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• Digital twins in healthcare 

• Share how a hospital digital twin was designed and 
implemented for infectious disease surveillance “4D-Disease 
Outbreak Surveillance System (4D-DOSS)”

• Identify strategies for scaling and sustaining digital twins across 
hospitals and health systems

Scope



On December 3, 2020, the Digital Twin 

Consortium released the definition of a digital 

twin.

The goal of the definition is to establish a 

foundation for the emerging industry and a 

launching pad for its future progress, driven 

by consensus among our members, the 

definition unifies industry stakeholders and 

speeds our members' time to market.

noun

A virtual replica or a digital copy of a real-life object or 
facility, synchronized at a specified frequency and fidelity.

What can a digital twin do?

• Transform business by accelerating holistic understanding, 
optimal decision-making, and effective action

• Use real-time and historical data to represent the past 
and present and simulate predicted futures.

• Motivated by outcomes, tailored to use cases, powered by 
integration, built on data, guided by domain knowledge, 
and implemented in IT/OT systems.
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Digital Twins in 

Healthcare
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What makes a good Surveillance 

System?
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AI
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Project Origins (4D-DOSS)

4D-Disease Outbreak Surveillance System

Origins: COVID-19 Pandemic

Community Care Facility@EXPO 
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Project Context
▪ Hospitals have some capabilities for     
early detection of fast-moving 
outbreaks.

▪ Current outbreak analysis processes largely rely 
on manual extracts into Excel from data 
warehouse, which has a 24–36-hour latency.

▪ Patients move frequently and cross-infection risks 
quickly multiply and become challenging to track 
manually.

▪ Spatial relationships and distances are impossible 
to analyze algorithmically as no digital spatial 
version of the hospital exists.
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Patient Surveillance

• Cough

• Loss of taste 
and smell

• Runny nose

• Shortness of 
breath

• Sore throat

• Fever
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• Case number

• Movement start date

• Movement end date

• Ward Numbers

• Bed numbers
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• COVID-19

• RV-16

• Abnormal 
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• Microorganism
s (MO)
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• Bed positions

• Room positions

• Ward positions

• HVAC Elements

• Plumbing & Sanitation 
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Patient Surveillance

Original slide credit: Dr Jennifer Wong Tzu-Jung

Patient surveillance now requires combination of data from multiple silos at a much faster speed



Accurate digital replica of hospital’s 

physical space
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▪ Using anonymized data from eHints data 
warehouse, the hospital model has been 
populated with patient movement and disease 
data from several studies.

▪ The project demonstrated feasibility of 
ingesting, visualizing and analyzing disease 
spread over time and distance, and has 
detected clusters in historical ARI data.
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Advanced Exposure Risk Analysis

• The algorithm leverages historical infection data 

patterns and real-time patient information to 

calculate risk scores, enabling early detection of 

potential outbreaks

• By incorporating spatial-temporal analysis and 

contact tracing patterns, the system can identify 

high-risk areas and potential transmission 

pathways

• Allows clinical staff to implement targeted 

containment measures promptly.

COVID 19 Potential Exposure Risk 

17/4/2021 – 1/5/2021

Test case with potential exposure event in April identified and ranked 200+ at risk patients
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4D-DOSS

• The 4D-DOSS system incorporates detailed infrastructure and 
automated patient level data flow to represent persons across space 
and time. 

• Designed to overlay the operational and clinical workflows.

• Visual representation of integrated healthcare data enables analytics 
to drive inference which can prompt targeted interventions.

• Allows development of risk prediction analytics based on variables 
such as distance, ventilation, patient movement and clinical 
parameters

* eHints Interface
* BMS Interface
* EMR Interface

* Common Infrastructure
* Active Directory
* Exchange/email



4D-DOSS Demo
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Lessons Learnt 

& Challenges

Identification of a 
unique use case 

Clinical versus operational 
use case (moving beyond 
visualization to 
intelligence) 

Trans-disciplinary 
team collaboration

Infection prevention control 
team, data scientists, 
operations team, 
microbiologist, systems 
integrator (Synapxe)

Digital innovation 
“Thinking out of the 
box”

Data source 
systems 

Data warehouse, mapping of 
data fields, lab information 
system (LIS), bed 
management system (BMS)

Received funding and support from various agencies 
(Government DPC, Ministry of Health, Design SG, 
internal Innovation and Research grants)
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Digital Twin Capabilities

Process Optimization
Enhancing  efficiency through workflow and 
resource analysis

Real-time Monitoring
Continuous tracking of patient and system 
status 

Simulation and Scenario Analysis
Modelling scenarios to predict healthcare 
outcomes

Predictive Analytics
Forecasting future states using real-time data 
analytics
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Publications & Scientific Presentations

For methicillin-resistant Staphylococcus aureus prevention

For attributable mortality, length of stay, healthcare costs of 
methicillin-resistant Staphylococcus aureus infections in SG
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Acknowledgements

5D-DOSS

“fifth” dimension is to track the dynamic flow 

and interaction between patients across the 3D 

space across time (with AI)
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