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ABSTRACT INDEX: MODELLING / MOOEJTFOBAHHA
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Introduction. Ixodes tick borrelioses (ITB) are a group of transmissible infectious
natural focal diseases caused by borrelioses of B. burgdorferi group and transmitted by
Ixodes ticks. Mathematical modeling, as part of the monitoring of natural focal
infections, allows evaluating epidemic potential of outbreaks in the region and in
selected areas, predicting trends in the epidemic process and defining the main
priorities and directions in the prevention of ITB.

Methods. Moving average method for investigation the time series has been selected
for effective simulation of the dynamics of spreading of ITB and the construction of
high-quality disease forecast. Visual Studio 2013 programming environment with the C
# programming language has been chosen for the software implementation of the
method.

Results. A software package that allows calculating the predictive incidence based on
existing statistical data on cases of ITB in real time has been developed. Basic
configuration of software package includes data from 2004 to 2016. Data by years
includes the incidence rates of ITB for 100 thousands of population, number of
patients’ visits about the bites of ticks, ticks population indexes, the results of
investigations of ticks, taken from the people, for the presence of Borrelia and Borrelia
proportion of infected ticks gathered at the flag. To start the calculation of forecast one
must enter the years on which the data is available (at least 3 years, inclusive) and for
how many years ahead the forecast should be performed. Then, software package
automatically calculates the forecast. On the basis of the calculated forecast, we can
conclude a further increase in the number of cases of ITB with a specific three-year
cycle: an increase number of cases of ITB during 2 years period, with a slight decrease
in the following year. Further increase of number of patients’ visits related to a tick bite
can be traced on the basis of forecast. At the same time there is no clear periodicity.
Conclusions. The analysis of the incidence of ITB in the Kharkiv region from 2000 to
2016 has been made. A software package that allows calculating the predicted
incidence rate of ITB on the basis of the moving average method has been developed.
The adequacy of forecast has been tested on real statistics of the ITB. Thus, this study
shows the continuation of the unstable epidemic situation in relation to ITB, which
dictates the need for a plan of preventive measures, main objective of which is to
reduce the number of cases of tick-borne diseases. Virtual verification of the
effectiveness of such measures will be the next stage of our research.
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Introduction. In the first half of the 20th century, diphtheria was a major cause of infant
mortality. In 1950 after the introduction of routine diphtheria vaccination with toxoid in
Ukraine, the incidence of this by 1980-s has decreased by a factor of hundreds, but in
1990-s in Ukraine there was an epidemic of infection (about 20,000 people were ill).
Most experts believe the main cause of this epidemic was reduction of vaccination
level. In the last 5-6 years, a significant reduction of vaccination has also been
observed in Ukraine. Nevertheless, diphtheria epidemic did not occur and the
incidence of diphtheria in Ukraine has been sporadic over the past 15 years.

The aim of our work is to establish a statistical link between the incidence of diphtheria
in Ukraine and the main factors that cause this disease (population antidiphteria
immunity level and toxigenic diphtheria corynebacteria asymptomatic carrier level).
Methods. The design of our study is a retrospective epidemiological study. We used
the method of multiple linear regression analysis and created a statistical model of
diphtheria epidemic process in Ukraine. For the statistical analysis we used data on
the diphtheria incidence and diphtheria carrier agents of the Ukrainian Center for
Disease Control and Monitoring of the Ministry of Healthcare of Ukraine Sl for the
period of 1988-2015. Modeling was performed using Microsoft Office Exel 2003.
Results. We proposed the following regression equation:

Y=-1.18 + 60.66X; + 7.47 Xy,

where Y —diphtheria incidence, X; — diphtheria pathogen carrier rate, %; b, —
regression coefficient; X,— estimated percentage of the population, %, susceptible to
diphtheria (EPPSD); b, — regression coefficient; -1.18 — a constant value, which meets
the statistical expectation of X, and X, at Y=0.

Multiple correlation coefficient R in our model is 0.9486, and the squared multiple
correlation R?is 0.8998. Thus, model information can be considered satisfactory since
it for almost 90% (determination coefficient D = 89.98%) explains the diphtheria
incidence.

Conclusions. The model reflects the quantitative characteristics of the diphtheria
epidemic process cause-and-effect links. This model provides a statistical explanation
of the possibility of diphtheria epidemics against the background of high (95% and
above) specific population immunity indicators. Model accuracy is limited to the
epidemiological surveillance data accuracy.

BeTyn. B nepuin nonoBuHi 20 ctonittA audTtepia 6yna ogHieto 3 OCHOBHUX NPUYNH
anTAYoi cmepTHOCTI. MNicnA 3anpoBamxeHHA B YkpaiHi B 1950-x pokax pyTUHHOI
BaKuUMHauii AnTepiH1M TOKCOIA0M 3aXBOPIOBaHICTb Ha Lo iHbekLjto Ao 1980-x
pOKiB 3MeHLmMnack B COTHi pasis, ane B 1990-x pokax B YKpaiHi BUHMKNA enigemia
uiei iHdekwii (3axBopino 6nm3bko 20000 ntoaei). binblwicTb ekcnepTiB BBaXKaoThb
OCHOBHOIO MPUYMHOIO LEl enigemii 3MeHLWeHHA piBHA BakUMHaLii HaceneHHA.
[MpoTArom ocTaHHix 5—-6 pokiB B YKpaiHi TakoX CnocTepiracTbCA CYyTTEBE 3MEHLUEHHA
piBHA BakuUMHauii HaceneHHA. He 3Baxkaiouu Ha ue, enigemia gudTepii He BUHWKNA i
piBEHb 3aXBOPIOBAHOCTI Ha AN Tepito B YKpaiHi BNpoA0BX OCTaHHiX 15 pokis
3aMWAETbCA CNOPaaNYHNM.

MeTa Hawoi po60Tn — BCTaHOBNEHHA CTATUCTUYHOIO 3B’A3KY MiXK piBHEM
3axBOPIOBAHOCTI Ha AndTepito B YKpaiHi Ta OCHOBHUMW (hakTopamu, AKi
CMPUYNHAIOTD LII0 3aXBOPIOBAHICTb (PiBEHb NONYNALINHOrO NpoTUAndTEpIiNHOro
iMyHITETY Ta piBEHb 6€3CMNTOMHOrO HOCIICTBA TOKCUrEHHNX KOpUHebakTepil
oundprepii).

MeTopn. mn3saiiH Haloro fOCniaXeHHA — Lie peTPoCneKTUBHE eniaemionoriyHe
pocnigpkeHHA. My BUKopucTanu MeTon MHOXWUHHOrO NiHIMHOro perpeciiHoro aHaniay
1 CTBOPWNM CTATUCTMYHY MOAENb enifAeMiyHoro npotecy andTepii B YkpaiHi. AnA
CTaTUCTUYHOrO aHanisy 6yno BUKOPUCTAHO AaHi NOKA3HWUKIB 3aXBOPIOBAHOCTI Ha
andTepito Ta HociricTBa 36yaHvKiB andTepii 3 «YKpaiHCbKWI LIEHTP 3 KOHTPOIo Ta
MOHITOpUHry 3axsoptoBaHb MO3 Ykpainn» 3a nepiog 1988-2015 pokis.
MogpentoBaHHA 34iCHIOBABCA 3a A0NOMOrolo KoMn'toTepHoi nporpamun Microsoft
Office Exel 2003.

PesynbTatn. Hamm 3anponoHoBaHe HAcTynHe PiBHAHHA perpecii:

Y=-1.18 + 60.66 X, + 7.47X,,

ne Y — 3axBOpIOBaHIiCTb Ha AndTEpIto, X; — MOKa3HUK HOCINCTBA 36y AHMKIB AndTepil
y %; b, — KoedilieHT perpecii; X, — OpPiEHTOBHA YacTka HaceneHHA y %,
cnpuinHATAnBa po andTepii (OYHC); b, — koediuieHT perpecii; -1,18 — KOHCTaHTa a,
AKa BiAMNOBifae MaTeMaTUYHOMY O4ikyBaHHIO X; Ta X, npy Y=0.

KoediuieHT MHOXMHHOI KopenAuii R B Hawii moaeni ctaHoBuTb 0,9486, a kBagpat
KoedpilieHTa MHOXXWUHHOI KopenAuji A? nopieHioe 0,8998. TakuM YNHOM,
iHhbopmMaTMBHICTL MOAEN MOXKHA BBaXKaTW 3a[0BiNbHOK, OCKIfNIbKM BOHA Maike Ha
90% (koedpivieHT aeTepminauii D = 89,98%) NOACHIOE 3aXBOPIOBAHICTb Ha AN TEPItO.
BucHoBku. MNpeactaBneHa Moaenb KifbKiCHO BifobpaXkae xapakTepucTuKu
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