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ABSTRACT  Background: CHIVID is a telemedicine solution developed under tight time constraints that
assists Thai healthcare practitioners in monitoring non-severe COVID-19 patients in isolation programs
during crises. It assesses patient health and notifies healthcare practitioners of high-risk scenarios through a
chatbot. The system was designed to integrate with the famous Thai messaging app LINE, reducing develop-
ment time and enhancing user-friendliness, and the system allowed patients to upload a pulse oximeter image
automatically processed by the PACMAN function to extract oxygen saturation and heart rate values to reduce
patient input errors. Methods: This article describes the proposed system and presents a mixed-methods study
that evaluated the system’s performance by collecting survey responses from 70 healthcare practitioners and
analyzing 14,817 patient records. Results: Approximately 71.4% of healthcare practitioners use the system
more than twice daily, with the majority managing 1-10 patients, while 11.4% handle over 101 patients. The
progress note is a function that healthcare practitioners most frequently use and are satisfied with. Regarding
patient data, 58.9%(8,724/14,817) are male, and 49.7%(7,367/14,817) within the 18 to 34 age range. The
average length of isolation was 7.6 days, and patients submitted progress notes twice daily on average.
Notably, individuals aged 18 to 34 demonstrated the highest utilization rates for the PACMAN function.
Furthermore, most patients, totaling over 95.52%(14,153/14,817), were discharged normally. Conclusion:
The findings indicate that CHIVID could be one of the telemedicine solutions for hospitals with patient
overflow and healthcare practitioners unfamiliar with telemedicine technology to improve patient care during
a critical crisis.

INDEX TERMS COVID-19, pandemic, home isolation, telemedicine, remote healthcare.

Clinical and Translational Impact Statement— CHIVID’s success arises from seamlessly integrating
telemedicine into third-party application within a limited timeframe and effectively using clinical decision
support systems to address challenges during the COVID-19 crisis.

I. INTRODUCTION SARS-CoV-2 infections [1], resulting in patient overcrowd-
INCE the beginning of the COVID-19 pandemic, ing due to inadequate medical facilities relative to the
Thailand has experienced about 4.7 million confirmed size of the population. Therefore, prioritizing patients with
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critical conditions has been one of the most effective ways
to optimize the use of medical facilities. The majority of
SARS-CoV-2 infected patients experience mild to moderate
respiratory illness and recover within two to three weeks
without special treatment [2]. Thus, the Ministry of Pub-
lic Health of Thailand recommended self-quarantining for
patients with mild to moderate symptoms at home for 14 days
to avoid hospital overcrowding [3]. However, the health sit-
uation of infected patients with mild or moderate symptoms
could change at any time. People over 60 [2], [4] and those
with underlying medical problems, such as cardiovascular
disease, diabetes, chronic respiratory disease, and cancer [5],
[6], [7], are more likely to develop severe illnesses and require
special medical attention.

During crises, several countries implemented telemedicine
solutions to provide patient care [8], [9]. Some systems
developed new application systems, while others utilized
existing digital care platforms or relied on social messaging
apps to communicate with patients during the COVID-19
crisis [10], [11], [12], [13], [14], [15], [16], as indicated
in Supplement Table 1. However, the monitoring systems
share several functions, such as dashboards for monitoring
vital signs or alarm systems to alert healthcare practition-
ers of anomalies. Nevertheless, the distinguishing factors
between each system lie in the equipment used for mea-
suring vital signs and the methods employed for data
transmission. Some systems relied on standard equipment,
requiring patients to input data manually, while others utilized
Bluetooth-connected devices for automatic data transmission
to the application system. Both approaches entail compro-
mises in terms of expenses, user technical expertise, and data
precision.

Before the COVID-19 outbreak, Thai hospitals lacked pro-
ficiency in telemedicine. Hospitals had adopted the LINE
messaging application [17], Thailand’s most popular instant
messaging platform, to deliver medications and necessary
quarantine items for prompt issue resolution. However, the
existing telemedicine system employing the LINE applica-
tion suffered from a lack of systematization, leading to the
potential loss of patient conversations if healthcare practi-
tioners inadvertently overlooked the chat box. Furthermore,
patients often created online personas using profile names
and photos that diverged from their actual identities, poten-
tially leading to errors in patient identification. These issues
could confuse healthcare practitioners, leading to delays in
treating patients with severe symptoms.

To effectively address these challenges, the Community
& Home Isolation-based electronic health record COVID-19
system, CHIVID,' was rapidly developed as a comprehensive
telemedicine solution to deal with the intricate nature of
non-systematic data collection and patient follow-up diffi-
culties. This includes the specific challenges faced during
the pandemic, such as technical aspects, privacy and data
security, training of healthcare practitioners and patients,

IThe term CHIVID means “life”” in Thai.
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doctor-patient relationships, and potential acceptability and
satisfaction [18]. This rapid response effectively managed
and monitored isolated COVID-19 patients, offering a timely
and robust solution to the multifaceted challenges.

CHIVID assesses patients’ health conditions, analyzes
associated risks, and promptly alerts healthcare professionals
in high-risk cases through a chatbot. Moreover, during the cri-
sis, the Thai government distributed standardized equipment
without Bluetooth connection free of charge to COVID-19
patients in public hospitals. Consequently, to enable every
patient to utilize the system without necessitating connected
devices, we propose the integration of Al-based image extrac-
tion functionalities named PACMAN to facilitate patients
by recognizing the number on the pulse oximeter screen,
aiming to mitigate input errors inherent in manual data entry.
Furthermore, the system was intentionally designed to be
LINE-compatible, reducing development time and provid-
ing a user-friendly interface for Thai users. It effectively
improved symptom recording and addressed patient identi-
fication issues by displaying relevant information or a unique
identification number for verification.

This article describes the proposed system, developed
under tight time constraints for hospitals that experience
patient overflow and do not have their own telemedicine
systems, to effectively address challenges arising during
crisis periods. In addition to providing a comprehensive
overview of the system, the article encompasses a study
employing qualitative and quantitative methodologies. This
mixed-methods study evaluated the system’s performance by
collecting survey responses from 70 healthcare practitioners
and analyzing 14,817 patient records.

Il. MATERIALS AND METHODS

A. SYSTEM OVERVIEW

The CHIVID system, as illustrated in Figure 1, served
two main user groups: patients and healthcare practition-
ers (HCPs), which included physicians, nurses, and nursing
assistants. For patients, the system served as a tool for col-
lecting, recording, and transferring their health information.
Upon COVID-19 diagnosis, patients with mild to moderate
symptoms received a registration code and were provided
with necessary quarantine items, including a thermometer,
oximeter, and necessary medications. Then, they registered
with the provided code through the hospital’s official LINE
account, verified their identity, and provided personal and
health details. In daily monitoring, as shown in Figure 2a,
patients had to submit progress notes at least twice daily,
containing vital signs and symptoms. The system allowed
patients to upload a pulse oximeter image automatically
processed by the PACMAN function to extract oxygen sat-
uration and heart rate values. However, other vital signs were
optional. The collected data was analyzed to assess the sever-
ity of the patient’s condition based on the clinical decision
support system (CDSS). Once recovered, patients submit-
ted their COVID-19 test results to healthcare practitioners,
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FIGURE 1. The previous telemedicine system workflow, the CHIVID
system workflow, and the CHIVID system architecture design followed a
three-tier architecture: the presentation tier for the user interface, the
application tier for processing input, and the data tier for data storage.

and upon confirmation, the system updated their status to
“discharged.”

For healthcare practitioners, the primary usage was on
the CHIVID web application, which had functions to facil-
itate healthcare practitioners, such as a summary dashboard
(Figure 2b), automatic patient severity classification, pre-
scribing medication and equipment, and generating medical
documents. Moreover, the system promptly notified health-
care practitioners of patients’ abnormal symptoms through
the web application and also sent alerts to the healthcare
practitioners’ LINE group conversation through the chatbot.
This two-way notification system ensured timely response
and mitigated the likelihood of missed alerts.

The system architecture followed a three-tier structure
comprising the presentation, application, and data tiers. The
presentation tier included a web application for practitioners,
utilizing JavaScript framework, and a mobile web applica-
tion for patients, utilizing the LINE Front-end Framework
(LIFF) [19]. The LINE Front-end Framework is a develop-
ment framework provided by LINE Corporation, designed to
facilitate the creation of seamless and interactive web appli-
cations within the LINE messaging platform. LIFF enables
developers to integrate web content, such as HTML, CSS, and
JavaScript, into the LINE messaging platform, allowing users
to access external services or functionalities seamlessly from
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FIGURE 2. The example of the user interface for the patients’ and
healthcare practitioners’ ends.

within the messaging interface. This framework enhances
the overall user experience by enabling the integration of
web-based features directly into the LINE app, ensuring
a cohesive and user-friendly environment. Communication
between components, including the LIFF-based mobile web
app, was established through secure HTTPS protocols for
reliable and encrypted data exchange. The application tier
processed user input, such as progress notes, to determine the
severity and detect abnormalities. It interacted with the data
tier and utilized Al-based functionalities, presenting outputs
to patients. PHP was used for development, and API calls
facilitated communication with the database. The data tier
served as the storage layer, utilizing MariaDB. Regarding
system security, patient information was stored in a cloud

VOLUME 12, 2024
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FIGURE 3. The automatic patient severity classification criteria.

database with restricted access permissions. Patients could
only access their own data, and healthcare practitioners could
only access patients’ information under their care. API calls
were secured through the OAuth2 protocol. Amazon AWS
Firewall ensured network-level and server-level protection,
which was reinforced by CSF and LFD Firewalls. SSL
encryption was employed for secure communication between
users and the server.

B. CLINICAL DECISION SUPPORT SYSTEMS (CDSS)

We developed the automatic patient severity classification
function based on guidelines created by the Primary Care
Hub’s “ComCOVID-19 FM CoCare?” team. This working
group, led by the Royal College of Family Physicians of
Thailand, the Association of General/Family Practice Physi-
cians of Thailand, and the Thai Society of Family Medicine,
was dedicated to developing guidelines for addressing
COVID-19 challenges and providing primary healthcare ser-
vices in emergency situations [20].

The system followed this guideline in a rule-based man-
ner, taking into account patients’ daily symptoms, vital
signs, and other risk factors to categorize them into
groups with color-coded representations (Figure 3). This
visual swiftly discerned patient severity using a color-coded

2Family Medicine COVID-19 Care.
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representation from severe (red) to mild (green). This
approach aided in efficiently prioritizing patient care during
the challenges posed by the COVID-19 pandemic, elimi-
nating the need for manual scrutiny of individual patient
information.

CHIVID uses an Al-based function called PACMAN [21],
which utilizes smartphone cameras to recognize digits on a
pulse oximeter screen. PACMAN accurately identified and
interpreted oxygen saturation and pulse rate numbers from
real-world images, achieving an impressive accuracy range of
81.0%-89.5%. The top-performing model, YOLOVS5, incor-
porated a digit auto-orientation and clustering algorithm,
outperforming scaled YOLOv4, YOLOR, and commercially
available OCR services.

CHIVID augments PACMAN’s functionality, making it
more accessible and user-friendly for both healthcare pro-
fessionals and patients. By leveraging CHIVID, the pulse
oximeter reading, interpretation, and data input process
becomes more seamless, offering a practical and effi-
cient solution for HCPs and patients in healthcare crisis
management.

C. USABILITY EVALUATION ON HEALTHCARE
PRACTITIONERS

We evaluated the CHIVID system by conducting a
questionnaire-based survey among healthcare practitioners.
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The online survey included 16 questions divided into three
sections, focusing on different objectives as follows:

« To indicate the general status of the respondents, includ-
ing their location of employment (hospital), roles, and
the number of patients under their care.

o To examine the healthcare practitioners’ perspective
on using the CHIVID system and their satisfac-
tion and utilization level of the system and each
function.

« To evaluate the performance of the new functions added
to traditional telemedicine systems designed specifically
for healthcare practitioners’ end users, including the
automatic patient severity classification function and
abnormal condition alert function.

CHIVID served 11 Thai hospitals that lacked experience
with telemedicine systems. The survey link was distributed
to healthcare practitioners within these 11 hospitals (70
individuals). Subsequently, the survey responses were ana-
lyzed using descriptive statistics. To ensure the successful
implementation and understanding of the CHIVID system,
we initially provided training to at least one healthcare prac-
titioner in each hospital. These trained individuals then acted
as local trainers, capable of providing guidance and instruc-
tion to their colleagues as needed. This approach ensured
optimal utilization of the system within the healthcare
facilities.

D. USABILITY EVALUATION OF PATIENT DATA

We analyzed patient data from the CHIVID database to derive
insights and patterns by using descriptive statistical analysis.
The dataset comprised non-sensitive information that cannot
be traced to a particular individual, including vital signs,
symptoms, treatments, and clinical outcomes. Out of the
18,828 registered accounts, we excluded inactive accounts,
those with missing progress notes, individuals under 18 years
old, and cases with unknown program completion status.
Our analysis focused on 14,817 users who met the inclusion
criteria, ensuring the reliability and accuracy of our research,
as illustrated in Supplement Figure 1.

E. ETHICS

This study was approved by the University of Phayao Human
Ethics Committee in Thailand (reference number UP-HEC
1.2/038/65). To preserve confidentiality, the data analyzed
in this study did not contain any user identities or sensitive
personally identifiable information, such as full name, iden-
tification number, social security number (SSN), and mailing
address.

IIl. RESULTS

A. HEALTHCARE PRACTITIONERS’ USABILITY

1) GENERAL STATUS OF THE RESPONDENTS

According to the responses, the 70 responses from all 11 hos-
pitals represented an average of 6.36 responses per hospital.
Among the respondents, 15.7% (n=11) were physicians,
51.4% (n=36) were nurses, and 32.9% (n=23) were nursing

394

The healthcare workers’ satisfaction with the system based on five aspects:

Extremely ) Extremely
. Not Satisfied EtEnE . Satisfied

1). Efficient of various system functions

Not Satisfied Neutral

Total (n=70) 114% 28.6% 2.9%
Physician (n=11) 36.4% 18.2% _
Nurse (n=36)  222% 47.2%
Nursing assistant (n=23) 30.4% 38.4% 17.4%
2). The user interface was easy to use
Total (n=70) 100% 229% 38.6%
Physician (n=11) 91% 182% 36.4% E
Nurse (n=36) 19.4% 47.2% E
Nursing assistant (n=23) 26:1% 30.4% 261%
3). Application speed
Total (n=70) I 157%  314% 343%
Physician (n=11) 18.2% 182% 54.5%
Nurse (n=36) 36.1% 36.1% m
Nursing assistant (n=23) 30.4% 30.4% 21.7%
4). Customer support was helpful and to the point
Total (n=70) 129%  300% 37.1%
Physician (n=11) 18.2% 54.5%
Nurse (n=36) 333% 36.1% m
Nursing assistant (n=23) 21.7% 39.1% 30.4% 8.7%
5). The system's ability to reduce workload
Total (n=70) 114% 257% 31.4% EE
Physician (n=11) 91% 1% 27.3% _
Nurse (n=36) 27.8% a17%
Nursing assistant (n=23) 30.4% 43.5% 65.2%

FIGURE 4. The healthcare practitioners’ satisfaction with the system
based on five aspects.

assistants. The first section of Table 1, which summarizes
the percentage of patients under each type of healthcare
practitioner’s care, shows that most healthcare practitioners
(34.3%) had between 1 and 10 patients under their care, while
11.4% had more than 101 patients.

2) SATISFACTION AND UTILIZATION

The results presented in Table 1 indicate that the CHIVID
system was frequently used by the respondents. Most (71.4%)
used it more than twice daily, with others using it daily
(14.3%), more than twice per week (11.4%), and once
per week (2.9%). Physicians mainly used the system for
patient monitoring (81.8%), while nurses and nursing assis-
tants found it helpful in reducing paperwork (88.6% and
69.6%, respectively). Furthermore, the satisfaction levels of
healthcare practitioners were assessed using a 5-point Likert
scale, and the findings displayed in Figure 4 revealed that
most respondents expressed satisfaction ranging from “satis-
fied” to “extremely satisfied”” across different aspects of the
system.

The study also investigated the usage frequency and satis-
faction with ten essential system functions. Findings revealed
that the progress note function was the most frequently
used, with 87.1% of respondents indicating they always use
it. Following that, the patient table function had a usage

VOLUME 12, 2024
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TABLE 1. The healthcare workers’ characteristics and their perspective regarding the system.

Total Physician Nurse Nursing Assistant
(n=70) (n=11) (n=36) (n=23)
Patient under care — n (%)
1-10 24 (34.3%) 1 (9.1%) 8 (22.2%) 15 (65.2%)
11-20 14 20.0%) 7 (63.6%) 6 (16.7%) 1 (4.3%)
21-30 17 24.3%) 2 (18.2%) 9 (25.0%) 6 (26.1%)
31-40 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
41-50 3 (4.3%) 0 (0.0%) 3 (8.3%) 0 (0.0%)
51-100 4 (5.7%) 0 (0.0%) 3 (8.2%) 1 (4.3%)
> 101 8 (11.4%) 1(9.1%) 7 (19.4%) 0 (0.0%)
Frequency — n (%)
> 2/day 50 (71.4%) 8 (72.7%) 27 (715.0%) 15 (65.2%)
1/day 10 (14.3%) 0 (0.0%) 5 (13.9%) 5 (21.7%)
2-3/week 8 (11.4%) 3273%) 3 (8.3%) 2 (8.7%)
< 1/week 2 (2.9%) 0 (0.0%) 1 (2.8%) 1 (4.3%)
Purpose — n (%)
Capable of monitoring patients more closely 47 (67.1%) 9 (81.8%) 24 (66.7%) 14 (60.9%)
Reduce paperwork 53 (75.7%) 6 (54.5%) 31 (88.6%) 16 (69.6%)
Increase the capacity to support patients 41 (58.6%) 6 (54.5%) 21 (60.0%) 14 (60.9%)
View patient overviews more easily 36 (51.4%) 5 (45.5%) 18 (51.4%) 13 (56.5%)
Reduce workload to follow up patient 37 (52.9%) 6 (54.5%) 22 (62.9%) 9 (39.1%)

TABLE 2. The suggestions of available functions and identified issues and recommendations for additional system features.

Themes Total Physician Nurse Nursing Assistant Representative quotes
; (n=70) (=11 (n = 36) (n = 23) pres quotes
The identified issues — n (%)
“It takes a long time to transition between
window pages. For example, after signing
System's speed 343%)  2082%) 000%)  1@3%) Lhe ptien and then reurmin 1o the discharge
ist page to discharge another patient, the page
will take a long time to load.” (Physician)
“The patient’s most recent vital signs should
User interface 10 (14.3%) 2 (18.2%) 6 (16.7%) 2 (8.7%) be displayed on the patient table page to make
it easy to check.” (Nurse)
“Occasionally, there was a problem when
signing the medical certificate, such as the date
Accuracy 7 (10.0%) 2 (182%) 5 (13.9%) 0 (0.0%) or length of treatment time not being displayed.”
(Physician)
Incomplete understanding 10 (14.3%) 0 (0.0%) 7 (19.4%) 3 (13.0%) “Need nursing notes feature” (Nurse)
Suggestions for improvement — n (%)
“Require an alert feature to notify the patient,
Improve current functions 12 (17.1%) 4 (36.4%) 7 (19.4%) 1 (4.3%) one hour after the deadline, if daily progress
notes are not submitted on time.” (Nurse)
“I need the system to be able to restore
Develop new functions to 26 (37.1) 2 (182%) 19 (52.8%) 5 (21.7%) discharge patient data back to the patient

expand coverage

ward because readmitted patients are unable
to access the system.” (Nurse)

rate of 64.3% among the respondents. Conversely, the pre-
scribing medication and equipment function was the least
utilized, with 28.6% of respondents reporting never using
it. Notably, a small percentage of nurses (5.6%) expressed
dissatisfaction with this function. Regarding the summary
dashboard function, which provides an overview of patients
under care, it was found that 19.4% of nurses and 21.7% of
nursing assistants expressed dissatisfaction and reported not
using it. However, the respondents highly utilized the newly
introduced functions, such as the automatic patient severity
classification, abnormal condition alert, and PACMAN

VOLUME 12, 2024

functions. The majority (57.1% to 52.9%) reported con-
sistently using these functions, highlighting their impor-
tance and value in the telemedicine system during the
pandemic.

Additionally, we included open-ended questions in the
survey to gather healthcare practitioners’ suggestions and
identify any problems they encountered while using the
CHIVID system. The responses provided valuable insights
and can be classified into two main categories: problems
noticed and suggestions for improvement, as summarized in
Table 2.

395



|EEE Journal of Translational

Engineering in
Health and Medicine

P. Piamjinda et al.: CHIVID: A Rapid Deployment of Community and Home Isolation

The problems noticed

(1) System’s speed
4.3% of surveyed participants indicated occasional
delays in loading windows. This phenomenon was
attributed to the system’s requirement to retrieve data
afresh each time the page was altered or reloaded.

(i1) User interface
14.3% of all respondents encounter issues with the user
interface, including requests for a simpler design, the
addition or repositioning of elements, and the wish to
adapt the interface for use on other platforms.

(iii) Accuracy
Accuracy was also a concern, with 10% of respondents
reporting mistakes, such as errors in image processing
by PACMAN (4.3% of respondents) and inaccuracies
in the medical documents generated function (5.7% of
respondents).

(iv) Incomplete understanding of all system functions
14.3% of all respondents proposed expanding cover-
age by enhancing existing functions and creating new
ones. However, it was found that many of these sug-
gestions were already present in the system or had
been previously developed. This highlights an incom-
plete understanding of all system functions among some
users, such as the nurse note function (unknown to
1.4% of respondents) and the rounded check function
(unknown to 2.9% of respondents).

The suggestions for improvement

(1) Improve current functions
17.1% of the survey participants provided suggestions
for enhancing current functions. These recommenda-
tions focused mainly on making the existing functions
easier to use and more intuitive, such as making the
progress note function retrieve more detail to enable a
more accurate diagnosis and adding a reminder func-
tion for patients who forgot to send their daily progress
notes. Additionally, some respondents (2.9% of all
respondents) recommended including the reason for
changes in the patient’s severity level for the auto-
matic patient severity classification function to decrease
inaccuracies.
(i) Develop new functions to expand coverage

35.7% of the respondents suggested the exciting idea
of developing new functions, such as functions related
to medicines (for example, whether they have taken or
not, when to take, how much to handle, etc.), develop-
ing a system to connect to the hospital database and
export the data as an Excel file for convenient use.
Moreover, they suggested critical functions we over-
looked, such as bringing a discharged patient back
to the treatment process to allow readmitted patients
access to the system and the quarantine notification
function, which automatically calculates the discharge
date of each patient and notifies staff at the due
date.
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3) PERFORMANCE OF THE AUTOMATIC PATIENT SEVERITY
CLASSIFICATION FUNCTION AND ABNORMAL CONDITION
ALERT FUNCTION

Most respondents reported changing patient information one
to three times for the automatic patient severity classifica-
tion function. The primary reason for these manual changes
was the presence of inaccuracies or omissions in the patient
information. Regarding the abnormal condition alert func-
tion, 51.4% of respondents utilized the alert message function
within the LINE clinician group chat, and 52.8% of group
chat participants reported consistently checking the message
every time it was notified. Of these, the majority (41.7%)
indicated they responded to the message immediately.

B. PATIENTS’ USABILITY

1) PATIENT CHARACTERISTICS

According to patient data derived from the CHIVID database,
there will be 14,817 cumulative patients who met the inclu-
sion criteria, as shown in Table 3. Regarding the severity on
the first day of treatment, the percentage of mild patients
in the system is 64.1%, followed by moderate patients at
34.4% and severe patients at 1.6%. Among all patients, 58.9%
(n=8,724) are male and aged between 18 and 34 (49.7%;
n=7,367). The average length of isolation of all patients was
7.6 days (CI190.0%; 7.5-7.7 days), which was by government
quarantine criteria that required patients to complete seven
days of treatment. Among all patients, 3,616 (24.4%) have
an underlying disease, the most common being hypertension,
diabetes, and dyslipidemia. The most commonly reported
daily symptoms were cough, myalgia, and headache.

The graph presented in Figure 5 depicts the severity levels
of patients and their clinical outcomes during a 14-day period.
The data is consolidated twice daily into a single data point,
utilizing symptom data documented as being more severe on
that specific day. For example, if the symptoms are mild in
the morning and become moderate in the evening, the overall
condition of the day is classified as moderate.

The clinical outcomes consist of three categories:
“Home,” which refers to patients who were discharged in
a normal state; ‘‘Refer,” which indicates patients who were
transferred to private or other public hospitals that do not
use our system; and “Hospitalize,” which represents patients
who were admitted for in-hospital care. The patients cate-
gorized as mild, moderate, and severe on day 14 imply that
they have not been discharged and have remained in the home
isolation program for more than 14 days.

The graph reveals that over 95.52% (n=14,153) of patients
exhibited clinical outcomes categorized as ‘“Home.” How-
ever, several patients were quickly discharged after the initial
phase of the isolation program. This was primarily because
their registration to the system did not occur on the first day
of their infection, and they could be in the advanced stages of
recovery, resulting in their short duration in the system.

Furthermore, an analysis of the data reveals that
most patients marked as severe in the system continued
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TABLE 3. The patient characteristics.

Characteristic Total Mild Moderate Severe
(n=14,817) (n=9,490) (n=5,096) (n=231)
Age —n (%)
18-34 7,367 (49.7%) 5,482 (57.8%) 1,808 (35.5%) 77 (33.3%)
35-49 4,277 (28.9%) 2,760 (29.08%) 1,459 (28.6%) 58 (25.1%)
50-64 2,416 (16.3%) 1,241 (13.1%) 1,113 (21.8%) 62 (26.8%)
65-74 536 (3.6%) 3 (<0.1%) 513 (10.1%) 20 (8.7%)
>75 221 (1.5%) 4 (<0.1%) 203 (4.0%) 14 (6.1%)
Sex — n (%)
Male 8,724 (58.9%) 5,778 (60.9%) 2,800 (55.0%) 146 (63.2%)
Female 6,051 (40.8%) 3,682 (38.8%) 2,284 (44.8%) 85 (36.8%)
Missing 42 (0.3%) 30 (0.3%) 12 (0.2%) 0 (0.0%)
BMI - n (%)
Underweight 718 (4.9%) 579 (6.1%) 130 (2.6%) 9 (3.9%)
Normal weight 6,880 (46.4%) 5,444 (57.4%) 1,329 (26.1%) 107 (46.3%)
Overweight 3,643 (24.6%) 2,529 (26.7%) 1,052 (20.6%) 62 (26.8%)
Obesity Class I 1,735 (11.71%) 21 (0.2%) 1,680 (33.0%) 34 (14.7%)
Obesity Class 11 531 (3.6%) 2 (<0.1%) 520 (10.2%) 9 (3.9%)
Obesity Class III 205 (1.4%) 0 (0.0%) 202 (4.0%) 3 (1.3%)
Missing 1,105 (7.5%) 915 (9.6%) 183 (3.6%) 7 (3.0%)
Pregnant — n (%) 40 (0.3%) 20 (0.2%) 19 (0.4%) 1 (0.4%)
Length of isolation— avg. days 7.6 days 7.9 days 7.2 days 7.7 days
Oxygen saturation— n (avg %spo2) 12,483 (98.2%) 8,260 (98.3%) 3,992 (98.0%) 231 (96.7%)
Clincal presentations — n (%)
Conjunctivitis 358 (2.4%) 196 (2.1%) 155 (3.0%) 7 (3.0%)
Rash 384 (2.6%) 226 (2.4%) 152 (3.0%) 6 (2.6%)
Anosmia 2,139 (14.4%) 1,388 (14.6%) 717 (14.1%) 34 (14.7%)
Diarrhea 808 (5.5%) 399 (4.2%) 395 (7.8%) 14 (6.1%)
Fever 1,081 (7.3%) 655 (6.9%) 404 (7.9%) 22 (9.5%)
Cough 1,0995 (74.2%) 6,410 (67.5%) 4,386 (86.1%) 199 (86.2%)
Severe cough 1,978 (13.4%) 759 (8.0%) 1,173 (23.0%) 46 (19.9%)
Fatigue 4,009 (27.1%) 2,186 (23.3%) 1,736 (34.1%) 87 (37.7%)
Severe fatigue 154 (1.0%) 43 (0.5%) 109 (2.1%) 2 (0.9%)
Myalgia 5,269 (35.6%) 2,979 (31.4%) 2,175 (42.7%) 115 (49.8%)
Loss of appetite 938 (6.3%) 285 (3.0%) 627 (12.3%) 26 (11.3%)
Headaches 4,785 (32.3%) 2,796 (29.5%) 1,896 (37.21%) 93 (40.3%)
Shortness of breath 517 (3.5%) 192 (2.0%) 311 (6.1%) 14 (6.1%)
Vomit > 3days 188 (1.3%) 93 (1.0%) 89 (1.8%) 6 (2.6%)
Underlying diseases (UD) — n (%)
Obesity 20 (0.1%) 11 (0.1%) 9 (0.2%) 0 (0.0%)
Hypertension 1,012 (6.8%) 529 (5.6%) 462 (9.1%) 21 (9.1%)
Diabetes 752 (5.1%) 344 (3.6%) 392 (7.7%) 16 (6.9%)
COPD 17 (0.1%) 11 (0.1%) 6 (0.1%) 0 (0.0%)
Asthma 239 (1.6%) 134 (1.4%) 101 (2.0%) 4 (1.7%)
Dyslipidemia 618 (4.2%) 307 (3.2%) 301 (5.9%) 10 (4.3%)
Coronary Artery Disease 195 (1.3%) 92 (1.0%) 101 (2.0%) 2 (0.9%)
Cirrhosis 18 (0.1%) 11 (0.1%) 7 (0.1%) 0 (0.0%)
Immunocompromised 96 (0.6%) 42 (0.4%) 53 (1.0%) 1 (0.4%)
Other UDs 609 (4.1%) 345 (3.6%) 258 (5.1%) 6 (2.6%)
No known UD 8,111 (54.7%) 5,410 (57.0%) 2,541 (49.9%) 120 (52.0%)
Missing 3,130 (21.1%) 2,234 (23.5%) 846 (16.6%) 50 (21.7%)
Patient cohort — n (%)
Kratumban Hospital 20 (0.1%) 13 (0.1%) 7 (0.1%) 0 (0.0%)
Bang Pakong Hospital 1 (<0.1%) 1 (<0.1%) 0 (0.0%) 0 (0.0%)
SUT Hospital 2,315 (15.6%) 1,915 (20.2%) 396 (7.8%) 4 (1.7%)
Queen Sirikit Hospital 7,851 (53.0%) 4,498 (47.4%) 3,284 (64.4%) 69 (29.9%)
Lopburi Ramesuan Hospital 2 (<0.1%) 1 (<0.1%) 1 (<0.1%) 0 (0.0%)
Fort Ingkhayut Hospital 2,282 (15.4%) 1,726 (18.2%) 523 (10.3%) 33 (14.3%)
Fort Wiphavadirangsit Hospital 119 (0.8%) 83 (0.9%) 32 (0.6%) 4 (1.7%)
Fort Wachirawut Hospital 1,139 (7.7%) 590 (6.2%) 432 (8.5%) 117 (50.7%)
Fort Thepsatsrisunthon Hospital 9 (0.1%) 9 (0.1%) 0 (0.0%) 0 (0.0%)
Fort Senanarong Hospital 476 (3.2%) 313 (3.3%) 159 (3.1%) 4 (1.7%)
Banyayda Health Promoting Hospital 603 (4.1%) 341 (3.6%) 262 (5.1%) 0 (0.0%)
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FIGURE 5. The longitudinal healthcare data, revealing evolving severity levels within the assessed patient cohort.
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FIGURE 6. The cumulative patients and registered patients each month.

participating in the home isolation program without being
hospitalized as in the criteria. This phenomenon was
attributed to the crisis period, during which hospital
bed capacity reached full capacity, rendering hospitals
unable to admit patients. Consequently, patients marked
as severe were necessitated to stay within the isolation
program, undergoing regular monitoring. However, as illus-
trated, the severity progress of patients within the system
emphasizes the comprehensive and accessible care they
receive.

Moreover, Figure 6 depicts a notable surge in patient
admissions during March 2022, reaching a peak with a
record-breaking total of 4,575 registered individuals, coincid-
ing with the emergence of the Omicron variant in Thailand.
Nevertheless, the system lacks specific data on each patient’s
individual variants. Consequently, the researcher inferred
their variants based on the registration date [22] recorded in
the system.

2) PROGRESS NOTE UTILIZATION

According to the data presented in Table 4, patients submitted
daily progress notes approximately twice a day, adhering to
the daily progress note submission criterion. The average
submission rates across different age groups and severity
levels appear relatively similar, with no significant differ-
ences between groups. However, a slight trend indicates that
patients aged between 35 and 49 had a slightly higher aver-
age submission rate than those in other age groups, while
those aged 65 and above had the lowest average submission
rate.
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3) PACMAN UTILIZATION

Since the launch of the PACMAN function, the system has
processed 43,444 image submissions. During the peak of
the Omicron strain outbreak, patients on the system uti-
lized the PACMAN function more frequently. Utilization
rates varied based on age and severity. Specifically, patients
aged 18-34 had the highest utilization rate (34.6%), while
those aged 65-74 had the lowest (14.9%). Moreover, severe
patients had significantly higher utilization rates than other
severity groups. However, their accuracy rates were lower,
averaging 68.7%.

IV. DISCUSSION

In order to address the challenges highlighted in this study,
it is crucial to consider the broader implications and potential
generalizations for countries confronting analogous health-
care crises. Rapid integration with widely adopted social
messaging platforms, such as LINE in Thailand, in other
countries presents a pragmatic solution [11]. This approach
proves particularly advantageous when the creation of a novel
application or service from the ground up is unfeasible amid
a pandemic characterized by constrained time and resources.

Moreover, leveraging extension frameworks from social
messaging platforms with third-party customization features,
such as LINE Front-end Framework (LIFF), enhances the
efficiency in managing data compared to typical messag-
ing platforms. This inclusive strategy contributes to a more
streamlined approach to handling unsystematic information
on messaging platforms. However, this approach may be
impractical in countries without popular chat platforms or
facing restrictions. In such cases, rather than create a new
application, we recommend utilizing the existing digital care
platform [10], [13] or the web application with short mes-
saging service (SMS) integration from telecom services for
patient notifications and remote health monitoring offering
a viable alternative in the absence of suitable messaging
platforms. This approach ensures scalability and practi-
cality without requiring a significant amount of time for
development.

Although our survey indicates that our system has the
potential to reduce the healthcare practitioners’ workload,
save time, and be user-friendly, certain functions such as the
summary dashboard, prescribing medication and equipment,
and PACMAN have been underutilized. Despite being pro-
vided with training and user manuals, healthcare practitioners
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TABLE 4. The patient progress note submission and PACMAN function utilization.

g2

Total Mild Moderate Severe
(n=14,817) (n=9,490) (n=5,096) (n=231)
Progress note function
Age — avg. submissions per day (SD)
18-34 1.9 (0.9) 1.9 (0.9) 2.0 (0.9) 1.9 (0.8)
35-49 2.1 (1.0) 2.1 (1.0) 2.2 (1.1) 1.8 (0.9)
50-64 2.0 (1.2) 1.9 (0.9) 2.0 (1.1) 2.6 (4.2)
65-74 1.8 (0.9) 1.26 (0.2) 1.8 (0.9) 1.83 (1.84)
> 175 1.8 (1.1) 1.7 (0.5) 1.8 (1.1) 2.1 (1.4)
Total — avg. submissions per day (SD) 2.0 (1.0) 2.0 (1.0) 2.0 (1.0) 2.1 (2.3)
Utilization of PACMAN function
Age — %utilization
18-34 34.6% 33.7% 36.1% 70.1%
35-49 30.8% 29.9% 31.2% 60.3%
50-64 21.5% 20.2% 21.8% 43.6%
65-74 14.9% <0.1% 13.3% 40.0%
>75 24.0% <0.1% 22.2% 57.1%
Total — %utilization 30.5% 30.8% 28.7% 57.1%
Overall accuracy of PACMAN function 72.6% 71.7% 74.6% 68.7%

remain unfamiliar with the system unfamiliar with the sys-
tem, resulting in a lack of utilization and understanding of
all system functions. The numerous functions designed for
healthcare practitioners and the training section were insuffi-
cient, resulting in diminished comprehension of the system,
in contrast to the uncomplicated functionality provided to
patients who merely need to report their daily symptoms.
Enhancing the accessibility of explanations and optimiz-
ing training methods are vital measures in tackling these
challenges.

Furthermore, as healthcare practitioners typically admin-
ister medications through their existing hospital information
system, the utilization of the medication prescribing func-
tion in the CHIVID system may lead to redundancies in
patient record-keeping. Moreover, during times of crisis,
the CHIVID system’s prescribing function is limited to the
option of Favipiravir, contributing to healthcare practitioners’
underutilization of this function. A crucial aspect of future
development strategy involves the capability to link hospi-
tal information systems seamlessly to optimize the system’s
functionality.

Interestingly, the patient data demonstrated that severe
patients used the PACMAN function more and submitted
more progress reports than patients with milder condi-
tions. This behavior can be attributed to the need for
severe patients to closely monitor symptoms and track their
progress for informed treatment decisions. In contrast, mild
or moderate-intensity patients may perceive their symp-
toms as less severe and show less motivation to utilize the
system’s tracking functions. Despite the higher usage rate
among severe patients, their accuracy in data entry was
lower than other severity groups, suggesting the presence
of barriers affecting data quality. Further investigation is
necessary to identify and address these barriers to ensure
accurate data entry and enhance data quality in this patient

group.
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Due to CHIVID’s original design not being intended for
research purposes, our study relied on post-crisis data anal-
ysis, which revealed limitations in utilizing patient data
for retrospective analysis. Some hospitals implemented the
system before the research plan was finalized, resulting
in missing crucial information for symptom analysis and
inaccurate recording of clinical outcomes. Additionally,
incomplete patient discharges and government quarantine
regulations mandating a minimum treatment duration posed
challenges in determining accurate recovery durations. More-
over, reliance on patient self-assessment introduced potential
inaccuracies and incomplete data, highlighting the need for
improved data collection processes in healthcare systems
during pandemics to ensure more reliable research outcomes.

In the next stage of our project, we aim to advance the
development of a telemonitoring system designed for the
continuous tracking of bedridden patients, which has been
driven by the policy of the Bangkok governor. By utilizing
the expertise of healthcare practitioners and the findings
from the studies discussed in this research, we endeavor to
enhance the efficiency of patient data collection by incorpo-
rating more stringent measures. Our focus is on obtaining
accurate and comprehensive patient information. Moreover,
we have implemented additional functionalities tailored to
remote monitoring of the bedridden, such as augmenting the
processing capabilities for collecting blood pressure data.

V. CONCLUSION

CHIVID effectively manages and monitors patients remotely,
reducing transmission risks and overcrowding. Healthcare
practitioners can remotely monitor vital signs and symptoms
through a user-friendly app, triggering alerts for abnormal-
ities. Although the system meets user needs and satisfies
healthcare practitioners, minimizing data errors is crucial
for improved effectiveness and research purposes. Despite
limitations, CHIVID can significantly manage COVID-19
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patients, especially in resource-constrained areas and with

healthcare professionals

unfamiliar with telemedicine.

In light of the COVID-19 crisis, it is crucial to reflect on
the use of telemonitoring systems and other innovations that
could be integrated into an enhanced health information
system in the future [23].
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