
Original Paper

Evaluating a WeChat-Based Intervention to Enhance Influenza
Vaccination Knowledge, Attitude, and Behavior Among Chinese
University Students Residing in the United Kingdom: Controlled,
Quasi-Experimental, Mixed Methods Study

Lan Li, MSc; Caroline E Wood, PhD; Patty Kostkova, PhD
Centre for Digital Public Health in Emergencies, Department for Risk and Disaster Reduction, University College London, London, United Kingdom

Corresponding Author:
Lan Li, MSc
Centre for Digital Public Health in Emergencies, Department for Risk and Disaster Reduction
University College London
Gower Street
London, WC1E6BT
United Kingdom
Phone: 44 7529917633
Email: lan.li.19@ucl.ac.uk

Abstract

Background: University students, who often live in close quarters and engage in frequent social interaction, face a heightened
risk of influenza morbidity. Still, vaccination rates among this group, particularly Chinese students, remain consistently low due
to limited awareness and insufficient access to vaccinations.

Objective: This study examines the effectiveness of a cocreated WeChat-based intervention that targets mainland Chinese
university students in the United Kingdom, aiming to improve their knowledge, attitude, and behavior (KAB) toward seasonal
influenza vaccination.

Methods: A quasi-experimental mixed methods design was used, incorporating an intervention and comparison group, with
baseline and follow-up self-reported surveys. The study was conducted from December 19, 2022, to January 16, 2023. The
primary outcome is the KAB score, which was measured before and after the intervention phases. System-recorded data and user
feedback were included in the analysis as secondary outcomes. A series of hypothesis testing methods were applied to test the
primary outcomes, and path analysis was used to explore the relationships.

Results: Our study included 596 students, of which 303 (50.8%) were in the intervention group and 293 (49.2%) were in the
control group. The intervention group showed significant improvements in knowledge, attitude, and intended behavior scores
over time, whereas the control group had only a slight increase in intended behavior scores. When comparing changes between
the 2 groups, the intervention group displayed significant differences in knowledge and attitude scores compared to the control
group, while intended behavior scores did not significantly differ. After the intervention, the actual vaccination rate was slightly
higher in the intervention group (63/303, 20.8%) compared to the control group (54/293, 18.4%). Path analysis found that the
intervention had a significant direct impact on knowledge but not on attitudes; knowledge strongly influenced attitudes, and both
knowledge and attitudes significantly influenced intended behavior; and there was a strong correlation between intended and
actual behavior. In the intervention group, participants expressed a high level of satisfaction and positive review of the content
and its use.

Conclusions: This study demonstrates how a WeChat intervention effectively improves KAB related to seasonal influenza
vaccination among Chinese students, highlighting the potential of social media interventions to drive vaccination behavior change.
It contributes to the broader research on digital health intervention effectiveness and lays the groundwork for tailoring similar
interventions to different health contexts and populations.

(JMIR Form Res 2024;8:e55706) doi: 10.2196/55706
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Introduction

Seasonal influenza vaccination (SIV) is a critical public health
intervention aimed at reducing the incidence of influenza and
its associated complications. Influenza poses a significant burden
on population health, leading to increased morbidity, mortality,
and substantial health care costs [1]. In the 2022 to 2023
influenza season, the United Kingdom experienced its highest
influenza-related excess deaths since 2017 to 2018, with nearly
15,000 reported in the 2022 to 2023 influenza season [2].
Increasing SIV uptake can lead to significant public health
benefits, including reduced strain on health care systems during
influenza seasons, lower hospitalization rates, and decreased
overall health care expenditures [3]. Effective vaccination
campaigns can also prevent the spread of the virus within
communities, contributing to herd immunity and protecting
populations considered vulnerable, including older adults, young
children, and individuals with chronic health conditions [3].

Despite these benefits, SIV vaccination rates remain suboptimal
in many populations. University students, while generally at a
lower risk for severe influenza complications, are still vulnerable
to the impact of the virus. This can lead to reduced academic
performance, social disruptions, and prolonged symptoms [4,5].
This vulnerability is particularly pronounced among
international students, who may face additional challenges such
as adapting to a new environment and navigating an unfamiliar
health care system [4-7]. However, vaccination rates among
university students, especially Chinese students, remain
consistently low due to factors such as limited awareness and
insufficient access to vaccinations [4-6,8,9]. Extensive research
has been conducted on the factors influencing the attitudes and
intentions of university students regarding SIV [4,6,10,11].
These studies have identified a significant gap between intention
and actual behavior, with only 30% to 40% of students who
intend to get vaccinated following through [12]. Given this
discrepancy, the focus should shift from merely identifying the
reasons behind low vaccination rates to developing and
implementing effective interventions that specifically target this
population.

Social media holds significant promise for promoting SIV
among university students due to its ubiquitous presence in their
daily lives, providing a convenient and accessible platform for
disseminating vaccination information [13-16]. However,
existing interventions have primarily focused on on-campus
programs, often neglecting off-campus influences that play a
crucial role in vaccination decisions [8]. Thus, there is a critical
need to assess and harness the potential of social media for
influencing SIV behavior change. In addition, most studies on
social media interventions for SIV have been geographically
limited, primarily centered in the United States, highlighting
the necessity for a broader global perspective [8,12,17,18]. In
addition, the prevailing “one-size-fits-all” approach in
intervention design has resulted in only moderate effectiveness,
emphasizing the need for tailored interventions that cater to the
specific needs of different populations [8,13,14]. Reviews have
consistently highlighted the importance of customizing
interventions to address the unique characteristics and needs of
specific target groups to enhance their effectiveness [8,14].

China is the largest source of international students in the United
Kingdom, accounting for >22% of the international student
population in 2022 [19]. Chinese students often face language
barriers, cultural differences, and limited social interactions
[20], which can hinder their access to health care resources [21].
Given that WeChat is the predominant platform among Chinese
students, it presents a unique opportunity to deliver targeted
health interventions [22,23]. While prior research has explored
the potential of WeChat for health interventions, the focus has
predominantly revolved around areas such as physical activity
[24,25], mental health [24,26], and the management of cancer
and chronic diseases [27,28]. However, there is a significant
research gap in evaluating the effectiveness of WeChat for
promoting vaccination, especially among Chinese university
students. Our study aims to address this gap by implementing
and evaluating a cocreated WeChat-based intervention
specifically targeted at improving knowledge, attitude, and
behavior (KAB) regarding SIV. To achieve this, we use a
quasi-experimental design to assess the efficacy of the
intervention among mainland Chinese university students in
the United Kingdom.

Methods

Study Design
A quasi-experimental, mixed methods design was used,
including an intervention and comparison group with baseline
and follow-up assessment. This study was conducted in the
United Kingdom, with the intervention taking place from
December 19, 2022, to January 16, 2023. The timing was
deliberately chosen to engage with students who were uncertain
about getting vaccinated, assuming that most vaccine acceptors
had already been vaccinated at the beginning of the influenza
season (October to November). Notably, during this period, the
United Kingdom witnessed its most severe influenza season in
the past 5 years [2], and China was grappling with a challenging
COVID-19 situation, marked by policy changes related to public
health measures [29]. These circumstances heightened the
population’s interest in health-related information on social
media. To ensure that any observed effects could be attributed
to the intervention and not influenced by unrelated factors, a
control group was thoughtfully included for comparative
effectiveness assessment.

Intervention Details
Using the social media intervention design framework, which
aims to adapt behavioral intervention for the social media
delivery [30], this structured and systematic approach guided
the development and implementation of the intervention. The
primary objective of this intervention is to improve the student’s
KAB about the SIV.

The WeChat intervention in this study was developed and
designed following the cocreation approach [31]. Involving
collaborative efforts between academic researchers and end
users has great potential to enhance the customization of
interventions for specific end users and settings [31-33]. The
cocreation approach has been widely applied in other health
interventions, especially for hard-to-reach participants [34,35].
Inspired by previous research, we initiated a cross-sectional
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survey grounded in the Capability, Opportunity, and Motivation
Behavior model and Theoretical Domain Framework [36,37].
The survey results suggested that a lack of knowledge is the
main barrier to improving SIV uptake [37].

Following the survey, we conducted 3 rounds of focus groups
within a 2-month timeframe, involving 11 volunteer students.
Each focus group had a specific objective. The first group was
tasked with selecting the most suitable content and style for the
intervention. Over the subsequent 2 weeks, the research team,
in collaboration with 2 student helpers, curated a content pool
based on the feedback received. The second focus group was
convened to gather feedback and enhance the finer details of
the selected content. This feedback-driven refinement process
was crucial to ensuring the quality and relevance of our
intervention materials. After these improvements, the final focus
group was convened to evaluate the readability and usability of
the intervention content and associated functions. This step was
pivotal in ensuring that our intervention would be effective and
user-friendly.

The process for designing and developing this intervention is
outlined in detail in our previous publication [38]. The final
intervention comprised 3 main components: educational posts,
an autoreply function, and reminders. Educational posts provided
scientifically validated information about the importance of
vaccination, accessible vaccination locations, and discounted
vaccine options. The autoreply function addressed access
barriers by offering personalized responses to inquiries about
vaccination, using a predefined set of keywords. Reminders
were strategically paired with educational content to prompt
timely vaccination actions, supported by visual aids illustrating
the optimal vaccination period. This multicomponent approach
aimed to enhance informed decision-making and promote
influenza vaccine uptake among the target population. Figure
1 presents visual representations of these components.

During the 4 weeks of the intervention phase, the intervention
group received personal reminders 3 times a week (at 5 PM
GMT on Monday, Wednesday, and Friday) and was exposed
to the intervention contents and functions during the whole
period, whereas the comparison group was blinded to any
intervention materials and accesses.

Figure 1. WeChat official account intervention (screenshots of the example pages).

Participants and Recruitment
The inclusion criteria for participants were as follows: (1) aged
>18 years, (2) currently studying in a UK university, (3)
international students from mainland China, (4) native Mandarin
speaker, and (5) familiarity with using the WeChat official
account to obtain information and communicate with others.
No restrictions were set on universities and cities, as no
significant differences were found in influenza vaccine settings
and attitudes and behaviors based on the background survey
[37]; therefore, all universities in the United Kingdom were
included to maximize the sample size. The participants who
met the criteria were invited to fill out the baseline web-based
survey before the intervention. At the end of the baseline survey,
the participants were randomly invited to subscribe to the
WeChat official account. The chance of receiving the invitation

has been predefined as 1:1. The participants who subscribed to
the official account were then labeled as the intervention group.
Figure 2 provides recruitment details.

To recruit the participants, advertisements were posted through
a poster that emphasized the financial incentive and provided
a point of contact for questions. The content of the posters only
briefly mentioned the questionnaire content with the sentence
in Chinese: “Have you received the influenza vaccination in the
UK? Tell us what you think about it!” which was intentionally
framed in a neutral manner, focusing on participants’ personal
experiences rather than steering their perceptions in any
particular direction. Once participants accessed the
questionnaire, they were presented with an information consent
sheet. This document detailed the broader purpose of the study,
framed the intervention as an opportunity to receive
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evidence-based information about the influenza vaccine, and
emphasized the voluntary base of the study. The financial
incentives were guaranteed and were not influenced by whether
participants used the intervention or received the vaccine. The
language used in this stage was carefully crafted to avoid
priming toward specific outcomes or opinions.

The study recruited participants through popular Chinese social
media platforms, including WeChat, Weibo, and Red (Little

Red Book). The research team disseminated the poster through
their account and accessible chat groups and channels. Snowball
sampling was adopted to increase the number of participants.
Participants were given CNY ¥10 (US $1.40) as a reward for
completing the initial survey. Double the amount was offered
as an incentive for completing the survey after the intervention
period. A bonus of CNY ¥5 (US $0.70) was given for referring
another eligible participant to complete the initial survey.

Figure 2. Overview of the design with baseline assessment, intervention, and follow-up assessments in the intervention and control groups.
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Data Collection and Outcomes

Overview
Baseline and follow-up data were gathered through
questionnaires administered in early December 2022 and late
January 2023, representing the periods before and after the
implementation of the intervention. The assessment of
sociodemographic characteristics and KAB scores was
conducted using a web-based survey at both the baseline and
postintervention stages. In the follow-up survey, user feedback
was specifically solicited from the intervention group, while
questions regarding exposure to the intervention content were
posed to the control group. This approach minimized the risk
of data contamination. To maintain data integrity, participants
in the control group who were inadvertently exposed to the
intervention were excluded from the analysis. In addition,
students in both groups who reported having received the SIV
in the baseline survey were excluded from the study. Detailed
questionnaires can be found in Multimedia Appendix 1.

Primary Outcome: KAB Score
The influenza vaccination KAB of university students were
assessed at baseline and at a 4-week follow-up using a 26-item
questionnaire, as presented in Textbox 1. The questionnaire
included three sections: (1) knowledge section (10 questions
picked randomly from the question pool and 6 self-rated scores;
for each knowledge point, a question pool was created with 5
identical questions, and 1 question was randomly selected to
ask participants), which was related to the importance of
preventing influenza, the benefits of taking SIV, and how to get
vaccinated in the United Kingdom; (2) vaccine attitude section
(14 questions), which included statements about SIV with
5-point Likert-scale options; and (3) vaccination behaviors’

section (2 questions): in this section, we first asked whether the
participant is vaccinated, if the answer is “no,” they will be
directed to answer the intended behavior question with 5 options.
The KAB-related questions were either formulated or adapted
from published questionnaires and documents from local health
promotion centers in the United Kingdom and China [39-41].
All questions were reviewed by 2 experts with experience in
vaccination-related survey research and were also pretested with
30 students to ensure accuracy, clarity, and cultural adequacy.
Minor modifications were made to the questions according to
feedback from students.

The questions on vaccination KAB were separately analyzed.
For the knowledge questions, each correct response was
allocated a score of 1 point, and an incorrect or no response was
allocated 0 point. The total knowledge score ranged between 0
and 10 points, with higher scores indicating that the student
displayed better SIV knowledge. The self-rated knowledge
scores were analyzed to assess the knowledge score reliability.
For the attitude statements, each question was measured on a
5-point Likert scale (strongly disagree=1, disagree=2,
moderate=3, agree=4, and strongly agree=5). The average score
of the 14 attitudes was calculated as the attitude score (range
1-5), whereby the favorable options (strongly agree) were given
5 points each and the unfavorable options (strongly disagree)
were given 1 point. Reverse coding has been applied to the
items rephrased negatively. A higher attitude score reflected a
more positive attitude toward SIV. For the question related to
vaccination behavior, the actual behavior was coded as
“unvaccinated=0” and “vaccinated=1,” and the intended
behavior scores were from 1 to 5 (not at all=1, unlikely=2, not
sure=3, likely=4, and very likely=5). Details related to each of
the KAB questions and the coding of correct answers are
presented in Multimedia Appendix 2.
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Textbox 1. Knowledge, attitude, and behavior instruments.

Knowledge

1. At-risk group (eg, older adults, infants and young children, and people with chronic illnesses are at high risk of influenza [single choice] [I think
this statement is (correct, wrong, or not sure)]

2. Influenza susceptibility (eg, all people are generally susceptible to influenza [single choice] [I think this statement is (correct, wrong, or not sure)]

3. Flu symptoms: (eg, the typical symptoms of influenza include cough, sore throat, runny nose, and nasal congestion [single choice] [I think this
statement is (correct, wrong, or not sure)]

4. Timing of vaccination (eg, in the United Kingdom, the best time to get an influenza vaccination is between October and January [single choice]
[I think this statement is (correct, wrong, or not sure)]

5. Preventive measures for influenza (eg, the preventive measures for influenza are similar to those for the COVID-19 [single choice] [I think this
statement is (correct, wrong, or not sure)]

6. Flu severity (eg, the number of hospitalizations due to influenza is about 3 to 5 million worldwide each year [single choice] [I think this statement
is (correct, wrong, or not sure)]

7. Where to get the vaccine (eg, in the United Kingdom, the only way to get an influenza vaccination is to go to the hospital [single choice] [I think
this statement is (correct, wrong, or not sure)]

8. Vaccination frequency (eg, you need to get a one-shot influenza vaccination annually [single choice] [I think this statement is (correct, wrong,
or not sure)]

9. Who need flu vaccination (eg, only people at high risk need to be vaccinated against influenza [single choice] [I think this statement is (correct,
wrong, or not sure)]

10. Flu vaccine benefits (eg, you will not catch the influenza if you get the influenza vaccine [single choice] [I think this statement is (correct, wrong,
or not sure)]

Attitude

1. I believe the influenza vaccine is safe.

2. I believe the influenza vaccine is effective.

3. The influenza vaccine is important for my health.

4. I believe that the process of producing and administering influenza vaccines is safe and effective.

5. The information promoted by the government, universities, and the National Health Service about the influenza vaccine is trustworthy.

6. If I do not get the influenza shot, I may catch the influenza.

7. I think that the natural immunity that comes from having the influenza is better than the influenza shot.

8. I think that the probability of me getting the influenza is so low that I do not need the vaccine.

9. I think even if I get the influenza I can live with it, so I do not need the vaccination.

10. The place and environment for receiving vaccinations in the United Kingdom is so bad that it makes me not want to get vaccinated.

11. The processes of making appointments and receiving the influenza vaccinations in the United Kingdom are easy to me and take little time.

12. I believe I will be able to get the influenza vaccine if needed.

13. I can afford the influenza vaccine cost.

14. I always be proactive in keeping up with information about the influenza vaccine.

Behavior

1. Have you received the influenza vaccination since October 1, 2022? [single question, yes or no; refers to actual behavior]

2. How likely are you to receive the influenza vaccine within the next 3 months? [single question; not at all, unlikely, not sure, likely, or very likely;
refers to intended behavior]

Secondary Outcomes: User Data, Reviews, and Scores
User data, including the number of reads, users, and
click-throughs, were automatically collected through WeChat
each time a user accessed the official account. Time stamps
were recorded for these interactions. The collected user
engagement data were then extracted and exported to the CSV

format. These data serve as the secondary outcomes for
assessing the popularity and usability of the intervention.

To gauge users’ satisfaction with the intervention, a set of 10
statement questions was adapted from the System Usability
Scale [42]. Participants in the intervention group were asked to
respond to these questions using a 5-point Likert scale at the
end of the follow-up survey, providing insights into their
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feelings about the content and overall effectiveness of the
intervention. At the end of the survey, participants were invited
to input their feedback and suggestions regarding the
intervention. This qualitative information helps in understanding
user perspectives.

Sample Size Calculation
As the attitude and behavior scores are binary or ordinal
measurements, the knowledge score, being the only numeric
variable, was used for calculating the required sample size for
the intervention study. On the basis of the pilot study results
and previous research, we assumed at least a 1-point
improvement in the knowledge score postintervention [43,44].
A larger SD of 5 was used to account for potential discrepancies
among participants.

The sample size calculation was performed using the hypothesis
test method to ensure narrow CIs with high reliability. This
calculation was based on a priori analysis with 95% power and
an α of .05. We anticipated a dropout rate of no more than 30%
for both groups. To accommodate this, a baseline sample size
of 950 participants was estimated to provide sufficient power
for testing our hypotheses, considering the expected dropout
rate. A paired 2-tailed t test was selected under the assumption
of normality, and the following function was used to calculate
the minimum number of pairs of participants needed [45,46]:

(1)

where , α=alpha, β=1–power, and t is a t test quantile with

n–1 df and probability. N was rounded up to the closest
integer.

Data Analysis
Descriptive statistics were first used, presenting continuous
variables as means with SDs and categorical variables as
frequencies with proportions. To assess the baseline
characteristics of participants between the intervention and

control groups, clustered independent t tests and χ2 analyses
were used for sociodemographic and vaccine-related measures.

The normality of the KAB scores was initially assessed using
Shapiro-Wilk tests. Given that the data exhibited skewness,
paired Wilcoxon signed rank tests were subsequently used.
These tests independently compared the differences in KAB
scores between baseline and the 4-week follow-up within each
of the intervention and control groups, focusing on within-group
differences. In addition, clustered independent Wilcoxon signed
rank tests were used to evaluate between-group differences
(intervention vs control groups) in mean score changes (ie,
follow-up minus baseline scores). To explore the interplay
between KAB scores, a series of correlation tests were first
conducted. Subsequently, path analysis was conducted to explore
potential mediation and causal effects among the knowledge,
attitude, intention, and behavior scores and group difference;

the results were evaluated using the following indices with the

threshold for a perfect fit: chi-square goodness of fit (χ2), root
mean square error of approximation (RMSEA; <0.10), goodness
of fit index (GFI; ≥0.90), root mean square residuals (RMR;
≤0.05), normed fit index (NFI; ≥0.90), non-normed fit index
(NNFI; ≥0.90), and comparative fit index (CFI; ≥0.90) [47].
Multiple linear regression analyses were performed to assess
the mean changes in KAB scores while adjusting for covariates
that exhibited significant differences at baseline between the
intervention and control groups.

To assess satisfaction with the WeChat official account
intervention among participants in the intervention group,
descriptive statistics were used. Qualitative data were analyzed
through keyword frequency analysis [48]. Use data collected
by the WeChat system were extracted, and temporal analysis
was carried out using line graphs. All data analysis and
visualization were conducted using R Studio Version
2023.06.1+524, with a significance level of P<.05 considered
statistically significant.

Ethical Considerations
The authors affirm that all procedures in this study adhere to
ethical standards outlined in the Helsinki Declaration of 1975,
as revised in 2008, and were approved by the University College
London Ethics Committee (21647/001). All human participants
provided informed consent before participating in the survey,
and this consent was digitally recorded on the survey platform.
It is important to note that this study did not involve minors.

Results

Sociodemographic Details
The study sample comprised 596 students, with a mean age of
22.5 (SD 3.345) years and an age range spanning from 18 to 38
years. The gender distribution approached parity, with 51.7%
(308/596) identifying as male and 48.3% (288/596) as female.
Most participants, exceeding 81.5% (486/596), pursued their
studies in London, and 94.8% (565/596) were enrolled in
academic programs unrelated to the medical field. In terms of
group differences, a statistically significant age difference was
observed between the intervention and control groups, with
students in the intervention group being slightly older. In
addition, a noticeable disparity in educational backgrounds
emerged, with a higher proportion of postgraduate students in
the intervention group (181/303, 59.7%) compared to their
undergraduate counterparts in the control group (189/293,
64.5%). Regarding their past vaccination history, the
intervention group showed a lower rate of past influenza
vaccination (60/303, 19.8% vs 82/293, 27.9%; P=.02) but a
higher rate of full COVID-19 vaccination (264/303, 87.1% vs
266/293, 90.8%; P=.002). In this baseline survey, participants
from the intervention group reported a significantly lower
average attitude score toward SIV, while no significant
difference was found in the knowledge and behavior scores
between the groups. Table 1 displays the sociodemographic
details for the 2 groups.

JMIR Form Res 2024 | vol. 8 | e55706 | p. 7https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Baseline sociodemographic and vaccination characteristics of the university students enrolled in the intervention and control groups (N=596).

P valueaControl (n=293)Intervention (n=303)Total sampleCharacteristics

Sociodemographic characteristics

<.00121.498 (2.550)23.531 (3.708)22.532 (3.345)Age (y), mean (SD)

.22Sex, n (%)

144 (49.1)164 (54.1)308 (51.7)Male

149 (50.9)139 (45.9)288 (48.3)Female

<.001Education, n (%)

189 (64.5)122 (40.3)311 (52.2)Undergraduate

104 (35.5)181 (59.7)285 (47.8)Postgraduate

.006City, n (%)

226 (77.1)260 (85.8)486 (81.5)London

67 (22.9)43 (14.2)110 (18.5)Others

.93Major, n (%)

15 (5.1)16 (5.3)31 (5.2)Medical related

278 (94.9)287 (94.7)565 (94.8)Non–medical related

Health, n (%)

.001Self-reported health status

193 (65.9)147 (48.5)340 (57)Very good

86 (29.4)129 (42.6)215 (36.1)Good

12 (4.1)25 (8.3)37 (6.2)Fair

1 (0.3)1 (0.3)2 (0.3)Poor

1 (0.3)1 (0.3)2 (0.3)Very poor

.61Influenza infection history

203 (69.3)204 (67.3)407 (68.3)Yes

90 (30.7)99 (32.7)189 (31.7)No

Vaccination, n (%)

.02Past influenza vaccination

82 (27)60 (19.8)142 (23.8)Yes

211 (72)243 (80.2)454 (76.2)No

.07Annually influenza vaccination habit

12 (4.1)23 (7.6)35 (5.9)Yes

281 (95.9)280 (92.4)561 (94.1)No

.002COVID-19 vaccine history

266 (90.8)264 (87.1)530 (88.9)Completely vaccinated

27 (9.2)26 (8.6)53 (8.9)Partially

0 (0)13 (4.3)13 (2.2)None

KABb scorec, mean (SE)

.365.891 (0.109)5.756 (0.098)5.822 (0.073)Knowledge

.0013.688 (0.028)3.564 (0.026)3.625 (0.019)Attitude

.752.451 (0.061)2.475 (0.049)2.463 (0.039)Behavior (intended)d

aA comparison of baseline characteristics between intervention and control groups was conducted for continuous and categorical variables using clustered

independent t and χ2 tests. Statistical significance was determined at P<.05.
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bKAB: knowledge, attitude, and behavior.
cThe total knowledge and attitude scores ranged from 0 to 10 points and 1 to 5 points, respectively, and the behavior (intended) score ranged from 1 to
5 points.
dThe intended behavior score is measured by vaccination intention: not at all=1, unlikely=2, not sure=3, likely=4, and very likely=5.

Primary Outcome
When examining changes over time within each group,
significant improvements were evident in KAB scores within
the intervention group (P<.001). In contrast, the control group
displayed only a slight increase in intended behavior scores
(P<.001). When evaluating changes over time between the 2
groups by comparing the differences in within-group changes,
the intervention group exhibited significant differences in
knowledge scores compared to the control group (mean 0.845,
SE 0.071 vs mean 0.010, SE 0.048, respectively; P<.002).
Specifically, at baseline, the mean knowledge score for the
intervention group was 5.756 (SE 0.098), while the control
group had a mean score of 5.891 (SE 0.109). There was no
significant difference between the groups at baseline (P=.36).
At follow-up, the intervention group’s mean knowledge score
increased to 6.604 (SE 0.102), whereas the control group’s mean
score increased to 5.901 (SE 0.116). These results indicate that
the intervention was effective in significantly improving
participants’ knowledge about the influenza vaccine compared
to the control group. Similarly, the increase in attitude scores
for the intervention group was significantly higher compared
to the control group (mean 0.199, SE 0.041 vs mean 0.002, SE
0.004, respectively; P<.001). However, there was no significant
difference in intended behavior scores between the intervention
and control groups (mean 0.894, SE 0.058 vs mean 0.877, SE
0.066; P=.62). In terms of actual behavior, the vaccination rate
in the intervention group (63/303, 20.8%) was slightly higher
than that in the control group (54/293, 18.4%). Figure 3
illustrates the within- and between-group differences, presenting
the mean change from baseline to the 4-week follow-up in KAB
scores for the study sample. Detailed statistical information is
provided in Multimedia Appendix 3.

We conducted a series of correlation tests to examine the
interplay between postintervention knowledge, attitude, intended
and actual behavior, as well as group differences. These tests
revealed significant correlations: knowledge score and intended
behavior (correlation coefficient=0.63, 95% CI 0.57-0.68;
P<.001), attitude score and intended behavior (correlation
coefficient=0.13, 95% CI 0.04-0.22; P=.004), knowledge score
and actual behavior (correlation coefficient=0.36, 95% CI
0.29-0.43; P<.001), attitude score and actual behavior
(correlation coefficient=0.21, 95% CI 0.14-0.29; P<.001), and
intended behavior and actual behavior (correlation
coefficient=0.77, 95% CI 0.74-0.90; P<.001).

As correlation analysis cannot establish causal relationships
among variables, we used path analysis. We initially developed
a theoretical model based on prior literature, positing that the
intervention affects intended behavior by altering both
knowledge and attitude. Intended behavior, in turn, has a direct
impact on actual behavior [49,50]. Knowledge and attitude may
also directly influence actual behavior. Consequently, we
constructed a structural equation model encompassing these

relationships. Model fit indices, including χ2, GFI, RMSEA,
RMR, CFI, NFI, and NNFI, were considered for model
adjustment and improvement. The final adjusted model
demonstrated satisfactory fit (GFI=0.986, RMSEA=0.074,
RMR=0.015, CFI=0.987, NFI=0.983, and NNFI=0.963). The
causal relationships and path coefficients are illustrated in Figure
4.

In the path analysis, the group has a significant, direct impact
on knowledge, with a path coefficient of 0.185 (P<.001),
confirming the intervention’s direct influence on knowledge.
However, it does not directly affect attitudes, as indicated by
an insignificant path coefficient of 0.050 (P=.23). In addition,
a notable and positive cause-and-effect relationship is observed
between knowledge and attitude, which implies that knowledge
plays an immediate and substantial role in shaping students’
attitudes toward vaccination. Both knowledge and attitude are
found to have direct and significant associations with intended
behavior, as denoted by path coefficients of 0.620 and 0.171
(both P<.01). This demonstrates that higher levels of knowledge
and more favorable attitudes are associated with a stronger
intention to receive the vaccine. Furthermore, it is worth noting
that there exists a significant and positive correlation between
intended behavior and actual behavior, as indicated by a path
coefficient of 0.916 (P<.001), which underscores the strong
connection between students’ intentions and their subsequent
actions to vaccination. Interestingly, an inverse relationship is
identified between knowledge and actual behavior. Specifically,
students with higher knowledge scores tend to exhibit less
engagement in actual vaccine-receiving behavior.

Table 2 presents the results derived from the general linear
regression models, which investigate the factors influencing the
differences in KAB scores within both the intervention and
control groups. Notably, within the intervention group,
significant associations were found in relation to gender and
self-reported health status in the domain of knowledge scores.
Male participants exhibited a noteworthy decrement in
knowledge scores (–0.326; P=.02) in comparison to female
participants, while self-reported health status displayed a
negative correlation (–0.235; P=.02) with knowledge score
change, indicating that higher self-reported health scores
corresponded to lower knowledge improvement. In contrast,
the control group did not exhibit statistically significant
associations with any of the factors in the domain of knowledge
or attitude scores. Conversely, concerning changes in intended
behavior scores, several significant associations emerged within
the intervention group. Gender (P=.001), self-reported health
status (P=.04), past influenza vaccination (P<.001), annual
influenza vaccination habits (P=.02), and COVID-19 vaccine
acceptance all demonstrated statistically significant relationships
with mean intended behavior score changes. Specifically, female
participants, those with lower self-reported health statuses, those
who have received past influenza shots, and those with annual
influenza vaccination practices exhibited higher change in
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intended behavior scores, indicative of increased intentions of
receiving SIV. In the control group, only the influenza infectious
displayed significant associations with intended behavior scores.

These findings highlighted the differential impact of
sociodemographic and health-related factors on KAB scores
within the intervention and control settings.

Figure 3. Comparing between- and within-group differences in knowledge, attitude, and behavior scores with statistical significance (statistical
significance was determined using clustered Wilcoxon signed rank tests, while between-group differences were assessed by comparing within-group
variations). Only significant results (P<.05) were marked: *P=.01-.05, ***P<.001.

Figure 4. Path diagram, indicating the relationships between variables (numbers along the arrows indicate path coefficients, which reflect the strength
and direction of the relationship between variables. **P=.01-.001, ***P<.001.
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Table 2. General linear regression models for mean change in knowledge, attitude, and behavior scores.

Change in behavior scores (intended), mean
(95%CI)

Change in attitude scores, mean (95%
CI)

Change in knowledge scores, mean
(95% CI)

Categoriesa

ControlInterventionControlInterventionControlIntervention

–0.011 (–0.046 to
0.024)

0.051 (0.016 to 0.085)0.004 (–0.004
to 0.0012)

−0.013 (–0.034 to
0.009)

0.008 (–0.094
to 0.109)

0.014 (–0.023 to
0.052)

Age

–0.221 (–0.530 to
0.088)

–0.492 (–0.719 to

–0.265)c
–0.011
(–0.026 to
0.005)

−0.02 (–0.182 to
0.142)

0.062 (–0.126
to 0.25)

–0.326 (–0.604 to

–0.049)b
Male sex

–0.011 (–0.339 to
0.317)

–0.319 (–0.554 to
0.083)

–0.011
(–0.027 to
0.005)

0.054 (–0.11 to 0.219)–0.014
(–0.211 to
0.183)

0.081 (–0.203 to
0.366)

Undergraduate educa-
tion

–0.211 (–0.449 to
0.027)

–0.184 (–0.359 to

–0.009)b
0.003 (–0.01
to 0.015)

–0.109 (–0.227 to
0.01)

–0.132
(–0.283 to
0.019)

–0.235 (–0.439 to

–0.031)b
Self-reported health
status

0.034 (–0.293 to

0.361)c
0.049 (–0.203 to
0.301)

0.001 (–0.016
to 0.018)

0.002 (–0.171 to
0.174)

0.047 (–0.158
to 0.252)

–0.08 (–0.378 to
0.217)

Influenza infectious

0.703 (0.362 to
1.044)

1.175 (0.905 to

1.445)d
–0.001
(–0.018 to
0.016)

0.16 (–0.042 to 0.361)0.099 (–0.11
to 0.308)

0.326 (0.023 to 0.62)Past influenza shot

0.601 (0.380 to
1.582)

0.575 (0.091 to

1.058)b
0.004 (–0.035
to 0.043)

0.14 (–0.164 to 0.445)0.163 (–0.311
to 0.638)

0.209 (–0.318 to
0.736)

Annual influenza vac-
cine habit

0.438 (–0.062 to
0.938)

1.008 (0.353 to

1.663)c
0 (–0.02 to
0.026)

–0.015 (–0.304 to
0.274)

0.052 (–0.273
to 0.377)

–0.105 (–0.604 to
0.394)

COVID-19 vaccine

aWe excluded major and city from our analysis due to imbalanced sample sizes.
b.01<P<.05.
c.001<P<.01.
dP<.001.

Secondary Outcome
Throughout the 4-week intervention period, the daily averages
for both reads and click-throughs were 51 and 26, respectively.
This temporal trend is illustrated in Figure 5, where the numbers
of reads, users, and click-throughs exhibit a consistent pattern.
Notably, these metrics displayed an upsurge in reminder posting
dates and the subsequent days. The peak day, observed on
Saturday during week 2, coincided with the translation and
reposting of a news article from National Health Service
England addressing the escalating hospital crises attributed to
a surge in influenza cases and promoting the “Jingle Jab”
campaign, which encouraged students to get vaccinated during
the Christmas holiday.

In terms of use frequency, a significant portion of the
participants engaged with the platform weekly (120/303, 39.6%),
and a notable minority used it daily (33/303, 10.9%), while
others turned to it on an as-needed basis. The primary function
used by most users was reading articles (234/303, 77.2%),
followed by using the autoreply feature to seek answers to their

queries (109/303, 35.9%). In addition, 26.4% (80/303) of
participants reported that they had shared or mentioned articles
or accounts with others.

In general, participants expressed a high level of satisfaction
with the WeChat official account. Specifically, 78.9% (240/303)
of participants expressed their willingness to continue following
and using this official account, while 66.3% (201/303) stated
that they would recommend it to their friends. In terms of the
content disseminated by the account, >60% of participants either
agreed or strongly agreed that the content was trustworthy
(236/303, 77.9%), appealing (195/303, 64.4%), interesting
(192/303, 63.4%), and relevant to their needs (199/303, 65.7%).
In addition, more than half of the participants affirmed that the
intervention through WeChat official accounts effectively
provided information about SIV and supported their
decision-making process. Figure 6 provides a detailed
breakdown of participant responses regarding user satisfaction.
Detailed statistical information is provided in Multimedia
Appendix 4.
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Figure 5. Temporal trend of reads, users, and click-throughs during the 4-week intervention period.

Figure 6. Likert chart displaying the participant responses on user satisfaction with the WeChat official account. SIV: seasonal influenza vaccination.
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In the qualitative feedback, the term “useful” was the most
frequently mentioned. In addition, “professional” and “rigorous”
were also commonly cited attributes. In the open-ended question,
participants noted that the inclusion of detailed source references
with each article enhanced the credibility of the information
provided. Among the most memorable articles, those related to
the influenza epidemic in the United Kingdom garnered the
highest readership, followed by articles discussing influenza
vaccine discounts and instructions for booking appointments.
This finding aligns closely with the data recorded by the system,
confirming the high engagement with these topics.

Participants also provided several suggestions for improvement.
For example, participants suggested incorporating more
emotional content in articles to make them more engaging.
There were requests for comparative information between
Chinese and British influenza vaccines. Participants expressed
a desire for information outlining measures to take after
contracting influenza. Suggestions were made to increase
promotional efforts to enhance the visibility and reach of the
information. In addition, participants highlighted the limitations
of disseminating relevant information on WeChat. They noted
challenges such as users’ numerous subscriptions to various
public accounts, which made it less likely for them to notice
updates from this particular account. Furthermore, medical
information was perceived as having limited appeal, with users
primarily accessing it only when a specific need arose.

Discussion

Principal Findings
This study aimed to evaluate the effectiveness of a
WeChat-based intervention in improving KAB regarding SIV
among mainland Chinese university students in the United
Kingdom. The intervention was designed using a cocreation
approach and was delivered through WeChat, incorporating
educational posts, an autoreply function, and reminders. The
primary findings of the study indicate that the WeChat-based
intervention significantly improved participants’ knowledge
and attitude about SIV. The mean knowledge and attitude scores
increased significantly in the intervention group compared to
the control group, highlighting the efficacy of the intervention
in enhancing students’ understanding of SIV and influencing
their attitudes toward it.

Key Findings and Comparison With Prior Work
Numerous studies have underscored the crucial role of social
media in disseminating vaccine-related knowledge and
facilitating shifts in attitudes [13,14,16]. This stems from the
inherent nature and function of social media platforms, which
enable the sharing and reception of information, while also
offering a means of social support in the context of vaccines
[14,51]. The positive results could also be explained by the
adoption of a theory-driven and cocreation approach in
designing the intervention, which increased the engagement
and usability of the information delivered. Prior research found
that catchy visuals are required for promoting influenza vaccine
among university students, highlighting the importance of the
co-design method in designing the intervention content [52].
However, it is noteworthy that the changes in behavior scores

are identical between the intervention and control groups,
suggesting that the intervention lacks sufficient evidence to
induce behavioral change. This observation may be partly
attributed to external factors, notably the occurrence of a severe
influenza season in the United Kingdom that coincided with
our intervention [2]. Consequently, the National Health Service
initiated extensive campaigns to promote influenza vaccinations,
aiming to alleviate the health care system’s strain [53]. The
influence of this potential confounding factor cannot be
discounted in our evaluation.

The path analysis results presented in this study reveal a
comprehensive understanding of the intricate relationships
among variables related to vaccine knowledge, attitude, intended
behavior, and actual behavior. Our analysis highlights a
significant and direct effect of the intervention on knowledge.
As a crucial initial step, it emphasizes the intervention’s role in
enhancing knowledge regarding vaccines. Its influence on
intended behavior is mediated through changes in both
knowledge and attitude, which supports the assumption in our
theoretical model. Knowledge and attitude together play a
significant role in shaping students’ intentions to receive the
vaccine. Previous studies also found that a higher level of
knowledge and a more positive attitude are associated with a
greater intention to receive the vaccine [54]. In addition, the
substantial correlation between intended and actual behavior
highlights the predictive power of students’ intentions in
determining their subsequent actions, which differs from
previous research [12]. Furthermore, the unexpected negative
association between knowledge and actual behavior, where
higher knowledge scores correspond to less actual behavior, is
a compelling finding. While improved knowledge might lead
to a reduced perception of the risk and severity of influenza,
potentially explaining lower vaccine uptake [6], further
investigation is needed to identify the underlying causes.

In terms of the sociodemographic factors, gender and
self-reported health status emerged as significant determinants
of knowledge score changes within the intervention group.
These findings underscore the need for tailored interventions
that consider demographic and health-related factors to
effectively target knowledge enhancement. Intriguingly, several
factors were significantly associated with changes in intended
behavior scores within the intervention group, including gender,
self-reported health status, past influenza vaccination, and annual
influenza vaccination habits. Older students, female participants,
those with lower self-reported health statuses, students with a
history of past influenza vaccination, and those with established
annual influenza vaccination practices exhibited higher change
of intended behavior scores, indicating a greater increase of
intention to receive the SIV. This suggests that future
interventions should be customized to address these
sociodemographic and health-related factors to maximize their
impact.

In addition to evaluating KAB scores, our analysis extended to
the examination of user engagement and satisfaction with the
intervention platform. Over the 4-week intervention period,
users consistently engaged with the platform, with activity peaks
coinciding with our reminder postings. Users reported finding
the content trustworthy, appealing, interesting, and highly
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relevant to their needs, indicating that the platform effectively
delivered valuable information. Notably, the “content is
interesting” metric received the highest score, underscoring the
success of our collaborative content creation efforts in designing
engaging materials that resonated with our users [31]. Moreover,
the inclusion of specific source references enhanced the
platform’s credibility, underscoring the significance of building
public trust and credibility in vaccine promotion [55]. Notably,
certain articles about the influenza epidemic in the United
Kingdom attracted substantial readership, underscoring the role
of factual information in heightening students’ awareness and
interest in vaccination.

Students provided valuable suggestions for improvement. These
included the integration of more emotionally resonant content,
the provision of comparative information on vaccines, guidance
on postinfluenza infection measures, and increased promotional
efforts. Future interventions could incorporate such
improvements. Furthermore, “easy to use” received the lowest
positive feedback, with qualitative comments suggesting that
users found the platform’s functionality somewhat
overwhelming and less straightforward. For instance, users had
to input specific keywords to access links, introducing a barrier
to information retrieval. This feedback underscores the
importance of streamlining the user experience and simplifying
the platform’s functionalities to enhance user-friendliness and
overall satisfaction. In addition, users noted challenges related
to WeChat’s tendency to overwhelm users with information
and the limited appeal of medical content. As a commercial
platform, WeChat imposes certain limitations by restricting
control over the platform’s features and functionality [23].
Considering the valuable insights gathered, future studies could
explore the design of a new application that aligns more
precisely with the specific intervention goals, if timing and
budget constraints allowed. This proactive approach may address
some of the functionality and engagement challenges identified
in this evaluation.

Strengths and Limitations
This study exhibits several notable strengths that enhance its
methodological robustness. First, the study’s recruitment
strategy harnessed the ubiquity and popularity of Chinese social
media platforms, such as WeChat, Weibo, and Red. This
approach facilitated the assembly of a diverse and expansive
participant pool, providing a more comprehensive representation
of students from mainland China. Second, the random
assignment of participants to the intervention group was a
pivotal methodological choice. This randomization process
effectively mitigated the influence of selection bias. Moreover,
the mixed methods design of the study, which incorporated the
collection of user engagement data and user satisfaction
feedback, added a layer of depth to the research. These
additional data sources offered valuable insights into the
intervention’s usability, thereby providing a more holistic
understanding of its effectiveness.

However, it is imperative to acknowledge the limitations
inherent in the study. First, the reliance on social media
platforms for participant recruitment introduced the potential
for sampling bias. This bias may stem from the tendency of

more active platform users to participate, potentially limiting
the generalizability of the findings to other student populations
who may not be as active on these platforms. Future research
may consider diversifying recruitment strategies to mitigate this
potential limitation. Second, the use of snowball sampling is an
important limitation of study quality. Snowball sampling, while
useful for reaching hard-to-access populations, can lead to
sampling bias and affect the representativeness of the sample.
Participants tend to refer to individuals who are similar to
themselves, which can result in a homogenous sample and limit
the generalizability of the findings. Future studies should aim
to use more systematic sampling methods to enhance the
representativeness of the sample. Third, despite using random
invitations for the intervention group, the control group may
still comprise students who self-selected not to participate. This
introduces the possibility of self-selection bias, as those who
chose not to engage with the intervention may possess
characteristics or preferences that differ systematically from
those who did. This should be considered when interpreting the
results. Fourth, the exclusive focus on international students
from mainland China studying in the United Kingdom, while
valuable for our research questions, could restrict the
generalizability of the findings to a broader student population.
The cultural and contextual factors unique to this subgroup may
not completely align with the experiences of other student
demographics, warranting caution when extrapolating the results
to different populations. In addition, the study’s reliance on
self-reported data presents potential challenges related to recall
bias. Participants may be inclined to provide socially desirable
responses or may exhibit inaccuracies in recall; thus, careful
interpretation is necessitated.

Moreover, limitations associated with the WeChat platform
itself may introduce bias into the results. Participants have
reported difficulty in noticing reminders due to the multitude
of official accounts they have subscribed to. Strategies such as
sending reminders during off-peak hours in mainland China to
maximize the likelihood of visibility may help mitigate this
bias. Designing an application from scratch would be beneficial
for future work as it could support a more personalized
experience for research purposes. In addition, the timing of the
study may have influenced the quality of responses. Conducted
in the United Kingdom from December 2022 to January 2023,
the study took place during the country’s most severe influenza
season in 5 years. At the same time, China was experiencing a
challenging COVID-19 situation and related policy changes,
which heightened interest in health-related information on social
media. Although the control group has been added to mitigate
potential bias, the results need to be interpreted with caution.
Finally, the study experienced a high dropout rate, which may
have affected the quality of the study. To address this issue, we
used several strategies to limit these problems. Reminders and
follow-ups were sent to participants to encourage continued
engagement. In addition, we included incentives for completing
the study, such as double the amount of incentives and entry
into a prize draw, to motivate participants to remain in the study.
Despite these efforts, the high dropout rate remains a limitation,
and future research should explore additional strategies to
improve participant retention.
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Implications
This study provides evidence for the effectiveness of a
WeChat-based intervention in improving influenza vaccine
knowledge and attitudes among Chinese university students in
the United Kingdom. The findings indicate that the cocreation
method used has significant potential to engage this population
effectively. The methods applied in this study offer valuable
insights for future research evaluating social media
interventions. The use of WeChat, combined with educational
posts, personalized autoreplies, and timely reminders,
demonstrated a successful approach to increasing health-related
knowledge and fostering positive attitudes toward vaccination.
Future studies can build on this framework to explore similar
interventions in different contexts and populations, using social
media to address various public health challenges. In practice,
this intervention can be applied in collaboration with higher
education agencies and student organizations. By embedding
these functions within university health services and student
support systems, institutions can enhance their efforts to promote
community health. This approach can be particularly effective
in reaching international students who may face barriers to

accessing traditional health care resources. The success of this
WeChat-based intervention highlights the potential of digital
health strategies to address gaps in health care access and
education. As social media continues to play an integral role in
communication, its application in health promotion offers a
promising avenue for public health initiatives.

Conclusions
This study highlights the positive impact of a WeChat
intervention on improving KAB related to SIV. It underscores
the potential of digital health interventions to empower Chinese
students with the knowledge to drive attitude and behavior
change. Future longitudinal studies are needed to assess the
long-term impact of such interventions on SIV rates and
behaviors beyond the 4-week intervention period, and
cross-cultural comparisons could provide valuable insights into
the generalizability of our findings. Nevertheless, this research
contributes to the growing body of literature on the effectiveness
of digital health interventions and provides a foundation for
future studies aiming to optimize similar interventions for
various health contexts and populations.

Acknowledgments
The authors confirm that they comply with the authorship criteria of the International Committee of Medical Journal Editors.
They have reviewed the manuscript and agreed with its content and submission. The authors would like to express their gratitude
to the volunteer students who contributed to the intervention design and the evaluation process. In addition, the authors would
like to extend their thanks to the student helpers who contributed to creating the intervention content and assisting with participant
recruitment. LL was funded by the China Scholarship Council-University College London Joint Research Scholarship
(202008060009).

Authors' Contributions
LL was responsible for the study’s conception, design, conducting the data analysis, preparation and submission of documentation
to the ethics committee, data interpretation, writing of the first draft of the manuscript, and critical review and revision of the
manuscript for important intellectual content. PK and CEW were responsible for the study’s conception and design, supervision,
and the critical review and revision of the manuscript for important intellectual content.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Baseline and follow-up questionnaire.
[PDF File (Adobe PDF File), 283 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Knowledge, attitude, behavior questions, answers, and coding details.
[PDF File (Adobe PDF File), 144 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Statistics for between-group differences.
[DOCX File , 16 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Statistics for users’ feedback.
[DOCX File , 15 KB-Multimedia Appendix 4]

JMIR Form Res 2024 | vol. 8 | e55706 | p. 15https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v8i1e55706_app1.pdf&filename=c8fa79f83ce345c99371a318d145e9f5.pdf
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app1.pdf&filename=c8fa79f83ce345c99371a318d145e9f5.pdf
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app2.pdf&filename=18c926ede3f1dddc95658ffc8e1079e3.pdf
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app2.pdf&filename=18c926ede3f1dddc95658ffc8e1079e3.pdf
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app3.docx&filename=d4af87f8943ed79db52bc5f8489cb17c.docx
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app3.docx&filename=d4af87f8943ed79db52bc5f8489cb17c.docx
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app4.docx&filename=627bfb87c548dad2dd210b5b384605d2.docx
https://jmir.org/api/download?alt_name=formative_v8i1e55706_app4.docx&filename=627bfb87c548dad2dd210b5b384605d2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


References

1. Iuliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R, Tempia S, et al. Estimates of global seasonal
influenza-associated respiratory mortality: a modelling study. Lancet. Mar 31, 2018;391(10127):1285-1300. [FREE Full
text] [doi: 10.1016/S0140-6736(17)33293-2] [Medline: 29248255]

2. Mahase E. Flu deaths in UK hit five year high last winter. BMJ. Jun 22, 2023;381:1445. [doi: 10.1136/bmj.p1445] [Medline:
37348912]

3. Riddiough MA, Sisk JE, Bell JC. Influenza vaccination: cost-effectiveness and public policy. JAMA. Jun 17,
1983;249(23):3189-3195. [doi: 10.1001/jama.1983.03330470029026]

4. Shon EJ, Choe S, Lee L, Ki Y. Influenza vaccination among U.S. college or university students: a systematic review. Am
J Health Promot. Jun 2021;35(5):708-719. [doi: 10.1177/0890117120985833] [Medline: 33530696]

5. Nichol KL, D'Heilly S, Ehlinger E. Colds and influenza-like illnesses in university students: impact on health, academic
and work performance, and health care use. Clin Infect Dis. May 01, 2005;40(9):1263-1270. [doi: 10.1086/429237] [Medline:
15825028]

6. Bednarczyk RA, Chu SL, Sickler H, Shaw J, Nadeau JA, McNutt LA. Low uptake of influenza vaccine among university
students: evaluating predictors beyond cost and safety concerns. Vaccine. Mar 30, 2015;33(14):1659-1663. [doi:
10.1016/j.vaccine.2015.02.033] [Medline: 25728320]

7. Naqvi M, Li L, Woodrow M, Yadav P, Kostkova P. Understanding COVID-19 vaccine hesitancy in ethnic minorities
groups in the UK. Front Public Health. Jul 1, 2022;10. [FREE Full text] [doi: 10.3389/fpubh.2022.917242]

8. Lee D, Rundle-Thiele S, Wut TM, Li G. Increasing seasonal influenza vaccination among university students: a systematic
review of programs using a social marketing perspective. Int J Environ Res Public Health. Jun 10, 2022;19(12):7138. [FREE
Full text] [doi: 10.3390/ijerph19127138] [Medline: 35742412]

9. Nichol KL, Tummers K, Hoyer-Leitzel A, Marsh J, Moynihan M, McKelvey S. Modeling seasonal influenza outbreak in
a closed college campus: impact of pre-season vaccination, in-season vaccination and holidays/breaks. PLoS One. Mar 04,
2010;5(3):e9548. [FREE Full text] [doi: 10.1371/journal.pone.0009548] [Medline: 20209058]

10. Kamimura A, Trinh HN, Weaver S, Chernenko A, Nourian MM, Assasnik N, et al. Knowledge and perceptions of influenza
vaccinations among college students in Vietnam and the United States. J Prev Med Public Health. Jul 2017;50(4):268-273.
[FREE Full text] [doi: 10.3961/jpmph.17.061] [Medline: 28768405]

11. Nyhan B, Reifler J, Richey S. The role of social networks in influenza vaccine attitudes and intentions among college
students in the Southeastern United States. J Adolesc Health. Sep 2012;51(3):302-304. [doi: 10.1016/j.jadohealth.2012.02.014]
[Medline: 22921143]

12. Bronchetti ET, Huffman DB, Magenheim E. Attention, intentions, and follow-through in preventive health behavior: field
experimental evidence on flu vaccination. J Econ Behav Org. Aug 2015;116:270-291. [doi: 10.1016/j.jebo.2015.04.003]

13. Systematic scoping review on social media monitoring methods and interventions relating to vaccine hesitancy. European
Centre for Disease Prevention and Control. Mar 9, 2020. URL: https://www.ecdc.europa.eu/en/publications-data/
systematic-scoping-review-social-media-monitoring-methods-and-interventions [accessed 2021-06-04]

14. Li L, Wood CE, Kostkova P. Vaccine hesitancy and behavior change theory-based social media interventions: a systematic
review. Transl Behav Med. Feb 16, 2022;12(2):243-272. [FREE Full text] [doi: 10.1093/tbm/ibab148] [Medline: 34850217]

15. Glanz JM, Wagner NM, Narwaney KJ, Kraus CR, Shoup JA, Xu S, et al. Web-based social media intervention to increase
vaccine acceptance: a randomized controlled trial. Pediatrics. Dec 2017;140(6):e20171117. [FREE Full text] [doi:
10.1542/peds.2017-1117] [Medline: 29109107]

16. Wilson SL, Wiysonge C. Social media and vaccine hesitancy. BMJ Glob Health. Oct 2020;5(10):e004206. [FREE Full
text] [doi: 10.1136/bmjgh-2020-004206] [Medline: 33097547]

17. Shropshire AM, Brent-Hotchkiss R, Andrews UK. Mass media campaign impacts influenza vaccine obtainment of university
students. J Am Coll Health. 2013;61(8):435-443. [doi: 10.1080/07448481.2013.830619] [Medline: 24152021]

18. Lee WN, Stück D, Konty K, Rivers C, Brown CR, Zbikowski SM, et al. Large-scale influenza vaccination promotion on
a mobile app platform: a randomized controlled trial. Vaccine. Apr 16, 2020;38(18):3508-3514. [doi:
10.1016/j.vaccine.2019.11.053] [Medline: 31787410]

19. Textor C. Number of Chinese students in the United Kingdom 2012-2023. Statista. Jan 14, 2024. URL: https://www.
statista.com/statistics/372922/number-of-chinese-students-in-the-united-kingdom/ [accessed 2024-02-23]

20. Holliman AJ, Bastaman AS, Wu HS, Xu S, Waldeck D. Exploring the experiences of international Chinese students at a
UK university: a qualitative inquiry. Multicult Learn Teach. 2024;19(1):7-22. [FREE Full text] [doi: 10.1515/mlt-2022-0020]

21. Bishop FL, Lim CY, Leydon GM, Lewith GT. Overseas Chinese students in the UK: patterns and correlates of their use
of Western and traditional Chinese medicine. Complement Ther Clin Pract. Feb 2009;15(1):8-13. [FREE Full text] [doi:
10.1016/j.ctcp.2008.09.005] [Medline: 19161948]

22. Spencer-Oatey H, Dauber D, Jing J, Lifei W. Chinese students’ social integration into the university community: hearing
the students’ voices. High Educ. Nov 22, 2016;74(5):739-756. [doi: 10.1007/s10734-016-0074-0]

JMIR Form Res 2024 | vol. 8 | e55706 | p. 16https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/29248255
https://europepmc.org/abstract/MED/29248255
http://dx.doi.org/10.1016/S0140-6736(17)33293-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29248255&dopt=Abstract
http://dx.doi.org/10.1136/bmj.p1445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37348912&dopt=Abstract
http://dx.doi.org/10.1001/jama.1983.03330470029026
http://dx.doi.org/10.1177/0890117120985833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33530696&dopt=Abstract
http://dx.doi.org/10.1086/429237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15825028&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2015.02.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25728320&dopt=Abstract
https://www.frontiersin.org/articles/10.3389/fpubh.2022.917242
http://dx.doi.org/10.3389/fpubh.2022.917242
https://www.mdpi.com/resolver?pii=ijerph19127138
https://www.mdpi.com/resolver?pii=ijerph19127138
http://dx.doi.org/10.3390/ijerph19127138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35742412&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0009548
http://dx.doi.org/10.1371/journal.pone.0009548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20209058&dopt=Abstract
https://europepmc.org/abstract/MED/28768405
http://dx.doi.org/10.3961/jpmph.17.061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768405&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2012.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22921143&dopt=Abstract
http://dx.doi.org/10.1016/j.jebo.2015.04.003
https://www.ecdc.europa.eu/en/publications-data/systematic-scoping-review-social-media-monitoring-methods-and-interventions
https://www.ecdc.europa.eu/en/publications-data/systematic-scoping-review-social-media-monitoring-methods-and-interventions
https://europepmc.org/abstract/MED/34850217
http://dx.doi.org/10.1093/tbm/ibab148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34850217&dopt=Abstract
https://europepmc.org/abstract/MED/29109107
http://dx.doi.org/10.1542/peds.2017-1117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29109107&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=33097547
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=33097547
http://dx.doi.org/10.1136/bmjgh-2020-004206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33097547&dopt=Abstract
http://dx.doi.org/10.1080/07448481.2013.830619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24152021&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2019.11.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31787410&dopt=Abstract
https://www.statista.com/statistics/372922/number-of-chinese-students-in-the-united-kingdom/
https://www.statista.com/statistics/372922/number-of-chinese-students-in-the-united-kingdom/
https://doi.org/10.1515/mlt-2022-0020
http://dx.doi.org/10.1515/mlt-2022-0020
https://core.ac.uk/reader/1480798?utm_source=linkout
http://dx.doi.org/10.1016/j.ctcp.2008.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19161948&dopt=Abstract
http://dx.doi.org/10.1007/s10734-016-0074-0
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Luan H, Wang M, Sokol RL, Wu S, Victor BG, Perron BE. A scoping review of WeChat to facilitate professional healthcare
education in Mainland China. Med Educ Online. Dec 23, 2020;25(1):1782594. [FREE Full text] [doi:
10.1080/10872981.2020.1782594] [Medline: 32573367]

24. Guo Y, Hong YA, Qiao J, Xu Z, Zhang H, Zeng C, et al. Run4Love, a mHealth (WeChat-based) intervention to improve
mental health of people living with HIV: a randomized controlled trial protocol. BMC Public Health. Jun 26, 2018;18(1):793.
[FREE Full text] [doi: 10.1186/s12889-018-5693-1] [Medline: 29940921]

25. Duan Y, Li X, Guo L, Liang W, Shang B, Lippke S. A WeChat mini program-based intervention for physical activity, fruit
and vegetable consumption among Chinese cardiovascular patients in home-based rehabilitation: a study protocol. Front
Public Health. 2022;10:739100. [FREE Full text] [doi: 10.3389/fpubh.2022.739100] [Medline: 35392478]

26. Hu J, Cai Z, Ma X. Effects of WeChat-based psychological interventions on the mental health of patients with suspected
new coronavirus pneumonia: a pilot study. Jpn J Nurs Sci. Oct 17, 2021;18(4):e12429. [FREE Full text] [doi:
10.1111/jjns.12429] [Medline: 33999501]

27. Chen X, Zhou X, Li H, Li J, Jiang H. The value of WeChat application in chronic diseases management in China. Comput
Methods Programs Biomed. Nov 2020;196:105710. [FREE Full text] [doi: 10.1016/j.cmpb.2020.105710] [Medline:
32858284]

28. Zou P, Huang A, Luo Y, Tchakerian N, Zhang H, Zhang C. Effects of using WeChat/WhatsApp on physical and psychosocial
health outcomes among oncology patients: a systematic review. Health Informatics J. Mar 22,
2023;29(1):14604582231164697. [FREE Full text] [doi: 10.1177/14604582231164697] [Medline: 36949645]

29. China focus: COVID-19 response further optimized with 10 new measures. Xinhua. Dec 7, 2022. URL: https://english.
news.cn/20221207/ca014c043bf24728b8dcbc0198565fdf/c.html [accessed 2023-10-16]

30. Pagoto S, Waring ME, May CN, Ding EY, Kunz WH, Hayes R, et al. Adapting behavioral interventions for social media
delivery. J Med Internet Res. Jan 29, 2016;18(1):e24. [FREE Full text] [doi: 10.2196/jmir.5086] [Medline: 26825969]

31. Leask CF, Sandlund M, Skelton DA, Altenburg TM, Cardon G, Chinapaw MJ, et al. Framework, principles and
recommendations for utilising participatory methodologies in the co-creation and evaluation of public health interventions.
Res Involv Engagem. Jan 9, 2019;5(1):2. [FREE Full text] [doi: 10.1186/s40900-018-0136-9] [Medline: 30652027]

32. Senabre Hidalgo E, Perelló J, Becker F, Bonhoure I, Legris M, Cigarini A. Participation and co-creation in citizen science.
In: Vohland K, Land-Zandstra A, Ceccaroni L, Lemmens R, Perelló J, Ponti M, et al, editors. The Science of Citizen Science.
Cham, Switzerland. Springer; 2021.

33. Borda A, Molnar A, Kostkova P. Serious games and participatory research in public health. In: Proceedings of the 9th
International Conference on Digital Public Health. 2019. Presented at: DPH2019; November 20-23, 2019; Marseille, France.
[doi: 10.1145/3357729.3357762]

34. Mueller S, Soriano D, Boscor A, Saville N, Arjyal A, Baral S, et al. MANTRA: development and localization of a mobile
educational health game targeting low literacy players in low and middle income countries. BMC Public Health. Jul 28,
2020;20(1):1171. [FREE Full text] [doi: 10.1186/s12889-020-09246-8] [Medline: 32723317]

35. Molnar A, Kostkova P. If you build it would they play? Challenges and solutions in adopting health games for children.
In: Proceedings of the CHI Conference on Human Factors in Computing Systems. 2013. Presented at: CHI '13; April
27-May 2, 2013; Paris, France.

36. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci. Apr 23, 2011;6:42. [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline:
21513547]

37. Li L, Yang L, Wang Q, Wood CE, Kostkova P. Comparing factors influencing seasonal influenza vaccine acceptance and
intentions among Chinese university students residing in China and UK: a cross-sectional study. Hum Vaccin Immunother.
Dec 15, 2023;19(3):2290798. [FREE Full text] [doi: 10.1080/21645515.2023.2290798] [Medline: 38111087]

38. Li L, Wood CE, Kostkova P. Co-creating a WeChat decision support intervention to increase influenza vaccine uptake for
Chinese university students in the UK. In: Proceedings of the IEEE 12th International Conference on Serious Games and
Applications for Health. 2024. Presented at: SeGAH 2024; August 7-9, 2024; Funchal, Portugal.

39. Wang Q, Yue N, Zheng M, Wang D, Duan C, Yu X, et al. Influenza vaccination coverage of population and the factors
influencing influenza vaccination in mainland China: a meta-analysis. Vaccine. Nov 19, 2018;36(48):7262-7269. [doi:
10.1016/j.vaccine.2018.10.045] [Medline: 30340886]

40. Yang L, Zhen S, Li L, Wang Q, Yang G, Cui T, et al. Assessing vaccine literacy and exploring its association with vaccine
hesitancy: a validation of the vaccine literacy scale in China. J Affect Disord. Jun 01, 2023;330:275-282. [doi:
10.1016/j.jad.2023.03.014] [Medline: 36907456]

41. Influenza Vaccination Technical Guidelines (2020-2021). Chinese Centers for Disease Control and Prevention. 2020. URL:
https://www.chinacdc.cn/jkzt/crb/bl/lxxgm/jszl_2251/202009/P020200911453961714086.pdf [accessed 2023-06-18]

42. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Hum Comput Interact. Jul
30, 2008;24(6):574-594. [doi: 10.1080/10447310802205776]

43. Carolan K, Verran J, Crossley M, Redfern J, Whitton N, Amos M. Impact of educational interventions on adolescent
attitudes and knowledge regarding vaccination: a pilot study. PLoS One. 2018;13(1):e0190984. [FREE Full text] [doi:
10.1371/journal.pone.0190984] [Medline: 29351325]

JMIR Form Res 2024 | vol. 8 | e55706 | p. 17https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32573367
http://dx.doi.org/10.1080/10872981.2020.1782594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32573367&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5693-1
http://dx.doi.org/10.1186/s12889-018-5693-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29940921&dopt=Abstract
https://europepmc.org/abstract/MED/35392478
http://dx.doi.org/10.3389/fpubh.2022.739100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35392478&dopt=Abstract
https://europepmc.org/abstract/MED/33999501
http://dx.doi.org/10.1111/jjns.12429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33999501&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0169-2607(20)31543-1
http://dx.doi.org/10.1016/j.cmpb.2020.105710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32858284&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/14604582231164697?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/14604582231164697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36949645&dopt=Abstract
https://english.news.cn/20221207/ca014c043bf24728b8dcbc0198565fdf/c.html
https://english.news.cn/20221207/ca014c043bf24728b8dcbc0198565fdf/c.html
https://www.jmir.org/2016/1/e24/
http://dx.doi.org/10.2196/jmir.5086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26825969&dopt=Abstract
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-018-0136-9
http://dx.doi.org/10.1186/s40900-018-0136-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652027&dopt=Abstract
http://dx.doi.org/10.1145/3357729.3357762
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09246-8
http://dx.doi.org/10.1186/s12889-020-09246-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32723317&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://europepmc.org/abstract/MED/38111087
http://dx.doi.org/10.1080/21645515.2023.2290798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38111087&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2018.10.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30340886&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2023.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36907456&dopt=Abstract
https://www.chinacdc.cn/jkzt/crb/bl/lxxgm/jszl_2251/202009/P020200911453961714086.pdf
http://dx.doi.org/10.1080/10447310802205776
https://dx.plos.org/10.1371/journal.pone.0190984
http://dx.doi.org/10.1371/journal.pone.0190984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29351325&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


44. Berenson AB, Rahman M, Hirth JM, Rupp RE, Sarpong KO. A brief educational intervention increases providers' human
papillomavirus vaccine knowledge. Hum Vaccin Immunother. 2015;11(6):1331-1336. [FREE Full text] [doi:
10.1080/21645515.2015.1022691] [Medline: 25945895]

45. Machin D, Campbell MJ, Fayers P, Pinol A. Sample Size Tables for Clinical Studies. Hoboken, NJ. Blackwell Science;
1997.

46. Dupont WD, Plummer WDJ. ·P-58 Power and sample size calculations: a review and computer program. Control Clin
Trials. Aug 1990;11(4):301. [doi: 10.1016/0197-2456(90)90157-W]

47. Marcoulides GA, Schumacker RE. New Developments and Techniques in Structural Equation Modeling. New York, NY.
Psychology Press; 2001.

48. Kuckartz U. Qualitative text analysis: a systematic approach. In: Kaiser G, Presmeg N, editors. Compendium for Early
Career Researchers in Mathematics Education. Cham, Switzerland. Springer; 2019.

49. Nichol KL, Lofgren RP, Gapinski J. Influenza vaccination. Knowledge, attitudes, and behavior among high-risk outpatients.
Arch Intern Med. Jan 1992;152(1):106-110. [doi: 10.1001/archinte.152.1.106] [Medline: 1728905]

50. Smith S, Sim J, Halcomb E. Nurses' knowledge, attitudes and practices regarding influenza vaccination: an integrative
review. J Clin Nurs. Oct 21, 2016;25(19-20):2730-2744. [doi: 10.1111/jocn.13243] [Medline: 27206347]

51. Limaye RJ, Holroyd TA, Blunt M, Jamison AF, Sauer M, Weeks R, et al. Social media strategies to affect vaccine acceptance:
a systematic literature review. Expert Rev Vaccines. Aug 2021;20(8):959-973. [doi: 10.1080/14760584.2021.1949292]
[Medline: 34192985]

52. Lee D, Rundle-Thiele S, Fong BY, Li G. The application and outcome evaluation of a social marketing intervention to
increase seasonal influenza vaccination among university students. Vaccines (Basel). Oct 07, 2022;10(10):1671. [FREE
Full text] [doi: 10.3390/vaccines10101671] [Medline: 36298536]

53. Grab a jingle jab this Christmas with thousands of slots available. National Health Service England. Dec 24, 2022. URL:
https://www.england.nhs.uk/2022/12/grab-a-jingle-jab-this-christmas-with-thousands-of-slots-available/ [accessed
2023-10-15]

54. Choucair K, El Sawda J, Assaad S, El Chakhtoura NG, Hassouna H, Sidani N, et al. Knowledge, perception, attitudes and
behavior on influenza immunization and the determinants of vaccination. J Epidemiol Glob Health. Mar 2021;11(1):34-41.
[FREE Full text] [doi: 10.2991/jegh.k.200906.001] [Medline: 32959616]

55. Haase N, Betsch C, Renkewitz F. Source credibility and the biasing effect of narrative information on the perception of
vaccination risks. J Health Commun. Aug 2015;20(8):920-929. [doi: 10.1080/10810730.2015.1018605] [Medline: 26065492]

Abbreviations
CFI: comparative fit index
GFI: goodness of fit index
KAB: knowledge, attitude, and behavior
NFI: normed fit index
NNFI: nonnormed fit index
RMR: root mean square residual
RMSEA: root mean square error of approximation
SIV: seasonal influenza vaccination

Edited by A Mavragani; submitted 24.12.23; peer-reviewed by LO Alsoud, OE Santangelo, MS Moonajilin; comments to author
26.06.24; revised version received 07.07.24; accepted 30.08.24; published 24.10.24

Please cite as:
Li L, Wood CE, Kostkova P
Evaluating a WeChat-Based Intervention to Enhance Influenza Vaccination Knowledge, Attitude, and Behavior Among Chinese
University Students Residing in the United Kingdom: Controlled, Quasi-Experimental, Mixed Methods Study
JMIR Form Res 2024;8:e55706
URL: https://formative.jmir.org/2024/1/e55706
doi: 10.2196/55706
PMID:

©Lan Li, Caroline E Wood, Patty Kostkova. Originally published in JMIR Formative Research (https://formative.jmir.org),
24.10.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

JMIR Form Res 2024 | vol. 8 | e55706 | p. 18https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/25945895
http://dx.doi.org/10.1080/21645515.2015.1022691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25945895&dopt=Abstract
http://dx.doi.org/10.1016/0197-2456(90)90157-W
http://dx.doi.org/10.1001/archinte.152.1.106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1728905&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27206347&dopt=Abstract
http://dx.doi.org/10.1080/14760584.2021.1949292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34192985&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines10101671
https://www.mdpi.com/resolver?pii=vaccines10101671
http://dx.doi.org/10.3390/vaccines10101671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36298536&dopt=Abstract
https://www.england.nhs.uk/2022/12/grab-a-jingle-jab-this-christmas-with-thousands-of-slots-available/
https://doi.org/10.2991/jegh.k.200906.001
http://dx.doi.org/10.2991/jegh.k.200906.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32959616&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2015.1018605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26065492&dopt=Abstract
https://formative.jmir.org/2024/1/e55706
http://dx.doi.org/10.2196/55706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2024 | vol. 8 | e55706 | p. 19https://formative.jmir.org/2024/1/e55706
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

