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Abstract

Objective: This study aims to characterize the adverse events (AEs) following the administration of
the mRNA-1273 COVID-19 vaccine from the Vaccine Adverse Event Reporting System (VAERS)
data.

Methods: In this case/non-case analysis, reports between January 1, 2021, and October 27, 2022,
were extracted from VAERS. AEs were defined as preferred terms (PTs) by Medical Dictionary for
Regulatory Activities (MedDRA) terminology. Disproportionality analyses were conducted to calculate
the reporting odds and proportional reporting ratios. The Bayesian approach was used to calculate
information component (IC) values and Empirical Bayesian Geometric Mean scores for all the AEs
detected.

Results: 186 MedDRA PTs compromising 702,495 AEs associated with the mRNA-1273 vaccine
were identified. Three statistically significant signals were identified for general and systemic AEs,
administration site conditions, and product issues. Cardiac disorders were rarely reported, the most
common being; 489 reports for ‘myocarditis’ (19.44%), 475 for ‘acute myocardial infarction’ (18.88%),
457 for ‘myocardial infarction’ (18.16%), 290 for ‘bradycardia’ (11.53%) and 281 for ‘pericarditis’
(11.17%).

Conclusions: The most frequently identified AEs following mRNA-1273 vaccination agree with those
listed within the Summary of Product Characteristics. In addition, disproportionality analysis did not
find any statistically significant signals for myocarditis or pericarditis.
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Article Highlights

e Reports regarding adverse events (AEs) associated with the mRNA-1273
vaccine were obtained from the Vaccine Adverse Event Reporting System
(VAERS) from January 1, 2021, and October 27, 2022.

e Age analyses for ‘myocarditis’ and ‘pericarditis’ found that the majority of
reports were made from individuals aged 18-29 years (185 reports for
‘myocarditis’ and 67 for ‘pericarditis’) and 30-64 years (193 reports for
‘myocarditis’ and 281 for ‘pericarditis’). However, disproportionality analysis
did not find any statistically significant signals

e Statistical analysis identified three significant signals for thirteen AEs and
two for fifteen AEs. These adverse events included several general and
systemic AEs, administration site conditions and product issues.

e The most frequently identified AEs following mRNA-1273 vaccination
agree with the common side effects listed within the Summary of Product
Characteristics ( SmPC). However, the disproportionality analysis results
for ‘Product issues’ were unexpected.

1. Introduction
The World Health Organisation (WHO) declared the coronavirus disease 2019 (COVID-19) outbreak
a global pandemic on March 11, 2020. This disease has since emerged as a significant threat to
public health worldwide[1,2]. By December 2022, the European Union (EU) alone reported over two
million COVID-19-related deaths, underscoring the profound impact of the virus within just the EU[1].
The infection is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
virus's spike (S) protein binds to the angiotensin-converting enzyme 2 (ACE2) receptor in human
cells, specifically type Il pneumocytes in the lungs, facilitating viral entry[2]. Transmission primarily
occurs through respiratory droplets directly from close contact with an infected individual or indirectly
by touching surfaces contaminated with these droplets[2,3].

The high transmissibility of SARS-CoV-2 poses a significant threat, especially to vulnerable
populations. Individuals with underlying health conditions, such as hypertension, diabetes, pre-
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existing respiratory infections, cardiovascular disease, and cancer, are at an elevated risk of
experiencing severe COVID-19 complications[2]. Given these challenges, there's an urgent need for
preventive strategies, like vaccines, to mitigate the risks associated with COVID-19, including
complications, disease spread, and infections from emerging variants[4].

1.1. Moderna COVID-19 Vaccine

Following rigorous assessment, the mRNA-1273 COVID-19 vaccine was approved for use in adults
over 18 years by the Medicines and Healthcare Products Regulatory Agency (MHRA) in January
2021 [5]. The mRNA-1273 vaccine consists of messenger ribonucleic acid (MRNA) strands that
encode for the viral spike (S) glycoprotein of SARS-CoV-2. This protein plays a crucial role in the
initial transmission and ongoing infection of COVID-19[6]. The strands of mMRNA are encapsulated
within lipid nanoparticles (LNPs), which enable uptake into the cytosol of host cells, where the
translation of the mRNA sequence into the S protein occurs. As a result, the body can produce an
immune response and generate memory cells[6]. Phase three randomized controlled trials (RCTs)
have established a 94.1% effectiveness of the mMRNA-1273 vaccine at preventing Covid-19 illness,
including severe disease. As of November 2022, around 161 million doses of the mRNA-1273 vaccine
have been administered within the EU/European Economic Area (EEA)[7,8]. However, safety data
regarding possible adverse events (AEs) following the mRNA-1273 vaccine is limited across diverse
populations.

1.2. Safety

As of November 2022, 68.2% of the global population has received at least one dose of a COVID-19
vaccine, leaving 31.8% still vulnerable to COVID-19 infection[9]. Vaccine hesitancy has been growing
at a higher rate since the beginning of the pandemic and is a barrier to obtaining herd immunity. A
notable factor contributing to vaccine hesitancy is the concern over potential adverse events (AES)
associated with vaccination[10,11]. An Oxford Coronavirus Explanations, Attitudes, and Narratives
Survey (OCEANS) found the public wanted reassurance that ‘safety had not been sacrificed for
speed’[12]. This signifies a gap in public knowledge of the safety surrounding COVID-19 vaccines,
such as the mRNA-1273 vaccine. A strategy to target this uncertainty among populations is to
increase the availability of accurate guidance on the potential AEs and benefits of the vaccine to allow
Health Care Professionals (HCPs) and the public to make informed decisions.

Randomized controlled trials (RCTs) are the main source of safety data available for the mRNA-
1273 vaccine. A phase three RCT has concluded that aside from transient local and systemic
reactions, no serious adverse events were identified for the mRNA-1273 vaccine[7]. The most
common local AE was pain at the injection site following both vaccine doses (93% after dose 1 and
95% after dose 2). The prevalent systemic reactions were headache, fatigue, myalgia, chills, and
fever, generally occurring within a day following vaccine administration and resolving within two
days[7,13,14]. However, an increase in the severity of systemic events was identified following the
second dose of mMRNA-1273, possibly due to the substantially increased anti-SARS-CoV-2-spike
binding antibody (bAb) levels after the second vaccination leading to a more robust immune
response[7,15]. The occurrence of both injection-site and systemic AEs was shown to be more
frequent among younger participants (18 to <65 years of age) than among older participants (=65
years of age)[7]. This can be attributed to the general decline in immune function observed within
older populations, resulting in different reactogenicity profiles to the vaccine[16]. Although RCTs are
considered the gold standard for evaluating the safety of new treatments, they have several
limitations. Including healthy adults alone and lacking data on minority ethnic groups within RCTs
reduces the generalisability of results. Additionally, due to the short follow-up periods (ranging from 28
to 82 days) assessed within RCTs, evaluation of the long-term safety profile of the mRNA-1273
vaccine and detection of rare AEs is not possible[13,14]. Thus, the need for continued safety
monitoring.

In contrast, observational studies have found an increased risk of rare AEs such as myocarditis
and pericarditis[17-19]. A study by Massari et al. found an increase in the relative incidence (RI) of
myocarditis/pericarditis following the first and second doses of mMRNA-1273 over a seven-day risk
period (Rl = 6.55 (95% CI 2.73 to 15.72) and 7.59 (95% CI 3.26 to 17.65) after the first and second
doses of MRNA-1273, respectively)[18]. Additionally, the risk of reporting myocarditis/pericarditis was
ten times higher in boys compared to girls for the first (ROR 10.1; 95% CI 4.26, 29.6) and second
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dose (ROR 10.2; 95% CI 4.88, 25.0) of mRNA-1273[17]. Although rare, these results present a true
concern regarding mRNA-1273-related myocarditis/pericarditis within young males. The demographic
variability of the sample populations included in these studies further improves the generalisability of
these results. However, the large 95% confidence intervals (Cl) observed within the results show the
need for larger sample sizes to evaluate further the relationship between the mRNA-1273 vaccine and
myocarditis/pericarditis. This study aims to characterize the common adverse events experienced
within a diverse population following the administration of the mRNA-1273 vaccine from the Vaccine
Adverse Event Reporting System (VAERS) data. This research enables the continued monitoring of
the AEs associated with the vaccine to detect changes within reporting patterns and allow the
identification of rare or unexpected AEs.

2. Materials and Method

2.1. Data source

Data regarding AEs associated with the mRNA-1273 vaccine was obtained from the VAERS.
Established in 1990, VAERS is a national early warning system designed to detect safety concerns
related to United States (US) licenced vaccines. VAERS is co-managed by the Centres for Disease
Control and Prevention (CDC) and the US Food and Drug Administration (FDA)[20]. The primary aim
of VAERS is to assess the safety of newly licensed vaccines to; detect new or rare adverse events
(AEs), monitor changes in known AEs and detect potential patient risk factors for specific AEs[20].
VAERS data is accessible and can be downloaded as raw data in comma-separated value (CSV)
files. This allows data importation to different databases for analysis[21]. Each VAERS report is given
a unique VAERS ID to allow the anonymity of the recipient. From each report, information regarding
the; age, sex, vaccine manufacturer, vaccination data, detailed account of the symptoms, mortality,
hospital visits and medical history of the vaccine recipient is available. The Ethical Implications of
Research Activity Form to conduct this study was approved by the University of Bath.

2.2. Adverse event definition

Adverse events (AEs) identified from each report were defined as preferred terms (PTs) following the
Medical Dictionary for Regulatory Activities (MedDRA) terminology, which is recognized
internationally. A preferred term is a ‘single medical concept’ for a symptom, sign, disease, diagnosis,
therapeutic indication, investigation, surgical or medical procedure, and medical, social, or family
history characteristic. PTs allow for unambiguous and specific definitions for reports made. MedDRA
groups each PT under a structural hierarchy which classifies terms into a High-Level Term (HLT),
High-Level Group Term (HLGT) and System Organ Class (SOC)[22].

2.3. Study design and participants

In this case/non-case analysis, case reports following any vaccine between January 1, 2021, and
October 27, 2022, were extracted from VAERS as CSV files. The analysis included participants of all
ages to increase the diversity of the study population and allow for greater generalisability within the
results obtained. Cases were reported for the mRNA-1273 vaccine containing a minimum of one AE
defined as a PT under a SOC. Non-cases were defined as reports for AEs of mMRNA-1273 under other
SOCs. The statistical analysis software ‘R’ (version 3.6.1) was used to analyze all the reports
obtained to identify the total number of cases and non-cases among mRNA-1273 vaccine recipients
and other vaccine recipients[23]. In addition, the ratio of cases/non-cases for AEs associated with the
MRNA-1273 vaccine was compared to the ratio of cases/non-cases for all other vaccines within the
same study period to allow for disproportionality analysis.

2.31. SOC Analysis
Reports for the COVID-19 vaccines, BNT162b2 (Pfizer) and Ad26.COV2.S (Janssen), were also

obtained for analysis. These reports were classified into SOCs to understand the overall distribution of
AEs across the different vaccines.

2.4. Statistical analysis
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Disproportionality analyses were conducted to calculate the reporting odds ratio (ROR) and the
proportional reporting ratio (PRR)[24]. The Bayesian approach was used to calculate information
component (IC) values and Empirical Bayesian Geometric Mean (EBGM) scores for all the AEs
detected. The following criteria were applied to determine a disproportionality signal: > 25 reports,
lower limit 95% confidence interval (Cl) value = 2 for ROR and PRR, > 0 for the IC value and > 1 for
the EBGM score. Disproportionality analysis and the detection of statistically significant signals were
conducted using R, version 3.6.1. [23].

2.41 Age stratification

Informed by existing literature, age-stratification was conducted for the PTs ‘myocarditis’ and
‘pericarditis’. Reports for ‘myocarditis’ and ‘pericarditis’ were separated into age categories of; 0-17
years, 18-29 years, 30-64 years, 65-100 years and greater than 100 years of age. The age categories
for analyzing reports of myocarditis and pericarditis were carefully chosen based on existing literature.
The 0-17 years category represents the paediatric and adolescent population, for whom the risk of
myocarditis following vaccination has been a specific concern in the literature. The 18-29 years group
encompasses young adults, who have been shown to have a different risk profile than older adults.
The 30-64 years and 65-100 years categories were chosen to analyze middle-aged and older adults,
which generally have different baseline risks for cardiovascular events. The category of individuals
aged greater than 100 years, although comprising a smaller number of individuals, was retained to
ensure completeness of the analysis. Disproportionality analyses were conducted for each age
category to detect statistically significant signals.

3. Results

869,556 individual case reports associated with COVID-19 vaccines were retrieved between January
1, 2021, and October 27, 2022, from the United States (US). The mean age of all patients included in
the reports was 50 years, and 65% were females. Of these, 398,556 (45.8%) reports were from
MRNA-1273 recipients with a mean age of 55 years and 67% females. However, the brand of the
COVID-19 vaccine was unknown in 2,072 reports. Within the 398,556 case reports for the mRNA-
1273 vaccine, the median days to symptom onset were one day (IQR (interquartile range) 0 — 8). A
summary of the study population characteristics can be viewed in Table 1. 186 MedDRA PTs
compromising a total of 702,495 AEs associated with the mRNA-1273 vaccine were identified from
reports. These were divided into appropriate MedDRA system organ classes (SOCs) to allow efficient
grouping and analysis of the AEs identified[25]. The analysis found that most AEs identified within
case reports are ‘general disorders and administration site conditions’ (n = 401,162) followed by ‘skin
and subcutaneous tissue disorders’ (n = 65,010), ‘product issues’ (n = 51,802), ‘gastrointestinal
disorders’ (n = 37,460) and ‘respiratory, thoracic, and mediastinal disorders’ (n = 27,251). Figure 1
represents the overall distribution of AEs within SOCs, and Figure 2 summarises the overall
distribution of AEs within SOCs for three Covid-19 vaccines, including mRNA-1273 (Moderna),
BNT162b2 (Pfizer) and Ad26.COV2.S (Janssen).

We present data from the clinical trials of the mMRNA-1273 vaccine (Table 2). Notably, adverse events
were reported. in both the placebo and vaccine groups. For example, local pain was reported by
17.54% of participants in the placebo group (2658/15155) compared to 83.66% in the vaccine group
(12690/15168). Fatigue was another common symptom, with 27.27% of the placebo group
(4133/15155) and 37.15% of the vaccine group (5635/15168) reporting this adverse event. Other
notable adverse events and their respective rates in the placebo and vaccine groups are detailed in
Table 2.
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Table 1: Characteristics of VAERS reports received following COVID-19 vaccination between
January 1, 2021, and October 27, 2022

Characteristic Overall, Ad26.COV2.S, MRNA-1273, NVX- BNT162b2 Unknown
N= 869,331 N=70,869 N=398,556 CoV2373, N=397,724 N=2,072
Age, Median (IQR)| 50 (35,65) 46 (32, 59) 55 (38, 68) 50 (213,%??) 47 (31,63) |54 (37, 66)
Unknown 89,490 13,201 37,474 1 38,310 504
Sex, n (%)
Female 565,090 (65%)| 39,474 (56%) | 265,264 (67%) 78 (71%)  [259,149 (65%)[1,125 (54%)
Male 269,017 (31%)| 25,960 (37%) | 114,849 (29%) 31 (28%) 127,457 (32%) | 720 (35%)
Unknown 35,224 (4.1%) | 5,435 (7.7%) | 18,443 (4.6%) 1 (0.9%) 11,118 (2.8%) | 227 (11%)
Recovered, n (%)
Missing 102,738 (12%)| 6,213 (8.8%) | 42,433 (11%) 26 (24%) 53,641 (13%) | 425 (21%)
No 290,509 (33%)| 27,600 (39%) | 122,099 (31%) 36 (33%) 140,128 (35%) | 646 (31%)
Unknown 210,382 (24%)| 16,614 (23%) | 102,416 (26%) 20 (18%) 90,794 (23%) | 538 (26%)
Yes 265,702 (31%)| 20,442 (29%) | 131,608 (33%) 28 (25%)  |113,161 (28%)| 463 (22%)
Days to symptom 1(0,7) 1(0, 8) 1(0, 8) 0 (0, 2) 1(0,5) 1(0,9)
onset, Median
(IQR)
Unknown 116 401 19195 45 348 6 51 050 802

Table 2: Nocebo Effects of adverse events associated with mRNA-1273 vaccine

Adverse event Placebo group Vaccine group
Arthralgia 1783/15155 2511/15168
(11.76) (16.55)
Chills 878/15155 1253 /15168
(5.79) (8.26)
Fatigue 4133/15155 5635/15168
(27.27) (37.15)
Fever 44/15155 115/15168
(0.29) (0.75)
Headache 4027/15155 4951/15168
(26.57) (32.64)
Redness 67/15155 430/15168
(0.44) (2.83)
Local pain 2658/15155 12690/15168
(17.54) (83.66)
Local swelling 52/15155 932/15168
(0.34) (6.14)
Muscle pain 2071/15155 3441/15168
(13.66) (22.68)
Nausea/Vomiting 1074/15155 1262/15168
(7.08) (8.32)

Note: The percentages represent the proportion of participants who reported an adverse event after
the first dose. Data were obtained/extracted from clinical trials data that Amanzio et al. published[26].
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Figure 1. Bar chart depicting the total frequency of adverse events reported to VAERS following mRNA-
1273 vaccination classed as Medical Dictionary of Regulatory Activities system (MedDRA) organ classes.
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Figure 2. Bubble chart of the overall distribution of AEs within SOCs for three Covid-19 vaccines,
including MRNA-1273, BNT162b2 and Ad26.COV2.S.
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3.1. Commonly occurring AEs according to MedDRA system organ classes The category of 'General
disorders and administration site conditions' represented the majority of AEs at 47.25%, with 331,633
AE reports linked to the mRNA-1273 vaccine in the VAERS database. Notably, the most reported AEs
in this category were:

- 'Fatigue’ with 48,750 reports (14.7%)

- 'Chills" with 46,217 reports (13.94%)

- 'Pyrexia’ with 30,060 reports (9.06%)

- 'Pain’ with 28,890 reports (8.71%)

- 'Injection site erythema' with 22,557 reports (6.8%)
Within this organ class, 32.1% of AEs pertained to administration site conditions (n = 106,522), while
58.2% were systemic reactions (n = 192,973). Several statistically significant signals were identified,
indicating a heightened likelihood of reporting these AEs for the mRNA-1273 vaccine compared to
other vaccines. For instance, the signals for 'vaccination site erythema', 'vaccination site
lymphadenopathy', and 'injection site warmth' were particularly notable. Other significant signals were
also observed for 'chills’, 'vaccination site pain’, and 'pyrexia’. The ROR's lower 95% CI limit value
exceeding 1 underscores the increased reporting of these AEs for the mRNA-1273 vaccine.
'Musculoskeletal and connective tissue disorders’ accounted for 72,378 AEs (10.31%). The
predominant AEs in this category were 'pain in extremity', 'arthralgia’, 'myalgia’, and 'back pain'.
Intriguingly, these systemic reactions mirror the symptoms of an active COVID-19 infection.
'Skin and subcutaneous tissue disorders' comprised 72,122 AEs (10.27%). The most frequent AEs in
this category were 'pruritus’, 'rash’, 'erythema’, 'urticaria’, and 'hyperhidrosis'. A significant observation
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is that nearly all AEs in this System Organ Class (SOC) (99.8%) could be potential hypersensitivity
reactions. Several statistically significant signals were identified, such as for 'rash erythematous' and
‘erythema’.

'Injury, poisoning, and procedural complications' were associated with 51,802 AEs (7.38%). Common
issues in this category included reports of 'expired product being administered’, 'product storage
error', and 'products administered to the patient of inappropriate age'. Interestingly, product-related
issues haven't been frequently reported as AEs for the mRNA-1273 vaccine. However, the observed
disproportionality signals suggest an increased reporting of these AEs, warranting further
investigation.

‘Gastrointestinal disorders’ were linked to 37,478 AEs (5.34%). The most reported AEs in this SOC
were 'nausea’, 'diarrhoea’, and 'vomiting'. Additionally, more severe AEs like 'ulcerative colitis' and
'‘acute pancreatitis' were identified, though their severity remains unspecified. No - statistically
significant signals were detected for any AEs in this organ class.

Lastly, 'infections and infestations' were associated with 24,600 AEs (3.5%). Most of these AEs were
reports of 'COVID-19' and 'asymptomatic COVID-19'. Despite the concerns related to the mRNA-1273
vaccine, no statistically significant signals were identified for these Preferred Terms (PTs), suggesting
that the likelihood of these events post-administration of mRNA-1273 aligns with other vaccines.
However, significant signals were observed for 'vaccination site cellulitis' and 'injection site cellulitis.

3.2. Rare AEs according to MedDRA system organ classes
A total of 2,676 Adverse Events (AEs), representing 0.38%, were linked to the 'Reproductive system
and breast disorders' category. Within this category, the following AEs were reported:
- 'Heavy menstrual bleeding' with 1,473 reports (55.04%)
- 'Menstrual disorder' with 752 reports (28.1%)
- 'Intermenstrual bleeding' with 413 reports (15.43%)
- 'Premenstrual bleeding' with 38 reports (1.42%)
No statistically significant signals were detected within this SOC.

2,380 AEs (0.34%) were recorded in the' Vascular disorders' category. The most frequently reported
AEs in this class were:

- 'Thrombosis' with 922 reports (38.74%)

- 'Deep vein thrombosis' with 869 reports (36.51%)

- 'Cyanosis' with 196 reports (8.24%)

- 'Haematoma' with 102 reports (4.29%)
For all AEs in this organ class, the 95% CI lower limit for the ROR was below 1. This indicates that the
likelihood of these events post-administration of the mRNA-1273 vaccine aligns with the probability
observed for other vaccines.

Regarding 'Cardiac disorders', 1,942 AEs (0.28%) were identified. The most common AEs in this
category included:

- 'Myocarditis' with 489 reports (25.18%)

- 'Acute myocardial infarction' with 475 reports (24.46%)

- 'Bradycardia’ with 290 reports (14.93%)

- 'Pericarditis’ with 281 reports (14.47%)

Again, for all reported AEs in this organ class, the lower limit of the 95% CI for ROR was below 1.
Age-specific analyses for 'myocarditis' and 'pericarditis’ revealed that the majority of reports came
from individuals aged 18-29 years (with 185 reports for 'myocarditis’ and 67 for 'pericarditis’) and
those aged 30-64 years (with 193 reports for 'myocarditis' and 281 for 'pericarditis’). However, the
disproportionality analysis yielded no statistically significant signals (Figure 4).

Information Classification: General



Figure 3. Forest plots of the ROR and EBGM scores with 95% Cls for the most common mRNA-1273-related
adverse events. ROR, reporting odds ratio; EBGM, Empirical Bayesian geometric mean; AE, adverse event; M,
mRNA-1273; Vax, vaccines; Cl, confidence interval.
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Figure 4. Forest plots of the ROR with 95% ClIs for myocarditis and pericarditis by age category. ROR,
reporting odds ratio; M, mRNA-1273; Vax, vaccines; Cl, confidence interval.
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4.1. General and systemic disorders:

Systemic adverse events accounted for many AEs identified, the most common being fatigue, chills,
pyrexia, pain, and dizziness. Together, these accounted for nearly 20% of all recorded AEs (18.99%)
and were the most frequently reported. Furthermore, two statistically significant signals were found
for; chills, pyrexia, pain in extremities, peripheral swelling, myalgia and decreased appetite. These
findings are consistent with results obtained from randomized control trials (RCTs) and observational
studies conducted within diverse populations, which have also concluded that the most common AEs
experienced following mRNA-1273 vaccination were transient systemic reactions such as fatigue,
headache, myalgia or muscle pain, chills, fever, and nausea[7,13,14,27-29]. Randomized controlled
trials are considered the gold standard for evaluating the safety of new treatments since they
eliminate the risk of bias within results. This enables a fair comparison between treatment groups,
thereby improving the reliability of inferences made regarding causal relationships[30]. The common
systemic AEs identified are comparable to symptoms elicited by an active COVID-19 infection and
occur as a result of the body’s immune response stimulated by the foreign Spike (S) glycoprotein of
SARS-CoV-2 which is synthesized within the body from the mRNA delivered by the vaccine[6,31].
These findings were expected and agreed with the Summary of Product Characteristics (SmPC) for
‘very common’ AEs of the mRNA-1273 vaccine. Therefore, these findings can be used to educate the
public regarding the general AEs expected following vaccination[32].

However, it is important to acknowledge that the safety data does not differentiate between symptoms
that may be due to anxiety, e.g., headache, fatigue, pain at the injection site and those that are
unrelated; hence, it is crucial to consider the psychological factors that may contribute to these
reports. As highlighted by Hause et al., symptoms such as headache, fatigue, and pain at the injection
site, commonly reported as AEs, may sometimes be attributable to anxiety rather than the vaccine
itself[33]. Geers et al. further elucidate the role of psychosocial factors, suggesting that the
anticipation of negative effects after vaccination—a phenomenon akin to the ‘nocebo effect'—can lead
to the experience of such effects. For example, common general AEs reported, such as fatigue, chills,
pain, and dizziness—except for pyrexia—are symptoms often associated with anxiety[34]. This is a
significant consideration, as it suggests that some reported AEs may not be directly driven by the
vaccine but rather by the individual's psychological response. This distinction is important for
understanding the patient experience and interpreting safety data, as it underscores the potential for
psychological factors to influence the reporting of AEs and, consequently, the perceived safety profile
of vaccines.

To effectively educate the public regarding the AEs associated with vaccination, it is essential to
communicate the nature and context of these side effects. Firstly, the majority of side effects are
short-term, typically resolving within a matter of days without the need for medical intervention. This
transient nature of side effects is a critical point that can help to alleviate public concern. Secondly,
these side effects are overwhelmingly non-severe. Common reactions, such as soreness at the
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injection site, fatigue, and mild fever, are generally well-tolerated and far less severe than the
potential complications associated with the diseases these vaccines aim to prevent. Thirdly, it is vital
to recognize and communicate that some reported side effects may not be directly attributable to the
vaccine itself. Instead, they may be influenced by psychological factors, such as an individual’s
vaccine anxiety level or attitudes toward the vaccine. For example, heightened anxiety about
receiving the vaccine may manifest as physical symptoms, a phenomenon observed in various
vaccination contexts[33,34]. By delineating these nuances—emphasizing the short-term, non-severe
nature of common side effects and acknowledging the role of psychological factors—healthcare
professionals can provide a more accurate and reassuring picture of what individuals can expect after
vaccination, thereby fostering informed and confident vaccination decisions.

4.2. Administration site conditions:

Administration site reactions were highly prevalent among reports, with the most common being;
injection site erythema, injection site pain, pruritus, and vaccination site pain. Consistent with these
results, a randomized control trial conducted with 30,420 participants found that injection site events
accounted for 84.2% of AEs after the first dose and 88.6% of AEs after the second dose mRNA-
1273[7]. Additionally, strong disproportionality signals were generated for; vaccination site
lymphadenopathy, injection site warmth, injection site swelling, injection site rash, injection site
pruritus and injection site erythema. Further, two signals were also found for vaccination site
erythema: injection site pain and vaccination site pain. The terms ‘vaccination site’ and ‘injection site’
were acknowledged to be relatively under the same context and, therefore grouped within the same
PT; however, this is unlikely to impact the signals found. A study by Creech CB et al. also found that
the most common local AE was pain at the injection site, and other local reactions included;
erythema, swelling and lymphadenopathy[13]. Injection site reactions are common with many
immunizations, and they are generally caused by the body’s immune response to the needle or
medicine, which typically manifests as the above symptoms[35]. These findings suggest that following
vaccination with mRNA-1273, it is common to expect reactions such as; pain, swelling and redness at
the injection site. This has also been reflected within the product literature under ‘very common’ side
effects[32].

4.3. Skin disorders

The Moderna mRNA-1273 vaccine, one of the front-runners in the fight against COVID-19, has been
associated with various cutaneous manifestations. Comprehensive research, including a systematic
review and meta-analysis, has shed light on these reactions[36]. The spectrum ranges from common
injection site reactions to rarer manifestations like delayed inflammatory reactions to tissue fillers and
flares of pre-existing dermatoses. Notably, severe reactions like anaphylaxis have been documented
but remain exceedingly rare at 0.05%. While cutaneous adverse reactions are prevalent, especially
with  mRNA vaccines; the majority are mild. Exceptions like anaphylaxis are rare but crucial
contraindications. for subsequent doses. Additionally, the vaccine has been associated with
exacerbations of existing skin conditions and specific reactions to tissue fillers.

Post-administration of the mRNA-1273 vaccine, inflammatory skin conditions such as erythema, rash
erythematous, and induration have been consistently reported. Furthermore, while not directly
attributed to the mRNA-1273 vaccine, severe dermatological conditions like pemphigus vulgaris,
observed post-BNT162b2 vaccination, highlight the broader dermatological concerns related to
COVID-19 vaccines[37].

Research on the skin reactions after the mRNA-1273 booster dose aligns with earlier findings,
reinforcing the consistency of observed skin reactions[38]. A notable concern is the potential
hypersensitivity reactions linked to the mRNA-1273 vaccine. Studies indicate that the emergence of
anti-polyethene glycol (PEG) IgG and IgM antibodies post-vaccination might be the -culprits,
suggesting hypersensitivity to the PEG components in the vaccine[39]. The actual incidence of clinical
PEG hypersensitivity in the general population is not explicitly mentioned in the published literature.
Based on the study conducted by Stone et al. [40], the prevalence of PEG hypersensitivity in the
general population before the advent of COVID-19 vaccination was estimated to be extremely low,
often cited as less than 0.1%. Another study by Richter et al. demonstrated antibodies to PEG in 3.3%
of an untreated allergic population and 0.2% of a healthy study population[41]. Notably, these
percentages refer to antibodies against PEG and not necessarily the clinical manifestation of
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hypersensitivity reactions to PEG. Given this extremely low baseline prevalence of PEG
hypersensitivity, it is crucial to interpret the emergence of anti-PEG antibodies post-vaccination within
this context.

Masuda T et al. found that erythema, induration and swelling were more commonly reported among
older participants than in younger participants[14]. Therefore, the results may arise from the
prevalence of an older study population within the VAERS reports analyzed (mean age = 55 years).

4.4. Procedural complications:

Issues with the product administered were not an expected AE since it is generally not an adverse
event analyzed within RCTs or observational studies evaluating the safety of the mRNA-1273
vaccine. Particularly within RCTs, known for their controlled environments, the likelihood of such an
event occurring is uncommon. Furthermore, product issues are events more likely to be noted and
reported by administrators or storage technicians of the vaccine, a population unlikely to be involved
within sample populations. In this study, statistically significant signals were generated for poor-quality
products administered and expired products administered. Additionally, two statistically significant
signals and a lower limit of 95% Cl = 1 for ROR were found; the product administered to the patient
of inappropriate age and inappropriate product administration schedule showed an increase in the
reporting of these events. These results suggest a lack of compliance with the guidelines for
administering the mRNA-1273 vaccine compared to other vaccine reports within VAERS. The CDC
has generated strict guidelines regarding the storage and handling of the vaccine, including the
schedule and dosing for different age groups[42,43]. Non-compliance with these guidelines can lead
to errors such as those found within this study, resulting in serious consequences. For example,
providing an expired medicinal product can reduce its effectiveness, thereby exposing the recipient to
infection by COVID-19 and its severe outcomes. The lack of literature regarding this area of vaccine
safety emphasizes the need for further investigation through continued postmarketing surveillance
and retrospective case-control studies to understand the extent of these concerns. These errors can
lead to serious patient harm, such as overdoses.

4.5. Rare Adverse Events:

Thrombotic outcomes such as thrombosis comprised a small fraction of the AEs reported, as
expected. However, within the blood and lymphatic system disorders, the most common AEs reported
were; thrombosis, deep vein thrombosis and anaemia. These results are consistent with studies that
concluded that thromboembolic outcomes are not a concern for the mRNA-1273 vaccine[44].
Furthermore, the SmPC has not included thrombotic outcomes as a potential adverse vaccine
event[32].

Within ‘Reproductive system and breast disorders, 55% of AEs accounted for heavy menstrual
bleeding (n = 1,473). The recent EMA (European Medicines Agency) COVID-19 vaccine safety
update also identified increased heavy menstrual bleeding following mRNA-1273 vaccination[45].
Menstruation  is the endometrium-shedding process regulated by levels of oestrogen and
progesterone hormones[46]. The immune response following mRNA-1273 vaccination can disrupt this
regulation leading to abnormal menstrual changes[47]. A cohort study by Wong KK et al. also found
that changes in the severity of menstrual bleeding accounted for 67% of responses related to
menstruation or vaginal bleeding following vaccination[48]. However, disproportionality analysis did
not produce statistically significant results for menstrual bleeding in this study. A possible explanation
is the prevalence of menstrual irregularites among women without vaccination. Therefore,
establishing a true correlation without considering baseline rates is difficult[48]. Additionally, the
generality of this AE within women makes it difficult to differentiate it as an adverse event exclusively
caused by the vaccine leading to underreporting. Due to this, the SmPC has also listed ‘heavy
menstrual bleeding’ as a side effect of unknown frequency[32].

Cardiac disorders were also rarely reported, the most common being myocarditis, acute
myocardial infarction, myocardial infarction, bradycardia, and pericarditis. Disproportionality analysis
showed no statistically significant signals. This was unexpected since recent postmarketing
surveillance found an increased relative incidence (RI) of myocarditis/pericarditis following the first
and second doses of mMRNA-1273 over a seven-day risk period[17,18]. The risk of reporting
myocarditis/pericarditis was also 10-fold higher among young males aged 18-29 than females[17].
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The lack of disproportionality signals in this study for myocarditis/pericarditis may be due to the older
population (mean age = 55) included and the overrepresentation of females (67%) within the reports
obtained from VAERSs. Within studies which detected a higher risk of myocarditis/pericarditis among
MRNA-1273 recipients, the mean age was 26 years, with a 68.5% male population[18]. However, age
stratification did not yield statistically significant signals which indicate a positive association between
individuals ages 18-29 years and myocarditis/pericarditis following vaccination. In contrast, the
number of reports of myocarditis/pericarditis was slightly high within this age group. The lack of
signals may attribute to underreporting, a major constraint of passive surveillance systems such as
VAERS[49].

The SmPC has listed myocarditis/pericarditis as a ‘very rare’ AE that may affect 1 in 10,000
people[32]. This is in conjunction with the results obtained. The biological plausibility for the
association of myocarditis/pericarditis with the mRNA-1273 vaccine stems from the occurrence of
myocarditis/pericarditis in response to infections or damage to the heart through autoimmune
diseases[50]. The immune response stimulated by the mRNA-1273 vaccine (bAb levels exceeding
those found in convalescent COVID-19 sera) causes inflammation, which can, in rare cases, affect
the heart, leading to myocarditis/pericarditis[15,51]. The absence of statistically significant signals
within this SOC is of reassurance to the public that the risk of myocarditis may be low following
MRNA-1273 vaccination. However, the association between the risk of mMRNA-1273-related
myocarditis/pericarditis among young males requires further investigation to establish a true causal
relationship.

4.6 Nocebo effects

While our analyses did not specifically investigate nocebo effects, the data from the clinical trials of
the mRNA-1273 vaccine (Table 2) provide valuable insights into the reporting of adverse events in
both the placebo and vaccine groups. For example, arthralgia was reported by 11.76% of participants
in the placebo group (1783/15155) despite these individuals not receiving the active vaccine. This is
noteworthy compared to the 16.55% (2511/15168) in the vaccine group who reported the same
symptom. These data raise important considerations regarding the potential influence of nocebo
effects—negative side effects induced by patients' expectations rather than the treatment itself. The
rates of adverse events reported in the placebo group may reflect, at least in part, such nocebo
effects. The adverse events reported in the placebo group, while not resulting from the active vaccine,
illustrate the complex interplay of psychological and physiological factors that can contribute to
reporting side effects after medical interventions, including vaccination.

We acknowledge that using the placebo group data to discuss potential nocebo effects has
limitations, as our study was not designed to assess these effects directly. Nevertheless, they serve
as a poignant reminder of the critical role that psychological factors, such as anxiety and
expectations, can play in reporting adverse events following vaccination.

4.7. Strengths and Limitations

The VAERS spontaneous reporting system has many strengths. Firstly, the accessibility of VAERS
allows anyone among the general public to make a report and enables early detection of rare AEs
which may not be detected by small-scale studies such as RCTs[52]. Secondly, the database collects
information regarding the vaccine from a diverse population, including those often excluded from
clinical trials. This provides researchers with large study populations to improve the generalisability
and validity of results obtained further. Finally, the provision of safety data covering the entire life
cycle of the drug allows the detection of rare AEs, changes in existing reporting patterns and
continued monitoring.

However, this study also has several limitations. First, a causal relationship between AEs and the
MRNA-1273 vaccine cannot be established with the data presented since VAERS does not establish
the true cause of the AEs reported. Second, a notable limitation is the lack of data on psychological
factors, specifically vaccination anxiety, that may influence the reporting and experience of adverse
events (AEs) following vaccination. As previously noted, there is a robust correlation between AEs
and anxiety, particularly regarding vaccination-related anxiety. The lack of this information in our
dataset limits our ability to differentiate AEs that may be more related to psychological factors from
those directly resulting from the vaccine. Third, a major limitation of VAERS is underreporting.
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Reports to VAERS must be personally submitted by someone who has experienced or witnessed the
AE. The rate of reporting can, therefore depend on different health behaviours. For example, a patient
or physician who understands pain at the injection site is a common AE following vaccination is less
likely to report it[49,52]. Fourth, stimulated reporting is another disadvantage of spontaneous reporting
systems such as VAERS. Increased media coverage and public awareness of certain AEs can
promote increased rates of reporting affecting the validity of results.

Fifth, reports submitted to VAERS can lack details and may contain errors that impact the validity
of the data analyzed. Sixth, the results obtained are largely representative of the US population.
Seventh, analysis of AEs by dosing schedule was not completed; therefore, comparisons of AE
profiles between different doses of the mRNA-1273 vaccine were not possible. Eighth, the rapidly
evolving COVID-19 vaccine landscape presents a challenge. Notably, as of April 18, 2023, the FDA
updated the Emergency Use Authorization (EUA) for the Moderna COVID-19 Vaccine to a bivalent
version. This significant development highlights the swift advancements in vaccine formulations.
However, it is crucial to note that our study was conceptualized and commenced before the
widespread adoption of this bivalent vaccine, making our findings specific to the monovalent iteration
of the vaccine. Finally, it is impossible to calculate the occurrence rate of AEs within.a population
using VAERS data since it does not collect information regarding the number of vaccines
administered.

5. Conclusions

In this study, the most frequently identified AEs following mRNA-1273 vaccination agree with the
common side effects listed within the SmPC. However, the disproportionality analysis results for
‘Product issues’ were unexpected due to the absence of these concerns within the existing literature.
This signifies a gap in understanding the occurrence of product-related errors and their source.
Furthermore, since errors in the handling or quality of the product (mMRNA-1273 vaccine) are not
typically evaluated within RCTs and other observational studies, data regarding them is insufficient. In
addition, disproportionality analysis did not find any statistically significant signals for myocarditis or
pericarditis. As more data becomes available, further monitoring of these concerns is required to
prevent serious patient harm.
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Table S1. Summary of statistically significant ROR, EBGM and IC values with 95% confidence intervals. R(

EBGM, Empirical Bayesian geometric mean; IC, information component; ClI, confidence interval.

Preferred Term

Chills

Pyrexia

Decreased appetite

No adverse event

Pain in extremity

Urticaria

Rash

Myalgia

Inappropriate schedule of product administration
Pruritus

Peripheral swelling

Vaccination site pain

Injection site pain

Dermatitis allergic

Product administered to patient of inappropriate age
Erythema

Rash erythematous

Expired product administered
Injection site cellulitis

Injection site swelling

Vaccination site erythema
Vaccination site cellulitis

Injection site erythema

Poor quality product administered
Injection site warmth

Vaccination site lymphadenopathy
Injection site rash

Injection site pruritus

Information Classification: General

MRNA-1273 Reports
Q)
46217

30060
5886
11226
25305
9161
16553
17007
6607
17278
7486
7698
21290
170
7941
15589
5626
20708
305
15486
5092
52
22557
5303
9520
148
8875
15765

ROR (95% Cl)

1.13 (1.12-1.15)
1.14 (1.12-1.15)
1.14 (1.1-1.18)
1.17 (1.14-1.21)
1.18 (1.16-1.2)
1.28 (1.24-1.32)
1.34 (1.31-1.37)
1.37 (1.34-1.41)
1.58 (1.52-1.64)
1.69 (1.65-1.73)
1.75 (1.69-1.81)
1.85 (1.78-1.92)
1.86 (1.82-1.91)
1.95 (1.53-2.49)
2 (1.93-2.07)
2.36 (2:29-2.42)
2.58 (2.46-2.7)
2.85 (2.78-2.92)
4.87 (3.78-6.28)
4.92 (4.74-5.09)
5.24 (4.92-5.59)
6.14 (3.12-12.09)
6.37 (6.16-6.58)
6.45 (6.03-6.91)
8.1 (7.66-8.57)
8.33 (5.27-13.15)
8.85 (8.33-9.39)
9.01 (8.61-9.43)

EBGM (95% Cl)

1.06 (1.05-1.07)
1.06 (1.05-1.07)
1.07 (1.04-1.1)
1.08 (1.06-1.1)
1.08 (1.07-1.1)
1.13 (1.1-1.15)
1.15 (1.13-1.17)
1.17 (1.15-1.18)
1.25 (1.22-1.28)
1.28 (1.25-1.3)
1.3 (1.27-1.32)
1.33 (1.3-1.35)
1.32 (1.31-1.34)
1.25 (1.09-1.43)
1.37 (1.34-1.4)
1.44 (1.42-1.46)
1.49 (1.45-1.53)
1.53 (1.5-1.55)
1.6 (1.44-1.78)
1.75 (1.72-1.78)
1.78 (1.72-1.83)
1.3 (1.05-1.6)
1.78 (1.72-1.83)
1.84 (1.79-1.89)
1.9 (1.86-1.93)
1.58 (1.37-1.83)
1.92 (1.88-1.96)
1.92 (1.89-1.95)



