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Types of epidemic models

« Differential equation models (ODE, PDE, stochastic visions)

« Agent based models/microsimulations

« Statistical forecast models (time series, machine learning, Al)



Aim of epidemic microsimulation models

Forecasts

® Short time
forecast < 4
weeks

® Scenario
forecast:
several
months

Effect of intervention
scenarios

* Non-pharmaceutical
Interventions: testing,
contact tracing, contact
restrictions, quarantine

® \/accination

Structural insights

* |dentifying structural
SOCIO- economic risk
factors

* |mpact and estimation
of key medical
parameters



Microsimulations for epidemic processes

Most agent based models use discrete time (in
epidemics 1 day)

Network of agent-type, space and time . )\
dependent contacts is a basic structural ) /)
component for all agent based epidemic models |

For simulations it is enough to consider the .o

infection subgraph (edges represent only
infectious contacts)

Infection graph is a subgraph

Complex intervention measures can only be of the contact graph
represented in agent based microsimulations



MOCOS microsimulation:

continuous time setting is a natural framework for infection events and disease progression

e Event driven microsimulation model of COVID 19 epidemics
e Continuous-time distributions of disease progression

e Random and heterogeneous structure of intra-household and out-household

contacts

e ntervention measures:

guarantine, targeted testing, contact tracing, contact reduction, contact tracking

app



MOCOS - microsimulation network structure

e Assign feature vector x to each individual

e Contact kernels K (X, y) describe the likelihood of
infectious contact between type x and type y
individual

 Precomputed timing of individual disease progression

IS part of feature vector

e Contact network is superposition of specific contact
structures like workplace, travel , shopping , school,

hospitals, households..



Flow chart : Generating new infected individuals

number of generated potential infections
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Structural insights: Households are a key factor for epidemic dynamics

® @ From network between

® » > Individuals to network
% © - between households



Large households have catalytic effect on the spread
because link probability between two households is
proportional to the product of their sizes
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Microsimulations show: Large households are a structural
risk factor for epidemic spread

Second moment of household size
distribution of Poland on 10x10 km grid

Polska - Drugi moment wielkosci gospodarstwa domowego

Estimated reproduction number on county
level Poland (end of February 2021

Mediana estymowane] wartosci parametru R

e 0.74-0.70
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Model Output:
structural heat maps Prevalence in dependence of restrictions
(PO land) and tracing efficiency
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Data needs for epidemic microsimulations

Census data used to generate sample population
Medical data: polish patient data and medical databases
network of contacts (special polls like POLYMOD)
Contact tracing and testing: linked patients data

Mobility data: relevant for long distance contacts

Most of above data in very poor quality |



Linked patient data allow to estimate efficiency of
testing and tracing

Source not defined

(0804/52)

W

Patient: 52
Voivodeship: LUBUSKIE
County: nowosolski (0804)

Place: Town <20k

Age: 62
Gender: F
Symptom onset: 03-21
Diagnosed: 03-22
t0: N/A

Lag td: N/A
Hospitalized?: Yes
From: 03-21
TO: 04-15
End: 04-15 (Recovered)
Profession: Health care workers

e Whole time to detect
the cluster took 19

days
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Patient: 286
Voivodeship: DOLNOSLASKIE

Patient: 309

Voivodeship: DOLNOSLASKIE Eahicntse 27

Patient: 307

Patient: 159 Patient: 287 : i,
Voivodeship: DOLNOSLASKIE Voivodeship: DOLNOSLASKIE County: gérowski (0204) V°"é°:::g?gg‘3ﬁk?§};§f)m Voivodeship: DOLNOSLASKIE Contyr ebrowski (0304
County: gérowski (0204) County: gérowski (0204) Place: Town <20k Place: Town <20k County: gérowski (0204) Place: Village
Place: Town <20k Place: Town <20k Age: 64 ey Place: Town <20k e 8 [ J ®
Gender: M Gender. F Symplom onset: 03.23 Soriomld Sl
o G Y 1y Symptom onset: 03-24 X Symptom onset: 03-23
Symptom onset: 03-17 Symptom onset: 03-23 Diagnosed: 03-28 Diagnosed: 03-31 Symptom onset: 03-22 Diagnosed: 03-25
Diagnosed: 03-19 Diagnosed: 03-26 Lag t0: 2 e e 10: 3 Diagnosed: 03-27 e e 10: 2
Lag t0: -4 8 E c F c
uﬁ td: -3 ﬁg:g i Hosp]i‘;%i;:dgz Yes H ospli;%i;:ilg' Yes Lljg:g ; H osl}iatzﬁitz‘:‘,:d??' No
Hospitalized?: No Hospitalized?: No FI'OI!.IZ 03-26 From: 03-28 I:[OS'plta]lch?: No End: 04-06 (Rect‘wered)
TO: 04-10 TO: 04-22 Profession: Health care workers e e i e i

Profession: Health care workers

End: N/A (In progress) e s red)
5 ecove!

techniques needed for
extracting relevant ke

Patient: 428
Voivodeship: DOLNOSLASKIE

Patient: 469
Voivodeship: DOLNOSLASKIE

Patient: 467

Patient: 305

Patient: 163

. . Patient: 164
Patient: 210 Patient: 435 . . . . :
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Symptom onset: 03-21 Symptom onset: 03-19 %‘gsﬂs,eoé_ﬁ ygg;ﬁs%as-eoé-zi aglnjog 10: 5 Symptom onset: 03-22 Symptom onset: 03-24 Symptom onset: N/A
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S 13 Lagtd: 18 Lagtd: 3 Lag td: 3 Hospitalized?: Yes Lastd: 8 Loz td: 9 Lag td: 9
Hospitalized?: No Hospitalized?: No From: 03-29 Hospitalized?: No Hospitalized?: No Hospitalized?: No
End: N/A (In progress) : - -

Hospitalized?: No End: N/A (In progress) TO: 04-09
End: 04-17 (Recovered)

Lagt
Hospitalized?: No

tracing and testing

Patient: 315
Voivodeship: DOLNOSLASKIE
County: gérowski (0204)
Place: Town <20k

Patient: 426
Voivodeship: DOLNOSLASKIE
County: gérowski (0204)
Place: Town <20k

Patient: 294
Voivodeship: DOLNOSLASKIE
County: gérowski (0204)
Place: Town <20k

Patient: 434
Voivodeship: DOLNOSLASKIE
County: gérowski (0204)
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Hospitalized?: No End: 04-10 (Recovered)

Profession: Health care workers




The MOCOS group

e QOur research focuses on a) agent based modelling of the COVID 19 pandemic, b)
analysis of patient data and c) mathematical model analysis

 Interdisciplinary collaboration of scientists across the world
« MOCOS group is part of the external adviser team for polish ministry of health

» MOCOS group is closely cooperating with city of Wroclaw administration and provides
regional risk analysis

» MOCOS group is part of the SaxoCov project and responsible for agent based modelling
of COVID 19 for the german state of Saxony



