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The Hub for Quantitative Modelling in 
Healthcare is  embedded in the Living Systems 
Institute
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Our Expertise

The Hub for QMH is nested 
physically and virtually co-
located between our 
STEMM Colleges

It brings together over 30 
academics and researchers 
with expertise across 
applied mathematics and 
statistics involving 
uncertainty quantification
dynamic network 
modelling, mechanistic 
modelling and dynamical 
systems analysis.

Extensive academic 
collaborations both 

nationally and 
internationally

Established links with 
patient groups and 

stakeholders

A growing base of 
Industry relationships 

with Health Tech 
sector and the NHS
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Research Themes 
The  Hub has two Themes that address mathematical 
and  statistical challenges in  the healthcare arena. 

Theme  1:  Uncertainty  quantification  (UQ)  for  
computational modelling  in  biomedicine  and 
healthcare.

Theme 2: Reversibility and Resilience (RR): A 
Mathematical Approach to Evolving Microbial 
Communities.

The hub facilitates the Clinical Translation and
Engagement with Partners for which we have concrete 
plans for the initial phase based on
existing research, while leaving flexibility to engage with 
emerging themes in the later phases.

Themes 1&2 



Decision Making and 
Uncertainty Quantification

• Numerical models are increasingly being used in healthcare 
and clinical decision making

• If we are to use such models they need to be well calibrated 
and include measures of uncertainty

• We cannot afford to use sampling methods with the raw 
models



Emulators and UQ

• We use fast surrogate models 
(with known uncertainty)

• These are known as emulators

• Fast emulators allow us to carry 
out:

1. Prediction

2. Sensitivity Analysis

3. Uncertainty analysis

4. Model Calibration
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When the clinician met a 
mathematician…..

“There is only one way to see things, 
until someone shows us how to look at 
them with different eyes”

− Pablo Picasso

Sanjay Haresh Chotirmall
MB BCh BAO (Hons) MRCPI MRCP (UK) PhD
Assistant Professor (Lee Kong Chian School of Medicine, 
Singapore)
Honorary Senior Clinical Lecturer (Imperial College, London)



Jayanth Kumar Narayana Lee Kong Chian School of Medicine

Figure 3: A figure describing the workflow of integrative microbiomics. The input microbiome datasets, are converted
into patient/sample similarity networks based on the user-specified similarity measures: 1) Bray-Curtis, 2) Gower, 3)
Canberra and 4) Jaccard; before merging them using the user-specified algorithm: 1) SNF, 2) wSNF. Further, the tool
then implements a spectral clustering algorithm to allow cluster analysis on the merged dataset.

such cases, a weighted SNF approach is preferred,
which still assumes the input datasets share an un-
derlying biological mechanism but accounts for in-
consistency of the microbiome data based on the user
specified weights. The default weights are assigned
based on the taxonomical richness (i.e. the number
of microbes present) of the datasets.

The interface of the webtool was developed
using Rshiny and is available through Shiny Server
(Open Source) in confluence with nginx-1.19.1.
The tool is powered by custom scripts written
in python2.7 and R; and containerized using
Docker for ease of offline implementation. The
developed webtool can be accessed at https:
//integrative-microbiomics.ntu.edu.sg.

Longitudinal assessment of Exacerbation
A longitudinal cohort of n=17 patients were

recruited from two hospitals in the east of Scotland
(2016-2017) to study changes in the microbiome
during exacerbation and following antibiotic treat-

ment. DNA and RNA extraction were performed
on sputum samples obtained from each patient and
on a blank sterile PBS (Phosphate buffer solution).
The extracted DNA was subjected to targeted
amplicon sequencing of the 16S rRNA and ITS2
regions of the genome to derive the Microbiome
and Mycobiome, by mapping them to green genes
and UNITE databases, respectively. Blank samples
contained read counts many orders of magnitude
lower than test samples and hence unlikely to
have any influence on the observed microbiome.
RT-qPCR (real time quantitative polymerase chain
reaction) was performed on the cDNA derived from
the extracted RNA to quantify the viral burden of
the 17 viruses investigated in each patient. a and b
diversity of the multi-biome was calculated from the
concatenated microbiome and the integrated patient
similarity matrix using the “vegan” package in R.

Antibiotic action simulation
To predict the impact of antibiotics on the inter-
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Integration of multi-biome data through weighted-SNF identifies a cluster 
of bronchiectasis patients who frequently exacerbate

WMac Aogáin M, Narayana JK, Tiew PY, Ali NABM, Yong VFL, Jaggi TK, Lim AYH, Keir HR, Dicker AJ, Thng KX, Tsang A, Ivan 
FX, Poh ME, Oriano M, Aliberti S, Blasi F, Low TB, Ong TH, Oliver B, Giam YH, Tee A, Koh MS, Abisheganaden JA, Tsaneva-
Atanasova K, Chalmers JD, Chotirmall SH., 2021, Integrative microbiomics in bronchiectasis exacerbations. Nature Medicine, 
27: 688–699, 



Our initial partners


