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Abstract

Background and Objective Evidence on the long-term safety of COVID-19 vaccines is scarce. Here, in continuation of
our previously published results on short-term safety, we provide data on the long-term safety of the BBV 152 vaccine in
adolescents and adults.

Methods This was a prospective observational study conducted from January 2022 to August 2023. Adolescents and adults
receiving the BBV 152 vaccine were interviewed telephonically about long-term adverse events of special interest (AESIs)
after 1 year of vaccination. Risk factors of AESIs and AESIs persistent for at least 1 month were identified.

Results Out of 1024 individuals enrolled, 635 adolescents and 291 adults could be contacted during the 1-year follow-up.
Viral upper respiratory tract infections were reported by 304 (47.9%) adolescents and 124 (42.6%) adults in this period.
New-onset skin and subcutaneous disorders (10.5%), general disorders (10.2%), and nervous system disorders (4.7%) were
the common AESIs in adolescents. General disorders (8.9%), musculoskeletal disorders (5.8%), and nervous system disor-
ders (5.5%) were the common AESIs in adults. Menstrual abnormalities were noticed in 4.6% of female participants. Ocular
abnormalities and hypothyroidism were observed in 2.7% and 0.6% of participants, respectively. Among serious AESIs (1%),
stroke and Guillain—Barre syndrome were identified in 0.3% and 0.1% of participants, respectively. Among adolescents,
female individuals, those with a history of allergy and post-vaccination typhoid were respectively at 1.6, 2.8, and 2.8 times
higher risk of AESIs. The majority of the AESIs persisted at the 1-year follow-up. Female individuals, adolescents with
pre-vaccination COVID-19, those with co-morbidities, and those with post-vaccination typhoid had respectively 1.6, 2, 2.7,
and 3.2 times higher odds of persistent AESIs. Adults with co-morbidities had more than 2 times higher odds of AESIs and
persistent AESIs.

Conclusions The patterns of AESIs developing after BBV 152 differed from those reported with other COVID-19 vaccines as
well as between adolescents and adults. With the majority of AESIs persisting for a significant period, extended surveillance
of COVID-19-vaccinated individuals is warranted to understand the course and outcomes of late-onset AESIs. Serious AESIs
might not be uncommon and necessitate enhanced awareness and larger studies to understand the incidence of immune-
mediated phenomena post-COVID-19 vaccination. The relationship of AESIs with sex, co-morbidities, pre-vaccination
COVID-19, and non-COVID illnesses should be explored in future studies.

I _
To limit the impact of COVID-19, various vaccines based

on novel and pre-existing technologies were approved for a Serious adverse events may occur in 1% of BBV152
mass rollout. The COVID-19 vaccination program world- recipients.

wide was started in December 2020 and early January 2021.
The viral vector and mRNA-based COVID-19 vaccines were
the vaccines distributed on a large scale worldwide. Vaccines

Extended surveillance is warranted post-BBV 152 vac-
cine.

Female adolescents and those with comorbidities are at
higher risk of adverse events.
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based on inactivated SARS-CoV-2 included SinoVac-Cor-
onaVac (China), Sinopharm-BBIBP-CorV (China), and
Bharat BioTech-BBV 152 (India). BBV 152 was the second
most distributed vaccine in India after the adenoviral-vec-
tored AZD1222 (COVISHIELD). Considering the assumed
benefits of vaccinating all individuals, the approval of some
of the COVID-19 vaccines was later extended to adolescents
and children. The mRNA-based vaccines were the first to get
the nod for administration in adolescents and children glob-
ally [1]. In India, the BBV 152 was the only vaccine that was
initially granted permission for a mass rollout in adolescents
of 15-18 years [2]. The short-term safety of COVID-19 vac-
cines approved for adolescents was shown to be favorable
in controlled settings [3—5]. In this context, we provided the
first short-term safety data of BBV152 in adolescents and
the comparative safety profile in adults [6]. Despite nearly 2
years having elapsed since the approval of COVID-19 vac-
cines in adolescents, long-term data on the safety of these
vaccines released in the public domain have been minimal.
Here, in an extension of our previously published study, we
provide data on the long-term safety of the BBV152 vaccine
in adolescents and adults.

2 Methodology
2.1 Study Design and Setting

This was a 1-year prospective observational study that
started in January 2022 in a tertiary university hospital in
North India. The study aimed to provide short-term and
long-term safety data of the BBV 152 vaccine in adolescents
and adults. Participants were initially contacted by telephone
after 14 days of receiving the vaccine and the interim safety
analysis in the form of adverse events following immuniza-
tion (AEFIs) was published by us in 2022 [6]. Here, we
provide the long-term safety data of BBV 152 in the form
of adverse events of special interest (AESIs) assessed at the
1-year follow-up in the same study group.

2.2 Study Participants

Adolescents aged 15-18 years and adults aged 19 years and
above receiving any dose of BBV152 vaccine constituted
the study population.

2.3 Safety Analysis and Outcome Measures

All participants were interviewed telephonically about the
occurrence of AESIs. The format used for collecting infor-

mation on AESIs was guided by the list of AESIs provided
by the CEPI-SPEAC-Brighton Collaboration, atypical
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adverse events published in PubMed/MEDLINE, and our
own experience on COVID-19 vaccine-related atypical
adverse events reported in our center [7, 8]. Telephonic inter-
views were conducted by five different observers, including
graduate students (pre-final and final year MBBS students)
and post-graduate trainees (MD residents). A 3-hour train-
ing was given to each by the lead investigators (correspond-
ing authors) and the initial few telephonic interviews were
conducted under the supervision of the lead investigators.

All symptoms were labeled using the low-level terms and
system organ class (SOC) as per the MedDRA® terminology
[9]. The severity of AESIs was rated using the US Food and
Drug Administration-AEFI Severity Assessment Scale [10].
AESIs were labeled as ‘serious’ depending upon the World
Health Organization Scale of Seriousness of AEFIs [11].
Depending upon improvement, outcomes of AESIs were
rated as ‘improved’ if no symptoms were present at the time
of follow-up or the participant was off therapy required ini-
tially for the management of AESIs and ‘partially improved’
if symptoms were persisting at the 1-year follow-up or were
controlled only on medication. Additionally, we enquired
about “persistent AESIs” pre-defined as “any symptoms per-
sisting for a minimum period of 4 weeks at the time of one
year follow up” [7].

The final list of AESIs selected for the present study is
provided in Table 1 of the Electronic Supplementary Mate-
rial (ESM). Briefly, we enquired about the occurrence of
infections such as upper respiratory tract infections, labo-
ratory-confirmed COVID-19, and dengue, among others.
Among AESIs, detailed information was sought on new-
onset rheumatologic disorders, cardiac disorders such as
heart failure, myocardial infarction or myocarditis, meta-
bolic disorders such as diabetes mellitus, endocrinal disor-
ders such as thyroid abnormalities, nervous system disorders
such as headaches, attention deficits, stroke and weakness in
limbs, hematologic disorders such as anemia and thrombo-
cytopenia, skin disorders such as alopecia, reproductive dis-
orders such as menstrual disturbances and flares of underly-
ing diseases such as diabetes, hypertension, and arthropathy.
The causality assessment of ‘serious’ AESIs was performed
using the 2005 World Health Organization Scale of Assess-
ment of AEFIs [12].

2.4 Sample Size

The sample size estimation of our 1-year follow-up study
was based on primary outcomes of rates of AEFIs following
the BBV152 vaccine. Details are provided in the published
interim analysis [6].
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2.5 Statistical Analysis

Dichotomous data were analyzed as frequencies and percent-
ages and depending upon the normality, mean or median
values were chosen for quantitative variables. The chi-square
test was separately applied to assess the association of inde-
pendent variables such as demographic factors, co-morbid-
ities, and pre-vaccination COVID-19 and post-vaccination
non-COVID-19 illnesses with the two dependent variables,
namely “AESIs” and “persistent AESIs”. The variables
with a p-value <0.05 in the bivariate analysis and those pre-
sumed to be clinically significant were incorporated in the
final logistic regression model to determine the risk factors.
Separate logistic regression analyses were performed for the
two dependent variables, “AESIs” and “persistent AESIs”,
and for adolescents and adults separately. Hence, altogether
four different regression analyses were performed. SPSS ver-
sion 16 (SPSS Inc., Chicago, IL, USA) was used to perform
the statistical tests.

3 Results

A total of 1024 participants (698 adolescents and 326 adults)
receiving BBV152 were enrolled in the study in January
2022. The initial short-term AEFIs noticed within 14 days
of receiving the vaccine have already been published [6].
Data on long-term safety at the 1-year follow-up could be
procured for 635 adolescents and 291 adults. Information
about the total number of vaccine doses was not known for
58 adolescents and 66 adults. Thus, the association between
the number of doses and AESIs could be analyzed for 577
adolescents and 225 adults. Four deaths were reported in
adults. There were 635 adolescents and 287 adults subse-
quently assessed for persistent AESIs at 1 year. The details
of the participants recruited and analyzed are depicted in
Fig. 1. Details of infections and AESIs reported in adoles-
cents and adults are described subsequently.

3.1 Infections
3.1.1 Infections in Adolescents

A total of 304 adolescents (47.9%) reported viral upper res-
piratory tract infections (URTIs) and all except one were
moderate in severity. The majority of these infections were
reported after June 2022. Among these 304, recurrent viral
URTIs (defined as three or more episodes in a year) were
cited by 26. As laboratory tests for COVID-19 were not
being opted for by patients during this period, no case of
viral URTI could be labeled as COVID-19. Laboratory-
confirmed and symptomatic dengue occurred in 22 (3.5%).

Eight cases (36.4%) of dengue were ‘severe’ or ‘serious’
cases and three among them required hospitalization. Labo-
ratory-confirmed typhoid was the third most common infec-
tion reported in 17 (2.7%) and was ‘severe’ in four cases.
Details are provided in Table 2 of the ESM.

3.1.2 Infections in Adults

Among 291 adults, viral URTIs were reported by 124
(42.6%) and the majority were moderate in severity. Similar
to adolescents, laboratory tests for COVID-19 were not con-
ducted in the cases of URTIs. Laboratory-confirmed typhoid
and symptomatic dengue were observed in seven and six
cases, respectively. Severity wise, one case of viral URTI
was ‘severe’ and one case each of typhoid and dengue was
‘serious’. Details are provided in Table 2 of the ESM.

3.2 AESIsin Adolescents

Among 635 adolescents, AESIs were recorded in 214
(33.7%). Skin and subcutaneous disorders, such as alopecia
(n = 67, 10.5%), general disorders (n = 65, 10.2%) such as
undiagnosed fever and weakness, and nervous system disor-
ders (n = 30, 4.7%) such as headache and attention difficulty
were the three most common SOCs affected by AESIs in
adolescents. Other common disorders included eye disorders
(n =23, 3.6%) such as refractive error and musculoskeletal
disorders (n = 18, 2.8%). Around 5.7% (n = 36) of adoles-
cents reported a flare of underlying disease. Cutaneous dis-
turbances in the form of increased hair fall, eye disturbances
such as an increase in refractive error, and nervous system
disturbances such as an aggravation of headache were the
common flares. Details are provided in Table 2 of the ESM.

3.2.1 Persistent AESIs in Adolescents

Among 214 adolescents with AESIs, 142 (66.3%) had per-
sistent AESIs. Alopecia (n = 47), refractive errors (n =
26), headache (n = 20), menstrual abnormalities (n = 17),
and increased symptoms of allergy (n = 16) were the five
common persistent AESIs. With regard to SOCs, all cases
of psychiatric disorders, 91.3% of eye disorders, 88.2% of
reproductive disorders, 83.3% each of musculoskeletal and
immune system disorders, 80% of nervous system disor-
ders, and 64.2% of skin disorders were persisting till the
last follow-up with an approximate time of persistence of 5.5
months, 3.5 months, 10.5 months. 11.5 months, 6.5 months,
9.5 months, and 8.5 months, respectively. Details of SOCs of
persistent AESIs and the approximate times of persistence
are mentioned in Tables 3 and 4 of the ESM, and depicted
in Fig. 2.
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Total participants
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Fig.1 STROBE flow diagram of the study. AESIs adverse events of special interest

3.2.2 Risk Factors of AESIs and Persistent AESIs
in Adolescents

A bivariate analysis showed a statistically significant asso-
ciation of AESIs in adolescents with sex (p = 0.006), history
of allergy (p < 0.001), and the presence of any co-morbidity
especially asthma (p = 0.007). Though not statistically sig-
nificant, a marginal association of AESIs was also observed
with post-vaccination typhoid (p = 0.09) (Table la). As
typhoid can influence the occurrence of clinical symptoms
such as musculoskeletal and subcutaneous disorders, it was
incorporated in the logistic regression model along with
variables sharing a statistically significant association (p <
0.05) with AESIs in the bivariate analysis. After adjusting
for confounders, female individuals were observed to have a
1.57 times higher odds of AESIs compared with male indi-
viduals (p = 0.009), and a history of allergy to any stimulus
was associated with a 2.81 times higher odds of AESIs (p
= 0.004) (Table 1b). A nearly similar odds (adjusted odds
ratio 2.76) of AESIs was observed with post-vaccination
typhoid (p = 0.042).

For persistent AESIs, a statistically significant associa-
tion was noted with sex (p = 0.016) and the presence of a
co-morbidity such as asthma (p = 0.007). With marginal
statistical significance, persistent AESIs were also more
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common in adolescents with a history of allergy, a pre-
vaccination history of COVID-19, and post-vaccination
typhoid (p = 0.07 for each) (Table 2a). All these factors
were included in the regression analysis, which showed
a 1.61 times higher risk of persistent AESIs in female
individuals (p = 0.018) and a 2.71 times higher risk in
adolescents with co-morbidities (p = 0.011). Pre-vacci-
nation COVID-19 increased the odds of persistent AESIs
by around 2 times (p = 0.047) and a close to 3.2 times
higher risk of persistent AESIs was observed with post-
vaccination typhoid (p = 0.023) (Table 2b). No association
of persistent AESIs was observed with a history of allergy.

3.3 AESIsin Adults

Among 291 adults, AESIs were recorded in 83 (28.5%).
General disorders were the most common SOC affected by
AESIs (n = 26, 8.9%). This was followed by musculoskel-
etal disorders (n = 17, 5.8%) and nervous system disorders
(n =16, 5.5%). Other common disorders were gastroin-
testinal disturbances and skin and subcutaneous disorders,
each seen in ten (3.4%) cases. A flare of underlying disease
was reported by ten adults (3.4%). Details are provided in
Table 2 of the ESM.
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3.3.1 Persistent AESIs in Adults

Among 83 adults with AESIs, 54 (65.1%) had persistent
AESIs. Joint pain (n = 12), weakness (n = 8), alopecia (n
= 8), headache (n = 6), and dyspepsia (n = 4) were the
common five AESIs that were persistent in adults at the
1-year follow-up. Regarding SOCs, 80% of gastrointesti-
nal disorders, 75% of cardiac disorders, 68.7% of nervous
system disorders, and 60% each of skin and reproductive
disorders persisted at the 1-year follow-up with an approx-
imate time of persistence of 5.25 months, 9.5 months, 9
months, 12 months, and 10.3 months, respectively. Details
are described in Tables 3 and 4 of the ESM, and Fig. 2.

3.3.2 Risk Factors of AESIs and Persistent AESIs in Adults

With statistical significance, AESIs were more common
in adults aged 45 years and above (p = 0.035), those with
co-morbidities such as hypertension (p = 0.009), and those
receiving three doses of BBV152 (p = 0.001) (Table 3a).
Upon adjusting for confounders, the regression analysis
showed a 2.23 times higher risk of AESIs in adults with co-
morbidities (p = 0.04). Individuals receiving three doses and
those receiving a single dose of BBV 152 were respectively
at 4.03 times and 2.16 times higher risk of AESIs compared
with those receiving two doses. The difference was not sig-
nificant between individuals receiving one and three doses
of BBV152 (Table 3b).

For persistent AESIs, the unadjusted analysis showed a
marginally significant association with age (p = 0.056) and
a significant association with the presence of co-morbidities
(p = 0.004) (Table 4a). In the regression analysis, the effect
of age was nullified and only the presence of co-morbidities
remained a significant determinant, increasing the odds

of persistent AESIs by 2.26 times (p = 0.025) (Table 4b).
Among co-morbidities, the risk of persistent AESIs was
attributed to hypertension. This was confirmed in a separate
regression analysis based on age groups and hypertension
as independent variables (results not shown).

3.4 Serious AESIs in Adolescents and Adults

A total of 11 (1.2%) participants (ten adults and one ado-
lescent) developed serious AESIs. A case of hematemesis
(upper gastrointestinal bleed) was reported in a 15-year-
old female individual. Stroke events were reported in
three adults and one adult in his 20s was hospitalized for
Guillain—Barré syndrome (GBS). Using the World Health
Organization Scale of Causality Assessment, the latter was
attributed a ‘probable’ association with the vaccine. Details
of all serious AESIs are given in Table 5 of the ESM. Four
deaths were reported in adults. A history of COVID-19
before receiving the vaccine was present in two of these.
Three deaths occurred in female individuals with stroke as
the main contributor in two. One among these had a history
of diabetes and hypertension and was in her late 60s and the
other in her late 50s had a history of diabetes. The cause
of death in the third woman could not be identified but the
woman in her early 70s had diabetes and hypertension and
had a history of multiple episodes of unconsciousness after
receiving the vaccine whose etiology could not be identi-
fied. The fourth mortality was recorded in a diabetic male
individual in his 40s with a history of post-COVID-19 rhi-
nocerebral mucormycosis before receiving the vaccine. The
concerned participant succumbed to the illness around 2.5
months after receiving the vaccine. Three of these fatalities
shared a ‘possible’ association with the vaccine while the
fourth was ‘unclassifiable’.
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Table 2 Unadjusted (2a) and adjusted (2b) analysis of risk factors of persistent AESIs in BBV152 vaccinated adolescents (N = 635)

Tentative risk factors (2a) N Persistent P-value Tentative risk factors (2b) aOR (CI) P-value
AESIs, n (%)

Sex Sex
Female 337 88 (26.1%) 0.016 Female 1.61 (1.09-2.37)  0.018
Male 298 54 (18.1%) Male (reference)
BMI (kg/m?)
<25 584 133 (22.8) 0.39
>25 51 9 (17.6)
Pre-vaccination COVID-19 Pre-vaccination COVID-19
Yes 38 13 (34.2) 0.07 Yes 2.06 (1.01-4.19)  0.047
No 597 129 (21.6) No (reference)
Comorbidities® Comorbidities?
Yes 31 14 (45.2) 0.002 Yes 2.71 (1.25-5.86)  0.011
No 604 128 (21.2) No (reference)
Asthma®
Yes 7 5(71.4) 0.007
No 628 137 (21.8)
Hypothyroidism
Yes 4 2 (50) 0.22
No 631 140 (22.2)
Allergy Allergy
Yes 38 13 (34.2) 0.07 Yes 1.47 (0.69-3.11)  0.31
No 597 129 (21.6) No (reference)
Post-vaccination dengue
Yes 22 4(18.2) 0.79
No 613 138 (22.5)
Post-vaccination typhoid Post-vaccination typhoid
Yes 17 7(41.2) 0.07 Yes 3.19 (1.17-8.67)  0.023
No 618 135 (21.8) No (reference)

Post-vaccination viral upper respiratory
tract infection

Yes 304 69 (22.7) 0.85
No 331 73 (22.1)

Number of doses of vaccine (N = 577%)
1 79 18 (22.8) 0.98
2 490 110 (22.4)
3 8 2 (25)

AESIs adverse events of special interest, aOR adjusted odds ratio, CI confidence interval

*Major co-morbidities in adolescents were asthma and hypothyroidism. Considering a small number of individual co-morbidities such as asthma
and to prevent multicollinearity in the analysis, ‘co-morbidities’ and not ‘asthma’ were included in the regression model. In a separate regression
model including ‘sex,’” ‘asthma,” ‘typhoid,” ‘pre-vaccination COVID-19,” and ‘allergy’ as risk factors, similar trends and statistical significance
were observed for all risk factors (results not shown)

"Total number of vaccine doses not known for n = 58

Bold values denote statistical significance or marginal statistical significance

3.5 Symptoms with Reduced Frequency adolescents and 5.5% (n = 16) of adults mentioned a reduced
and Severity frequency or severity of health issues that they had had
before vaccination. Among these, reduced frequency and/

Though not included in the study format, some study par-  or severity of URTIs was the most common health benefit

ticipants self-reported the health benefits they observed after ~ observed, being reported by 37 adolescents and 13 adults.
receiving the BBV 152 vaccine. Around 6.3% (n = 40) of
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Table 3 Unadjusted (3a) and adjusted (3b) analysis of risk factors of AESIs in BBV 152 vaccinated adults

N =291 (3a) N =225 (3b)
Tentative risk factors N AESI, n (%) P-value Tentative risk Factors® aOR (CI) P-value
Age (years) 0.035 Age (years) 1.01 (0.49-2.10) 0.98
1944 230 59 (25.7) >45
> 45 61 24 (39.3) 19-44 (reference)
Sex 0.78
Female 144 40 (27.8)
Male 147 43 (29.3)
Body mass index (kg/m?) 0.62
<25 233 68 (29.2)
>25 58 15(25.9)
Pre-vaccination COVID-19 0.18
Yes 25 10 (40)
No 266 73 (27.4)
Comorbidity® 0.011 Comorbidity® 2.23 (1.04-4.75) 0.04
Yes 60 25 (41.7) Yes
No 231 58 (25.1) No (reference)
Hypothyroidism 1.0
Yes 6 2(33.3)
No 285 81 (28.4)
Diabetes mellitus 0.31
Yes 18 7 (38.9)
No 273 76 (27.8)
Hypertension 0.009
Yes 18 10 (55.6)
No 273 73 (26.7)
Allergy 0.38
Yes 24 5(20.8)
No 267 78 (29.2)
Post-vaccination dengue 0.68
Yes 6 1(16.7)
No 285 82(28.8)
Post-vaccination typhoid 0.41
Yes 7 3(42.9)
No 284 80 (28.2)
Post-vaccination viral upper respira- 0.053
tory tract infection
Yes 124 28 (22.6)
No 167 55 (32.9)
Number of doses® (N = 225) 0.001 Number of doses
1 40 17 (42.5) 3 dose group 4.03 (1.51-10.77) 0.005
2 dose group (reference)
2 164 42 (25.6) 1 dose group 2.16 (1.04-4.48) 0.039
2 dose group (reference)
3 21 13 (61.9) 1 dose group 0.53 (0.17-1.65) 0.27

3 dose (reference)

AESIs adverse events of special interest, aOR adjusted odds ratio, CI confidence interval
*In N = 225 adults, the bivariate analysis showed ‘comorbidity’ and ‘number of doses’ to share a significant association with AESTs

Only ‘comorbidity’ and not ‘hypertension’ was included in regression model because of small sample size of individual comorbidity as well as
to prevent multicollinearity in analysis. In a separate regression done including ‘age,” ‘number of doses,” and ‘hypertension’ as independent vari-
ables, similar trends and statistical significance was observed with ‘number of doses’ and ‘age’. Hypertension did not emerge as an independent
risk factor of AESIs (results not shown)

€Out of N =291, total number of vaccine doses not known for 66 adults

Bold values denote statistical significance
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Table 4 Unadjusted (4a) and adjusted (4b) analysis of risk factors of persistent AESIs in BBV 152 vaccinated adults (N = 287, after removing 4

adults who died)

Tentative risk factors (4a) N Persistent AESIs, P-value Tentative risk factors (4b) aOR (CI) P-value
n (%)

Age (years) 0.056 Age (years)

>45 58 16 (27.6) >45 1.43 (0.69-2.98) 0.33

19-44 229 38 (16.6) 19-44 (reference)

Sex
Female 141 29 (20.6) 0.45
Male 146 25(17.1)

Body mass index (kg/m?)
<25 229 47 (20.5) 0.14

> 25 58 7(12.1)

Pre-vaccination COVID-19
Yes 23 6 (26.1) 0.40
No 264 48 (18.2)

Comorbidities® Comorbidities®
Yes 56 18 (32.1) 0.004 Yes 2.26 (1.11-4.62) 0.025
No 231 36 (15.6) No (reference)

Hypothyroidism
Yes 6 2 (33.3%) 0.31
No 281 52 (18.5%)

Diabetes mellitus
Yes 14 4(28.6) 0.31
No 273 50 (18.3)

Hypertension®
Yes 15 7 (46.7) 0.011
No 272 47 (17.3)

Allergy
Yes 23 3(13) 0.59
No 264 51(19.3)

Post-vaccination dengue
Yes 6 1(16.7) 1.0
No 281 53 (18.9)

Post-vaccination typhoid
Yes 7 2 (28.6) 0.62
No 280 52 (18.6)

Post-vaccination viral upper
respiratory tract infection
Yes 124 22 (17.7) 0.68
No 163 32 (19.6)

Number of doses® (n = 221)

1 39 12 (30.8) 0.13
2 162 29 (17.9)
3 20 6 (30)

AESIs adverse events of special interest, aOR adjusted odds ratio, CI confidence interval

#Only ‘co-morbidities” and not ‘hypertension’ were included in the regression model because of the small sample size of individual co-morbidity
as well as to prevent multicollinearity in the analysis. In a separate regression done with ‘hypertension’ and ‘age’ as independent variables, simi-
lar trends and statistical significance were observed (results not shown)

bTotal number of vaccine doses not known for 66 adults

Bold values denote statistical significance or marginal statistical significance
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Details of the symptoms in which improvement was noticed
after BBV 152 are mentioned in Table 6 of the ESM.

4 Discussion

In the absence of long-term safety data of COVID-19 vac-
cines, the main aim of the present study was to highlight the
safety issues in recipients of the BBV 152 vaccine, particu-
larly among adolescents, at the 1-year follow-up. Nearly 50%
of study participants complained of infections during the
follow-up period, predominated by viral URTIs. Close to one
third of the individuals developed AESIs. New-onset skin
and subcutaneous disorders, general disorders, and nervous
system disorders were the three most common disorders
observed in adolescents after receiving the vaccine. More
than 10% of adolescents complained of skin conditions,
mainly in the form of alopecia and a similar percentage
had general disorders such as weakness. While the major-
ity of general disorders had recovered, skin disorders were
present in the majority during the final follow-up with a
median time of persistence of 8.5 months. General disorders
and musculoskeletal disorders were the common long-term
AESIs in adults. General disorders had recovered in more
than 50% but symptoms of musculoskeletal disorders were
persisting in the majority for almost 6 months at the final
follow-up. Close to 5% of adolescents and adults complained
of nervous system disorders such as headaches, which were
persisting in the majority for around 9 months at the final
follow-up. Among other atypical and persistent AESIs, eye
disorders such as new-onset refractive error were reported
in 3.6% of adolescents and 5% of adolescent female indi-
viduals complained of new-onset menstrual abnormalities.
Hypothyroidism was reported by around 0.6% of adolescents
and adults, each.

The patterns and incidence of AESIs differ with respect to
the type of vaccine and study population. In a predominantly
adult-based population receiving the ChAdOx1-nCov-19
vaccine, nearly 14% developed AESIs contrary to the one-
third rates of AESIs observed in the present study. Muscu-
loskeletal disorders, general disorders, and cardiovascular
disorders were the common AESIs in that study, but the
incidence reported was low, being 3.7%, 2.1%, and 1.4%,
respectively. Reproductive system disturbances and ocular
disturbances were less common and were documented in
0.7% (2% of female individuals) and 0.26% of participants,
respectively [7]. Three out of five mortalities reported with
ChAdOx1-nCoV-19 happened because of cardiac causes in
contrast with the neurological events such as stroke reported
in the present study. Another 18-month long study com-
mented upon the late AESIs after the protein subunit-based

A\ Adis

PastoCovac vaccine in Iran. Cutaneous disturbances (3.3%),
musculoskeletal disorders (1.1%), and neurological events
(1.1%) were the common AESIs with PastoCovac given in
heterogeneous regimens with the AstraZeneca or Sinopharm
vaccine. The rates were further low with the standard regi-
men of the PastoCovac vaccine in which neurological, mus-
culoskeletal, and metabolic disturbances were the common
events, each witnessed in 0.3% of individuals [13]. Apart
from the type of vaccine and study population, the system
affected and the incidence of AESIs are strongly influenced
by reporting rates and awareness regarding AESIs.

Among adolescents, the occurrence of AESIs and per-
sistent AESIs was higher in female individuals, those
with co-morbidities, those with a history of allergy to any
stimulus, and those developing typhoid after receiving the
vaccine. Some association of persistent AESIs was also
observed with a pre-vaccination history of COVID-19. The
adjusted analysis showed female individuals to have a 1.6
times higher odds of AESIs. Adolescents with a history of
allergy and those developing typhoid after receiving the vac-
cine, each, were independently at a 2.8 times higher risk
of AESIs. Considering the persistence of AESIs, female
individuals were at a 1.6 times higher risk, and adolescents
with co-morbidities were at a 2.7 times higher risk compared
respectively with male individuals and adolescents without
co-morbidities. The pre-vaccination history of COVID-19
and post-vaccination occurrence of typhoid increased the
odds of persistent AESIs by 2 and 3.2 times, respectively. In
our previous work, the pre-vaccination history of COVID-19
was shown as an independent risk factor for long COVID-19,
AESIs, and persistent AESISs in recipients of the ChAdOx1-
nCoV-19 vaccine [7, 14]. Female individuals were also
the common victims of AESIs and persistent AESIs after
ChAdOx1-nCoV-19, similar to the findings of the present
study. These findings, which have been consistent across
our several studies, emphasize the need for more stringent
vigilance in female recipients of COVID-19 vaccines and
also suggest revisiting the guidelines for vaccinating those
who have recovered from natural COVID-19.

The association of AESIs with post-vaccination typhoid
needs to be explored in future research. In the opinion of
consultants involved in the present study, many patients
showing seropositivity for typhoid during the second and
third wave of the pandemic were diagnosed eventually
with COVID-19. The false cross-reactivity of Salmonella
typhi antibodies in patients of COVID-19 has also been
highlighted in some studies [15]. Thus, the possibility of
observed AESIs being determined actually by COVID-19
cannot be ruled out. Notwithstanding the above limitation,
AESIs were not associated with respiratory tract infections
in adolescents or adults.
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Interestingly, adults receiving three doses and those
receiving one dose of BBV 152 were respectively at four and
two times higher risk of AESIs compared with adults receiv-
ing two doses of BBV152. A booster dose mechanistically
enhances the production of anti-Spike antibodies above that
produced by the second dose. Significant cross-reactivity
has been shown between anti-SARS-CoV-2 antibodies and
diverse human antigens and this can explain the multi-sys-
tem AESIs witnessed in the study participants [16]. Reasons
behind the high risk of AESIs in one dose group are elusive
but aberrant biochemical and immunological signatures have
been observed in recipients of a SARS-CoV-2 inactivated
vaccine within the first few months of the first dose. Such
changes include an increase in blood sugar, a decline in renal
function, an abnormal coagulation profile, increased nuclear
factor-xB signaling, decreased CD4+ regulatory T cells, and
upregulation of inflammatory response signaling in mono-
cytes [17].

In one of our previous works on COVID-19 vaccine effec-
tiveness, a rather higher rate of COVID-19 was observed
in one dose group compared with unvaccinated individu-
als, and transient immune suppression after the first dose
was cited as a possible reason in line with the post-vaccine
immunomodulation observed in the study by Liu et al. [14,
17] However, whether the one-dose group is more vulner-
able to AESIs also is worth exploring. The results concern-
ing the boosters need corroboration from larger studies
owing to the limited number of adults receiving the third
dose of vaccine. Among adults, those with co-morbidities
such as hypertension were at more than 2 times higher risk
of AESIs and persistent AESIs. It has often been emphasized
that adults with comorbidities are more at risk of adverse
COVID-19 outcomes and hence should be prioritized for
vaccination. Our findings emphasize the need for balancing
these risks against those of higher AESIs in these groups.

Among serious AESIs, GBS occurred in one adult fol-
lowing the booster dose and shared a ‘probable’ associa-
tion with the vaccine. The concerned adult however had a
history of GBS 15 years previously and hence might have
been more vulnerable to develop the syndrome after known
immunologic insults such as infection or vaccination. How-
ever, considering the global annual incidence of GBS (one
to two cases/100,000 people), the observed rate of one case
of GBS in 926 vaccinated individuals demands larger stud-
ies and increased awareness to comment on the incidence of
immune-mediated phenomena post-COVID-19 vaccination
[18].

Four deaths (three female individuals, one male indi-
vidual) were reported in adults. All of them had diabetes
while hypertension and a history of pre-vaccination COVID-
19 were present in three and two individuals, respec-
tively. Stroke was the main contributor in two fatalities
and one fatality was due to post-COVID-19 rhinocerebral

mucormycosis, which supposedly disseminated after vac-
cination as reported by the caregivers. The fourth death
happened in a woman with multiple episodes of uncon-
sciousness post-vaccination, the etiology of which remained
unidentified till death. In the absence of a definite causality
association, no conclusions can be drawn from these events.
Still, it is noteworthy that more deaths in our ChAdOx1
long-term safety study were reported due to cardiac events
whereas with BBV152, more stroke deaths were reported.

5 Limitations

The study enrols individuals vaccinated with BBV152. To
understand the link of AESIs with COVID-19 vaccines, a
control arm of unvaccinated individuals is needed to com-
pare the rates of AESIs between the two groups. In the
absence of data on background rates of the observed AESIs,
no comments can be made on changes in the incidence of
the observed events in the post-vaccination period. The
findings of our study are confined to BBV 152 and should
not be extrapolated to viral vector or mRNA vaccines. The
study primarily involved adolescents and the sample size of
adults was relatively small. Larger adult-based studies are
needed to understand the long-term safety of BBV152 in
adults. The study participants belonged to the northern belt
of India and ethnicity-related differences in vaccine toler-
ability should be explored. The sample size was decided
based on the primary outcome of AEFIs and not based on
AESIs as no study on the incidence of AESIs was available
when the present study was started. However, considering
the high observed rates of overall AESIs, the study seems
to be well powered for detecting AESIs. The observed rates
of serious AESIs such as stroke and GBS however will need
confirmation from vaccine-specific larger multicentric stud-
ies. The final follow-up being at 1 year, the study is subject
to recall bias at certain points. For example, the exact time
of onset of AESIs was not available but the approximate
time of persistence of AESIs was obtained. For the same
reason, the time of improvement of AESIs was not recorded.
To reduce contamination by recall bias and in line with the
protocol of our previous study on the long-term safety of
the ChAdOx1-nCoV-19 vaccine, the health issues confirmed
by participants to be present for at least 1 month during
the final follow-up were considered “persistent AESIs” [7].
However, some of the AESIs not persisting during the final
follow-up but which lasted for a significant period at any
time since vaccination might have gone unreported. Further,
as the reporting rates of COVID-19 went down in India after
May 2022 (end of the third wave), routine testing for SARS-
CoV-2 was not performed in individuals developing viral
URTISs, and it was voluntary on the part of those having any
symptoms. The possibility of COVID-19 cannot be excluded
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in these individuals. Importantly, however, no association
was observed between AESIs and respiratory infections.
The relationship of AESIs with typhoid and pre-vaccina-
tion COVID-19 needs corroboration from larger studies
owing to the smaller representation of these subsets. The
specific laboratory test used for the diagnosis of typhoid was
not enquired. Furthermore, in the experience of the study
researchers (UK, SSC, KP, VJ, and SK), findings concerned
with seropositivity for typhoid should be interpreted cau-
tiously as the test was commonly found to be co-positive
in patients of COVID-19 during the second and third wave
of the pandemic. The possibility of sera of patients with
COVID-19 showing cross-reactivity in the serological tests
designed for typhoid needs to be determined. For the same
reason, the high rates of AESIs observed in the study should
be interpreted cautiously as the likelihood of typhoid cases
actually being COVID-19 cannot be excluded. Although
all interviews were conducted by medical students and
residents, the possibility of inter-observer bias in collecting
AESIs cannot be eliminated. More than 5% of participants
self-reported reduced viral URTIs. The percentage might be
falsely low as symptoms improving after vaccination were
not a part of the designed questionnaire used in the present
study.

6 Conclusions

Nearly one third of participants receiving the BBV152 vac-
cination reported AESIs. Female adolescents and those
with a history of allergy are at a higher risk of AESIs after
the BBV152 vaccine. Vaccinated adolescents developing
typhoid after BBV152 might also be at a higher risk of
AESIs, but the finding of seropositivity for typhoid needs
to be viewed cautiously. Adolescent female individuals and
those with co-morbidities are at a higher risk of persistent
AESIs. Focussed monitoring for persistent AESIs is war-
ranted for individuals with a pre-vaccination history of
COVID-19. Adults with co-morbidities, especially hyper-
tension, are at a higher risk of AESIs and persistent AESIs
after BBV152 administration. The patterns of AESIs devel-
oping after BBV152 differ from those seen after ChAdOx1-
nCoV-19 as well as among different age groups. Vigilance
is advised in adolescents for alopecia, headache, and men-
strual abnormalities and in adults for musculoskeletal and
nervous system disorders. Serious AESIs including stroke
and GBS should be actively investigated to determine their
actual incidence post-vaccination and to identify the per-
sons vulnerable to them. With the majority of the AESIs
persisting for a significant period, extended surveillance is
suggested for COVID-19-vaccinated individuals to under-
stand the course and outcomes of late-onset AESIs. The rela-
tionship of AESIs with sex, co-morbidities, pre-vaccination
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COVID-19, and non-COVID illnesses should be explored
in future studies.
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tary material available at https://doi.org/10.1007/s40264-024-01432-6.
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