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1. Introduction
A submicroscopic infectious agent that kills millions of people is called a virus. It can

replicate only inside the cells of living organisms. There are 320,000 different types of

viruses that can infect mammals alone. Some deadliest viruses can kill more than

15 million people annually [1]. There are some most dangerous viral diseases that cause

a rapid death rate [2]. They are rotavirus, smallpox virus, measles, dengue, and Spanish

flu. Rotavirus, also known as the child killer, is an infectious virus that causes the death

of more than 1.5 million children every year. It causes diarrheal illness and damage in

lungs among kids of age less than 9 years [3]. Smallpox virus is one of the famous and

deadliest viruses that have killed more humans than any other viruses. During the 20th

century, the spread of this virus was rapid and it infected an average of 300e500 million

people worldwide with a mortality rate of 90%. But after a great research, a medicine for

this viral infection was discovered and it has been eradicated worldwide now [4].

Measles is responsible for the deaths of 200 million people worldwide in the past

150 years. More than 197,000 people die due to measles every year. It causes rashes and

wounds throughout the body [5]. Dengue is one of the dangerous viral diseases that most

of the people are aware of. The dengue virus is spread via mosquitoes. This disease has

infected around 100 million people worldwide and has killed more than 20,000 people

[6]. Influenza is responsible for 500,000 deaths worldwide [7,8]. The most deadly
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pandemic disease is Spanish flu that killed 10e100 million people. The transmission rate

of this virus is comparatively low but the mortality rate is too high [9]. In the 21st

century, the viral disease that affected the human species is coronavirus disease 2019

(COVID-19) [10]. The causative agent of this disease is severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2). Even though it has a less mortality rate, the number of

people infected by this virus is quite high [11].

Coronavirus is not a single virus, it is a viral family, and this is not the first time that

these viruses are attacking human beings [12]. It started its attack in the late 1960s. There

are four main categories in the coronavirus family: alpha, beta, gamma, and delta [13].

Scientists classified the human-infecting coronaviruses into seven types: 229E (alpha-

coronavirus), NL63 (alphacoronavirus), OC43 (betacoronavirus), HKU1 (betacor-

onavirus), Middle East respiratory syndrome coronavirus (MERS-CoV, betacoronavirus),

SARS-CoV (betacoronavirus), and SARS-CoV-2 (novel coronavirus) [14].

Human coronavirus 229E (HCOV-229E) is a coronavirus genus that infects humans

and bats. This species is included in the class Alphacoronavirus and the subclass

Duvinaco virus. It is one of the first identified coronavirus strains. It is associated with

common symptoms of cold in healthy adults [15]. Human coronavirus NL63 (HCOV-

NL63) is one of the four human coronavirus prototypes in circulation. HCOV-NL63

infection causes inner and outer respiratory tract disease and is widespread worldwide,

particularly among children under the age of 6 years. The production of lower respira-

tory disease is a dangerous case to young children and elderly people [16].

Human coronavirus OC43 (HCOV-OC43) is a member of the Betacoronavirus family

and the subclass Embecovirus, which infects humans and bovines. It has an additional

shorter spikelike protein layer called Hem agglutinin esterase and this is a common

similarity among all coronaviruses of the beta family [17]. The coronavirus HKU1 is

included with community-acquired pneumonia. It was first identified in 2005, has

prevalence worldwide, and is found in both children and adults with upper and lower

respiratory tract diseases. The abovementioned four coronaviruses have caused only

mild effects and infections in human beings. But this statistic does not last long, as in

2002 a new coronavirus was identified and it was named as SARS-CoV [18].

SARS refers to severe acute respiratory syndrome [19]. This is the first coronavirus

that started to show severe infection in human beings [3]. The disease spread to more

than two dozen countries including North America, South America, Europe, and Asia.

The disease infected around 8000 people and killed around 750e800 people worldwide.

On July 2003, the WHO [20] informed that the SARS virus was contained worldwide

[15,21]. After 10 years of the SARS outbreak, another new coronavirus was identified in

2012 and named as MERS-CoV [22]. MERS refers to Middle East respiratory syndrome,

which was first identified in Saudi Arabia [22]. This virus has symptoms like fever, cough,

and shortness of breath [22]. When compared with these two viruses, SARS-CoV-2 has

the highest mortality rate. The history and transmission phase of the virus has been

explained in this chapter. This work is organized as follows. Section 2 is a background of

the chapter, which consists of five subcategories. Section 2.1 explains the Evolution of
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diseases from animals and their spread, Section 2.2 explains the transformation of

COVID-19 from epidemic to pandemic, Section 2.3 explains the Transmission phase of

the virus, Section 2.4 explains the precautions need to be taken in COVID-19, and

Section 2.5 consists of the statistical analysis, a kick-start to data science. Section 3

consists of the overview of the dataset. Section 4 represents the clear calculations of

statistical analysis and it consists of three subcategories: Section 4.1 represents the

twoeway analysis of first 60 days, Section 4.2 represents the variation analysis of March

2020, and Section 4.3 represents the one-way analysis of April 2020. Sections 5 and 6

explain the latest outbreak of COVID-19 of March 2020 and April 2020, respectively.

Section 7 describes the comparison of COVID-19 between March 2020 and April 2020.

Finally, Section 8 consists of the Conclusion of the chapter.

2. Background
This segment discusses the basics of zoonotic diseases and their spread, from the

COVID-19 epidemic to pandemic and statistical analysis. The main motivation of this

section is to get an idea of how statistical analysis is helpful in understanding the spread

of COVID-19 [20].

2.1 Evolution of diseases from animals and their spread

As the civilization of man develops, the number of diseases and health issues are also

getting high. A large number of people die because of many diseases. Not only the small

countries but also well-developed countries do not know the strategy to prevent them-

selves from the diseases. In the world death survey of 2018, around 71% of people died

due to diseases caused in the human body but the death rate of natural cause is only

26.7% [13]. In this 70% of diseases, most people die due to heart-related diseases.

Infections can affect all age groups but mostly they affect all children and elders [23].

Generally, a disease is an abnormal condition affecting a living organism. There are three

main categories in the spread of diseases in the human body: localized diseases, which

affect the individual parts of the body; disseminated diseases, which propagate to other

areas of the body; and systematic diseases, which spread to the whole body [22].

A disease can occur in people in many forms. The major categories are autoimmune,

viral, blood, lung, intestine, skin, nerve or neurologic, sexually transmitted, or thyroid

disease. Diseases may be either transmissible or nontransmissible. The diseases that

spread to other people while communicating with others are the transmissible ones, and

the diseases that cannot be spread while communicating are called nontransmissible

[24]. External diseases can be caused by viruses or bacteria, and internal diseases can be

caused by autoimmune or hereditary causes. The communicable diseases are further

classified into three categories on the basis of modes of transmission: anthroponoses,

which can be transmitted from humans to humans; zoonoses, which can be transmitted

from animals to humans; and sapronoses, which can be transmitted from the abiotic
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resources to humans. In these three modes, the diseases that spread to humans easily

and rapidly are zoonotic diseases. They can be caused by germs that spread between

animals and humans [25].

Animals are most beautiful creatures made by God. Nowadays, animals have also

become a part of the family. People’s love and care toward the animal species are

drastically high. More number of institutions and clubs are running for the protection

and development of the animal species. Animals provide many benefits to humans by

being a part of the house. Millions of people have one or more pets in their houses. In

spite of having all these good characteristics, animals can sometimes carry harmful

germs in their body and spread them to humans and cause illness. These are known as

zoonotic diseases. It can be caused by viruses, fungi, bacteria, and parasites. There are

two possibilities in the transmission of zoonoses. First one is the animal remains

healthier even when it carries the infection and spreads it to humans where humans can

only be affected, and the second one is both animals and humans are affected due to the

disease [26]. There are many animals and insects that can transmit diseases to humans.

The major diseases transmitted by animals are animal flu, bird flu, anthrax, bovine

tuberculosis, brucellosis, cat-scratch fever, dengue, Ebola, glanders, etc. There are many

animals that cause these diseases, which can be easily transmitted to humans. In most of

the diseases, the carrier of the disease is bats [27]. Bats are the only flying mammals on

earth. Their genetic name is Chiroptera, which comes under the class Mammalia in the

kingdom Animalia. Bats are more maneuverable than other birds, which have a high

capability of sustaining light. Their forelimbs are modified into large wings that are made

up by a thin membrane called patagium. There are more than 1200 species of bats

worldwide. This creature is very important in the ecosystem because it is significant for

pollinating flowers and eating small insects [28].

Even though it has a lot of good characteristics, it is a dangerous carrier of viruses.

Bats can carry a total of 61 zoonotic viruses and 137 host viruses. While analyzing the

death rate of zoonotic diseases, most of them are caused by bats [26]. The complete cycle

of how a disease spreads from bats to animals and humans is explained in Fig. 7.1.

FIGURE 7.1 Transmission of bat-associated diseases from bats to animals.
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2.2 COVID-19 epidemic to pandemic

Pandemic is not a new term for humanity. Throughout history, mankind has suffered a

lot of infectious diseases starting from the Plague of Justinian up to today’s COVID-19

[29]. Humans have adapted themselves to infectious diseases and outbreaks, but

sometimes they meet up with some novel infections for which they have no solution.

The development in overseas trading has helped the novel diseases to spread far and

wide, creating a global pandemic [30].

The novel coronavirus that originated in Wuhan, China, in late December 2019 has

taken a pandemic status, affecting over 170 countries around the world in less than

3 months [29]. This disease is now referred to as COVID-19, and its causative virus is

called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). It has a lot of

similarities with the other two coronaviruses, the MERS-CoV and SARS-CoV [31,32].

The outbreak of COVID-19 started during early December 2019 in Wuhan, a port city

in central Hubei province, China. Many adults were admitted to hospitals with severe

pneumonia of unknown cause [8,33]. Respiratory samples were taken from patients and

sent to laboratories for testing [7]. On December 31, 2019, China informs the WHO about

41 patients who were suspected of unusual pneumonia. Most of the patients are

connected to the Hunan [34] seafood wholesale market [35]. On January 1, 2020, China

closes the wholesale market. On January 5, 2020, Chinese authorities informed that they

have identified a new virus and named it as the novel coronavirus (nCoV). Samples taken

from the Hunan seafood market were tested and results were positive, confirming the

virus originated from there [22,36].

The New Year 2020 and the Chinese New Year vacation paved a way for the rapid

spread of this virus. The number of cases was increasing tremendously, and human-to-

human transmission was also confirmed as some cases that are reported had no

connection with Wuhan, the place of origin of the virus. China reported its first death (a

61-year-old man) due to the novel coronavirus on January 11, 2020. Cases were reported

in other countries, which include Thailand, Japan, and South Korea, most of which are

people who returned from Wuhan. The first case outside of China was reported in

Thailand [31].

On January 23, 2020, Wuhan was placed under quarantine followed by other cities in

the Hubei province. Other countries also started to screen passengers at the airport,

especially those who returned from China. Passengers were tested for the novel coro-

navirus, and if they tested positive, they were isolated and treated by the health au-

thorities. On February 2, 2020, first death outside of China was reported in the

Philippines. On January 30, 2020, a public health emergency of international concern

was officially declared by the WHO [37].

On February 5, 2020, the Diamond Princess Cruise ship in Yokohama, Japan, was

quarantined and all passengers were tested for COVID-19 by the officials. During the

SARS epidemic, it took 6 months to exceed 5000 cases in mainland China, but the novel

coronavirus just took 1 month. On February 9, 2020, the death toll in China surpassed
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that of the 2002e03 SARS epidemic, with 811 deaths recorded. On February 11, 2020, the

WHO announced that the new coronavirus infection would be called as COVID-19.

Outside China, Italy was the most affected country. On March 8, 2020, Italy places all

its 60 million residents on lock down, as the spread of the virus was uncontrollable in the

country. On March 11, the WHO declares the outbreak as a pandemic. As of March 19,

2020, globally 240,000 cases were reported, out of which 145,000 were active cases and

roughly 85,000 recoveries and 10,000 deaths. While the number of cases was increasing

at an alarming rate in other parts of the world, China was slowly recovering from the

impact of COVID-19 [38].

As of March 19, 2020, China has reported no new local cases of the coronavirus for the

first time since the pandemic began [39]. The spread of disease in the country has slowed

down dramatically. More than 65,000 people have recovered from the disease. But still,

other countries especially Italy, Spain, Iran, the United States, and a few other countries

are struggling to control the spread of this virus [21].

2.3 Transmission phase

It is important to understand how coronavirus affects or enters into a human cell, which

will contribute to the development of a vaccine or drug to control this contagious virus

[28]. The coronavirus got its name from the crownlike spikes that protrude from its

surface [18]. These spikes or spike protein or S-protein acts as a key and attaches itself to

the surface of respiratory cells [34]. The virus uses angiotensin-converting enzyme 2

(ACE2) receptors to enter into the target cells [40]. Once the virus enters the target cell, it

releases its genetic material, RNA. The infection develops and the cell organelles begin to

form new spikes and proteins that will form new copies of the coronavirus [8]. Each

infected cell can produce millions of cells before they rupture and die. These new viruses

that are produced will spill out and affect other cells or settle in droplets that escape the

lungs [41]. COVID-19 causes fever as the immune system tries to fight against the virus.

In the majority of cases, the immune system overreacts and starts to attack the lung cells

[4]. Due to this, lungs will be filled with fluid and dead cells [19]. This causes difficulty in

breathing and can lead to respiratory diseases and ultimately death. The complete

transmission phase of the virus is shown in Fig. 7.2 [22,26].

2.4 Precautions against COVID-19

Currently, no vaccine is available for COVID-19. So the best cure available is to avoid

being exposed to the virus. This virus spreads from people to people who are in close

contact with each other [41]. It spreads in the form of droplets when an infected person

sneezes or coughs. A single cough can produce up to 3000 droplets. These particles can

settle on other people, their clothes, or any other surface around them [10]. The SARS-

CoV-2 virus is so small compared with other particles, with its size ranging from 100

to 120 nm, as shown in Fig. 7.3. As these viruses are smaller in size, they can remain in
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the air for quite a long time [33]. These viruses can also remain intact for a longer time in

fecal matter, so it is important to wash hands after visiting the toilet [42].

SARS-CoV-2 has a genetic material RNA surrounded by a lipid membrane with

crownlike spikes protruding from its surface [18]. The WHO and other health authorities

FIGURE 7.2 Replication and spread of coronavirus after entering the human cell. ACE2, angiotensin-converting
enzyme 2.

FIGURE 7.3 Comparing coronavirus with other particles based on their size. SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.
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are emphasizing frequent handwashing to prevent the spread of COVID-19. The reason

for this is soap is effective in breaking the lipid membrane of the virus and eventually it

kills the virus. One should avoid touching their eyes, nose, and mouth with unwashed

hands. Other precautions include avoiding contact with sick people, covering the mouth

and nose while sneezing and coughing, throwing used tissues in a closed dustbin,

wearing face mask if a person is sick or when he/she visits a sick person, and cleaning

the surfaces with disinfectants [33]. As the spread of COVID-19 is rapid the best

preventive measure is to stay at home and avoid infection.

2.5 Statistical analysisdkick-start to data science

Everyone knows the serious issue that is going on all over the world and that is

COVID-19. Many scientists, researchers, and government officers were struggling to find

a solution to control the spread of the virus. Although control measures are taken,

researchers are still working on finding a vaccine for the disease. The rate of spread of

COVID-19 is rapid and comparatively higher than the previous coronavirus diseases. The

only way to be protected from the virus is social distancing; doctors and medical

professionals confirm that social distancing is mandatory to protect oneself from the

disease. To control the spread of the virus, one must know the level of vulnerability of the

disease. For this process, two components are required: past analysis and future pre-

diction of the virus. With the help of these two components, the number of people got

affected in the past and the number of people that are going to be affected in the future

can be easily predicted [43]. For the past analysis of the disease, many statistical tools are

used to calculate the effectiveness of the disease. In this analysis, analysis of variance

(ANOVA) is used to calculate the result. ANOVA is a statistical tool that is used to

calculate the significant relationship among various groups. Here, more than 194

countries are involved in the analysis of COVID-19. From this analysis, the variance level

of the number of cases in those countries can be calculated day by day. With this result,

the effect of disease in the future can be easily calculated. For the future prediction of

the disease, three main statistical factors have to be identified:

(1) growth factor,

(2) mortality rate,

(3) doubling time.

With the help of these factors, the number of people that are going to be affected with

COVID-19 in the future can be easily predicted.

Growth factor is the element by which a quantity multiplies itself over time, and

growth rate is the factor added by which a quantity increases or decreases over a period.

In this process the number of people who are going to be affected by the virus can be

calculated with the help of the variance level of already-infected people. The equation to

calculate the number of people who will be affected due to COVID-19 is given as

P¼NGX (7.1)
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Here, P denotes the number of people who are going to be affected by the disease, N

represents the number of people affected on the day of prediction, G represents the

growth factor, and X represents the number of days of prediction [44]. Mortality rate is

also known as the death rate, which represents the number of deaths occurred within a

given period in a particular population. The mortality rate of coronavirus is 3.8% in

China and 3.4% worldwide. This percentage will be used to find the comparison of death

cases countrywise. The equation for calculating the mortality rate of COVID-19 is given

as

M ¼ðD � 10NÞ=S (7.2)

Here, M denotes the mortality rate, D represents the deaths occurred in a specific

period, and S denotes the total size of the population [45].

Doubling time is the period in which the number of disease cases reaches twice as the

current value. According to the result on April 20, 2020, the doubling rate of COVID-19 in

worldwide was 10 days. It means that it takes 10 days to reach twice the number of cases

of the current day [46]. The use of this process is to predict the future outcome of the

people affected by the coronavirus. It will be very useful for the prevention of the disease.

3. Overview of dataset
In this chapter a dataset is prepared based on the reports of the WHO [37,47] and daily

update report of the Worldometers [48]. The dataset has been divided into two parts. The

first part contains countrywise data and is used for one-way ANOVA analysis, and the

second part contains country-day wise data and is used for two-way ANOVA. For the

two-way analysis the dataset is prepared for a total of 60 days (January 20, 2020 to March

19, 2020) and the prepared dataset is split into two sets. The first set contains data of 26

countries and its confirmed cases in the first 30 days (January 20, 2020 to February 19,

2020). The second set contains data of 175 countries and its confirmed cases in the next

30 days (February 20, 2020 to March 19, 2020).

For the one-way analysis the datasets are prepared for a total of 100 days (January 20,

2020 to April 25, 2020). This dataset consists the number of daily and total confirmed

cases, the number of daily versus total recovered cases, the number of daily versus total

death cases, and the number of daily versus total active cases. These things are explained

clearly in this dataset. The dataset and details of the whole survey is available on https://

github.com/mhbharun/COVID-19.git.

4. Statistical analysis
In this chapter, statistical analysis is performed in two ways. In the first section, two-way

analysis is performed with two trial of experiments. For the first trial of experiment, first

30 days’ data was used and for the second trial of experiment the next 30 days’ data was

used. In the first section, cases till March 19, 2020, have been covered, and in the second

section, one-way analysis is performed for a total of 100 days, which is till April 25, 2020.
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4.1 Two-way analysis: January 20, 2020 to March 19, 2020

Mathematic models are developed to describe a process, its effective usage, and also to

study the properties of materials and products [40]. Different statistical methods are

used for precise identification and development of processes [49]. Since the outbreak of

COVID-19 in Wuhan, China, the spread of disease was rapid and it traveled to various

countries in a short span of time. The number of people infected with the disease varied

among countries. As per the reports by the WHO, the disease spread around 26 countries

in the first 30 days. China, the place of origin of the virus, was the worst affected country

in the first 30 days. With just 248 confirmed cases on day 1 the count reached 1,42,823

cases on day 30. Next to China, Singapore, Japan, and Korea were the mostly affected

countries. The countries that are affected due to covid-19 in the first 30 days with total

number of confirmed cases are shown in Fig. 7.4 [50].

To analyze the spread of disease among various countries, two-way ANOVA is used

[51].The analysis is performed by comparing the number of confirmed cases in each

country and their increase in each day. For analysis, at least two factors are required; in

this case, days and countries are taken as factors and denoted as A and B, respectively.

The mean of confirmed cases in each day and in each country is calculated and denoted

as XA and XB, respectively.

As the first step of ANOVA, the null hypothesis and alternative hypothesis should be

declared [52]. Null hypothesis is a statement or a claim that is need to be tested and is

denoted as H0. For a two-way analysis the possible null hypotheses are (1) there is no

difference in means of factor A, (2) there is no difference in means of factor B, and (3)

there is no interaction between the factors A and B. For this analysis, the null hypothesis

is declared as

H0 : XA1 ¼XA2 ¼ XA3::XAnðmeans of factor A is equalÞ (7.3)

H0 : XB1 ¼XB2 ¼ XB3::XBnðmeans of factor B is equalÞ (7.4)

H0 : XAB1 ¼XAB2 ¼ XAB3::XABnðmeans of both factors A and B are equalÞ (7.5)

FIGURE 7.4 Distribution of COVID-19 cases in different countries from January 20, 2020 to February 19, 2020.
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Alternative hypothesis is a statement that proves the problem statistically where it is

the negation of null hypothesis. Alternative hypothesis is denoted as HA. For a two-way

ANOVA, possible alternative hypothesis are (1) there is a difference in means of factor

A, (2) there is a difference in means of factor B, and (3) there is an interaction between

the factors A and B. For this analysis, the alternative hypothesis is declared as

HA : XA1 sXA2sXA3::XAnðmeans of factor A is not equalÞ (7.6)

H0 : XB1 sXB2sXB3::XBnðmeans of factor B is not equalÞ (7.7)

H0 : XAB1 sXAB2sXAB3::XABnðmeans of both factors A and B are unequalÞ (7.8)

After declaring the null hypothesis and alternative hypothesis, there are four

important components that are needed for the calculation of two-way ANOVA: sum of

squares (SS), mean squares (MS), degrees of freedom (DF), and F-value. Sum of squares

is used to find the variability in a data [53]. Here, the sum of squares were declared as

three types: sum of square for factor A (SSA), sum of square for factor B (SSB), and sum of

square for both factors A and B (SSAB). The equations of sum of squares for factor

A, factor B, and factor AB were represented as

SSA ¼Nx bðXAXÞ2 ðfactor AÞ (7.9)

SSB ¼Nx aðXBXÞ2 ðfactor BÞ (7.10)

SSAB ¼ SStotalSSerrorSSB � SSA ðfactor ABÞ (7.11)

where a represents the number of values in factor A, b represents the number of values in

factor B, and N represents the total number of values in a table.

Mean squares are used to find the difference between predicted values and actual

values. In this analysis, mean squares were declared in four categories: mean square for

factor A (MSA), mean square for factor B (MSB), mean square for both factors A and B

(MSAB), and mean square of error value (MSerror). The formulas of mean squares are

defined as

MSðAÞ¼ SSðAÞ=DFðAÞ (7.12)

MSðBÞ¼ SSðBÞ=DFðBÞ (7.13)

MSðABÞ¼ SSðABÞ=DFðABÞ (7.14)

MSðerrorÞ¼ SSðerrorÞ=DFðerrorÞ (7.15)

Degrees of freedom is used to determine the critical values where the acceptance or a

rejection of a hypothesis can be defined. To calculate the two-way ANOVA, degrees of

freedom consists of five types: degrees of freedom of factor A, degrees of freedom of

factor B, degrees of freedom of both factors A and B, degrees of freedom of error value,

and degrees of freedom of total values. These values are calculated using the formulas as
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DFðAÞ¼a� 1 (7.16)

DFðBÞ¼b� 1 (7.17)

DFðABÞ¼ ða� 1Þðb� 1Þ (7.18)

DFerror¼ðN � 1Þ�ða� 1Þ�ðb� 1Þ�ða� 1Þðb� 1Þ (7.19)

DFtotal¼N � 1 (7.20)

F-values are used to test whether the values are statistically significant or not.

F-values can be determined with the help of mean squares. These values can also be

classified into three categories: F-value for factor A, F-value for factor B, and F-value for

both factors A and B. The F-values can be calculated as

FðAÞ¼MSðAÞ=MSðerrorÞ (7.21)

FðBÞ¼MSðBÞ=MSðerrorÞ (7.22)

FðABÞ¼MSðABÞ=MSðerrorÞ (7.23)

From these components, the two-way ANOVA can be calculated by declaring the

factors A and B as day and country, respectively. The result of the calculation is shown in

Table 7.1.

From Table 7.1, the F-value is calculated as 14.273. So it is denoted as calculated F-

value.

F � valuecalculated ¼ 14:273 (7.24)

From the degrees of freedom in Table 7.1, such as 29 and 25, the tabulated F-value is

1.85. So it is denoted as tabulated F-value.

F � valuetable ¼ 1:85 (7.25)

When the calculated F-value is greater than the tabulated F-value, the null hypothesis

can be rejected. Here the calculated F-value is 14.273 and the tabulated F-value is 1.85.

Hence, the null hypothesis can be rejected and the alternative hypothesis can be

accepted.

Table 7.1 Analysis of variance result for trial 1 experimentation.

Source Sum of squares Degree of freedom Mean squares F-value

Day 3,128,450,048 29 107,877,587.8 14.243
Country 5.302Eþ10 25 2,120,698,490 280.003
Day x Country 7.826Eþ10 724 108,098,823.6 14.273
Error 7,573,832.000 1 7,573,832.000
Total 1.358E 780
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RESULT: From the trail 1 experimentation, analysis proves that there is significant

relationship between the mean values of the two factors. By declaring the days and

countries as two factors, the two-way analysis proves that the mean values of the number

of confirmed cases of COVID-19 vary between each country and each day [40].

The spread of the disease was rapid. During the first 30 days of outbreak, it reached

only 26 countries, but in the next 30 days, it traveled to almost 175 countries [47]. Trial 2

experiment is performed using the set 2 data that contains a total of 175 countries and

the result is shown in Table 7.2.

From Table 7.2, the F-value is calculated as 117.22. So it is denoted as calculated F-

value.

F � valuecalculated ¼ 117:22 (7.26)

From the degrees of freedom in Table 7.2, such as 29 and 174, the tabulated F-value is

1.52. So it is denoted as tabulated F-value.

F � valuetable ¼ 1:52 (7.27)

when the calculated F-value is greater than the tabulated F-value, the null hypothesis

can be rejected. Here the calculated F-value is 14.273 and the tabulated F-value is 1.52.

Hence, the null hypothesis can be rejected and the alternative hypothesis can be

accepted.

RESULT: From the trial 2 experimentation, analysis proves that there is a significant

relationship between the mean values of the two factors. By declaring the days and

countries as two factors, the two-way analysis proves that the mean values of the number

of confirmed cases of COVID-19 vary between each day and each country. When

compared to the first month of the outbreak, the level of growth of confirmed cases is

drastically high, with a growth percentage of 45%. The number of confirmed cases in the

60th day is eight times more than the number of cases at the 30th day [23]. It affects not

only the developed countries such as China, America, and Italy but also small islands

such as Cayman Islands and Virgin Islands. At the end of the 60th day, totally 154

countries, 15 territories, and 6 islands were affected by the severe attack of COVID-19

[22,54].

Table 7.2 Analysis of variance result for trial 2 experimentation.

Source Sum of squares Degree of freedom Mean squares F-value

Day 353,007,300.5 29 12,172,665.54 1,460,719,864
Country 4.836Eþ11 175 2,779,570,351 3.335Eþ11
Day x Country 4.871Eþ11 4986 9,768,931.382 117.2271766
Error 0.500 60 0.008
Total 5.368ED11 5250
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4.2 Variation analysis: January 20, 2020 to March 19, 2020

The mean distribution and standard deviation [55] of the number of confirmed cases in

the first 30 days are shown in Fig. 7.5. The percentage of confirmed cases in the first

month is less than 2% in most of the countries including Spain, Italy, and India. While in

countries such as Malaysia, Australia, and Germany the percentage of confirmed cases

ranged from 8% to 10%. When comparing two countries such as Egypt and Malaysia, the

growth level of confirmed cases was 80% higher [8].

Fig. 7.6 shows the distribution of variance level of mean values and standard devia-

tion values of the top five most affected countries in 30 days [22]. At the end of the first

month, the countries that are highly affected due to the virus were China, Singapore,

Japan, Thailand, and Korea. Except China, the level of confirmed cases in the other four

countries were equal [56]. A linear graph was observed for all the four countries and

suddenly a peak was observed for China. The number of cases in China reached more

than 50,000.

Figs. 7.7e7.9 represent the variation of mean values and standard deviation values of

the least affected countries due to the virus in the next 30 days. During the first 30 days of

infection, only 26 countries were affected, but in the next 30 days the infection has

reached to almost 175 countries. Several places such as Montenegro, Fiji Islands, and

Barbados saw a sudden growth in the number of confirmed cases [57]. The countries

such as Guam, Guatemala, and Mauritius faced a linear growth of confirmed cases, with

a growth rate of 0.2%.

According to Fig. 7.8 the standard deviation attains a linear growth with less amount

of variance while the mean values of countries are highly differentiable. Countries such

as Venezuela, Jordan, and Turkey reached a sudden growth of confirmed cases, in which

Armenia showed a high case percentage of 12%.

FIGURE 7.5 Mean versus standard deviation graph for the least 21 countries among 26.
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FIGURE 7.6 Mean versus standard deviation graph for the top 5 countries among 26.

FIGURE 7.7 Mean versus standard deviation graph for the least 50 countries among 175.

FIGURE 7.8 Mean versus standard deviation graph for the next least 50 countries among 175.
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Fig. 7.9 clearly states that for countries from Senegal to South Africa the values of

confirmed cases have been around 20%. The mean value is less than standard deviation

in some places and more than standard deviation in some other places. In the country

Estonia, the mean level is very much higher than the standard deviation, and in the

country Vietnam, the mean level is lower than the value of standard deviation.

Fig. 7.10 shows the information about the mean and standard deviation values of the

topmost affected countries due to COVID-19 in the second month. This graph clearly

shows that the number of cases of the topmost affected countries reaches more than

10,000. In addition, China reached the value of confirmed cases of more than 40,000.

While compared to Fig. 7.1, the amount of confirmed cases reaches the peak level. At the

end of the 30 days, the total number of confirmed cases in all the countries is 1,43,205.

But in the end of 60 days, the total number of confirmed cases is around 2,00,000. Not

only China but also many other countries are highly affected due to COVID-19. The top 10

countries affected due to the coronavirus infection at the end of 60 days are China, Italy,

Korea, Iran, Spain, France, Germany, International Conveyance (Diamond princess),

America, and Japan.

FIGURE 7.9 Mean versus standard deviation graph for the next least 35 countries among 175.

FIGURE 7.10 Mean versus standard deviation graph for the top 10 countries among 175.
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4.3 One-way analysis: January 20, 2020 to April 25, 2020

Table 7.3 represents the summary of total confirmed cases versus total recovered cases.

As the table shows, the virus has been spread over more than 175 countries. The total

confirmed cases in 175 countries is 54,51,327. It is the pandemic disease that causes

more number of infections [58].

Table 7.4 shows the comparison variation of the number of recovered cases in all

countries. With the degrees of freedom 1 and 348, the F-value calculated is 4.340,913,847.

It has been conducted by fixing the categories such as between groups and within

groups. From these components, ANOVA of the number of recovered cases has been

calculated [59].

Table 7.5 represents the summary of total confirmed cases versus total deaths. While

comparing the total cases, 5,451,327 to the total deaths, 382,173, the level of death rate is

only 5%. It shows that this disease causes less number of deaths cases when compared

with other previous diseases [60].

Table 7.6 represents the one-way ANOVA of total confirmed cases and total death

cases. With the degrees of freedom 1 and 348, the F-value calculated was 7.585703874. It

has a big variation when compared with the number of recovered cases. This variance

shows that the death rates in different countries are highly varied among each other.

From Tables 7.4 and 7.6, there is a conclusion that the percentage of variance in total

recovered cases is more than the percentage of variance in total death cases. Hence, this

calculation proves that many people are getting recovered from the disease and the

count of people died due to the disease was comparatively low.

Table 7.3 Summary of total cases/total recovered.

Groups Count Sum Average Variance

Total cases 175 5,451,327 31,150.44 19,241,348,449
Total recovered 175 149,825 8561.468571 1,329,385,833

Table 7.4 Variation comparison of total recovered cases.

Source of variation SS df MS F P-value F crit

Between groups 44,647,892,643 1 44,647,892,643 4.340913847 0.037936 3.868319
Within groups 3.57931Eþ12 348 10,285,367,141
Total 3.62396ED12 349

df, degree of freedom; MS, mean squares; SS, sum of squares.
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5. Outbreak of COVID-19, as of March 31, 2020
In the previous section, statistical analysis is performed till March 20, 2020. The next

section explains about the outbreak of COVID-19 and graphs were plotted for data as of

March 31, 2020 [37,47]. At the end of 2 months of the outbreak the total number of

confirmed cases, active cases, and deaths among various countries has a significant

difference. For the purpose of analysis, the top 14 countries based on their total number

of confirmed cases were taken into consideration. At the end of the analysis, three graphs

were plotted [54].

Fig. 7.11 shows the comparison between the total number of confirmed cases and

active cases in each 14 countries. From the graph it is clear that China, the place of origin

of the virus, has low number of active cases compared with other countries. The United

States tops the list with 67,063 active cases out of 68,489 total confirmed cases. Next

comes Italy with a total of 57,521 active cases followed by Spain with 40,501 active cases;

Germany, France, Iran, and other countries follow respectively.

Fig. 7.12 shows the comparison between the total number of confirmed cases and

recovered cases. China tops this list with 74,051 recoveries out of its 81,285 confirmed

cases. Except China, no other country has a good amount of recovered cases; the United

States has just 394 recovered cases out of its 68,489 confirmed cases. Italy and Spain also

have a relatively low number of recovered cases compared with their total number of

confirmed cases.

Fig. 7.13 explains the comparison between the total number of confirmed cases and

deaths. Italy has a high death rate of 7503 people, which is twice that of China. Spain has

a death toll of 3647, which is higher than China’s death toll of 3287. Iran, France, and the

United States come next in the list. The United States with the highest number of active

cases has a death toll of 1032. Comparing all the three graphs, it is clear that China has

Table 7.5 Summary of total cases/total deaths.

Groups Count Sum Average Variance

Total cases 175 5,451,327 31,150.44 19,241,348,449
Total deaths 175 382,173 2183.845714 115,606,386.5

Table 7.6 Variation comparison of total deaths.

Source of variation SS df MS F P-value F crit

Between groups 73,418,063,645 1 73,418,063,645 7.585703874 0.006192 3.868319
Within groups 3.36811Eþ12 348 9,678,477,417
Total 3.44153ED12 349

df, degree of freedom; MS, mean squares; SS, sum of squares.
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almost recovered from the effect of COVID-19. It has comparatively less number of

active cases and most of the affected people have already recovered. But the rest of the

world is still suffering, especially Italy, Spain, and the United States. Italy has become the

epicenter of the pandemic, with the death toll almost double that of China. The number

of cases is increasing rapidly in Spain, the United States, and France.

FIGURE 7.12 The total number of confirmed cases versus recovered cases, as of March 26, 2020.

FIGURE 7.11 The total number of confirmed cases versus active cases, as of March 26, 2020.

Chapter 7 � Data science: a survey on the statistical analysis 131



6. Outbreak of COVID-19, as of April 25, 2020
As the spreading of COVID-19 is growing rapidly. Many people are affected by the dis-

ease in many countries. Here, the total analysis of people who are affected due to the

coronavirus infection is represented. At the end of the 100th day of novel coronavirus

outbreak, it has spread into more than 200 countries and territories. Fig. 7.14 represents

the active cases of COVID-19 worldwide. This graph consists of three parts: number of

cases more than 1 lakh, between 50,000 and 1 lakh, and less than 50,000. Here, countries

such as the United States, Spain, Italy, France, Germany, and the United Kingdom had

the highest number of active cases. There are more than 7 lakh people affected due to the

novel coronavirus in America. Even though China was the first one to be affected by the

disease, America was country with the topmost number of confirmed COVID-19 cases.

The countries that had the number of infected people of more than 100,000 were

America, Spain, Italy, France, Germany, and the United Kingdom. Austria and South

Korea are the countries that had less than 5000 cases. The number of confirmed cases in

South Korea, Chile, and Saudi Arabia is comparatively equal. This graph clearly explains

that the number of active cases in all countries is somewhat low when compared with

the total number of confirmed cases.

The percentage of increase in the pandemic disease spread is too fast, and when

compared with the number of death cases, the number of recovered cases is more.

Fig. 7.15 represents the total recovered cases of COVID-19 worldwide. When compared

with other countries, China attained the highest number of recovered cases. Mostly

FIGURE 7.13 The total number of confirmed cases versus deaths, as of March 26, 2020.
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FIGURE 7.14 The total number of confirmed cases versus active cases, as of April 25, 2020.

FIGURE 7.15 The total number of confirmed cases versus recovered cases, as of April 25, 2020.
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two-thirds of people in China have recovered from the disease. The graph clearly de-

scribes that the number of recovered cases in the United States is very low and denotes

that America was in a dangerous situation. Countries such as Netherlands, Sweden,

Portugal, the United Kingdom, and Ireland have very low numbers recovered cases. In

China and Iran, the rate of recovery is very high. It was because of their doctors and the

rules followed throughout the country. The countries with zero rate of recovery are

Netherlands and the United Kingdom. It shows that these two countries are in a very

dangerous situation.

Many viral diseases have affected people for many years. When compared with the

Spanish flu, the death rate of COVID-19 is very low. While analyzing the countries

affected due to coronavirus outbreak, as per Fig. 7.16, Italy has the highest mortality rate,

where more than 1000 people have died in a single day. In a survey, most of the people

died due to the coronavirus infection are from the United States. More than 42,000

people died due to the disease in America. One relief in this COVID-19 outbreak is it does

not cause more number of deaths when compared with the other previous diseases. The

total mortality rate of the novel coronavirus is 3.4. It shows that only more number of

people are affected but the death rate is very low. So there is more chance of people to

recover from the disease. Belgium has reported more number of death cases. Its death

rate is four times higher than that of America. Even though some countries have high

mortality rates, many of the countries have low mortality rates. It was one of the positive

things about COVID-19.

FIGURE 7.16 The total number of confirmed cases versus deaths, as of April 25, 2020.
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7. Comparison of COVID-19 in March and April
Since December 31, 2019, thousands of people are affected due to the novel coronavirus

infection. Its attack not even leaves a small island or territories. More than 200,000

people are affected due to COVID-19 in 2020. Even though the infection has been ruining

many lives, there are a lot of differences in the caution of infection on March and April.

The major differences and effectiveness of the disease between the months of March and

April are listed in the following:

1. Topmost COVID-19-affected countries: In the month of March, the most affected

countries are China, Italy, Korea, Iran, Spain, France, Germany, International

Conveyance (Diamond princess), America, and Japan. The graph of the confirmed cases

in the topmost countries is shown in Fig. 7.10. From this graph, it is clear that China is

the most affected country due to the disease. As it has the highest population and is

crowded, the level of spreading of the virus is drastically high. In the month of April, the

most affected countries are America, Spain, Italy, France, Germany, the United Kingdom,

Turkey, Iran, China, and Russia. The graph of the active cases in the topmost affected

countries is shown in Fig. 7.14. From this graph, it has been declared that America leads

the count of confirmed cases than China. America reached more than 200,000 people

who were affected by the disease.

2. Count of recovered cases: In the month of March, people had no awareness about

the coronavirus infection. So they did not mind a mild cold or fever. This led to the

growth of confirmed cases. Doctors struggled to treat people who were affected by the

disease. China was the best example of recovery. In the beginning, China was the one

that had a high number of infected cases. But later it slowly recovered from the disease.

In the month of April, the level of recovery is much higher than the previous month. In

spiteof gettingmorenumberof confirmedcases, the countof recoveredcaseswasalsogood.

Day by day, more amount of people recovered from the disease and were discharged safely

to their homes. Many people have awareness about COVID-19 in the recent days.

3. Spread of the virus: In the month of March, many people were affected by the

disease. This was mainly because of the lack of awareness of the people. America got the

first place in the list of affected countries because of the increased spreading of the virus.

The vulnerability of the disease is very high. People of all ages are infected by the disease,

and elders do not survive the disease. Then the spread of virus slowly reduced. In the

month of April, there was a less level of spread than the previous month. This was

possible only because of the lockdown ordered by all the countries’ governments. In

April, most of the countries declared a whole lockdown for many days to prevent the

spread of the virus. It was the best decision took by governments because only with the

help of quarantine, most lives were saved.

4. Mortality rate: In the month of March, the mortality rate of COVID-19 worldwide

was 2.5%. People aged more than 50 years died due to the virus in the beginning. But as

the virus started to spread more and more, there was an issue where teenaged people

also died due to the disease. It was considered as the big problem in all countries.

Nonidentification of the disease in the starting stage was an important reason for the

high mortality rate.
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In the month of April, the mortality rate of COVID-19 in all countries as 3.4%. As the

count of confirmed cases increases, the number of death cases also increases. The major

reason for the growth of high mortality rate is there is no perfect treatment for the people

who have reached the critical stage of the disease. But people who are in the starting

stage of the disease can be easily rectified.

8. Conclusion
At present, there is no therapy or vaccines available to treat COVID-19. The national

governments and the WHO and its partners are working urgently to coordinate the rapid

development of medical countermeasures. Ongoing, comprehensive, and verified global

surveillance data about COVID-19 is crucial for responding at the global, national, and

local levels. Epidemiologic surveillance information is collected from all countries,

territories, and local areas and the collected information is made accessible through

multiple channels, including a dynamic dashboard and a daily situation report, and also

displayed in various government websites.

The outbreak of COVID-19 has drastically affected various countries. Countries that

had less number of confirmed cases in the first 30 days had seen a rapid increase in the

next 30 days. The dataset was prepared for 175 affected countries and territories as of

March 19, 2020 [56]. The spread of the virus was so rapid that on March 26, 2020, it

affected around 186 countries and territories and on March 27, 2020, it reached 197

countries and territories. Another thing to be noted is that China, where the outbreak

started, has almost recovered from the effects of COVID-19 [13]. But the rest of the world

is still struggling to control the spread of this novel virus, especially Italy, Spain, and the

United States are the worst affected countries due to the pandemic. As of now, there is

no vaccine or drug for this novel virus, so the only way to protect from this disease is to

avoid exposure to the virus.

Self-isolation and social distancing can only be the possible ways to reduce the

number of cases in each country. With the world facing an unprecedented threat, there is

an opportunity to emerge with stronger health systems and improved global collabo-

ration to face the next health threat. As we focus on the immediate response to the

COVID-19 crisis, it is important to keep in mind the depth of the consequences that are

already being felt across the globe. The pandemic has left a great impact on us, so it is

our duty now to be responsible and make the world a safer place to live in the future.
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[52] T. Niedoba, P. Piéta, Applications of ANOVA in mineral processing, Min. Sci. 23 (2016).

[53] M.T. Sow, Using ANOVA to examine the relationship between safety & security and human
development, J. Int. Bus. Econom. 2 (4) (2014) 101e106.

[54] H. Li, S.-M. Liu, X.-H. Yu, S.-L. Tang, C.-K. Tang, Coronavirus disease 2019 (COVID-19): current
status and future perspective, Int. J. Antimicrob. Agents (2020) 105951.

[55] Q. Li, X. Guan, P. Wu, X. Wang, L. Zhou, Y. Tong, R. Ren, K.S. Leung, E.H. Lau, J.Y. Wong, et al., Early
transmission dynamics in Wuhan, China, of novel coronaviruseinfected pneumonia, N. Engl. J.
Med. (2020).

[56] A.R. Fehr, R. Channappanavar, S. Perlman, Middle east respiratory syndrome: emergence of a
pathogenic human coronavirus, Annu. Rev. Med. 68 (2017) 387e399.

[57] L.E. Gralinski, V.D. Menachery, Return of the coronavirus: 2019-nCoV, Viruses 12 (2) (2020) 135.

[58] M.R. Stoline, The status of multiple comparisons: simultaneous estimation of all pairwise com-
parisons in one-way ANOVA designs, Am. Stat. 35 (3) (1981) 134e141.

[59] A.C. Tamhane, Multiple comparisons in model i one-way ANOVA with unequal variances,
Commun. Stat. Theor. Methods 6 (1) (1977) 15e32.

[60] H.M. Park, Comparing Group Means: T-Tests and One-Way ANOVA Using Stata, SAS, R, and SPSS.

Chapter 7 � Data science: a survey on the statistical analysis 139

https://www.who.int/health-topics/coronavirus
https://www.who.int/health-topics/coronavirus
http://www.worldometers.info/coronavirus/,%20Worldometers.info

