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Background. The epidemic outbreak caused by coronavirus COVID-19 is of great interest to researches because
of the high rate of the infection spread and the significant number of fatalities. A detailed scientific analysis of
the phenomenon is yet to come, but the public is already interested in the questions of the epidemic duration,
the expected number of patients and deaths. Long-time predictions require complicated mathematical models
that need a lot of effort to identify and calculate unknown parameters. This article will present some preliminary
estimates.

Objective. Since the long-time data are available only for mainland China, we will try to predict the epidemic
characteristics only in this area. We will estimate some of the epidemic characteristics and present the depend-
encies for victim numbers, infected and removed persons versus time.

Methods. In this study we use the known SIR model for the dynamics of an epidemic, the known exact
solution of the linear differential equations and statistical approach developed before for investigation of the
children disease, which occurred in Chernivtsi (Ukraine) in 1988—1989.

Results. The optimal values of the SIR model parameters were identified with the use of statistical approach.
The numbers of infected, susceptible and removed persons versus time were predicted and compared with the
new data obtained after February 10, 2020, when the calculations were completed.

Conclusions. The simple mathematical model was used to predict the characteristics of the epidemic caused
by coronavirus in mainland China. Unfortunately, the number of coronavirus victims is expected to be much
higher than that predicted on February 10, 2020, since 12289 new cases (not previously included in official
counts) have been added two days later. Further research should focus on updating the predictions with the
use of up-to-date data and using more complicated mathematical models.

Keywords: coronavirus epidemic in China; coronavirus COVID-19; coronavirus 2019-nCoV; mathematical
modeling of infection diseases; SIR model; parameter identification; statistical methods.

Introduction

Here, we consider the development of an epi-
demic outbreak caused by coronavirus COVID-19
(the previous name was 2019-nCoV) (see e.g., [1-3]).
Since long-term data are available only for main-
land China, we will try to predict the number of
coronavirus victims ¥ (number of persons who
caught the infection and got sick) only in this area.
The first estimations of }V(#) exponential growth ver-
sus time ¢, typical for the initial stages of every epi-
demic (see e.g., [4]) have been done in [3]. For
long-time predictions, more complicated mathe-
matical models are necessary. For example, a sus-
ceptible-exposed-infectious-recovered (SEIR) model
was used in [2]. Nevertheless, complicated models
need more effort for unknown parameters identifi-
cation. This procedure may be especially difficult if
reliable data are limited.

In this study, we use the known SIR model for
the dynamics of an epidemic [4—8]. For the para-
meter identification, we will use the exact solution
of the SIR set of linear equations and statistical
approach developed in [4] (tested also in [9]).
These methods were applied for investigation of
the children disease, which occurred in Chernivtsi
(Ukraine) in 1988—1989. We will estimate some of
the epidemic characteristics and present the depend-
encies for victim numbers, infected and removed
persons versus time.

Materials and Methods

Data

We shall analyze the daily data for the number
of confirmed cases in mainland China, which ori-
gins from the National Health Commission of the
People's Republic of China [1]. A part of the official
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diagram (its version, presented on February 15,
2020) is shown in Fig. 1. For calculations, we have
used the data for the period of time from January 16
to February 9, 2020. The numbers shown after Feb-
ruary 9 were used for verification of predictions.
On February 12, 2020, the National Health
Commission of the People's Republic of China has
added 12289 new cases (not previously included in
official counts) as "clinically diagnosed cases". The
cases, reported by this official organization before,
have the name of "tested confirmed cases" [1]. To

2020-02-07
2020-02-08
2020-02-09
2020-02-10
2020-02-11

2020-02-12
2020-02-13
2020-02-14

avoid confusiong, we will denote "tested confirmed
cases" as Wj;, j corresponds to the different time
moments # (see the Table). Let us denote the "cli-
nically diagnosed cases" as Q;. The sum of W; and
QO is shown in the last column in Fig. 1 and in
the Table.

The Table shows that the precise time of the
epidemic beginning # is unknown. Therefore, the
optimization procedures have to determine the op-
timal value of this parameter as well as for other
parameters of SIR model.

34,546 (+11%)
37,198 (+7.7%)

40,171 (+8.0%)

42,638 (+6.1%)

44,653 (+4.7%)

46,472 (+4.1%) 58,761 (- )
48,467 (+4.3%) 63,851 (+6.8%)
49,970 (+3.1%) 66,492 (+4.1%)

Since 12 February 2020, numbers include clinical diagnoses in Hubei not previously included in official
counts, based on medical imaging showing signs of pneumonia.[']

Data from National Health Commission daily reports &,

Health Commission of Hubei daily reports & (since 12 Feb)

Figure 1: A part of official diagram with the numbers of W; + O, (last column) and W, (previous column) [1]

Table: The information from the official table of the National Health Commission of the People's Republic of China [1]. The corres-
ponding time moments # and the number of W; and Q; which were used for calculations and verification

The sum of
"tested con-
. . "Tested Day in . "Tested firmed cases”
Day in Time Time "o .
January, 2020 moment ¢ confirmed February, moment ¢ conﬁr'med and’ clinically
’ cases" W; 2020 cases" W; diagnosed
cases"”
Wi+ O
16 0 45 1 16 14380 Unknown
17 1 62 2 17 17205 Unknown
18 2 121 3 18 20440 Unknown
19 3 198 4 19 24324 Unknown
20 4 291 5 20 28018 Unknown
21 5 440 6 21 31161 Unknown
22 6 571 7 22 34568 Unknown
23 7 830 8 23 37198 Unknown
24 8 1287 9 24 40171 Unknown
25 9 1975 10 25 42638 Unknown
26 10 2744 11 26 44653 Unknown
27 11 4515 12 27 46472 58761
28 12 5974 13 28 48467 63851
29 13 7711 14 29 49970 66492
30 14 9692 — - - -
31 15 11791 — — — —
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Exact solution of SIR equations

The SIR model for an infectious disease can be
written as follows [6, 7]:

S =—aSl, (1)
I =oSI-pl, ¥))
R=pl. (3)

The number of susceptible persons is .5, in-
fected (persons who are sick and spread the infec-
tion) — /[, removed (persons who do not spread the
infection anymore, this number is the sum of iso-
lated, recovered and dead people) — R; the infection
and immunization rates are o and p respectively.
Since S+/+R=0 (see, egs. (1)—(3)), the sum
N =S8+ 1+ R must be constant for all moments of
time and can be treated as the amount on suscepti-
ble persons before the outbreak of an epidemic,
since / =R=0 at ¢ <t#, It mustbe noted that the

constant N is not the volume of population N,

but only the initial number of people sensitive and
not protected to some specific disease. In particular,
the ratio N /N, may be rather small.

To determine the initial conditions for the set
of egs. (1)—(3), let us suppose that
I(#) =1, R(#)=0, SG)=N-1. (4
It follows from (1) and (2) that

dl v p
al v P
s s VT, (5

Integration of (5) with the initial conditions (4) yields:
I=vInS-S+N-vin(N -1). (6)

Function / has a maximum at .§'= v and tends
to zero at infinity, see [6, 7]. In comparison, the
number of susceptible persons at infinity S, >0,

and can be calculated with the use of (6) from a
non-linear equation

S,-N
S, =(N-De v . (7)

In [4] the equations (1)—(3) were solved by in-
troducing the function V(¢) = I(¢) + R(¢), corres-
ponding to the number of victims. The integration
of corresponding equation

V=aoSI =N -V)
x[vIn(N =V)+V —vIn(N -1)] (8)
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yields:
t:Fl(V,N,v)+oct0’ ©)
o
K dU
Fi= ~1[(N—U)[vln(N—U)+U—v1n(N—1)]' (10)

Thus, for every set of parameters N, v, a, f,

and a fixed value of V' the integral (10) can be cal-
culated and the corresponding moment of time can
be determined from (9). Then [ can be calculated
from (6) by putting S = N — Vand function R from
R=V-1

Statistical approach for parameter identifica-
tion. Linear regression

As in paper [4], we shall use the fact that the
random function F(V,N,v) has a linear distribu-

tion (see (9)). Then we can apply the linear regres-
sion (see [10]) for every pair of parameters N and
v and calculate the corresponding values of 7, and

a. The optimal (the most reliable) values of N and
v correspond to the maximum value of the corre-
lation coefficient r (see [4, 9]).

Results

Since we did not know and still don't know the
values of Q; before February 12, 2020, we supposed
that V; = W, and have done the calculations with
the use of data for the time period from January 16
to February 9, 2020. The optimal values of the pa-
rameters are:

N =90611;
v= 65546.5;
o = 1.477985357571669¢ - 05;
f, = ~7.720998173432072.

The corresponding correlation coefficient is
very high r = 0.997966487046645. The solution of
(7) yields the value S, = 45579. The corresponding

number of infected [, susceptible .S and removed R
persons versus time (starting from January 16, 2020)
were calculated and shown in Fig. 2. The blue line
represents the number of victims V= I + R and is
in good agreement with "tested confirmed cases" W,
reported by the National Health Commission of the
People's Republic of China [1] (blue markers).



16

Innov Biosyst Bioeng, 2020, vol. 4, no. 1

Discussion

Unfortunately, many cases have not been in-
cluded in the official counts and have appeared in
the official Table from [1] only on February 12 as
"clinically diagnosed cases" Q; (see Fig. 1). Since the
National Health Commission of the the People's
Republic of China has proposed two different ways
of registration of the same disease [1], ¥; must be the
sum of Wjand @, i.e. V;= W+ Q; (provided that no

new methods of registering the same disease would
appear). Values W; after February 9 are shown in
Fig. 3 by "stars". "Crosses" represent the sum W+ Q.

Since the optimal curve was obtained only with
the use of W; and the difference between W, and V;
is very big (e.g., it was 12 289 persons on February 12,
2020), the predictions shown in Fig. 2 and reported
in [11] are no longer relevant. To have better pre-
dictions, it is necessary to have exact O, — data for
the period before February 12.

x10%
10 T T T T T T T
9 —— Victims V=I+R .
— Infected |
- Removed R -
Susceptible S
«w T} © Confirmed Victims (used for calculations) -
g ¥ Confirmed Victims (verification of prediction)
26
o
o
5 5
S
8
s 4
=)
3
2
1

Figure 2: Results of calculations and verification

20
Time in days (starting from January 16, 2020)

30 35 40

Numbers of infected / (green line), susceptible S (red line), and removed R (black line) persons versus time in days (starting from
January 16, 2020). The blue line represents the number of victims ¥ = I + R. Blue markers show the "tested confirmed cases" W,
reported by the National Health Commission of the People's Republic of China [1]. The "circles" correspond to the points used for
calculations (it was supposed that V; = W ); "stars" — to the points used only for verification

x10*

Number of persons

10
Time in days (from January 16 to February 15, 2020)

Figure 3: Prediction (line) and observations from [1] (markers)
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"Circles" show the "tested confirmed cases” W, for the period from January 16 to February 9, 2020, [2]. These points were used to
calculate the prediction curve. "Stars" correspond to the "tested confirmed cases” W for the period from February 10 to February 14,

2020, [1]. "Crosses" represent the sum W, + O, from [1]
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Conclusions

The simple mathematical model was used to
predict the characteristics of the epidemic caused
by coronavirus in mainland China. The numbers of
infected, susceptible, and removed persons versus
time were predicted and compared with the new
data obtained after February 10, 2020, when the
calculations were completed. Unfortunately, many
cases have not been included in the official counts
and have appeared on February 12 only. It makes
the predictions reported on February 10, 2020, no
longer relevant. Further research should focus on
updating the predictions with the use of corrected
data and more complicated mathematical models.
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I.I". HecTepyk

NMPOrHO3U1 NOLUMPEHHS ENIAEMIT KOPOHABIPYCY B MATEPUKOBOMY KUTAI
HA OCHOBI CTATUCTUYHUX OAHUX

Mpo6nemartuka. Enigemis, cnpuunHeHa kopoHasipycom COVID-19, cTaHOBUTL BENWUKUI iHTEpeC ANA AOCMIAHMKIB Yepe3 BUCOKY LIBUA-
KICTb MOLUMPEHHS iH(peKUiT Ta 3HaYHY KiNbKiCTb CMepTENbHUX BUNaakKiB. [eTanbHUin HayKOBMIA aHani3 Lboro siBMLLa e nonepeay, ane
rPOMaACHKICTb YXe 3aLikaBneHa NUTaHHAMKU TPUBAsOoCTi enigeMii, o4ikyBaHOI KiflbKOCTi XBOPWUX Ta CMEePTHOCTI. [1Ns 4OBroCTPOKOBMX Mpo-
rHO3iB HeobXiAHI cknagHi MaTeMaTuyHi Moaeni, Ski noTpebytoTb BaraTbox 3ycunb Ans igeHTudikauii HeBigoMux napameTpiB Ta 064m-
cneHb. Y uin ctatTi ByayTe NpeacTaBneHi Aeski nonepenHi ouiHKu.

MeTa. Ockinbkv faHi 3a 4OCTaTHBO AOBIMIA Nepioa Yacy AOCTYMNHI nuwe ans matepukosoro Kutato, My cnpobyemo nepenbaynti xapak-
TEPUCTUKM enigemii nuie B LibOMy perioHi. Mu oLiHMMO fesiki XapaKTepucTuky enigemii Ta nogaMo 3anexHOCTi Bif Yacy KiNbKOCTi XXepTB,
iH(hikoBaHMX Ta BUNyYeHuUx ocib.

MeTopauka peanisadii. Y LbOMy JOCNIMKEHHI MM BUKOPUCTOBYEMO Bigomy SIR-moaens ans AMHamiku enigemii, Bigomuii TOMHWUIA pO3B’30K
CUCTEMU NiHIMHNX AndepeHLianbHUX PIBHSAHb | CTAaTUCTUYHWIA Niaxig, po3pobneHun paHille Ana AoCniAKEeHHs ANTAY0i XBopobu, Lo cTa-
nacs B YepHiBusx (Ykpaina) y 1988—1989 pp.

PesynbTaTtn. OnTumanbsHi 3HaveHHsi napameTpiB SIR-moaeni 6ynu BU3Ha4eHi 3a 4ONOMOro ctatucTuyHoro nigxoay. KinbkicTb 3apaxe-
HUX, CNPURHATAMBUX Ta BUITyYEHUX OCIO 3anexHOo Bif Yacy NporHo3yBarach Ta NopiBHOBanach i3 HOBMMU AAHUMUW, OTPMMaHUMK nicns
10 ntoToro 2020 p., Konu po3paxyHku Bynu 3aBepLLEHI.

BucHoBku. [Ins nporHo3yBaHHs ocobnuneocTen enigemii, Cipu4MHeEHoi KOpoHaBipycom y maTepukoBoMy Kutai, BukopucToByBanach
npocTta matematuyHa Moaenb. Ha xanb, o4ikyeTbCs, WO KiNbKICTb XXepTB KOPOHaBipycy O6yAe 3HayHO BinbLUO, HiXX NPOrHO3yBanocs
10 ntoTtoro 2020 p., ockinbku Yepes ABa AHi 6yno gogaHo 12289 HoBWX BMNAfKiB (paHille He BKIOYEHMX A0 OdilifnHMX MigpaxyHKiB).
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MopanbLi gocnigXeHHA BapToO 30cepenTu Ha OHOBIEHHI MPOrHO3iB HA OCHOBI CBiXXKMX OaHWUX Ta 3 BUKOPUCTaAHHSAM Oinblu cknagHux
mMaTeMaTUYHUX Moaenen.

KnroyoBi cnosa: enigemis kopoHasipycy B Kutai; kopoHasipyc COVID-19; kopoHasipyc 2019-nCoV; MatemMaTtuyHe MogentoBaHHs iHek-
LiHNX 3axBOptoBaHb; SIR-Modenb; ideHTudikaLis napameTpis; CTaTUCTUYHI MeToaN.

W.T". Hectepyk

NPOrHO3bl PACMPOCTPAHEHUA ANMUOEMNN KOPOHABUPYCA B MATEPUKOBOM KUTAE
HA OCHOBE CTATUCTUYECKUX OAHHbIX

Mpobnemartnka. Annaemuyeckas BCMbIlKa, Bbi3BaHHAs kopoHasmpycom COVID-19, npeacrasnseT 60nbLUION MHTEpeC ANns nccneaosa-
Tenen n3-3a BbICOKOW CKOPOCTW pPacnpoCTpaHeHUs MHPEKUMM 1 3HauYUTENbHOro Yncna ymepunx. MogpobHbI Hay4YHbIi aHanu3 3Toro
AIBNeHWs eLlle Bnepean, HO 0bLLECTBEHHOCTb YXXe MHTEpecyeTcsl BONpocamMu NPoJOIHKUTENBHOCTM INMAEMUM, OXMAAEMOro Y1cna naum-
€HTOB ¥ cryvaeB cMepTu. [Ins AONroCPOYHbIX MPOrHO30B HEO6XOAMMbI CIIOXHbIE MaTemMaTuyeckme Moaenu, kKotopbele TpebyT MHOro
ycunuii Ans aeHTudrKaLmnm Hem3BeCcTHbIX NapamMeTpoB 1 pacyeToB. B aTol ctatbe ByayT npeAcTaBneHbl HEKOTOPbIE NpeaBapuTenbHbIe
OLIEHKM.

Llenb. MNockonbKy AaHHbIE 3a 4ONTOe Bpemsi AOCTYMHbI TONbKO ANS MaTtepukoBoro Kutasi, Mbl nonbiTaeMcs NpefckasaTth XapakTepucTukm
3aMnaemMnmn TorbKo B 3TOM pernoHe. Mbl OLLlEHNM HEKOTOPbIE U3 XapaKTEPUCTUK ANNAEMIUM N NPpeACcTaBUM 3aBMCUMOCTU OT BPEMEHM Yncna
nocTpagaBLLUNX, MHPULMPOBAHHBIX U YAANEeHHbIX Nogen.

MeTopuka peanusauuun. B atom nccnegosaHuy Mbl UCnonb3yem n3BecTHyto SIR-moaenb Ans AMHamukv 3nMaeMmn, M3BeCTHOE TOYHOEe
pelueHne cucTembl NMMHENHbIX AnddepeHUmanbHbX ypaBHEHUI U CTaTUCTUYECKUIA NoaxXoAd, pa3paboTaHHbIN paHee Ans uccriefosa-
HUst geTckon 6onesHu, koTopas crnydunack B YepHoBuax (YkpauHa) B 1988—1989 rr.

PesynbTatbl. OnTManbHble 3HaveHns napametpoB SIR-mopenu Gbinn onpefeneHsl C UCMOMNb30BaHMEM CTAaTUCTUYECKOro noaxoaa.
Yucno MHOULMPOBAHHBIX, BOCMPUUMYMBBLIX U YAANEHHbIX N0AEN B 3aBUCMMOCTM OT BpeMeHW Oblno npefckas3aHo U ConocTaBrneHo
C HOBbIMM aHHbIMK, Nony4eHHbIMU nocne 10 cespansi 2020 r., koraa pacyeTbl ObNy 3aBepLUEHbI.

BbiBopbl. [N NpOrHO3MpoBaHUS XapakTepUCTVK aNMaemMnm, Bbi3BaHHON KOPOHABMPYCOM B MaTepmkoBom Kutae, ncnonb3oBanach npo-
cTas matemaTtuyeckas Mogenb. K coxaneHuo, oxxunaaeTcs, YTO YNCNO XepTB KOpOHaBMpyca B MaTepunkoBoM Kutae Byget HamMHOro BbiLle,
YeM nporHosmpoBarnock 10 despansi 2020 r., nockornbKy Yepes ABa AHs 6bino gobasneHo 12289 HOBbIX criyvaeB (paHee He BKIMHYEHHbIX
B ohuumanbHble noacyeTsl). [lanbHenwmne nccnefoBaHns AOMKHb! ObiTb HanpasreHbl Ha OOHOBMNEHVE NPOrHO30B Ha OCHOBE CBEXWX
[OaHHbIX 1 C UCMoNb30BaHWeM Gornee CroXHbIX MaTeMaTU4eCKUX Moaenen.

KnioueBble cnoBa: anuaemus kopoHaBupyca B Kutae; kopoHasupyc COVID-19; kopoHaBupyc 2019-nCoV; maTemaTuyeckoe moaenu-
poBaHve MHAEKUNOHHBIX 3aboneBaHunin; SIR-mogenb; naeHTUuKaLmsa napameTpoB; CTaTUCTUYECKUE METOAbI.



