v

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by eLibrary National Mining University

3. Vlasov A.A., Orlov N.A., Chushkina K.A. “Methodology for calculating
the operating modes of traffic lights in saturated traffic conditions” [Electroniy
Resource], Internet journal “HAYKOBEJIEHUE”, issue 2, birch - quarter 2014.

UDC 533.72

ANALYSIS OF SIR MODEL FOR PREDICTING THE SPREAD
OF MEASLES

Z. Shulha, O.S. Shevtsova
(Ukraine, Dnipro, NTU «Dnipro Polytechnicy)

Introduction. The main task of the health care system in any country is to
control the spread of infectious diseases. The social consequences, as well as the
material losses, strongly demonstrate the need to predict the occurrence of epidemics.
Measles is one of the most contagious diseases. In Ukraine, according to the Public
Health Center of the Ministry of Health of Ukraine, more than 115,000 people have
contracted measles since summer 2017, 41 of whom have died [1]. Simulation of the
measles spreading allows to predict new outbreaks of measles and evaluate the
strategy to prevent them.

The aim of this paper is to analyze the SIR epidemic model for simulation of
the spread of infectious diseases and to select the appropriate model extension for
modeling the spread of measles.

Epidemiology of measles. Measles is a viral infectious disease that starts in the
respiratory system. Symptoms of measles generally first appear within 10 to 12 days
of exposure to the virus. They include cough, fever, runny nose, red eyes, sore throat
white spots inside the mouth. A widespread skin rash is a classic sign of measles.
This rash lasts up to 7 days.

Measles can be spread through the air. An infected person release the virus into
the air through coughing or sneezing. A susceptible person that is exposed to the
measles virus has a 90 percent chance of becoming infected. An infected person is
contagious for 4 days before the characteristic rash appears and for another four days
after the rash.

Getting vaccinated is the best way to prevent measles. Two doses of the vaccine
are approximately 97% effective at preventing measles, while one dose is about 93%
effective. When rates of vaccination within a population are greater than 92%
outbreaks of measles typically no longer occur. During 2000 — 2017, measles
vaccination prevented an estimated 21.1 million deaths throughout the world [2].

The classical SIR model. A significant contribution to the mathematical
modeling of epidemics has been made by W. O. Kermack and A. G. McKendrick in
their scientific work “A Contribution to the Mathematical Theory of Epidemics” [3],
published in 1927. The SIR model, which was described in their scientific work, is
now one the most popular models for modeling the spread of infectious diseases. The
authors divided the whole population into three groups:
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— S (t) — susceptible individuals who are not yet infected;

— I (t) - infected individuals capable of transmitting infection to susceptible
people;

— R (t) - individuals who have been cured and immune to the disease
therefore unable to contract the disease or transmit the infection.

This model is named SIR (Susceptible — Infected — Recovered), where the first
letters of every group name had been used.

The transition of individuals from one group to another in this model is shown in
Figure 1:

Fig. 1. The transition of individuals from one group to another in the SIR model

Assuming that population number is constant and equal to N =S (t) + [ (t) + R
(t), Kermak and McKendrick obtained the following equations to describe the
epidemic:
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where [ - transmission probability;
1/y - the average duration of the infectious period.

The SIR model assumes that all individuals in the population may equally be
infected with the rate . The first equation describes the dynamics of the number of
individuals who are susceptible to the disease: an infected individual at a certain rate
infects the susceptible individual. The second equation describes the dynamics of the
number of infected individuals: the difference between the number of infected and
the number of recovered individuals. The third equation describes the dynamics of
recovery of the infected individual: at some speed the infected individual recovers.

Many modifications to the SIR model have been developed: SI model, which is
successfully used to for modelling life-threatening epidemics of diseases (for
example, herpes), SEIR model with an additional, "incubation" stage of the disease
(for example, tuberculosis, measles), SIS model that is suitable for diseases without
incubation period and without lifelong immunity (for example, rhinoviruses or
venereal diseases such as gonorrhea or chlamydia).
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SEIR model. The SEIR model divides the whole population into four groups:
Susceptible (S), Exposed (E), Infected (I), Recovered (R). Exposed group is a
number of individuals who are already infected with the disease but not able to

transmit it.
The transition of individuals from one group to another in this model is shown in

Figure 1:
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Fig. 1. The transition of individuals from one group to another in the SEIR
model

The SEIR model system is made of four differential equations:
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where [ - transmission probability;

o - the average duration of the infectious period ;

1/y - the average duration of the infectious period.

This model has a disadvantage as it does not consider the possibility of being
vaccinated. Our modification of the SEIR model contains both vaccination rate and
vaccine efficacy as a way to decrease the number of susceptible and infected

individuals:
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where e - vaccine efficacy;
V - vaccination rate.

A certain amount of susceptible will be vaccinated and move into the recovered
class without becoming infected.

Conclusions. An analysis of SIR mathematical model of the spread of infectious
diseases and its modifications is made in this article. In particular, SEIR model is
considered and its features are described. An epidemiological characteristics of
measles are studied. An appropriate model for modeling the spread of measles is
selected and improved by adding two parameters: vaccination and vaccine efficacy.
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BUKOPUCTAHHSA IHTEJIEKTYAJIBHOTI'O AHAJII3Y JTAHUX NJI51
JOCJ/IIZKEHHA MOAEJII BUBOPUYOI KOMITAHIII

B.B. I'narymenxo, O.I". ['onuapos
(Vkpaina, /{ninpo, HamnionanbHa MeTanypriiiHa akajaeMist Y KpaiHu)

ITocTanoBka nmpoo6aemu. JlocmipkeHHs aHaTITUUYHUX MeTo1iB Microsoft SQL B
rajxy3i iHTeJIEKTyaJbHOT0 aHalli3y JaHUX JJISI CTBOPEHHs MOJiei BUOOpUOi KOMITaHii.
JIns 11p0TO HEOOX1MHO BHJAUIMTH IMIJAMHOKHHHU BHUPINIYBAaHUX 3aBAaHb, IPOBECTH
MOPIBHSUIBHUIM aHaJi3 METOMIB 1HTENEKTYaJlbHOTO aHai3y JaHuX Uil BUOpaHUX
THUIIIB 3aBJaHb 1 Ha MPAKTUYHOMY MPHUKIIAJ BU3HAUUTH BUIMAIKH, ISl SKUX OLIBII
npuBaOIMBUM € TOM YU THIIUNA METO/I.

Pi3HOMaHITTS MeTONIB /Jisi BHpIIIEHHS IIbOTO 3aBJaHHS CTaBUTh HEpe.
AHATITUKOM TUTaHHS BHOOPY aJIrOpPUTMY, SKHH HAWKpalluM YWHOM TPHUIATHHA
MIIXOMUTh Tiag TocTaBieHl Bumoru 3amadi [1, 2]. Tak, y pa3i kmactepuzarlii,
PEKOMEHTYEThCSI BAKOPUCTOBYBATH 1€papXidHi METOJU, SKIIO 3a3/1aJIeT1Ib HEB1IOMO
YHCJIO KJIACTEPIB 1 MOTPIOHO OTPUMATH ACTAbHE YSABICHHS TIPO CTPYKTYpPY JaHUX. Y
CBOIO Uepry, iTepaTUBHI METOJIU XapaKTEePU3YIOThCS O1IbIIT BUCOKOK CTIMKICTIO IO
BIJIHOIIIEHHIO JI0 IIYMiB 1 BUKHJIB, HEKOPEKTHOIO BHOOPY METPHUKHU, BKIHOYEHHIO B
aHaJ13 He3HAUyIIUX aTpUOYTIB, ajie BUMArarTh alplopHOI BKa31BKH YMCIIAa KJIACTEPIB.
VY pa3si Bubopy meroay kinacudikarlii HeoOXiIHO OpaTu A0 yBaru Taki mapameTpH, K
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