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GLOBAL STABILIZATION TRENDS OF COVID-19 PANDEMIC

Background. The coronavirus COVID-19 pandemic is of great concern. A detailed scientific analysis of this phenome-
non is still to come, but now it is urgently needed to evaluate and compare the disease dynamics in order to improve
the quarantine activities and the level of individual protection, to speed the rate of isolation of infected persons, etc.
In mid-March 2020, the WHO reported a sharp exponential increase in the number of COVID-19 cases in the world.
Therefore, the study of the dynamics of the pandemic continues to attract the interest of researchers. Some works on
comparing the epidemic dynamics in Italy, mainland China, Spain, Germany, France, Switzerland, USA, South Korea
and some global trends have already been published. However, the receipt of new data requires constant analysis of the
pandemic dynamics.

Objective. In this paper we compare the pandemic dynamics in March and April, 2020 for different countries in Europe,
USA, regions and worldwide and try to estimate some global trends.

Methods. We use official data about the accumulated numbers of confirmed COVID-19 cases in different countries
and worldwide from WHO daily situation reports. In order to compare the epidemic dynamics in different countries,
different time synchronization procedures and comparing with the exponential growth are used.

Results. For Italy, Spain, Germany, Switzerland, France and USA, the epidemic dynamic in March, 2020 was com-
pared with the situation in the Republic of Korea. The epidemic developments in Ukraine, Austria, their neighboring
countries and global trends were analyzed.

Conclusions. The situation with the COVID-19 pandemic is still threatening. But may be the dynamics in April, 2020
gives some hope for its stabilization at least in the countries with proper quarantine measures, fast detection and
isolation of sick persons. The final sizes and durations of epidemic can be very different for different countries. Repeated
outbreaks are possible and already occurring, but they will no longer be so severe, primarily because we have learned
to better identify and isolate infected persons.

Keywords: coronavirus COVID-19 pandemic; coronavirus 2019-nCoV; statistical methods.

Introduction
Materials and Methods
The coronavirus COVID-19 pandemic is of

great concern [1]. In particular, in mid-March 2020,
the WHO reported a sharp exponential increase in
the number of cases in the world. Therefore, the
study of the dynamics of the pandemic, begun in
[2—10], continues to attract the interest of research-
ers. Some previous efforts to compare the epidemic
dynamics in Italy and mainland China has been
done in [2]. In [3] the global development was an-
alyzed. The comparison of the pandemic develop-
ment in Italy, Spain, Germany, France, Switzer-
land, USA and South Korea has been presented in
[4]. In this paper we will analyze the global pro-
spects of Covid-19 pandemic dynamics with the use
the official WHO daily data [1] for the confirmed
accumulated number of cases in March and April,
2020 and discuss some SIR estimations for different
countries presented in [5, 7—9].

© The Author(s).
The article is distributed under the terms of the license CC BY 4.0.

Data. We will use official data about the accu-
mulated numbers of confirmed COVID-19 cases in
different countries and worldwide from WHO daily
situation reports (numbers 41—-91) [1]. We will use
the WHO classification for regions without territo-
ries. Since the recent situation in mainland China
and the Republic of Korea is stable, we will use the
global statistics without cases in these two regions.

For example, the official data about the accu-
mulated number of confirmed cases in Italy, Spain,
France, Germany, Switzerland, USA, South Korea
V; and corresponding moments of time # and 7, are
shown in Tables 1 and 2. The number of cases con-
firmed in Ukraine and its neighboring countries is
shown in Table 3.
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Table 1. Official cumulative numbers of confirmed cases in the Republic of Korea

Accumulated number Accumulated
Day in Time . . Day in March, Time number of cases in
of cases in the Republic .
February, 2020 | moment % 2020 moment & the Republic of
of Korea V; [3]
Korea V; [3]
17 -1 31 1 12 4212
18 0 51 2 13 4812
19 1 104 3 14 5328
20 2 204 4 15 5766
21 3 346 5 16 6284
22 4 602 6 17 6767
23 5 763 7 18 7134
24 6 977 8 19 7382
25 7 1261 9 20 7513
26 8 1766 10 21 7755
27 9 2337 11 22 7869
28 10 3150 12 23 7979
29 11 3736 13 24 8086
— — — 14 25 8165

Note. The information from [1]. The corresponding time moments # and the accumulated confirmed numbers of cases V; in

South Korea.

Table 2. The number of cases in Italy, Spain, France, Germany, Switzerland and USA used for comparisons and the results

of calculations
i?iyl\l/ilariit?r;g% Italy Germany France Spain Switzerland USA toj
22 76 16 12 2 0 35 0
23 124 16 12 2 0 35 1
24 229 16 12 2 0 53 2
25 322 18 12 2 1 53 3
26 400 21 18 12 1 59 4
27 650 26 38 25 6 59 5
28 888 57 57 32 10 62 6
29 1128 100 57 45 18 62 7
1 1689 129 100 45 24 62 8
2 2036 157 191 114 30 64 9
3 2502 196 212 151 37 108 10
4 3089 262 282 198 56 129 11
5 3858 534 420 257 86 148 12
6 4636 639 613 374 209 213 13
7 5883 795 706 430 264 213 14
8 7375 1112 1116 589 332 213 15
9 9172 1139 1402 1024 332 472 16
10 10149 1296 1774 1639 491 696 17
11 12462 1567 2269 2140 645 987 18
12 15113 2369 2860 2965 858 1264 19
13 17660 3062 3640 4231 1125 1678 20
14 21151 3795 4469 5753 1359 1678 21
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Table continuation

Characteristic Italy Germany France Spain Switzerland USA 1o
Mortality rate (%), _

March 14, 2020 6.81 0.21 2.04 2.36 0.81 2.44
d 0.549 0.154 0.154 —0.179 0.129 0.312 -

Note. The information about the confirmed accumulated number of cases from [1]. The mortality rate was calculated with the use
of numbers for March 14, 2020 (the situation report dated March 15, 2020 [1]). The corresponding time moments #,; are shown in
the last column. The values corresponding the beginning of the epidemic outbreak are shown in bold. The values d, were calculated
with the use of formula (2).

Table 3. Official cumulative numbers of confirmed cases in Ukraine, Moldova, Poland, Slovakia, Hungary, Romania, Belarus,
and Russian Federation (RF) [1]

;?lzyﬁlai;l?rgg% Ukraine | Slovakia | Hungary | Moldova Romania Poland Belarus RF
21 0 0 0 0 0 0 0 2
22 0 0 0 0 0 0 0 2
23 0 0 0 0 0 0 0 2
24 0 0 0 0 0 0 0 2
25 0 0 0 0 0 0 0 2
26 0 0 0 0 1 0 0 2
27 0 0 0 0 1 0 1 2
28 0 0 0 0 3 0 1 2
29 0 0 0 0 3 0 1 2
! 0 0 0 0 3 0 1 2
2 0 0 0 0 3 0 1 3
3 1 0 0 0 4 1 1 3
4 1 0 2 0 4 1 6 3
5 1 0 2 0 6 1 6 4
6 1 1 5 0 7 5 6 7
7 1 3 7 1 13 6 6 7
8 1 5 9 1 15 11 6 7
9 1 7 9 1 15 16 6 7
10 1 7 13 3 25 22 9 7
11 1 10 13 4 48 44 12 20
12 3 21 16 4 48 49 12 34
13 3 30 19 8 64 64 21 34
14 3 44 32 12 123 111 21 34
15 3 61 39 23 158 150 36 63
16 7 72 50 29 158 150 36 93
17 14 97 50 30 184 246 36 93
18 16 105 58 36 246 287 46 147
19 16 123 73 49 260 325 46 199
20 26 137 85 66 308 425 57 253
21 47 178 131 80 367 536 76 306
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Time synchronization procedures. To compare
the epidemic dynamics in different countries a time
synchronization is necessary. In paper [2] the linear
interpolation for the number of cases in mainland
China (registered during two days) was used to com-
pare with epidemic outbreak in Italy and Europe. It
this paper we will use more precise quadratic inter-
polation for the number of cases confirmed in three
days February 17—19, 2020 in the Republic of Korea
in order to compare with the initial epidemic dy-
namics in some other countries.

To calculate the number of days from start of
the epidemic outbreak which is different for every
country (see values marked in red in the last column
of Table 2), it is necessary to compare it with the
data set listed in Table 1. To increase the accuracy,
we let this number to be non-integer. To calculate
the corresponding time difference d;, the parabolic
interpolation for the initial number of cases V in
South Korea will be used. The first three points in
Table 1 yield the corresponding equation:

V =at’> +bt+51; a=16.5, b= 36.5. (D

Then by putting into (1) the values V=V} for
the number of cases at the starting day of the epi-
demic outbreak (shown in red in Table 2), the cor-
responding values d; were calculated for every coun-
try with the use of formula

_—b+b —4ac

d, % ;e=51-V, 2)
which yields a solution to the quadratic equation (1).
The calculated values of d: are shown in the last row
of Table 2. Then the time moments for Italy have
to be shifted by 0.549 days, for Germany by
6 +0.154 days and so on.

To compare the pandemic dynamics in
Ukraine and its neighboring countries, the day of
the first case appearance was taken as the zero day
of the epidemic in each country. This simple
method allows estimating the dynamics and com-
paring different countries with different days of the
epidemic outbreak.

Exponential growth of the number of cases. For
the initial stage of an epidemic the exponential
growth of the number of cases is typical (see e.g., [6]):

V=ewh (3)

It means, that corresponding points in logarith-
mic scale follow the straight lines. Later the number
of cases stabilizes and tends to some saturation level
(see e.g., results of SIR simulations presented in [5,
7-9)).

Eq. (3) yields the linear dependence:
logV =at+p
and the time of cases duplication:

e log2'
o

To estimate the values of parameters o and B,
linear regression for the values log(V;) may be used

(see, e.g., [11]). Some results for periods of the pan-
demic exponential growth in March, 2020 can be
found in [7]. The most rapid increase occurred in
USA (the number of cases duplicates every 2.31 days).
The European and global duplications rates were
2.91 and 3.65 days respectively. Without stabiliza-
tion by mid-April 2020, 41 million cases could be
expected in Europe; 38 millions in USA and 211 mil-
lions globally. Fortunately, after the end of March
there was no exponential growth and these sad fig-
ures are no longer relevant.

Results and discussion

The data sets from Tables 1 and 2 synchronized
with the use egs. (1) and (2) are shown in the Fig. 1
by “stars” for countries in Europe and by “squares”
for USA. The data for South Korea are shown by
red line with “circles”. Blue “stars” represent the
sum of cases for 5 countries in Europe. It can be
seen that in March, 2020 Italy, Spain, Germany,
Switzerland and France had no chance for rapid sta-
bilization of the number of cases. The situation in
USA was not clear. Unfortunately, in this country
very rapid increase of the number of cases occurred
after March 15, 2020. Blue “stars” in the Fig. 1 still
followed the straight line, therefore the number of
cases in Europe increased exponentially between
February 22 and March 14, 2020.

The application of the same simple procedure
was illustrated for the epidemic outbreak in Austria.
The number of cases in this country was V; = 66 on
March 6, 2020. Let us suppose that epidemic in this
country started on this day. Corresponding values
are: t; = 13 (see Table 2) and d; = 0.3542 (according
to eq. (2)). If we want to know how looked the sit-
uation on March 15, 2020 (ninth day of the epi-
demic), we open the corresponding WHO report
(number 56) and find there the number 959 for Aus-
tria. This figure has to be compared with the number
of cases from Table 1, corresponding to the time
moment 9 + 0.3542. To avoid any additional calcu-
lations, let us take the value 2337 for comparison.
Thus the situation in Austria did not look bad. On
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April 20, 2020 the number of cases in this country
was 14783 and close to the saturation level 15108,
predicted in [9].

The comparison of the pandemic dynamics in
Ukraine and its neighboring countries with the use
of the first case day are shown in Figs. 2 and 3 in
two different scales. The synchronized data sets are
shown in the Figs. 1 and 2 by “stars” for EU coun-
tries and by “circles” for other countries. Fig. 1 il-
lustrates that the highest number of cases were con-
firmed in Poland, Romania and RF. We can com-
pare the number of cases for the fixed day from the
epidemic outbreak (for example, 14th day, when the
information from all countries is available). The

most rapid increase occurred in Poland, Slovakia
and Moldova.

The situation in Ukraine did look very bad. But
last three points in Fig. 2 illustrate that the number
of cases in Ukraine increased very rapid. The further
development of the situation showed that the num-
ber of cases in Ukraine exceeded those on Moldova.
The slow epidemic development between March 3
and March 21, 2020 can be explained by the absence
of proper PCR testing (many infected persons were
not detected).

The accumulated number of cases confirmed
in March and April, 2020 are shown in Figs. 4—7.
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We use the logarithmic scale to detect the periods
of exponential growth which is typical for initial
stage of every epidemic. Fig. 4 demonstrates the
pandemic dynamics in the European region, USA
and in the world. It can be seen that in April, 2020,
the European and global dynamics (without cases in
mainland China and the Republic of Korea) and the
number of cases in USA showed deviation from the
straight lines, i.e. the pandemic was stabilizing.
Many countries in Europe demonstrate clear
stabilization. For example, we can see it in Fig 5,
were the dynamics in Austria and its neighboring
countries is shown. The final sizes and durations of
the pandemic in Austria, Italy, Spain, Germany,
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France and Moldova were estimated in [15] with the
use of SIR model. Unfortunately, the number of
cases in Italy, Spain, Germany, France and UK is
higher than in China and in Turkey, Austria and
Switzerland higher than in South Korea (see the
horizontal lines in Fig. 4). In Slovenia, Hungary and
Slovakia the final number of cases is expected to be
rather low. It looks that quarantine measures and
isolation of infected persons were very effective in
these countries. Fig. 6 shows the pandemic dynam-
ics in Ukraine and its neighboring countries. An
evident stabilization is visible only in Poland, Hun-
gary, Moldova and Slovakia. Some stabilization
is visible also in Ukraine. The final size and the
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saturation level for this country was predicted in [9]
with the use of SIR model. The epidemics in Tur-
key, Belarus and RF are still far from stabilization.

Fig. 7 shows the pandemic dynamics in March
and April, 2020 for different regions. It can be seen
the stabilization in European, Eastern Mediterra-
nean regions Americas and Africa. But the points
for South-East Asia and Western Pacific regions still
follow straight lines. Especially threatening is the sit-
uation in South-East Asia, where the exponential
growth is rather rapid. Let us hope that quarantine
and fast isolation of infected persons will change the
situation in India and other countries of this region.
It must be noted, that COVID-19 epidemic out-
breaks can have very long hidden periods. For ex-
ample, in Italy the first cases probably were not
identified during 87 days (see [9]). It means that
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I.[". Hectepyk, I.6. Kyanbun, I'. lemenbmanp

TEHOEHUIT TNOBANBHOT CTABINI3ALIT NAHOEMIT COVID-19

Mpo6nemartuka. MNangemis kopoHasipycy COVID-19 Buknvkae Benvke 3aHemNoKoeHHs. [leTanbHuii HayKoBWI aHani3 Lboro sBuLLa

Lie nonepeay, ane Bxe 3apa3 HeobXxigHO TEPMIHOBO OLHWUTY Ta MNOPIBHATU AMHAMIKY 3aXBOPHOBaHHS 3 METOH MONIMNWEHHS KapaHTUHHOT
OiSiNbHOCTI Ta piBHS iHAMBIQyanbHOro 3axmcTy, NPUCKOPEHHS LUBUAKOCTI i3onsuii iHikoBaHMX Towo. Y cepeaunHi 6epesHst 2020 poky
BOO3 nosigomuna npo pi3ke ekcrnoHeHUianbHe 36inbLUeHHS KinbKOCTi BUNaakiB 3axsoptoBaHHA Ha COVID-19 y cBiTi. ToOMy BMBYEHHS
OvHaMikv NaHaemii NpoaoBXye NpuBepTaTH iHTepec gocniaHukie. [esiki poboTu Woao NopiBHAHHS AnHaMiku enigemii B ITanii, maTepuko-
BoMmy Kurai, IcnaHii, HimeuuuHi, ®paHuii, Lsenuapii, CLUA, MiBgeHHi Kopei Ta woao geskux rmobanbHNX TeHAEHLIN yxxe onybnikoBaHi.
OpfHak OTpUMaHHS HOBUX AaHUX BMMarae NocTiHOro aHarnidy AuHaMiku naHaeMii.

MeTta pocnigkeHHs. Y Uil poboTi MM NOPIBHIOEMO AMHaMiKy naHaemii B 6epesHi Ta kBiTHi 2020 poky Ansi pisHMx kpaiH €sponu,

CLUA, perioHiB i B ycbOMy CBiTi Ta HAMaraeMoCb OLiHUTK OEsIKi CBITOBI TEHAEHLI.
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MeToauka peanisauii. Mu BukopuctoByeMo odiLliiHi AaHi PO HaKoMMYeHyY KinbkicTb NiaTBepaxeHux sunaakis COVID-19 y pisHux
KpaiHax Ta y BCbOMYy CBITi 3i woAeHHux 3BiTiB BOO3. [Ans nopiBHAHHA AMHaMIKV enigemill y pisHMX KpaiHax BUKOPUCTOBYIOTBCS Pi3Hi
npoLieaypv CUHXPOHi3aLlii Yacy Ta NOPIBHAHHSA 3 eKCMOHEHLianbHUM 3POCTaHHSAM.

Pe3ynbTatn pocnipxeHHa. Ans Itanii, Icnanii, Himewunnn, Lsenuapii, ®panuii Ta CLLUA guHamika enigemii B 6epesHi 2020 poky
TeHAeHL;i.

BucHoBku. Cutyauisi 3 naHgemieto COVID-19 3anuwaeTbes 3arpo3nueoto. Ane, MOXNNBO, AMHaMika y kBiTHI 2020 poky fae neBHy
Hagilo Ha ii cTabinisauito, NpUHaMMHI y KpaiHax i3 HaneXHNUMM KapaHTUHHUMW 3axodamu, LWBUAKUM BUSIBMEHHSAM Ta i30MLI€I0 XBOPUX.
KiHueBi poamipu i TpuBanictb enigemii MoXyTb OyTu AyxXe pisHUMK ONs Pi3HMX kpaiH. [OBTOPHI cnanaxu MOXNuBI i BXe TpannsoTbes,
arne BOHU BXe He OyayTb TakMMu BaXKKMMU, HacaMmnepes ToMy, Lo My HaBYUIMCS Kpalle ineHTudikyBaTtu Ta isontoBaTty iHgikoBaHmx ocib.

KntoyvoBi cnosa: naHgemisi kopoHasipycy COVID-19; kopoHaBipyc 2019-nCoV; cTaTucTU4HI MeToau.

W.T". Hectepyk, WN.B. Kyaunbun, I'. Oemenbmarip

TEHAEHUMW MMOBANBHOW CTABUMNN3ALMM NAHOEMUM COVID-19

Mpobnemartuka. MaHgemns kopoHaBupyca COVID-19 Bbi3biBaeT cepbe3Hyto 06eCnOKOEHHOCTb. MoApOoBHbI HayyHbIA aHanu3
3TOrO SIBINEHNS eLle Brepeau, HO yxe cernvac Heo6XoaMMO CPOYHO OLIEHWUTb U CPaBHWUTbL AUMHaMKKY 3aboneBaHusi, YToObl yry4ylunTb Ka-
PaHTUHHYI AeSTENbHOCTb U YPOBEHb MHAMBUAYANbHON 3aluUTbl, YTOObI YCKOPUTL U30NSUMIO 3apaXeHHbIX nogen u 1.4. B cepeguHe
mapTa 2020 roga BO3 coobuyuna o pe3kom 3KCMOHEHLMansHOM yBenuyeHnm Ynicna cnyyaes 3abonesanns Ha COVID-19 B mupe. [No-
3TOMY U3y4yeHue MHaMUKN NaHAeMUM NPOJOIKaeT BbI3biBaTb MHTEPEC UccregoBaTenein. Hekotopble paboTbl OTHOCUTENBHO CPaBHEHUSI
anHamukm anngemuun B Utanun, Kutae, Vicnanun, Nepmanumn, ®paHumu, LWeerinapum, CLUA, FOxHol Kopee 1 0THOCUTENBHO HEKOTOPbIX
rnobanbHbIX TeHAEHUNI yxxe onybnukoBaHbl. OgHaKo NonyyYeHne HOBbIX AaHHbIX TpebyeT NOCTOAHHOIO aHanu3a AUHaMUKWM NaHgeMUN.

Llenb uccnepoBaHus. B 3101 cTaTtbe Mbl CpaBHUBaeM AvHaMUKY naHgemuu B Mapte u anpene 2020 roga ans pasHblX CTpaH
Esponbl, CLUA, pervoHoB 1 BCero Mupa 1 nbiTaeMcsl OLLeHUTb HEKOTOpbIe rnobanbHble TEHAEHUNN.

MeToguka peanusauuu. Mbl ucnonb3yem oduumanbHble OaHHbIE O HAKOMIEHHOM KOMWYECTBE MOATBEPXKAEHHbIX Cry4yaeB
COVID-19 B pa3HbIx CTpaHax 1 BO BCEM MUpe U3 exxefHeBHbIX oTyeToB BO3. [N cpaBHEHWS AMHAMUKM aNMAEMUN B PasHbIX CTpaHax
MCMNONb3YTCs pasHble NPoUeaypbl CUHXPOHWU3ALUM BPEMEHMW Y CPABHEHUE C 3KCMOHEHLMaNbHbIM POCTOM.

Pe3ynbTaThl uccnegoBaHus. [poBeaeHO cpaBHeHWE AuHaMUKK anugemumn B Vtanun, Vicnannu, Mepmanuuy, Weenuapun, dpax-
uum n CLLUA B mapTe 2020 ropa c cutyaumenn B Pecnybnvike Kopesi. Bbinv npoaHanusnpoBaHbl pa3Butue anuaemun B YkpaviHe, ABCTpUM,
CocefiHNX CTpaHax v rnobanbHble TEHAEHUNN.

BbiBogbl. Cutyauus ¢ naHgemuent COVID-19 octaeTcs yrpoxatowien. Ho, Bo3aMoxHo, AnHamuka B anpene 2020 roga gaeT Heko-
TOpylo Hagexay Ha ee ctabunusauuio, No KpaHel Mepe, B CTpaHax C HafmnexaluMm KapaHTUHHBIMU MepamMu, BbICTpbIM BbISIBEHMEM
1 n3onsiumen 6onbHbIX. OKoHYaTenbHbIe pa3Mepbl Y NPOAOIIKUTENBHOCTD ANMAEMUN MOTYT CUMBHO OTNMYATLCA ANs pasHblx cTpaH. MNo-
BTOPHbIE BCTbILLKMA BO3MOXHbI U Y€ NMPOUCXOAST, HO OHU Gonblue He ByayT TakuMu cepbe3HbIMU, B NEPBYIO OYepenb NMOTOMY, YTO Mbl
Hay4YMnuchb nyydlle BbISIBMATb U M30NUPOBaTh MHAMLMPOBAHHBIX MoAen.

KnioueBble cnoBa: naHaemusi kopoHasupyca COVID-19; kopoHasupyc 2019-nCoV; ctatnctnyeckne MeToabl.
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