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The idea of the present research is to find analogies between classical epi-
demiological models and reaction networks used in chemical reactions in Biology.
The Susceptible-Exposed-Infectious (SEI) epidemiological model (see [1], [2]) is
considered in the context of the Chemical Reaction Network Theory as a two-
step exponential (radioactive) decay reaction chain (Bateman chain): species S
is transformed into species E, E is transformed into I, such that the first reaction
step (S is transformed into E) is catalyzed by species 1.

We study the temporal evolution of the masses/concentrations of the species
involved assuming mass action kinetics, focusing mainly on the growth function
describing the mass of species I as part of the SEI model. We are especially
interested in the situation when one of the chain-links of the SEI model is much
faster relative to the other one. We demonstrate that under certain conditions a
SEI reaction network can be “approximated” by a single-step reaction, which is
either of logistic auto-catalytic type, or, of a first-order exponential non-catalytic
type. We thus show that the time evolution graph of the growing species changes
its shape between a sigmoidal logistic-type and a concave first-order exponential-
type, depending on the ratio of the two rate parameters involved.

This fact motivates us to propose some hints that may be useful for deciding
on the choice of an appropriate class of growth functions when numerically sim-
ulating a given measurement data set resulting from biological (experimental)
processes. More specifically, the modeller should first examine empirically the
shape of the specific measurement data set (concavity, sigmoidality, location
of the inflection point, lag time, etc.) and then decide what reaction network
would better fit the given measurement set [1]-[5].


https://biomath.math.bas.bg/biomath/index.php/bmcs
mailto:milen_kb@math.bas.bg
mailto:kounchev@math.bas.bg
mailto:smarkov@bio.bas.bg

BIOMATH 2023 Conference Abstracts

Keywords: SIR-SEIR models in epidemiology, dynamical systems, (bio-)chemical
reaction networks, mass action kinetics, exponential decay chain, Bateman equations,
logistic functions, sigmoidal growth functions, population dynamics, parameter iden-
tification

Acknowledgments. The second and third authors are gratefully supported
by project KP-06-N52/1 of 2021 with Bulgarian National Science Fund, and the
second author has been supported also by project KP-06N42/2 with Bulgarian
National Science Fund.

References

[1] W. O. Kermack, A. G. McKendrick, A contribution to the mathematical theory of epi-
demics, Proceedings of the Royal Society of London. Series A, 115(772), 1927.

[2] H. W. Hethcote, The Mathematics of Infectious Diseases, STAM Review, 42(4):599-653,
2000.

[3] R. Anguelov, M. Borisov, A. Iliev, N. Kyurkchiev, S. Markov, On the chemical meaning
of some growth models possessing Gompertzian-type property, Mathematical Methods in
the Applied Sciences, 41(18):8365-8376, 2017.

[4] M. Borisov, S. Markov, The two-step exponential decay reaction network: analysis of the
solutions and relation to epidemiological SIR models with logistic and Gompertz type
infection contact patterns, Journal of Mathematical Chemistry, 59(5):1283-1315, 2021.

[5] S. M. Markov, The Gompertz model revisited and modified using reaction networks:
Mathematical analysis, Biomath, 10:2110023, 2021.


https://doi.org/10.1098/rspa.1927.0118
https://doi.org/10.1098/rspa.1927.0118
https://doi.org/10.1137/S0036144500371907
https://doi.org/10.1137/S0036144500371907
https://doi.org/10.1002/mma.4539
https://doi.org/10.1002/mma.4539
https://doi.org/10.1002/mma.4539
https://doi.org/10.1007/s10910-021-01240-8
https://doi.org/10.1007/s10910-021-01240-8
https://doi.org/10.1007/s10910-021-01240-8
https://doi.org/10.11145/j.biomath.2021.10.023
https://doi.org/10.11145/j.biomath.2021.10.023

