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Data as the new oll...

Theresa May v Brussels

Ten years on: banking after the crisis
South Korea's unfinished revolution
Biology, but without the cells

The

Economist

The world’'s most
valuable resource

Data and the new rules
of competition
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Real-world data

44

Clinical

Demographics, EHR Data,
Lab Test Results, Diagnoses,
Procedures, Pathology/
Histology Data, Radiology
Images, Microbiology Data,

Medication
Medication Orders,
Administration

(Dose, Route, NDC/RxNorm

Claims

y/
~

Molecular Profiling Family History
Medical Claims Genomic and Genetic
S ol Testing Data (SNPs/Panels), Historical Data on
Prescription Drug Claims, . . "
Multi-Omics Data Health Conditions and
: Other Drug and Treatment i y .
codes), Concomitant UiaDat {Proteomics, Allergies Relating to
Therapies, 4 Transcriptomics , Patient and Extended
Provider Notes, Admission/ Point of Sale Data, Metabonomics, Family, Smoking
Discharge and Progress (Prescription & OTC) Lipidomics), Other Status, Alcohol Use
Reports, Performance Status  Prescription Refill, Allergies Biomarker Status
e
24 €3 =i
ey
Mobile Health Environmental Patient Reported Social Media Literature
Fitness Trackers, Climate Factors, Patient Reported ; . Disease Burden, Clinical
Wearable Devices, Pollutants, Infections, Outcomes, Surveys, Patient Communities, Characteristics,
Other Health Apps Lifestyle Factors (diets, Diaries (diets, habits), Twitter, Facebook, Prevalence/Incidence,
Measuring Activity and stress), Other Personal Health Records, Blogs Rates of Treatment,
Body Function Environmental and Adverse Event Reporting, Resource Use and Costs,
Occupational Sources Quality of Life Measures Disease Control, Quality
of Life Measures
Liu et al. BMC Med Res Methodol 22, 287 (2022). https://doi.org/10.1186/s12874-022-01768-6
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The arrival of new technologies...

am Pathogens
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Al reaching prime time?

THE NOBEL PRIZE : IHE NOBEL PRIZE

N PHYSICS 2024 : IN CHEMISTRY 2024

. : . e Demis John M.
John J. Hopfield Geoffrey E. Hinton Baba: T ooty

“for computational “for protein structure prediction”
protein design”

“for foundational discoveries and inventions
that enable machine learning
with artificial neural networks”

THE ROYAL SWEDISH ACADEMY OF SCIENCES THE ROYAL SWEDISH ACADEMY OF SCIENCES
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The arrival of Al

Time to reach 100 million users

4 years g

3 years 4

| 2 years
1year3 m

2 months
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Multi-modal Al
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Acosta et al. Nat Med. 2022 Sep;28(9):1773-1784. doi: 10.1038/s41591-022-01981-2. University



Potential applications in healthcare

Public Health

Image Analysis

—

| dentification
of cutbreaks
by monitoring
Internet traffic

Tracking of

cases, outcomes,
and relationships —
to local factors

Contact
tracing within
an outhreak

LY s

Clinical-Trial Performance
Decision support in trial design

Patient identification, recruitmant,
and retainment

Outcome and side-effect monitoring

Brownstein et al. N Engl J Med. 2023 Apr 27;388(17):1597-1607. doi: 10.1056/NEJMra2119215.

Operational Organization

REH’I'H'II ﬂr“ﬂdiﬂd ||'|'|-'n-rr|'lilinn Clperatir‘lg-rmm EChECI Uliﬂg
Use of multiple information
sources about a patient

to make a diagnosis

Billing and callections

Patient follow-up

Internet search engines

EMR decision support
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Prediction of hospital-onset COVID-19 infections using
dynamic networks of patient contact: an international
retrospective cohort study

Ashleigh Myall, James R Price, Robert L Peach, Mohamed Abbas, Sid Mookerjee, Nina Zhu, Isa Ahmad, Damien Ming, Farzan Ramzan,
Daniel Teixeira, Christophe Graf, Andrea Y Weif3e, Stephan Harbarth, Alison Holmes, Mauricio Barahona

Daily new COVID-19 cases

Timewvarying contact networks
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@ Infectious patient Non-infectious patient = Contact (room)

Clinical Infectious Diseases

BIDSA

Infeetious Disrases Society of America  hiv medicme assaoaben

OXFORD

Whole-Genome Sequencing Surveillance and Machine
Learning of the Electronic Health Record for Enhanced
Healthcare Outbreak Detection

Alexander J. Sundermann,'** Jieshi Chen,* Praveen Kumar,® Ashley M. Ayres, Shu-Ting Cho,? Chinelo Ezeonwuka,"* Marissa P. Griffith,"* James K. Miller,*
Mustapha M. Mustapha,'* A. William Pasculle,” Melissa I. Saul,Kathleen A. Shutt,"* Vatsala Srinivasa,'* Kady Waggle," Daniel J. Snyder,
Vaughn S. Cooper,” Daria Van Tyne, Graham M. Snyder,”® Jane W. Marsh,'? Artur Dubrawski,' Mark S. Roberts,** and Lee H. Harrison,"*?

Acinetobacter spp.

Vancomycin-resistant Enterococcus faecium [

Serratia spp. %%,
b S T

/'

Providencia spp

Myall et al. Lancet Digit Health. 2022 Aug;4(8):e573-e583. doi: 10.1016/52589-7500(22)00093-0.

Sundermann et al. Clin Infect Dis. 2022 Aug 31;75(3):476-482. doi: 10.1093/cid/ciab946.
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Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.ajicjournal.org

Major Article & You

Is this a CLABS:?

Assisting the infection preventionist: Use of artificial intelligence for
. R . . On March 2, 2023 Mrs. Dis N. Fect is admitted to the medical unit with severe
health care-associated infection surveillance e S e S a0 o e TN

chills were documented. On March 4, 2023 patient had central line placed and blood
TlITlOthy L Wiemken PhD. MPH H.H' Ruth M' Carrico PhD DNP b sr:m;men.s Zer(et:,r)l:cted Staphylococcus aureus x1identified. No other source of
infection is identified.

* Saint Louis University School of Medicine, Department of Medicine, Division of Infectious Diseases Allergy & Immunology, Saint Louis, MO
b Department of Medicine, Division of Infectious Diseases, University of Louisville School of Medicine, Louisville, KY

@ HAlAssist
To determine if Mrs, Dis N. Fect's case is a Central Line-Associated Bloodstream
e Infection (CLABSY), we must consider the COC's NHSN survelllance definitions and
criteria as detailed in my knowledge source. Here's the analysis:
HAI Assist =
Formally evaluates clinical cases against Timeline of Events:
CDC/NHSN HAI surveillance definition criteria * March 2, 2023: Admission with severe abdominal pain and fever
* March 4, 2023: WBC increased, chills documented, central line placed, and blood
specimens collected revealing Staphylococcus aureus.
CLABSI Criteria Assessment:
* Presence of a Central Line: A central line was placed on March 4, 2023,
* Laboratory Confirmed Bloodstream Infection (LCBI): The identification of
Staphylococcus aureus from blood specimens meets the criteria for LCBI
* Timing of Central Line Placement: For a CLABSI, the central line must be in place
for at least 2 calendar days on the date of the event (date of first positive blood
Is this an HA s this a CAUTI? specimen for LCBI). In this case, the central line was placed on the same day as the
blood specimen collection, which does not meet the 2-day requirement
Iz this a CLABSI?
Conclusion:
@ Message Ha i * Based on the provided information, Mrs, Dis N, Fect's case does not meet the
definition of a CLABSI as per CDC's NHSN surveillance criteria, The central line was
not in place for at least 2 calendar days before the collection of the blood specimer

that identified Staphylococcus aureus.

Therefore, this case cannot be classified as a CLABSI

Wiemken et al. Am J Infect Control. 2024 Jun;52(6):625-629. doi: 10.1016/j.ajic.2024.02.007. g




The SuperbugAl project overview

form: an CLINICAL ENVIRONMENT

'stem Patient encounters, Vital signs, Lab results,
Clin Micro, patient movement data

(7 ) é N )
DIVERSE DATA INPUTS
- - —- —>
Y
— AGTCCCTGAATCGA g ‘ +
Electronic m —>
health records Genomics Proteomics PREDICTION
\_ _J \_ Yy,
\_ Y,
Theme 1: Theme 2:
AMR Diagnosis and Infection
Treatment Prevention
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Grappling with EHR data

Challenges Opportunities

Data Volume and Variety Population Health Management

Data Quality Predictive Analytics

Privacy and Security Personalized Medicine

ol Interoperability Drug Discovery

!l
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Al Digital Health Toolbox - Data processing
o
= 2% EHR-QC

' Y
2 Qe O o O
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EHR Data Files _ : . ' - |
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{ H 'k Concept
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Standard
Ontolody

@ Standardisation

Ramakrishnaiah et al. J Biomed Inform. 2023 Nov;147:104509. doi: 10.1016/j.jbi.2023.104509. MONASH
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Al Digital Health Toolbox - Data processing

O @ O O 0
L re —— " '
N

@ Pre-processing

Ramakrishnaiah et al. J Biomed Inform. 2023 Nov;147:104509. doi: 10.1016/j.jbi.2023.104509.
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Al Digital Health Toolbox — Applying Al

EHR-ML Design Parameters
Day 1 Day A Day D
' Hospital Admission
Admission E ICU Admission

A-WB

*

Data Window Discharge

LR RILY] Mortality = Discharge Status

E Length Of Stay

LOS=D-A

A) Patient timeline

Machine Learning
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XGB

XGB
XGB
XGB

XGB
XGB
XGB
XGB
XGB

Preprocessed
Data

Labs

Ramakrishnaiah et al. medRxiv. 2024.
doi: https://doi.org/10.1101/2024.03.02.24302664
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Genomics for hospital outbreak detection

Strain Strain and plasmid

B ()

Macesic et al. Nat Commun. 2023 Aug 8;14(1):4764. doi: 10.1038/s41467-023-39915-2. M%E’é%l



Working with genomic data

Performance analyses

Feature (single genomics Model
Data collection engineering representations) Graph neural network development evaluation
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| : ? _ o Dol > | multimodal |—— =
m( G Elastic Net .. A fusion =
TianareatoC6CNY 2 o of \ /\)\"ﬁ
Whole genome = Node features //:}/\l‘l‘iv =
sequencing Unitig Best performance s I ¥ = AMR prediction
—p ' \ O/L —
X TS
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Convolutional - d -
neural network Edge Graph convolutional neural
construction network (GCN)

Nguyen et al. — Manuscript in preparation
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Genomic data for Al AMR prediction
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Feature
engineering

Dynamic binning
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3. Binning with dynamic bin

Nguyen et al. mSystems. 2024 Sep 17;9(9):e0078924. doi: 10.1128/msystems.00789-24.

Al and MALDI-TOF for AMR prediction

Transfer learning

Bacterial
classification

t
( Dense layers ]
t

| Transformer encoder |

0 o o

tPositionaI embedding

= OOoOooo

tPatching
| 1D image-like spectra }

2. Peak counts and bin width
computation per region (the more
peaks, the smaller bin width)

E -»>
S

Model
development

Binary classification
10 random train/test
splits (80/20%)
5-fold cross-validation

AMR prediction
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tSNE-2

Al and MALDI-TOF for strain typing

E. coli and MLST
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Automated Al surveillance platform

<2
Patient
samples

Proteomic testing

(MALDI-TOF)

Ai-'po'wére'd strain
typing

AGTCCCTGAATCGA

Whole genome
sequencing

Potential outbreak
detection

Automated Al
EHR analysis
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The Al evidence gap

Overall Distribution

B Gastroenterology Radiology Cardiology Surgery Oncology ! Neurology M Pulmonology B Endocrinology
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Han et al. Lancet Digit Health. 2024 May;6(5):e367-e373. doi: 10.1016/S2589-7500(24)00047-5. Wi



Challenges in Al implementation

Myth Reality
More data means better Although adequate data volume is important for
Al models developing an accurate Al model, data and label

quality matters more”, especially as the quantity
becomes less critical as Al advances™.

Only Al experts are Although Al experts are core contributors in

needed developing medical Al models, building a
complete, well-functioning Al system takes a
village of multidisciplinary team members.

Al performance leadsto  Building users’ confidence in using medical Al

clinical confidence takes time and careful validations.

Integrating Al into Al should be designed around humans, not the
routine workflows is other way around.

straightforward

Launch means success Ensure Al's high-quality performance through

continuous monitoring and iterations.
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Questions?

Email: nenad.macesicl@monash.edu
LinkedIn: Nenad Macesic
X [ Twitter: @NenadMacesic
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