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Introduction: Since the first COVID-19 messenger RNA vaccines became available globally for emergency
or conditional use, post-marketing surveillance activities have been implemented for the monitoring of
any adverse events that might arise in daily clinical practice and were not detected earlier during clinical
trials.
Methods: Safety data concerning the BNT162b2 and the mRNA-1273 COVID-19 vaccines were collected
from the Vaccine Adverse Event Reporting System (VAERS) for the period from December 2020 to
October 15, 2021. In addition to a descriptive analysis of individuals who experienced an adverse event
after vaccination, a case-non-case analysis was performed by using the Reporting Odds Ratio with 95 %
confidence interval as statistical parameter for detecting differences in reporting rates between the two
mRNA vaccines.
Results: At the cut-off date, a total of 758,040 reports were submitted to VAERS, of which 439,401 were
related to the Pfizer-BioNTech (BNT162b2) vaccine and 318,639 to the Moderna vaccine (mRNA-1273).
Most common adverse events following immunization for both mRNA vaccines were headache, fatigue,
pyrexia, dizziness, nausea, pain, chills, and pain in extremity. A disproportionality was found for
BNT162b2 as compared with mRNA-1273 for some events of special interest, such as myocarditis
[ROR 2.00; 95 % confidence interval (CI), 1.93–2.06], Bell’s palsy (1.34; 1.29–1.39), and anaphylactic shock
(3.23; 2.96–3.53).
Conclusion: Even if some rare adverse events were identified, our survey of post-marketing surveillance
has provided further evidence of the favourable safety profile of mRNA vaccines.
� 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

The devasting worldwide impact of the COVID-19 pandemic,
declared by the World Health Organization on March 11, 2020
[1], was soon followed by the identifying of the genetic sequence
of SARS-CoV-2, the coronavirus that causes COVID-19. Shortly
after, many centres of the scientific community moved towards
the development of an effective vaccine able to contrast the spread
of this dangerous infection. A striking feature of the vaccine devel-
opment landscape has been the broad range of technology plat-
forms being evaluated, including novel approaches not previously
used in licensed vaccines [2]. Among these, the BNT162b2 and
the mRNA-1273 COVID-19 vaccines have led since the beginning
to relevant results and are still the basis of the currently U.S. and
E.U. vaccination campaigns. Both are lipid nanoparticle-
formulated mRNA-based vaccines which encode the prefusion sta-
bilised, membrane-anchored SARS-CoV-2 full-length spike protein
[3,4]. These candidates have moved from conception to large-scale
implementation within a year, an unprecedented speed compared
to the traditional vaccine development pathway which takes on
average over 10 years, and even compared with the accelerated
5-year timescale for development of the first Ebola vaccine [2].

The Pfizer-BioNTech vaccine (BNT162b2) has been the first
COVID-19 vaccine available in the United States under Emergency
Use Authorization (EUA) since December 11, 2020, for the preven-
tion of COVID-19 illness as a two-dose primary series in individuals
16 years of age and older [5], as well as the first one receiving from
the Food and Drug Administration (FDA) the full approval on
August 23, 2021, whit the brand name Comirnaty� [6,7]. Similarly,
the Moderna vaccine (mRNA-1273), developed by Moderna and
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the Vaccine Research Center at the National Institute of Allergy and
Infectious Diseases (NIAID) within the National Institutes of Health
(NIH), has been authorised for emergency use as a two-dose pri-
mary series for individuals 18 or older since December 18, 2020
[8]. On January 31, 2022, the FDA granted the second full approval
for Moderna’s COVID-19 vaccine, now marketed as Spikevax� [9].

As with all medicinal products, regardless of whether they are
made available for emergency use or under full approval, post-
authorisation pharmacovigilance activities are required to ensure
vaccine safety and effectiveness over time. Although no safety con-
cerns have emerged during clinical trials [3,4], unexpected adverse
events could arise following global distribution of COVID-19 vac-
cines. Rare, long-term or serious outcomes associated with a vac-
cine may not be identified in phase 3 trials because of limited
sample size, restrictive inclusion criteria, limited duration of
follow-up, and characteristics of trial participants which may be
different from those of the population ultimately receiving the vac-
cine. Furthermore, there is still limited knowledge with mRNA
platforms [10]. With the aim of providing further evidence on pos-
sible vaccine-related adverse reactions in clinical practice, we cap-
tured from the Vaccine Adverse Event Reporting System (VAERS)
all adverse events following immunization (AEFIs) reported with
the BNT162b2 and the mRNA-1273 COVID-19 vaccines in the real
clinical setting from December 2020 to October 15, 2021.
2. Methods

Post-vaccination data were collected from the Vaccine Adverse
Event Reporting System (VAERS) [11], which is one of the largest
databases freely and readily available to the public. VAERS is the
national reporting system designed to detect early safety warnings
for vaccines after they are authorised or licensed for use by the U.S.
regulatory agency, and currently even for COVID-19 vaccines avail-
Fig 1. Age and sex of patients who experienced at least one adverse event followin
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able after issuance of an EUA. It is co-managed by the Centers for
Disease Control and Prevention (CDC) and the Food and Drug
Administration (FDA), as part of the larger vaccine safety system
in the United States that helps make sure vaccines are safe [12].
Adverse event information captured from VAERS includes the type
of vaccine received, the date of immunization, the receipt date,
patient’s characteristics such as age class and sex, and a description
of the toxicity, including time of onset and seriousness according to
the U.S. Code of Federal Regulations [13]. Of the three vaccines to
date available in the United States to protect against COVID-19 dis-
ease, we focused on the analysis of the BNT162b2 and the mRNA-
1273 vaccines. Considering that both mRNA vaccines received an
Emergency Use Authorization on December 2020, we take into
account a period between that month and October 15, 2021.
2.1. Descriptive analysis

In order to collect reports of adverse events concerning people
who received an mRNA-based COVID-19 vaccine, we searched
the VAERS database by selecting all AEFI reports, regardless of loca-
tion, with BNT162b2 or mRNA-1273 vaccines reported as sus-
pected medicinal products submitted up to the cut-off date of
October 15, 2021. Since a VAERS report may include one or more
adverse events, we counted separately all events reported after
receipt of mRNA vaccines, regardless of the time of AEFI onset since
vaccination. Based on the reports collected, we performed a
descriptive analysis to define the distribution by sex and age class
of individuals who experienced at least one adverse event after
receiving a COVID-19 vaccine dose. For each vaccine under review,
it was checked if the most occurring events were listed in the cor-
responding Summary of the Product Characteristics (SPCs) to
ascertain the notoriety of the adverse reactions.
g immunization with the BNT162b2 and the mRNA-1273 COVID-19 vaccines.
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2.2. Statistical analysis

For adverse events with reporting frequency � 2, a case-non-
case analysis was performed by using the Reporting Odds Ratio
(ROR) with 95 % confidence interval as statistical parameter.
Case-non-case studies are among the most used methods to assess
drug safety in daily clinical setting. The aim is to compare the inci-
dence of a drug-related adverse event of interest with the inci-
dence of the same adverse reaction in the remaining records of
the database. However, since the medicinal products analysed
are vaccines, we considered the use of the whole database to be
inappropriate. Therefore, the statistical analysis was carried out
by comparing the two mRNA vaccines. If ROR is > 1, a disproportion
for the vaccine-event pair can be assumed and an early warning of
a potential safety problem with a vaccine can be provided.
3. Results

All reports collected from VAERS are first classified by patient
age and sex (see Fig. 1 and Table S1 in the Supplementary Appen-
Table 1
Most reported adverse events for the BNT162b2 and the mRNA-1273 COVID-19 vaccines

Events N %

BNT162b2 Headache 75,455 3.63
Fatigue 62,762 3.02
Pyrexia 56,432 2.71
Dizziness 45,777 2.20
Nausea 44,114 2.12
Pain 42,801 2.06
Chills 42,232 2.03
Pain in extremity 35,572 1.71
Dyspnoea 29,064 1.40
Arthralgia 28,267 1.36
Myalgia 27,889 1.34
COVID-19 23,226 1.12
Body temperature 22,649 1.09
Malaise 20,281 0.98
Asthenia 19,648 0.95
Rash 18,184 0.87
Vomiting 17,778 0.86
Paraesthesia 17,119 0.82
Pruritus 16,335 0.79
Chest pain 16,274 0.78
Diarrhoea 15,618 0.75
Lymphadenopathy 15,539 0.75
Hypoaesthesia 14,948 0.72
Cough 13,843 0.67
Vaccination site pain 13,092 0.63
Syncope 12,601 0.61
SARS-CoV-2 test positive 12,403 0.60
Hyperhidrosis 12,382 0.60
Feeling abnormal 11,780 0.57
Injection site pain 11,240 0.54
Palpitations 10,918 0.53
Urticaria 10,891 0.52
Chest discomfort 10,025 0.48
Erythema 9504 0.46
Back pain 8310 0.40
Tinnitus 8279 0.40
Heart rate increased 8147 0.39
Peripheral swelling 7912 0.38
Oropharyngeal pain 7905 0.38
Loss of consciousness 7782 0.37
Tremor 7738 0.37
Drug ineffective 7645 0.37
Condition aggravated 7204 0.35
Feeling hot 6836 0.33
Hypertension 6644 0.32
Neck pain 6617 0.32
Tachycardia 6554 0.32
Decreased appetite 6520 0.31
Influenza like illness 6330 0.30
Blood pressure increased 6264 0.30
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dix). The most reported AEFIs that occurred after immunization
with the BNT162b2 or the mRNA-1273 COVID-19 vaccines are
listed in Table 1, while the disproportionality analysis results are
shown, with a focus on the most statistically significant events,
in Table 2. For both Tables 1 and 2, the data were processed
through the exclusion of those events that were not true adverse
reactions, such as ‘‘accidental underdose”, ‘‘product use issue”,
‘‘SARS-CoV-2 test”, ‘‘pulmonary physical examination” and several
others. Lastly, Table 3 shows the Reporting Odds Ratios of adverse
events of special interest determined for both mRNA vaccines.
3.1. Descriptive analysis for the BNT162b2 vaccine

At the data cut-off date of October 15, 2021, and after
243,856,565 doses of the Pfizer-BioNTech candidate have been
administered [12], a total of 439,401 individuals experienced at
least one adverse event following immunization with the
BNT162b2 vaccine (Table S1). Reports for male patients were
131,024 (29.82 %) and those for females were 296,124 (67.39 %).
For 12,253 reports (2.79 %), sex of the patients was not stated. Over
in VAERS.

Events N %

mRNA-1273 Headache 57,089 4.19
Pyrexia 52,635 3.86
Fatigue 48,706 3.57
Chills 44,465 3.26
Pain 39,224 2.88
Pain in extremity 33,578 2.46
Nausea 32,558 2.39
Dizziness 28,105 2.06
Myalgia 23,411 1.72
Injection site pain 23,274 1.71
Injection site erythema 22,693 1.67
Arthralgia 19,572 1.44
Rash 18,660 1.37
Pruritus 18,373 1.35
Injection site swelling 17,606 1.29
Injection site pruritus 16,556 1.21
Dyspnoea 15,490 1.14
Erythema 14,623 1.07
Asthenia 12,889 0.95
Vomiting 12,785 0.94
Injection site warmth 11,978 0.88
Diarrhoea 10,489 0.77
Peripheral swelling 10,016 0.73
Urticaria 9613 0.71
Injection site rush 9401 0.69
Feeling abnormal 9385 0.69
Malaise 9310 0.68
Hyperhidrosis 8871 0.65
Vaccination site pain 8788 0.64
Paraesthesia 8744 0.64
Lymphadenopathy 8688 0.64
COVID-19 8333 0.61
Hypoaesthesia 8131 0.60
Cough 7453 0.55
Chest pain 7406 0.54
Rash erythematous 6700 0.49
Swelling 6343 0.47
SARS-CoV-2 test positive 6104 0.45
Skin warm 5976 0.44
Decreased appetite 5741 0.42
Vaccination site erythema 5669 0.42
Tremor 5588 0.41
Back pain 5586 0.41
Syncope 5553 0.41
Palpitations 5538 0.41
Chest discomfort 5421 0.40
Influenza like illness 5235 0.38
Feeling hot 5205 0.38
Rash pruritic 5172 0.38
Heart rate increased 5074 0.37



Table 2
Adverse events with higher Reporting Odds Ratio (ROR) reported with mRNA-1273 compared to BNT162b2 and reported with BNT162b2 compared to mRNA-1273.

Events N

mRNA-
1273

N

BNT162b2

ROR CI_low CI_up Events N

BNT162b2

N

mRNA-
1273

ROR CI_low CI_up

mRNA-1273 as compared
to BNT162b2

Application site swelling 15 1 22.88 1.94 269.45 BNT162b2 as
compared to
mRNA-1273

Disease recurrence 1625 15 71.07 59.41 85.03
Injection site papule 46 4 17.54 8.05 38.23 Gamma-glutamyltransferase

increased
106 2 34.75 10.78 112.00

Injection site rash 9401 1057 13.65 13.36 13.96 Drug ineffective 7645 186 27.04 26.16 27.95
Injection site pruritus 16,556 1917 13.32 13.11 13.54 Acute stress disorder 41 1 26.88 2.79 259.16
Injection site induration 4492 521 13.19 12.76 13.63 Mutism 38 1 24.91 2.55 243.06
Injection site hypersensitivity 144 17 12.92 9.78 17.07 Multisystem inflammatory

syndrome

in children

35 1 22.95 2.32 226.88

Injection site warmth 11,978 1509 12.21 11.97 12.44 Sleep disorder due to a general
medical condition

34 1 22.29 2.24 221.46

Injection site inflammation 967 122 12.10 11.18 13.09 Disseminated bacillus Calmette-
Guerin infection

30 1 19.67 1.94 199.70

Vaccination site anaesthesia 27 4 10.30 4.33 24.51 Base excess 133 5 17.44 9.94 30.59
Injection site irritation 242 36 10.26 8.56 12.28 Sleep disorder due to general

medical condition,

inomnia type

52 2 17.05 4.87 59.60

Injection site erythema 22,693 3456 10.17 10.03 10.31 Anti-platelet antibody 74 3 16.17 6.70 39.03
Injection site cellulitis 305 46 10.12 8.66 11.81 Reaction to excipient 49 2 16.06 4.56 56.62
Administration site pain 37 6 9.41 4.92 18.00 Blood pressure diastolic

decreased
69 3 15.08 6.20 36.69

Growing pains 18 3 9.15 3.00 27.92 Cerebellar haemorrhage 46 2 15.08 4.24 53.64
Injection site plaque 12 2 9.15 1.95 42.94 Ocular vascular disorder 46 2 15.08 4.24 53.64
Injection site reaction 4002 670 9.14 8.83 9.45 Complicated appendicitis 21 1 13.77 1.26 149.90
Injection site urticaria 1175 209 8.58 8.03 9.17 International normalised ratio

abnoraml
21 1 13.77 1.26 149.90

Injection site swelling 17,606 3426 7.93 7.81 8.05 Dyslalia 61 3 13.33 5.40 32.93
Injection site pustule 30 6 7.63 3.85 15.12 Cerebellar syndrome 20 1 13.11 1.19 144.28
Endoscopy upper
gastrointestinal tract abnormal

10 2 7.63 1.54 37.77 Viral pharyngitis 20 1 13.11 1.19 144.28

Left ventricular enlargement 10 2 7.63 1.54 37.77 Pharyngeal disorder 38 2 12.46 3.40 45.61
Nasal mucosal blistering 10 2 7.63 1.54 37.77 Pharyngeal inflammation 38 2 12.46 3.40 45.61
Vaccination complication 2789 603 7.07 6.79 7.36 Allergic reaction to excipient 19 1 12.46 1.12 138.64
Injection site oedema 176 38 7.07 5.79 8.62 Upper airway obstruction 19 1 12.46 1.12 138.64
Optical coherence tomography
abnoraml

9 2 6.86 1.34 35.15 Macroglossia 18 1 11.80 1.05 132.97
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Table 3
Reporting Odds Ratios of adverse events of special interest as measured by comparing BNT162b2 with mRNA-1273 (ROR1) and vice-versa (ROR2).

Events N BNT162b2 N mRNA-1273 ROR1 ROR2 CI_low1 CI_up1 CI_low2 CI_up2

Myocarditis 3989 1310 2.00 0.50 1.93 2.06 0.47 0.53
Pericarditis 2785 743 2.46 0.41 2.36 2.56 0.38 0.44
Bell’s palsy 2891 1417 1.34 0.75 1.29 1.39 0.71 0.79
Guillain-Barré syndrome 843 295 1.87 0.53 1.74 2.02 0.48 0.60
Anaphylactic reaction 5004 1233 2.66 0.38 2.59 2.74 0.35 0.40
Anaphylactic shock 700 142 3.23 0.31 2.96 3.53 0.26 0.37
Thrombosis 3291 1291 1.67 0.60 1.61 1.73 0.57 0.63
Deep vein thrombosis 3156 1086 1.91 0.52 1.84 1.98 0.49 0.56
Thrombocytopenia 1424 403 2.31 0.43 2.19 2.45 0.39 0.48
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half of the patients (230,505; 52.46 %) belonged to the age class
between 18 and 64 years old. Of the remaining reports, 17,263
(3.93 %) concerned patients aged less than 18 years and 66,035
(15.03 %) people aged 65 years or above. Based on the information
retrieved from VAERS, it was not possible to trace the age range of
as many as 125,598 individuals (28.58 %). The number of reports
related to BNT162b2 submitted to VAERS increased until April
(1.79 % reports received in December 2020, 7.24 % in January,
7.44 % in February, 10.02 % in March, 12.53 % in April 2021), and
then remained stable in the following months of the study period
(11.57 % in May, 11.33 % in June, 12.28 % in July, 12.44 % in August,
11.58 % in September 2021). Overall, 2,078,743 adverse events
were reported for the Pfizer-BioNTech vaccine and were described
as non-serious for 353,618 patients (80.48 %). As shown in Table 1,
the top five most common reaction were headache (75,455 events;
3.63 %), fatigue (62,762; 3.02 %), pyrexia (56,432; 2.71 %), dizziness
(45,777; 2.20 %), and nausea (44,114; 2.12 %). For the majority of
BNT162b2 recipients (166,896; 37.98 %), the reported events were
early onset and observed on the same day of immunization.

3.2. Descriptive analysis for the mRNA-1273 vaccine

Between December 18, 2020, and October 15, 2021, a total of
155,267,673 Moderna vaccine doses were administered [12] and
318,639 recipients reported a related adverse event to VAERS
(Table S1). Most of the reports (221,940; 69.65 %) concerned
female patients, while only 85,011 (26.68 %) were related to males.
For 11,688 (3.67 %) sex was not reported. Regarding the belonging
age class, 198,064 patients (62.16 %) were homogeneously dis-
tributed in the range 18–64 years, 85,075 (26.70 %) were aged
65 years and over, and 6,266 (1.97 %) were under 18 years of
age. In the other 29,234 cases (9.17 %), the information about the
patient’s age class was missing. Most reports related to the
mRNA-1273 vaccine were received from January to April
(12.01 % in January, 10.89 % in February, 12.44 % in March,
12.92 % in April 2021) and in August 2021 (25.66 %). Vaccine-
related adverse events that have been recovered overall from
VAERS were 1,362,754 and occurred on the same day patients
received the administration into 115,774 (36.33 %) of them. The
most frequently reported events were headache (57,089 events;
4.19 %), pyrexia (52,635; 3.86 %), fatigue (48,706; 3.57 %), chills
(44,465; 3.26 %), and pain (39,224; 2.88 %) (Table 1). Among all
patients immunized with the mRNA-1273 vaccine, 30,573
(9.59 %) experienced serious reactions.

3.3. Statistical analysis

The disproportionality study was performed by comparing the
incidence rate of AEFIs related to the mRNA-1273 vaccine with that
reported for the BNT162b2 vaccine and vice-versa. Overall, there
were 477 statistically significant events reported for the Moderna
vaccine and 1,759 for the Pfizer-BioNTech one. As shown in Table 2,
among the mRNA-1273 vaccine-event pairs with higher ROR, we
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found application site swelling [ROR 22.88; 95 % confidence inter-
val (CI), 1.94 to 269.45], injection site papule (17.54; 8.05 to 38.23),
injection site rash (13.65; 13.36 to 13.96), injection site pruritus
(13.32; 13.11 to 13.54), and injection site induration (13.19;
12.76 to 13.63). The results of the analysis for the BNT162b2 vac-
cine revealed in the top places events such as disease recurrence
(ROR 71.07; 95 % CI, 59.41 to 85.03), gamma-glutamyltransferase
increased (34.75; 10.78 to 112.00), drug ineffective (27.04; 26.16
to 27.95), acute stress disorder (26.88; 2.79 to 259.16), and mutism
(24.91; 2.55 to 243.06). Other AEFIs we have focused on, given the
latest safety concerns from other post-approval pharmacovigilance
activities, were myocarditis, pericarditis, Bell’s palsy, Guillain-
Barré syndrome, anaphylactic reaction, anaphylactic shock, throm-
bosis, deep vein thrombosis, and thrombocytopenia. For such
events a disproportionality was found for the BNT162b2 vaccine
as compared to the mRNA-1273 vaccine (Table 3).
4. Discussion

From December 2020 through October 15, 2021, 399,124,238
total doses of mRNA COVID-19 vaccines were administered in
the United States. Of these, 243,856,565 were BNT162b2 and
155,267,673 mRNA-1273 vaccines [14].

Giving the gravity of the public health emergency and the
importance of making a vaccine available as soon as possible, the
U.S. Food and Drug Administration (FDA) recommended in October
2020 that data from phase 3 studies included a median follow-up
duration of at least 2 months after completion of the full vaccina-
tion regimen to support distribution of an investigational vaccine
under EUA [15]. To counterbalance the extremely short time frame
that led to the necessary safety data to COVID-19 vaccines autho-
risation, programs of passive pharmacovigilance for the monitoring
of adverse events were implemented and are still warranted to
ensure a favourable risk–benefit ratio.

The analysis of safety surveillance data from VAERS highlights
that female population was more prone to express an adverse
event after being immunized with either mRNA vaccines as com-
pared to the male population. This sex difference could be the
result of a greater predisposition of females to develop an AEFI fol-
lowing both BNT162b2 and mRNA-1273 vaccines, or a greater
proneness of women to report any possible adverse events than
men. Already during the first 6 months of the U.S. COVID-19 vacci-
nation programme, a remarkably excess in the rates of adverse
events emerged in female individuals for both mRNA vaccines
[16]. Furthermore, the survey by Green et al based on Israeli data
also confirmed a higher rate of adverse events after immunization
with the Pfizer-BioNTech vaccine in females than in males [17].

Patients who experienced an AEFI with either product were
mostly aged � 18 years, with the highest proportion among Mod-
erna recipients between 65 and 79 years. Since December 2020,
the Pfizer-BioNTech and the Moderna vaccines against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) became
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available under EUA as a two-dose primary series for individuals
over 16 and 18 years of age, respectively [5,8], with older people
first in line. Later, on May 10, 2021, FDA amended the Emergency
Use Authorization for BNT162b2 to include those 12 through
15 years of age [18], and this accounts for the higher number of
reports belonging to the age class 6–17 years (17,090; 3.89 %) com-
pared with the mRNA-1273 vaccine (6,172; 1.94 %).

Most reported adverse events in VAERS were almost the same
for each mRNA vaccine. Notably, the top eight AEFIs by frequency
of reporting related to both Pfizer-BioNTech and Moderna vaccines
were headache, fatigue, pyrexia, dizziness, nausea, pain, chills, and
pain in extremity. Such pattern is largely consistent with systemic
vaccine reactogenicity and with safety data that formed the basis
for emergency or conditional authorisations globally. On the Sum-
mary of Product Characteristics (SPCs) events such headache, fati-
gue, pyrexia, and chills are listed as very common adverse
reactions (�1/10) for both medicinal products, while dizziness
and pain in extremity are included among uncommon adverse
reactions (�1/1,000 to less than 1/100) for mRNA-1273 and
BNT162b2, respectively [19,20]. In comparison, data from VAERS,
covering a period of about 10 months, show for these events lower
incidence rates than those highlighted by the safety profile of both
SPCs, which may be related to the voluntary nature of VAERS
reports and to a minimal under-reporting expected for non-
serious events.

From the case-non-case analysis, performed by using the
Reporting Odds Ratio (ROR), a disproportionality has arisen for
the mRNA-1273 vaccine compared to BNT162b2 for many vaccina-
tion site reactions like application site swelling, injection site
papule, injection site rash, injection site pruritus, and injection site
induration. Although the local reactogenicity profile of mRNA vac-
cines did not differ substantially, these data might suggest a higher
association of injection site side effects with the Moderna product
than with the Pfizer-BioNTech one. Consistent with our findings,
local injection site reactions as well as systemic reactions were
found more frequently after mRNA-1273 versus BNT162b2 during
the initial 6 months of U.S. safety monitoring, especially among
female participants and individuals younger than 65 years [16].
The safety profile of the mRNA-1273 vaccine for the median 2-
months follow up showed that adverse events at the injection site
were mainly grade 1 or 2 in severity and lasted a few days from the
onset [4].

Following the widespread introduction of mRNA vaccines, some
adverse events occurring after immunization emerged as possible
rare side effects leading to active surveillance programs to further
investigate whether the signal represented an actual risk. Some
AEFIs reported after the receipt of messenger RNA vaccines that
most of all have led to great concern were myocarditis, pericarditis,
Bell’s palsy, Guillain-Barré syndrome, anaphylaxis, and thrombosis.
On the basis of our statistical analysis, such events seem to be more
associated with the BNT162b2 vaccine than with the mRNA-1273
vaccine. For myocarditis and pericarditis, Gallo et al also found a
consistent largely increased risk for the Pfizer-BioNTech vaccine
compared to the Moderna vaccine among men aged 18–24 years
[21]. As both findings are from a retrospective analysis, additional
studies are required to better asses the observed link.

After early reports of a small number of cases of cardiac inflam-
mation after the Pfizer-BioNTech vaccine emerged in Israel as early
as late April [22], a ‘‘likely association” between mRNA vaccines
and myocarditis and pericarditis was declared by the CDC Advisory
Committee on Immunization Practices on June 23, 2021 [23].
According to the World Health Organization/International Society
and Federation of Cardiology Task Force [24], myocarditis is
defined as an inflammatory disorder of the heart muscle and com-
monly manifest itself in chest pain, shortness of breath, and feel-
ings of having a fast-beating, fluttering, or pounding heart [25].
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Although individual reports of myocarditis in our study were not
stratified according to sex and age class, several studies have
already reported that the highest incidence of cases that occurred
in temporal proximity to the vaccination are observed among male
adolescents and young adults within the first week after the sec-
ond vaccine dose [26,27]. According to data also drawn from the
Vaccine Adverse Event Reporting System, the CDC estimated in
June 2021 the link between COVID-19 mRNA vaccines and
myocarditis at an incidence of about 4.78 cases per million overall
[28]. Although a disproportion of myocarditis has emerged for
BNT162b2 compared to the mRNA-1273 vaccine (ROR 2.00; 95 %
CI, 1.93 to 2.06), vaccine-related myocarditis remains a rare event
compared with the millions who have been given the vaccine. Fur-
thermore, as reported by the president of the British Cardiovascu-
lar Society to The BMJ, myocarditis is for the vast majority of
people a benign, self-limiting condition that can be easily treated
with NSAIDs [23].

After administration of 13.8 million doses of Pfizer-BioNTech
and Moderna COVID-19 vaccines to the U.S. population during
the first month of the vaccination program, cases of confirmed ana-
phylaxis have been observed with a CDC-estimated incidence of
4.5 per million doses administered [29]. Anaphylaxis is a life-
threating multisystem reaction that occur rarely after vaccination,
with onset typically within minutes to hours [30]. Overall, reports
of anaphylactic reactions following mRNA vaccination submitted
to VAERS until the cut-off date were 6,237. The incidence rate of
anaphylaxis, which we estimated to be 15.63 per million mRNA
vaccine doses, appears to be approximately 10 times as high as
the incidence reported in the first month of COVID-19 vaccine
safety monitoring. However, since we have considered all the cases
of anaphylactic reaction retrieved from VAERS, our estimate rate
might be higher than the actual one. In the analysis of 6-months
safety surveillance data from the Vaccine Safety Datalink, Klein
et al evaluated an incidence rate of confirmed anaphylaxis with
Brighton Collaboration criteria at 4.8 per million BNT162b2 doses
and 5.1 per million mRNA-1273 doses [10]. Our findings, in con-
trast, showed a significant higher rate of anaphylactic reactions
reported after administration of the Pfizer-BioNTech vaccine com-
pared to the Moderna vaccine (ROR 2.66; 95 % CI, 2.59 to 2.74).
mRNA vaccines are built on the same lipid-based nanoparticle
delivery system; however, they differ in the respective lipid mix-
tures, and it is possible that such component accounts for different
incidence rates. Although the technology behind mRNA vaccines is
not new, it was not previously used in licensed vaccines. There is
therefore no prior experience that informs the likelihood or
explains the mechanism of allergic reactions with mRNA vaccines
[31]. According to worldwide reports [10,32,33], however, there
is evidence that most cases of anaphylaxis after receipt of either
mRNA vaccines occurred in female patients, which might suggest
a potential involvement of hormonal regulation in the develop-
ment of anaphylaxis. Despite this, anaphylaxis is a treatable condi-
tion and the adherence to the current CDC guidance on use of
mRNA COVID-19 vaccines [34] and management of anaphylaxis
[35] allows to halt the progression of life-threating symptoms in
the great majority of cases.

The phase 3 trials of both COVID-19 mRNA vaccines noted an
imbalance of cases of Bell’s palsy in the vaccine group compared
with the placebo group [3,4]. Nonetheless, a causal relationship
could not be established and continued monitoring was strongly
recommended for facial paralysis. On October 15, 2021, we identi-
fied 4,308 cases (0.13 %) of Bell’s palsy among the 3,441,497 AEFIs
reported for both vaccines. In a previous disproportionality analy-
sis performed through the Bayesian neural network method, facial
paralysis-related events were estimated to be 0.63 % of the total
adverse events reported for either mRNA vaccine in the World
Health Organization pharmacovigilance database [36]. Although
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the study did not specify the actual number of cases of Bell’s palsy,
which is an idiopathic form, this estimate is somewhat higher than
that in our survey. These data suggest greater confidence against
the initial concern regarding a higher risk of Bell’s palsy after
mRNA vaccination.

Other serious adverse events that may occur after COVID-19
vaccination, though rarely, are thrombosis with thrombocytopenia
syndrome (TTS) and Guillain-Barré syndrome (GBS), which were
reported mostly in people who got the Johnson & Johnson’s Janssen
vaccine [37]. As of October 15, 2021, a total of 4,582 cases of
thrombosis following administration of either mRNA vaccine were
recovered from VAERS. Nevertheless, the reporting rate found in
the present safety surveillance analysis certainly exceeds the
actual cases of vaccine-related TTS. The definition of thrombosis
with thrombocytopenia syndrome (TTS), also known as vaccine-
induced immune thrombotic thrombocytopenia (VITT), is based
on the combined presence of a thrombosis and new onset throm-
bocytopenia. Its diagnosis requires the presence of anti-PF4/
heparin antibodies detected by ELISA or other laboratory investiga-
tions, including D-dimer test and serotonin release assay. To sup-
port the definitive diagnosis, all potential cases of TTS usually
undergo a case review by health professionals to confirm that
patients have been vaccinated against COVID-19 within last
30 days and to rule out those events with alternative explanation
for the condition, such as an heparin exposure within the previous
100 days [38]. Since cases of thrombosis submitted to VAERS were
not confirmed as consistent with TTS according to such criteria, we
were not able to compare the actual reporting rate of TTS for mRNA
vaccines with that estimated by the CDC last December for the
Janssen COVID-19 vaccine [39]. However, based on available data,
there is not an increased risk for TTS after mRNA COVID-19 vacci-
nation, which is actually recommended by CDC and FDA for some
patients, especially women ages 30–49 years, who are at higher
risk of developing this rare adverse event [37].

To conclude, several important limitations of the present post-
marketing safety surveillance survey should be considered. The
U.S. Vaccine Adverse Event Reporting System (VAERS) accepts vol-
untary reports of adverse events that occur following vaccination
from healthcare professionals, vaccine manufacturers, and the
public. Vaccine providers and recipients are encouraged to report
any clinically significant health problem that occur after the
administration of any vaccine, whether or not they believe the vac-
cine was the cause, and this leads to potential biases. In addition,
the reports may include incomplete, inaccurate, coincidental, and
unverified information, which could make difficult to obtain satis-
factory data and also prevent duplicate detection [40]. A notable
strength of the present survey is that under-reporting, at least for
serious events, is expected to be very low as the data were col-
lected during the most intense safety monitoring campaign ever.
Although VAERS alone cannot be used to establish a causal rela-
tionship between a vaccine and an adverse event, it is able as an
early warning system to provide preliminary information on possi-
ble safety issues with a vaccine.
5. Conclusion

Our post-marketing surveillance survey has provided further
evidence on the safety profile of mRNA vaccines in real-world clin-
ical settings. Even if no evident safety issues emerged, a dispropor-
tionality was found for BNT162b2 compared to mRNA-1273 for
some events of interest, such as myocarditis, Bell’s palsy, and ana-
phylactic reaction. Nevertheless, the known health benefits of
mRNA vaccination still far overweight the known risks of COVID-
19 illness and its related possibly severe complications, such as
long-term health problems, hospitalization, and even death.
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