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A B S T R A C T   

Introduction: Safe vaccination worldwide is critical to end the coronavirus disease 2019 (COVID-19) pandemic. 
We aimed to evaluate adverse reactions to vaccination using a web-based questionnaire and examine the risk 
factors for the occurrence of immunisation stress-related response (ISRR). 
Methods: We conducted a questionnaire survey using Google Form® among the employees of St. Marianna 
University Hospital who had received the COVID-19 vaccine between April 2021 and May 2021, 1 week after the 
first and second vaccinations. We developed and used a questionnaire to identify individuals with ISRR according 
to the World Health Organization diagnostic criteria. A generalised linear mixed model was constructed with 
ISRR onset as the dependent variable, subjects as the random factor, and each parameter as a fixed factor. A 
multivariate model was constructed using the forced imputation method with factors that were significant in the 
univariate analysis. 
Results: We enrolled 2,073 and 1,856 respondents in the first and second questionnaire surveys, respectively. 
Fifty-five and 33 ISRR cases were identified in the first and second vaccinations, respectively. In the univariate 
analysis, strong pre-vaccination anxiety (odds ratio [OR], 2.3; 95% confidence interval [CI], 1.30–4.12, p =
0⋅004) and history of allergy (OR, 1.6; 95% CI, 1.14–2.24, p = 0⋅007) were significant risk factors. Multivariate 
analysis also showed that strong pre-vaccination anxiety (OR, 2.1; 95% CI, 1.15–3.80, p = 0.016) and history of 
allergy (OR, 1.5; 95% CI, 1.09–2.15, p = 0.014) were significant risk factors. 
Conclusions: Confirmation of allergy prior to vaccination and subsequent action are essential for addressing ISRR.   

1. Introduction 

More than a year has passed since the severe acute respiratory syn
drome coronavirus 2 caused a global outbreak of the coronavirus disease 
2019 (COVID-19). Vaccination against COVID-19 has started world
wide; in Japan, it was initiated in February 2021. The Council for In
ternational Organizations of Medical Sciences and World Health 
Organization (WHO) classified adverse events following immunisation 
(AEFIs) into five categories [1]. However, the WHO noted that these 

categories do not adequately assess adverse reactions caused by the 
stress associated with vaccination. Therefore, in 2019, the WHO pro
posed a new concept, immunisation stress-related response (ISRR), to 
include stress-related symptoms [2]. 

AEFIs other than ISRR occur only post-vaccination, whereas ISRR 
may occur before, during, or after vaccination [2]. Symptoms include 
vasovagal reflex symptoms, such as dizziness and loss of consciousness; 
acute stress reactions, such as breathlessness and hyperventilation; and 
dissociative neurological symptom reactions (DNSRs), which are 
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temporary symptoms, such as difficulty in speaking and numbness of the 
limbs, occurring hours to days after vaccination [3–5]. 

The risk factors for ISRR are classified into physical, mental, and 
social factors. Particularly, the risk of vasovagal reflex, classified as a 
physiological factor, has been extensively studied, with age (younger 
age is associated with higher risk), sex (female sex is associated with 
higher risk), and weight (lower weight is associated with higher risk) as 
traditional risk factors [6–8]. Other possible risk factors for ISRR include 
psychological factors, such as comprehension, prior knowledge of the 
vaccine, pre-vaccination anxiety, and previous fearful experiences 
related to needles [2]. Additionally, social risk factors, such as com
munity trust in healthcare and perceptions of immunisation, community 
and family support for immunisation, and false or misleading news re
ports and social media messages about immunisation, have been sug
gested as risk factors [2,9]. 

Similar to other viral infections, such as measles and influenza, 
vaccination against COVID-19 is essential for reducing disease severity 
and ending the epidemic [10–12]. Understanding adverse reactions, 
including ISRR, is crucial when initiating a new vaccination programme 
and promoting vaccination in different age groups. However, ISRR 
associated with COVID-19 vaccination remains to be investigated. This 
study assessed adverse reactions to vaccination using a web-based 
questionnaire and investigated risk factors for ISRR. 

2. Patients and methods 

2.1. Ethical considerations 

All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards. The study 
design was approved by the Ethics Committee of St. Marianna University 
School of Medicine (approval number: 5261). 

2.2. Survey methods 

A questionnaire survey was administered, using Google Form, to 
employees of St. Marianna University Hospital who had received the 
COVID-19 vaccine. Specifically, staff members (doctors, paramedical 
personnel, pharmacists, dieticians, and medical clerks) aged ≥20 years 
who agreed to participate in the questionnaire via a Google Form and 
were vaccinated at the hospital during the study period were included. 
The survey was conducted between April 6, 2021 and May 3, 2021. 
Consent to participate in the survey was obtained by selecting ‘Yes’ in 
the ‘Consent to Survey’ section at the beginning of the questionnaire. 

A web-based Google Form survey was conducted 1 week after the 
first and second doses. ISRR is a new concept, and no previously 
developed questionnaire on ISRR exists. Therefore, the questionnaire 
was developed according to the WHO manual on ISRR [2] for assessing 
AEFIs, including ISRR. 

A total of 29 items were assessed in six categories: ‘consent to the 
questionnaire’, ‘demographic information and allergies’, ‘local reactions 
after vaccination’, ‘systemic reactions after vaccination’, ‘stress-related 
reactions’, and ‘assessment of anxiety’. The severity of physical adverse 
reactions was graded according to the United States Food and Drug 
Administration (FDA) Toxicity Grading Scale [13]. 

2.3. Definition of ISRR 

Following the WHO manual on ISRR, we classified ISRR into three 
categories: i) acute stress response, ii) vasovagal reaction, and iii) 
DNSRs. Additionally, cases of complex regional pain syndrome (CRPS), 
postural orthostatic tachycardia syndrome (POTS), and suspected 
chronic fatigue syndrome (CFS) were excluded, and ISRR was deter
mined according to the WHO AEFI reporting manual [1]. 

Specifically, if symptoms characteristic of i), ii), or iii) were observed 
at any time before, during, or after vaccination, they were determined to 
be ISRR according to the AEFI reporting manual [1]. Patients were 
excluded if drugs had been administered for adverse reactions because 
of the possibility of anaphylaxis [14], or if they had persistent symptoms 
at the time of completing the questionnaire, as CRPS, POTS, and CFS 
could not be ruled out [15–17]. 

2.4. Vaccine administration procedure 

We used the mRNA vaccine, BNT162b2 (Comirnaty, BioNTech/ 
Pfizer). It was administered to the staff once every 3 weeks for a total of 
two doses, based on the FDA’s guidance for emergency vaccine use [18]. 
Vaccine storage and dispensing into syringes also followed the FDA 
guidance. Intramuscular injection of the vaccine was performed using a 
25-mm long, 25-gauge needle (Top Co. Ltd., Tokyo, Japan), and the 
COVID-19 vaccine was administered to the deltoid muscle, according to 
Centers for Disease Control and Prevention guidelines [19]. 

2.5. Statistical analysis 

To examine the effect of several parameters on the onset of ISRR, a 
mixed model (with participants as a random factor) was used, because 
there were multiple data sets (maximum two) for the same subject. A 
generalised linear mixed model (logit link function) was constructed 
with ISRR onset as the dependent variable, subjects as a random factor, 
and other variables as fixed factors. We used 10 variables. The following 
seven variables were selected because they have been suggested as 
possible risk factors for ISRR [2]: sex, age, pre-vaccination anxiety, 
previous needle use problems, a history of vasovagal reflex, prior vac
cine knowledge, and frequency of social network use. First or second 
dose, a history of allergy, and a history of epilepsy were selected as the 
other three variables, because the experience of the first dose may affect 
the second, patients with allergies tend to be more anxious than those 
without, and previous studies on subjects with a history of epilepsy and 
AEFIs did not consider ISRR [2,20]. Statistics were calculated as odds 
ratios (ORs) and 95% confidence intervals (CIs). Multivariable analysis 
was performed using the forced imputation method with factors that 
were significant in the univariate analysis. The analysis aimed to iden
tify predictive factors for ISRR onset. Therefore, events occurring after 
vaccination were not included in the multivariate analysis. Age and sex 
were included in the multivariate analysis as classical confounding 
factors. Statistical significance was set at p < 0.05. All statistical ana
lyses were conducted using SPSS for Windows, version 24.0 (IBM Japan, 
Tokyo, Japan). 

3. Results 

3.1. Results of the AEFI questionnaire excluding ISRR 

The main findings of the questionnaire are presented in Table 1. In 
total, 2,073 participants responded to the first questionnaire, and 1,856 
participants responded to the second questionnaire. The total number of 
vaccinated people in the survey period was 7,662, with a questionnaire 
response rate of 51.3%. The frequency of Grade ≥1 pain at the injection 
site after vaccination in the ISRR and non-ISRR groups was 100.0% and 
95.7%, respectively, for the first dose, and 100.0% and 94.8%, respec
tively, for the second dose. The frequency of Grade ≥1 fever in the ISRR 
and non-ISRR groups was 1.8% and 0.6%, respectively, after the first 
dose, and 18.2% and 14.0%, respectively, after the second dose. 

3.2. Questionnaire results for ISRR-Related categories and risk factors for 
ISRR 

We classified vaccinees who developed ISRR into three categories: 
acute stress response, vasovagal reaction, and DNSR. The number of 
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vaccinees who had only an acute stress response was 23 and 13 
following the first and second dose, respectively. The number of vacci
nees who presented with only vasovagal reactions was 21 and 12 after 
the first and second dose, respectively, while 7 vaccinees each presented 
with DNSR after the first and second dose, respectively. The number of 
vaccinees who presented with both acute stress reaction and vasovagal 
reaction was 4 and 1 following the first and second dose, respectively. 
During the study period, there was only 1 case of anaphylaxis which 
presented with generalised skin rash, swelling of the lips, wheezing, and 
airway constriction; the patient was treated with medication. 

Table 1 shows that the incidence of ISRR was 2.65% after the first 
dose, and 1.78% after the second dose. In the ISRR group, the proportion 
of women was 90.9% after the first dose, and 72.2% after the second 
dose. The incidence of allergy in the ISRR and non-ISRR groups was 
47.3% and 23.9%, respectively, for the first dose, and 48.5% and 20.6%, 
respectively, for the second dose. Table 2 shows that the incidence of 
strong pre-vaccination anxiety in the ISRR and non-ISRR groups was 
20.0% and 5.9%, respectively, for the first dose, and 15.2% and 5.3%, 

respectively, for the second dose. The results of the analysis of risk 
factors for ISRR are shown in Table 3. 

Univariate analysis showed that strong pre-vaccination anxiety (OR, 
2.3 [95% CI: 1.30–4.12]; p = 0.004) and a history of allergy (OR, 1.6 
[95% CI: 1.14–2.24]; p = 0.007) were significant risk factors. In 
multivariable analysis performed using significant risk factors identified 
in the univariate analysis, strong pre-vaccination anxiety (OR, 2.1 [95% 
CI: 1.15–3.80]; p = 0.016) and a history of allergy (OR, 1.5 [95% CI: 
1.09–2.15]; p = 0.014) were significant risk factors. 

4. Discussion 

This study aimed to identify risk factors for ISRR to the COVID-19 
vaccine. After analysing the questionnaire responses, strong pre- 
vaccination anxiety and a history of allergy were identified as risk fac
tors for ISRR. We found that among physical adverse reactions, the 
frequency of pain was high for both the first and second doses, and the 
frequency of fever was higher for the second dose than for the first dose, 

Table 1 
Characteristics of the study participants.  

Questionnaire  First dose ISRR 
group 

First dose Non- 
ISRR group 

Second dose ISRR 
group 

Second dose Non- 
ISRR group 

(n = 55) (n = 2,018) (n = 33) (n = 1,823) 

Sex Female 50 , 90.9 1,427 , 70.7 24 , 72.7 1,283 , 70.4 
Age Median 

[IQR] 
40.0 [28.0, 

51.0] 
40.0 [29.0, 

51.0] 
35.0 [27.5, 

49.0] 
41.0 [30.0, 

52.0] 
Do you have any allergies? Yes 26 , 47.3 483 , 23.9 16 , 48.5 376 , 20.6 
Have you ever been diagnosed with epilepsy? Or are you taking any 

antiepileptic drugs? 
Yes 1 , 1.8 16 , 0.8 0 , 0.0 12 , 0.7 

n, %; median [IQR]. 
IQR, interquartile range; ISRR, immunisation stress-related response. 

Table 2 
Results of ISRR-related questions.  

Questionnaire  First dose ISRR 
group 

First dose Non- 
ISRR group 

Second dose 
ISRR group 

Second dose Non- 
ISRR group 

(n = 55) (n = 2,018) (n = 33) (n = 1,823) 

Please select the anxiety you feel before 
vaccination. (Select one) 

I did not feel anxious 5 , 9.1 633 , 31.4 7 , 21.2 625 , 34.3 
I felt a little anxious 39 , 70.9 1,265 , 62.7 21 , 63.6 1,101 , 60.4 
I had a very strong anxious feeling 11 , 20.0 120 , 5.9 5 , 15.2 97 , 5.3 

Do you have any memories of pain or problems 
related to needles? 

No 44 , 80.0 1,870 , 92.7 30 , 90.9 1,732 , 95.0 
Yes 11 , 20.0 148 , 7.3 3 , 9.1 91 , 5.0 

Please select one or more of the following if 
you have ever experienced any when you 
were vaccinated or had a test or treatment 
using needles 

I have never experienced any of the 
following 

46 , 83.6 1,870 , 92.7 30 , 90.9 1,694 , 92.9 

A feeling of faintness or dizziness 9 , 16.4 85 , 4.2 3 , 9.1 82 , 4.5 
Cold sweats 3 , 5.5 69 , 3.4 0 , 0.0 62 , 3.4 
Nausea or vomiting 3 , 5.5 33 , 1.6 1 , 3.0 27 , 1.5 
Fainting 1 , 1.8 18 , 0.9 0 , 0.0 19 , 1.0 

Please select the extent to which you knew or 
researched about vaccination against 
COVID-19 in advance. (Select one) 

I do not know much about vaccines because 
I do not have much interest in them and 
have not done any research on them 

2 , 3.6 53 , 2.6 1 , 3.0 46 , 2.5 

I know about vaccines from what I have 
seen or heard on TV, in newspapers, or in 
news articles on the Internet 

31 , 56.4 1,392 , 69.0 20 , 60.6 1,228 , 67.4 

I am interested and have actively 
researched about vaccinations using books, 
the Internet, or social media 

21 , 38.2 392 , 19.4 11 , 33.3 403 , 22.1 

I am interested and have actively 
researched about vaccination through 
medical papers, academic conferences, and 
national guidelines 

1 , 1.8 181 , 9.0 1 , 3.0 146 , 8.0 

How often do you use social networks in your 
daily life? (Select one) 

I do not use social networks at all 2 , 3.6 160 , 7.9 1 , 3.0 140 , 7.7 
I use it a few times a week 2 , 3.6 220 , 10.9 5 , 15.2 221 , 12.1 
I use it at least once a day 16 , 29.1 615 , 30.5 6 , 18.2 570 , 31.3 
I use it many times a day 24 , 43.6 745 , 36.9 19 , 57.6 705 , 38.7 
I always use it when I have time, such as 
during breaks 

11 , 20.0 278 , 13.8 2 , 6.1 187 , 10.3 

n, %; median [IQR]. 
IQR, interquartile range; ISRR, immunisation stress-related response. 
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which is consistent with a previous report of adverse reactions [10]. 
The key to distinguishing ISRR from anaphylaxis is the time from 

vaccination to the appearance of symptoms. The acute stress response 
and vasovagal reaction occur before, during, or within 5 min of vacci
nation, whereas DNSR occurs few hours to days after vaccination. In 
contrast, anaphylaxis occurs 5–60 min after vaccination; therefore, we 
focused on these different time frames in our diagnosis [2]. Thus, in 
addition to physical findings, time to symptom onset is important for 
differentiating ISRR from anaphylaxis and other diagnoses. 

In this study, the previously identified risk factor ‘strong anxiety 
before vaccination’ and the new risk factor ‘history of allergy’ were both 
significant for the incidence of ISRR. Compared to participants with no 
risk factors, those with strong pre-vaccination anxiety had a 2.1-fold 
increased risk of developing ISRR, while a history of allergy was asso
ciated with a 1.5-fold increased risk of developing ISRR. Studies have 
reported that it is normal to experience some anxiety before vaccination, 
with 60% of children and 20% of adults experiencing some degree of 
fear of the injection [21]. However, a high level of anxiety and fear may 
lead to ISRR and hesitancy toward vaccination [21,22]. Since ISRR is an 
AEFI arising from anxiety about immunisation, it is more likely to occur 
in vaccinees who feel anxious than in those who do not [2]. Therefore, it 
is important for healthcare providers to identify and respond appropri
ately to vaccinees who show more anxiety before vaccination. 

Other reluctant factors include female sex, young age, low level of 
education, no underlying medical conditions, and information about 
vaccines obtained from social networking sites [23,24].We found that a 
history of allergy is a new risk factor for ISRR. The prevalence range of 
allergies is 10–20% globally, depending on the region, and has been 
gradually increasing in recent years [25–28]. Therefore, it is essential to 
address individuals with a history of allergy to prevent ISRR. Several 
studies have attempted to reduce the incidence of allergic reactions in 
egg-allergic patients, and to examine the safety of vaccinations in this 

patient population, even involving dietitians to provide guidance to 
patients [29,30]. In contrast, the relationship between a history of al
lergy and the incidence of ISRR has not been investigated. Patients with 
asthma, among the most common allergy-related diseases, are also 
known to experience high levels of anxiety and depression [31,32]. 
Considering that anxiety is a risk factor for ISRR, patients with a history 
of allergy should be strategically addressed. Effective means of reducing 
the anxiety and fear that cause ISRR include the attitude of healthcare 
providers and their communication with the individuals being vacci
nated. A friendly, confident, and relaxed approach to vaccination by 
healthcare providers may reduce fear and anxiety [33]. 

The planning and implementation of mass immunisation campaigns 
involve problems that do not arise with conventional clinic immunisa
tions. In mass immunisation campaigns, health care providers are under 
pressure to vaccinate a large number of people in a short time. Thus, 
communication with vaccinees may be reduced and ISRR occurrence is 
likely [2]. The vaccines may also be administered in crowded venues 
with a lack of privacy. Because of the limited number of health care 
providers available for post-vaccination follow-up, post vaccination, 
patients often wait together in a single space, which may result in AEFI, 
including ISRR, for clusters of people [34]. Additionally, in cases where 
adverse reactions occur, the media only broadcasts information that 
gives a negative impression of the vaccine and rarely reports on its safety 
and efficacy, which also increases anxiety levels in vaccinees [35]. Such 
negative impressions may spread further via the media and social net
works [36], reinforcing people’s fear of vaccines [37]. In fact, we have 
experienced the spread of adverse reactions to the surrounding popu
lation during mass vaccinations in our institution [2]. Thus, to prevent 
clusters during mass immunisation campaigns a relaxed vaccination 
environment should be created by providing privacy for vaccinators and 
by placing local health care providers at the venue [38]. 

To create a safe environment for vaccination at the level of 

Table 3 
Odds ratios for each risk factor.  

Risk factor Answer Univariate analysis of risk factorsa Multivariate analysis of risk factorsb 

OR 95% CI p- 
value 

OR 95% CI p- 
value 

Administration First dose Ref.     –     
Second dose 0.872 0.636 , 1.197 0.397      

Sex Male Ref.     Ref.     
Female 1.256 0.874 , 1.805 0.218 1.078 0.736 , 1.581 0.699 

Age per 1 year 0.996 0.984 , 1.009 0.549 0.998 0.985 , 1.010 0.714 
Any allergies No Ref.     Ref.     

Yes 1.594 1.137 , 2.235 0.007 1.532 1.090 , 2.154 0.014 
Epilepsy or taking any antiepileptic 

drugs 
No Ref.     –     
Yes 1.201 0.221 , 6.524 0.832      

Anxiety I did not feel anxious Ref.     Ref.     
I felt a little anxious 1.279 0.890 , 1.839 0.183 1.208 0.826 , 1.765 0.330 
I had a very strong anxious feeling 2.317 1.303 , 4.120 0.004 2.088 1.148 , 3.798 0.016 

Memories of pain or problems related to 
needles 

No Ref.     –     
Yes 1.651 0.972 , 2.803 0.063      

History of vasovagal reaction No history of vasovagal reaction Ref.          
Have a history of vasovagal reaction 0.737 0.431 , 1.260 0.265 –     

Knowledge of the COVID-19 vaccine No knowledge of the vaccine Ref.     –     
Passive knowledge of the vaccine 0.853 0.330 , 2.205 0.743      
Active knowledge from non-academic 
sources 

1.144 0.430 , 3.045 0.787      

Active knowledge from academic sources 0.688 0.226 , 2.096 0.510      
Frequency of use of social networks I do not use social networks at all Ref.     –     

I use it a few times a week 1.099 0.498 , 2.425 0.815      
I use it at least once a day 1.146 0.577 , 2.279 0.697      
I use it many times a day 1.350 0.692 , 2.634 0.378      
I always use it when I have time, such as 
during breaks 

1.318 0.617 , 2.817 0.476      

*Statistical significance was set at p < 0.05. 
OR, odds ratio; CI, confidence interval; ref., reference. 

a A generalised linear mixed model (logit link function) was used. 
b A multivariate model was constructed using the forced imputation method with factors that were significant in the univariate analysis and known risk factors. 
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government programmes, planning a communication strategy in 
advance is required, including the best way to send out information 
[39]. Physical risk factors may be addressed in the following ways: in 
individuals with a history of, or at risk for vasovagal reflexes, vaccines 
should be administered with the patient in the supine position; 
furthermore, patients should be advised to maintain a sitting position for 
a few minutes after vaccination [2]. Finally, studies have shown that 
exercises, such as stretching, are effective in preventing the onset of the 
vasovagal reflex [40]. 

4.1. Limitations 

This study was based on questionnaire data, which confirmed that 
symptoms had disappeared by the time of completing the question
naires; however, the presence of abnormalities in blood test results, 
magnetic resonance imaging, or electroencephalography scans was not 
confirmed. Therefore, we followed the WHO AEFI causality checklist, 
but were not able to fully exclude diseases, such as transit ischaemic 
attack and ischaemic heart disease, which cause temporary weakness 
and chest pain, but subsequently improve. Additionally, vaccination in 
this study was limited to healthcare workers aged ≥20 years. ISRR may 
involve a variety of factors, such as age, sex, and region. Therefore, 
further investigation of risk factors is warranted at a global scale. In this 
study we checked only for the presence of food and drug allergies and 
did not collect any data regarding the degree or severity of allergy. 
Further research is needed to determine whether there is a relationship 
between the occurrence of ISRR and the degree and severity of allergies. 

5. Conclusions 

In addition to the existing risk of ISRR, a history of allergy may in
crease the risk of ISRR. Therefore, it is essential to be aware of this factor 
when administering vaccines, including the COVID-19 vaccine, to 
ensure safe vaccination. In order to continue vaccination efforts safely 
and consistently, healthcare providers should have a good understand
ing of ISRR and should be trained to act calmly in the event of an ISRR. 
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