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Abstract

Objective: Most dengue cases are managed in an outpatient setting, where patients are advised to return to the clinic daily for
monitoring. Some patients can develop severe dengue at home and fail to recognise the deterioration. An application called
DengueAid was designed as a self-monitoring tool for patients to reduce delay in seeking timely treatment. This study aimed to
assess the feasibility of conducting a randomised controlled trial to determine the effectiveness of the DengueAid application.

Methods: Dengue patients were recruited from a public health clinic in Malaysia and randomised to either use the DengueAid
application plus standard care for dengue or receive only the standard care. The outcomes evaluated were the (1) feasibility of
recruitment, data collection and follow-up procedures; (2) preliminary clinical outcome measures; and (3) acceptability of
DengueAid. Qualitative interviews were conducted for participants in the intervention arm to assess the acceptability of DengueAid.

Results: Thirty-seven patients were recruited with 97% (n= 36) retention rates. The recruitment rate was low (63% refusal
rate, n= 62/99) with difficulty in data collection and follow-up due to the variable interval of care for dengue in an outpatient
setting. DengueAid application was acceptable to the participants, but preliminary clinical outcomes and qualitative data
suggested limited utility of the application. Unwell conditions of patients and limited access to healthcare are important fac-
tors impacting the application’s utility.

Conclusion: The feasibility trial uncovered issues with recruitment, data collection and follow-up processes. Further research
and modification to the application are needed to improve its utility and usability.

Keywords

Digital health, eHealth, remote patient monitoring, self-monitoring, digital clinical trials

Submission date: 25 February 2024; Acceptance date: 8 August 2024

1Department of Primary Care Medicine, Faculty of Medicine, University of
Malaya, Kuala Lumpur, Wilayah Persekutuan, Malaysia
2Department of Research, SingHealth Polyclinics, Singapore, Singapore
3Health Services and Systems Research, Duke-NUS Medical School,
Singapore, Singapore
4UM eHealth Unit, Faculty of Medicine, University of Malaya, Kuala Lumpur,
Wilayah Persekutuan, Malaysia
5Department of Computer System and Technology, Faculty of Computer
Science and Information Technology, University of Malaya, Kuala Lumpur,
Wilayah Persekutuan, Malaysia
6Shah Alam Section 7 Health Clinic, Ministry of Health Malaysia, Selangor,
Malaysia

7Department of Medicine, Faculty of Medicine, University of Malaya, Kuala
Lumpur, Malaysia
8Department of Software Engineering, Faculty of Computer Science
and Information Technology, University of Malaya, Kuala Lumpur,
Malaysia
9Department of Emergency Medicine, Faculty of Medicine, University of
Malaya, Kuala Lumpur, Malaysia

Corresponding author:
Wei Leik Ng, Department of Primary Care Medicine, Faculty of Medicine,
University of Malaya, 50603 Kuala Lumpur, Malaysia.
Email: wlng@ummc.edu.my

Creative Commons NonCommercial-NoDerivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-
NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits any use, reproduction and distribution of the work as

published without adaptation or alteration, provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/
en-us/nam/open-access-at-sage).

Original Research Article

DIGITAL HEALTH
Volume 10: 1–15
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076241277710
journals.sagepub.com/home/dhj

https://orcid.org/0000-0002-3074-9114
https://orcid.org/0000-0002-8320-1603
https://orcid.org/0009-0005-5184-112X
mailto:wlng@ummc.edu.my
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/dhj


Introduction
Dengue is a mosquito-borne viral disease endemic in trop-
ical regions such as Southeast Asia, South America and
central Africa with an increasing global disease burden.
An estimated 100 million symptomatic dengue cases are
reported annually in over 120 countries.1 Higher dengue
transmission risk is also predicted in countries not
endemic for dengue by 2050 such as China, Japan,
Mexico and Australia due to climate warming.2 The
Western Pacific region, including Southeast Asian countries
such as Malaysia, accounts for 70% of the global disease
burden for dengue3 with an annual increase in dengue
cases, from 430,023 in 2013 to 1,050,285 in 2019.4 In
Malaysia, from 43,346 to 130,101 laboratory-confirmed
cases were reported annually from 2013 to 2019 with case-
fatality ratio of 0.11%–0.28%.4

Dengue management can be challenging due to the risk
of rapid progression to severe dengue. While most patients
recover without complications, 1%–2% develop severe
dengue including plasma leakage, bleeding, organ impair-
ment, shock, and death.5 Patients with dengue usually
present with a high fever, associated with symptoms such
as headache, retroorbital pain, muscle and joint pain,
nausea, vomiting, or rash.5 Dengue infection typically
runs a self-limiting seven-day cycle which is divided into
febrile, critical and recovery phases. The World Health
Organization (WHO) suggests using warning signs to iden-
tify severe dengue; they are persistent vomiting, not drink-
ing, severe abdominal pain, lethargy, bleeding (epistaxis,
black stool, haematemesis, excessive menstrual bleeding
or haematuria), dizziness, cold and clammy hands and
feet, and reduced urine output.6 The absence of these
warning signs is strongly correlated with non-progression
of disease, signalling patients can be managed safely as
an outpatients.7 Hence, close monitoring of warning signs
with early identification and intervention before complica-
tions develop are crucial.5

As most dengue cases are self-limiting and treated as
outpatients, doctors who manage dengue rely on patients
to seek treatment in a timely manner should warning
signs develop. Daily follow-up for patients remains the
mainstay of treatment where doctors actively look for
warning signs and changes in blood parameters such as
increased haematocrit and rapid drop in platelet count.5

However, severe dengue can develop rapidly within 24
hours.5 While verbal or written self-care advice is given
to patients routinely to remind them to seek help urgently
if they develop warning signs, there is a wide variation in
how these messages are delivered. Patients often do not
fully understand and remember the health advice, espe-
cially when they feel unwell or the consultation is
short.8 This often results in a delay in seeking help and
treatment, which in turns may lead to morbidity and
mortality.

One possible solution is a dengue self-management and
self-monitoring digital tool to educate, guide and prompt
patients to seek help appropriately. Mobile phones are
increasingly being used in health care for patient education
and decision-making9 and clinical algorithms have been
incorporated into mobile phones to support patient
decision-making.10,11 Previously developed digital applica-
tions for dengue worldwide, such as Mo-Buzz and Mozzify,
primarily serve as dengue surveillance and health education
tools for public health.12,13 A symptom checker function
was incorporated in one dengue application but it was
designed for early diagnosis of dengue, not for symptom
monitoring of diagnosed dengue cases.12

Our team developed a mobile Dengue Self-Monitoring
System (DengueAid) to allow dengue patients to self-
monitor their symptoms at home, educate them about
warning signs and prompt them to visit a doctor if they
develop warning signs before their next scheduled
follow-up. DengueAid is hypothesised to reduce delay in
treatment-seeking in dengue patients. To the best of our
knowledge, this is the first digital self-monitoring tool for
outpatient follow-up of dengue. In this study, we conducted
a single-centre pilot randomised controlled trial (RCT) to
assess the feasibility of conducting a full-scale RCT to
evaluate the effectiveness of DengueAid in reducing
delay in treatment-seeking among patients diagnosed with
dengue. Specifically, we assessed (i) the feasibility of
recruitment, data collection and follow-up procedures, (ii)
the preliminary clinical outcome results, and (iii) the accept-
ability of the dengue self-monitoring intervention using
DengueAid.

Methods

Study design and setting

This is a single-centre pilot study using a mixed-method
approach to collect quantitative clinical outcomes as well
as qualitative data on researchers’ and patients’ views and
experiences throughout the trial. A parallel 1:1 two-armed
RCT was conducted and a qualitative component using
in-depth interviews as well as field notes was embedded
within the RCT.

The setting of this pilot trial was a public primary care
clinic (also known as a health clinic) under the Ministry
of Health, Malaysia. The clinic is located in an urban
region with a high load of dengue cases. The patient demo-
graphic reveals a distribution of 85% Malay, 10% Indian,
and 5% Chinese. Predominantly, Malay is the primary lan-
guage spoken, constituting 90%, with English following at
8%, and Mandarin or Tamil at 2%. Dengue cases constitute
1%–3% of fever cases seen at the clinic. The internet pene-
trability rate of the patients stands at 99%. The pilot trial
was conducted from 20 January 2023 to 30 June 2023
with the recruitment phase from January to April 2023.
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The pilot trial ended after the researchers achieved an
adequate sample size and completed the data collection
for follow-up.

Participant identification and eligibility

Patients with a suspected diagnosis of dengue fever were
seen at a dedicated fever centre in the clinic. After the
patients were seen by doctors and diagnosed as having
dengue fever to be managed as an outpatient, the staff at
the fever centre would refer them to the research assistant
(RA), who then screened the patients for eligibility. The
inclusion criteria are (1) age 18 years old and above, with
(2) a clinical diagnosis of dengue fever as confirmed by
medical notes, and (3) requiring outpatient follow-up. As
the DengueAid application was only available for
Android smartphones, patients who used iPhones or did
not have a smartphone were excluded.

The RA recruited the patients either face-to-face at the
fever centre or via a phone call if they had left the clinic
before the RA met them. The patient read the Participant
Information Sheet and was given sufficient time to consider
their participation in the study. All patients who agreed to
participate in the study signed an informed written
consent either in hardcopy (if face-to-face approach) or
softcopy (if approached via phone). Patient’s sociodemo-
graphic and clinical data were collected. Only a single
RA was involved in the recruitment of the patients.

Intervention and control

The intervention in this study was the DengueAid smart-
phone application (Figure 1), which comprised:

1. Symptom self-monitoring algorithm whereby patients
were advised to report their symptoms thrice daily (9
a.m., 2 p.m. and 8 p.m.). If the patient reported any
warning symptoms (persistent vomiting, persistent diar-
rhoea, abdominal pain, bleeding, difficulty breathing,
feeling like fainting, difficulty in carrying out usual
activities, drowsiness, reduced urine output and
reduced urine output), the system would advise the
patients to seek earlier medical care instead of waiting
for the scheduled appointment the next day or other
days.

2. Educational materials regarding dengue fever and
self-care.

3. Input forms to key in important parameters such as vital
signs and blood tests (haematocrit, white cell count,
platelet and haemoglobin).

The questionnaire used for monitoring of symptoms in
DengueAid was self-developed based on the Malaysian
clinical practice guideline for management of dengue, lit-
erature reviews of dengue warning signs and existing

mobile applications for disease monitoring and expert
opinion.5,11,12,14 The questions were worded in a manner
that aligned with the way locals spoke and conversed. An
interdisciplinary team was responsible for the development
of the questionnaire, application design, overall study con-
ception and execution. The team comprised primary care
physicians (n= 4), infectious disease specialists (n= 4),
emergency physicians (n= 1), computer science academi-
cians (n= 3) and eHealth experts (n= 2). We used the
Agile Software Development Life Cycle approach, incorp-
orating a rule-based expert decision algorithm into the
application.15

This application, along with the questionnaire for
symptom monitoring, was available in two languages,
English and Malay, to cater to the multi-ethnic population
in Malaysia who may be familiar with one language over
another. Malay is the national language while English is
also widely used in many parts of the country. Prior to
the trial, the application and the questionnaire were pilot-
tested by researchers and recovered dengue patients to
obtain input on the questionnaire and application design,
and to ensure no errors in the algorithm and functions of
the application.

Dengue patients were asked to key-in their symptoms
regularly via the application when they were at home.
Reminders appeared on the phone to remind them to key
in the symptoms thrice daily. The other features such as
educational material and input forms to key in vital signs
and blood parameters were not compulsory for users.
During the study period, we had a dedicated phone line to
respond to any technical issues encountered by the patients,
but no technical issues were raised throughout the study.
The participants in the intervention arm still received the
same standard care for dengue as the control arm, in add-
ition to the DengueAid application. DengueAid was
designed as an independent decision-support tool without
active intervention from the researchers during their self-
monitoring at home. While researchers were able to view
patients’ usage of DengueAid and reports of warning
signs via a digital dashboard, there were no automatic
prompts sent to researchers when patients reported
warning symptoms at home. To avoid influencing patients
to use the application more frequently, the researchers
only contacted them two weeks after their recruitment to
collect outcome data.

The standard outpatient care for dengue entailed the
provision of a dengue monitoring card, daily or regular
appointment to monitor their blood profile and warning
signs and advice to seek help immediately if they devel-
oped warning symptoms at home. In Malaysia, dengue
patients who are managed as outpatients would be pro-
vided with a monitoring card which serves as a record of
daily vital signs and full blood count results, and an infor-
mation leaflet for home care advice and danger signs of
dengue.

Ng et al. 3



For the control arm, the patients received the standard
outpatient care for dengue as mentioned above.

Outcome measures

This pilot trial aimed to evaluate (i) the feasibility of
recruitment, data collection and follow-up procedures,
(ii) the preliminary clinical outcome results, and (iii) the
acceptability of the dengue self-monitoring intervention,
to inform the design and delivery of the full-scale
DengueAid RCT.

The clinical outcome measures of interest in this trial
included percentages of (i) patients who were compliant
to follow up-visits, (ii) patients who developed warning
signs, (iii) patients who sought help earlier after developing
warning signs, and (iv) patients with warning signs who
were admitted. The proportion of patients who sought
help earlier after developing warning signs was the main
clinical outcome of interest. The clinical outcomes of inter-
est were determined by discussion among researchers with
input from clinicians in the Ministry of Health. The data on
recruitment, which comprised recruitment methods and
refusal rate, were collected continually by the research
assistant (RA) using a data collection form as the trial
went on until completion. Issues arising during the recruit-
ment process were documented as field notes. The research-
ers conducted weekly discussions with the RA to reflect on
the recruitment process and rate. The clinical outcome data
were collected by RA two weeks after the recruitment of
each participant with data extraction from the application
dashboard (for those in the intervention arm), medical
records and phone interviews. The data on the acceptability
of this intervention, which comprised the application usage
pattern and opinions of users, were collected from data in
the application dashboard and qualitative interviews with
the participants in the intervention arm.

Sample size

This pilot study was conducted to evaluate the feasibility of
conducting the full RCT. The findings from the main clin-
ical outcome in this pilot study will be used to determine the
sample size of the full RCT. We followed Julious’s rule of
thumb to achieve at least 12 participants per study arm in
this study.16

Randomisation, allocation, implementation and
blinding

The patients were randomised to either using the DengueAid
application on top of the standard outpatient care for dengue
(intervention) or receiving just the standard outpatient care
for dengue (control). We used a permuted block design for
the randomisation of groups. The randomisation sequence

was generated using a computer with a mixture of blocks
4 and 6 with a ratio of 1:1 between the control arm and
intervention arm. It was performed by a researcher from
the central office who was not involved in the recruitment
of participants at the recruitment site. Block sizes were
kept confidential and not shared with those involved in allo-
cation. Allocation was informed to the RA by the researcher
who generated the initial randomisation on a daily basis to
ensure concealment. Finally, after the patients agreed to
take part in the study, the RA then allocated them to their
respective arms.

While the allocation of the participants was masked, the
implementation of the intervention cannot be blinded due to
the nature of the study. While participants from both arms
of the study might be aware of the existence of the
DengueAid application, only those in the intervention arm
were allowed access to the application. DengueAid users
were required to sign in with passcodes provided by the
researchers after the RA registered the participants in the
DengueAid dashboard. The procedure for code break was
not applicable in this study due to the absence of blinding.

The follow-up of the participants was decided by the
treating doctor, depending on their clinical judgement.
The trial protocol did not interfere with the decision to
follow-up by the treating doctors. Therefore, the interval
and length of follow-up varied across participants.

After two weeks from the date of recruitment, the RA
would trace the medical records and contact the participants
in both arms through phone calls to collect data on their out-
comes. The researchers decided on the two-week period to
collect the data as they projected that the recovery from
dengue would be within one to two weeks. DengueAid
was designed to be used only during acute dengue illness.
The RA was instructed to avoid contacting the participants
within the two weeks from recruitment as there were con-
cerns that the contact could be a form of contamination,
influencing the participants’ behaviour.

Data analysis

Continuous data were checked for normality using the
Shapiro–Wilk test with mean and standard deviation (SD)
used for normally distributed variables. Categorical vari-
ables were reported as frequency and proportions.
Recruitment and retention data were described using
descriptive data and a flow diagram. The feasibility of the
clinical outcome measurement and acceptability of the
dengue self-monitoring intervention were described in a
narrative format, supported by descriptive data. The sec-
ondary clinical outcome data were described in descriptive
format. Inferential statistical analysis was not done due to
the small sample size. Data from the electronic medical
records, digital dashboard of DengueAid and data collec-
tion form were transferred to the Statistical Package for
the Social Sciences (SPSS) version 27 software for analysis.
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Participants in the intervention arm who did not use the
DengueAid at all were excluded from the analysis.
Participants with incomplete data were also excluded
from the analysis.

Qualitative interviews on the utility and usability of
DengueAid intervention

The participants who used the DengueAid were approached
for an interview after they completed their follow-up for
dengue. The interview aimed to evaluate the acceptability
of DengueAid among the participants. The interviews
were conducted via the Zoom platform or a phone call.
During the interview, their feedback was obtained regard-
ing the utility and usability of DengueAid. The interview
was conducted by WLN and guided by a topic guide
(Supplemental Appendix 1). All the interviews were audio-
recorded and transcribed verbatim. Thematic analysis was
conducted where open codes were assigned by researchers
to participants’ views. Larger themes were created by
grouping related codes together. The themes were then cate-
gorised based on the usability (a problem when installing or
using the application) and utility (usefulness of the applica-
tion in terms of decision making and disease understanding)

of DengueAid. Data saturation was not formally assessed in
this study. The interviews were conducted as part of the
overall evaluation of the utility and usability of
DengueAid, whereby all participants in the intervention
arm who used DengueAid were invited to participate in
the interviews.

Results

Recruitment, follow-up and retention

Figure 2 shows the flow of the participants during the trial.
A total of 126 patients diagnosed with dengue were
screened for eligibility during the pilot trial period; 27
patients did not fulfil the inclusion criteria (reasons
were: patients requiring immediate referral to hospital,
and did not possess an Android smartphone) and 62 parti-
cipants declined to participate. We did not document the
reasons for refusal during the initial phase and only
started doing so in March 2023 (the second half of the
recruitment period) after experiencing a high refusal
rate. While most patients still did not divulge their
reason for refusal, the documented reasons for refusal
included lack of interest (n= 2), needing to take care of

Figure 1. Storyboard for DengueAid.

Ng et al. 5

https://journals.sagepub.com/doi/suppl/10.1177/20552076241277710


the child (n= 1), unfamiliarity with smartphone applica-
tion (n= 2), family disapproval (n= 1) and language
barrier in an Indian patient (n= 1).

Among the remaining 37 patients who agreed to par-
ticipate in the pilot trial, 18 were randomised to the inter-
vention arm and 19 to the control arm. The retention rate
at the end of the trial was 100% (18/18) for the interven-
tion arm and 95% (18/19) for the control arm. In the
intervention arm, three participants did not use the
DengueAid application at all after installation. The
reasons were unfamiliarity with how to use the applica-
tion (n= 1) and being too unwell to use the application
(n= 2). One participant in the control arm was uncontact-
able after recruitment and did not turn up for follow-up in
the clinic.

Characteristics of study participants

Table 1 shows the characteristics of the study partici-
pants. The sociodemographic profile of participants
was similar between both the intervention and control
arms: mean age of 31–32 years old, predominantly
male (66.7% in the intervention arm, 77.8% in the
control arm) and Malay (86.7% in the intervention
arm and 100% in control arm). During recruitment, the
participants in the intervention arm already had symp-
toms of dengue for 4 days as compared to 5 days for
those in the control arm (p < 0.04). The participants in
the intervention arm used the DengueAid application
for 3.9 days.

Feasibility of recruitment, data collection and
follow-up procedures

As mentioned in the Methods, the RA initiated recruitment
attempts after the patients were seen and diagnosed with
dengue by doctors in the fever centre. The dengue patients
were seen together with other patients with fever at the fever
centre; hence there was a risk of exposure to COVID-19
infection for the RA. To comply with COVID-19 precau-
tion protocol at the time of research, the RA was recruited
via a recruitment counter outside the fever clinic. Patients
diagnosed with dengue fever were instructed to approach
the recruitment counter after seeing the doctor. Some
patients did not turn up at the counter and hence phone
call recruitment was done for these patients who had
returned home. Face-to-face recruitment yielded a higher
success rate of 57% (25 recruited out of 44 patients
approached) compared to phone recruitment at 22% (12
recruited out of 55 patients approached).

We were able to collect the baseline demographic and
clinical details such as the day of illness upon recruitment
for all patients as the data were available from records
and questioning of patients. For the follow-up and
outcome data, the RA faced challenges to extract outcome
data such as urgent health-seeking behaviour and hospital-
isation solely from the medical records because some
patients changed places of follow-up and the electronic
medical record systems among different clinics were not
linked. The interval of follow-up for each patient also dif-
fered as decided by the treating doctor. This made it difficult
for RA to know when a patient would be coming again for

Figure 2. CONSORT flow of the pilot trial.

6 DIGITAL HEALTH



follow-up; thus identifying compliance was also a chal-
lenge. In the DengueAid application, there was also a
built-in form that would pop-up to ask whether the patients
had sought help and the details of the help-seeking behav-
iour (time, date and place) if they developed warning signs.
However, none of the patients who sought help responded
to this form. During the active disease period, the RA did
not call the patients to follow up to avoid influencing
their application usage pattern. Out of the 37 patients
recruited, the RA was unable to extract relevant outcome
data for eight patients (21.6%) from the electronic
medical records after two weeks of recruitment. The RA
had to contact the patients to ask if they sought earlier
medical care and extract relevant data such as compliance
with follow-up and outcome. There may be recall bias
from the patients due to this. The RA was unable to find
the record for one patient who was in the control arm, nor
was he able to contact the patient. Hence that patient was
excluded from the final analysis. Additionally, the RA
also contacted all other patients to verify the outcome
data stated in the records and check for any missing
outcome data. For example, a patient might have sought

earlier help at another healthcare centre but did not reveal
the information to the attending doctor at our study site
during the follow-up.

Preliminary clinical outcome results

Table 2 reports on the clinical outcome data from our pilot
trial. A total of 14 patients out of 15 (93%) in the interven-
tion arm reported warning symptoms via the application but
when asked at the end of the trial follow-up, only nine out of
15 (60%) thought they had warning symptoms. Only four
out of 18 (22%) in the control arm reported warning symp-
toms. Only three out of the 14 (21%) patients who reported
warning symptoms in the intervention arm sought earlier
help, as compared to two out of four (50%) in the control
arm. Four out of 14 (29%) patients with warning symptoms
were eventually admitted to the intervention arm. Two were
admitted when they came to seek earlier help while another
two were admitted when they came for follow-up. Only one
out of the four (25%) with warning symptoms in the control
arm was admitted.

The compliance to follow-up visits was lower in the
intervention arm (9/15, 56%) as compared to the control
arm (13/18, 72%). The researchers did not specifically
collect data on the reason for non-compliance but agreed
that the data would be useful.

Table 3 shows the type of warning symptoms reported
by the participants in the intervention arm. Most of the
symptoms reported were milder, non-specific symptoms
such as difficulty in carrying out usual activities (the surro-
gate term for severe lethargy) and drowsiness.

Acceptability of the DengueAid application among
patients

Application usage pattern. In our pilot trial, out of the 18
patients who were allocated to the intervention arm, three

Table 1. Characteristics of study participants (N= 33).

Parameter
Intervention
arm (n= 15)

Control
arm (n= 18)

p
value

Mean age, years (SD) 31.1 (8.8) 31.8 (13.2) 0.730

Gender

Male 10 (66.7%) 14 (77.8%) 0.697

Female 5 (33.3%) 4 (22.2%)

Ethnicity

Malay 13 (86.7%) 18 (100%)

Indian 1 (6.7%) –

Kadazan-Dusun 1 (6.7%) –

Median day of
illness upon
recruitment,
days (IQR)a

4.0 (2.0) 5.0 (3.0) 0.040

Mean duration of
days using
application,
days (SD)b

3.9 (2.9) Not
applicable

SD: standard deviation; IQR: interquartile range, Mann-Whitney U test for
age (non-normally distributed) and independent t-test for day of illness
(normally distributed), Fisher’s exact test for gender.
aData source from medical notes.
bData source from the application dashboard.

Table 2. Clinical outcomes of DengueAid pilot trial.

Outcome
Intervention
(n= 15)

Control
(n= 18)

Patients who developed warning
symptoms

14/15 (93%) 4/18
(22%)

Patients with warning symptoms
who sought help earlier

3/14 (21%)a 2/4 (50%)

Patients with warning symptoms
who were admitted

4/14 (29%) 1/4 (25%)

Patients who were compliant to
follow-up visit

9/15 (56%) 13/18
(72%)

aMain outcome of interest.

Ng et al. 7



of them did not use the DengueAid application at all after
installation. Two of them cited that they were feeling
unwell to use the application while another participant said
she did not know how to use the application. Of the remain-
ing 15 participants, only one participant used the application
daily until he completed his follow-up for dengue.

Regarding the requirement to report the symptoms thrice
daily, seven out of 15 participants (46.7%) in the interven-
tion arm completed three times of self-reporting daily
(while they were still using the application). When we ana-
lysed which session was commonly skipped by the partici-
pants, the night-time reporting was most commonly skipped
(46.1%), followed by afternoon reporting (38.5%) and
morning (15.4%).

Qualitative interview on the acceptability of the DengueAid
application. We also conducted qualitative interviews to
explore the utility and usability of the DengueAid applica-
tion. Twelve out of 15 participants in the intervention arm
agreed to an interview after they had recovered and com-
pleted follow-up for dengue. Out of the remaining three par-
ticipants who did not participate, two refused due to busy
schedules while another defaulted the interview appoint-
ment after agreeing initially. The patient who defaulted
on the interview appointment did not respond to further
calls to reschedule another interview.

Generally, the participants found the application useful
to help them monitor their symptoms and provide informa-
tion for self-care at home. The application also gave them
an idea if their symptoms were severe or not.

Utility. We discovered four themes for the utility of the
DengueAid application (quotes in Table 4).

1. Influence of health status on application utility. The
patient’s health status would influence their utility of
the application. While our patients appreciated the
help of DengueAid to help them decide if their symp-
toms were severe enough to seek help earlier, they
would still make their own judgement before taking
action to seek help earlier. They would decide against
seeking help earlier if they felt well. On the other
hand, if the patients felt unwell, they would tend to
skip entering their symptoms.

2. Access to healthcare. Access to the nearest healthcare
facilities would also influence our participants’ decision
to seek earlier help. Access refers to the distance of the
nearest healthcare facilities, the availability of the
healthcare facilities at odd hours and the availability
of someone to send them to the hospital. If the
warning symptoms alert appeared at night, the partici-
pants would be less likely to seek earlier treatment,
mainly driven by the unavailability of operating out-
patient clinics at night and non-preference to visit the
emergency department. The long-distance of the clinic
from home, coupled with the taxi fare, were also
reasons the patient decided not to seek earlier treatment
despite advice from the application.

3. Accuracy and comprehensiveness of the application
content. Our patients were still sceptical of the accur-
acy of the symptom monitoring algorithm and hesi-
tated to follow the advice. Some patients suggested
a more comprehensive questionnaire to evaluate
their symptoms further and delineate the severity of
their symptoms.

4. Misunderstanding of DengueAid application as a
diagnostic tool. Some participants thought that the
symptom monitoring tool in the application could be
used as a diagnostic tool for dengue in the future if
they developed similar symptoms again. Patient 18
mentioned she would use this tool to decide whether
she needs to seek treatment in the future if she has
similar symptoms.

Usability. For usability, we discovered three themes:

1. Assistance with installation helped ensure applica-
tion usage. Patient 14 informed that assistance in
installing the application during recruitment helped
to ensure he used the application; however, he
would unlikely to install the application if he

Table 3. Warning symptoms reported by participants in the
DengueAid application.

Symptoms

Number of times
symptoms were reported
in the application

Percentage
(%)

Difficulty in carrying
out usual
activities

48 33.3

Drowsiness 40 27.8

Stomach pain 14 9.7

Dizziness 13 9.0

Persistent
diarrhoea

9 6.3

Reduced drinking 7 4.9

Reduced urination 5 3.5

Shortness of breath 4 2.8

Persistent vomiting 3 2.1

Bleeding 1 0.7

8 DIGITAL HEALTH



Table 4. The themes and supporting interview quotes (based on utility and usability).

Theme Quotes

Utility

Theme 1: Influence of health
status on application utility
Theme 2: Access to healthcare

(When asked why did not seek earlier help) ‘I felt I don’t have any problem … I felt healthy … so, ok I
just continue monitoring at home. I also took some crabmeat soup’. (Patient 16, 40 years old,
male)

‘When I received it (the advice to seek help earlier), I felt I was getting better, I felt well already. So I
didn’t go’. (Patient 5, 32 years old, male)

‘I will do my own judgement, because I am not vomiting, and because I had gone to clinic already
this morning, it will be the same if I go again in the afternoon’. (Patient 4, 35 years old, male)

‘Just that sometimes we feel unwell, so we cannot update our symptoms on time. And sometimes we
will forget’. (Patient 4, 35 years old, male)

‘For me, three times a day (to key in symptoms) are too many, because if I am unwell, I will not be
looking at my phone at all. So I won’t feel like filling in the symptoms when you are sick’. (Patient
5, 32 years old, male)

‘We also consider other factors such as … I am going alone, I don’t have energy to go, there’s no
friend to bring me (to the hospital)’. (Patient 5, 32 years old, male)

‘Usually at night, the clinic is not open, and we have to go to emergency department. If we go to
emergency department at night, they will ask us to go back instead’. (Patient 4, 35 years old, male)

‘Hmm… I’ll consider first… because I need to go by taxi, it’s difficult to go to clinic if so. Moreover the
clinic is far from my home, so I have to consider the taxi fee as well’. (Patient 18, 21 years old,
female)

Theme 3: Accuracy and
comprehensiveness of the
application content

‘I was thinking is the advice (to seek early help) correct? Because it’s my first time using this
application. I have my suspicion haha, let me think about it first’. (Patient 5, 32 years old, male)

‘Based on my opinion, the questions need to be more to assess my symptoms’. (Patient 3, 35 years
old, male)

‘It will be useful if there’re additional questions to follow-up on existing questions, to see if our
conditions are really that severe. That’ll be the best’. (Patient 16, 40 years old, male)

Theme 4: Misunderstanding of
DengueAid application as
diagnostic tool

(When asked if she will consider using the app again in future) ‘I will use this app first, to fill in the
symptoms to see if I really have dengue, is it severe, to decide if I need to see doctor’. (Patient 18,
21 years old, female)

Usability

Theme 1: Assistance with
installation helped ensure
application usage

‘To download and install the app, I was helped by the assistant, I think no problem there. If he were to
tell me where to find the app (in Google PlayStore) and install it myself, I would find it difficult
because at that time I was feeling slightly dizzy, not so well. If I were to do it myself at home, I think
I’ll be lazy to do it, I better rest if so. So, it is better to have assistance in this’. (Patient 14, 33 years
old, male)

Theme 2: A more vibrant and
attractive design was desired

‘Ya, the colour (display) looks at bit pale’. (Patient 17, 32 years old, female)
‘The language is already ok. There’s not much design and graphic. Not many human graphics
inside’. (Patient 3, 35 years old, male)

‘For me, the colour needs to be more striking. The white background is not so attractive’. (Patient 5,
32 years old, male)

Theme 3: Reminder function is
important for symptom
monitoring

‘The reminder alert, it will be good if there’s sound like WhatsApp’. (Patient 4, 35 years old, male)
‘Actually it (reminder) is good because sometimes I will always forget that I need to key in my
symptoms at all’. (Patient 1, 23 years old, male)

‘Yes, the app did give the reminder, but sometimes I’ll just ignore it. Because when I get 100%
(answered all questions without triggering alert to seek early treatment), I think I am ok already’.
(Patient 11, 53 years old, female)
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had to do it himself at home, mainly because he was
unwell.

2. A more vibrant and attractive design was desired.
The DengueAid application was designed with a
white background and all the basic functions were dis-
played on the homepage (Figure 3). Our participants
preferred a more vibrant and attractive design.

3. The reminder function is important for symptom
monitoring. Our participants appreciated the reminder
function in the application to help remind them to key
in the symptoms. Patient 4 suggested including sound
reminder as well. However, some participants would
still ignore the reminder function.

Discussion
In our pilot study, we explored the feasibility of the research
process (recruitment, data collection and follow-up), the
preliminary clinical outcomes and the acceptability of the
application in terms of utility and usability. We found some
limitations in our recruitment, data collection and follow-up
procedures. Improvement is needed for data collection to
improve on the accuracy of the data and reduce recall bias.
The DengueAid application was acceptable to our participants
but further modification to the intervention is needed to
improve the utility. The preliminary clinical outcome data sug-
gested that the application in its current form was not effective
in changing health-seeking behaviour.

Figure 3. Screenshot of DengueAid application homepage.
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A low recruitment rate is a common challenge encoun-
tered in RCTs. In this study, our recruitment rate of 37%
was low in contrast to the average response rate of 70%
reported in the literature for acute febrile illness.17

Compared to similar RCTs recruiting dengue patients
being followed up as outpatients, Nitinai et al.19 and
Nasir18 reported a much higher recruitment rate of 93.2%
and 93.5%, respectively, after excluding those ineligible.
Their refusal rates were between 3.9% and 6.8%, as com-
pared to our refusal rate of 63%. It is worth noting that
Nasir’s study was conducted in Malaysia in a location adja-
cent to our study site, with a comparable population. From
our limited data, some of the reasons cited for refusal
included lack of interest, unfamiliarity with smartphone
applications and family commitment. The low response
rate is a challenge, but not unexpected. Patients with
dengue fever generally felt unwell at the time of presenta-
tion and a request to use a new technology may be con-
strued as an additional burden. This is different from
Nitinai’s and Nasir’s studies where their intervention
entailed oral drug and simple fluid chart respectively,
which were arguably less cumbersome compared to
digital application.18,19 The physical condition of the
patients may limit their interest to participate.20 In retro-
spect, it may be worth collecting and analysing the charac-
teristics of the patients who refused to participate. Use of
digital applications is often lower in those with older age,
lower education status, minority ethnic groups or limited
Internet access.21 Our participants were noticeably of
younger age with a mean age of 31 years old, predomin-
antly of Malay ethnic, which is the major ethnic group in
Malaysia apart from Chinese, Indian and other indigenous
groups. The language barrier cited by an Indian patient as
the reason for refusal during our recruitment is an
example of how the digital application might have inadvert-
ently excluded certain groups. Internet penetrability is high
in our study population but understanding the adequacy of
Internet bandwidth and mobile data limit is important. Such
information would be useful to plan future recruitment
strategies.

Improvising the recruitment strategies may help to
improve the recruitment rate in our study. Our initial
assumption was the adoption of digital applications could
be done at home once the patients settled down and felt
more comfortable, considering that the instructions could
be delivered via phone. However, our pilot study demon-
strated that face-to-face or direct recruitment yielded
better success compared to phone recruitment. Difficulty
to contact potential participants via phone was recognised
as one of the challenges in recruitment for RCT.22 There
may also be a trust or credibility issue when it comes to
phone recruitment. Multi-pronged recruitment strategies
utilising social media, text messages, websites, banners
and flyers may help improve recruitment in RCTs but not
all methods are suitable for acute infectious illnesses like

dengue as the recruitment is time-sensitive.23 Coupling
links to recruitment websites with face-to-face and phone
recruitment, along with the presence of banners and flyers
at the study site may help increase the visibility and cred-
ibility of the study. Nevertheless, such measures would
incur higher costs and need to be budgeted in.

For the data collection and follow-up in this trial, we
designed the protocol to be flexible to accommodate the
inherent variability of disease progression and management
in dengue. For the data collection in our study, one of the
major sources of data particularly for the outcome came
from the verbal reporting from the patients upon question-
ing by RA at two weeks post-recruitment. As the follow-up
interval differed among the patients and they may change
the place of follow-up, we deemed contacting patients via
phone after the follow-up concluded as the most feasible
way. We were able to contact almost all our patients
except one in the control arm. It is also important to
avoid contact with patients during the active follow-up
period as that may trigger them to use the application
more frequently. A multi-source approach to collect data
(medical records, application data and phone interviews)
helped to improve data accuracy. Our protocol is not too
different from previously reported RCTs for dengue
managed as an outpatient. Nitinai et al.19 followed up
their patients every other day for 14 days or until the treat-
ing doctors ended the follow-up, whichever was shorter,
irrespective of the duration of illness upon recruitment.
Their data collection was also done via telephone calls
and data extraction from medical notes, similar to ours.
We did not follow up with our patients every other day
due to concern of contamination, where contact with
patients may trigger them to use the application more fre-
quently. Similarly, the variability in follow-up duration
was also observed in a pilot RCT by Nasir et al.,18 which
highlighted the challenge of standardising follow-up inter-
vals for dengue patients. Although there was variation in
the follow-up interval, the outcomes of interest in our
study were still clinically meaningful, measurable and com-
parable at different time points. This would help to assess
the impact of the intervention regardless of the follow-up
interval. To mitigate the effect of the variability in
follow-up, one consideration is to refine the inclusion cri-
teria where only dengue patients presenting within the
first three days of illness would be recruited. Dengue
fever typically lasts for seven days with the critical phase
often occurring after the third day of fever.5 Capturing the
patients in the earlier phase would allow a more comparable
starting point to reduce the variability, and increase chances
of the application utility as warning symptoms usually
appear during the critical phase. However, in our pilot
study, the patients presented to the clinic only on Day 3–
5 of illness. Tightening this inclusion criteria may reduce
the recruitment rate further. Recruitment at multiple study
sites would be needed to improve the chances of successful
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recruitment. Another area for improvement is perhaps the
participants can be contacted as soon as the treating
doctors end the follow-up, instead of waiting for two
weeks to reduce recall bias, similar to what was done by
Nitinai et al.19

We deemed the clinical outcome measures suitable,
especially the main outcome of interest: the proportion of
patients with warning symptoms who sought help early.
However, there may be concern about overreporting of
warning symptoms in DengueAid due to the availability
of self-reporting via DengueAid. It may be questionable
whether the proportion of patients with warning symptoms
is comparable between participants in both arms. It is
expected that verbal reporting of warning symptoms when
questioned would be lower. This is shown in both arms
of our pilot trial. Only four reported warning symptoms
in the control arm while in the intervention arm, only
nine out of 15 reported warning symptoms although data
from the application showed that 14 of 15 in the interven-
tion arm had warning symptoms. This may be due to
recall bias or unawareness of warning symptoms. Poor
knowledge of warning signs in dengue is not new as it
has been shown that the general public could identify
well the common symptoms of dengue fever such as high-
grade fever, headache, arthralgia and myalgia but relate less
to symptoms indicative of warning signs such as rapid
breathing, restlessness and severe abdominal pain.24 In
this pilot trial, we reported the hospitalisation rate of
those with warning signs in the intervention arm versus
the control arm. A more useful outcome on hospitalisation
rate would be the hospitalisation rate of those who came
earlier to seek help versus those who did not, as an indicator
of how specific the warning signs were.

A more extensive set of questions in the application as
suggested by some of our participants, such as second-level
questions to clarify the initial reported symptoms in the
application, may reduce the number of warning symptoms
triggered by the application. We have highlighted in the
‘Results’ section that non-specific symptoms such as diffi-
culty in carrying out usual activities (the surrogate term
for severe lethargy) and drowsiness were the most com-
monly reported symptoms in the application. In the litera-
ture, abdominal pain, persistent vomiting, mucosal
bleeding and lethargy were reported as the common
warning signs for severe dengue.14,25 A multi-centre
study on confirmed adult dengue deaths in Singapore
showed that lethargy was the commonest warning
symptom at presentation.26 Therefore, it is important not
to dismiss these non-specific symptoms. Severe lethargy
is a warning symptom for dengue but general lethargy is
expected in most patients with dengue fever. Thus, it is
not surprising that most patients in our study would report
that they had difficulties in carrying out their usual activ-
ities. The type of symptoms reported in the application, par-
ticularly the non-specific symptoms, may be a poor

differentiator of the severity of dengue. A more detailed
set of questions to follow-up on the initial reported
warning symptoms may be useful to identify a ‘true’
warning symptom for dengue. The development and
incorporation of a predictive algorithm comprising the com-
bination of warning symptoms may help improve the pre-
diction of severe dengue using this application.14,25

We still uncovered utility and usability issues during the
pilot testing phase despite the rigorous development
process. While our participants had positive opinions of
the application, the initial findings suggested suboptimal
adoption of the symptom monitoring features and limited
usefulness in changing health-seeking behaviour. In the
intervention arm, less than half of the patients completed
the symptom monitoring thrice daily and only one partici-
pant (out of 15) used the application daily until he com-
pleted his follow-up for dengue. Digital interventions
often experience high attrition rates due to their reliance
on self-directed and unstructured approaches.27 The
health condition might also affect the completion rate of
the symptom reporting in our application. As shown in
our qualitative interviews, our patients might skip the
symptom reporting when they felt unwell, although those
were the times that they might actually need further
medical attention. The omission of symptom reporting in
the application during the unwell period may also be due
to the perceived lack of usefulness of the application by
the patients. Further research may be useful to explore the
optimal frequency of symptom monitoring, and ways to
improve the perceived usefulness and adoption of digital
health among patients with acute illnesses such as
dengue. In our study, only three out of 14 patients with
warning symptoms sought help early. The application, in
its current form, does not appear to be effective in changing
our participants’ health-seeking behaviour, although the
sample size is too small for a definitive conclusion. A sys-
tematic review has shown that mobile-health technology
usually has a limited impact on behavioural change.28

Our development process of the application could have
been more rigorous. Our beta testing was conducted on
recovered dengue patients (due to safety and ethical con-
cerns) instead of active, symptomatic dengue patients.
Hence, we were unable to replicate the real-world circum-
stances during testing. As discussed earlier, the unwell con-
dition of the symptomatic dengue patients is an important
factor affecting the utility of the application. There are
also many other confounding factors in our study such as
the limited access to healthcare due to personal circum-
stances (such as the distance to the nearest healthcare facil-
ities and availability of transport), and the occurrence of
warning symptoms at night reducing the likelihood to
seek help early. Previous literature had suggested that
there were many factors interplayed in influencing the deci-
sion to seek help early in dengue fever and the decision did
not depend on the presence of warning signs alone.29,30
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We also discovered some concerns in this pilot trial.
One, the compliance to follow-up was lower in the interven-
tion group. Patients may regard the application as a substi-
tute for usual care although it was emphasised during
recruitment that the application was not meant to replace
usual care. Patients may get false assurance from the appli-
cation and influence their decision for follow-up. Second,
some participants had a false impression that the symptoms
checker could be used as a diagnostic tool in the future to
help them decide whether to seek initial treatment or not.
The mechanism needs to be in place to disable the usage
of the application after the patients complete their follow-up
for dengue to prevent potential misuse.

The various issues we highlighted in this discussion,
from the trial processes (such as recruitment, data collection
and follow-up) to the limited utility and usability of the
application, underscore the importance of involving
patients together with researchers and clinicians in the
co-design process of the research protocol and the interven-
tion tool from an earlier stage. Patients typically partici-
pated in the later phases of research, such as usability
testing, where their capacity to impact significant alterations
were minimal.28 Exploring patients’ priorities during
recruitment and understanding that these priorities may
shift with the provision of trial information by recruitment
staff would help improve the recruitment rate and reten-
tion.31 Involving patients and the public in the design of
the digital intervention has been shown to increase the
user uptake and improve the effectiveness of the
intervention.32,33

Strength and limitations
To the best of our knowledge, our pilot trial was the first
trial to evaluate the feasibility and preliminary effectiveness
of a digital self-monitoring system for dengue patients. Our
findings informed the need for modification to the existing
self-monitoring system and provided important input to
design a digital intervention RCT for acute infectious dis-
eases with inherent variability such as dengue.

There are some limitations to our pilot study. First, we
had only conducted the pilot trial in a single health centre
and the clinical set-up of each clinic may differ and affect
the recruitment method. Our findings may not be generalis-
able to the larger population. Second, the lack of data for
reasons for refusal to participate limited our understanding
which could have helped improve the recruitment process
in future trials. Thirdly, some of our outcome data were
obtained via phone interviews with the patients after they
concluded the follow-up for dengue. There may be recall
bias affecting the accuracy of the data. Fourthly, our ques-
tionnaire on symptom monitoring did not undergo the full
validation process and the pilot testing of the questionnaire
could have been more rigorous. As mentioned above, we
only included recovered dengue patients in our testing

where issues such as the need for a more extensive set of
questions and limited utility to change the behaviour of
patients were not identified during pilot testing.

Conclusion
This feasibility study highlights issues with low recruitment
rate and difficulty in the data collection process due to the
variable interval of care for acute dengue. There are many
confounding factors affecting the utility and usability of
the dengue self-monitoring application such as the unwell
condition of the patient and access to healthcare. More exten-
sive assessment of symptoms is needed in the disease mon-
itoring algorithm. Co-design of the trial protocol and digital
intervention involving important stakeholders such as the
clinicians and patients is suggested to improve the recruit-
ment strategies, data collection method, and modify the inter-
vention to increase its uptake and effectiveness.
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