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What do we

want to
understand?

The causes of high interpatient variations
in symptoms and the severity of the
disease.

Cause of long incubation time followed by
the severe (or mild) manifestation of the
disease.

Abnormal inflammation response
(hypercytokinemia, cytokine storm) in the
part of patients.

Establish the values of the kinetic
constants, many of which are unknown.



Methodology
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MODEL CALIBRATION

Adjust them to
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RESULTS

Study properties of the
obtained model



Immune response modelling (to SARS infection)
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[1] Lee, Ha Youn, et al. Simulation and Prediction of the Adaptive Immune Response to Influenza A Virus Infection. Journal of Virology
Jun 2009, 83 (14) 7151-7165; DOI: 10.1128/JV1.00098-09



Innate immune response model (6 eq.)
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It all depends on the initial viral load.
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1. High initial viral load shortens the incubation time and increases maximal viral load.
2. Disease severity should depend on the initial viral load



Immune response sequence

Symptoms
Innate response
Virus detectable

Cellular response

Early antibodies (IgM)

Late antibodies (IgG)

0 6 8 10

[2] The latest on covid-19 immunity and the current global situation // WHO, coronavirus update 34, August 2020. URL(Accessed 07-04-
2021): https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update-34-immunity-2nd.pdf?sfvrsn=8a488cb6_2
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It all depends on the initial viral load.

ks — antibodies secretion rate

ks = 1205.63 (kneTok-geHb) " (eq./mn)
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Virus (copies/ml)

Antibodies production vs virus
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e Full virus elimination depends on sufficient antibody production characterized by the
parameter ks



AIR Vaccination
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Optimal dose?

Vaccine dose-response

Day of maximum antibody concentration
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The highest production of antibodies is obtained for the initial viral load in vaccine equivalent to 1e5.
This phenomenon is observed mainly due to parameter k3.



Innate immunity shows bi-stability and
threshold-like response to the initial viral
load.

Above the threshold, high initial viral load
shortens the incubation time and

increases maximal viral load. COI']_C]_US]_OHS

Antibodies play the major role in the fight
against the virus (compared to CTLs).

High viral loads lead to a disproportionate
increase in pro-inflammatory cytokines.




Wear masks!

..and better yet,
get vaccinated!
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Thanks!

DO YOU HAVE ANY QUESTIONS?

QU .. Mathematical
“ e .8 Modeuing in

@) . ..
he Biomedicine


http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
mailto:addyouremail@freepik.com

