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ABSTRACT

Introduction: Although messenger RNA
(mRNA) vaccines have been developed and
widely utilized to mitigate the coronavirus dis-
ease (COVID-19) pandemic, it is essential to
describe the adverse events (AEs) following
immunization. This study aimed to identify the
patterns associated with serious AE reports after
mRNA COVID-19 vaccination in the World
Health Organization (WHO)’s global scale
database (VigiBase).
Methods: This study performed a latent class
analysis (LCA) of reports of serious AEs follow-
ing mRNA COVID-19 vaccination from VigiBase
between December 28, 2020 , and February 28,
2022 (N = 312878). The Medical Dictionary for
Regulatory Activities (MedDRA) System Organ
Class (SOC) terms were selected for LCA. The

reporting characteristics in accordance with the
cluster were described. We used a multinomial
logistic regression model to estimate the asso-
ciation between potential factors and each
cluster.
Results: Five clusters of AE reports were distin-
guished through LCA: infection AEs (cluster 1),
cardiac AEs (cluster 2), respiratory/thrombotic
AEs (cluster 3), systemic AEs (cluster 4), and
nervous system AEs (cluster 5). Compared to
cluster 4, cluster 2 had a higher proportion of
males (OR 2.98; 95% confidence interval (CI)
2.87–3.09), and cluster 1 had a longer time to
onset than other AEs (C 14 days) (OR 16.2; 95%
CI 15.5–16.9).
Conclusion: Using LCA, we found five clusters
of serious AEs following mRNA COVID-19 vac-
cination. Each cluster was distinguished by
potential factors such as age, gender, region,
and time to onset. We suggest that monitoring
should carefully consider the patterns of young
males with cardiac AEs and elderly individuals
with thrombosis after respiratory AEs. Our
findings could contribute to enhancing under-
standing of safety profiles and establishing
management strategies for serious AEs of special
interest following mRNA COVID-19
vaccination.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40121-022-00742-5.

M.-T. Lee � W. Choi � S.-H. You � S. Park � J.-Y. Kim
� D. R. Nam � J. W. Lee � S.-Y. Jung (&)
College of Pharmacy, Chung-Ang University, Seoul,
Republic of Korea
e-mail: jsyoung@cau.ac.kr

M.-T. Lee � W. Choi � S.-H. You � S. Park � J.-Y. Kim
� D. R. Nam � J. W. Lee � S.-Y. Jung
Department of Global Innovative Drugs, The
Graduate School of Chung-Ang University, Seoul,
Republic of Korea

Infect Dis Ther (2023) 12:443–458

https://doi.org/10.1007/s40121-022-00742-5

http://orcid.org/0000-0002-3178-9660
http://orcid.org/0000-0003-4191-6392
http://orcid.org/0000-0002-2430-6907
http://orcid.org/0000-0003-0122-9408
http://orcid.org/0000-0002-1187-0605
http://orcid.org/0000-0002-0448-0916
http://orcid.org/0000-0003-2956-3344
http://orcid.org/0000-0003-2032-112X
https://doi.org/10.1007/s40121-022-00742-5
https://doi.org/10.1007/s40121-022-00742-5
https://doi.org/10.1007/s40121-022-00742-5
https://doi.org/10.1007/s40121-022-00742-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-022-00742-5&amp;domain=pdf
https://doi.org/10.1007/s40121-022-00742-5


Graphical Abstract:

System organ class
Cardiac 

Gastrointes�nal

Infec�ous

Injury, procedure

Musculoskeletal

Nervous system

Respiratory

Skin

Vascular

Latent 
class

analysis

1 retsulC Infec�on AEs 

Using latent class analysis (LCA), we found five clusters of serious AEs following 
mRNA COVID-19 vaccines. Each cluster was dis�nguished by poten�al factors 
such as age, gender, region, and �me-to-onset. These findings could contribute 
to enhancing understanding of safety profiles, and establishing management 
strategies for serious AE of special interests following mRNA COVID-19 
vaccina�on.

Conclusion

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

0% 100%Es�mated probabili�es of serious AEs

(43,606/ 13.9%)

1. Frequently reported AEs: 
COVID-19 (67.4%), Vaccina�on failure (46.6%)

2. Gender: Female (53.1%)
3. Age group: ≥ 75 years (21.4%)
4. Time to onset*: 85.5 days (16-149.5 days)

1. Frequently reported AEs : 
Myocardi�s (25.0%), Pericardi�s (14.7%)

2. Gender: Male (59.7%)
3. Age group: 12~17 years (5.3%)
4. Time to onset*: 4 days (1-17 days)

1. Frequently reported AEs : 
Dyspnoea (27.1%), Pulmonary embolism (14.8%)

2. Gender: Female (58.2%)
3. Age group: ≥ 75 years (17.3%)
4. Time to onset*: 4 days (1-17.5 days)

2 retsulC
3 r etsulC

Cardiac AEs 
(43,606/ 13.9%)

Respiratory/

(43,606/ 13.9%)
vascular AEs

1. Frequently reported AEs: 
Headache (43.8%), Nausea (31.5%) 

2. Gender: Female (69.5%)
3. Age group: 18~44 years (34.2%)
4. Time to onset*: 1 days (0-9 days)

4 retsul C Systemic AEs 
(25,529/ 8.2%)

1. Frequently reported AEs: 
Headache (16.9%), Pyrexia (12.6%)

2. Gender: Female (63.4%)
3. Age group: 18~44 years (30.9%)
4. Time to onset*: 2 days (1-12.5 days)

5 retsulC

Systemic AEs 
(150,561/ 48.1%)

Safety profiles of mRNA COVID-19 vaccines using 
World Health Organiza�on global scale database (VigiBase)
: A latent class analysis
Min-Taek Lee, Wonbin Choi, Seung-Hun You, Sewon Park, 
Jeong-Yeon Kim, Dal Ri Nam, Ju Won Lee, Sun-Young Jung

n=312 878

ICSRs following mRNA 
COVID19 vaccines with 

serious AE

ICSR; individual case safety 
report, AE; adverse event, 
* Median (quan�le 1 - quan�le 3)

The graphical abstract represents the opinions of the authors. For a full list of declara�ons, 
including funding and author disclosure statements, and copyright informa�on, please see the 

full text online. © The authors, CC-BY-NC 2022

…

Keywords: COVID-19; mRNA vaccine; Serious
adverse event; VigiBase; Latent class analysis;
Cluster

Key Summary Points

As of November 2022, approximately 12.8
billion cumulative vaccine doses have
been administered globally; this
administration of COVID-19 vaccines
might be expanded in the future because
of variants and booster doses.

Thus far, myocarditis, anaphylaxis, Bell’s
palsy, and Guillain-Barré syndrome have
been reported as AEs of mRNA COVID-19
vaccines; however, the factors associated
with unknown serious adverse events
(AEs) following mRNA COVID-19 vaccines
have not been established.

Five clusters of AE reports were
distinguished on LCA: infection AEs
(cluster 1), cardiac AEs (cluster 2),
respiratory/thrombotic AEs (cluster 3),
systemic AEs (cluster 4), and nervous
system AEs (cluster 5). Cardiac AEs
showed a higher proportion of males and
infection AEs a longer time to onset than
other AEs (C 14 days).

Each cluster was distinguished by
potential factors such as age group,
gender, region, and time interval between
vaccination date and start of reaction/
event; thus, our findings could contribute
to enhancing understanding of safety
profiles and establishing management
strategies for serious AEs of special interest
following mRNA COVID-19 vaccination.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.21618561.

INTRODUCTION

Messenger RNA (mRNA) coronavirus disease
2019 (COVID-19) vaccines have been rapidly
developed and widely utilized owing to orga-
nizations and government funding and tech-
nological collaborations in response to the
COVID-19 pandemic [1]. As of November 2022,
approximately 12.8 billion cumulative vaccine
doses have been administered globally [2]. The
administration of COVID-19 vaccines might
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also be expanded in the future because of vari-
ants and booster doses [3].

Authorized mRNA COVID-19 vaccines have
introduced a new technology platform.
Although the products have undergone clinical
trials, limitations remain regarding their safety
information, such as restricted trial participants
who meet inclusion and exclusion criteria,
short study periods, and the detection of rare
events, particularly serious adverse events fol-
lowing immunizations (AEFIs) [4]. To overcome
the limited evidence regarding the safety of
COVID-19 vaccines, the vaccines are being
evaluated by each country’s safety system such
as the Vaccine Adverse Event Reporting System
(VAERS) and the Vaccine Safety Datalink (VSD)
in the USA. Vaccine manufacturers are required
to submit safety update reports routinely to the
national regulatory authorities [1]. Thus far,
mild to moderate local or systemic AEFIs such as
myocarditis [5], anaphylaxis [6], Bell’s palsy [7],
and Guillain-Barré syndrome (GBS) [8] have
been reported. However, factors that are asso-
ciated with unknown adverse events (AEs) fol-
lowing mRNA COVID-19 vaccination, such as
age, gender, and existing diseases or high-risk
subgroups, have not been well established
[9–11]. The identification of patterns and fac-
tors can provide insights into preventive mea-
sures and management strategies concerning
unknown AEFIs [12].

We aimed to (1) identify the patterns of
serious AEFI profiles after COVID-19 vaccina-
tion within the VigiBase, the World Health
Organization (WHO)’s international database of
suspected adverse drug reactions, and (2)
describe potential factors to identify subgroups
in mRNA COVID-19 vaccine reports with simi-
lar serious AEFI profiles. To achieve these aims,
we applied latent class analysis (LCA), a statis-
tical method used to identify the relationships
among a set of unobserved dichotomous or
polytomous variables that can be viewed as
indicators [12]. This study was conducted in
accordance with the Helsinki Declaration. The
study protocol was approved for exemption
from review by the Institutional Review Board
of Chung-Ang University (IRB number:
1041078-201903-HR-071-01), because this
study analyzed a secondary database. Informed

consent from subjects was waived due to the
database containing anonymized data that
cannot identify study subjects.

METHODS

Data Source

This study used VigiBase, the WHO global
database of reported potential side effects of
medicinal products, which was developed and is
maintained by Uppsala Monitoring Centre,
between December 1, 2020, and February 28,
2022. It is the largest database of its kind in the
world and is continuously updated with
incoming reports, with over 30 million reports
of suspected adverse effects of medicines sub-
mitted since 1968 [13]. The individual case
safety reports (ICSRs) in VigiBase come from
regulatory and voluntary sources containing
information related to the case reports, includ-
ing patient demographics, reported drugs, and
AEs [14]. The VigiBase database, in addition to
the ICSR database, is linked to MedDRA for AEs
and the WHO Drug Dictionary (WHODrug). We
used the ICSRs that included any mRNA
COVID-19 vaccines as suspected drugs and
serious AEFIs. A serious AE is considered to be
one of the following: death, a life-threatening
condition, hospitalization or prolongation of
hospitalization, and chronic damage/disability.
The AEFIs were coded based on the System
Organ Class (SOC) and Preferred Term (PT) of
the Medical Dictionary for Regulatory Activities
(MedDRA) version 25.0 March 2022. Drugs were
classified according to the Anatomical Thera-
peutic Chemical (ATC) in terms of chemical
subgroup (fourth level) and substance name.

Study Variables

Our study identified baseline reporting charac-
teristics such as the date the reports were
received, report type, gender, age group, region,
notifier type, and seriousness. For mRNA
COVID-19 vaccines, we included tozinameran
(BNT162b2) and elasomeran (mRNA-1273). The
outcome of an AE at the time of the report was
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categorized as unknown, recovered/resolved,
recovering/resolving, not recovered/not
resolved with sequelae, fatal, death–reaction
may be contributory, and death–unrelated to
reaction. Time to onset (TTO) is the time
interval between the vaccine administration
date and the start of the reaction/event (reac-
tion start date). An ICSR might have several
different outcomes and TTOs because it may
contain multiple AEFIs. We selected ICSRs with
a lower level of resolution of outcomes for
classification [15]. For instance, if an ICSR had
both a general disorder with recovery and a
nervous system disorder with no recovery, we
selected ‘‘not recovered’’ as a representative
outcome. Furthermore, we regarded TTOs as
outliers if they exceeded the study period. We
excluded reports received with missing values of
TTO and erroneous values of AEs and drugs
such as ‘‘0’’ coded for MedDRA or drugs. We
utilized vigiGrade completeness score to iden-
tify well-documented reports in VigiBase [16].
The ten dimensions that were accounted for in
vigiGrade and penalized with clinical relevance
in VigiBase were TTO, indication for treatment,
outcome, gender, age, dose, country, notified
type, report type, and free-text comments.
Based on the available information in VigiBase,
we estimated the completeness score consider-
ing nine dimensions excluding the free-text
variable. To obtain the overall vigiGrade com-
pleteness score, we applied the average score for
every reported drug–AE pair [16].

Statistical Analysis

We used LCA to identify clusters of mRNA
COVID-19 vaccine reports with similar serious
AEFI profiles. LCA creates latent classes based on
underlying patterns that cannot be directly
observed [17]. Whereas traditional cluster anal-
ysis uses the ad hoc definition of distance to
form clusters, LCA is a model-based clustering
method based on maximum likelihood estima-
tion. In LCA, various goodness-of-fit diagnostics
are applied to identify the optimal number of
subgroups [18–20]. In our dataset, the parame-
ters selected for a LCA indicators were MedDRA
SOCs included in each ICSR [21]. The model

parameters estimated were the probability of a
report belonging to a specific cluster and the
conditional probabilities of each SOC term
given to the cluster using maximum likelihood
estimation [21]. The objective of LCA is to find
the smallest number of clusters that best
describes the distinct characteristics. We deter-
mined the number of optimal clusters using
several statistical methods and model inter-
pretability [18]. As statistical criteria, we con-
sidered likelihood-ratio G2 statistic, Akaike’s
information criterion (AIC), and Bayesian
information criterion (BIC) [18]. To assess
model interpretability, we considered the fol-
lowing conditions: (1) each cluster should be
distinguishable from the other clusters, (2) no
cluster should be a near-zero probability, and
(3) a meaningful label should be able to be
assigned to each cluster [18]. We applied LCA to
the most reported AEs following mRNA COVID-
19 vaccination: cardiac disorders, gastrointesti-
nal disorders, infections and infestations,
injury, poisoning and procedural complica-
tions, musculoskeletal and connective tissue
disorders, nervous system disorders, respiratory,
thoracic and mediastinal disorders, skin and
subcutaneous tissue disorders, and vascular
disorders.

The difference in each latent cluster was
compared using a chi-square test for categorical
variables and analysis of variance (ANOVA) test
for continuous variables. We also conducted
multinomial logistic regression to identify the
association between potential factors and the
five clusters of AEs.

The database construction was carried out
using SAS version 9.4 (SAS Institute, Inc., Cary,
NC, USA), and LCA was performed using R-4.0.2
with poLCA package (version 1.4.1).

RESULTS

A total of 312,878 spontaneous reports on AEs
after mRNA COVID-19 vaccination were iden-
tified between December 28, 2020, and February
28, 2022, in VigiBase (Fig. 1). The most fre-
quently reported AEs in terms of SOC level were
nervous system disorders (37.9%) and
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respiratory, thoracic, and mediastinal disorders
(19.1%) (Table 1).

Using the LCA, we identified five clusters of
groups with similar AEFI profiles after mRNA
COVID-19 administration. Although the six-
cluster solution had lower AIC, BIC, and G2-
statistic scores than the five-cluster solution, the
difference between evaluation tool scores for
the two solutions was very small. Specifically,
the five-cluster solution presented lower AIC,
BIC, and G2 fit statistics than the four-cluster
solution. Therefore, the five-cluster solution was
selected as the optimal solution in our study
(Table S1).

Table 1 shows the estimated probability for
each LCA indicator. Item-response probabilities
were divided into the following five clusters:
cluster 1: infection AEs (43,606 reports, 13.9%);
cluster 2: cardiac AEs (25,301 reports, 8.1%);
cluster 3: respiratory/thrombotic AEs (67,881
reports, 21.7%); cluster 4: systemic AEs (25,529
reports, 8.2%); cluster 5: nervous system AEs
(150,561 reports, 48.1%). All of the clusters were

reported alongside general disorders and
administration site conditions (cluster 1: 66.3%,
cluster 2: 29.7%, cluster 3: 44.5%, cluster 4:
81.1%, and cluster 5: 48.0%) (Table S2); the
most frequently reported PTs were pyrexia
(11.8%) and fatigue (10.6%) (Table 2).

Table 3 shows the characteristics of all the
five clusters. All the clusters contained a signif-
icant proportion of the number of tozinameran
(76.8%) and spontaneous reports (99.1%) with a
completeness score[0.8.

In cluster 1 (infection AEs), COVID-19
infection (67.4%) and vaccination failure
(46.6%) were more likely to be included
(Table 2). This cluster had the highest propor-
tion of reports received by physicians (45.9%)
and from Europe (62.1%). It had a median TTO
of 85.5 (interquartile range 16–149.5) days for
each report. Cluster 2 (cardiac AEs) included
myocarditis (25.0%) and pericarditis (14.7%)
(Table 2). Most of the reports received included
males (59.7%), an age of\18 years (5.4%), and
death (11.3%). Cluster 3 (respiratory/

Fig. 1 Flowchart of extraction of serious AE reports after mRNA COVID-19 vaccination from VigiBase. mRNA COVID-
19 the messenger RNA coronavirus disease 2019, AE adverse event
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thrombotic AEs) was distinguished from other
classes in that it was composed of AEFIs of both
dyspnea (27.1%) and pulmonary embolism
(14.8%). It included death (9.1%), life-threat-
ening AEs (16.4%), and AEs that caused/pro-
longed hospitalization (45.7%). Patients in
17.3% of AE cases in cluster 3 were C 75 years
old. Cluster 4 (systemic AEs) included headache
(43.8%) and nausea (31.5%). Most reports
included females (69.5%), and the patients were
often from the Americas (62.0%). The median
TTO was 1 (interquartile range 0–9) day for each
report. Cluster 5 (nervous system AEs) was the
largest of the five clusters (48.1%). It differed
from the other clusters in that it included a high
proportion of facial paralysis (3301 reports,
85.7%) and Guillain-Barré syndrome (1494
reports, 82.6%; Table S3).

Table 4 shows the results of multinomial
logistic regression. We selected cluster 4 (sys-
temic AEs) as our reference group because the
AE pattern of cluster 4 was consistent with AEs
from a prior study [6]. The odds ratio (OR) (95%
confidence interval [CI]) of males in cluster 2

(cardiac AEs) was 2.98 (95% CI 2.87–3.09),
which was the highest estimate among clusters.
A significant association was observed between
cluster 5 (nervous system AEs) and congenital
anomaly/birth defects (OR: 4.24; 95% CI
1.56–11.5). The ORs (95% CI) of notifier type
reported by physicians were as follows: cluster
1: 6.67 (95% CI 6.27–7.09), cluster 2: 2.27 (95%
CI 2.13–2.42), cluster 3: 2.46 (95% CI
2.36–2.60), and cluster 5: 1.60 (95% CI
1.51–1.68). Cluster 1 showed a strong associa-
tion with TTO C 14 days (OR: 16.2; 95% CI
15.5–16.9).

DISCUSSION

Our study aimed to identify the patterns of
serious AEFI profiles after COVID-19 vaccina-
tion with the help of VigiBase. We identified
five distinguished safety profiles using LCA and
described the potential factors of serious AEFI
profiles, which included age, gender, region,
and TTO.

Table 1 Estimated probabilities of serious adverse events based on mRNA COVID-19 vaccine classified system organ class
terms in VigiBase

SOC Total Cluster 1
N = 43,606

Cluster 2
N = 25,301

Cluster 3
N = 67,881

Cluster 4
N = 25,529

Cluster 5
N = 150,561

N (%) N (%) N (%) N (%) N (%) N (%)

Card 52,149 (16.7) 0 (0) 25,301 (100) 16,757 (24.7) 10,091 (39.5) 0 (0)

Gastr 53,049 (17.0) 1466 (3.4) 0 (0) 7218 (10.6) 15,933 (62.4) 28,432 (18.9)

Infec 59,334 (19.0) 43,606 (100) 0 (0) 8687 (12.8) 6770 (26.5) 271 (0.2)

Inj&P 18,550 (5.9) 857 (2.0) 694 (2.7) 3454 (5.1) 3247 (12.7) 10,298 (6.8)

Musc 59,266 (18.9) 0 (0) 0 (0) 5939 (8.8) 15,340 (60.1) 37,987 (25.2)

Nerv 118,530 (37.9) 2457 (5.6) 3620 (14.3) 8130 (12) 23,634 (92.6) 80,689 (53.6)

Resp 59,644 (19.1) 4651 (10.7) 0 (0) 40,699 (60.0) 14,294 (56.0) 0 (0)

Skin 29,753 (9.5) 0 (0) 0 (0) 13,961 (20.6) 8029 (31.5) 7763 (5.2)

Vasc 32,587 (10.4) 0 (0) 0 (0) 20,512 (30.2) 5267 (20.6) 6808 (4.5)

COVID-19 coronavirus disease 2019, SOC system organ class, card cardiac disorders, gastr gastrointestinal disorders, infec
infections and infestations, inj&p injury, poisoning, and procedural complications, metab metabolism and nutrition dis-
orders, musc musculoskeletal and connective tissue disorders, nerv nervous system disorders, resp respiratory, thoracic and
mediastinal disorders, skin skin and subcutaneous tissue disorders, vasc vascular disorders
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Table 4 Results of multinomial logistic regression on clusters with similar serious AE profile following mRNA COVID-19
vaccination compared to cluster 4 (systemic AEs)

Cluster 1 Cluster 2 Cluster 3 Cluster 5

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Gender (ref: female)

Male 1.78 (1.72–1.84) 2.98 (2.87–3.09) 1.47 (1.43–1.52) 1.35 (1.31–1.39)

Age groups (ref: 0–17 years)

18–44 years 1.08 (0.96–1.22) 0.65 (0.59–0.72) 0.87 (0.79–0.96) 0.89 (0.82–0.98)

45–64 years 1.20 (1.06–1.36) 0.44 (0.34–0.49) 1.05 (0.95–1.16) 0.94 (0.86–1.03)

C65 years 2.37 (2.09–2.69) 0.51 (0.46–0.57) 1.77 (1.60–1.96) 1.47 (1.34–1.62)

Type of mRNA (ref: tozinameran)

Elasomeran 0.81 (0.77–0.84) 1.01 (0.97–1.06) 0.92 (0.89–0.95) 1.14 (1.10–1.18)

Both 0.56 (0.21–1.45) 0.94 (0.31–2.84) 1.01 (0.42–2.43) 1.65 (0.75–3.64)

Seriousness (ref: hospitalization)

Death 1.34 (1.25–1.44) 1.51 (1.40–1.62) 1.14 (1.07–1.21) 1.26 (1.18–1.33)

Life threatening 0.38 (0.35–0.40) 0.99 (0.94–1.04) 1.23 (1.18–1.29) 0.70 (0.67–0.74)

Disabling/incapacitating 0.37 (0.34–0.39) 0.19 (0.17–0.21) 0.43 (0.41–0.45) 1.66 (1.59–1.72)

Congenital anomaly/birth defect 0.43 (0.08–2.40) 0.30 (0.05–1.63) 1.25 (0.41–3.85) 4.24 (1.56–11.5)

Other 5.39 (5.10–5.70) 0.53 (0.50–0.56) 1.15 (1.10–1.21) 1.39 (1.33–1.45)

Region (ref: Americas)

African 1.95 (1.37–2.78) 1.72 (1.16–2.55) 2.00 (1.51–2.64) 2.85 (2.20–3.69)

Southeast Asia 0.01 (\ 0.01-[ 99.9) 5.17 (0.59–45.2) 3.40 (0.43–27.1) 2.73 (0.36–20.7)

European 1.33 (1.14–1.54) 2.01 (1.75–2.31) 1.13 (1.02–1.26) 1.36 (1.23–1.50)

Eastern Mediterranean 1.14 (0.64–2.02) 2.92 (1.80–4.74) 1.83 (1.21–2.77) 1.29 (0.87–1.93)

Western Pacific 0.49 (0.42–0.58) 2.21 (1.93–2.53) 1.17 (1.05–1.31) 1.35 (1.21–1.49)

Notifier type**** (ref: consumer)

Physician 6.67 (6.27–7.09) 2.27 (2.13–2.42) 2.46 (2.33–2.61) 1.60 (1.51–1.68)

Pharmacist 1.63 (1.43–1.87) 1.40 (1.22–1.60) 1.73 (1.54–1.94) 1.42 (1.28–1.58)

Other health professional 1.60 (1.43–1.78) 0.62 (0.55–0.71) 1.20 (1.10–1.31) 0.99 (0.92–1.08)

Lawyer 0.30 (0.06–1.53) 2.45 (0.94–6.39) 1.67 (0.68–4.15) 0.92 (0.39–2.18)

TTO of AEs for each report§ (ref: TTO\ 3)

3–6 days 3.39 (3.17–3.62) 2.49 (2.36–2.63) 1.78 (1.69–1.87) 1.40 (1.34–1.47)

7–13 days 4.46 (4.17–4.77) 2.03 (1.91–2.16) 1.99 (1.88–2.09) 1.52 (1.44–1.59)
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We suggest that cluster 1 (infection AEs)
might be related to the ineffectiveness of mRNA
vaccines. The most common PTs of cluster 1
were COVID-19 infection and vaccination fail-
ure. Furthermore, cluster 1 had a median TTO of
85.5 (interquartile range: 16.0–149.5) days, and
a longer TTO of AEs (C 14 days) (OR 16.2; 95%
CI 15.5–16.9) corresponds to the results of a
randomized controlled trial [5]. The efficacy of
the tozinameran vaccine decreased to 90% at
2–4 months after vaccination [5]. Moreover, as
the number of reports in cluster 1 has increased
steadily since December 2020, a long-term
study of mRNA vaccine ineffectiveness is
required [22].

We identified myocarditis and pericarditis
following mRNA COVID-19 vaccination in
cluster 2 (cardiac AEs). This association was not
reported in the trial, and several countries are
required to provide continued critical data for
vaccine safety monitoring [23–26]. Cluster 2
was mainly characterized by young males and is
correlated with the results of previous studies
[23, 27]. Given the AE cluster patterns, it is
important to note that the majority of reports of
death were found in young males.

Clusters 3 and 4 presented similar propor-
tions of respiratory, thoracic, and mediastinal
disorders in terms of SOCs (Table 1). However,
these two clusters showed differences in the PTs
of the most commonly reported type of AEs
(Table 2). Cluster 3 showed higher diversity in
reported respiratory symptoms compared to
cluster 4. In cluster 3, the most common AEs
were dyspnea (27.1%), pulmonary embolism
(14.8%), and cough (7.4%) in respiratory,

thoracic, and mediastinal disorders, while clus-
ter 4 mostly included dyspnea (30.0%). There-
fore, we labeled cluster 3 as ‘‘respiratory/
thrombotic AEs.’’ Moreover, cluster 3 showed a
high proportion of vascular disorders, including
pulmonary embolism, deep vein thrombosis,
and thrombosis, along with respiratory disor-
ders. Previous case reports have reported
thrombotic death immediately after the onset
of symptoms of dyspnea [28] and deep vein
thrombosis [29] following administration of
mRNA COVID-19 vaccines. As a possible
mechanism for thromboembolic events, mas-
sive platelet activation through platelet factor 4
has been proposed [30]. Prior studies have also
reported thrombotic events after the onset of
respiratory symptoms, which is consistent with
cluster 3, which consisted primarily of
patients C 65 years (29.6% of cluster 3) [28, 29].
Thus, physicians need to monitor patients who
complain of respiratory symptoms for the pos-
sibility of further thrombotic events. Cluster 4
demonstrated a shorter TTO and a higher
number of AEs per report than other clusters.
This could be due to the most frequent AEs in
cluster 4 being headache and nausea, which are
well-known acute systemic AEFIs [6]. Therefore,
we named cluster 4 as ‘‘systemic AEs.’’ In cluster
5, reports of headache and dizziness without
cardiac and respiratory disorders made up a
high proportion. We identified 3301 reports of
facial paralysis (85.7% of total reports of facial
paralysis) and 1494 reports of Guillain-Barré
syndrome (82.6% of total reports of facial
paralysis), which are rare but serious events
necessitating monitoring by regulatory agencies

Table 4 continued

Cluster 1 Cluster 2 Cluster 3 Cluster 5

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

14 days or longer 16.2 (15.5–16.9) 1.80 (1.72–1.88) 1.67 (1.61–1.73) 1.26 (1.22–1.30)

OR, odds ratio, CI, confidence interval; AE, adverse event; mRNA COVID-19; The messenger RNA coronavirus disease
2019, AE; adverse event, TTO; time-to-onset, cluster 1: infection AEs, cluster 2: cardiac AEs, cluster 3: respiratory AEs,
cluster 4: systemic AEs, cluster 5: nervous system AEs, * Unknown value in gender (n): 2,124
** Unknown value in age group (n): 54,121, *** Unknown value in seriousness (n): 405, **** Unknown value in notifier type
(n): 148,272, § Number of reports considered: cluster 1 (43,576 reports), cluster 2 (25,275 reports), cluster 3 (67,815
reports), cluster 4 (25,505 reports), cluster 5 (150,421 reports)
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[31–33]. Therefore, we labeled cluster 5 as
‘‘nervous system disorder AEs.’’

This study is meaningful because we have
identified potential factors determining the
patterns of serious AEFI profiles after the
administration of mRNA COVID-19 vaccines on
a global scale using a database containing over
30 million reports. Although LCA has been
applied in many domains, only a few studies
have been conducted on vaccine safety [21, 34].
In particular, this is the first study to apply LCA
to identify the patterns of serious AEs after the
administration of mRNA COVID-19 vaccines.
Using LCA, clusters of AEFIs could be identified
based on underlying patterns that cannot be
directly observed. Thus, the obtained evidence
on the distinct safety profiles and associated
factors using a spontaneous AE database will be
helpful for improving the pharmacovigilance
practice of safety concerns regarding mRNA
COVID-19 vaccines.

This study has several limitations. First,
because we used a spontaneous reporting data-
base, the reports are prone to a notoriety bias.
The number of spontaneous reports of AEs fol-
lowing COVID-19 vaccination increased rapidly
because of either mass media intervention or
scientific communications. Considering the
differential reporting rate, comparison between
COVID-19 vaccines and other vaccines could
result in spurious perception and unbalance in
disproportionality analysis [35, 36]. Thus, clus-
tering, without other vaccines as the denomi-
nator, could be an appropriate method of
analysis of COVID-19 vaccination during the
COVID-19 pandemic. Second, VigiBase is
designed to identify early signs of previously
unknown AEs as rapidly as possible using
spontaneous reports, so some of its reports are
not well documented. To overcome this limi-
tation, we applied a completeness score to
identify high spontaneous report quality. The
completeness score could contribute to an
important causality assessment or the detection
of safety signals in accuracy. Our study utilized
well-documented reports with[0.8 complete-
ness, as suggested by WHO [16]. Third, the
present results should be interpreted with cau-
tion because there are no data on pregnancy,
patient comorbidities, and the dose of the

COVID-19 vaccine. Fourth, we performed all of
the reports without causality assessment. In
contrast, some previous studies were conducted
with causality assessments for possible or
greater AEs. However, VigiBase contains the
essential information required for causality
assessment as a variable to estimate.

CONCLUSION

We found five distinguished clusters of serious
AEs following mRNA COVID-19 vaccination.
ICSRs in each cluster shared similar AE profiles
and were distinguished by potential factors
such as age, gender, and TTO. Mainly, the
number of COVID-19 vaccines administrated
due to the pandemic resulted in a massive
number of AEs following COVID-19 vaccina-
tion, which could bias safety signals. However,
using LCA, it will be possible to more efficiently
detect the characteristics of reported AEs by
period or unexpected AEs. Therefore, our find-
ings are important for enhancing the under-
standing of the benefits and risks associated
with the use of vaccines and could contribute to
establishing management strategies for serious
AEs of special interest following mRNA COVID-
19 vaccination.
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