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Summary:

Introduction/purpose: A comparison of the 1918 “Spanish” influenza to the
2020 COVID-19 pandemic could shed some light on the evolution of the
latter.

Method: A mathematical method previously applied to the description of
the behavior of the spread of COVID—19 in time is used this time to the
1918 influenza.

Results: The obtained results were compared and some conclusions
made about some possible forecasts for the next waves of COVID-19.
Conclusions: Some further waves of the 2020 pandemic should be
expected in the future.

Keywords: 1918 Influenza, Coronavirus, COVID-19, differential
equation, data fit.

1918 Spanish Influenza and a mathematical model

In 1918, the influenza pandemic known as “Spanish” caused,
according to some estimates, about 50 million deaths worldwide, with
about 500 million infected, about one third of world population
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(Taubenberger & Morens, 2006, pp.15-22). The disease, considered the
deadliest pandemic that ever happened, was spread in more waves
across the years 1918 and 1919. In Figure 1, we show the death counts
per thousands for the population of the United Kingdom in the period
1918-1919.
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Figure 1 — Keywords: Spanish influenza deaths per thousands in the United Kingdom for
the period 1918-1919
Puc. 1 — Kntoyvesbie crnosa: Hucno cMepmHbix crlydyaes (8 mpicsiyax) om ucrnaHcKko20
epunna 8 CoeduHeHHom Koponescmee 8 nepuod ¢ 1918 no 1919 20d
Cnuka 1 — Krby4He peyu: 6poj cMpmHux criydajeea y xurbadama 00 waHckoe apuna y
YjedureHom Kparbescmay y nepuody 1918—-1919.

In (Fabiano & Radenovi¢, 2020, pp.216-224) a mathematical model
of population growth due to (Verhulst, 1838, pp.113-121) was used to
describe the spread in time of COVID-19 for the ltalian population. Even
though the model used only three parameters, it showed an excellent
agreement with the available data.

In summary, the number of cases of COVID-19 in the population as
a function of time, x(t), is given by the differential equation

dx(t) _ x(t)(l_ x(t))
dt a c ) (1)
with a solution given by
(t)= -
W exp((b —t)/c) (2)
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where in particular the variation of cases in time is explicitly written as

dx(t)_c  exp[(b—t)/a]

dt  a(l+exp[(b—t)/a]f 3)

The parameters a, b, and ¢ are to be determined with a fit to the
data, in particular a and c are linked to the height and width of the bell-
shaped function (3), while b translates in time its maximum value, which
is ¢/(4a). We will use the same model in order to describe the peaks of
the 1918 influenza shown in (1). As there is no numerical data available
for this figure, we had to resort to software extraction of the above data
from (1). Subsequently, we isolated every visible peak and fitted it
with (3), determining for each case the parameters a, b, and c. The
results are shown ordered in time starting from the earliest occurrence of
a peak. The abscissa shows the number of days from the start of the
peak.

The zeroth peak:
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Figure 2 — Zeroth peak
Puc. 2 — Hyneeodu nuk
Cnuka 2 — Hynmu nuk
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Table 1 — Fit parameters for the peak in Figure 2
Tabnuua 1 — CoeanacosaHHble nNapamMempsi ruka Ha puc. 2
Tabena 1 — lNapamempu yknanara 3a nuk Ha ciauyu 2

Parameter Value Error Error %
a 5.46429 0.1222 2.236
b 13.452 0.1553 1.154
c 113.44 1.96 1.728
The first peak:
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Figure 3 — First peak
Puc. 3 — lepebit nuk
Cnuka 3 - peu nuk
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Parameter

Number of deaths per 1000 persons

Table 2 — Fit parameters for the peak in Figure 3
Tabnuua 2 — CoeanacosaHHble napaMmempsl riuka Ha puc. 3
Tabena 2 — lNapamempu yknanara 3a nuk Ha ciuyu 3

Value Error Error %
11.2462 0.2014 1.791
43.2221 0.2806 0.6491
1031.4 14.79 1.434

The second peak:
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Figure 4 — Second peak
Puc. 4 — Bmopod nuk
Cnuka 4 — [pyau nuk
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Parameter

Number of deaths per 1000 persons

Table 3 — Fit parameters for the

peak in Figure 4

Tabnuua 3 — CoanacosaHHble napaMempsl ruka Ha puc. 4
Tabena 3 — lNapamempu yknanar-a 3a rnuk Ha cnuuyu 4

Value Error
8.1634 0.1196
33.2618 0.1621
347.021 4.02

The (possible) third peak:
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Figure 5 — Third peak
Puc. 5 - Tpemul nuk
Cnuka 5 —Tpehu nuk

418

18



Table 4 — Fit parameters for the peak in Figure 5
Tabnuua 4 — CoanacosaHHble napaMmempsl ruka Ha puc. 5
Tabena 4 — lNapamempu yknanara 3a MUk Ha ciauyu 5

Parameter Value Error Error %
a 5.08329 0.4081 8.029
b 4.26393 0.5602 13.14
c 47.9721 3.584 7.471

As we can see, the agreement of egs. (1) and (3) with the peaks
found in Fig. (1) is excellent. The relative error of the parameters is
almost always less than 2% for the first three peaks, as per Tables (1),
(2), and (3). Even with the unclear last peak shown in Fig. (5), the relative
error of the parameters is of the order of 10%, in Table (4).

These results show that the mathematical description of a pandemic
given by equation (1) is once again very accurate.

Relation to COVID-19

Our aim now is to apply what we have learned from the 1918
pandemic to the evolution of the 2020 pandemic. The relaxation of
quarantine rules could lead to other peaks of cases as seen in the 1918
case, when the second peak was much higher than the first.

In Table 5, we report the height of the four peaks found for the 1918
influenza and their relative heights normalized to the largest one. We
also show the ¢ parameter values and again their relative values
normalized to the largest one, obtained again the second peak
encountered. The c¢ parameter is of particular interest because it is
related to the duration of the infection (Fabiano & Radenovi¢, 2020,
pp.216-224): the larger the ¢ value, the longer the length of infection.

We had normalized here the peaks to the largest one, which actually
belongs to the second wave of infection and not to the first one. Even in
this more favorable case, one could expect that the next infection wave
would have an intensity of almost half of the first one (about 46%), for a
total number of cases of a third (about 33%). The third and the last wave
would have an intensity of about 10% of the original one, and a relative
total number of cases of about 5%.
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Table 5 — Heights and relative heights together with the ¢ parameter and its relative
values of peaks in Figure 1
Tabnuya 5 — Beicombl U omHocumeribHble 8bICOMbI 8BMEcme C rapamempomM ¢ U €20
OMHOCUMEIbHBIMU 3HaYeHUSMU rUKo8 Ha puc. 1
Tabena 5 — BucuHe u pennamugHe sucuHe 3ajeGHO ca rnapamempom C U He208UM
penamusHumM gpedHoCcmMuMa nukoea Ha cnuyu 1

Peak n. Height Rel. to max height % ¢ Rel. to max ¢ %
1 22.928 100.0 1031.4 100.0

2 10.627 46.352 347.021 33.646

0 5.190 22.637 113.44 10.999

3 2.359 10.290 47.9721 4.651

All this of course in the case that the first wave was the strongest
one. If this is not the case, from Table 5 we see that the relative height of
the first two waves is almost 4-fold, while the ¢ value is 9 times larger.

Notice that even in the so-called Hong Kong pandemic flu of 1968
the second wave was much deadlier than the first one (Rogers, 2020).

A few remarks are in order here. First of all, we have compared,
because other data were unavailable, the deaths of the United Kingdom
for influenza in 1918 to the number of COVID-19 cases in Italy in 2020.
This should be acceptable as the population number of the two countries
is similar; we assume that the number of deaths in a pandemic is
proportional to the number of total cases of the disease, and that the
proportionality constant is actually such, i.e. it does not change in time
during the pandemic.

It should be also clear that the obtained results will provide the
relative intensities and duration of the disease, mainly for the lack of
data. In 1918, there were no tests available for the positivity of a virus
infection, and a virus image was yet to be seen, as the necessary
electron microscope was first built in 1931.

Another question of great interest for the current COVID-19
pandemic is when the subsequent peaks would happen. Actually, the
speculations on those timings have been a subject of discussion for
decades without a definitive answer. One could infer that due to the
shorter persistency of this virus to higher temperatures (Fathizadeh et al,
2020) the next wave could occur in the next autumn, thus overlapping
with the flu season.
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Conclusion

Using a model of population growth with only 3 parameters, we have
verified that it is able to describe the 1918 influenza pandemic extremely
well. The same model already described the 2020 COVID-19 pandemic
in excellent agreement with data. We have used the results obtained for
the various waves of the 1918 disease to try to describe the possible
waves for the 2020 disease. According to the data, there are serious
possibilities to expect subsequent waves of the COVID-19 infection of
the same order of magnitude as the present one. The severity of the
possible future situation should suggest constant monitoring of the
population for a further outbreak of infection and a plan for an immediate
lockdown in this case.
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YTO MOIIO NPOV3OWNTM NOCIE NEPBOW BOMHbI SAMVAEMAMN
COVID-19 B UTAJTW: ONbIT NAHOEMWW TPUTTA B 1918 roy

Hukona ®abuaHo®, CmosH H. Pan,eHOBvN6

@ YuusepeuteT ToH Ayk TxaHr,dakynbTeT MatemMaTUyeckomn CTaTUCTUKK,
Xo Wun MwuH, BbeTHawm;
YHusepcuteT ToH [lyk TxaHr, ViccnegoBaTenbCkun oTAen HerMHEHOro
aHanmsa, Xo lWn MuH, BbeTHam, koppecnoHAeHT

o Benrpaackuii ynusepcuteT, MalwmMHOCTpOUTENbHbIN (hakynbTeT,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 27.00.00 MATEMATUKA,;
27.29.00 O6blkHOBEHHbIEe AnddepeHLmanbHble
ypaBHEHUS
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3some:

Besederue/yens: CpasHeHue naHOemuu ucraHckozo gpurnia 1918 eoda ¢
naHOemueli COVID-19 e 2020 200y mMoxem nposiumes HeKOmMophbIt ceem
Ha pa3ssumue cospeMeHHOU rnaHoemuu.

Memodbi: B cmambe ucrnionb3osaH Mamemamudyeckuli memoo,
MPUMEHEHHbIU paHee Ol OfnucaHusi xapakmepa pacripocmpaHeHUsi
COVID-19, e daHHOM criydae Ha Mamepuarne ucriaHckozo epurnna 1918
eoda.

Pesynbmamsbi: Ha ocHogaHuu cpasHeHUs1 MoslyYeHHbIX Pe3yrbmamos
6biu  cOenaHbl 8b1800bI U MPO2HO3bl KacamesibHO B803MOXHOCMU
riocniedyroujux eosH eupyca COVID-19.

Bbigodbl: B 6ydywem criedyem oxudamb HOBbIX 80sH raHOemuu 2020
eoda.

Knoyesble cniosa: epunn 1918 2oda, Koponasupyc, COVID-19,
OuppepeHyuarnbHoe ypasHeHuUe, cosrnadeHue daHHbIX.

WTA JE MOIMO A CE OOrogn HAKOH NPBOIT TAJTACA
LLMPEHA COVID-19 Y UTAITNIUN: UCKYCTBA 13 NMAHOEMWJE
PUMA 1918. TOONHE

Hukona ®abuaHo®, CmojaH H. Pa,JJ,eHOBVm6

@ YuusepauteT ToH [lyk Tanr, ®akynTeT MaTemMaTuke n CTaTUCTUKE,
Xo Wun MuH, BujeTHam;
YHuepautet ToH [lyk TaHr, cTpaxnsayka rpyna 3a HenuHeapHy aHanmsy,
Xo Wun MuH, BujeTHam, ayTop 3a npenucky
o YHuBepautet y beorpagy, MawwuHcku cdakynTeT,
Beorpag, Penybnuka Cpbuja

OBJIACT: matematuka
BPCTA YJ1IAHKA: opurMHanHu Hay4Hu pag
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Caxemak:

Yeod/uurb: lNopehere wnaHckoe epuna 1918. eoduHe ca naHOemujom
COVID-19 moario bu GoHekrie pasjacHUMU pa3eoj 0aHaluH-e rnaHoemuje.
Memode: Y pady je kopuwheHa Mamemamudyka memoda Koja je
npumerseHa 3a onuc wupera COVID-19, a ogoe nyma nipema apurly Koju
je enadao 1918. 2oduHe.

Pesynmamu: YnopeheHu cy 0obujeHU pe3ynmamu Ha OCHO8Y KOjux cy
uszeedeHuU 3akrbydyuu O Moayhum rpozHosama 3a crnedehe manace
COVID-19.

Sakrbyuyu: Y 6ydyhHocmu 6u mpebano odekusamu HoOge marnace
naHOemuje COVID-19.

Kmby4yHe peuu: epun 1918. 2oduHe, kopoHa eupyc, COVID-19,
dugbepeHyujarnHa jeOHa4yuHa, yKnaname rnodamaka.
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