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1. Introduction
There are several types of coronaviruses pathogenic to humans. The most common types

of pathogens or biological agents are bacteria, virus, fungi, and parasites. This patho-

genic agent causes severe disease or illness to its hosts. There are numerous avian hosts

such as bats, civets, camels, masked palm, mice, dogs, cats, etc. These hosts are

responsible for bearing the coronavirus [1,2]. Many types of coronaviruses are related

with mild clinical symptoms [3]. One is the severe acute respiratory syndrome corona-

virus (SARS-CoV), a novel type of betacoronavirus. SARS-CoV appeared in Guangdong in

November 2002 [4]. More than 8000 people were affected by SARS-CoV and 774 people

died in 37 countries at that time [5]. Another type of coronavirus is the Middle East

respiratory syndrome coronavirus (MERS-CoV) that was first detected in Saudi Arabia in

2012 [6]. Because of MERS-CoV, 858 people have died out of the 2494 laboratory detected

and confirmed cases since the year 2012. In May 2015, about 186 confirmed MERS-CoV

cases were found due to the virus transmission from a returned traveler from Saudi

Arabia, and as a result, total 38 people were dead in South Korea where the fatality rate

was 20.4% [7].

In late December 2019, many people around Huanan seafood market at Wuhan city

of Hubei province of China became ill and their illness was similar to some sort of

pneumonia. In Wuhan, the Huanan seafood market was selling live animals including

various types of birds and rabbits. The pneumonialike disease was found to be caused by

a novel, human-infecting coronavirus [8] provisionally named 2019-nCoV. This virus was

identified by using next-generation sequencing. According to the report mentioned in
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the WHO website, there have been 83,597 confirmed cases and 3351 deaths in China

from January 11, 2020, to April 13, 2020. There have been 0.058 cases per 1000 people.

More than 180 countries [9], 200 territories, and 26 cruise ships [10] are affected by

coronavirus disease 2019 (COVID-19). Most COVID-19-infected patients have high fever,

dyspnea, pneumonia, and lung problems. Dyspnea means difficulty during breathing.

Currently there is no specific treatment options for COVID-19; doctors are treating

patients based on their symptoms and clinical conditions. Unfortunately there is no

preventive vaccine either. Scientists all over the world are trying to find appropriate

vaccines and drugs to fight this disease. Hence many countries are adopting the lock-

down approach and isolating patients to prevent the spread of the disease. Apart from

the social distancing approach, everybody is asked to maintain personal hygiene. This

includes washing hands frequently with water and soap for at least 20 s, not touching the

face, covering coughs and sneezes with elbow, and cleaning surfaces regularly. Patients

of this disease are being treated in hospitals while some others at home. In many cases,

there has been huge pressure on the limited medical facilities. Currently there is shortage

of appropriate masks and personal protective equipment (PPE) even for medical staff.

The situation is worse in the developing countries. Besides, the lockdown approach is

creating a huge impact on the global economy. Therefore COVID-19 is not only a health

crisis but also has become an economic and a social crisis for humans. In order to

overcome this global crisis, it is important to understand the characteristics of this virus

and its impacts.

A number of research papers have reviewed COVID-19 in different perspectives

[3,11e15]. These research results have advanced the understanding about the interaction

of pathogens to human cells leading to the disease and other characteristics of

COVID-19. One study [3] focuses on the causative agent, pathogenesis, diagnosis,

treatment, prevention, and control of COVID-19. The influence of this disease on infants

and children was also studied [11]. Understanding about how the novel coronavirus

moves between species and how it infects hosts can be vital in order to predict when and

where the virus can spread dangerously [12]. The transmission route of the virus via

airborne droplets from human to human is depicted in a study [13]. Moreover, the

starting dates of COVID-19 in several countries are depicted. Date-wise deaths are also

shown graphically in the study [13]. A review of COVID-19 in the otorhinolaryngologic

context is also reported [14]. It is an important matter of study why some patients

develop ear, nose, and throat (ENT) and anosmia symptoms while some do not.

COVID-19 causes otorhinolaryngologic manifestations, and so otolaryngologists and

ENT surgeons are at a greater risk of getting SARS-CoV-2 infection [14]. Another study

[15] discusses about COVID-19 focusing on pathogenesis and immunopathology.

As there is no approved vaccines and drugs for COVID-19 at the moment, the un-

derstanding of the clinical signs, pathogenesis, and pathology [15] is important in order

to save patients’ lives. Moreover, the knowledge about this virus is frequently evolving

and advancing; hence both original research and review reports on the latest condition

of COVID-19 are important. This chapter provides a review on the origin, epidemiology,
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transmission, genomic sequence, phylogenetic analysis, clinical characteristics, and the

development of vaccines and drugs. Besides, this chapter provides data visualization of

the confirmed, death, and recovered cases around the world.

2. Origin of coronavirus
The recent novel coronavirus (SARS-CoV-2) is type of a b (beta) coronavirus. This b

(beta) virus is an enveloped positive-sense RNA virus. This RNA virus is nonsegmented.

The subgenus of this virus is Sarbecovirus and the subfamily is Orthocoronavirinae [16].

Coronaviruses can be categorized into four genera [16]:

(i) a (alpha) CoV

(ii) b (beta) CoV

(iii) g (gamma) CoV

(iv) d (delta) CoV

a (alpha) and b (beta) coronaviruses are capable of infecting mammals. On the

contrary, g- and d- coronavirus tend to infect birds [17].

Alphacoronavirus genus has two types of human coronaviruses. These two types are

(i) HCoV-NL63

(ii) HCoV229E

Betacoronavirus genus has four types of human coronaviruses [17]. They are

(i) HCoV-OC43,

(ii) HCoVHKU1,

(iii) SARS-CoV,

(iv) MERS-CoV.

SARS became a pandemic in 2003. In 2020, the novel coronavirus infection has

become a pandemic [19]. SARS-CoV and MERS-CoV are considered highly pathogenic

[18]. According to Guan et al. [20], both SARS-CoV and MERS-CoV infected humans

from bats using intermediate hosts of palm civets. According to Drosten [21], MERS-

CoV was transmitted from dromedary camels. The genome sequence of SARS-CoV-2

is found to be 96.2% identical to a bat coronavirus RaTG13 type. It can be capable to

share 79.5% identity to basic SARS coronavirus. According to the genome character-

istics and the analysis of evolution, bats are thought to be the natural host of

SARS-CoV-2, and this virus might be transmitted from bats to humans using inter-

mediate hosts. From the research report by Zhou et al. [22], it can be said that ACE2

(angiotensin-converting enzyme 2), the same receptor as SARS-CoV is used by SARS-

CoV-2 for infecting humans.
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3. Epidemiology of coronavirus
Since December 12, 2019, coronavirus first broke out in Wuhan, China. It was an un-

known acute respiratory tract infection. Some studies proposed that bats may be the

probable reservoir of SARS-CoV-2 [23,24]. But, there is no confirmation as far as that

the SARS-CoV-2 origin was from the seafood market. Relatively, bats are a wide variety

natural reservoir of coronaviruses, as well as MERS-CoV-like and SARS-CoV-like viruses

[25e27]. In the seafood market, bats were not available at that time for sale [28].

Moreover, phylogenetic analysis and protein sequence orientation [29,30] presented

that similar residues were experimented in various species, which gave more proba-

bility for other transitional hosts, such as snakes, pangolin, and turtles. SARS-CoV-2

transmission occurs in humans to humans that is mainly among family members, i.e.,

friends and relatives who closely communicated with incubation carriers or patients.

Zhu et al. [16] described that 72.3% of the patients communicated with some people

from Wuhan between the nonresident patients of Wuhan and 31.3% of patients who

currently moved to Wuhan. The National Health Commission of China reported that

about 3.8% of COVID-19 infection is among healthcare workers. Healthcare workers’

infections in 33%e42% of SARS cases as well as transmission among 62%e79% of

patients was the very general route of infection in the case of MERS-CoV [31,32]. Direct

connection with wild animals via consumption or with intermediate host animals was

supposed to be the central route of transmission of SARS-CoV-2. On the other hand,

transmission route(s) and the source(s) of SARS-CoV-2 are yet to be confirmed.

4. Transmission
The transmission mode for OC43, HCoV 229E, HKU1, and NL63 are not clearly iden-

tified, but as with the transmission of human coronaviruses, other respiratory virus

transmission occurs via droplets, direct contact, or indirect contact. Aerosol trans-

mission possibility is still under investigation. MERS-CoV spreads frequently through

direct contact and droplets, but transmission by fecal-to-oral route, aerosols, or indi-

rect contact is also feasible [35]. SARS-CoV mainly spreads via direct contact and

droplets. Medical techniques that induce aerosol production, i.e., intubation or

nebulizer treatment, are described to raise the transmission risk. Fecal-to-oral route

may be potential, but only slight indication supports it. SARS-CoV-2 appears to share

the transmission mode with MERS-CoV and SARS-CoV, as it spreads primarily via

droplets or respiratory secretion. Current studies presented that SARS-CoV-2 can

continue to be viable on different surfaces, i.e., cardboard, plastic, stainless steel, and

glass, for at least some hours [36,37]. This specifies that SARS-CoV-2 transmission

might be probable through polluted surfaces. Aerosol is presently not considered as the

primary transmission mode, as no transmission of airborne particles has been

described yet, although it looks possible in hospital locations where aerosol-producing
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processes occur. SARS-CoV-2 RNA has been identified in the stool, urine, and whole

blood of COVID-19 patients, but whether transmission through such medium is

probable is still unidentified [33,34].

The first SARS case was reported on November 16, 2002, and was not confirmed a

pandemic despite the 8096 confirmed cases prominent to 774 deaths during the

8-month period. Meanwhile, in April 2009, the H1N1pdm09 virus spread quickly all over

the world generating more than 30,000 cases in 74 countries. The WHO declared the

infection of H1N1pdm09 influenza virus as a pandemic [38]. The SARS-CoV-2 trans-

mission is not exactly identified yet. A meta-analysis study between January 1, 2020, and

February 7, 2020, proposes that the basic SARS-CoV-2 reproduction number (R0) ranges

from 1.4 to 6.49, with a median value of 2.79 and a mean value of 3.23 [39]. Gathering of

new epidemiologic data may adapt this value. However, R0 is estimated to be around

between 2 and 3. The transmission of SARS-CoV occurs some days following the

inception of symptoms [40]. SARS-CoV was efficiently controlled by isolating the pa-

tients presently after the inception of illness, as the rate of secondary attack was critically

decreased by separating the index case within 5e6 days. Instead, the SARS-CoV-2

transmission point remains unidentified. Generally, when patients have some symp-

toms, respiratory viruses have the maximum transmissibility as may be the case for

COVID-19. The respiratory viral load of 18 COVID-19 patients in China is described by

Zou et al. [41]. Patients with coronavirus infection sometimes bear a resemblance to

patients with influenza virus infection. The transmission of COVID-19 usually occurs

during the first few days after the onset of symptoms.

5. Genome structure
COVID-19 virus is an enveloped particle of spherical size or pleomorphic. A positive-

sense and single-stranded RNA is contained in it. The RNA is associated with a nucle-

oprotein (combination of nucleic acid and protein) within a capsid. The capsid consists

of matrix protein. Matrix protein describes a protein forming layer on the inside of the

viral envelope. The envelope bears glycoprotein projections. This projection is club

shaped. Some coronaviruses also contain a hemagglutinin-esterase (HE) protein.

Coronaviruses have the largest size of genomes among all known RNA viruses. Their

genome size is 26.4e31.7 kb. SARS-CoV has a positive-sense RNA genome of size 27.9 kb,

while MERS-CoV has a positive-sense RNA genome of 30.1 kb. The genome of corona-

viruses contains a variable number of open-reading frames (ORFs) ranging from 6 to 11.

Two-thirds of the viral RNA is mainly located in the first ORF (ORF1a/b). This major RNA

portion translates two polyproteins. The polyproteins are pp1a and pp1ab. The viral RNA

can also encode 16 nonstructural proteins. On the contrary, the remaining ORFs encode

accessory and structural proteins [43,45]. When whole-genome sequence is taken into

consideration, SARS-CoV-2 has some similarity with the SARS-like bat coronaviruses.
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A number of proteins constitute this virus. These are membrane (M) protein, spike

(S) glycoprotein, envelope (E) membrane protein, nucleoprotein (N), and HE protein

[42,43]. The proteins S, M, E, and N are encoded by ORFs 10 and 11 [46,47]. Genome

maintenance and virus replication are carried out by HE protein, 3a/b protein, and 4a/b

protein [46].

Within the coronavirus particle, the RNA genome is wrapped by N for forming a

coiled tubular structure. This helical nucleocapsid is surrounded by E protein. Two or

three structural proteins are associated with E protein. The M protein is embedded in an

envelope. The S protein attached with the envelope is the target of neutralizing anti-

bodies. HE protein is found in several of the betacoronaviruses. There are five essential

genes in coronaviruses. Among these, four are for structural proteins (N, E, M, S) and the

rest is for viral replication or transcription (RNA-dependent RNA polymerase [RdRp]).

The organization of the genome can be described in the following format: 50-RdRp-S-E-
M-N-30 [44,45].

6. Phylogenetic analysis
Researchers have performed phylogenetic analysis to report that SARS-CoV-2 fell within

the subgenus Sarbecovirus, with the genus Betacoronavirus. This SARS-CoV-2 has 88%

similarity with two other coronaviruses, namely, bat-SL-CoVZC45 and bat-SL-

CoVZXC21. It has 79% similarity with SARS-CoV and 50% similarity with MERS-CoV.

This virus has amino acid variation at some key residues but still has a receptor-binding

domain (RBD) structure similar to SARS-CoV [48,49]. This means the ACE2-binding

mode of the novel coronavirus RBD is closely identical to that of the previously identi-

fied SARS-CoV RBD. ACE2 is also used as a cell surface receptor or membrane receptor in

SARS-CoV.

7. Statistical analysis on COVID-19
In this section, data visualization [1] is provided on the confirmed, death, and recovered

cases of COVID-19 in different countries using datasets available in Refs. [76e78].

Python programming language is used as the data visualization tool. Statistical analyses

are illustrated in Tables 25.1e25.3. From Table 25.1, it can be seen that the United States

has the highest number of confirmed cases followed by Spain and Italy. The United

States also has the highest number of deaths, as shown in Table 25.2. Europe and North

America have the most number of COVID-19 patients, as reported in Table 25.3.

Country-wise correlation up to April 27, 2020, is illustrated in Fig. 25.1. Fig. 25.2 shows

the visualization of confirmed, active, death, and recovered cases of the top 10 countries.

Fig. 25.3 presents a visualization of the confirmed and death cases in the world for the

period from January 22, 2020, to April 27, 2020. It can be seen that after around 55 days,

that is, after mid-March, the number of confirmed cases has increased drastically.
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Table 25.1 Top 10 countries with the most number of
reported cases (up to April 27, 2020).

Country/region Confirmed cases

The United States 988,469
Spain 232,148
Italy 199,414
France 165,977
Germany 158,758
The United Kingdom 158,348
Turkey 112,261
Russia 93,558
Iran 92,584
China 83,938

Table 25.2 Top 10 countries with deaths reported
(up to April 27, 2020).

Country/region Deaths

The United States 56,253
Italy 26,977
Spain 23,822
France 23,327
The United Kingdom 21,157
Belgium 7331
Germany 6126
Iran 5877
China 4637
Brazil 4603

Table 25.3 Continent-wise reported cases.

Continent Confirmed Deaths Recovered Active Incident rate
Mortality rate
(per 100)

Africa 33,372 1471 10,190 21,711 304.6353 4.41
Asia 486,909 17,708 239,068 230,133 1907.7668 3.64
Australia 8219 102 6814 1303 59.0212 1.24
Europe 131,283 124,615 452,015 735,553 9240.9101 9.50
North America 1,070,441 61,172 141,648 867,621 868.7687 5.71
Others 1758 34 850 874 1150.4528 1.93
South America 145,075 6792 51,544 86,739 384.6387 4.68
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The increase in the confirmed cases has been exponential in nature. The number of

deaths has also increased sharply after mid-March 2020. Fig. 25.4 shows the confirmed

and death cases for China, the United States, and Spain during January 22, 2020, to April

27, 2020. It can be seen from Fig. 25.4A that after 40 days, that I,s after the beginning of

March 2020, there has been little increase in the number of confirmed cases in China.

This shows that China has managed the COVID-19 to a great extent since early March

2020. There has also been little increase in the number of deaths in China during this

period. On the other hand, there has been significant increase in the number of

FIGURE 25.1 Country-wise correlation up to April 27, 2020.

FIGURE 25.2 Visualization of confirmed, active, death, and recovered cases of the top 10 countries.
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confirmed and death cases in the United States and Spain after 60 days, that is, after

March 22, 2020. Fig. 25.4B illustrates the increase in cases in the United States, while

Fig. 25.4C demonstrates the same for Spain. However, as of 27 April, the number of

confirmed cases in the United States is close to 0.988 million, which is more than four

times that of Spain with 0.229 million cases. Fig. 25.5 presents the visualization of

confirmed, death, recovered, and active cases in the Hubei state of China from January

22, 2020, to April 27, 2020. It can be seen that since early March 2020, there is little

increase in the number of confirmed cases but significant decrease in the number of

active cases. Moreover, Hubei state has experienced increase in the number of recovered

patients since early March 2020. The number of deaths has also been low since March

2020 except a slight increase after mid-April 2020.

8. Clinical features of COVID-19
The range of COVID-19 incubation period is 2e14 days, with a median period of 5.1 days

[50,51]. The household transmission analysis has shown that respiratory symptoms

and fever appeared 3e7 days since coverage to the virus. Fatigue, dry cough, and

fever have been more regularly reported, whereas rhinorrhea, nasal sore throat,

myalgia, and congestion are relatively rare [52]. Sometimes, nonrespiratory symptoms,

FIGURE 25.3 Visualization of confirmed cases and deaths all over the world from January 22, 2020, to April 27,
2020.
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i.e., palpitation, headache, or diarrhea, led the respiratory symptoms. Many patients are

primarily afebrile. The COVID-19 clinical spectrum ranged from asymptomatic to fatal

pneumonia. Asymptomatic infection rate is yet to be well-defined, as initially most of the

asymptomatic infections finally turned symptomatic. According to the Chinese National

Reporting System data, after February 20, 2020, the confirmed cases for median age is

51 years (2 days to 100 years), of which 77.8% are 30e69 years [53]. Totally 51.1% of men

has been reported. According to that report, 80% of confirmed cases were without

pneumonia or had slight to moderate pneumonia, around 15% had simple pneumonia,

around 6% were under intensive care owing to multiple organ failure, shock, and res-

piratory failure. COVID-19 has a fatality rate of 3.8% in China, 5.8% in Wuhan city, and

FIGURE 25.4 Visualization of confirmed and death cases from January 22, 2020, to April 27, 2020, in (A) China,
(B) the United States, and (C) Spain.
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0.7% in the rest of mainland China. Severe death or pneumonia with its risk factors

include age 60 years or older, besides medical comorbidity, i.e., cardiovascular disease,

diabetes mellitus, hypertension, malignancy, or chronic pulmonary disease. The

confirmed COVID-19 cases indicated lymphopenia, leukopenia, and mild elevated

C-reactive protein levels in laboratory tests. But the patients of severe pneumonia had

increased creatinine kinase levels, neutrophil count, and leukocyte count. Computed

tomography (CT) discovered interstitial infiltration or ground-glass appearance and

multiple patchy consolidations in both lung fields [54].

A team of researchers analyzed 138 hospitalized patients based on the severity of

pneumonia in Wuhan, China [55]. Among them, 36 patients required intensive-care unit

(ICU) admission. According to the report [55], the ICU-admitted patients had a median

age of 66 years, while others had an average age of 51 years. The patients of intensive-

care group can bear some conditions such as hypertension and diabetes mellitus. The

median time from onset of symptoms to dyspnea was 5 days and to acute respiratory

syndrome was 8 days. After a few days, six patients had died, with an overall mortality of

4.3%. In fatal cases, elevations in total leukocyte count and neutrophil ratio and decrease

in lymphocyte count were observed 7 days after the onset of symptoms. In laboratory

test results, most of the patients had decreased or normal lymphocytopenia and white

blood cell counts [30,56]. But in the simple patients, the D-dimer, creatinine levels,

neutrophil count, and blood urea concentration were higher considerably, besides the

lymphocyte counts were decreased.

FIGURE 25.5 Visualization of confirmed, death, recovered, and active cases in the Hubei state of China from
January 22, 2020, to April 27, 2020.
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9. Treatment with drugs
The current treatment of COVID-19 mainly focuses on respiratory support and symp-

tomatic treatment according to the treatment and diagnosis of pneumonia affected by

COVID-19 for the absence of actual antiviral therapy [57]. Approximately all patients

recognized oxygen therapy, as well as WHO suggested extracorporeal membrane

oxygenation (ECMO) to patients with refractory hypoxemia [58]. Antiviral systemic

corticosteroid treatment and drugs normally used in clinical practice, containing neur-

aminidase inhibitors (zanamivir, peramivir, oseltamivir, etc.), acyclovir, ganciclovir, and

methylprednisolone, as well as ribavirin [59], for influenza virus, are invalid for COVID-

19 and not suggested. Hydroxychloroquine, antimalarial drug, is licensed for the treat-

ment of malaria and chemoprophylaxis and as a disease-modifying antirheumatic drug

[60e62]. It is reported that prophylaxis with hydroxychloroquine at permitted doses may

prevent SARS-CoV-2 infection and ameliorate viral shedding [63]. Recently scientists in

China have implemented clinical trials of hydroxychloroquine medicine for COVID-19.

Chloroquine and hydroxychloroquine are relatively well tolerated as demonstrated by

extensive experience in patients with systemic lupus erythematosus and malaria.

However, both agents can cause rare and serious adverse effects [64,65]. There are also

many other drugs in the trial stage, such as remdesivir [66e70], favipiravir [71e73],

arbidol [74,75], etc. The trials of various drugs related to the fight against COVID 19 are

summarized in Fig. 25.6.

FIGURE 25.6 Summary of some clinical outcomes.
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There had been widespread hope that remdesivir could treat COVID-19. But it is

declared that this drug has failed in its first randomized clinical trial according to draft

reports accidentally published by the WHO. Based on the report, researchers studied 237

patients and administered the drug to 158 patients. Then their progress was compared

with the remaining 79 who received a placebo. It is reported [83] that about 13.9% and

12.8% of patients died after 1 month of taking remdesivir and placebo, respectively. This

means remdesivir has not shown significant benefits compared to placebo and hence

requires further investigation to prove its effectiveness in treating COVID-19.

10. Progress on vaccines
As of January 2020, some vaccines are being introduced for preventing COVID-19. A

number of vaccines including Moderna vaccine and Pfizer-BioNTech vaccine are

approved by the national regulatory authorities for public use. The National Institute of

Allergy and Infectious Diseases (NIAID) is leading the funding of federal research and

response to COVID-19. The S protein is the major target for developing the COVID-19

vaccine [80]. Some of the potential drugs [79,81] are presented in Fig. 25.7.

FIGURE 25.7 Summary of vaccine progress.
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It is also noted that researchers at the University of Oxford led by Professor Sarah

Gilbert have begun testing a COVID-19 vaccine named ChAdOx1 nCoV-19 in human

volunteers from the last week of April 2020 [82]. ChAdOx1 has been given to more than

320 people to date, and after taking the vaccine, it has been safe and was well tolerated.

Although there are some temporary side effects, such as a temperature, headache, or

sore arm.

11. Conclusions
Currently, the entire world is fighting against the coronavirus disease. About 30,318,681

people are affected from COVID-19 already and 207,973 are dead according the situation

report-100 of WHO as of April 29, 2020. The world has not experienced such a health

crisis since the influenza outbreak in 1918. The mutation rate of the coronavirus is very

fast. It becomes very dangerous for aged people and people suffering from any other

diseases such as diabetes, high blood pressure, kidney problem, etc. SARS-CoV-2 is more

severe than seasonal influenza in part due to having many more ways to stop cells from

calling out to the immune system for help. At present, there is no prescribed drug or

vaccine for this deadly COVID-19. Countries are applying social distancing measures to

stop the spread of the disease, which in turn is hampering the global economic condi-

tion. Hence continuous research is required to understand the characteristics of SARS-

CoV-2 and to overcome the COVID-19 pandemic soon.

Early detection is required for reducing the spread of COVID-19 [84]. Therefore some

machine learning methods [85e91] can be helpful for predicting COVID-19. Moreover,

deep learning methods [92e94] can be potentially used to detect COVID-19 at the initial

stage by applying CT and X-ray images [95e99].
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