OPUTNHANHW HAYYHN PAOOBU
OPUT'MHAIBbHBLIE HAYYHbBIE CTATbA
ORIGINAL SCIENTIFIC PAPERS

THE SECOND COVID-19 WAVE OF 2020
IN ITALY: A BRIEF ANALYSIS

Nicola Fabiano?, Stojan N. Radenovi¢®

@ Independent researcher, Rome, Italy,
e-mail: nicola.fabiano@gmail.com, corresponding author,
ORCID iD: @ https://orcid.org/0000-0003-1645-2071

® University of Belgrade, Faculty of Mechanical Engineering,
Belgrade, Republic of Serbia,
email: radens@beotel.rs,
ORCID iD: @ https://orcid.org/0000-0001-8254-6688

DOI: 10.5937/vojtehg69-29511; https://doi.org/10.5937/vojtehg69-29511
FIELD: Mathematics
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: Based on the results obtained previously, the second wave
of Covid-19 infection is analyzed and some predictions on its evolution are given.

Methods: A model of population growth giving a differential equation has been
used to describe the pandemic wave.

Results: The second wave of infection is essentially on its peak in the middle of
November 2020 and will not decrease very soon.

Conclusions: The second wave is not going to end in the year 2020 and it will
take some time before a status of relative normality is restored.

Key words: Coronavirus, COVID-19, differential equation, data fit.

Equation and Fit

The equation we have used in the model of Covid—19 evolution of a
number of cases in time (Verhults, 1838) is given by (Fabiano & Radenovi¢,
2020a)

- ; (1)

d:;it) - mét) [1 - :c(t)] |

where the total number of cases z(t) at a given time is given by
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2(t) = 1+exp[(b—1t)/a]’

while the growth of cases is given by its derivative
du(t) e { exp[(b — t)/a] }
(1+expl(b—t)/a))* ]

dt a
The parameter « is related to the growth rapidity, c is the asymptotic total
number of cases, and b indicates the peak position of the growth of cases.

(2)

3)

45000 ———1—————————
Cases
40000 | -
35000 | -
@& 30000 -
(%]
S
« 25000 | -
o
2 20000 | .
£
2 15000 |- =
10000 | -
0 L PR BT | ! |- = | | !
— — — — — — — — — — —
S 2 g 2 92 9 9 9o 9 9o @2
N m < LN (e} ~ o] ()] o — o
o o o o o o o o — — —
Date in 2020

Figure 1 — Number of new cases of coronavirus per day with respect to the date
for the year 2020
Puc.1 - Konnuyecmeo HO8bIX Crly4aes 3apaeHHbIX KOPOHa8UpyCcoM 3a CymKu o
Gamam 8 2020 200y
Cnuka 1 — Bpoj Hosux criyyajesa 3apakeHUX 8UpyCcoM KOpoHa OHEBHO y OOHOCY
Ha damyme 2020. 200uHe

Figure 1 shows the number of new cases per day of coronavirus in Italy
with respect to the date. One can clearly see two peaks corresponding to
two different waves of the disease, the first with a maximum of around 6000
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cases on the 26" of March, and the second one with around 40000 cases
on the 13" of November.

In (Fabiano & Radenovi¢, 2020b) we have compared the current coron-
avirus pandemic to the influenza pandemic of 1918 and gave some predic-
tions on the possible future waves. Notably, in accordance with the data of
1918, it has been predicted in Table 5 of the above mentioned article that
the second wave of the pandemic would have a peak number of new cases
per day that has a fivefold increase of the peak of the first wave. According
to the above mentioned data the accuracy of this prediction is astonishingly
good.

In order to determine the parameters a, b, ¢ of equations 1, 2, 3 for the
second wave, we have done a fit to the most recent data available for the
coronavirus disease in Italy, available at the GitHub account (Ministero della
Salute, 2020).

The minimum value of new cases has been encountered on the 14" of
July with 114 new patients on that day. This will be the starting point of the
second peak. The results of the fit are shown in Table 1.

Table 1 — Fit for the parameters a, b, ¢ of the second wave
Tabnuua 1 — PacnipedeneHue o napamempam a, b, ¢ 80 8mopoli 80JIHe
Tabena 1 — lNoknanare napamemapa a, b u ¢ dpy2oe manaca

Parameter Value Error Error %
a 9.88343 0.332 3.359
b 119.106 0.558 0.4685
c 1.40299 x 10° | 4.605 x 10* 3.282

The maximum of the peak is obtained from the value of ¢/(4a), the pa-
rameters a and c are linked respectively to the height and width of the bell-
shaped function of equation 3, while b traslates in time the position of the
peak.

As expected, the values of the parameters are much bigger than the one
found in Table 1 of (Fabiano & Radenovi¢, 2020a), because the peak of the
second wave is much larger as discussed above, and the rise of the peak
is much sharper than the one of the first wave. Observe also that according
to the value of ¢ obtained, the total number of cases so far is expected to
be not less than 1.4 million, more than 2% of the population.

Figure 2 shows the data of the second wave and the fit to the function 3
with respect to the number of days since the 14 of July. The fitis prolonged
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Figure 2 — Number of new cases of coronavirus per day with respect to the
numbers of days starting from the 14" of July 2020 and ending on 31° of
December 2020
Puc. 2 — Konuyecmeo HO8bIX CrlyHaes 3apaxeHHbIX KOPOHasupycoM 3a CYmKU C
14 uronsi 2020 2. no 31 dekabpsi 2020 20da
Cnuka 2 — bpoj HoguX criy4ajeea 3apaxeHUX 8UPYCOM KOPOHa o daHy y 00HOCy
Ha bpoj aHa rnoyeswu 00 14. jyna 2020. 200uHe u 3aK/by4HO ca 31. Beuembpom
2020. 20duHe

beyond the current date of 17*" of November, that is 127 days in order to
give some insight of the future situation.

The bell-shaped curve is symmetric around the peak, therefore a quick
raise provides also a fast decline of the number of cases, albeit with a caveat
that will be discussed later on.

The limit of 5000 new cases per day is crossed again on the 152th day,
i.e. around the half of December. On the last day of 2020, i.e. on the 170th
day, there will still be more than 800 cases per day, resembling the same
situation already encountered in May. Depending on how many new cases
per day is considered acceptable, we will not reach again a “normal” status

before the half of January 2021.
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Yet there is a caveat. Considering again the global situation in Figure 1
and carefully observing the first peak, it is clear that it is not completely sym-
metric, having a decreasing side lasting longer than the increasing one. This
is probably due to the fact that the quarantine rules employed are not static
in time, and are progressively relaxed, as the pandemic situation turns bet-
ter, for various reasons, mainly due to the concern about the worsening of
the economic situation. It is also worth mentioning the fact that a part of the
population tends not to abide by the quarantine rules after a longer period of
time, as it has been observed particularly in the past summer when the pan-
demic was considered ended by many sources, some of them apparently
respectable.

Conclusion

Cosidering all the reasons discussed before it is reasonable to conclude
that the obtained fit given for equation 3 and shown in Figure 2 is actually
an estimate from below for the return time to a normal situation, and even
though we have apparently reached the peak of the second covid infection
wave, it is not going to end completely in the year 2020.
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BTOPAA BOJTHA COVID-19 2020 NOOA B UTANI: KPATKWI
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Pe3some:

Beedenrue/yenb: OcCHOBbIBasICb Ha MOy4YEeHHbIe paHee pesysib-
mambl, 8 cmambe rposedeH aHau3 emopol 80sHbI UHbeKkyuu
Covid-19 u npusedeHbl HEKOMOPbIE MPO2HO3bI €€ pa3suMus.

Memoodki: [Jns onucaHusi 80s1HbI naHOeMUU UCob308anack Mo-
Oesnib pocma HacesneHusi, darouas dughghepeHyuabHoe ypagHe-
Hue.

Pesynbmamel: Bmopasi 8onHa 3apaxeHusi hakmu4yecku 00-
cmuana cgoeao rnuka e cepeduHe Hosibpss 2020 2oda u e 6nu-
XKaliwee epemMsi He YMEHbLIUMCS.

Bbigo0bi: B amom 2020 200y emopasi 805iHa He 3aKOHYUMCS, 10~
amomy Ham ripudemcsi nodoxdamb, koeda Hacmyrnum be3onac-
HOEe 8peMsi U Mbl CMOXeM 8ePHYmMbCS K COCMOSIHUKO OMHOCU-
mesibHOU HOpMaribHOCMU.

Knrouessie crniosa: kopoHasupyc, COVID-19, dughgpepeHyuarns-
HOe ypasHeHuUe, coomeemcmeue OaHHbIX.
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OBJIACT: matematunka
BPCTA YJTAHKA: opurmHanHu Hay4Hu pag

Caxxemak:

Yeod/uurb: Ha ocHogy npemxodHo dobujeHux pesynmama, aHa-
nusupad je dpyeu manac uHgekyuje COVID-19 u dama cy Heka
npedsuhara 0 He2080j e8osyuUju.

Memode: Moden pacma cmaHosHUWMea Koju Oaje dughepeHUU-
JanHy jedHa4uHy kopuwheH je 3a onucusar-e naHdemujckoe ma-
naca.

Pesynmamu: [pyau manac uHgbekyuje Hamnasu ce Ha epXyHUuy
cpeduHoMm Hosembpa 2020. 200uHe, U He o4ekyje ce Oa he do
He20802 cMaH-eHba 0ohu eprio 6p30.

3akbyuak: [pyau manac ce Hehe 3aspwumu y 2020. 200uHu, na
he npohu uzsecHo speme rpe Heao WMo ce 8pamuMo y cmamyc
penamugHe HoOpMasiHoCmu.

KmbyyHe peuu: kopoHasupyc, COVID-19, dugpepeHyujanHa jed-
Ha4uHa, yknanawe rodamaka.
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