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Abstract

Background:  Vaccine safety surveillance is a core component of vaccine pharmacovigilance. In Canada, active,
participant-centered vaccine surveillance is available for influenza vaccines and has been used for COVID-19 vaccines.

Objective: The objective of this study is to evaluate the effectiveness and feasibility of using a mobile app for reporting
participant-centered seasonal influenza adverse events following immunization (AEFIS) compared to a web-based notification
system.

Methods: Participants were randomized to influenza vaccine safety reporting via a mobile app or a web-based notification
platform. All participants were invited to complete a user experience survey.

Results: Among the 2408 randomized participants, 1319 (54%) completed their safety survey 1 week after vaccination, with a
higher compl etion rate among the web-based notification platform users (767/1196, 64%) than among mobile app users (552/1212,
45%; P<.001). Ease-of-use ratings were high for the web-based natification platform users (99% strongly agree or agree) and
88.8% of them strongly agreed or agreed that the system made reporting AEFIs easier. Web-based notification platform users
supported the statement that a web-based notification-only approach would make it easier for public health professional sto detect
vaccine safety signals (91.4%, agreed or strongly agreed).

Conclusions: Participantsin this study were significantly more likely to respond to aweb-based safety survey rather than within
a mobile app. These results suggest that mobile apps present an additional barrier for use compared to the web-based
notification—only approach.

Trial Registration: ClinicalTrials.gov NCT05794113; https://clinicaltrials.gov/show/NCT05794113

(JMIR Public Health Surveill 2023;9:€39700) doi: 10.2196/39700
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Introduction

Vaccine safety surveillance is a core component of vaccination
programs to monitor the safety of vaccines for health care
professionals, policy makers, and the public. The
implementation of a vaccine safety surveillance program
increases the public confidence in various vaccines that are
introduced [1]. Serious adverse events following immunization
(AEFIs) are rare but do occur. For this reason, good-quality
pharmacovigilance is necessary to detect AEFIs. Digital
technology offers the potential to enhance and improve AEFI
surveillance.

Vaccine pharmacovigilance in Canadacurrently involves passive
and active surveillance systemsthat are designed to detect even
very rare events in the population of vaccine recipients.
However, passive surveillance suffers from underreporting and
reporting biases (based on age, severity, and type of vaccine),
while active surveillance occurs only for adverse events (AES)
in hospitalized children for specific conditions [2,3]. The
detection of safety signals can be slow for either system and
doesnot allow for the calculation of popul ation-based incidence
rates.

Participant-centered active vaccine reporting offersa potentially
more economical and sustainable mechanism to conduct
large-scale pharmacovigilance as it alows for rapid
identification of AEFIs with minimal human resource needs.
The Canadian National Vaccine Safety (CANVAS) network
was established in 2009 to provide enhanced monitoring for
pandemic and seasonal influenza vaccines using rapid,
web-based active surveillance. CANVAS provides timely
influenza vaccine safety information annually, via aweb-based
survey, collected from over 50,000 adults and parents across
Canada. CANVAS includes an unvaccinated control group,
which provides a robust approach for conducting rapid
evaluations of vaccine safety.

The use of mobile health (mHealth) has allowed researchers,
policy makers, and health care practitionersto reach individuals
who are often less accessible, which, in turn, encompasses a
broader and more representative sample of the population [4].
mHealth has not only increased accessihility but also provided
low-cost health care solutions for various populations [5]. The
COVID-19 pandemic and influenza outbreaks disproportionally
harm individuals from communitiesthat may beless accessible
[6]. The need to reach broader populations is important in
vaccine safety research to better improve postmarket
surveillance and could potentially be aided through low-cost
solutions via mHealth. However, this needs to be evaluated.

mHealth is a rapidly growing field, and the near ubiquity of
smartphones presents a unique opportunity to incorporate digital
technol ogiesto address public health issues, such asmonitoring
AEFIs, and facilitate communication between individuals and
public health officials. With increased mobile device and app
usage, the potential exists to capture, transmit, and monitor
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postimmunization  experiences rapidly using self-reporting
and personal mobile devices. For example, Australia has
successfully implemented participant-centered digital AEFI
reporting using SMS text messaging technology [7].
CANImmunizeisadigital immunization tracking solution that
could serve as an acceptable platform for digital AEFI reporting
[8,9].

In this study, we will evaluate the effectiveness and feasibility
of using amobile app for reporting partici pant-centered seasonal
influenza AEFIs compared to aweb-based notification platform.

Methods

Study Procedures

A 2-centered randomized controlled tria (RCT) was
conducted to evaluate the use of safety reporting via a mobile
app compared to safety reporting via web-based CANVAS
notifications among individuals receiving the influenza
vaccine from October 6 to November 29, 2020, during the
seasonal influenza vaccine campaign in Ottawa, Ontario, and
Vancouver, British Columbia, Canada.

Individualswererecruited at the time of receiving their influenza
vaccine. Eligibility criteriaincluded the ability to speak English
or French, having an active email address and tel ephone number,
and being immunized with the seasonal influenza vaccine.

Randomization

After study enrollment, participants were randomized to receive
the web-based safety survey either through the mobile app or
were emailed a link to the web-based survey using a 4-block
randomization design.

Web-Based Notification Arm

All participants randomized to the web-based notification arm
received the following web-based CANVAS natifications
[10,11]. Briefly, participants received an email notifying them
of their registration in the study. Eight days following their
influenzavaccine, participantsreceived an email with the survey
link asking them to complete their web-based influenzavaccine
safety survey. Participants received areminder email on day 11
if they did not complete their survey. Further details on
CANVAS surveillance and a description of the questionnaire
can be found in previous studies [10,12,13].

Mabile App Arm

Participants randomized to the mobile app arm received an
email asking them to download the app and activate their
account. Users who did not activate their account after 48 hours
received a reminder email. Participants who activated their
accounts could spontaneoudly report an AE through the app and
were also notified of the day 8 survey through the app.

Eight days following their vaccination, mobile app participants
who activated their accounts received a push notification on
their phone to complete their survey. A reminder push notice
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was sent out on day 11 to participants who had not yet competed
the day 8 survey. On November 16, 2020 (midway through the
recruitment period), additional email reminders in the mobile
app arm were implemented on days 2, 4, and 6 to remind
participants to register for the app. All participants received a
day 8 email directing them to use their CANImmunize account
to complete their influenzavaccine survey. Accessto the survey
link also was available in the email reminder.

Usability Survey

Following compl etion of the safety survey, al participantswere
sent a separate link via email to complete a user experience
survey. Participants were asked about their history of
participating in the flu vaccine safety survey and whether they
previously used the CANImmunize app. Using a Likert scale,
participants were asked questions on (1) perceived ease of use,
(2) perceived usefulness, (3) their attitudes and intention of use
toward the platform, and (4) questions pertaining to vaccine
confidence and safety.

Statistical Analysis

The data were analyzed within the intention-to-treat arm to
which participantswere randomized. The datawere summarized
descriptively. Differences in response rates were compared
using achi-squaretest. AEFI incidence was compared between
groups using a chi-square test and presented with 95% Cls.
Response time between groups was assessed using a Student t
test. A Mann-Whitney test with adjustments for multiple
comparisons was used to compare useability responses among
new and previous web-based notification platform users.
Significance was accepted as P<.05.

Ethical Consider ations

All participants provided informed electronic consent upon
compl etion of the web-based survey for primary data collection

https://publichealth.jmir.org/2023/1/€39700
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as well as secondary analyses of research data. The Ottawa
Health Science Network Research Ethics Board (20200591-01H)
and the BC Children’sHospital Research Ethics Board approved
this study. This was a substudy under the CANVAS protocol
(OHSN REB: 20100715-01H, BC: H10-02274). All participants
personal data were anonymized to protect their privacy and
confidentiality. Participants did not receive any monetary
compensation for participating in this study.

Results

Overview

Between October 6 and November 29, 2020, a total of 2408
individuals agreed to participate in the RCT (Vancouver,
n=1409; Ottawa, n=999). In total, 1196 participants were
randomized to the CANVAS arm and 1212 to the
CANImmunize arm (Figure 1).

Overall, 1319 (54%) RCT participants compl eted the web-based
safety survey. Participant demographics are presented in Table
1. The completion rate was higher among web-based notification
platform users (64%, n=767) than among mobile app users
(45%, n=552; P<.001).

Of the 552 mobile app respondents, 15% (N=87) created a
CANImmunize account and 4.3% (n=24) aready had an
account, 35 (6.3%) accessed the survey using the app, and the
remaining participants (n=517, 93.6%) accessed the survey in
the reminder email.

Of the userswho created anew account, 100 (90% of registered
users) registered for their account after November 16, 2020,
compared to 10 before. Initiation of the reminder emails
improved survey completion in the CANImmunize arm, with
73% (n=404) of mobile app survey completions occurring after
the implementation of additional reminder emails.
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Figure 1. Overview of participant recruitment, randomization, and survey completion. RCT: randomized controlled trial.
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Table 1. Demographic details of participants (N=1319) who submitted a flu vaccine safety survey (intention-to-treat arm).

Web-based notification (n=767), n (%)

Mobile app (n=552), n (%) Total, n (%)

Sex
Femae 430 (56.1)
Male 333 (43.4)
Other 4(0.5)

Agegroup
6-23 months 36 (4.7)
2-4 years 87 (11.3)
5-9 years 138 (18.0)
10-14 years 96 (12.5)
15-19 years 23(3.0)
20-29 years 43 (5.6)
30-39 years 120 (15.6)
40-49 years 142 (18.5)
50-64 years 76 (9.9)
65-79 years 5(0.6)
80+ years 1(0.1)

Number of Flu vaccinesin thelast 2 years
0 78(10.2)
1 141 (18.4)
2 548 (71.4)

Previous web-based notification platform usage

Yes 171 (44.4)2

No 198 (51.4)%

Unknown 16 (4.2)2
Existing app users

Yes N/AY

No N/A

Unknown N/A

325 (58.9) 755 (57.2)
226 (40.9) 559 (42.4)
1(0.2) 5 (0.4)
28(5.1) 64 (4.8)
81(14.7) 168 (12.7)
74 (13.4) 212 (16.1)
66 (11.9) 162 (12.3)
14 (2.5) 37 (2.8)
32(5.8) 75(5.7)
114 (20.6) 234 (17.7)
83 (15.0) 225 (17.1)
55 (10.0) 131 (9.9)
4(0.7) 9(0.7)
1(0.2) 2(0.2)

53 (9.6) 131 (11.7)
100 (18.1) 241 (3.7)
399 (72.3) 947 (84.6)
78 (40.2)P 249 (43.0)°
98 (50.5)° 296 (51.1)°
18 (9.3)° 34 (5.9)°
26 (13.4) N/A

158 (81.4) N/A

10 (5.2) N/A

8Calculated on the basis of atotal of 385 participants.
bCalculated on the basis of atotal of 194 participants.
CCalculated on the basis of atotal of 579 participants.
IN/A: not applicable.

Response Time

The mean responsetimefor the day 8 survey wasslightly longer
for the mobile app group than for the web-based notification
platform group (10.7, SD 3.9 days vs 10.1, SD 3.2 days,
respectively; P=.001).

Spontaneous Reports

Spontaneous reports were available for mobile app users only.
In total, 27 mobile app users accessed the spontaneous report
survey, and 13 users submitted aspontaneous report, 1 of which
was considered incomplete. The spontaneous reports were
submitted on average 4.3 (SD 1.3, median 4) days after vacation.

https://publichealth.jmir.org/2023/1/€39700

One of the 13 spontaneous reports was medically attended.
Seven of the completed reports did not indicate any symptoms,
suggesting that participants may have submitted their day 8
survey early or may have misunderstood the spontaneous report
since they did not report any AEFIs despite the purpose of the
survey being to gather AEFI information.

Event Reporting

Approximately 10% (n=134) of study participants reported
experiencing anew or worsening health problem (78 web-based
notification system users vs 56 mobile app users). In total, 43
of these participants (29 web-based notification system users
vs 14 mobile app users) reported missing work or activities or
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consulting a medical professional (Table 2). No significant
differenceswere observed in incidence rates between web-based
and mobile app participants. The relative risk of developing or
worsening of any health problem for the web-based notification
arm relative to those in the mobile app arm was 1.002 (95% CI

Table 2. Adverse event reporting rates among participants.

Botaet al

0.7226-1.39). The relative risk of developing or worsening of
any nonsevere health problem was 0.839 (95% CI
0.5702-1.2649). The relative risk of a health problem being
severe enough to miss work or activities or a medica
consultation was 1.491 (95% CI 0.7855-2.7619).

Web-based notification system users, n (rate, 95% Cl)

Mobile app users, n (rate, 95% Cl)

Development or worsening of any health problem

Development or worsening of any nonsevere health
problem

49 (6.39, 4.76-8.36)

Adverse event severe enough to misswork or activi-
ties or amedical consultation

29 (3.78, 2.55-5.39)

78 (10.17, 8.12-12.53)

56 (10.14, 7.8-13.0)
42 (7.61, 5.5-10.1)

14 (2.54, 1.4-4.2)

Usability and Perceived Usefulness

In total, 579 participants took the usability survey, with 194
mobile app and 385 web-based notification respondents,
respectively. In total, 249 of those completing the usability
survey had previoudly participated in the influenza vaccine
safety survey (n=249, 43% of usability respondents) and 13%
of usability respondents had used CANImmunize before (mobile
app arm only, n=26).

Of the 35 mobile app users who completed the survey in the
app, only 11 completed the useability survey; hence, we have
only reported on the usability responses of the web-based
notification platform users (Table 3). We conducted asensitivity
analysis among existing and new web platform users. There
was no difference in responses between new and previous users
of the web-based notification survey respondents (Multimedia
Appendix 1).

https://publichealth.jmir.org/2023/1/€39700

Overall, 99% of web-based natification platform users agreed
or strongly agreed that the platform was easy to use, and 88.8%
of them thought that it made reporting AEFI easier.

When asked about perceived usefulness, 73.8% of web-based
notification platform users agreed or strongly agreed that it will
make vaccines safer, and 91.4% of them agreed or strongly
agreed that it could makeit easier for public health professionals
to detect vaccine safety issues. The majority of participants
(88.8%) agreed or strongly agreed that it made reporting a
vaccine side effect easier, using this system was a good idea
(93.2%), and that they would use it for additional vaccines
(85.9%) or the COVID-19 vaccine (94.0%). Despite this, only
47.4% of web-based notification platform users who completed
the usability survey reported that it increased their confidence
invaccine safety. Only 77.7% of usersfelt confident about data
privacy and security.
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Table 3. Perceived ease of use, usefulness, attitudes toward use, and intention to use among web-based notification survey users.

Web-based notification survey (n=385)

Total respon-  Strongly diss  Disagree, n  Neither agree nor Agree, n (%) Strongly

dents, n agree, n (%) (%) disagree, n (%) agree, n (%)
Easy to use 380 1(0.3) 0(0) 2(11) 61(33.2) 316 (83.2)
Easy to open 382 1(0.3) 0(0) 2(11) 75 (40.8) 304 (79.6)
Easy to access 377 0(0) 0(0) 2(11) 72(39.1) 303 (80.4)
This system will help make vaccines safer 382 2(0.5) 3(0.8) 95 (24.9) 132 (34.6) 150 (39.3)
Thissystemincreased my awarenessof vaccine 377 11 (2.9) 45 (11.9) 155 (41.1) 80 (21.2) 86 (22.8)
records
This system could make it easier for public 382 1(0.3) 0(0) 32 (8.4) 181 (47.4) 168 (44)
health to detect safety issueswith new vaccines
This system alows meto easily report avac- 376 5(1.3) 3(0.8) 34 (9.0) 150 (39.9) 184 (48.9)
cine side effect (an adverse event) following
immunization
Using thissystem to report vaccine side effects 380 1(0.3) 2(0.5) 23(6.1) 144 (37.9) 210 (55.3)
(adverse events following immunization) is a
good idea
| feel confident about the privacy and security 381 1(0.3) 3(0.8) 81 (21.3) 152 (39.9) 144 (37.8)
of my datain this system
If thiswas available for additional vaccines, | 382 1(0.3)- 1(0.3) 52 (13.6) 142 (37.2) 186 (48.7)
would use it
| would use this system for anew COVID-19 382 1(0.3) 0(0) 22 (5.8) 142 (37.2) 217 (56.8)
vaccine
This system increased my confidenceinthe 378 1(0.3) 19 (5.0) 179 (47.4) 87 (23.0) 92 (24.3)
safety of vaccines
Getting vaccinated is a good way to protect 374 1(0.3) 0(0) 6 (1.6) 71 (19.0) 296 (79.1)
myself and my family from disease
Vaccinating myself and my family isimportant 379 1(0.3) 0(0) 3(0.8) 68 (17.9) 307 (81)
for the health of othersin my community
| am concerned about serious side effectsof 381 32(8.4) 94 (24.7) 80 (21.0) 106 (27.8) 69 (18.1)
vaccines
New vaccines carry morerisksthan older vac- 383 31(8.1) 41 (10.7) 187 (48.8) 85 (22.2) 39(10.2)
cines

: : To be successful, digital solutions must be easy to use, easy to

Discussion d

Principal Findings

This study compared 2 digital reporting systems (a web-based
notification platform vsamobile app) for AEFI reporting during
the 2020 seasonal influenza vaccination campaign. In total,
2408 individuals agreed to participate in the RCT. A total of
1196 participants were randomized to the CANVAS arm and
1212 to the CANImmunizearm (Figure 1). Overall, 1319 (54%)
RCT participants completed the web-based safety survey. The
completion rate was higher among web-based notification
platform users (64%, n=767) than among mobile app users
(45%, n=552). Ease of use was higher among web-based
notification platform users. Our findings suggest that a
web-based survey link is an acceptable approach for active,
participant-centered AEFI reporting. We identified a number
of concernswith mobile app reporting, which would need to be
addressed to improve the acceptability and usability of
app-based reporting.

https://publichealth.jmir.org/2023/1/€39700

access, and meet the needs of the users [14]. In this study, we
saw lower rates of participant engagement in the mobile app
arm and were unable to assess usability due to low participant
responses. Participants were required to download the app and
register their account. This added complexity and was likely a
barrier to use.

Interestingly, the highest response rate in the mobile app group
was observed among 30-39-year-old participants. This was
possibly due to this demographic being having a higher level
of technological literacy and comfort with mobile apps [15].
The lowest response rate among the mobile app users was
observed among older adults aged >65 years. Thelow response
rate among older adults may be dueto less comfort with mobile
appsor possibly barriers such as difficulty reading smaller font
[16].

The lack of responses to the usability survey is also a potential
concern as we were unable to assess exactly what needs to
change to make mobile app reporting acceptable and
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user-friendly. The usability survey was provided as a separate
email link after the safety survey was completed, and it may
have been missed by users.

Itiscritical to make mHealth solutions accessible, and abarrier
may be technological literacy or low perceived ease of use
among some populations. It isimportant that mHealth apps are
designed to be user-friendly for target demographics[17]. This
isimportant in vaccine safety surveillance studies that need to
capture data from a breadth of demographics.

Current literature suggests that the development of mHealth
apps should follow 8 specific categories [17] with usability
being one of the key categories. Usability refersto the app being
adapted to the target population [17]. Making the app easy to
use, with clear instructions, and the feedback of various
community memberswho usethe appiscritical. Our finding—a
lower response rate was observed among mobile app usersthan
among the web-based notification platform users—impliesthat
the mobile app may not have been optimally designed for
usability for al of the target demographics. The app was
possibly challenging to navigate or perceived to be so resulting
inalower response rate than that among users of the web-based
notification system.

Enabling AEFI reporting from individualswho are already using
amobile app for another purpose would require less work for
the user and may be a more successful approach. For example,
42% of Canadians report accessing websites, mobile apps, or
other interactive web-based servicesto support or monitor their
health [18]. Integrating use with these types of health monitoring
apps would be an approach worth trialing. Indeed, since the
completion of this study, the CANVAS-COVID safety survey
has recruited control participants from among current
CANImmunize users[19]. Other digital technol ogies have been
used during the COVID-19 vaccine rollout. Social media was
used to collect postmarket vaccine safety data [20-23], and the
US Centers for Disease Control and Prevention created the
V-safe After Vaccination Health Checker application, which
allowed individuals to register and complete vaccine safety
surveys after receiving their COVID-19 vaccine [23].

Botaet al

Based on the RCT conducted in this study, it was found that
adding the extra step of using the mobile app introduced an
additional barrier for participants who may have lower
technological literacy. Future mHealth developments should
include various participants from the target demographics in
the devel opment process to ensure usability.

Limitations

This study has several limitations. Mobile app users were
required to register for a CANImmunize account for the study.
Registration allowed for influenza vaccine data to be uploaded
to the users' CANImmunize account; however, this additional
step appeared to be abarrier to use as we saw low registration
numbers. Study participants were randomized after study
registration; hence, onsite personnel were not able to support
participants randomized to the mobile app arm in activating
their account, which may also have contributed to low account
registration. However, this can be perceived as a strength as
this provided more real-world effectiveness data of app usage
as in anonstudy setting, users would have to navigate this on
their own without study staff assistance. The day 8 survey email
served as a reminder to mobile app users to register their
accountsif they had not yet done so, but it also provided adirect
link to the web-based safety and usability surveys, which 94%
of mobile app arm users who completed the survey chose to
use, rather than registering for amobile app account. Asaresult,
we could not effectively evaluate user preference or experiences
in the mobile app arm of the study. Another major limitation is
that data about nonresponders were not collected, which could
introduce risk for response bias, particularly since the response
rate differed between the web-based notification arm (64%) and
the mobile app arm (45%).

Conclusions

In summary, this study demonstrated high user acceptability
with the web-based survey platform compared to that with a
mobile app. Making AEFI reporting availableto existing mobile
app usersmay still beaviableinitiative for participant-centered
active reporting in Canada but would require further refinement.
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[DOCX File, 24 KB-Multimedia Appendix 1]

Multimedia Appendix 2

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 391 KB-Multimedia Appendix 2]
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