prominent AEFIs; some vaccinees devel-

oped more than one AEFI

&1n one vaccinee, AEFI after first dose persisted until the time of second dose

Figure2 MedDRA SOCs of 0.7% 0.3%

AEFIs following first dose 1.0%
of BBV152 in adolescents
(percentages are out of total
AEFI SOCs; in the case of
development of more than one
AEFI from the same SOC in
an individual vaccinee, the
SOC has been counted once).
AEFI adverse event following
immunization, MedDRA Medi-
cal Dictionary for Regulatory
Activities, SOC system organ
class

1.6%
4.6%

3.6 Description of AEFIs in Female Adolescents
and Adolescents with History of Allergy

With female sex and history of allergy emerging as deter-
minants of AEFIs in adolescents, a separate descriptive
analysis was performed to underscore the type of AEFIs in
female adolescents (n = 189) and adolescents with a history
of allergy (n=20) for whom information was available for
both doses. Injection site pain and fever were the common
AEFIs following the first dose of the vaccine, reported by 39
(20.6%) and 24 (12.7%) in female participants, respectively.
The two were also the leading AEFIs following the second
dose of the vaccine, developing, respectively, in 66 (34.9%)
and 23 (12.2%) in female participants. The majority of the
AEFIs belonged to the MedDRA SOC of ‘general disorders
and administration site conditions,” followed by ‘nervous
system disorders.” T cases of atypical AEFIs were reported.
One was a case of recurrence of seizure in a female with a
history of uncontrolled seizure disorder, and the other was
hypothyroidism in a female with pre-vaccination history of
neck swelling.

0.3%

0.3%
= General disorders and administration site

0.3% conditions

= Nervous system disorders
Gastrointestinal disorders

= Musculoskeletal and connective tissue
disorders

= Skin and subcutaneous tissue disorders

= Respiratory thoracic and mediastinal disorders

m Vascular disorders

= Endocrine disorders

= Reproductive system and breast disorders

90.8%

Injection site pain and fever were also common AEFIs
in adolescents with a history of allergy. Injection site pain
occurred in 30% after the first dose and 40% after the second
dose, and fever developed in 20% after the first dose and 25%
after the second dose in adolescents. T atypical AEFIs were
reported in this risk group, while no anaphylactic events
were reported. One was a case of recurrence of convulsions
in a female with a history of uncontrolled seizure disorder
and allergy to sunlight (same patient as described above),
and the other was a case of exaggerated skin allergy and
generalized burning sensation in a male with a history of
allergy to sunlight. Though the majority of AEFIs were
mild-moderate and recovered fully, female adolescents were
more likely to develop persistent (2.2% vs 0.9%) and severe
(1.3% vs 0.3%) AEFIs compared to males.

4 Discussion
After vaccination for COVID-19, serious AEs such as the

syndrome of thrombosis and thrombocytopenia, acute car-
diac events, and new onset as well as flares of autoimmune
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Figure 3 MedDRA SOCs of 0.7%
AEFIs following second dose
of BBV152 in adolescents
(percentages are out of total
AEFI SOCs; in the case of
development of more than one
AEFI from the same SOC in
an individual vaccinee, the
SOC has been counted once).
AEF]I adverse event following
immunization, MedDRA Medi-
cal Dictionary for Regulatory
Activities, SOC system organ
class

0.7%

0.7% -
24%

= General disorders and administration site conditions

= Nervous system disorders

Gastrointestinal disorders

= Skin and subcutaneous tissue disorders

= Vascular disorders

= Respiratory, thoracic and mediastinal disorders

Table 3 Risk factors of occurrence of AEFIs in adolescents: (a) bivariate analysis of association between potential risk factors and AEFIs; (b)

logistic regression analysis to determine risk factors of AEFIs

Adolescents, n = 344* (a)

Adolescents, n = 344% (b)

Vaccinees developing AEFIs P value aOR (CI) P value
(% of total vaccinees in group)
Sex (n) Sex
Females (189) 105 (55.5) 0.03 Females 1.57 (1.02-2.42) 0.04
Males (155) 68 (43.9) Males (reference)
Allergy history (7) Allergy history
Yes (20) 15 (75) 0.02 Yes 3(1.07-8.6) 0.036
No (324) 158 (48.8) No (reference)
Prior COVID-19 (n)
Yes (27) 16 (59.3) 0.33
No (317) 157 (49.5)
Comorbidities (n)
Yes (21) 14 (66.7) 0.12
No (323) 159 (49.2)

AEFI adverse events following immunization, aOR adjusted odds ratio, CI confidence interval, COVID-19 coronavirus disease 2019

Significant P values and odds ratios marked in bold

*After excluding vaccinees who did not develop AEFIs after first dose and were lost to follow-up after second dose (n=15)

diseases have been reported in adults [9—-11]. Myocarditis,
though rare, has been observed in adults with mRNA-based
COVID-19 vaccines. With recommendations to vaccinate
adolescents, myocarditis, as assessed by passive surveil-
lance methods, is being reported in this age group also at an
increased frequency [12]. Rates of AEs may be high in ado-
lescents with underlying inflammatory diseases. In adoles-
cents with juvenile rheumatic diseases, an overall favorable
short-term safety profile was demonstrated. However, certain
complications such as renal failure, pulmonary hemorrhage,
and flares of lupus were reported in the vaccine group [13].
Since causality association is not always established in such
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cases, a longer and disease-specific follow-up is warranted
for risk stratification of individuals. The commonly used
passive surveillance methods often suffer from underreport-
ing of AEFIs. The actual risk of rare but severe AEs needs
evaluation using a prospective cohort-based design. To fill
this gap, the present study was planned to generate evidence
on the short- and long-term safety profile of COVAXIN in
adolescents monitored prospectively at decided intervals.
The study is also the first real-world study generating safety
data for COVAXIN in adolescents.

Nearly one third of selected adolescents developed
AEFIs. Both local and systemic AEFIs were slightly more
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common after the second dose in adolescents. A higher
reactogenicity after the second dose has previously been
demonstrated for mRNA-based COVID-19 vaccines [14].
The viral vectored vaccines and inactivated vaccines, on the
other hand, have displayed lesser reactogenicity with the
second dose [7, 8, 15, 16]. The observation of increased
reactogenicity with the second dose in the present study,
however, needs a cautious interpretation. Though AEFIs
assessed retrospectively were enquired actively from both
adolescents and accompanying guardians, the component
of recall bias cannot be excluded.

The observed incidence of local and systemic AEFIs in
adolescents is higher than reported in the pre-print version of
the phase 2/3 trial of COVAXIN by Bharat Biotech (n=176)
[4]. Close to 0.9% of adolescents developed systemic AEFIs
of ‘severe’ grade after the first dose. Both local and systemic
reactogenicity rates observed in adolescents were higher
than those reported previously in adults receiving inacti-
vated COVID-19 vaccines [8, 17]. Apart from adolescents, a
higher rate of occurrence of AEFIs (37-51%) was observed
in adults too, contrary to the published studies showing close
to 12-21% rates [7, 8]. Notwithstanding the higher rate of
AEFIs, the majority of these were mild-moderate and recov-
ered over a median time of 1-2 days.

Regression analysis showed female adolescents and those
with a history of allergy to be at 1.6 times and 3 times higher
risk of developing AEFIs, commonly from the SOC of gen-
eral disorders. These two co-variates have recently been
projected as risk factors of AEFI after COVAXIN in adults
by a group from eastern India [16]. Female sex, a history of
allergy, and presence of hypothyroidism have been proposed
as determinants of AEFI after COVISHIELD in adults [15].
The association of AEFIs with hypothyroidism could not be
examined in the present study because of a small number of
individuals with thyroid disorders.

Other vaccines approved for adolescents include Corona-
Vac of Sinovac (China) and the BNT162b2 mRNA vaccine
of Pfizer. Compared to what has been previously reported
with CoronaVac, both local and systemic AEFIs were higher
with COVAXIN in adolescents, particularly after the second
dose [18]. However, AEFI rates with BBV 152 were lower
compared to mRNA-based vaccines, for which high local
(85%) and systemic (55-66%) reactogenicity rates have been
observed in adolescents [14]. Whether these differences can
also be attributed to variable study designs or ethnic diver-
sity or vaccine types can be verified from head-head com-
parisons of different vaccines in the same population setting.
Among atypical AEs, lymphadenopathy has been reported
in 0.8% of adolescent BNT162b2 recipients [14]. In the cur-
rent study, of the total interviewed adolescents, six atypical
AEFIs (0.9%) were reported. Among these, were two cases
of increased bleeding, which recovered fully. Abnormal
bleeding, though recovered, was also reported by two adult

participants. Monitoring of such atypical events along with
performance of causality association should be incorporated
in future vaccination drives. Among other atypical AEFIs,
two were persisting until the time of interview and included
a case of disturbing burning sensation in lower limbs and
a case of aggravation of pre-vaccination skin allergy. The
remaining two cases included recurrence of seizure after
both doses in a female with pre-vaccination uncontrolled sei-
zure disorder and hypothyroidism diagnosed within 3 weeks
of the first dose in a female with pre-vaccination neck swell-
ing. Both of these participants have been started on the nec-
essary medications by their treating physicians and shall be
monitored in the scheduled follow-ups. In all, AEFIs were
persistent in > 2% of adolescents at day 14 after the second
dose, and also in 3.7% of adults overall, and require further
follow-up to predict the course.

4.1 Limitations

Before the study was planned, the authors in their clinical
practice had observed atypical AEFIs, particularly after
BBV152, to be occurring in adults within 7-10 days of
vaccination. Based on this and considering the manpower
and feasibility issues, one-time telephonic follow-up
after 14 days was planned for the present study. Because
of administrative issues related to obtaining ethical
approval, there was a delay of 7-10 days between the
initiation of adolescent vaccination and the start of the
study. As a result, nearly half of the adolescents were
recruited at the time of their second dose, and AEFIs
after the first dose in this subset were assessed retrospec-
tively. Though this was done to reduce time delays in
highlighting adolescent-specific safety data in the public
domain, an element of recall bias cannot be ruled out in
such retrospective evaluation. This bias, to some extent,
can also explain a relatively higher rate of AEFIs in ado-
lescents after the second dose of vaccine compared to the
first dose. However, the main motive of this retrospec-
tive assessment was the timely detection and reporting of
adolescent-specific serious, severe, and atypical AEFIs,
which are less likely to be affected by recall bias. Though
the vaccinees recruited prospectively were informed of
the AEFIs expected after vaccine, the need to record them
in diaries, and about the telephonic call from the study
team, no pre-designed format pertaining to AEFIs was
provided to them, mainly because of the varying educa-
tional standards of the participants. A pre-designed for-
mat could have further reduced errors due to recall bias
and improved the overall AEFI reporting. The study was
primarily based on telephonic interviews. The telephonic
interview is a time-saving tool for obtaining required and
sensitive information in detail particularly in resource-
limited settings. It is also a practical approach in the time
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of a pandemic, when travel-related restrictions because of
lockdown policies hamper the hospital visit. However, it
is inferior to direct observations made by physicians and
data retrieval methods based on clinical records. The lat-
ter could be arranged in the current study only for a few
atypical AEFIs. The study did not involve any physical
examinations of the enrolled participants. Further, due
to funding issues, no routine blood or radiological inves-
tigations could be performed. Therefore, certain AEFIs
such as vital sign variations and serious AEFIs such as
thrombosis/thrombocytopenia and myocarditis might have
been missed, especially when the manifestations were not
florid, leading to underestimation of the AEFI incidence.
These investigations may be incorporated into future fol-
low-ups with availability of funds.

Some of the AEFIs such as fever, cough, and sore
throat overlap with clinical features of COVID-19, the
third wave of which was ongoing in the community dur-
ing the time of adolescent vaccination. Despite the RT-
PCR advice given to the vaccinees, the test was not per-
formed by the majority because of the continuous media
campaign of common AEFIs expected after vaccination.
Further, compared to adolescents, adults were recruited
in small numbers. However, nearly a similar number of
adolescents and adults recruited prospectively after the
first dose were selected to provide unadulterated com-
parative analysis.

The study design being focused only on a small popu-
lation of vaccinated individuals is useful for hypothesis
generation and detection of early safety signals. However,
no conclusions can be drawn on the risk of atypical AEFIs
with the vaccine. Future studies with larger sample sizes,
involving a comparator arm of unvaccinated adolescents
or involving comparisons with the background rate of
such events, could provide insights on the possible risk
of atypical AEFIs with the BBV152 vaccine.

5 Conclusion

COVAXIN carries an overall favorable short-term safety
profile in adolescents. The AEFI rates with COVAXIN
are much lower compared to those reported with mRNA
vaccines in adolescents, though future studies with direct
comparisons of different vaccine types in the same popu-
lation setting are needed to generate evidence on relative
vaccine safety. Vigilance for severe and persistent AEFIs
is needed while vaccinating females and those with a his-
tory of allergy, and watchfulness is advised for bleeding
events. A longer follow-up, as planned in the study, may
unravel more information about the long-term safety pro-
file of COVAXIN in adolescents.
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