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A B S T R A C T   

Introduction: The usefulness of smartphone-based application software as a way to manage adverse events (AEs) 
after vaccination is well known. The purpose of this study is to clarify the usefulness and precautions of 
employing a smartphone application for collecting AEs after the administration of Comirnaty® . 
Methods: Healthcare workers (HCWs) who were vaccinated with Comirnaty®  were asked to register for the 
application software and to report AEs for 14 days after vaccination. AEs were self-reported according to severity. 
The software was set to output an alert in case of fever. 
Results: The number of HCWs who received the first dose was 2,551, and 2,406 (94.3%) reported their vacci
nations. 2,547 received the second dose, and 2,347 (92.1%) reported their vaccinations. With the first dose, the 
reporting rate stayed above 83.3% until the final day. On the other hand, that of the second dose decreased 
rapidly after 6 days. The most frequent symptom was “pain at injection site” (more than 70%). Severe AEs were 
6.6% after the second dose, with 0.6% visiting a clinic. Many AEs peaked on the day after administration and 
disappeared within 1 week. There were few reports of fever. 
Conclusion: Smartphone applications can be used to collect information on AEs after vaccination. Application 
settings and dissemination are necessary to maintain the reporting rate of HCWs.   

1. Introduction 

Increasing vaccination coverage is considered essential for the 
reduction of SARS-CoV-2 cases and the severity of the disease [1,2]. In 
February 2021, Japan granted special approval for Pfizer’s Comirnaty® , 
a vaccine against SARS-CoV-2 infections, for the prevention of health 
hazards [3]. Comirnaty®  was a newly synthesized messenger RNA 
vaccine with an unprecedented development scheme [3]. In Japan, both 
the public and the government were hopeful for infection-preventing 
effects of the new vaccine, while being concerned about potential 
adverse effects (AEs). The Japan government decided to give priority to 
healthcare workers (HCWs) to curb the spread of infectious diseases and 
save critically ill patients. 

Chiba University Hospital (CUH), the regional center of excellence 
for infectious disease care, has 850 beds and about 3,000 health care 
workers (HCWs). Vaccination was initiated at the time of increasing 
coronavirus infection cases. A medical infrastructure development was 
needed to prevent coronavirus infection. Also, strategies for monitoring 
health conditions are crucial. Therefore, health condition management 
by the use of application software after vaccination had been promoted 
among HCWs. 

There have been several reports on post-vaccination AE management 
systems. V-safe and SmartVax are the representative smartphone ap
plications that were used in the United States and Australia, respectively 
[4–7]. It is considered that AEs information obtained from the smart
phone applications differs depending on the application usage and 
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setting. However, the characteristics of smartphone-obtaining informa
tion from HCWs are still largely unknown. The purpose of this study is to 
clarify its usefulness and necessary precautions when employing the 
smartphone application for collecting AEs after the administration of 
Comirnaty® . 

2. Materials and methods 

2.1. Study design 

Since the vaccination schedule must be spread over at least a 3-week 
period, it was conducted on weekdays from March 15th to March 19th 
and April 5th to April 9th, 2021. Vaccination was performed at the 
COVID-19 Vaccine Center of CUH. We provided various information to 
HCWs to encourage them to get vaccinated. Also, we were concerned 
about the possibility that post-vaccination fever might cause many 
HCWs to be absent from work. In case of fever, HCWs were recom
mended to take acetaminophen, as it is an antipyretic analgesic with no 
or few anti-inflammatory effects, unlike non-steroidal anti-inflamma
tory drugs [8,9]. We also provided a list of over-the-counter products 
available at nearby pharmacies. As the basic flow of the vaccination 
process, HCWs were pre-screened after registration. When a physician 
judged them to be ready for vaccination, they were injected with the 
vaccine. They were then directed to a waiting area and observed for 15 
min for their general condition. If the HCWs were then judged by a 
physician to require attention for immediate AEs during a preliminary 
examination, the HCWs were placed on standby for 30 min. In addition, 
if anaphylaxis was suspected, the Medical Emergency Team (MET) 
consisting of staff from the emergency department was asked to handle 
the situation. All vaccinations and aseptic preparations were performed 
by professional pharmacists and professional nurses. They properly 
controlled the temperature of the vaccine during storage, trans
portation, and preparation. Vaccination receivers were over 20 years of 
age, and all HCWs worked at our hospital as hospital employees such as 
physicians, nurses, pharmacists, nutritionists, physical therapists, labo
ratory technicians, clinical radiologists, clerks, researchers, etc. Vacci
nation was voluntary and registration for use of the application was also 
voluntary, with exclusion criteria consisting of those declining and those 
hoping to be vaccinated at other institutions. Questionnaire surveillance 
via application was conducted at a single site at CUH in Chiba, Japan. 

Every day for two weeks after vaccination, application registrants 
received a notification to report their health condition, and they recor
ded only solicited events. On this questionnaire, the following items 
were not listed: type of work, history of medical conditions, and al
lergies. The severity of AEs was graded by a four-point scale (none, mild, 
moderate, severe). All other AEs were recorded as unsolicited ones. The 
AEs grading was a simple modification of a standard scale, as was used 
by Greenberg et al. [10]. The grade of AEs was subjectively based. To 
clarify the appearance of AEs, the vaccinated HCWs were stratified in 
10-year age groups and classified by gender and frequency of adminis
tration. In addition, the frequency and severity of each AE were reported 
over time. 

2.2. Data collection 

We used the application software respon:sum (Smart119 Inc., Chiba, 
JP) as a system to quickly manage the health condition of HCWs. 
Respon:sum is useful for keeping track of the daily attendance and 
emergency call-up of staff in case of disasters [11]. Parts of the AE data 
used in this study are analyzed differently than in our previous report 
[12]. Every day for 2 weeks after vaccination, application enrollees 
receive a reminder to report their health condition. Information security 
and the protection of personal information were taken into consider
ation when listing the survey items. The investigated AEs were fever, 
joint pain, fatigue, chillness, headache, myalgia, nausea, erythema at 
injection site, induration at injection site, pain at injection site, and 

clinic visits. Fever after SARS-CoV2 infection is an early monitoring 
indicator of disease onset. However, a high frequency of fever is known 
to occur post vaccination. A message was pre-set on the application to 
“consult your supervisor about whether you can go to work” if you have 
a fever of 37.5 ◦C or higher during the 14-day observation period after 
vaccination. These AE items did not include occupation, underlying 
illness, medications taken, or history of allergies. The vaccinated HCWs 
were led to a waiting space and their general conditions were observed 
for 15–30 min. Immediate-type AEs such as urticaria, respiratory 
distress, and hypotension were not included in the items. AEs on the day 
of vaccination were managed, they were not included in the survey, and 
data were collected from the day after vaccination. This notification 
could be sent to a specified email address or to their mobile phone. It was 
not mandatory to fill in all the items related to AEs. To register with 
respon:sum, the target HCWs were contacted prior to vaccination, and 
they were also instructed on its usage at the reception post vaccination. 

2.3. Statistical analysis 

The data were entered into Excel 2016 (Microsoft, Redmond, WA) 
and transferred to JMP® Pro 13.0.0 (SAS Institute Inc., Cary, NC, USA) 
for statistical analysis. Chi-square test or Fisher’s exact test was applied 
for comparison between two or more sample proportions, with a P-value 
below 0.05 considered statistically significant. 

Ethical approval 

This study was approved by the Research Ethics Committee of the 
Graduate School of Medicine and School of Medicine, Chiba University, 
and was conducted in accordance with the principles of the Declaration 
of Helsinki and Japanese regulatory requirements (No. HS202106-08). 

3. Results 

2,551 HCWs were vaccinated with the first dose, and 2,406 (94.3%) 
reported their vaccinations. 2,547 HCWs were vaccinated with the 
second dose, and 2,347 (92.1%) reported their vaccinations. The num
ber of HCWs who waited for 30 min after the first dose was 117, and 
MET was dispatched to 2 patients. The number of HCWs who waited for 
30 min after the second dose was 115, and MET intervention was not 
required. In both groups, there was no diagnosis of anaphylaxis, and the 
recovery course was mild. Table 1 shows the distribution of HCWs who 
received the vaccine and reported it on respon:sum. The number of 
HCWs reporting after the first dose was 921 for males and 1,485 for 
females, and that after the second dose was 898 for males and 1,449 for 
females. By age groups, 30-39-year-olds accounted for 32% or more, and 
those under 40 years old totaled about 59%. The number of reporters in 
the 50–59 age group was 335 after the first dose, but that after the 
second dose increased by 4–339. Looking at the changes in daily re
ported rates, it was over 83.3% until the final day of the first dose. After 
the second dose, the reported rate (86.9%) until day 4 was similar to that 
after the first dose (86.6%). On the other hand, the reported rate of the 
second dose decreased rapidly after 6 days (Fig. 1). 

Table 2 shows the frequency of AEs during 14 days post vaccination. 
The proportion of HCWs reporting any AEs was significantly higher after 
the second dose (92.4%) than after the first dose (88.7%). When AEs 
were classified, the majority were mild or moderate. The frequency of 
AEs was categorized by severity, revealing that it increased significantly 
after the second dose compared to the first dose. The most frequent 
symptom was “pain at injection site” (more than 70%). Severe AEs were 
6.6% after the second dose, with 0.6% visiting a clinic. The number of 
HCWs who reported severe AEs was 27 after the first dose and 154 after 
the second dose. The number of HCWs who were absent from work 
within 2 weeks after vaccination was 31 after the first dose and 158 after 
the second dose. 

Fig. 2 shows the status of AEs according to age group. The 
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proportions reporting “none,” “mild,” “moderate,” and “severe” (1st vs. 
2nd dose) in the 20–29 age group were “13.1% vs. 6.1%," “53.3% vs. 
37.8%," “32.4% vs. 48.5%," and “1.2% vs. 7.7%," respectively. For those 
aged 60 years and older, the percentages were “18.7% vs. 14.4%," 
“64.8% vs. 57.8%," “15.4% vs. 25.6%," and “1.1% vs. 2.2%," respec
tively. There was a non-significant increase in the frequency of moderate 
and severe AEs with the second dose compared with the first dose in any 
of the age groups. The proportion of serious AEs reported was higher in 
the younger age groups. 

AEs compared according to gender are shown in Table 3. The 
detailed results of AEs showed that the frequency of females was higher 
in all items. Significant differences were observed between the two 

vaccinations at joint pain, fatigue, chillness, headache, myalgia, nausea, 
erythema at injection site, and induration at injection site. There was a 
significant difference between fever> = 37.5 ◦C and pain at injection 
site in females after the second dose. AEs reported in more than 50% of 
the patients are described by gender as follows. In males, the number of 
items increased from 1 after the first dose (pain at injection site) to 3 
after the second dose (pain at injection site, muscle pain, fatigue). In 
females, the number of items increased from 2 after the first dose (pain 
at injection site, muscle pain) to 4 after the second dose (pain at injection 
site, muscle pain, fatigue, headache). 

The duration of AEs by severity is shown in Fig. 3. The percentages of 
any AEs reported by day 4 after the first dose were 88.3% (day 1), 62.8% 
(day 2), 27.8% (day 3), and 12.2% (day 4), respectively. The percent
ages of any AEs reported by day 4 after the second dose were 92.2% (day 
1), 76.9% (day 2), 50.4% (day 3), and 29.7% (day 4), respectively. The 
difference in the percentage of AEs reported between the first and sec
ond doses was similar (4.0%) for day 1, but larger (22.6%) for day 3. For 
both doses, the highest percentage of AEs was reported on the day after 
administration (day 1), and it decreased thereafter. In addition, a higher 
percentage of AEs was reported up to day 11 after the second dose 
compared to the first dose. On the other hand, after day 12, some AEs 
were reported for the first dose, but not for the second dose. The rate of 
each AE reported over time is shown by severity (Supplemental figure). 
Most of the AEs improved over time. After the second dose, the reported 
rate of erythema at the injection site increased, peaking on day 3. 

4. Discussion 

We managed the health of HCWs by introducing an application that 
allows us to quickly track the AEs of new vaccines. Comparing the 
reporting rates at the start of vaccination, the second dose was initially 
similar to the first. However, after the 6th day of the second dose the 
reporting rate dropped sharply. We wanted the information to maintain 
organization, but individuals have rights and it cannot be made 
mandatory. Chapin-Bardales et al. published information on AEs ob
tained using v-safe. In their report, there was a decrease in the number of 
v-safe participants at 14 days post-dose compared to 0–7 days post 
vaccination [5]. There was also a decrease in the number of participants 
with the second dose compared to the first dose. These results support 
our results and indicate that the reporting rate decreases with time since 
vaccination. 

There are several other possible reasons for the decrease in reporting 
rate in this study. First, HCWs may have been keenly interested in post- 
vaccination AEs with the first dose. Therefore, the reporting rate of 80% 
or more may have been maintained. On the other hand, there were few 
HCWs in whom AEs appeared one week after the second dose. Many 
HCWs experienced AEs, but the frequency of persistent and serious AEs 
was low, and thus the familiarity of many HCWs with AEs may have 
reduced the reporting rates. Second, we recommended but did not force 
HCWs to report their health condition by respon:sum. We were using 
this application to manage the health of HCWs. Many HCWs may have 
believed that if they had no AEs they did not need to report. In order to 
maintain a high reporting rate using the application, high quality prior 
guidance and sharing of objectives are essential. Also, it may be effective 

Table 1 
Demographics of study participants who submitted survey reports.   

1st dose 2nd dose 

Age (year) n (%) male (%) female (%) n (%) male (%) female (%) 

20–29 657 (27.3) 156 (16.9) 501 (33.7) 627 (26.7) 152 (16.9) 475 (32.8) 
30–39 772 (32.1) 397 (43.1) 375 (25.3) 750 (32.0) 382 (42.5) 368 (25.4) 
40–49 551 (22.9) 223 (24.2) 328 (22.1) 541 (23.1) 218 (24.3) 323 (22.3) 
50–59 335 (13.9) 99 (10.7) 236 (15.9) 339 (14.4) 101 (11.2) 238 (16.4) 
≧60 91 (3.8) 46 (5.0) 45 (3.0) 90 (3.8) 45 (5.0) 45 (3.1) 
Total 2,406  921  1,485  2,347  898  1,449   

Fig. 1. Changes in health status reporting rate 
The black and gray lines indicate the reporting rates after the first and second 
doses, respectively. 

Table 2 
Adverse events within 14 days after vaccination.   

1st dose 2nd dose  

n = 2,406 (%) n = 2,347 (%) P value 

Any adverse events 2,134 (88.7) 2,168 (92.4) <0.01 
Mild 1,505 (62.6) 1,008 (42.9) <0.01 
Moderate 601 (25.0) 1,003 (42.7) 
Severe 27 (1.1) 154 (6.6) 
Pain at injection site 1,706 (70.9) 1,811 (77.2) <0.01 
Myalgia 1,112 (46.2) 1,378 (58.7) <0.01 
Fatigue 565 (23.5) 1,407 (59.9) <0.01 
Headache 485 (20.2) 1,159 (49.4) <0.01 
Induration at injection 

site 
307 (12.8) 402 (17.1) <0.01 

Joint pain 274 (11.4) 1,003 (42.7) <0.01 
Chillness 140 (5.8) 983 (41.9) <0.01 
Erythema at injection site 92 (3.8) 194 (8.3) <0.01 
Nausea 85 (3.5) 229 (9.8) <0.01 
Fever ≥ 37.5 ◦C 11 (0.5) 231 (9.8) <0.01 
Clinic visit 9 (0.4) 13 (0.6) 0.40  
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to modify the application so that reporting is required. Third, most AEs 
are known to improve within a week. We were concerned about pro
longed AEs because this was a new vaccine, so we set an observation 
period of two weeks. However, that period may have been too long. 
Based on the results of our study, the best observation period for 

obtaining a high reporting rate may be about 7 days. V-safe is a method 
with a varied reporting density: daily reporting for one week after 
vaccination, then weekly reporting, followed by monthly reporting [5]. 
Smartvax has users report adverse reactions in a single message on days 
3–5 [7]. Modifying the timing and frequency of data collection based on 

Fig. 2. Classification of adverse events by age 
The severity of adverse events during the study period after vaccination is shown by age. HCWs, health care workers. 

Table 3 
Classification of adverse reactions by gender.   

1st dose 2nd dose 

male female  male female  

n = 921 (%) n = 1,485 (%) P value n = 898 (%) n = 1,449 (%) P value 

Any adverse events 799 (86.8) 1,335 (89.9) 0.02 793 (88.3) 1,375 (94.9) <0.01 
Mild 643 (69.8) 862 (58.0) <0.01 440 (49.0) 568 (39.2) <0.01 
Moderate 149 (16.2) 452 (30.4) 318 (35.4) 685 (47.3) 
Severe 7 (0.8) 20 (1.3) 34 (3.8) 120 (8.3) 
Pain at injection site 635 (68.9) 1,071 (72.1) 0.10 649 (72.3) 1,162 (80.2) <0.01 
Myalgia 367 (39.8) 745 (50.2) <0.01 473 (52.7) 905 (62.5) <0.01 
Fatigue 159 (17.3) 406 (27.3) <0.01 459 (51.1) 948 (65.4) <0.01 
Headache 91 (9.9) 394 (26.5) <0.01 325 (36.2) 834 (57.6) <0.01 
Induration at injection site 87 (9.4) 220 (14.8) <0.01 107 (11.9) 295 (20.4) <0.01 
Joint pain 65 (7.1) 209 (14.1) <0.01 299 (33.3) 704 (48.6) <0.01 
Chillness 34 (3.7) 106 (7.1) <0.01 301 (33.5) 682 (47.1) <0.01 
Erythema at injection site 18 (2.0) 74 (5.0) <0.01 32 (3.6) 162 (11.2) <0.01 
Nausea 14 (1.5) 71 (4.8) <0.01 34 (3.8) 195 (13.5) <0.01 
Fever ≥ 37.5 ◦C 2 (0.2) 9 (0.6) 0.22 51 (5.7) 180 (12.4) <0.01 
Clinic visit 1 (0.1) 8 (0.5) 0.17 2 (0.2) 11 (0.8) 0.15  

Fig. 3. Ratio of HCWs reporting adverse events and the day after vaccination 
HCWs, health care workers. 
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these methods may improve the reporting rate. 
The high-frequency AEs found in this study were injection site pain, 

fatigue, and headache, which were similar to the data reported in Japan 
and the package insert [13]. In the Japanese population, including our 
results, AEs with a frequency of more than 20% after the first dose were 
reported to be myalgia and headache. In addition, after the second dose, 
more than 40% of AEs were fatigue and headache [13,14]. Ossato et al. 
reported that the most frequent AEs were pain at the injection site, fa
tigue, and headache, and the most frequent AE after the second dose was 
malaise (52%), while other frequent AEs (chills, headache, muscular 
pain, joint pain, etc.) were less than 32% [15]. One of the influential 
factors is the difference in distribution according to age and gender of 
the target population. In addition, racial differences may also be 
involved in the frequency of AEs [16]. 

Since it is easy to report AEs using the smartphone application, even 
minor symptoms may be detected. However, there were few reports of 
fever, which was considered to be the most common type of AE. Prior to 
vaccination, as preliminary information we had explained to the staff 
that acetaminophen was effective in treating fever. Furthermore, since 
the system was designed to output alerts at 37.5 ◦C or higher, the pos
sibility also exists that some HCWs made false declarations. The number 
of absent HCWs after the first dose was 31, and this grew to 158 after the 
second dose. The number of HCWs reporting severe AEs was 27 after the 
first dose and 154 after the second dose. We did not include whether 
they were absent or not in this survey. Therefore, the causal relationship 
between absenteeism and the severity of AEs is unknown. However, the 
number of daily absenteeism corresponds to the number of severe cases 
reported. 

When the details of our findings are compared with those reported by 
the Ministry of Health, Labour and Welfare (MHLW), except for fever, 
fatigue and redness occurred less frequently, and headache, induration 
and local pain were comparable. In this study, we were able to obtain 
information on AEs such as chills and myalgia, which had not been 
disclosed by MHLW. These survey items were not included in the data 
released by MHLW and were set independently by modifying the 
application. At Chiba University Hospital, health management of HCWs 
was conducted at the time of influenza vaccination [17–19]. The data 
obtained in this study can be easily and quickly compiled and fed back to 
all staff, unlike previous paper-based data collections. The use of 
application software is considered to be very useful, as it allows for the 
rapid collection and compilation of AEs. 

There are some limitations to this study. First, this was a single- 
center observational study, and selection bias could not be excluded. 
Second, the study population consisted predominantly of young women, 
and included only a small number of staff over 60 years of age. The 
proportion of women was higher than that of men, so gender differences 
may have played a role in increasing the frequency of reported AEs. 
Third, the AEs in this study were declared on a self-reported basis, 
without any medical diagnosis. Although the majority of HCWs were 
medical professionals, it is possible that a certain percentage of AEs did 
not originate from the vaccine. Fourth, information on immediate AEs 
was not included in the collection for this study. One of our objectives in 
collecting AEs was to manage the health of HCWs. Comirnaty®  was 
considered to be important for identifying AEs such as anaphylaxis [13]. 
HCWs after vaccination waited for a certain time to be monitored by us. 
If any immediate AEs appeared, they were treated by MET. Since we 
were aware of AEs immediately after vaccination by this procedure, we 
considered it important to report AEs after the day following vaccina
tion. In order to collect immediate AE data in the future, it will be 
necessary to set up a system to allow retrospective entry. 

Based on our review, we believe that it is necessary to pay attention 
to the following points when using an application software. These 
consist of managing the system of the organization and the rights of 
individuals, providing non-misleading information, devising ways to 
improve the reporting rate, applying input items, managing alerts, and 
setting appropriate reporting periods. In conclusion, we clarified the 

usefulness and precautions of employing a smartphone application for 
collecting AEs after the administration of Comirnaty® . We hope that 
this information will be used to provide information on AEs among 
HCWs in Japan. 
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