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This study used text mining to identify previously unrecognized adverse reactions to COVID-19 vaccines,
enhancing understanding and offering insights for future research and surveillance systems.
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« Commonly identified
adverse reactions
included respiratory
symptoms, sleep

disturbances, lumbago,

and indigestion.

« Ranking of frequently
reported terms varied
between groups,
though overall
percentages were
similar.
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« Pairs of terms that
were frequently
reported together were
also identified.

Key Message:

* This study used text mining of self-reported symptoms following COVID-19 vaccination to identify previously unrecog-

nized adverse reactions.

* Our findings enhance the understanding of vaccine side effects and provide valuable insights for future research and sur-

veillance system improvement.
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OBJECTIVES: Unstructured text data collected through vaccine safety surveillance systems can identify previously unreported
adverse reactions and provide critical information to enhance these systems. This study explored adverse reactions using text
data collected through an active surveillance system following coronavirus disease 2019 (COVID-19) vaccination.

METHODS: We performed text mining on 2,608 and 2,054 records from 2 survey seasons (2023-2024 and 2024-2025), in
which participants reported health conditions experienced within 7 days of vaccination using free-text responses. Frequency
analysis was conducted to identify key terms, followed by subgroup analyses by sex, age, and concomitant influenza vaccina-
tion. In addition, semantic network analysis was used to examine terms reported together.

RESULTS: The analysis identified several common (>1%) adverse events, such as respiratory symptoms, sleep disturbances,
lumbago, and indigestion, which had not been frequently noted in prior literature. Moreover, less frequent (>0.1 to <1.0%) ad-
verse reactions affecting the eyes, ears, and oral cavity were also detected. These adverse reactions did not differ significantly in
frequency based on the presence or absence of simultaneous influenza vaccination. Co-occurrence analysis and estimation of
correlation coefficients further revealed associations between frequently co-reported symptoms.

CONCLUSIONS: This study utilized text mining to uncover previously unrecognized adverse reactions associated with
COVID-19 vaccination, thereby broadening our understanding of the vaccine’s safety profile. The insights obtained may inform
future investigations into vaccine-related adverse reactions and improve the processing of text data in surveillance systems.
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INTRODUCTION

To address the unprecedented coronavirus disease 2019 (COV-
ID-19) pandemic and mitigate its public health impact, the devel-
opment, approval, and distribution of safe and effective vaccines
were rapidly accelerated [1]. Consequently, many countries have
established and implemented monitoring systems to ensure
COVID-19 vaccine safety [1-3]. In Korea, both a web-based pas-
sive surveillance system and a text message-based active surveil-
lance system have been deployed for vaccine safety monitoring
[4,5]. Unlike systems relying solely on electronic health records,
active surveillance proactively collects self-reported symptoms or
newly developed health conditions from vaccinated individuals
during a predefined period, thereby enabling near real-time safety
monitoring [3]. These systems have made substantial contribu-
tions to identifying unexpected or undesirable adverse reactions,
providing a basis for anticipating adverse events related to vac-
cines for future COVID-19 variants or other viral infections.

Since its emergence, severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) has undergone continuous and significant
evolution, necessitating ongoing vaccination with updated COV-
ID-19 vaccines as a key public health strategy [6]. The Korea Dis-
ease Control and Prevention Agency (KDCA) releases annual
vaccination plans to prevent the spread of COVID-19. Beginning
with the 2023-2024 season, this plan has recommended concur-
rent administration of COVID-19 and seasonal influenza vac-
cines for individuals aged 65 years and older [7-9]. Numerous
surveillance studies have evaluated vaccine safety and contributed
to reducing public hesitancy [10-12]. Monitoring through spon-
taneous reporting systems can rapidly identify emergent safety
signals and novel adverse reactions of concern [1]. In Korea, as
the COVID-19 vaccine program was integrated with the influen-
za vaccination campaign, an active, text message-based surveil-
lance system was introduced. This system encouraged partici-
pants to report any adverse reactions experienced—beyond those
typically captured within the first 7 days after vaccination—via
text message. By enhancing the questionnaire, this approach
broadened the scope of adverse event investigation [13]. Text-
based data thus offer valuable insights into adverse reactions that
may not have been previously reported. Text mining methods can
extract hidden knowledge by identifying patterns in large vol-
umes of unstructured text [14]. While several studies have as-
sessed adverse reactions to the coadministration of COVID-19
and influenza vaccines [15,16], ongoing vigilance in monitoring
adverse reactions in the general population remains vital for com-
prehensive safety assessment.

Analyses of social media data, such as those from Twitter, relat-
ed to COVID-19, have often focused on tracking the evolution of
emotions and sentiments throughout the pandemic [17-19], as
well as on the analysis of topics and information sharing [20-22].
In the context of COVID-19 vaccination, text analysis has exam-
ined reasons for vaccine hesitancy [23], and sentiment analysis
has been conducted regarding the vaccine itself [24]. Methods
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such as sentiment analysis and topic modeling have been used to
investigate public perceptions. However, few studies have applied
text analysis specifically to identify potential adverse reactions.

Therefore, in this study, we conducted a text mining analysis to
identify potential adverse reactions following COVID-19 vacci-
nation using records collected across 2 seasons (2023-2024 and
2024-2025). Because vaccine types varied between seasons, we
analyzed each season separately and further examined whether
adverse reaction reporting differed according to concomitant in-
fluenza vaccination.

MATERIALS AND METHODS

Data source

This study used anonymized data collected by the KDCA. The
KDCA conducted active surveillance through the Immunization
Registry Information System (IRIS) following administration of
the COVID-19 XBB.1.5 vaccine during the 2023-2024 season and
the COVID-19 JN.1 vaccine during the 2024-2025 season [25].
Further details on the surveillance system are described elsewhere
[4,5]. The 2023-2024 vaccination campaign, which began on Oc-
tober 19, 2023, initially targeted individuals aged 65 years and
older, immunocompromised individuals aged 12 to 64, and resi-
dents and workers in vulnerable facilities such as nursing hospi-
tals and nursing homes. The campaign was subsequently expand-
ed to include all individuals aged 12 to 64 beginning November 1
[7]. The 2024-2025 vaccination campaign, which commenced on
October 11, 2024, focused on individuals aged 65 years and older,
immunocompromised patients, hospitalized individuals, and res-
idents and workers at vulnerable facilities [8]. A text-message
(short message service, SMS)-based surveillance survey was ad-
ministered to vaccine recipients who consented to participate via
smartphone, monitoring adverse reactions and health status for 7
days post-vaccination. Surveillance was planned to collect data
from 10,000 respondents per vaccine manufacturer [12].

Collected data included sex, age, vaccination date, vaccine
manufacturer, and information regarding concurrent influenza
vaccination. Post-vaccination outcome data comprised any health
issues, fever, adverse reactions, interference with daily activities,
and healthcare facility visits. Questionnaires on adverse reactions
were divided into categories for local and systemic reactions, with
responses captured through closed-ended questions. Respond-
ents could report multiple adverse reactions. Additionally, an
open-ended question allowed participants to describe any other
local or systemic health issues experienced after vaccination in
free-text form. For this study, we analyzed text data obtained from
the open-ended question. Newly identified adverse reactions were
defined as symptoms not included in official national reports [26]
or in the predefined local and systemic reactions listed in the
questionnaire.

The first survey period (2023-2024 season) included data on
adverse reactions in individuals who received the COVID-19 vac-
cine (10,099 Pfizer-BioNTech and 10,083 Moderna) between Oc-
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tober 19, 2023, and November 6, 2023, and who responded to
text messages at least once within 7 days post-vaccination. The
second survey period (2024-2025 season) included data from in-
dividuals vaccinated between October 11, 2024, and November
30, 2024 (10,002 Pfizer-BioNTech, 10,003 Moderna, and 2,906
Novavax). Thus, for text mining analysis, the analytical dataset
consisted of 2,608 records (i.e., total submissions, including mul-
tiple entries from the same individual) from 1,864 individuals in
the first period and 2,054 records from 1,515 individuals in the
second period. Data on concurrent COVID-19 and seasonal in-
fluenza vaccinations were also obtained from the IRIS. Variables
including sex, age, vaccine manufacturer, and concurrent influen-
za vaccination were considered in the analysis.

Data preprocessing for text mining

Text preprocessing is essential in text mining to remove noise
and extract meaningful information [27]. The specific procedures
used in this study are described in the Supplementary Material 1.

Data analysis
Descriptive analysis

A basic descriptive analysis was conducted on 1,864 (survey
period 1) and 1,515 (survey period 2) COVID-19 vaccine recipi-
ents. Categorical variables are presented as frequencies and per-
centages, while continuous variables are reported as means with
standard deviations and medians with interquartile ranges. We
also evaluated the impact of concurrent administration of the
seasonal influenza vaccine on basic characteristics using the chi-
square test, t-test, and Mann-Whitney U test.

Word frequencies

The frequency of adverse reaction-related words was catego-
rized as very common (=10%), common (=1 to <10%), or un-
common (>0.1 to <1.0%) [28]. In addition, the daily reporting
percentage for adverse reactions was calculated. Additional details
are provided in the Supplementary Material 1.

Semantic network

To uncover patterns in the co-occurrence of adverse reactions,
we conducted both co-occurrence and phi-coefficient analyses,
visualizing the results to facilitate interpretation. In network anal-
ysis, linguistic units are represented as nodes, while relationships
observed in actual language use are depicted as links. Keywords
with high centrality are considered core terms and can be charac-
terized by degree centrality, betweenness centrality, or closeness
centrality. Degree centrality reflects how directly a keyword is
connected to other keywords. Betweenness centrality indicates
the extent to which a node functions as an intermediary between
other nodes. Closeness centrality is based on the distance between
nodes and illustrates how close a node is to others. These centrali-
ty metrics can be quantified [29]. To examine the usage context of
specific words, network analysis included terms such as “injec-
tion”

The co-occurrence network visualized relationships using lines,
with the thickness of each line representing the frequency of
paired term appearances, regardless of order. The network visual-
ized relationships among keywords reported more than ten times,
with node size corresponding to degree centrality.

The phi-coefficient quantifies the degree to which pairs of
terms co-occur relative to their individual frequencies and is
equivalent to the correlation coefficient for binary variables [30].
For the correlation matrix, we visualized only term pairs with a
correlation > 0.1, with line thickness representing the phi-correla-
tion coefficient. The Infomap algorithm was applied to group
nodes, which were assigned the same color to denote group
membership.

All analyses were performed using R version 4.3.1 (R Founda-
tion for Statistical Computing, Vienna, Austria), with R packages
including “KoNLP, “tidyr,” “tidytext;,” and “ggraph”

Ethics statement

All participants provided informed consent to be included in
the surveillance database. The study protocol was reviewed and
approved by the Institutional Review Board of Ewha Womans
University (No. ewha-202401-0011-01).

RESULTS

Among vaccinated individuals, 1,864 (9.2%) and 1,515 (6.6%)
responded during the first and second survey periods, respective-
ly, and were included in the analysis. In the first survey period,
65.7% of respondents were male, with a mean age of 68.11 years,
and each participant reported adverse reactions an average of 1.4
times. Additionally, 38.2% (n=712) of respondents received the
seasonal influenza vaccine concurrently. In the second survey pe-
riod, 63.0% of the 1,515 respondents were male, with a mean age
of 70.98 years. Each individual reported an average of approxi-
mately 1.4 adverse reactions, and 81.2% (n=1,230) received the
seasonal influenza vaccine at the same time. Compared to those
who received only the COVID-19 vaccine, individuals who re-
ceived both COVID-19 and influenza vaccines concurrently had
a higher proportion of persons over 65 years of age, and most re-
ceived the Moderna vaccine (Table 1).

During the 2023-2024 season, a total of 1,864 individuals re-
ported 2,608 adverse reactions via text messages following vacci-
nation, while in the 2024-2025 season, 1,515 individuals reported
a total of 2,054 adverse reactions. Adverse reactions were most
frequently reported the day after vaccination, with reporting de-
creasing over time. There were no significant differences in the
percentage of adverse reactions reported within the first 7 days af-
ter vaccination between groups stratified by concurrent influenza
vaccination status (Supplementary Material 2).

Table 2 displays the terms reported by more than 1% of indi-
viduals who reported adverse reactions through text messages.
The most frequently reported term was “body aches” (21.9%),
with other cold-related symptoms also frequently cited. Sleep-re-
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Table 1. Characteristics of study subjects who reported adverse reactions via text after COVID-19 vaccination

Characteristics

Coadministration of

Total COVID-19vaccineonly ~ COVID-19 and influenza p-value
vaccines
Survey period 1 (Oct 19, 2023 to Nov 6, 2023; n=1,864)

Overall 1,864 (100) 1,152 (61.8) 712(38.2)

Sex
Male 1,224 (65.7) 743 (64.5) 481 (67.6) 0.177
Female 640 (34.3) 409 (35.5) 231(324)

Age, meanSD (yr) 68.11£12.03 67.17£12.53 69.63+11.01 <0.001
<65 360(19.3) 260 (22.6) 100 (14.0) <0.001
65-74 1,019 (54.7) 617 (53.5) 402 (56.5)
=75 485 (26.0) 275(23.9) 210(29.5)

Vaccine manufacturer
Moderna 1,022 (54.8) 580(50.3) 442 (62.1) <0.001
Pfizer-BioNTech 842 (45.2) 572 (49.6) 270(37.9)

Frequency of reports
Meanz (SD) 1.40£0.83 1.41£0.84 1.39+£0.81 0.598
Median (IQR) 1.00 (1.00-2.00) 1.0 (1.00-2.00) 1.00 (1.00-1.00) 0.564

Survey period 2 (Oct 11, 2024 to Nov 30, 2024; n=1,515)

Overall 1,515 (100) 285(18.8) 1,230 (81.2)

Sex
Male 954 (63.0) 168 (58.9) 786 (63.9) 0.119
Female 561 (37.0) 117 (41.0) 444 (36.1)

Age (yr) 70.98+7.04 71.07+9.19 70.96+6.44 0.848
<65 61 (4.0) 33(11.6) 28(2.3) <0.001
65-74 1,050 (69.3) 155 (54.4) 895 (72.8)
=75 404 (26.7) 97 (34.0) 307 (25.0)

Vaccine manufacturer
Moderna 674 (44.5) 114 (40.0) 560 (45.5) <0.001
Pfizer-BioNTech 658 (43.4) 111 (38.9) 547 (44.5)

Novavax 183 (12.1) 60(21.0) 123 (10.0)

Frequency of reports
Mean+SD 1.36+0.75 1.41£0.80 1.34+0.74 0.201
Median (IQR) 1.00 (1.00-1.00) 1.00 (1.00-2.00) 1.00 (1.00-1.00) 0.098

Values are presented as number (%).

COVID-19, coronavirus disease 2019; SD, standard deviation; IQR, interquartile range.

lated symptoms, such as “drowsiness” (2.5%) and “sleep distur-
bance” (1.7%), were also observed. Additionally, terms such as
“chest tightness” (1.4%), “lumbago” (1.4%), “shortness of breath”
(1.4%), “indigestion” (1.3%), “heart palpitations” (1.3%), and “loss
of appetite” (1.1%) were noted. In the second survey period,
“body aches” (18.5%) remained the most frequently reported
term, while “lumbago” (1.5%), “drowsiness” (1.4%), and “indiges-
tion” (1.3%) were also commonly reported.

Although the frequencies were classified as uncommon
(< 1.0%), eye-related adverse reactions such as “vision abnormal-
ity” (0.8%), “eye pain” (0.4%), and “dry eyes” (< 0.1%) were docu-
mented. Ear-related reactions, including “tinnitus” (0.4%), “ear-
ache” (0.3%), and “ear fullness” (0.2%), were also reported. From
the fifth day after vaccination, 4 individuals reported “stomatitis”
(0.2%) as an adverse reaction. Other oral cavity-related adverse
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reactions included “gum pain” (0.2%), “dry mouth” (0.2%), “gum
swelling” (0.1%), and “tooth pain” (0.1%). Additional reported
symptoms included “hoarseness” (0.7%), “blushing” (0.6%), “in-
creased blood pressure (BP)” (0.4%), and “brain fog” (0.4%).
“Memory impairments” were reported by 3 individuals (0.2%), all
of whom had received only the COVID-19 vaccine. In the second
survey period, terms related to the eyes (“vision abnormality,” “eye
fatigue;” “eyelid,” “blepharospasm”) and ears (“tinnitus,” “earache,
“ear fullness”) were again reported. Other reactions included
“hoarseness” (0.9%), “blushing” (0.5%), “increased BP” (0.7%),
and “brain fog” (0.5%) (Supplementary Material 3).

Terms related to frequently reported adverse reactions showed
differences in ranking between groups, but the reported percent-
ages were generally similar. However, some terms differed be-
tween groups: “sore throat” and “palpitations” were reported
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Table 2. Terms frequently reported as adverse reactions during the first 7 days following coronavirus disease 2019 vaccination

Survey period 1 (Oct 19, 2023 to Nov 6, 2023)

Survey period 2 (Oct 11, 2024 to Nov 30, 2024)

Category
Rank Adverse reactions’ Frequency (%)? Rank Adverse reactions’ Frequency (%)?
Very common 1 Body aches 408 (21.9) 1 Body aches 281 (18.5)
(=10.0%) 2 Fatigue 379(20.3) 2 Headache 257(17.0)

3 Headache 272 (14.6) 3 Fatigue 207 (13.7)
4 Pain 240(12.9) 4 Pain 206 (13.6)
5 Fever 224(12.0) 5 Fever 187 (12.3)

Common 6 Dizziness 144 (7.7) 6 Dizziness 125(8.3)

(=1.0to <10.0%) 7 Myalgia 128 (6.9) 7 Myalgia 120(7.9)

8 Chills 126 (6.8) 8 Chills 86 (5.7)
9 Cold 121 (6.5) 9 Cold 84 (5.5)
10 Cough 111 (6.0) 10 Cough 79(5.2)
1 Runny nose .0) 1 Sore throat 53(3.5)
12 Sore throat 9) 12 Runny nose 49 (3.2)
13 Sputum 7) 13 Sputum 36 (2.4)
14 Nausea .5) 14 Neck pain 35(23)
14 Drowsiness .5) 15 Itching 33(2.2)
16 Diarrhea 4) 15 Swelling 33(22)
17 Arm pain 3) 17 Nausea 32(2.1)
18 Cold sweat 3) 18 Diarrhea 27(1.8)
19 Itching 2) 18 Shoulder pain 27(1.8)
20 Swelling 1) 20 Arm pain 26 (1.7)
21 Sleep disturbance 7) 21 Chest tightness 23(1.5)
22 Shoulder pain .5) 22 Lumbago 22(1.5)
23 Chest tightness 4) 23 Cold sweat 21(1.4)
24 Chest pain 4) 23 Drowsiness 21(1.4)
24 Lumbago 4) 25 Joint pain 19(1.3)
24 Shortness of breath 4) 25 Indigestion 19(1.3)
27 Indigestion 3) 27 Heaviness 18(1.2)
28 Palpitations 3)
29 Joint pain 2)
30 Vomiting 2)
31 Loss of appetite 1)

'If an individual reported the same adverse reaction repeatedly over several days, it was treated as a single event; Gray background indicates

newly identified adverse reactions via text analysis.

Percentage was calculated for 1,864 (survey period 1) and 1,515 (survey period 2) individuals.

more often when only the COVID-19 vaccine was administered
than when both COVID-19 and influenza vaccines were given
together. In the second survey period, the frequencies of “nasal
congestion” and “increased BP” also differed (Figure 1). Regard-
ing differences in reporting by sex, the terms “headache,” “cold
sweat,” “shortness of breath,” “vomiting,” and “indigestion” were
reported more often by females than males. In the second survey
period, “neck pain;” “nausea,” and “joint pain” were more frequent-
ly reported by women, whereas “fatigue,” “drowsiness,” and “sleep
disturbance” were more commonly reported by males (Supplemen-
tary Material 4). The frequency of reported “joint pain” varied
across age groups and was higher in younger participants (Sup-
plementary Material 5).

The reporting percentages for specific, frequently reported

terms either remained constant, decreased, or increased over the
7 days following vaccination. The term “body aches” was most
frequently reported the day after vaccination and tended to de-
cline thereafter. In contrast, terms such as “sputum,” “cough,”

“runny nose,” “sore throat,” and “cold” tended to increase as time
progressed post-vaccination. Similar trends were seen in the sec-
ond survey period (Figure 2).

Figure 3 presents the analysis of co-occurring terms. “injection”
and “headache” were often reported alongside other terms. “In-
jection” was primarily reported together with “pain;” “myalgia,”
and “swelling” whereas “headache” was commonly co-reported
with “fatigue,” “body aches,” and “dizziness” This indicates that
various systemic adverse reactions were frequently reported to-
gether. In the second survey period, “body aches” and “fatigue”
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COVID-19 vaccine only and influenza vaccines

Percentage Adverse reactions Percentage
Body aches 20e%
Fatigue 068
Headache _
Pain
- 5 Fever 5 -

76% 6 Dizziness 6 80%

6.6% 7 Cold 9 63%

3 Myalgia 7

6.6% 7 Chills 8 T0%

i 10 Cough 9 6.3%

48 n Sore throat * 14 B

B » Runny nose 1 BB

1l 13 Sputum 14 B

bF:. [T Cold sweat 24 flex

w6l s Diarrhea 17 Box

5l 16 Arm pain 17 Box

130 Itching 17 Box

238 s Drowsiness 13 [

12 19 Nausea 12

2 2 Swelling 16 Bix

wf]l = paipiations * [T o 13

160 2 Sleep disturbance w0 [lsx

16 22 Shortness of breath 29 fam

154 28 Chest tightness 2 e

14 s Shoulder pain 1 =

13 26 Indigestion 24 flex

13 Lumbago 13 [fs%

12 = Chest pain 1 i

1] 8 Joint pain 27 b=

12 Vomiting 29 fax

109 31 Loss of appetite 75 fiam Q

Coadministration of COVID-19

COVID-13 vaccine only and influenza vaccines
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Figure 1. Differences in frequent terms for adverse reactions reported via text during the first 7 days following coronavirus disease 2019
(COVID-19) vaccination, according to with or without a concurrent influenza vaccine: (A) survey period 1 (October 19, 2023 to November 6,
2023) and (B) survey period 2 (October 11, 2024 to November 30, 2024). Gray background indicates newly identified adverse reactions via

text analysis. *p<0.05.

were also commonly reported with other symptoms. Results from
the phi-coefficient analysis for pairs of terms are shown in Sup-
plementary Material 6. In the first survey period, “injection” and
“pain” showed the highest correlation coefficients, followed by
“abdominal pain” and “diarrhea,” and then “cough” and “sputum?
In the second survey period, the pair “injection” and “pain” again
showed the strongest correlation.

DISCUSSION

Using a text mining approach, we identified various common
(=1%) adverse reactions among individuals vaccinated against
COVID-19 over 2 survey seasons, including reactions not com-
monly reported in the existing literature. Furthermore, the re-
porting percentages for most identified adverse reactions re-
mained consistent, regardless of concurrent influenza vaccination.

In early 2021, COVID-19 vaccination campaigns began across
multiple countries, including the United States [23]. The efficacy
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of these vaccines has been demonstrated through both rand-
omized controlled trials and observational studies [31]. However,
given the unprecedented speed of vaccine approval, our under-
standing of potential adverse events remains incomplete. Despite
the passage of considerable time, COVID-19 vaccination pro-
grams and safety monitoring continue, aiming to address emerg-
ing variants and prevent outbreaks. Most studies have primarily
focused on identifying a limited spectrum of severe adverse reac-
tions associated with these vaccines. Text analytics provide an op-
portunity to uncover a broader range of both actual and potential
concerns by analyzing keywords in large datasets [32]. Thus, we
utilized text analysis to gain a more comprehensive understand-
ing of vaccine safety. As a result, we identified pain in greater de-
tail and captured a wide range of symptoms, including respiratory
symptoms, sleep disturbances, lumbago, and indigestion.
Adverse reactions following vaccination can vary depending
on the surveillance and reporting system, but local reactions, fa-
tigue, headache, myalgia, and joint pain are commonly reported
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Terms Day0 Day1 Day2 Day3 Day4 Day5 Day6 Day7
Fatigue 145% 15.0% 19.1% 15.8% 188% 189% 19.9% 22.2%
Headache 121% 139% 11.6% 122% 114% 106% 11.7% 13.5%

Pain 9.8% 140% 89% 83% 90% 69% 71% 7.9%

Fever 9.4% 145% 114% 50% 35% 51% 3.6% 40%
Body aches  82%[29.0% 21.2% 10.1% 9.8% 10.6% 82% 103%
Dizziness 78% 51% 80% 90% 78% 7.8% 7.1% 95%
Drowsiness  7.0% 1.9% 07%| 07% 20% 18% 10% 08%
Myalgia 63% 74% 6.8% 25% 20% 37% 36% 40%
Chills 55% 7.7% 68% 29% 27% 18% 3.6% 24%
Nausea 31% 1.9% 14% 22% 24% 18% 20% 32%
Cold 27% 48% 46% 65% 98% 88% 7.7% 95%

Sore throat 20% 19% 27% 50% 59% 65% 51% 48%
Runny nose 16% 15% 30% 61% 78% 78% 77% 79%

Cough 12% 23% 7.3% 86% 86% 147% 148% 11.1%
swelling | 08% 3.0% 23% 05% |
Sputum 6 05% 23% 32% 55% 51% 87%

Terms Day0 Day1 Day2 Day3 Day4 Day5 Day6 Day7

Pain 15.1% 17.5% 10.1% 6.3% 3.0% 52% 46% 42%

Fever 13.2% 147% 84% 96% 45% 52% 3.9% 53%
Headache  129% 152% 14.0%| 20.8% 149% 186% 11.8% 14.7%
Body aches ~ 125%1222% 159% 150% 99% 87% 85% 11.6%
Dizziness 92% 51% 88% 92% 7.9% 87% 59% 105%
Fatigue 8.8% 14.1% 127% 125% 144% 11.0% 157% 17.9%
Myalgia 63% 93% 45% 63% 50% 23% 46% 1.1%
Chills 59% 70% 23% 42% 15% 23% 33% 21%
Sorethroat =~ 26% 08% 1.6% 33% 54% 52% 85% 63%
Lumbago 26% 10% 23% 12% 1.3% 6
Cold 18% 34% 3.6% 58% 7.2% 63%
Swelling 11% 28% 3.9%) | o 1.1%
Cough 07% 13% 49% 46% 104% 105% 13.1% 7.4%
Neck pain 11% 13% 23% 21% 25% 52% 46% 1.1%
Itching 15% 11% 23% 21% 25% 06% 20% 53%
Sputum 23% 17% 50% 58% 46% 42%
Runny nose 23% 38% 40% 29% 52% 21% e

Figure 2. Percentages of daily reports of frequently reported terms
during the first 7 days following coronavirus disease 2019 vaccina-
tion according to survey period: (A) survey period 1 (October 19,
2023 to November 6, 2023) and (B) survey period 2 (October 11,
2024 to November 30, 2024). The percentages were calculated us-
ing the frequency of reported terms, focusing on those who pro-
vided adverse reactions via text on each day.

[11,12,33]. Sex-related and age-related differences in adverse
event reporting have also been noted [11,34,35], potentially due
to variations in immune response and behavioral factors [34].
However, direct comparisons with our study are limited by differ-
ences in the scope of reported reactions, vaccine types, and study
populations. Some studies have reported temporary adverse
events not previously documented in the literature. In line with
earlier findings [15,36], symptoms related to colds were detected,
as well as reactions such as sleep disturbance, indigestion, lumba-
go, and loss of appetite. Although earlier vaccine safety surveil-
lance prompted investigations into symptoms like chest pain, diz-
ziness, and generalized redness, our analysis revealed additional
adverse reactions not previously emphasized [12].

Our text analysis also identified uncommon adverse reactions
(20.1 to <1.0%) involving the eyes, ears, and oral cavity. Despite
differences in vaccine types between seasons, a range of eye-relat-
ed and ear-related symptoms was reported consistently across
both years. Although no widespread vision-related adverse events

have been reported for the COVID-19 vaccine, isolated cases of
dry eyes and transient vision loss (amaurosis fugax) were de-
scribed after the first and second doses of BNT162b2 mRNA
(Pfizer-BioNTech, Comirnaty) in healthcare workers in Italy [34].
In China, monitoring of inactivated COVID-19 vaccines (WIV04
and HBO02) found blurred vision in 2 patients after the second
dose, and bloodshot or congested eyes in several cases; other un-
common reactions such as palpitations, oral infection, and irregu-
lar menstruation were also noted [35]. A study conducted in the
United Kingdom among individuals vaccinated between Decem-
ber 8, 2020, and May 17, 2021, similarly reported adverse reac-
tions involving the eyes and ears [37]. However, most reports fo-
cus only on local and systemic reactions, making it challenging to
obtain information on various adverse reactions.

For practical reasons, the coadministration of the COVID-19
vaccine and the seasonal influenza vaccine was recommended
[7,38]. Regarding the safety of simultaneous vaccination, previous
studies found that individuals receiving both the seasonal influ-
enza vaccine and a COVID-19 mRNA booster reported a slightly
higher frequency of systemic reactions (8% with Pfizer-BioNTech
booster and 11% with Moderna booster) compared to those who
received only the COVID-19 vaccine, though these reactions
were mild and transient [37,39]. The TACTIC study, a rand-
omized clinical trial, showed that coadministration of influenza
and COVID-19 vaccines resulted in lower quantitative and func-
tional antibody responses compared to the COVID-19 vaccine
alone [15]. However, no differences in adverse reactions were ob-
served [15], which is consistent with previous findings [16,33].

In our study, during the 0-7 days after vaccination, sore throat
and palpitations were reported more frequently among those who
received only the COVID-19 vaccine compared to those who re-
ceived both vaccines simultaneously; other adverse reactions were
similar between groups. However, this pattern was not observed
in the 2024-2025 survey. It is important to note that spontaneous
reporting of adverse events enables cross-sectional assessment of
actual experiences, but may result in underreporting or missing
data [40,41]. Therefore, caution is warranted in drawing causal
conclusions. Enhanced investigation systems may facilitate more
comprehensive lists of adverse reactions, allowing differences to
be verified in the future.

The advantage of text analysis lies in its ability to reveal promi-
nent topics within text data and to clarify semantic relationships
and meanings. We observed that reporting patterns for adverse
reactions after vaccination varied over time, with cold-related
symptoms increasing as time progressed (Figure 2). This may
provide insights into temporal variations in symptom presenta-
tion. Our results are consistent with previous studies indicating
that the pattern of symptom occurrence varies over time [37]. Re-
porting patterns also showed that pain-related and cold-related
adverse reactions were frequently reported together (Figure 3),
suggesting co-occurrence among vaccinated individuals. While 1
study described co-occurring COVID-19 symptoms using social
media data [42], there is a lack of research on co-occurring ad-
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Rank Degree Betv Cle

centrality centrality centrality

1 Injection Injection Abdominal pain

2 Headache Fatigue Diarrhea

3 Fatigue Headache Headache

4 Pain Pain Injection

5 Body aches Dizziness Fatigue

6 Fever Fever Pain

7 Cold Cold Body aches

8 Cough Body aches Fever

9 Chills Cough Chills

10 Runny nose Chills Myalgia

11 Myalgia Runny nose Cold

12 Sore throat Sore throat Cough

13 Sputum Sputum Runny nose

14 Dizziness Myalgia Dizziness

15 Swelling Swelling Sore throat

16 Drowsiness Drowsiness Sputum

17 Arm pain Arm pain Swelling

18 Itching Itching Drowsiness

19 Abdominalpain  Abdominal pain Arm pain

20 Diarrhea Diarrhea Itching

21 Loss ofappetite Lossofappetite Loss ofappetite

22 Nausea Nausea Shoulder pain

23 Shoulder pain Shoulder pain Limbs

24 Limbs Limbs Nausea

Rank Degree Between: Closene

centrality centrality centrality

1 Body aches Body aches Body aches

2 Fatigue Cold Fatigue

3 Fever Runny nose Fever

4 Headache Cough Headache

5 Injection Fatigue Myalgia

6 Myalgia Myalgia Cold

7 Pain Injection Injection

8 Chills Headache Chills

9 Cough Fever Pain

10 Cold Pain Runny nose

1 Swelling Sputum Dizziness

12 Dizziness Chills Drowsiness

13 Runny nose Swelling Limbs

14 Sputum Diziness Swelling

15 Sore throat Sore throat Cough

16 Drowsiness Drowsiness Sputum

17 Limbs Limbs Sore throat

bdominal pain

(5]

Figure 3. Co-occurrence network diagram for terms related to adverse reactions reported via text during the first 7 days following coronavi-
rus disease 2019 vaccination according to survey period: (A) survey period 1 (October 19, 2023 to November 6, 2023) and (B) survey period
2 (October 11, 2024 to November 30, 2024). Node size indicates centrality and edge thickness indicates the frequency of term pairs. It is
organized around key terms from pairs that have been reported more than 10 times.

verse events after COVID-19 vaccination. Our analysis of text-
based, self-reported data enabled the identification of a range of
health problems by organ system and may provide further insight
into potential adverse reactions.

When interpreting the results of this study, in addition to the
limitations noted in previous research [3], several further consid-
erations should be taken into account. Because responses fre-
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quently contained mixed descriptions, local and systemic adverse
reactions were not analyzed separately. This may be due to un-
clear wording of survey questions or variations in participant un-
derstanding. Additionally, because symptoms were not verified
using clinical diagnostic criteria, there may be concerns regarding
the accuracy of reported adverse reactions. As data were collected
through self-report, issues such as underreporting and missing
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data are possible. Since only text responses were analyzed, adverse
reactions captured through closed-ended questions may be un-
derestimated. However, most respondents answered both the
closed-ended questions and provided text responses, likely result-
ing in some redundancy. Despite extensive efforts in preprocess-
ing for text analysis, the accuracy of results may have been affect-
ed by inaccurate or irrelevant responses, as well as reports reflect-
ing underlying medical history rather than new adverse events.
Furthermore, because the survey primarily included older adults
and immunocompromised individuals prioritized by the national
immunization plan, findings should be interpreted in the context
of this specific population. Caution is also warranted, as results
are limited to respondents who consented to text message-based
surveillance, were not linked to electronic health records, and
may not capture the full spectrum of adverse events, reflecting
only short-term reactions within the first 7 days after vaccination.

Nevertheless, we were able to explore in detail potential adverse
reactions beyond those previously documented by employing a
text mining approach. Analysis of data from both survey seasons
revealed consistent reporting of respiratory symptoms, sleep dis-
turbances, lumbago, and indigestion, as well as a variety of eye,
ear, and oral cavity-related adverse reactions following COVID-19
vaccination. These findings highlight the need for ongoing and
vigilant monitoring of such reactions after vaccination. We also
investigated differences in adverse reactions reported in text re-
sponses according to the coadministration of influenza vaccine.
This approach provided a broader understanding of concurrent
adverse reactions, as visualized through continuous phi-coeffi-
cient and co-occurrence analyses.

Timely public health responses to safeguard population health
are especially crucial during a pandemic. Active surveillance sys-
tems for vaccine safety that communicate directly with vaccine
recipients allow for the rapid detection of safety signals. However,
these systems also face the challenge of identifying potentially
hidden adverse reactions within free-text data. As such, it is nec-
essary to develop automated systems for classifying text-based
data, and the findings of this study may serve as a foundation for
such efforts.

This study explored adverse reactions based on self-reported
symptoms using text mining of data collected through an active
surveillance system for COVID-19 vaccines. Notably, commonly
identified adverse reactions included respiratory symptoms, sleep
disturbances, lumbago, and indigestion. Our findings contribute
to a deeper understanding of vaccine adverse reactions and pro-
vide valuable information for improving future adverse event data
management and surveillance systems.

NOTES

Supplementary materials
Supplementary materials are available at https://doi.org/10.4178/
epih.e2025034.

Conflict of interest
The authors have no conflicts of interest to declare for this study.
Hyesook Park has been the associate editor of the Epidemiology
and Health since 2021. She was not involved in the review pro-
cess.

Funding

This study received financial support from the COVID-19 Vac-
cination Program (6400-6434-300, 6400-6434-303), which is ad-
ministered by the Korea Disease Control and Prevention Agency.

Acknowledgements
We would like to express our sincere gratitude to all the partici-
pants who took part in the survey for this study.

Author contributions

Conceptualization: Park HS, Lee HA, Park B. Data curation:
Kim CH, Kim Y, Park HJ, Jun S, Lee HL. Formal analysis: Lee HA,
Park B, Kim CH, Kim Y. Funding acquisition: Park HS. Method-
ology: Lee HA, Park B. Project administration: Park HJ, Jun S, Lee
HL, Kwon SL, Heo Y, Lee HM. Visualization: Lee HA, Park B, Kim
CH, Kim Y. Writing - original draft: Lee HA, Park B. Writing —
review & editing: Lee HA, Park B, Kim CH, Kin Y, Park HJ, Jun S,
Lee HL, Kwon SL, Heo Y, Lee HM, Park HS.

ORCID

Hye Ah Lee: https://orcid.org/0000-0002-4051-0350; Bomi Park:
https://orcid.org/0000-0001-5834-9975; Chung Ho Kim: https://or-
cid.org/0009-0004-8508-7084; Yeonjae Kim: https://orcid.org/0000-
0002-8528-9477; Hyunjin Park: https://orcid.org/0000-0001-6536-
8787, Seunghee Jun: https://orcid.org/0000-0002-0530-8720; Hye-
lim Lee: https://orcid.org/0009-0002-4230-0952; Seunghyun Lewis
Kwon: https://orcid.org/0000-0002-0113-0179; Yesul Heo: https://
orcid.org/0000-0002-2164-2737; Hyungmin Lee: https://orcid.
0rg/0000-0003-3478-3704; Hyesook Park: https://orcid.org/0000-
0002-9359-6522

REFERENCES

1. Genov G. Safety monitoring of COVID-19 vaccines: perspective
from the European medicines agency. Clin Pharmacol Ther 2023;
113:1223-1234. https://doi.org/10.1002/cpt.2828

2. Yamaguchi T, Iwagami M, Ishiguro C, Fujii D, Yamamoto N,
Narisawa M, et al. Safety monitoring of COVID-19 vaccines in
Japan. Lancet Reg Health West Pac 2022;23:100442. https://doi.
org/10.1016/j.lanwpc.2022.100442

3. Myers TR, Marquez PL, Gee JM, Hause AM, Panagiotakopoulos L,
Zhang B, et al. The v-safe after vaccination health checker: active
vaccine safety monitoring during CDC’s COVID-19 pandemic
response. Vaccine 2023;41:1310-1318. https://doi.org/10.1016/
j.vaccine.2022.12.031

4. Kim S, Hwang I, Ko M, Kwon Y, Lee YK. Safety monitoring of
COVID-19 vaccination among adolescents aged 12 to 17 years

www.e-epih.org | 9



https://doi.org/10.4178/epih.e2025034
https://doi.org/10.4178/epih.e2025034

Epidemiol Health 2025;47:2025034

Epidemiology
and Health

epiH

10.

11.

12.

13.

14.

15.

16.

old in the Republic of Korea. Osong Public Health Res Perspect
2022;13:230-237. https://doi.org/10.24171/j.phrp.2022.0122

. Lee YK, Kwon Y, Heo Y, Kim EK, Kim SY, Cho H, et al. Safety

monitoring of COVID-19 vaccines: February 26, 2021, to June 4,
2022, Republic of Korea. Clin Exp Pediatr 2023;66:415-423. htt-
ps://doi.org/10.3345/cep.2022.00815

. Grant R, Sacks JA, Abraham P, Chunsuttiwat S, Cohen C, Figuer-

oa JP, et al. When to update COVID-19 vaccine composition.
Nat Med 2023;29:776-780. https://doi.org/10.1038/s41591-023-
02220-y

. Korea Disease Control and Prevention Agency (KDCA). Press

release: announcement of COVID-19 vaccination plan for 23-24
season; 2023 [cited 2024 Mar 20]. Available from: https://www.
kdca.go.kr/board/board.es?mid = a20501010000&bid = 0015&li
st_no=723542&cg_code = &act = view&nPage =2 (Korean).

. Korea Disease Control and Prevention Agency (KDCA). Press

release: announcement of COVID-19 vaccination plan for 24-25
season; 2024 [cited 2025 Feb 7]. Available from: https://www.
kdca.go.kr/board/board.es?mid = a20501010000&bid = 0015&li
st_no=726095&act =view (Korean).

. Kwon SL, Kim SY, Song M, Lee HM, Ban SH, Lee MS, et al. As-

sessing the determinants of influenza and COVID-19 vaccine co-
administration decisions in the elderly. Hum Vaccin Immunoth-
er 2024;20:2346966. https://doi.org/10.1080/21645515.2024.2346
966

Bettinger JA, Sadarangani M, De Serres G, Valiquette L, Van-
derkooi OG, Kellner JD, et al. The Canadian National Vaccine
Safety Network: surveillance of adverse events following immu-
nisation among individuals immunised with the COVID-19 vac-
cine, a cohort study in Canada. BMJ Open 2022;12:¢051254. htt-
ps://doi.org/10.1136/bmjopen-2021-051254

Montalti M, Solda G, Di Valerio Z, Salussolia A, Lenzi J, Forcel-
lini M, et al. ROCCA observational study: early results on safety
of Sputnik V vaccine (Gam-COVID-Vac) in the Republic of San
Marino using active surveillance. EClinicalMedicine 2021;38:
101027. https://doi.org/10.1016/j.eclinm.2021.101027

Park B, Lee HA, Kim Y, Kim CH, Park H, Jun S, et al. Active sur-
veillance for safety monitoring of XBB.1.5-containing COVID-19
mRNA vaccines in Korea. ] Korean Med Sci 2024;39:¢309. https://
doi.org/10.3346/jkms.2024.39.e309

Korea Disease Control and Prevention Agency (KDCA). Causal-
ity assessment of adverse events following COVID-19 vaccina-
tion; 2022 [cited 2024 Apr 9]. Available from: https://www.ko-
vasc.com/bbs/book/show?sid = 69 (Korean).

Back Y. Text-mining using R. 1st ed. Paju: Hanul Akademi; 2017
(Korean).

Dulfer EA, Geckin B, Taks EJ, GeurtsvanKessel CH, Dijkstra H,
van Emst L, et al. Timing and sequence of vaccination against
COVID-19 and influenza (TACTIC): a single-blind, placebo-
controlled randomized clinical trial. Lancet Reg Health Eur
2023;29:100628. https://doi.org/10.1016/j.Janepe.2023.100628
Lazarus R, Baos S, Cappel-Porter H, Carson-Stevens A, Clout M,
Culliford L, et al. Safety and immunogenicity of concomitant ad-

10 I www.e-epih.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ministration of COVID-19 vaccines (ChAdOx1 or BNT162b2)
with seasonal influenza vaccines in adults in the UK (ComFlu-
COV): a multicentre, randomised, controlled, phase 4 trial. Lan-
cet 2021;398:2277-2287. https://doi.org/10.1016/S0140-6736(21)
02329-1

Storey VC, O’Leary DE. Text analysis of evolving emotions and
sentiments in COVID-19 Twitter communication. Cognit Com-
put 2022:1-24. https://doi.org/10.1007/s12559-022-10025-3
Pandey D, Pradhan B, Wangmo. Understanding COVID-19 re-
sponse by twitter users: a text analysis approach. Heliyon 2022;
8:¢09994. https://doi.org/10.1016/j.heliyon.2022.e09994

Jalil Z, Abbasi A, Javed AR, Badruddin Khan M, Abul Hasanat
MH, Malik KM, et al. COVID-19 related sentiment analysis using
state-of-the-art machine learning and deep learning techniques.
Front Public Health 2022;9:812735. https://doi.org/10.3389/fpubh.
2021.812735

Jeon E, Oh S, Cho Y. Keyword analysis in Korean articles related
to COVID-19 using topic modeling. Korean ] Public Health 2022;
59:1-11 (Korean). https://doi.org/10.17262/KJPH.2022.06.59.1.1
Kwon N, Oh J, Ha E. Topic and trends of public perception and
sentiments of COVID-19 pandemic in South Korea: a text min-
ing approach. Ewha Med ] 2022;45:46-54 (Korean). https://doi.
org/10.12771/em;j.2022.45.2.46

Song SH. Issue analysis applying text mining on COVID-19 [dis-
sertation]. Seoul: Seoul National University; 2022 (Korean).
Qorib M, Oladunni T, Denis M, Ososanya E, Cotae P. Covid-19
vaccine hesitancy: text mining, sentiment analysis and machine
learning on COVID-19 vaccination Twitter dataset. Expert Syst
Appl 2023;212:118715. https:/doi.org/10.1016/j.eswa.2022.118715
Shim JG, Ryu KH, Lee SH, Cho EA, Lee Y], Ahn JH. Text mining
approaches to analyze public sentiment changes regarding COV-
ID-19 vaccines on social media in Korea. Int ] Environ Res Pub-
lic Health 2021;18:6549. https://doi.org/10.3390/ijerph18126549
Kim J, Song M, Ahn S, Kwon SL. Twenty years of progress and
the way forward: immunization registry information system in
Korea. ] Korean Med Sci 2024;39:e119. https://doi.org/10.3346/
jkms.2024.39.e119

Korea Disease Control and Prevention Agency (KDCA). Report
on adverse events following COVID-19 vaccination (week 216);
2025 [cited 2025 May 8]. Available from: https://dportal.kdca.go.
kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1018&q_bbsDocNo =
20250424172438878&q_clsfNo=-1 (Korean).

Hacking C, Verbeek H, Hamers JB, Sion K, Aarts S. Text mining
in long-term care: exploring the usefulness of artificial intelligence
in a nursing home setting. PLoS One 2022;17:¢0268281. https://
doi.org/10.1371/journal.pone.0268281

Ministry of Food and Drug Safety. General consideration on labe-
ling for drug products - content and format; 2022 [cited 2024 Mar
3]. Available from https://www.mfds.go.kr/brd/m_1059/view.do?s
eq=14898&srchFr = &srchTo = &srchWord = MaPP&srchTp=0
&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_
cd =&company_nm = &Data_stts_gubun=C9999&page =3
(Korean).


https://doi.org/10.3389/fpubh.2021.812735
https://doi.org/10.3389/fpubh.2021.812735
https://doi.org/10.17262/KJPH.2022.06.59.1.1
https://doi.org/10.1016/j.eswa.2022.118715
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1018&q_bbsDocNo=20250424172438878&q_clsfNo=-1
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1018&q_bbsDocNo=20250424172438878&q_clsfNo=-1
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1018&q_bbsDocNo=20250424172438878&q_clsfNo=-1
https://doi.org/10.1371/journal.pone.0268281
https://doi.org/10.1371/journal.pone.0268281
https://www.mfds.go.kr/brd/m_1059/view.do?seq=14898&srchFr=&srchTo=&srchWord=MaPP&srchTp=0&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&Data_stts_gubun=C9999&page=3
https://www.mfds.go.kr/brd/m_1059/view.do?seq=14898&srchFr=&srchTo=&srchWord=MaPP&srchTp=0&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&Data_stts_gubun=C9999&page=3
https://www.mfds.go.kr/brd/m_1059/view.do?seq=14898&srchFr=&srchTo=&srchWord=MaPP&srchTp=0&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&Data_stts_gubun=C9999&page=3
https://www.mfds.go.kr/brd/m_1059/view.do?seq=14898&srchFr=&srchTo=&srchWord=MaPP&srchTp=0&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&Data_stts_gubun=C9999&page=3

Lee HA et al. : Adverse reactions following COVID-19 vaccination

29.

30.

3L

32.

33.

34.

35.

36.

Lee SS. Network analysis methods. Seoul: Nonhyeong; 2012, p.
207-268 (Korean).

Zhang Z. Text mining for social and behavioral research using R:
a case study on teaching evaluation; 2018 [cited 2024 Mar 20].
Available from: https://books.psychstat.org/textmining

Rahmani K, Shavaleh R, Forouhi M, Disfani HE, Kamandi M,
Oskooi RK, et al. The effectiveness of COVID-19 vaccines in re-
ducing the incidence, hospitalization, and mortality from COV-
ID-19: a systematic review and meta-analysis. Front Public Health
2022;10:873596. https://doi.org/10.3389/fpubh.2022.873596

Park C, Chung C. Text network analysis: sharing meanings among
stakeholders of the policy through a socio-cognitive network
analysis. ] Gov Stud 2013;19:73-108 (Korean).

Moro PL, Zhang B, Ennulat C, Harris M, McVey R, Woody G, et
al. Safety of co-administration of mRNA COVID-19 and seasonal
inactivated influenza vaccines in the vaccine adverse event report-
ing system (VAERS) during July 1, 2021-June 30, 2022. Vaccine
2023;41:1859-1863. https://doi.org/10.1016/j.vaccine.2022.12.069
Ripabelli G, Tamburro M, Buccieri N, Adesso C, Caggiano V,
Cannizzaro E et al. Active surveillance of adverse events in
healthcare workers recipients after vaccination with COVID-19
BNT162b2 vaccine (Pfizer-BioNTech, Comirnaty): a cross-sec-
tional study. ] Community Health 2022;47:211-225. https://doi.
0rg/10.1007/s10900-021-01039-3

Hu M, Guo W, Liu L, Yang Y, Xu Q, Cheng E et al. Safety moni-
toring in inactivated COVID-19 vaccines by clinical pharmacists
from a single center in China. Front Immunol 2022;13:882919.
https://doi.org/10.3389/fimmu.2022.882919

Hause AM, Zhang B, Yue X, Marquez P, Myers TR, Parker C, et

37.

38.

39.

40.

41.

42.

al. Reactogenicity of simultaneous COVID-19 mRNA booster
and influenza vaccination in the US. JAMA Netw Open 2022;5:
€2222241. https://doi.org/10.1001/jamanetworkopen.2022.22241
Canas LS, Osterdahl ME, Deng J, Hu C, Selvachandran S, Polidori
L, et al. Disentangling post-vaccination symptoms from early
COVID-19. EClinicalMedicine 2021;42:101212. https://doi.
org/10.1016/j.eclinm.2021.101212

Centers for Disease Control and Prevention (CDC). Interim clin-
ical considerations for use of COVID-19 vaccines in the United
States [cited 2024 Mar 3]. Available from: https://www.cdc.gov/
covid/hcp/vaccine-considerations/index.htmI?CDC_AA _
refVal = https%3 A%2F%2Fwww.cdc.gov%2Fvaccines%2Fcovid-
19%2Fclinical-considerations%2Finterim-considerations-us.
html

Centers for Disease Control and Prevention (CDC). Getting a flu
vaccine and other recommended vaccines at the same time [cited
2024 Mar 3]. Available from: https://www.cdc.gov/flu/vaccines/
coadministration.html?CDC_AAref_Val = https://www.cdc.gov/
flu/prevent/coadministration.htm

Vaccine Adverse Event Reporting System (VAERS). Guide to in-
terpreting VAERS data; 2021 [cited 2025 Feb 7]. Available from:
https://vaers.hhs.gov/data/dataguide. html

European Medicines Agency. EudraVigilance - European data-
base of suspected adverse drug reaction reports; 2021 [cited 2025
Feb 7]. Available from: https://www.adrreports.eu/en/

Wu J, Wang L, Hua Y, Li M, Zhou L, Bates DW, et al. Trend and
co-occurrence network of COVID-19 symptoms from large-
scale social media data: infoveillance study. ] Med Internet Res
2023;25:45419. https://doi.org/10.2196/45419

www.e-epih.org |11




