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Infectious diseases: we .
want to control the

infections & eliminate
viruses causing them...

Non-infectious diseases:
oncogenic viruses: we
want to control &
eliminate them...

Non-infectious
diseases: viruses can be
used as treatments for
these diseases (control &
increase replication)

Oncolytic viruses

(e.g., oncolytic viruses in
cancer treatment)

http://oncolyticvirus.files.wordpress.com/2010/12/oncolytic—virus—in—action
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Here: focus on infectious diseases Here: focus on non-infectious diseases (cancer)




Environmental & human-to-human transmission of viruses:
nosocomial infections

 Nosocomial infections in the context of COVID-19 (collaboration with Dr. B. Parcell,

Ninewells Hospital, UK)
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implants, and devices

Contaminated medical staffs
and visitors



Environmental & human-to-human transmission of viruses:
nosocomial infections

 Nosocomial infections in the context of COVID-19 (collaboration with Dr. B. Parcell,

N Inewe | | S H oS p Ita | / U K) Ward: four 4-bed bays + six single—bed rooms Ward: four 6-bed bays + six single—bed rooms

Question (asked in summer 2020): Jm—
How to distribute the hospitalized patients in — — ‘
wards with | 3

* 4-bed bays + single-bed rooms vs. lu

« 6-bed bays + single-bed rooms |

to reduce SARS-CoV-2 spread acrossthe  — | . N
hOSpital? ” bed2 | [ beds | [ beas] [ beas ‘E
E g : :\ bedZ‘ \ bed 5 \:

> Infected patients moved to single rooms (if available) [ bed 1 ja-=r] bedd | | g<m
> Infected rooms were closed for cleaning... no new patients | L Lot oo bedo i
admitted to hospital

D. Moreno Martos, B. Parcell, RE (2020). Modelling the transmission of infectious diseases
inside hospital bays: implications for Covid-19 . Math. Biosci. Eng., 17(6), 8084-8104



Environmental & human-to-human transmission of viruses:
nosocomial infections

 Nosocomial infections in the context of COVID-19 (collaboration with Dr. B. Parcell,

B. Parcell

Ninewells Hospital, UK)

Agent-based network model: cach node is a [ seds |€ B| beds ] E Bed 2 \ | Bed 3 ]
patient (in a bed) with specific characteristics: D‘ ' C] (¢= i —y ]
In,t — [Cn,l,taon,Z,ta---aCn,m,t] *
1. Epidemiological status (susceptible, exposed,
infected, recovered) [ Bed 2 \ Bed 5 j G
2. Bed # in which the patient is placed ... O]
3. Start of the incubation period <2m ']
4. Duration of incubation period vy o
5. Time since individual has become infectious [ Bed | Bed 6 j [ Bedl |€ | Bed4 ]
-> viral transmission possible e i > o o

1. Recovery time

D. Moreno Martos, B. Parcell, RE (2020). Modelling the transmission of infectious diseases Model can account for stochastic
inside hospital bays: implications for Covid-19 . Math. Biosci. Eng., 17(6), 8084-8104 fluctuations between interconnected

individuals inside the bay
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(c) 6-bed bays:

Average number of individuals per time
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Hypotheses tested &
confirmed in silico:
Having only 4-bed bays
is better to reduce the
spread of the infection

D. Moreno Maros, B. Parcell, RE (2020).
Modelling the transmission of infectious
diseases inside hospital bays: implications for
Covid-19 . Math. Biosci. Eng., 17(6), 8084-
8104



(d) tests every day; 6-bed bays (d) tests every 3 days; 6—-bed bays
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Hypotheses tested in silico: the role of asymptomatic individuals

« More often RT-PCR tests (every day vs. every 3 days) are better at detecting exposed/infected patients (in
particular for 6-bed bays)
* Impact of mask wearing by medical staff... and infected staff infecting patients ...

D. Moreno Maros, B. Parcell, RE (2020). Modelling the transmission of infectious
diseases inside hospital bays: implications for Covid-19 . Math. Biosci. Eng., 17(6),
Qanas Q1n0A




Models, even if not perfectly calibrated (scarce data), can be used to make
administrative (& public policy) decisions... especially in exceptional times...
« Open the hospital for elective surgery procedures..

Average number of individuals per time Costs related to patients on the waiting list for admission
50 100 I (which, if they were admitted to 4-bed bays + 6 single
e rooms would have had medical treatments that would
H bring money to the hospital ...) ’
40 1
T
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T
5 30 b
@ 2 /
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< L = =
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25 P
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0 M O ___
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. _34.
(a) 1 Bay with 4 Beds; 5(d;;) = e 24 (a) 4 Beds

D. Moreno Maros, S. Folley, B. Parcell, D. Trucu, RE (2022). A computational investigation of COVID-19
transmission inside hospital wards and associated costs. Math. Biosci. Eng., 17(6), 8084-8104




Changes in the incubation period for human-to-human transmission...

\
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Changes in the incubation period for human-to-human transmission...
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Buying Time—The Immune System Determinants of the M i M
Incubation Period to Respiratory Viruses
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tect What is the in-host dynamics of SARS-CoV-2
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o o What is the in-host dynamics of SARS-CoV-2
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What is the in-host dynamics of SARS-CoV-2
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Timeline of mathematical models

—
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Virus enters the
body & infection
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Timeline of (many) clinical datasets There are datasets to
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Viruses that cause infectious Viruses used to treat cancers:
diseases... % « Vaccine viruses: trigger tumour-
« SARS-CoV-2: mild to seve ‘ "‘ specific immunity that eradicate

infections tumours & maintain
« Adenoviruses: mild ‘ immunological memory

respiratory infections (common NOTR— Waiiialy

CO|d) — : \

v infect mammalian species &
birds

* Vesicular stomatitis virus:
vesicles develop on the tong,

excess salivation,...
v Infects cattle, pigs, horses Time
* ...many other viruses...

Total Number
Antigen-Specific CD8 T Cells

« Oncolytic viruses: genetically
modified to selectively infect,
replicate in and kill tumour cells
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Viruses that cause infectious Viruses used to treat cancers:
diseases... % « Vaccine viruses: trigger tumour-
. SARS-CoV-2: mild to seve ‘ ":‘ specific immunity that eradicate

infections tumours & maintain
. Adenoviruses: mild ‘ immunological memory

respiratory infections (common NR—— Waiiiaiy

CO|d) — : )

v infect mammalian species &
birds

* Vesicular stomatitis virus:
vesicles develop on the tong,
excess salivation,...

Total Number
Antigen-Specific CD8 T Cells

v' Infects cattle, pigs, horses Time
* ...many other viruses... .. .

4 « Oncolytic viruses: genetically
SARS-CoV-2 replicates and displays oncolytic modified to selectively infect,
properties in clear cell and papillary renal cell replicate in and kill tumour cells
carcinoma

0i Kuan Choong'2, Rasmus Jakobsson: ', Anna Grenabo Bergdahl|*®, Sofia Brunet>¢,

Ambjoérn Karmander»2¢, Jesper Waldenstrom?®, Yvonne Arvidsson'?,
Giilay Altiparmak'’, Jonas A. Nilsson®29, Joakim Karlsson %%, Kristina Nystrom?®+*,
Martin E. Johansson 27 *
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Viruses that cause infectious Viruses used to treat cancers:
diseases... % « Vaccine viruses: trigger tumour-
SARS-CoV-2: mild to seve ‘ ’ﬁ:‘ specific immunity that eradicate
infections tumours & maintain
« Adenoviruses: mild ‘ immunological memory
respiratory infections (common NOT— Waiiialy
CO|d) — : )
v infect mammalian species &
birds

Vesicular stomatitis virus:
vesicles develop on the tong,

excess salivation,...
v Infects cattle, pigs, horses Time
* ...many other viruses...

Total Number
Antigen-Specific CD8 T Cells

Repurposing the oncolytic virus @ Oncolytic viruses: genetically
VSVASIM as a COVID-19 vaccine  modified to selectively infect,

Imohanad A. Alkayyal?*, Manar Darwish?, Reham Ajina??, rep | icate In a nd |(| ” tumour Cel |S
Y. Alabbas? Mohammed A. Alotaibi?, Abeer Alsofyani*?,
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Basic reproductive number (epidemiological & in-host levels)
« Assmall as possible for controlling the spread of an infectious disease (spread of a virus) through a
population (of humans, of cells, ...)

« Aslarge as possible to ensure the spread of an oncolytic virus through a cell population
* Not only how many viral particles are released from 1 infected cell, but also how many of these particles
infect other cells due to various physical and immune barriers

Coronavirus

COVID-19 Transmission
UCIR.org
Seasonal COVID-19 SARS Measles fhe sivns
Influenza (Coronavirus) infects e of the
o cell the virus izl
I 1s virus infect
2 2 . 4 a2 2 v "eg‘:‘:‘\sei’flé more cells %, =
f - 4 . $Z 4 a . ~F * ‘/.
24 2R 24 Y s (e L‘ﬁ:’v?:’%:%r: o -
‘ At I tz
2 a4 L 44 2 222 ‘& S e gn:d“:opi:;:ﬁ “En
2 R 3 2 AT st iddensed
22 e "
RO1-2 RO2-3 RO3-5 RO 12-18 oy e
A = Infected person RO ("R naught”) basic reproduction number = how many '
) people, on average, each infected person will in turn infect
&l = Person who may become infected in a fully susceptible population.

https://x.com/roinnslainte https://www.ucir.org/therapies/oncolytic-viruses



ONCOLYTIC VIRAL THERAPIES: THE FINE BALANCE

BETWEEN THE ANTI-VIRAL

B.W. Bridle et al., Molecular Therapy, 2010, 1430—1439.

a
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Days after tumor challenge
Ad-BHG+ . i . .
VSV-hDCT ':/ds\'}f_)gg; Cg\:’ggg median survival:15, 30, 32, 54 days

IMMUNE RESPONSES AND

D.J.D. Earn

B. rydle

J. Bramson

Double immunization (prime-boost)
experimental protocol for murine
melanoma (at McMaster University, Canada)

1) Vaccine Adenovirus (Ad) expressing a
human tumour antigen, to prime the anti-
tumour immune response;

2) Injection of oncolytic Vesicular Stomatitis
Virus (VSV) carrying the same tumour

antigen => virus replication & tumour
elimination

But tumour relapses (median survival 54 days)



ONCOLYTIC VIRAL THERAPIES: THE FINE BALANCE
BETWEEN THE ANTI-VIRAL IMMUNE RESPONSES AND
ANTI-TUMOUR IMMUNE RESPONSES | 2 |

A s
3 Delaying the
2 . 2" injection
< § o with VSV(in Conceptual description of immune response
K tumour-free (for tumour-bearing mice)
£ .40 :
9 9 mice) leads
& 5- to an B
= . 22
1 increased =
0 T = %
Ad-hDCT 4 7 14 nbr. Of_”:N‘ 25
Prime-Boost Interval (days)  producing 2
CD8 T cells
* 7 days
4 days
—
Oncolytic vesicular stomatitis virus 100 days
quantltatlvely and qualitatively improves Hypothesis proposed: mcreasmg the delay between the injection of the
primary CD8* T-cell responses two viruses should allow for a higher secondary immune response (with
to anticancer vaccines better anti-tumour effects) => cannot test it on mice for ethical reasons...

& experiments (to increase the delay by 1 day at a time) are expensive...




ONCOLYTIC VIRAL THERAPIES: THE FINE BALANCE

BETWEEN THE ANTI-VIRAL

ANTI-TUMOUR

IMMUNE RESPONSES

UNE RESPONSES AND
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PROTEASES

5 2 Tight junction opener
- Oncolytic virus i Thtiuneionope DEGRADE ECM

&, Oncolytic virus receptor 5 Tight junction adhesion molecule

Q)é' Matrix-degrading protease

‘ ECM BLOCKS VIRUS
' ACCESS TO TUMOR

Physical barriers to oncolytic
viruses spread:

 Extracellular Matrix (ECM) prevents
viruses from reaching tumour cells

 Tight junctions hide virus receptors
and limit virus diffusion into tumour

Immune barriers to oncolytic virus
spread: IFN, innate immune cells,

ONCOLYSIS +
SECRETION OF PROTEASES




(stage 1) (stage 50) (stage 100) (stage 150) R . . .
= = = Multiscale modelling of cancer response to oncolytic viral therapy
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Viral spread into a 3D domain...wit
ECM degradation by tumour cells

... but NO virus yet...

h Mathematical Modelling of Glioblastomas Invasion within
the Brain: A 3D Multi-Scale Moving-Boundary Approach

Szabolcs Suveges 110, Kismet Hossain-Ibrahim 23, J. Douglas Steele 4, Raluca Eftimie 30 and Dumitru Trucu &

Coronal view

- left: brain & tumour
- top-right: cancer (only)
- bottom-right: ECM (only)

Axial view
- left: brain & tumour
- top-right: cancer (only)
- bottom-right: ECM (only)
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Sagittal view

- left: brain & tumour

- top-right: cancer (only)
- bottom-right: ECM (only)

...where Diffusion Tensor Imagino

(DTI) scans were used to estimate the anisotropic cell

tumour

8

diffusion term ; T1 weighted images => image segmentation => white/gray matter densities

brain & tumour




Effective Treatment of Glioblastoma
Multiforme With Oncolytic
Virotherapy: A Case-Series

Benjamin Gesundheit™, Eliel Ben-David?, Yehudit Posen’, Ronald
Guido Wollmann?®*, E. Marion Schneider®, Karl Aigner®, Lags-Brauns’,
Thomas Nesselhut®, Ingrid Ackva®, Christine Weissle#™ and Arno Thaller -
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Summary:

* Viral dynamics involves different multi-scale aspects that can be
incorporated into mathematical/computational models

« But multiscale (spatial & spatio-temporal) data not always available... (or if available:
very few data points => no ML)

« Technical aspects associated with parameter identification in these multi-scale
models...

* Open problems associated with the modelling of multi-scale within-host/between-
host dynamics ...
« Many (complex) mathematical models are used only for qualitative
exploration of possible model dynamics

« Quantitative predictions require more data (& new computational approaches) to
estimate parameters/functions



