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Abstract. Epidemiological mathematical models and time semeslels can be used to
forecast about the spread of an infectious disdas¢his article, without using such
models, we are going to show how exactly the paieolves day by day once a pattern
is seen to be approximately followed by the datthaugh in Italy as well as in India the
novel corona virus appeared on the same day, lintha spread is nearly logarithmic by
now and in India it is nearly exponential even nas/pn June 20, 2020.
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1. Introduction

Various epidemiological models to study the sprefadfectious diseases are available in
the literature. Meyers [1] studied the use of thesc@ptible-Infected-Recovered (SIR)
model for infectious diseases affecting a smalliargKamp [2] concluded that the
transmission network strongly influences speedrande of spread of epidemics. leu

al. [3] studied theoretically the Susceptible-Infea8eSusceptible (SIS) pandemic model
using time delays in the thresholds. Majeed andvBad4] studied mathematically the
SIS model of epidemic growth. Wai. al. [5] used the Susceptible-Exposed-Infectious-
Recovered (SEIR) model in a simulation study of@@VID-19 spread. Recently Grant
[6] has shown that SEIR model does not work proparithe case of the spread of
COVID-19. There are certain other models too sushtte Susceptible-Infectious-
Recovered-Dead (SIRD) model [7]. Indeed, quitevarfgore epidemiological models are
in use to study the spread of infectious disedsdms been seen that some models do
forecast about the spread very nicely while sorhersthave not been very successful.
Time series models using the auto-regressive iatedr moving average (ARIMA)
method have also been used successfully by a févesufor forecasting the COVID-19
spread in India. Poonia and Azad [8] and Azad aswhia [9] studied the situation in two
phases using the ARIMA method. Their forecasts wepse to the actual values
observed later. Basu [10] studied time dependergaspof the virus in India using his
own model. As per his forecasts expressed in tha faf a graph, the total number of
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cases in India should have crossed 200,000 inggabing of June, and his forecast has
been found to be true.

In this work, we have two objectives. First, welsbhampare the current spread
patterns in Italy and India. From the graphs of¢heent data on total number of cases
that includes active cases, recovered cases atilsdesame mathematical pattern would
be apparent. We would find out the current appraterpatterns of the spread in these
two countries. Secondly, we would like to show hite patterns evolve day by day.
Hypothesizing about a particular mathematical medethe underlying spread pattern is
one thing, while studying the changes day by dakilgy into the recent data is quite
another. We would show how the logarithmic functisnbeing followed by the total
number of cases in Italy, and how in India it ildaing a nearly exponential function,
while the patterns are changing slowly and steadily

We would like to state that while trying to findreathematical model regarding
the spread pattern of a pandemic, the epidemidbgiodels assume that in the first
phase of the spread the mathematical pattern isnexyial. In fact, this assumption is a
very simplified one. Initially, the pattern woulde monlinear but assuming it to be
exponential right from the beginning is not actyatlid. Indeed, it can in reality be only
approximately exponential, because if the patterexponential, it would only mean that
the pattern would remain so until everything idgsfired. When the pandemic happens to
retard, it is said that the curve is getting flagte. It is important to examine following
what pattern the growth starts retarding. In angseh we cannot say that a particular
growth pattern is being strictly followed. When thandemic would finally come to an
end, it would mean that the pattern is a straigtat parallel to the time axis. Before that
happens, the pattern may be approximately logaiithmdeed a logarithmic growth is
also a growth, however slow it is.

We are in this article going to discuss and comglagecurrent growth patterns of
COVID-19 in ltaly and India. We would show that Italy the current growth is
approximately logarithmic while in India it is $tgrowing approximately exponentially,
although as per data published by Worldomters/ibid, on February 15, 2020, both in
Italy and in India the total numbers of cases vespeal to 3.

2. Methodology
Let a functionf (x) be logarithmic irx. Then

f(x) = mlogy¥+ c, x >0,

wherem andc are constants. If we need to fit such a curve fsmme observed data, we
have to estimate thgarameters from the data. That would need a method such as th
method of least squares to estimate the two paemetiowever, in the case that we are
currently going to discuss, we would assume tlahfa certain value ofthe concerned
curve is logarithmic. Therefore taking that stagtwvalue ofx as 1, if we want to verify
whether the curve is approximately logarithmic,nthbe value of the constawt is
already known to us, and therefore in that kiné aftuation we would need to estimate
only the value ofm. If we now see that the estimated valuemdbdund from

= f=c

logy
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for a few consecutive values wfare very nearly constant, then it would assett e
underlying functiory (x) is nearly logarithmic.
Let a functiong(x) be exponential in. Then

gx)=exp(a+bx),ab >0x =0,
wherea andb are constants. Then
z= log,gx = a+ bx

would be linear irx. Although there are two parameters involved, wienproceed to
apply this model in the exponential phase of a pand, we can take some particular
date as the base to describe a few dates thereutterreference to the base date.
Accordingly, the value of the constamtvould be available to us already and we would
have to find an estimate of the paramétewhen we would observe that the estimated
values ofb are very nearly constant, we would be able to $a the pattern is
approximately exponential.

3. Theltalian situation

As per the Worldometers.info data [11], on Februbythere were 3 cases reported in
Italy. From the graphs it can be seen that by thddim of March the spread pattern
became highly nonlinear. By the end of April, thegess of curve flattening had started.
In other words, the pattern changed by the end pfilAfrom an approximately
exponential form to a logarithmic form. We are exping the matters in a rather simple
way. But it can actually be checked whether it wedly so. In Table-1, we are showing
the values of the estimated valuesnofrom June 10 to Junel6 for Italy. We shall use
here the relation

N(t) = mlogt+ c, t >0,

wherec = 205463, the value &V (t) on April 30, 2020. Heré= 1 on the base date, April
30.
Table 1. The values ofmin Italy from June 10 to June 16

Dates t N() Nit)—c M
June 1 42 23576 3030( 8106.6!
June 1 43 23614. 3067¢ 8156.7(
June 1 44 23630! 3084: 8150.2:
June 1 45 23665: 3118¢ 8193.0(
June 1 46 23698¢ 3152¢ 8234.2!
June 1 47 23729( 31821 8266.4:
June 1 48 23750( 3203 8275.7.

The date could have been taken as any other datbynthe approximate turning
point from nearly exponential to a hypothesizedlydagarithmic spread pattern.

It can be seen that the valuesmofare very nearly constant, but they are still
increasing although very slowly. Therefore if wes Wlse average of these valuesrofo
extrapolate for June 17, we would actually end ngewestimating the value of(t) for t
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= 49. Taking the value ah with June 16 as the base date and with 8275.72 as on
June 16, we get

N(t) =m logt + ¢ =8275.72 x 3.8918202 + 205463 = 237671

while the actual observed value of the total numifecases in Italy on June 17 was
237828. In other words, in Italy, the spread patteiindeed approximately logarithmic at
least since April 30, the date that we have talketha approximate turning point. The
pattern would continue to be approximately loganiih until the pandemic comes to a
stop after which the pattern would be a straigte [parallel to the time axis.

4. The Indian situation
It is apparent from the graph published by Worldtareinfo [11] that in India the spread
pattern is still approximately exponential. It veeen that the function

N({t)=exp(a+bt),a,b >0t 20,

fits the data of spread in India [12] approximately

To estimate the value of the paramdtet some point of time we would need data about
the total number of cases for a few days priothtt.tIf the values oAz, the first order
differences otz are seen to be nearly constant, then we can shyh pattern is nearly
exponential. It was observed in [12] that the valaBAz have been following a reducing
trend with some irregularities in between whicliniserent in the case of a time series of
this type of a pandemic. In Table-2, we have shthervalues oN(t) andAz for 3 days,
June 8 to June 10.

Table 2: Estimation ofb for India from 3 consecutive days

Date: N(t) Z Az
June 1 28715! 12.56777 0.0440!
June ! 27478( 12.52376 0.0327-
June ¢ 26592¢ 12.49090 0.0322¢

The average of these 3 values/ef is 0.03635. Taking 0.036 as an estimate of the
parameteb and taking June 10 as the base date the followipgated values of the total
number of cases in India from June 11 to June hbeacomputed.

N(t) = exp (12567777 +0.036 xt), t =1,2, ...,

fort=1, 2, ..., we would get the expected values foedly 12, and so on.
We are showing in Table-3 the expected valued/@f) from June 11 to June 17 for
India. It can be seen that the differences betwherobserved values and the expected
values are negligibly small with reference to thigéness of the observed values.
Table-3 shows that at least up to June 17 therpatfespread in India is nearly
exponential. Our objective was not to forecast, tbushow that the nearly exponential
pattern is still continuing in India. Indeed, ouettmod is valid for short term forecasting
only. As has been mentioned earlier, the valugszafiere seen to be in a reducing trend.
So this method is unsuitable for long term foreioast
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Table 3: Comparison of Observed and Expected Values of thal Tases in India
Dates Observed Values Expected Values
June 1 29828 29768:
June 1. 30960: 30859:
June 1 32162¢ 31990:
June 1. 33278: 33163(
June 1 34302¢ 34378t
June 1 35416 35638
June 1 36726: 36945:

5. Conclusions

Although the pandemic had started in Italy and dndih the same date, February 15,
2020, the situations soon became very differehéntwo countries. In Italy, the nearly
exponential pattern could be observed before thddimiof April, and currently it is
increasing logarithmically. In India however, in #pthe spread was just highly
nonlinear and currently it is nearly exponentighisTshows that a study regarding the
total number of cases in the world as a whole cafoitow one single mathematical
model, because whereas in India the spread pasteomtinuing to be nearly exponential,
in Italy it is the inverse function — the logaritlmfunction — being followed by the data.
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