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FOREWORD 

 

The COVID-19 Digital Quarantine & Home Monitoring (CODIQ-My) 
solution is one of the several digital health innovations developed and 
undergoing clinical trials by the Digital Health Research & Innovation Unit 
(DHRi), Institute for Clinical Research. This solution was developed with 
local and international healthcare industry partners and scientists. Now 
with this solution, healthcare providers can remotely monitor patients 
using technologies such as the internet of things (IoT) and artificial 
intelligence (AI) using a user-friendly mobile application connected to a 
wearable biosensor for remote monitoring by the healthcare providers.  

 
In COVID-19 mitigation strategies, we need a robust and validated 
solution that integrates risk stratification and patient safety while being 
quarantined at home. This technical report covers the device trial 
conducted by DHRi on the feasibility and functionality of CODIQ-My at 
PKRC MAEPS.  

 
We see opportunities that can leverage data analytics and machine 
learning for other similar healthcare applications to enable the healthcare 
system to be more resilient. DHRi is now working towards enhancing this 
platform for future needs of such a solution in the management of other 
infectious diseases and non-communicable diseases.   

 
ICR believes that through CODIQ-My initiative we can enhance our 
clinical trial ecosystem with our industry partners where the direction 
ahead is driven by digital health technologies.  

 
We sincerely thank all our industry partners in supporting this initiative. 

 
  

 

DR KALAIARASU M. PEARIASAMY 

DIRECTOR OF INSTITUTE FOR CLINICAL RESEARCH (ICR) 
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CASE DEFINITIONS 
 

 
Confirmed COVID-192: Positive result on high-throughput sequencing or real-time reverse 
transcriptase–polymerase chain reaction (rRT-PCR) assay of nasal and pharyngeal swab 
specimens. 
  

 

Asymptomatic COVID-192:  Patients with positive rRT-PCR for SARS-CoV-2 and devoid of 

any symptoms that would indicate SARS-CoV-2 infection throughout the course of infection 

until negative rRT-PCR is obtained at day 10 from admission.  

  

 

Pre-symptomatic COVID-192: Positive rRT-PCR for SARS-CoV-2 and lack symptoms 

indicating SARS-CoV-2 during hospital admission, however develop symptoms later.  

  

 

Symptomatic COVID-192: Positive rRT-PCR for SARS-CoV-2 patients who develop 

symptoms characteristic of COVID-19 prior or at the time of hospital admission. 

  

 

Person-under-investigation for COVID-19 (PUI) 2: Acute respiratory infection (sudden onset 

of respiratory infection with at least one of: shortness of breath, cough or sore throat) with or 

without fever  
  
AND  
  
Travelled to / resided in foreign country within 14 days before the onset of illness OR  

Close contact in 14 days before illness onset with a confirmed case of COVID-19 OR  

Attended an event associated with known COVID-19 outbreak 
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Table 1. COVID-19 diagnosis based on clinical stages2 
 

 
Clinical Stage Clinical characteristics 

1 Asymptomatic  • Only RT-PCR test positive 

• No clinical symptoms  

• No chest imaging findings  
 

2 Symptomatic 

without 

pneumonia  

• Upper respiratory tract infection (URTI) symptoms (e.g., 

pharyngeal congestion, sore throat, cough or fever) for a 

period less than 7 days 

• No chest imaging findings 
 

3 Pneumonia 

without hypoxia 

• URTI symptoms with others like vomiting, diarrhoea, 

abdominal pain, myalgia, loss of smell/ taste 

• Signs of increased work of breathing and increased 

respiratory rate, but no hypoxemia 

• Involvement of lungs as evident by chest imaging 
 

4 Pneumonia with 

hypoxia 

requiring 

oxygen 

supplementation 

therapy 

• Tachypnoea* with hypoxemia (SpO2<95% on room air)  

• CNS effect: Lethargy, decreased level of consciousness, 

seizure  

• GI effects: Dehydration, difficulty feeding, raised liver 

enzymes  

• Myocardial effect: Raised Creatinine Kinase, Troponin  

• Involvement of lungs as evident by chest imaging  

5 Critically ill Rapid disease progression with:  

• Respiratory failure requiring mechanical ventilation (acute 

respiratory distress syndrome (ARDS)) 

• Persistent hypoxemia 

• Septic shock  

• Organ failure requiring invasive monitoring and mechanical 

ventilation 
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EXECUTIVE SUMMARY 

 

 
INTRODUCTION 

Malaysia has implemented home quarantine for asymptomatic COVID-19 patients in 

response to an overwhelming number of positive cases3. However, monitoring of 

warning signs is crucial as these patients may experience silent hypoxia at home4. 

The study aims to assess the functionality and usability of a newly developed home 

quarantine digital solution called CODIQ-My.  

 

METHODOLOGY 

The CODIQ-My consists of a wearable biosensor, a mobile application and a 

centralized monitoring dashboard for health officers. Important vital signs (body 

temperature, oxygen saturation and pulse rate) were captured by the wearable 

biosensor remotely which is then transmitted to the centralized monitoring dashboard 

via the paired mobile application. Moreover, geofencing enables monitoring of 

quarantine compliance. The patient is required to fill in a self-reported survey on their 

symptoms twice daily for three days consecutively. Notifications and alerts are 

incorporated within the system enhancing the monitoring activity by health care 

professionals. 

 

RESULTS 

A total of 71 COVID-19 patients from a designated quarantine centre were recruited 

into the study. Among them, 8 (11.0 %) patients failed to use the CODIQ-My due to 

technical issues. During the study period, 1525 (99.0%) check-in attempts were 

performed and recorded 3838 (84.0%) vital readings successfully. A total of 1172 

alerts were triggered, with 560 (48.0%) for vital signs monitoring, 262 (22.0%) for user 

photo mis-match, 144 (12.0%) for quarantine breach, 90 (8%) for operational 

problems, and 113 (10.0%) for symptom checker.  
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CONCLUSION 

CODIQ-My is a secure and robust system for safe home quarantine. The system helps 

to enhance patient management especially during the major outbreaks like COVID-19 

and its ability to detect alerts and analyse disease patterns will assist the health care 

provider to provide a fast and targeted treatment plan. 
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1. INTRODUCTION 

 

 

A study in Malaysia demonstrated that 95% of COVID-19 cases were mild with 3.5% 

of these patients progressed to severe disease1. The same study revealed that the 

milder cases did not require active treatments which supports the established 

guidelines by the Ministry of Health in treating COVID-19 patients1,2. Thus, Malaysia 

implemented home quarantine for COVID-19 patients who are asymptomatic or with 

mild symptoms in response to the upsurge in the daily confirmed cases3. 

Nevertheless, monitoring of both symptoms and vital signs while in quarantine is 

important as these patients are at risk of sudden deterioration caused by silent 

hypoxia4. 

 

However, emerging evidence shows a drop in patient oxygen saturation, increased 

respiratory rate and fever may predict worsening disease stage in COVID-19 patients 

thus a regular real-time monitoring of these parameters may alert the health care 

practitioner to any changes in the patient's health status1,5,6. Therefore, the availability 

of biosensor technology and mobile application under an integrated alert system will 

be beneficial in making remote monitoring feasible7,8. 

  

To address the problems faced by the Ministry of Health Malaysia (MOH) in managing 

the COVID-19 pandemic, the Institute for Clinical Research (ICR), NIH worked 

together with several stakeholders to develop a digital solution, CODIQ-My in 

enhancing the way in managing home quarantined patients. This R&D (Research & 

Development) was in collaboration with: 

 

1.     Collaborative Research in Engineering, Science & Technology (CREST) 

2.     Infront Consulting Malaysia 

3.     ProvenPac Sdn. Bhd. 

4.     Yuno Solutions Sdn. Bhd.  

5.     Biocare Group (M) Sdn. Bhd. 

6.     Respiree Pte. Ltd. 
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7.     Bysol International Sdn.Bhd 

8.     Hayysoft Systems Pte. Ltd  

9.     Microsoft Malaysia  

  

CODIQ-My, which incorporates the internet-of-medical-things (IoMT) and artificial 

intelligence (AI) aimed to assist the healthcare professionals to monitor the 

quarantined patients safely in real-time.  

  

This solution uses a biosensor to measure important vital parameters such as 

temperature, heart rate and oxygen saturation level. The mobile application (currently 

developed for Android OS (Operating System)) with inbuilt identity verification using 

AI and location-based technology will transmit the acquired information from both 

biosensor and mobile application to data centre hosted in NIH. For the purpose of 

automation and machine learning processing, cloud computing is utilized and 

presented on a web application allowing the healthcare providers to monitor these 

patients both individually and regionally (Figure 1). A robust architecture using API 

was developed using best practices in cybersecurity and abiding to the MOH ICT ver 

5.0 regulation.   

 

Figure 1: CODIQ-My architecture demonstrating the end-to-end process 
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2. PURPOSE OF PROOF-OF-CONCEPT 

 

 

This proof-of-concept (POC) observational study aimed to assess the feasibility of 

CODIQ-My solution to monitor COVID-19 patients remotely. Apart from functionality 

and usability of the solution, this study is to assess feasibility of various wearable 

biosensors to be incorporated into the system.   

The goal of this solution is to enhance monitoring of home quarantine patients 

remotely. This solution may be a method to decongest the already overwhelmed 

health facilities apart from being cost-effective.   
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3. METHODOLOGY 

 

 

This study was conducted in accordance with the “Malaysian Guidelines for Good 

Clinical Practice” and registered with the National Medical Research Register (NMRR-

20-2761-57684) and approved by the Medical Research and Ethics Committee, 

Ministry of Health, Malaysia (KKM/NIHSEC/P21-135(8)).  

 

This proof-of-concept study involved 71 patients asymptomatic rRT-PCR positive 

COVID-19 patients from the low risk COVID-19 quarantine & treatment centre – 

MAEPS. Patients who fulfilled the inclusion and exclusion criteria will be recruited for 

the study after signing the informed consent. 

  

For the purpose of this POC, three different wearable devices with biosensors from 

various vendors were used. These devices applied various method to obtain the 

acquired information and those wearables were: 

 

1.    ProvenPac Beta (CQ01) 

• Automated measurements of vital signs through placement of the 

biosensor either on the forehead or index finger. Patients were needed 

to check in to the customed mobile application in order to measure the 

vital signs.  

 

2.    Respiree (CQ02) 

• Automated measurements of vital signs through placement of the 

biosensor either or the chest and finger. 

 

3.    Blueguard (CQ03)  

• Automated measurements of vital signs through continuous placement 

of the biosensor on the wrist.  
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The CODIQ-My mobile application was downloaded in candidate patients’ mobile 

phones using APK (Android Application Package). Patients were then required to 

register themselves to the system, where their demographic information obtained and 

were trained on the use of the solution (both biosensor and mobile application). Each 

patient was required to login through the mobile application two times a day for three 

days consecutively, where they will be required to verify identification through facial 

recognition technology. This was followed by measurement of vital signs either 

through placement of the biosensor on the forehead/index finger, or on chest/finger, 

or continuous placement on the wrist depending on the device used. Subsequently, 

these patients would fill in a short survey on their experienced symptoms.  

 

Data acquired were then analysed for these purposes: 

1. to assess the feasibility of the biosensors in measuring the vital signs. 

2. to assess the functionality of the system to demonstrate alerts on patients' risk 

of deterioration. 

 

Descriptive analysis including frequencies and percentages will be used for statistical 

analysis on utilization and response of the solution. Every single successful check-in 

attempt that was recorded into the system was analysed as one data point. Only the 

data from patients who successfully enrolled into the system was used for the analysis 

purposes. Data acquisition complied with the Personal Data Protection Act 2010. The 

collected data was stored in the National Institutes of Health (NIH) Data Centre, which 

abides to the data security regulations by MAMPU. 
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4. RESULTS 

 

 

A. Study Cohort 

 

A total of 71 COVID-19 patients out of 240 screened were enrolled into the POC 

study.  Among them, 63.9% (N=63) successfully monitored using the CODIQ-My 

system. Eight patients were considered as drop-out due to no check-in activity 

recorded in the system. Data from 63 patients were analysed to assess the 

functionality of the system. The analysis cohort consisted of 32 (51%) female and 31 

(49%) male patients with median age of 33 years old, ranging from 18 to 59 years old.   

 

 

 

 

 

 

 

 

 

 

Figure 2. Analysis on check-in attempts into CODIQ-My system during the study period. 
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B. Patient compliance 

 
 

Patient’s compliance in using CODIQ-My mobile application were analysed where 

70% (n=44) of patients were able to check-in at least twice for 3 consecutive days 

while the rest 30% of patients were unable to commit due to reasons such as 

incomplete training, biosensor failure and other personal reasons. 

 

 

Figure 3. Analysis on patients’ compliances in using CODIQ-My mobile application during the study 

period. 
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C. Data capture rate 
 
 

During the study period, 1525 (99.0%) check-in attempts were performed and 

recorded. CODIQ-My solution demonstrated a data capture rate of 84% in overall vital 

signs monitoring using multiple biosensors (CQ01, CQ02, and CQ03). However, it is 

to note that recording of data using CQ01 is only done upon placing the sensor on the 

body part upon request, whereas CQ02 and CQ03 are using an automated system to 

record the vital signs. CQ02 and CQ03 are highly dependent on the connectivity of the 

biosensor to the gateway and internet. Data capture performance for individual vital 

signs categories were then analysed where 85% of patients’ temperature managed to 

be captured and 83% for patient’s SpO2 and heart rate respectively. 

 

 

Figure 4. Analysis on data capture rate on vital signs monitoring which includes all biosensors used 

during the study period. 
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D. Triggering alerts  

 
 

i. CODIQ-My performances in triggering alerts related to mobile 
application usage 

 
 
The performance of CODIQ-My in triggering alerts related to the mobile application 

was assessed where 144 alerts triggered for quarantine breached, 262 for photo 

mismatch and 113 for symptom checker were managed to be triggered.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Analysis on CODIQ-My performances in triggering alerts related to geolocation, identity and 

symptom checker. 
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ii. CODIQ-My performances in triggering alerts on symptom checker 
 
 
CODIQ-My is able to trigger various alerts related to different levels of symptoms 

based on the self-reporting questionnaires filled by the patients. Only data from 50 

patients selected for assessing CQ01 and CQ02 were included whereas 13 patients 

selected for CQ03 were excluded from this analysis since patients were using the 

vendor’s mobile application instead of the developed CODIQ-My mobile application. 

 

Figure 6. Analysis on CODIQ-My performances in monitoring different levels of patient’s symptoms 

during the study period. Only 50 patients were selected for this analysis (CQ01 and CQ02). 
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iii. CODIQ-My performances in triggering alerts related to operational 

issues (CQ01 only) 
 

Additional analysis was performed for CQ01 to assess the capability of the system in 

triggering alerts related to the operational issues. CODIQ-My system managed to 

trigger 7.7% alerts on biosensor failure and 2.9% alerts on check-in failure out of 456 

alerts triggered related to CQ01.  

 

 

Figure 7. Analysis on CODIQ-My performances in triggering alerts on operational issues such as 

check-in failure and biosensor failure for patients selected for CQ01 assessment. 
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iv. CODIQ-My performances in triggering alerts on vital sign monitoring 
 

Last but not least, CODIQ-My performance in vital sign monitoring was then assessed 

by analysing the performance in triggering alerts related to changes in patient’s vital 

signs. 58% alerts on abnormal SpO2, 40% on abnormal temperature and 2% on 

abnormal heart rate were also managed to be triggered by the system and these data 

show a huge potential on CODIQ-My in monitoring asymptomatic COVID-19 patients. 

 

Figure 8. Analysis on CODIQ-My performances in vital signs monitoring to observe the feasibility of 
the solution in triggering alerts related to abnormal vital signs. 

 

 

Overall, the CODIQ-My solution is able to achieve a high data capture rate (84%) and 

is able to trigger various customized alerts. 
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5. CONCLUSION 

 

 

Emerging technology can facilitate pandemic response in ways that are difficult to 

achieve conventionally. The availability of validated biosensors and artificial 

intelligence algorithms made it possible to enhance patient management especially 

during the major outbreaks like COVID-199.  

Our study indicated that CODIQ-My solution is a secure and robust system with an 

ability to detect warning signs in quarantine patients remotely. This can help in 

reducing the risks of silent hypoxia for individuals that need to do self-quarantine at 

home. Patients can be remotely monitored in a consistent manner using the provided 

biosensors and self-reported symptoms during the quarantined period. Subsequently, 

the health care providers can monitor these patients in real-time to provide fast and 

targeted treatment plans apart from monitoring the physical movements of these 

patients with its geofencing ability. 

  

To conclude, CODIQ-My is a feasible digital solution for safe home quarantine. Its 

ability to detect red flags and disease patterns, assists the health care provider to 

provide a fast and targeted treatment plan. 
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6. FUTURE DEVELOPMENT 

 

 

Further investigations are planned to validate the biosensor performance by 

comparing its performances against the standard clinical parameter tools and to 

upgrade the performances of the system.  

The system can then be applicable to the public where patients and healthcare 

workers are able to use this robust secure system to enhance patient cases while 

reducing the burden on the health facilities. Developments of the system can be done 

to increase its functionality to work against different biosensors which are applicable 

for other diseases, mainly the non-communicable diseases such as hypertension, 

diabetes and stroke. 
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8. APPENDICES 

 

Annex 1: CODIQ-My MREC approval 
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Annex 2: CODIQ-My Solution Technical Workflow 

 

 
 

Annex 3: Photos taken from the POC Study 
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NOTES 
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