Cepia: TexHiuHi Haykn. Bunyck 20

UDC 519.626
DOI: 10.32626/2308-5916.2019-20.99-103

S. Soloviov, PhD,
O. Bandurka

National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute», Kyiv

MODELLING THE OPTIMAL SCHEMES OF POPULATION
VACCINATION USING EPIDEMIOLOGICAL DATA

Considered creation of a mathematical and computer model of the
various infectious diseases and epidemics’ spread problem. The devel-
oped system uses an epidemiological SISV computer model. The pro-
posed model gives an opportunity to determine the optimal individual
and social costs for vaccine prophylaxis The article analyses the posi-
tivity of such a model under the proposed vaccination strategy. SISV
(Susceptible-Infectious-Susceptible-Vaccinated)-model, where infec-
tion does not confer immunity (or there is waning immunity) with in-
clusion of vaccination. The software uses epidemiological models that
allow us to explore the process of spreading infectious diseases, to
make a forecast for the future, to determine the effectiveness of vaccine
prophylaxis, to select optimal vaccination schemes using epidemiolog-
ical data. Due to the use of epidemiological models a timely prevention
of infectious diseases epidemics is possible.

Keywords: computer modelling of the optimal schemes, ep-
idemiological model, SISV-model.

Introduction. The problem of the spread of various infectious dis-
eases and epidemics is important for all humanity. Rotavirus infection
(RVI) is the leading cause of acute viral gastroenteritis among young chil-
dren and high infant morbidity and mortality worldwide. To reduce the
rate of infection, vaccine prophylaxis is used. In the context of limited
resources, it is not possible to carry out vaccination of the entire popula-
tion, therefore the problem of determination of the optimal social and indi-
vidual costs for vaccination and treatment remains relevant.

Considering that, there are many approaches to solving vaccine-
related problems at the moment, but various diseases have some peculiari-
ties that need to be taken into account when developing epidemiological
models. That is why modern practice has not developed universal software
or computer model for monitoring the effectiveness of vaccine prophylax-
is. Because of the considerable variety and complexity of the parameters
none of the existing software products is a universal means.

The developed computer modelling system uses an epidemiological
SISV model (Susceptible-Infectious-Susceptible-Vaccinated-model).

Constructing an epidemiological model. The basic principle of
constructing an epidemiological model for RVI: the whole population is

© S. Soloviov, O. Bandurka, 2019 99



MaTtemaTtunyHe Ta KOMI'I'K)TepHe MoAentBaHHA

divided into several categories; the model is a dynamical system that
changes in time, therefore, when passing a certain time period, a part of
the population moves from one category to another. In epidemiological
models there are the following categories:

e S — susceptible individuals: susceptible to infection;

e | — infected persons: infected with an infectious disease being of in-
terest, capable of infecting others;

e V — vaccinated persons who have received immunity, are inaccessible
to infection.

The transition of persons from one category of population to another is
characterized by parameters, for example: the power of the infection, speed of
healing, birthrate, mortality, migration rate, etc. The power of infection A is the
probability of a certain person’s being infected at a certain time. The speed of
healing y is the probability of a certain person’s being cured at a certain time.

The use of the SIS computer model presupposes that infected indi-
viduals (I) recover when some time passes and become susceptible to the
disease again (Figure 1).
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Fig. 1. SIS-model
where: B — birthrate, N — the whole population, S — susceptible per-
sons, | — infected persons, A — infection power, #— parameter of the

pathogen transmission, y — speed of healing (loss of infectiousness).

Parameters of the model, like the system as a whole, can be dynamic.
The SIS mathematical model can be described using the system of differ-
ence equations [2]:
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where: t — period of time.
If vaccination being added to the SIS-model, we will get the SISV-
model (Figure 2)
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Fig 2. SISV-model
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where: V — vaccinated persons, v — population coverage by vaccination,
w — decrease of immunity.
Mathematical model can be described by the system of equations:
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Thus, using the SISV-model, one can determine the optimal scheme
of vaccination for the population to prevent from the spreading of infec-
tious diseases.

The software uses epidemiological models that allow us to explore the
process of spreading infectious diseases, to make a forecast for the future, to
determine the effectiveness of vaccine prophylaxis, to select optimal vaccina-
tion schemes using epidemiological data [1]. Due to the use of epidemiologi-
cal models a timely prevention of infectious diseases epidemics is possible.

The system consists of three software modules: data access module,
business logic module and presentation module. The data access module is
in charge of reading, processing and storing of incoming epidemiological
data. The processing of incoming epidemiological data is necessary to
eliminate the excess data and to automate the process of collecting and
calculating statistics [3].

The module of business logic carries out the construction of epidemio-
logical models, making a forecast for the future. The module defines optimal
vaccination schemes depending on incoming epidemiological data.

The presentation module uses a graphical user interface to output the
obtained results of the system work (Figure 3).
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Fig. 3. The main window of the developed system
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The developed system gives an opportunity to determine the optimal
individual and social costs for vaccine prophylaxis (Figure 4).
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Fig. 4. Optimization of costs

UML use case diagram shows the possible options available to users
of the system (Figure 5).
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Check through the SISV-model results with taking
into account the age structure of the population

Check through the SIS-model results with taking
into account the age structure of the population

Fig. 5. Diagram of the precedents of the developed system
The developed computer modelling system can be used for the study
of RVI, the compilation of morbidity prognosis, the selection of optimal
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vaccination schemes, as well as the determination of the costs for treat-
ment and vaccine prophylaxis.

Conclusions. Thus, in the article, considered the developed computer
modelling system can be used for the study of RVI, the compilation of
morbidity prognosis, the selection of optimal vaccination schemes, as well
as the determination of the costs for treatment and vaccine prophylaxis.
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MOJENOBAHHA ONTUMAJIbBHUX
CXEM BAKUUHALII HACENEHHA 3 BUKOPUCTAHHAM
ENIAEMIONONYHUX OAHUX

Po3risiHyTO CTBOpEHHSI MaTeMaTHYHOI Ta KOMII'FOTEpPHOI MOJeNi B IIpo-
Gy1eMi MOIIMpPEHHs Pi3HKX iH(EKUIHHNX 3aXBOPIOBAHb Ta emifeMii. Po3podie-
Ha CHCTeMa KOMIT FOTEPHOTO MOJIEIIFOBAHHS BHKOPHCTOBYE CMiAEMiOJIOTIUHY
SISV-monens. Lls Mo/ienb BH3HAYA€E ONTUMAIIBHY CXeMy BaKIHHALLi HaCceleH-
Hi. Y CTaTTi MpOaHAIi30BaHO MMO3UTUBHICTH TaKOi MOJENI Y 3alpPOIIOHOBAHIH
crparerii BakimHari. SISV (cipuiHATIMBHA-1HPEKIIHHNA, CIPUHHATINBAIL
JI0 BaKIMHAILiT)-MOJIeNb, 1 iH(EKIlisl He Haae iMyHITeTy (a00 € 3MEHIIICHHAM
JI0 IMyHITETY) 3 BUKJIFOYEHHSIM BaKIMHALi. Y IporpaMHoMy 3a0e3nedeHHi BU-
KOPUCTOBYIOThCS CITiIEMIOJIOTIUHI MOJIEi, SIKi JIO3BOJIFOTh TOCIIIUTH TIPOLIEC
HOLIMPEHHs 1HQEKUifHUX 3aXBOPIOBAaHb, 3pOOMTH MPOTHO3 HA MaiOyTHE, BH-
3HAYATH e(EKTHBHICTh BAaKIWHOMPO(MIIAKTHKH, BUOPATH ONTUMAIIBHI CXEMHU
BaKIMHAMIl 3 BUKOPHCTAHHSIM EITiIEMIOJIOTTYHUX IaHUX. 3aBASKH BHKOPHC-
TaHHIO €MiIEMIONIOTIYHAX MOJIENEH MOXKIIMBA CBO€YacHa Mpo(ilaKTHKa erTi-
JeMiii iHpeKIiHHNX 3aXBOPIOBaHb.

KuarouoBi ciioBa: xomn'iomepne mMooeniogants onmumaibHoi cxemu,
enioemionoziuna mooenw, SISV-wooenw.
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