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Biosafety, Biosecurity and Biorisk Management — Biobe3neka, 6i03axvcT Ta ynpasniHHa 6iopuankamm

BIOSAFETY, BIOSECURITY AND BIORISK MANAGEMENT —
BIOBE3INEKA, BIOSAXUCT TA YINPABJ1IHHA BIOPU3UKAMU



COVID-19 Diagnostics, Surveillance, and Public Health - JiarHocTuka, eniaHarnsa 3a COVID-19 Ta rpomMaacbke 340poB's

# 274. Comparative Analysis of COVID-19 Epidemic Process Models Based on Machine Learning
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Introduction. The COVID-19 pandemic has been a global public health problem since late 2019. To date, a large number of mathematical models
have been developed, which are designed to better understand the nature of the pathogen spreading. The aim of the study is to compare machine
learning methods for modeling COVID-19. The study was carried out within the framework of the NRFU project 2020.02/0404

Methods. To date, the most accurate models for predicting the dynamics of the COVID-19 spreading are models based on machine learning. The
study implemented six models based on linear regression, Ridge regression, Lasso regression, k nearest neighbor method, gradient boosting, and
random forest. Data for model verification was obtained using an automated information system from the Johns Hopkins University Coronavirus
Resource Center. Data on new cases of COVID-19 in Ukraine, Germany, Japan, and South Korea were used since the nature of distribution and
control measures in these countries are different. The metrics for evaluating the adequacy of models are the relative errors of the training sample
and the forecast and the average absolute error of the forecast.

Results. The simulation results were analyzed for 3, 7, 10, 14, 21, and 30 days predictions. All models showed prediction accuracy of more than
98% for all samples. The gradient boosting model showed the highest accuracy. The constructed forecasts are designed to solve different problems
of public health. The forecast for 3 days can be used for current epidemiological analysis. The 7, 10, and 14 days forecast can be used to evaluate
control measures already in place, as 7 is a smoothed weekly rate, 14 days is the maximum incubation period for COVID-19. Forecasts for 21 and
30 days can be used to predict the necessary resources and medium-term control measures.

Conclusions. The analysis of machine learning models showed that all six models can be used to make decisions on the implementation of control
measures to combat COVID-19. An analysis of the change in the error depending on the period for which the forecast was made showed that in
Japan and South Korea there are registered statistics close to the actual incidence, which is associated with almost complete coverage of testing of
the population and isolation of contact persons. In Germany, the correspondence between actual and registered incidence is at a sufficient level. In
Ukraine the registered statistics reflect only the dynamics of the epidemic process, and not the quantitative indicators of the actual incidence. The
limitation of machine learning models is that they do not make it possible to identify driving factors influencing the dynamics of the epidemic
process.

Key words: epidemic situation analysis, control measures, COVID-19 pandemic, forecasting.

# 274. NopiBHANbHMIA aHani3 Moaenein enigeMiuHoro npouecy COVID-19 Ha 3acagax MAWMHHOINO HaBYaHHSA
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Bcryn. [nobanbHa naHaemis COVID-19 3 kiHus 2019 poKy € 3aranbHOCBITOBOK Npob/1eMot rpoMafcbkoro 340poB’s. Ha cborogHi nobyaosaHo
BEJIMKY KiNbKiCTb MaTeMaTUYHUX MOAENEN, WO MOKINKaHI KpaLle 3po3yMiTu XapakTep MOLWMPEHHS 36yaHMKa. MeTo AOCNIAXKEHHS € MOPIBHSAHHS
METOZIB MaLUMHHOIO HaBYaHHS Ana mogentoBaHHsa COVID-19. [locnimkeHHs BUKOHaHe y paMkax npoekty HOAY 2020.02/0404

MeToan. Ha cborogHi HalbinbLl TOUHUMU MOAENSIMU NPOrHO3YBaHHS AMHaMIKM po3noBcogkeHHs COVID-19 € Moaeni 3acHOBaHi Ha MalMHHOMY
HaBYaHHi. B pamMkax gocnimxeHHs peanizoBaHo LWiCTb MoAenen, 3acHOBaHMX Ha MeToAax NiHiHOI perpecii, Pimx perpecii, perpecii Jlacco, Metogi k
HaMbNMXKUMX cyciaiB, rpadieHTHOMY BYCTiHIY Ta BUnaakoBoMy nici. JaHi ans Bepudikauii Mogeneit 6ynm oTpMMaHi 3a LOMOMOrol0 aBToMaTU30BaHOI
iHcbopMaLiiHoT cucTemn 3 PecypcHOro LieHTpy KOpoHaBipycy YHiBepcuTeTy [xoHa XonkiHca. Bynu BukopuctaHi gaHi npo Hosi Bunagkvu COVID-19 B
YkpaiHi, HimeuumHi, nowii Ta MiBaeHHiln Kopei, ockinbki XxapakTep po3noBCOMKEHHS Ta KOHTPOSIbHI 3aX0AM B LMX KpaiHax pi3Hi. MeTpukamu
OUIHKM afileKkBaTHOCTi MoAenel € BiHOCHI MOMUIKM TpeHyBabHOT BUBIpKM Ta NMPOrHO3Y, Ta cepeaHst abcontoTHa NMOMUIIKA NMPOrHO3Y.

Pe3ynbraTn. PesynbTaTv MogentoBaHHs 6ynv npoaHanisoBaHi Ans nNporHo3yBaHHs Ha 3, 7, 10, 14, 21 ta 30 gHis. Bci Moaeni nokasanu TOYHICTb
no6ynoBu NporHosy 6inbluy 3a 98% Ans BCix BUBGIpoK. Halbinbluy TOYHICTb NoKasana MoAesb rpagieHTHoro 6ycTiHry. Mo6yaoBaHi NporHoau
NpY3HaYeHi Ans BUPILLEHHS Pi3HUX 3aAay rpoMaziCbKOi OXOPOHM 340pOoB's. MporHo3 Ha 3 AHi Moxe 6yTu 3aCTOCOBaHUI AJ1st ONEPATUBHOMO aHanisy
enigeMiyHoi cuTyadii. MporHo3 Ha 7, 10 Ta 14 gHiB MOXXe BUKOPUCTOBYBATUCh /151 OLIIHKM KOHTPO/IbHUX 3aX0AiB, L0 BXE 3anpoBafXeHi, OCKinbKu
7 — 3rna@pkKeHnii TXKHEBUI NOKa3HWK, 14 AHIB — MaKCUManbHWUiA iHKy6aUiiHmni nepiog anst COVID-19. MporHoan Ha 21 Ta 30 AHiB MOXYyTb 6yTH
BMKOPUCTaHi Ansi NPOrHo3yBaHHS HEOOXiAHUX pecypciB Ta CepeAHbOCTPOKOBUX NMPOTUENIAEMIYHNX 3aX0AiB.

BMCHOBKM. AHani3 Moaeneli MallMHHOMO HAaBYaHHS MOKAa3aB, L0 BCi WiCTb MOAENEN MOXI/IMBO BUKOPUCTOBYBATU AN MPUMHATTS pilleHb CTOCOBHO
BMNPOBAAXEHHS! KOHTPOJ/IbHMX 3axoAiB Anst npotuaii COVID-19. AHanis 3MiHWM MOMWIKM B 3a/1€XKHOCTI BiZ TEPMiHY, Ha SIKWIA 34iICHEHO MPOrHO3,
nokasas, Wo B AnoHii Ta MiBaeHHIN Kopei HasiBHa 3apeecTpoBaHa CTaTUCTMKa 6/mn3bKa 0 haKTUYHOI 3aXBOPIOBAHOCTI, LLO NMOB'A3aHO 3 NPaKTUYHO
NMOBHWM MOKPUTTSAM TECTYBAHHSAM HaCeseHHs Ta i30/II0BaHHAM KOHTaKTHMX 0cCi6. Y HiMeuuumHi BignoBigHICTb hakTUYHOI Ta 3apeecTpoBaHoi
3aXBOPIOBAHOCTI 3HAXOAUTLCS Ha AOCTaTHLOMY PiBHI. B YKpaiHi 3apeecTpoBaHa cTaTucTuka Bifgobpaxae nvile AMHaMiky enigemMiyHoro npouecy, a
He KinbKiCHi MOKasHWKM hakTUYHOI 3aXBOPIOBAHOCTI. OBMEXEHHSM Mogesiel MalMHHOrO HaBYaHHS € Te, WO BOHW HE AaloTb MOX/IMBOCTI BUSIBUTU
NpoBiaHi (bakTopy, WO BNIMBAKOTb Ha AMHaMIKY enifAeMi4yHoro npouecy.

KnrouoBi cnioBa: aHanis eniaeMiuHoi cuTyauii, KOHTposnbHi 3axoan, naHaeMis COVID-19, nporHo3yBaHHS.
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