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Abstract. The main objective of this paper is to analyze the spread of

COVID-19 active infection cases in three countries India, Italy and United
States Of America(USA). The actual observed data for from March 01, 2020

to May 09, 2020 in the interval of ten days is taken and compared with data

obtained from the basic SIR mathematical model. The actual observed data
is taken from available on World Health organization and Ministry of health

and family welfare Government of India websites. The spread of infection

factor β is obtained from calculation and compared with the actual data.
The basic reproduction ratio R0 and number of infections, are predicated for

subsequent values in the interval of ten days.

1. Introduction

In the year 1927 SIR model for mathematical modeling of epidemics was in-
troduced by W. O. Kermack, A. G. McKendrick see[9]. Since then many mathe-
maticians, biologists and medical professionals have developed and studied models
on various types of infectious diseases. The model is formulated for the infectious
diseases which helps in predicting the infections in population. Study of model will
help in eradication or control of the disease. Basic information of Epidemiology
and various models can be found in [4, 3, 6, 10, 15].

Recently the outbreak of corona virus in China have studied by the authors
[1, 12]. Forecast and Analysis of spread of Covid 19 virus in various countries such
as China, France, Italy etc. have been done in [13, 8, 14]. For study of Covid-19
outbreak for eight countries authors in [2] has used data driven approach.

As the Covid-19 virus is spreading all over the world since December 2019, in
this paper we have analyzed the growth of the Covid-19 virus over seventy days
from first week March 2020 to second week of May 2020 in the interval of ten days.
In this we have done analysis of data by using SIR Model for various countries and
comparison is done for the spread of number of infections during certain period.

2. Preliminaries

According to World Health Organization (WHO) and Ministry of health and
family welfare [11, 16] Corona viruses are large number of viruses causing the
illness. In humans Corona viruses causes respiratory infections such as Middle East
Respiratory Syndrome(MERS) and Severe Acute Respiratory Syndrome (SARS).
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COVID -19 is the most recently discovered Coronavirus. This disease (COVID-19)
is an infectious disease caused by the coronavirus discovered in 2019. On January
30,2020 outbreak of Covid-19 virus is declared as health emergency of International
concern by WHO. Italian authorities have reported the cases of Covid-19 virus in
third week of February. In India the first case of Covid-19 was found in January.

The COVID-19 virus spreads due to droplets of saliva through the coughs or
sneezes of infected persons. The spread of virus can be prevented by keeping
social distancing, wearing a masks, avoiding public gathering places and washing
the hands with alcohol based sanitizer. The symptoms for COVID-19 according
to Centers for Disease Control and prevention(CDC)[5] are cough, shortness of
breath or difficulty breathing, fever, chills, muscle pain, soar throat, loss of test or
smell.

The main aim of developing Mathematical model for infectious disease is to
study how the disease infection is spread. Mathematical model plays an impor-
tant role in controlling of contagion and understanding the disease dynamics. In
studying the infectious diseases various parameter such as population, contact rate,
transmission rate, recovery rate and death rate are important. The infectious indi-
vidual is introduced to the population called as susceptible and the disease spread
to other individuals. Infected person may be symptomatic or asymptomatic, most
of patients do not have symptoms at early stage, symptoms are developed after
some period. If the number of cases are above the average for the short time then
it is said that disease outbreak has occurred. If the spread of virus is not for par-
ticular region or country but for the global world then it is said to be pandemic.
Thus as the Covid-19 virus has affected globally it is declared as pandemic.

3. SIR Model

The basic and simple model for study of infectious disease is the Susceptible,
Infective and Recovered cases known as SIR model which was originally devel-
oped by Kermack and McKendrick in 1927 [9]. The model describes the spread of
infection in population of susceptible, infected and recovered. This model is com-
partment model in which the population is divided into three compartments and
the population progresses in compartments. At the beginning there are very few
number of individuals infected in the population, the spread or rate of transmission
depends on patterns of contact of various individual in population.

At any given time t the total population is denoted by N , S denotes susceptible
class which consists of those people which are currently not infected but likely to
get infected, I denotes the class of people having infections and R denotes the
number of persons recovered or died or immune to disease. The basic SIR model
is given by

dS

dt
= µN − µS − βI

S

N
,

dI

dt
= βI

S

N
− µI − γI,

dR

dt
= γI − µR.

66



PREDICTION OF COVID-19 INFECTIONS 3

For the above model following hypotheses holds: The total population size is N, the
infections will circulate in this population, µ is the death rate, γ is the recovery
rate. Spread of infection from infected person to susceptible persons given by
the βI SN , where β is contact rate times the probability of transmission. For our
calculation purpose we have omitted the natural birth and death during this period
taking µ = 0. Here for this model the assumption is N = S + I +R =constant.

4. Results

In this section we give the analysis of the Covid-19 data for the three countries
India, Italy and USA. For calculation actual data starting from March, 01,2020 to
May 09, 2020 is considered for each day. For the analysis purpose the Covid-19
data for India is taken from the web site of Ministry of health and family welfare,
Government of India [11], for United States of America(USA) and Italy data is
taken from World health organization web sites [16].

For calculation purpose Mar 1, 2020 is taken as base day and considered it as
day one, calculations are carried out for 70 subsequent days upto May 9,2020. For
calculation purpose the total population of India on March 1, 2020 is assumed as
1,341,000,000, the number of Covid-19 active infected and recovered patients from
actual data were 6 and 3 respectively. Using the SIR model calculated the number
of susceptible, infected and recovered persons The individual once is infected then
on an average it takes 10 days for him to recover thus γ = 1

10 = 0.1.
The Figure 1 shows the graph Covid-19 active infected patients from SIR model

calculations versus actual data for country India. For Italy the total population as-
sumed on March 1, 2020 is 60,460,000 and number of Covid-19 active infected and
recovered patients according to actual data were 1689 and 82 respectively see Fig-
ure 1 (b). For USA the total population assumed on March 1, 2020 is 329,300,000
and number of Covid-19 active infected and recovered patients according to actual
data were 62 and 6 respectively see Figure 1 (c).

As shown in the Fig 1 the graph is plotted between the calculated value from
the SIR model of active infected patients and with the actual cases of Covid-19
patients for from March 1, 2020 to May 9, 2020 for three countries.

In studying the dynamics of the disease the basic reproduction ratio R0 is
the excepted number of secondary cases produced in susceptible population by
an infected individual. Hence R0 is very important and is used as measure of
reference for controlling the infectious diseases. This basic reproduction number
R0 which is used also as measure of stability and is given by R0 = β

γ+µ , we have

assumed birth rate as zero during this period thus µ = 0 which implies R0 = β
γ .

If the value of R0 < 1 then model state is said to be unstable and if R0 > 1 model
state is stable. From calculation using the SIR model it is found that the values
from calculations matches with actual values for R0 as 2.27548, 1.70684301 and
2.4375594 for India Italy and USA respectively on 70th day.

From the Figure 1 the spread of infections for the three countries India, Italy
and USA can be compared. It is observed that for India initially the number of
cases are increasing slowly as compared to the other two countries. In case of India
the rate at which the infections are increasing are less than the value predicated
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(a) India (b) Italy

(c) USA

Figure 1. SIR Calculated data versus actual Data

predicated from model calculation with β = 0.227548. This may be because in
India the Government has declared the total lockdown only essential services were
operating. Because of this even though the India is such a densely populated
country with large population the spread was less compared to other countries.
Another reason might be compared to other countries average number of youth
population in India is more and due to heard immunity in youths they are less
likely to get infected.

In case of Italy according to European Center for Disease Prevention and Con-
trol [7] in the third week of February Italian authorities have reported the cluster
of cases from several parts of the country. The spread has started from the various
parts of the country simultaneously. In Italy the average number of of persons
with older age is more compared with other countries. As older persons are more
likely to get infected by the virus due to less immunity or they may be suffering
from blood pressure, diabetes, respiratory diseases or any other illness. Due to
this reasons if we compare the data with other two countries the number of actual
infections are more than the values calculated from the calculation through SIR
model.

In case of USA the number of actual infections are more than the values calcu-
lated from the calculation through SIR model. The individuals in infected popu-
lation may be asymptotic are symptomatic depending on whether they shows that
symptoms or not. Many individuals may be asymptotic where they are infected
and carrying the virus but not showing any symptoms. It is likely that such indi-
vidual may not be tested but can infect another individual. In case of USA from
initial period average number of tests performed were more thus more number of
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asymptotic individual infected are also get added into the number of infected ac-
tive individuals thus increasing the total count. This should also be considered as
one the the reason that number of actual infections are seen more than the values
calculated from the calculation through SIR model.

In order to reduce the difference between the number of infections from actual
data and the values calculated from the calculation through SIR model we have
simulated the values in the interval of ten days. After each interval of ten days
we have varied the value of β and calculated its value which matches the actual
infected individual from the data.

The values of β and R0 are calculated from the SIR model in the interval of
every ten days where the number of active cases from the SIR model and actual
data cases matches and are given in Table 1,Table 2 and Table 3 respectively for
India, Italy and USA.

Number of Infections Infections β R0

Days Actual SIR model
10 44 44.00 0.32139 3.2139
20 196 196.0287 0.28350 2.8350
30 1118 1118.068 0.280262 2.80262
40 5218 5218.72 0.273545 2.73545
50 13295 13295.38 0.257213 2.57213
60 22904 22904.41 0.239786 2.39786
70 39834 39834.08 0.227548 2.27548
80 58802 58802.49 0.2163333 2.163333

Table 1. India data

Number of Infections Infections β R0

Days Actual SIR model
10 10149 10149.04 0.29928 2.9928
20 47021 47021.19 0.27517 2.7517
30 97689 97689.16 0.2400756 2.400756
40 139422 139422.00 0.213366 2.13366
50 175925 175925.00 0.195058547 1.95058547
60 199414 199414.01 0.181141524 1.81141524
70 217185 217185.00 0.170684301 1.70684301
80 225886 225886.12 0.16229009 1.6229009

Table 2. Italy data

5. Discussions and Conclusions

From above table it can be seen that the value of R0 is decreasing from day
10 to day 70. If we compare the values of R0 for first 70 days then using the
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Number of Infections Infections β R0

Days Actual SIR model
10 696 696.68 0.3688 3.688
20 15219 15218.58 0.389643 3.89643
30 122653 122653.82 0.361748 3.61748
40 395030 395030.50 0.32466885 3.2466885
50 695353 695353.74 0.2904074 2.904074
60 983457 983457.86 0.26405872 2.6405872
70 1245874 1245874.31 0.24375594 2.4375594
80 1477459 1477459.68 0.22776052 2.2776052

Table 3. USA data

Days India R0 Italy R0 USA R0

80 2.1531 1.60227078 2.2345316
90 2.03072 1.497698550 2.03150380
100 1.9083399 1.393126320 1.8254760
110 1.7859599 1.288554090 1.6254481
120 1.6635800 1.183981859 1.42242040

Table 4. Predication R0 data

Days India Italy USA
Actual Value 80 58802 225886 1477459

Estimated value 80 56764 234956 1508291

Table 5. Prediction of active infected cases on 80th day 19 May 2020

extrapolation values after the 10 days interval can be estimate for 80, 90, 100,
110 and 120 days as given in the tables. From that table if we compare the value
for 80th days obtained form model calculation value of R0 is 2.163333 and the
estimated value of R0 is 2.1531 with the actual values which nearer. Similarly
if we compare the number of active patients for 80th day obtained from model
calculation is 56, 764, 234, 956 and 1, 508, 291 where as actual values recorded on
80th day 19 May 2020 is 58802, 225886 and 1, 477, 459 for India, Italy and USA
respectively as given in table 5. Similarly values after ten days that is on 90, 100,
110, 120 in the interval of ten days have been estimated in table 6.

In the same way values in interval of ten days can similarly be estimated which
may be closer to the actual value. The curve in Fig 2 A shows how the value
of R0 is changing. For all the three countries the value of reproduction ratio R0

is greater than 1 therefore model state is said to be unstable. The primary aim
should be such that to make the value of R0 less than 1 to make it stable, that
is reduction in number of infected cases. If we are able to achieve the value of
R0 < 1 then the spread of disease will be under control. The Fig 2 B shows the
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Days India Italy USA
80 56764 234956 1508291
90 73694 252727 1770708
100 90624 270498 2033125
110 107554 288269 2295542
120 124484 306040 2557959

Table 6. Prediction active infected cases

prediction of number of infected individual for 120 days from 01 Mar 2020 with
the interval of ten days.

(a) Prediction of R0 (b) Prediction of active infected cases

Figure 2. Prediction

The three important things vaccination, quarantine and reduction of social
contacts will change the behavior of epidemic. Vaccination as well as other two
things that is quarantine and social distancing should be strictly followed so that
β is decreased which decreases the reproduction ratio R0. This will reduced the
Number of Infected individual.

The above model also can be improved for accurate prediction by adding the
compartments to the model. Compartments can be added for other things such
as age structured population where its affecting to more number older population
in some regions than younger generation. Also it is observed that the individual
suffering from diabetes, blood pressure or kidney related disease virus is affecting
more quickly. Certain part of population has heard immunity because of which
virus does not affect their health but they may be the carriers of virus. For
each of these category model can have different compartments. In future such
compartments can be added which will increase the accuracy of results.
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