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SO... why?

+ The COVID-19 pandemic threatens not only our health, economy, sport,
culture, ... it is a global security threat

- models are essential to create a broad platform to understand, discuss, and
solve It

- the more we rely on models, the more we shall ask about their own security
and safety aspects

- understanding the internal code of epidemic allows for much better
analyses, forecasts, and preparedness also in other areas - for instance,
finance, banking, and industry



Have you said "modelling”
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SIR Compartmental Epidemic Model
- based on Kermack-McKendrick theory since 1927
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Towards COVID-19 Realities
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Ordinary Differential Equations - What do they say here?

- General form of ODE as used in many

X([ 4+ Al‘) — X(t) 1+ [A 4 OCX(t) + ﬁX(t)Y(t)]At deterministic models of biological processes
X( f+ Af) _ X( t) - incorporates various kinds of growth/

decrease action and handles the
At

— A —+ (XX(Z‘) -+ ﬁX(t)Y(t) Infinitesimal time steps correctly

- N\ IS an instantaneous absolute rate of
change of a “degree-zero” growth/decrease
Process

-« IS an instantaneous relative rate of

change of a “degree-one” growth/decrease
Process

dX(t)
dt

~

_ \‘

=A+oX (t) + ,BX (t)Y (t)

- B analogous to a, this time for a mass

action (“degree-two”) growth/decrease
Process



SIR Compartmental Epidemic Model
- based on Kermack-McKendrick theory since 1927
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asi) p dl(t) [ - dR(1)
e Nl(t)S(t) P Nl(t)S(t) Y1(1) =

=y (1)

B S S(0)+ 1(0)+ R(0)=N
Yy N S'(H)+1'(t)+ R'(0)=0




All Those “R’s

controlled — R = —-

*) In this particular moolel

equilibria and -

iINnherent mode
important qua

+ Basic reproduction number Ro

constant, describes

-
]

tative aspects, e.g.
helr stability

- Effective reproduction number Re(t)

- what we observe in daily experience

- Controlled reproduction number Ro

- what we aim for with our interventions
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The effect of the decreasing effective reproduction number
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SIR Solution Example
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[Susceptible ] [ Infected ] -
B Y
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Partial Optimisation Criteria (SIR-based)
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Anti-Epidemic Interventions

removal rate tntervention 4

transmission rate tntervention ¥

- moderating contact rate - broad testing

- decreasing infection probability - contact tracing
- vaccination
Susceptible Infected -
s(t)=""), b4 i(n)="", a r(t)=""%
0 pis) B = pios-ri) T iy
[
B s(0)+i(0)+r(0)=1

20:;, ze(f)ZEOS(l‘) S'(f) i'(t) V'(f):O



L ockdown as an Algorithmic Trade-Off

- Saying it “buys time” is a bit misleading from the model perspective
- |t actually costs time and trades the time for
- moderation of the prevalence extrema (one-time lockdown)

- moderation of the final size of the epidemic (perpetual lockdown)

O be effective, It needs a combination
- vaccination (ideal)
- tracing, quarantine, and isolation (have to e rather strict)

- long-term intensive, yet-bearable hygienic measures (erode with time)



Example: Qualitative Study of Two Ideal Consecutive Lockdowns
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L ocked In Lockdowns
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Real-World Lockdown Serious Modelling Example (UK)
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Fig. 4. Projections of epidemic dynamics under different control measures. We compare four alternative scenarios for
non-pharmaceutical interventions from 1 January 2021: (i) mobility returning to levels observed during relatively moderate
restrictions in early October 2020; (ii) mobility as observed during the second lockdown in England in November 2020,
then gradually returning to October 2020 levels from 1 March to 1 April 2021,
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Basic Vaccination Inequalities

+  Assumptions:

ze(t) — EOS(t) — 20 (SO - p(t)) - vaccine distributed uniformly among
~& (1-p(?)) fors, =1

yet-susceptible people

- vaccine efficacy &€

- Immunity does not vanish in near time
(circa one year, at least)

| - Recovered people fraction bearing
natural iImmunity then sums up with the

vaccinated fraction

- not shown here for clarity

For instance, AZP 1222 with 63.09% efficacy [wHO] elminates R, <2.7.



Countermeasures Safety Check by Simulated Test Runs

| corresponds to estimations based \
the countermensures on an itnoependent |
to be appL'Leal model ‘

the control untt under test

*) Note the SEIR model szust an example



Transparency Required

- We shall generally trust the mathematics, not necessarily the mathematicians

- similarly as we do in pharmaceutical research - we rely on pharmacology, not necessarily the
pharmacologists

What information is publicly available during the evaluation of a new
medicine and once a decision has been made?

EMA provides a high level of transparency about its medicine assessment by publishing of meeting
agendas and minutes, reports describing how the medicine was assessed and the clinical study results
submitted by medicine developers in their applications.

The list of new medicines that are being evaluated by the CHMP is available on the EMA website and
updated every month.

EMA also publishes the agendas and minutes of all its committees” meetings, where information on the
stage of the assessment can be found.

Once a decision has been taken on the authorisation or refusal of a marketing authorisation, EMA
publishes a comprehensive set of documents called the European public assessment report (EPAR). This

inr alfa NA._D o h — VI - aalale ala¥e vhich. de Lthe . de i avlallVab- - 3 - a¥e a¥le ALD) ~a

[ https://www.ema.europa.eu/en/about-us/what-we-do/authorisation-medicines/how-ema-evaluates-medicines#outcome-section |
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Qualitative Realities



Consider a “Constant In, Fraction Out” Mechanism

dH (1)
dl

=A—-KH(?)

A
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- lllustrates expectable behaviour under
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Prevalence Decrease Roadmap - Reality versus Mighty Wish
- also relevant for the important viral load estimates

dz(t) - discloses the mechanics behind expectable prevalence
= Bi(t)s(t)—yi(t) decrease trajectory
, ,B , - Stationary effective reproduction number assumption is
=—yi(t)(1- ;S(t ) =—vi(t)(1-%,(1)) plausible enough for the qualitative assessment
stationary & : i(f) = ioe_m_ze)t - for the incidence viewpoint note then ds(t)/dt = -yRe(t)i(t)
In2 | -
t,=—(1- ) - asymptotically stable equilibrium O for Re < 1
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CZ Models - Most probably incomplete picture (unintentionally)
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Conclusion

Mathematical modelling is the key part to create a platform where many experts

from different areas can share and dispute thel

r ldeas

- since mathematics is the ultimate language of this universe

- The

security and safety of our models
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unities to verity vital components of

ber and risk Index estimates as well
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