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Introduction: Vaccination has been implemented as a useful measure to 
combat the COVID-19 pandemic. However, there is a tendency for individuals 
to avoid vaccination due to the possibility of adverse events, making it important 
to investigate the relationship between COVID-19 vaccines and their adverse 
events. This study explored longitudinal adverse event patterns and factors that 
influence adverse events following the second to fourth doses of the COVID-19 
vaccine through a latent class analysis.

Methods: Participants were recruited from the Fukushima Prefecture and included 
individuals who had completed four doses of the COVID-19 mRNA vaccine. This 
study utilized data from questionnaire surveys and blood collection conducted 
between September 2021 and November 2022. In the questionnaire, factors 
such as sex, age, medical history, medication, type of vaccine administered, and 
adverse events following vaccination were recorded. Additionally, in the blood data, 
serological tests [IgG(S)] and cellular immune responses (T-spot) were measured. 
Descriptive statistics, latent class analysis, multivariable logistic regression, and 
multiple regression analyses were performed to identify the longitudinal adverse 
event patterns and influencing factors. By analyzing adverse events over time, we 
identified two distinct groups: those less prone to experiencing adverse events 
(Group 1) and those more susceptible (Group 2) to latent class analysis.

Results: A total of 1,175 participants were included after excluding those without 
any adverse events. The median age of the participants in Group 1 was 70 years, 
and in Group 2 it was 51 years. The proportion of female participants was 298 
in Group 1 and 353 in Group 2. Patients in Group 2 were significantly younger 
(p  <  0.001) and more likely to be female (p  <  0.001) than those in Group 1. 
Furthermore, the median IgG(S) value after the fourth vaccination was 3,233 AU/
mL in Group 1 and 4,059.39 AU/mL in Group 2. The median T-spot value was 
15.4 in Group 1 and 28.5 in Group 2. Group 2 showed significantly higher IgG(S) 
and T-spot values after the fourth vaccination (p  <  0.001).
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Discussion: Our findings suggest that factors other than age, particularly sex 
and a history of allergies, significantly influence the likelihood of experiencing 
adverse events. Groups categorized by latent class analysis for longitudinal 
adverse events are expected to be valuable for optimizing vaccination strategies 
and formulating public health measures.
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1 Introduction

The COVID-19 pandemic has significantly impacted global health, 
causing serious health issues worldwide. Vaccination is one of the most 
critical measures implemented in response to these challenges. 
Vaccination is expected to facilitate antibody acquisition and reduce 
the severity of infection symptoms. However, concerns regarding the 
safety of vaccines (1–3) and their adverse events (4–7) have led to 
vaccine hesitancy (8–11). Previous studies have reported a tendency 
for individuals who experience more adverse events to avoid 
vaccinations (2). Therefore, it is important to investigate the 
relationship between COVID-19 vaccines and adverse events.

Various studies have addressed the adverse events associated with 
COVID-19 vaccines (12–15). For instance, mass vaccinations have 
been implemented in many countries, and observations of adverse 
events that result from these vaccinations have sparked discussions 
about their efficacy (16, 17) and safety. According to a report by 
Urakawa et al. (18), factors such as young age, female sex, and the 
absence of comorbidities have been identified to influence adverse 
events. However, within the same cohort, there is limited information 
on the longitudinal sequence of adverse events following COVID-19 
vaccination, existing groups, and factors that influence such reactions.

Continuous testing for COVID-19 has been conducted in areas 
affected by disasters, particularly in the cities and villages of Hamadori in 
Fukushima Prefecture, a region impacted by the Great East Japan 
Earthquake and the Fukushima Daiichi Nuclear Power Plant accident. 
This involved a cohort study (19–27) that targeted approximately 2,500 
individuals, including local government officials, hospital staff, and 
residents. Following the mass vaccination campaign in Japan, blood 
samples were collected every 3 months from this cohort to continuously 
monitor adverse events and antibody levels post-vaccination.

This study aimed to understand the longitudinal characteristics of 
adverse events to the second to fourth doses of the COVID-19 vaccine. 
By employing Latent Class Analysis (LCA) to cluster the time series 
of these reactions, we  analyzed adverse events following each 
vaccination dose. Our findings provide insights into the patterns of 
adverse events to COVID-19 vaccinations over time.

2 Method

2.1 Study participants

Study participants were recruited from residents and healthcare 
workers living in Soma City, Minamisoma City, Hirata Village, and 
Iwaki City in Fukushima Prefecture. Participation was based on 
written consent obtained from the participants.

This study was approved by the Ethics Committees of Hirata 
Central Hospital (Number 2021-0611-1) and Fukushima Medical 
University (Number 2021-116) and was conducted in accordance with 
the ethical guidelines of the World Medical Association (Declaration 
of Helsinki).

The inclusion criteria for this study were as follows: individuals 
who had completed four doses of COVID-19 mRNA vaccines, 
including BNT162b2 (Pfizer/BioNTech, New York, USA), mRNA-
1273 (Moderna, Cambridge, MA, USA), or bivalent vaccines such as 
Comirnaty Bivalent Original/Omicron BA.1/BA.2 (Pfizer/BioNTech), 
Comirnaty Bivalent Original/Omicron BA.4/BA.5 (Pfizer/BioNTech), 
Spikevax Bivalent Original/Omicron BA.1/BA.2 (Moderna, 
Cambridge), or Spikevax Bivalent Original/Omicron BA.4/BA.5 
(Moderna, Cambridge).

2.2 Study design

This is an observational historical cohort study that is part of a 
broader evaluation of antibody testing following COVID-19 mRNA 
vaccination in the Fukushima Prefecture. This study utilized data from 
up to five blood collections and questionnaire surveys conducted 
between September 2021 and November 2022.

2.2.1 Data collection
The questionnaire survey covered various aspects, including age, 

sex, weight, height, alcohol consumption habits, smoking habits, 
medication intake, underlying diseases, types of the second, third, and 
fourth vaccine doses, adverse events after each vaccine dose, and 
infection status. Medications included steroids, immunosuppressants, 
and biologics, whereas underlying diseases included hypertension, 
diabetes, and hyperlipidemia. The adverse events included localized 
pain, fever, headache, muscle/joint pain, diarrhea, nausea, and 
dizziness. These questionnaires were collected on paper. Responses 
were managed in Microsoft Excel (Microsoft Inc., Redmond, CA, 
USA) using an ID that excluded personal information, and data 
quality control was performed by at least two people checking 
the responses.

2.2.2 Serological assay
In the serological assay, IgG antibodies against the S1 protein 

[IgG(S)] were measured. The assay was conducted using a 
chemiluminescent immunoassay at the University of Tokyo, Japan. 
The reagents used were iFlash 3000 (YHLO Biotech, Shenzhen, China) 
and iFlash-2019-nCoV series (YHLO Biotech). The cutoff value for 
each item [IgG(S)] was set at 10 AU/mL according to the official cutoff 
values prescribed by the manufacturer.
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2.2.3 Cellular immune response
The cellular immune response was evaluated using an ELISpot 

assay with T-spot COVID (Oxford Immunotec, UK). The collected 
blood samples were sent for measurement on the same day to LSI 
Medience Corporation (Tokyo, Japan), where the ELISpot assay 
targeting the spike protein as the antigen was performed. In this assay, 
effector T cells producing interferon-gamma were counted as spots on 
the well. The results were compared to those of the positive and 
negative control wells. The number of spots was assessed according to 
official guidelines, with a maximum of 50 spots. More than 50 spots 
were considered as “over 50,” more than seven spots as “reactive,” seven 
spots as “borderline,” and less than five spots as “non-reactive.”

2.3 Statistical analysis

This study aimed to understand the longitudinal characteristics of 
adverse events related to the second through fourth doses of the 
COVID-19 vaccine. Therefore, instead of using standard regression 
analysis with adverse events as dependent variables at each vaccination 
point, we chose to use LCA to examine the time series data of the same 
individuals at three points in time.

First, a LCA was conducted on the number of systemic adverse 
events (fever, fatigue, headache, muscle/joint pain, diarrhea, nausea, 
and dizziness, as well as menstrual irregularities for females only) 
following the second to fourth vaccine doses. Based on the results of 
the LCA of systemic adverse events after the second to fourth vaccine 
doses, the participants’ characteristics were compared using 
descriptive statistics (Table  1). Categorical variables (sex, alcohol 
intake, smoking, medication, underlying diseases, types of vaccines, 
and adverse events) were summarized as frequencies, and continuous 
variables (age) were summarized as the median and the interquartile 
range (IQR). In addition, LCA was used to identify groups of adverse 
event severity after the second to fourth COVID-19 vaccinations. 
Entropy (28) was taken into account in the appropriate model by LCA, 
and the model with the best entropy was selected. Two groups were 
divided by the appropriate model. Of the groups classified, Group 1 
exhibited the fewest systemic adverse events and Group 2 exhibited 
the most adverse events. Furthermore, multivariate logistic regression 
analysis was used to elucidate the characteristics of the participants, 
using Group 2 as a reference. Age, sex, vaccine type, medication, and 
underlying diseases were included as independent variables. Finally, a 
multiple regression analysis was used to investigate immunity after the 
fourth vaccine dose. Log-transformed IgG(S) and T-spot titers were 
used as outcomes in multivariable analysis. The dependent variables 
were IgG(S) and T-spot values, and the independent variables 
included sex, age, types of the 3rd and 4th vaccine doses, Group, the 
period between the fourth vaccine dose and blood collection, smoking 
habits, alcohol drinking habits, medication, and underlying diseases.

All statistical analyses were performed using Stata/BE 17 (TX 
77845, USA), and statistical significance was set at p < 0.05.

3 Results

3.1 Participant characteristics

A total of 2,527 subjects participated in up to five blood draws and 
questionnaires conducted between September 2021 and November 

2022. Of these, a total of 1,466 subjects met the criteria for completing 
the fourth vaccination. Next, 291 subjects with no documented 
adverse events after the second, third, or fourth vaccination were 
excluded. Ultimately, a total of 1,175 individuals were included in the 
study (Figure 1).

The characteristics of the 1,175 study participants, classified 
into Groups 1 and 2, are summarized in Table 1. The median age 
of the participants in Group 1 was 70 years [interquartile range 
(IQR): 62–80], and that in Group 2 was 51 years (IQR: 39–63). 
The proportion of female participants was 298 (54.58%) in 
Group 1 and 353 (71.17%) in Group 2. For the fourth COVID-19 
vaccination, Pfizer was administered to 144 (25.22%) participants 
in Group 1 and 128 (21.19%) in Group 2, whereas Moderna was 
administered to 427 (74.48%) participants in Group 1 and 476 
(78.81%) in Group 2. Total adverse events following each vaccine 
dose were as follows: after the second dose, Group 1 had 387 
cases and Group 2 had 1,586 cases; after the third dose, Group 1 
had 390 cases and Group 2 had 1,624 cases; and after the fourth 
dose, Group  1 had 363 cases while Group  2 had 1,693 cases. 
These figures include instances where a single participant 
experienced multiple side effects. The number of participants 
with smoking habits was 75 (13.44%) in Group 1, 83 (13.99%) in 
Group 2, and the number of participants who consumed alcohol 
was 219 (39.39%) in Group 1, and 249 (41.78%) in Group 2. The 
median IgG(S) value after the fourth vaccination was 3,233 AU/
mL (IQR: 1,389.3–4,221.0) in Group 1 and 4,059.39 AU/mL (IQR: 
2,092.5–5,082.7) in Group  2. The median T-spot t value  
was 15.4 (IQR: 4.0–22.0) in Group 1 and 28.5 (IQR: 11.0–50.0) in 
Group 2.

3.2 Participants classification

Participants were analyzed using LCA based on adverse events 
following the second to fourth COVID-19 vaccinations. The 
analysis showed that the participants were classified into two groups 
based on the difference in the frequency of adverse events after the 
second to fourth vaccinations, and the entropy between these two 
groups was the highest (entropy = 0.787). Therefore, the two groups 
were classified into the two groups with the highest entropy values. 
The group with fewer adverse events following the second to fourth 
vaccinations (low adverse event group) was designated as Group 1 
(n = 571), and the group with more frequent adverse events (high 
adverse event group) was designated as Group  2 (n = 604) 
(Figure 2).

3.3 Factors related to systemic adverse 
events

The results of the mulitvariate logistic regression analysis, 
with the likelihood of being classified into Group 2 (high adverse 
event group) as the dependent variable, are shown in Table 2. 
Participants in Group 2 were significantly younger [Relative Risk 
Ratio (RRR): 0.93, 95% CI: 0.917–0.938, p < 0.001]  
and more likely to be female (RRR: 2.35, 95% CI: 1.723–3.206, 
p < 0.001) than those in Group 1. No significant associations were 
found between the type of vaccine administered for the  
third to fourth doses, intake of steroids, immunosuppressants, 

https://doi.org/10.3389/fpubh.2024.1406315
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yamamoto et al. 10.3389/fpubh.2024.1406315

Frontiers in Public Health 04 frontiersin.org

biologics, or preexisting conditions such as asthma,  
rheumatism, antigenic diseases, and immunosuppression. 
However, a history of allergies was significantly  
associated with being in Group 2 (RRR: 2.12, 95% CI: 1.064–
4.210, p = 0.033).

3.4 Impact on IgG(S) after the fourth 
vaccination

The results of the multiple regression analysis of IgG(S) values after 
the fourth COVID-19 vaccination, involving 981 participants, are 

TABLE 1 Participant characteristics (N  =  1,175).

Group 1 (Low 
adverse event 
group, n  =  571)

n (%)

Group 1_n: available 
numbers

Group 2 (High 
adverse event 

group, n  =  604)
n (%)

Group 2_n: available 
numbers

Age (year) (median [IQR]) 70 [62–80] 571 51 [39–63] 604

Sex Female 298 (54.6) 546 353 (71.2) 496

Vaccination kind of fourth dose

Pfizer 144 (25.2) 571 128 (21.2) 604

Moderna 427 (74.8) 476 (78.8)

Smoking habit 75 (13.4) 558 83 (13.9) 597

Alcohol consumption 219 (39.4) 556 249 (41.8) 596

Daily medicine

Steroid 22 (3.9) 561 8 (1.4) 593

Immunosuppression 11 (2.0) 560 5 (0.8) 594

Biologics 2 (0.4) 558 3 (0.5) 593

Comorbidity

Hypertension 293 (51.4) 570 148 (24.5) 604

Diabetes 84 (14.7) 570 48 (8.0) 604

Dyslipidemia 109 (19.1) 570 76 (12.6) 604

Adverse event after second dose

Local pain 226 (39.6) 571 391 (64.7) 604

Over 37.5 degree fever 23 (4.0) 240 (39.7)

Fatigue 69 (12.1) 437 (72.4)

Headache 14 (2.5) 246 (40.7)

Joint pain 55 (9.6) 272 (45.0)

Adverse event after third dose

Local pain 274 (48.0) 571 423 (70.0) 604

Over 37.5 degree fever 21 (3.7) 237 (39.2)

Fatigue 43 (7.5) 413 (68.4)

Headache 13 (2.3) 256 (42.4)

Joint pain 39 (6.8) 295 (48.8)

Adverse event after fourth dose

Local pain 242 (42.4) 571 439 (72.7) 604

Over 37.5 degree fever 23 (4.0) 280 (47.4)

Fatigue 51 (8.9) 439 (72.7)

Headache 15 (2.6) 256 (42.4)

Joint pain 32 (5.6) 279 (46.2)

IgG(S) of fourth dose (median 

[IQR])
3,233.3 [1,380.3–4,221.0]

571
4,059.39 [2,092.5–5,082.7]

604

T-spot of fourth dose (median 

[IQR])
15.4 [4.0–22.0]

571
28.5 [11.0–50.0]

604

IQR, Interquartile Range.
The statistical analysis was carried out without filling in missing data; therefore, there were different numbers of missing data for each item. The number of available data for each item is 
indicated in the table as “n: available numbers.” All percentages given in this table are of the available values.
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presented in Table 3. The high adverse event group (Group 2) showed 
a statistically significant positive association with IgG(S) values 
(coefficient: 0.114, 95% CI: 0.067–0.160, p < 0.001). Additionally, a 

longer interval between the fourth COVID-19 vaccination and the fifth 
blood sampling was significantly associated with a decrease in IgG(S) 
values (coefficient: −0.003, 95% CI: −0.004 to −0.002, p < 0.001). Age, 

FIGURE 1

Flowchart of inclusion and exclusion criteria for the study participants. A total of 2,527 subjects from the Fukushima Cohort Study participated in up to 
five blood draws and answered questionnaires between September 2021 and November 2022; those who received the fourth dose of COVID-19 
vaccine (n  =  1,466) were enrolled and those with no documented adverse effects after the second, third or fourth vaccine doses (n  =  291) were 
excluded. A total of 1,175 individuals were ultimately included in the study.

FIGURE 2

Group of latent class analysis. The figure shows group classification results based on latent class analysis of the study participants’ adverse events.
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sex, vaccine type, and smoking habits did not significantly affect IgG(S) 
values. However, higher alcohol consumption was significantly 
associated with a decrease in IgG(S) values (coefficient: −0.070, 95% 
CI: −0.115 to −0.025, p = 0.002). Medication intake, including steroids 
(coefficient: 0.130, 95% CI: −0.004 to 0.265, p = 0.058), did not show a 
significant association with an increase in IgG(S), whereas the use of 
immunosuppressants (coefficient: −0.270, 95% CI: −0.449 to −0.090, 
p = 0.003) and biologics (coefficient: −0.310, 95% CI: −0.599 to −0.022, 
p = 0.035) was significantly associated with a decrease in IgG(S) values. 
Furthermore, no significant associations were observed between 
IgG(S) values and preexisting conditions, such as hypertension, 
diabetes, or hyperlipidemia.

3.5 T-spot values after the fourth 
vaccination

The results of the multiple regression analysis of the 
log-transformed values of T-spots after the fourth COVID-19 
vaccination are presented in Table 4. Participants in the high adverse 
event group (Group  2) showed a significant increase in T-spot 
values (coefficient: 0.193, 95% CI: 0.120–0.267, p < 0.001), while age 
was significantly associated with a decrease in T-spot values 
(coefficient: −0.008, 95% CI: −0.010 to −0.005, p < 0.001). 
Participants who received the fourth dose had higher T-spot values 
(coefficient:0.098, 95% CI: 0.021–0.176, p = 0.013); conversely, 

TABLE 2 Multinomial logistics regression analysis for predicting Group 2 
(High adverse event group) (n  =  1,015).

RRR (95% CI) p value

Age 0.93 (0.917–0.938) <0.001

Sex (female) 2.35 (1.723–3.206) <0.001

Vaccination kind of fourth dose 

(Moderna)
1.08 (0.762–1.523) 0.68

Vaccination kind of third dose 

(Moderna)
0.82 (0.590–1.137) 0.23

Daily medicine (yes)

Steroid 0.34 (0.109–1.087) 0.069

Immunosuppression 0.63 (0.141–2.854) 0.55

Biologics 4.47 (0.420–47.728) 0.22

Comorbidity (yes)

Asthma 1.62 (0.802–3.257) 0.179

Rheumatism 0.53 (0.155–1.796) 0.31

Antigen Disease 1.06 (0.134–8.437) 0.95

Allergy 2.12 (1.064–4.210) 0.033

Immunological Disorder 31,161.37 (0) 0.99

95% CI, 95% confidence interval; RRR, Relative Risk Ratios.
The results of the multinomial logistic regression analysis conducted with Group 1 as the 
reference group. RRR indicates Relative Risk Ratios in the Multinomial logistics regression 
analysis. Coefficient (95% CI) is the Coefficient in the Multiple regression analysis, where 
95% CI indicates the Confidence Interval.

TABLE 3 Multiple regression analysis for Log transformed IgG(S) after the 
fourth vaccination dose (n  =  981).

Coefficient 
 (95% CI)

p value

Group 2 (High adverse event 

group)
0.114 (0.067–0.160) <0.001

Age −0.001 (−0.002 to 0.001) 0.36

Sex (female) −0.017 (−0.064 to 0.029) 0.47

Vaccination kind of fourth 

dose (Moderna)

0.039 (−0.008 to 0.086)
0.107

Vaccination kind of third dose 

(Moderna)

0.008 (−0.037 to 0.054)
0.73

Interval date between the 

fourth vaccination dose and 

fifth blood sampling

−0.003 (−0.004 to 0.002)

<0.001

Smoking habit −0.028 (−0.088 to 0.032) 0.36

Alcohol consumption −0.070 (−0.115 to 0.025) 0.002

Daily medicine

Steroid 0.130 (−0.004 to 0.265) 0.058

Immunosuppression −0.270 (−0.449 to 0.090) 0.003

Biologics −0.310 (−0.599 to 0.022) 0.035

Comorbidity

Hypertension −0.007 (−0.054 to 0.040) 0.77

Diabetes −0.045 (−0.107 to 0.017) 0.157

Dyslipidemia 0.003 (−0.051 to 0.057) 0.91

95% CI, 95% confidence interval. RRR indicates Relative Risk Ratios in the Multinomial 
logistics regression analysis. Coefficient (95% CI) is the Coefficient in the Multiple regression 
analysis, where 95% CI indicates the Confidence Interval.

TABLE 4 Multiple regression analysis for Log transformed T-spot(S) after 
the fourth vaccination dose (n  =  809).

Coefficient  
(95% CI)

p value

Group 2 (High adverse event 

group)

0.193 (0.120–0.267) <0.001

Age −0.008 (−0.010 to 0.005) <0.001

Sex (female) 0.0004 (−0.076 to 0.075) 0.99

Vaccination kind of fourth 

dose (Moderna)

0.098 (0.021–0.176)
0.013

Vaccination kind of third dose 

(Moderna)

0.064 (−0.009 to 0.138)
0.085

Interval date between fourth 

vaccination dose and fifth 

blood sampling

−0.001 (−0.002 to 0.001)

0.34

Smoking habit −0.123 (−0.217 to 0.028) 0.011

Alcohol consumption 0.004 (−0.066 to 0.075) 0.90

Daily medicine

Steroid 0.044 (−0.156 to 0.244) 0.66

Immunosuppression −0.275 (−0.546 to 0.004) 0.046

Biologics 0.103 (−0.316 to 0.522) 0.63

Comorbidity

Hypertension −0.004 (−0.078 to 0.070) 0.92

Diabetes 0.003 (−0.100 to 0.106) 0.96

Dyslipidemia 0.043 (−0.047 to 0.133) 0.35

95% CI, 95% confidence interval. RRR indicates Relative Risk Ratios in the Multinomial 
logistics regression analysis. Coefficient (95% CI) is the Coefficient in the Multiple regression 
analysis, where 95% CI indicates the Confidence Interval.
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smoking habits were associated with a decrease in T-spot values 
(coefficient: −0.123, 95% CI: −0.217 to −0.028, p = 0.011). 
Furthermore, participants taking immunosuppressants showed a 
significant decrease in T-spot values (coefficient: −0.275, 95% CI: 
−0.546 to −0.004, p = 0.046).

4 Discussion

This study aimed to understand the longitudinal characteristics of 
adverse events to the second to fourth doses of the COVID-19 vaccine. 
By clustering the time series of these reactions using LCA, we identified 
two distinct groups: one more prone to adverse events and the other 
less prone to adverse events following COVID-19 vaccination.

The patterns of adverse events over time suggest that factors other 
than age influence their occurrence. It became clear that there was 
polarization in the continuation of adverse events over time after 
vaccination. To the best of our knowledge, previous studies have not 
extensively explored the persistence of adverse events in post-
vaccination time series. Future research to elucidate these factors is 
crucial for assessing the safety and efficacy of the ongoing vaccination 
efforts. The existence of groups with consistently high or low risk of 
adverse events also suggests the need for individualized approaches 
(29) to vaccine risk management.

Individuals more prone to adverse events included those who 
were female, were younger, and had a history of allergies. This 
trend indicates that sex and age may influence immune responses 
to vaccines. One of the factors that make women more prone to 
adverse events after vaccination is reactogenicity (5). 
Investigations into acute COVID-19 (30) (the so-called “post 
COVID conditions,” or simply “long COVID”) have reported that 
women (31, 32) are more likely than men to develop adverse 
events. Furthermore, reports align with findings that the risk of 
adverse events is higher in women (33–37) and younger (18, 38) 
individuals after vaccination.

Additionally, the association between a history of allergies (39–41) 
and the occurrence of adverse events has also been noted. In addition 
to explaining the potential adverse events to the vaccine, it may 
be necessary to provide a more detailed explanation regarding the 
management of these events, especially for patients with a history of 
allergies. Furthermore, careful observation during administration and 
consideration of easy access to medical facilities in the event of 
symptoms are required for follow-up.

In terms of serological outcomes, the group with more adverse 
events (Group 2) showed higher values in the IgG and T-spot tests. 
This group was significantly associated with IgG levels, suggesting a 
correlation between post-vaccination adverse events and antibody 
levels. The group with consistently high adverse events had higher 
values in both IgG(S) and T-spot tests. This finding is consistent with 
that of previous studies (42) that have shown a significant association 
between systemic adverse events and IgG(S). These findings suggest a 
potential link between immune responses and adverse events following 
vaccination (26, 43). Subjects in Group  2, compared to those in 
Group  1, were significantly younger and predominantly female, 
allowing for the examination of the relationship between these factors 
and immune responses. Numerous reports have indicated gender 
differences in immune response, driven by sex hormones (44, 45) such 
as testosterone in men and estrogen and progesterone in women, as 

well as genes derived from sex chromosomes. These hormones, the 
receptors for which are also found on immune cells, play a crucial role 
in regulating the immune system (45). For example, estrogen can 
regulate the production of inflammatory cytokines (46), increase the 
accumulation of neutrophils, thus promoting an adaptive T-cell 
response, enhancing defenses against viral infections (47, 48). It also 
facilitates the differentiation of monocytes (46) into inflammatory 
dendritic cells, leading to increased production of cytokines and 
interferons. Conversely, testosterone suppresses the activity of immune 
cells and the production of inflammatory cytokines. Thus, compared 
to men, women exhibit higher humoral and cellular immune responses 
(49, 50). Next, regarding age, this study found no significant correlation 
with IgG(S) values, but a significant association was shown with a 
decrease in T-spot test values. This decline in cellular immune response 
with age is well-documented (51), and aligns with the concept of 
immune senescence (48, 52, 53) in older adults (54), a potential factor 
contributing to decreased antibody production following vaccination 
in older adults (51, 55), as indicated in previous reports. Additionally, 
in older women, the biphasic effect of estrogen—immunosuppression 
at high levels and immunostimulation at low levels (56)—may partially 
counteract the decline in the adaptive immune response associated 
with aging (57). Further investigation and consideration of the 
correlation between IgG(S) and age are needed in future studies.

While this study has explored various factors associated with the 
occurrence of adverse events, it has not evaluated Adverse Events of 
Special Interest (AESI). Case reports following vaccination have 
documented the onset of serious adverse events such as autoimmune 
myocarditis (58), new autoimmune diseases such as rheumatoid 
arthritis (59), and conditions like thrombosis and thrombocytopenia 
(60). Recognizing the risk of such serious adverse events is crucial. On 
the other hand, it is also important to acknowledge that adverse 
events, while uncomfortable, may indicate an effective immune 
response and could serve as a marker for the prevention of serious 
diseases through vaccination (61) and an effective immune response.

This study had several limitations. First, the participants were 
recruited through specific networks, which may have introduced a 
sampling bias, making generalization difficult. Additionally, this study 
was unable to collect adequate data regarding the severity and duration 
of adverse events, as well as information on comorbidities. This 
limitation restricts our ability to comprehensively analyze the overall 
relationship between systemic adverse events and immune responses 
following vaccination. Moreover, the accumulation and evaluation of 
data on AESI were not sufficient. Evaluating AESI is crucial in long-term 
follow-up studies and actual clinical settings, and remains a challenge 
for future research. Furthermore, there were missing values in the data 
(Supplementary Table 1), which could have led to a confounding bias. 
However, this study is the first within the same cohort to investigate the 
characteristics and related factors in groups with repeated adverse events.

5 Conclusion

In this study, LCA was used to identify two distinct groups based 
on adverse events following the second-to-fourth COVID-19 
vaccinations: one group with fewer adverse events and the other with 
more frequent adverse events. Age, sex, and a history of allergies were 
significant factors in the group associated with repeated adverse 
events. Groups of longitudinal adverse events identified by LCA were 
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expected to be  valuable for optimizing vaccination strategies and 
formulating public health measures.
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