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    FOREWORD




    


    


    


    


    


  




  

    It is my proud privilege to introduce the book “COVID-19: Diagnosis and Management”, which is authored by a group from PGIMER, Chandigarh. The timing of this monograph is very apt as it has been about 9 months since the start of the COVID-19 pandemic, and it is now that we are starting to unravel the various mechanisms of disease pathogenesis and treatment modalities for this viral infection which has infected 29 million people, out of which about 1 million have died till date globally.




    It has been the need of the hour to come up with a treatment for this pandemic disease. Moreover, it is of utmost importance that all the information related to COVID -19 should be compiled in one place, a goal which this book will fulfill.




    Though the tests for diagnosis of the infection have been developed in the start of the pandemic, there are still some issues in diagnosis, including the sensitivity of the best test available, i.e., Real-Time Polymerase Chain Reaction.




    The book is very well organized and has been divided into two parts; each part is comprised of 6 chapters and covers all the aspects of COVID-19 from the history to the treatment of the disease. Based on the best scientific studies available, the editors and authors have used their vast professional experience to discuss the all clinical aspects of COVID-19, including clinical presentation to diagnosis in the first part and treatment of COVID-19 in the second part, and I am very sure that this compendium will become the benchmark to refer to for any information required on COVID-19.




    Whenever we write books, we must have in our minds, as clearly as possible, the affirmation of Carlyle Guerra de Macedo, who was the Director of Pan American Health Organization, relative to the responsibility of what is being published: “It must be remembered that behind each table, every report or material examined, there are lives, there are people, there is suffering, waiting for our efforts and human solidarity.” Both the parts of the book are very well organized, and the readers will get a mine of information available to date on COVID-19 in one place, and it would be helpful to both the clinicians and the lab professionals for day-to-day guidance in various matters. The monograph is comprehensive but is written in a lucid manner that is easy to grasp, and even complex topics are made simple for understanding.




    I am also sure that as the knowledge of the virus evolves further, the authors will certainly keep updating the work from time to time, further adding to the importance of the book. I would like to congratulate the editors/authors for this tremendous effort, and I am very sure that this book will surely be of use to readers around the world and help them in the diagnosis and management of patients with COVID-19 and will also go a long way in the efforts to help fight the pandemic, which is being faced by the humanity now.




    

      


      Prof. R. Sehgal


      Department of Medical Parasitology


      Chairperson Group D Departments


      Postgraduate Institute of Medical Education & Research


      Chandigarh-160012


      India

    


  




  




  




  

    PREFACE




    


    


    


    


    


  




  

    The coronavirus disease 2019 (COVID-19) outbreak has spread throughout the globe and has been declared as a pandemic by the World Health Organization (WHO) on 11th March 2020. To date, i.e., 1st September 2020, there are more than 25, 327, 098 confirmed cases of COVID-19 worldwide, and around 848, 255 deaths have been reported. Clinicians and scientists across the globe need all the information on this pandemic disease on one platform. This book, “COVID-19: Diagnosis and Management”, is a concise and visual reference for this viral disease. This book has been divided into two parts I and II.




    Part I will provide a comprehensive knowledge which will cover all the aspects related to COVID-19, such as: 1) History of coronaviruses, 2) epidemiology of COVID-19 3) clinical presentation of this viral disease, 4) how to diagnose it, whereas part II of the book covers the prevention and treatment methodology of this communicable disease.




    Key Features:





    

      	Chapter wise description and segregation of all the areas from pathophysiology to diagnosis and management of COVID-19 in two different parts of the book.




      	Six chapters in the first part that begin with the history of the coronaviruses and their introduction.




      	Multiple tables and figures which summarize and highlight important points.




      	Covering all the aspects of COVID-19, making this a perfect textbook for virologists and medical students.




      	A summary of the current standards for the evaluation and diagnosis of COVID-19.




      	A detailed list of references, abbreviations, and symbols.


    




    This book is an essential reference for practicing and training virologists, pulmonologists, medical students, scientists working in various research labs, pharmaceutical and biotechnology industries on COVID-19.
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      Abstract




      Pandemic is the term coined for the widespread of a disease or infection on a very large scale and across borders. COVID-19, an outcome of the spread of coronavirus, reportedly started from China and spread to almost all the countries of the world. Though it is not for the first time that there was an outbreak of a disease at such a high magnitude but the duration for which it has continued to grapple the world with its virulence and contagious nature, it has become important to take a peek into the history of other pandemics of the world too. Before COVID -19, about 20 major outbreaks of infectious diseases took place and claimed millions of lives in a sweep. The awareness of government bodies, WHO, and non-government organizations grew better with every pandemic. Understanding the role of basic hygiene, self-immunity, social distancing, living in coherence with other living and non-living components of the planet are some positive outcomes of these pandemics. These pandemics also necessitated the need for discovering new drugs and vaccines.




      This chapter describes the major pandemics in the history of mankind, the origin and types of coronaviruses, the association of different types of coronaviruses with the ranges and severity of infections, and the origin of COVID-19.
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      INTRODUCTION




      The terms pandemic, epidemic, outbreak are primarily categorized based on the number of cases of a condition often used to describe infections. These terms have described the comparison of the expected number of cases in a particular time and how far-off cases have spread in the geographical area. Some conditions, such as cancer, hypertension, violence, beneficial behaviors, or even positive behaviors, can also be defined in the same way (Morens et al., 2009).




      The term ‘pandemic’, has its origin derived from the Greek words pan (meaning “all”) and demos (meaning “the people”). Pandemic refers to a spread of contagious illness that spreads across the countries or world, usually affecting a larger area than an ‘epidemic’. It is important to note that a disease that is affecting a large number of people or widespread cannot be said to be a pandemic till it is contagious (Fig. 1). For example, cancer kills many people, but it is not a contagious disease, so not included as a pandemic (WHO, 2011).




      
[image: ]


Fig. (1))


      The essentials of a pandemic.



      The word “epidemic” is derived from the two Greek words epi meaning “upon or above”, and demos “the people”. An epidemic is an outbreak of disease that rapidly spread to a large population in a short period of time. For example, severe acute respiratory syndrome (SARS) took the lives of approx. 800 people worldwide during the epidemic of 2003 (Morens et al, 2009). An outbreak is an increase beyond expectation in the number of cases of a disease or condition occurring among a specified population in a limited geographic location and period of time (Gregg, 2002). The multi-state outbreak of Salmonella Muenchen in 1981 is an example of the outbreak.




      Evidence suggested that the human population has suffered from many pandemics throughout history, be it the earlier form of smallpox or Spanish flu or the recent incidence of Ebola or Covid. In world history, we can see a number of significant pandemics like cholera, dengue, plague, smallpox, AIDS, tuberculosis, influenza, West Nile disease, and severe acute respiratory syndrome (Rewar et al., 2015; Qiu et al., 2016). In 1999, WHO issued a printed paper on pandemic readiness overview, which was further revised in 2005 and 2009 while planning for an influenza pandemic. In this guidance, WHO defined different phases of pandemic and required appropriate actions for each phase. The revision includes the explanation of a pandemic and declaration of its leading phases (WHO, 2011). There have been many pandemics declared at different times as enlisted in Table 1.


    




    

      The Athenian Plague




      The plague has been responsible for three pandemics in history, including the 6th, 14th, and 19th centuries. The Athenian plague occurred during 430–26 B.C. It originated from Ethiopia, after that, it was distributed in Egypt and Greece. It is a well-known infectious disease primarily affecting rodents. Yersinia pestis bacteria is a causative agent of Athenian plaque that is related to the Enterobacteriaceae family. It is transferred in humans from rodents through skin-piercing by infected fleas. Transmission of bacteria in an uninfected person is possible by droplet contact, direct or indirect contact with infected material (Huremovic et al., 2017). Initial observed symptoms of the plague were headache, conjunctivitis, rashes on the whole body, and fever. After that patients showed severe symptoms like cough up blood, severe stomach cramps along with vomiting, and attacks of “ineffectual retching”. Generally, on the seventh or eighth-day infected persons die (Thucydides, 2017). Approximately 75000 to 100000 people died due to the plague of Athens (Litteman et al., 2009).




      

        Table 1 Chronology of pandemics.




        

          

            

              	Serial No.



              	Name of Pandemic Event



              	Year



              	Origin

            


          



          

            

              	1



              	Plague of Athens



              	430 B.C.



              	Ethiopia

            




            

              	2



              	Antonine Plague



              	165-190 A.D.



              	Italian peninsula

            




            

              	3



              	Justinian Plague



              	541-750 A.D.



              	Egypt

            




            

              	4



              	Japanese Smallpox



              	735-737 A.D.



              	Japan

            




            

              	5



              	Black Death



              	1347-1351



              	China

            




            

              	6



              	Aztecs Disease



              	1519-1520



              	Aztecs, America

            




            

              	7



              	London Plague



              	1665-1666



              	London

            




            

              	8



              	The Great Plague



              	1738



              	Central and Eastern Europe

            




            

              	9



              	Cholera 6 Outbreak



              	1817-1923



              	India

            




            

              	10



              	The Third Plague



              	1885



              	Yunnan, China

            




            

              	11



              	Yellow Fever



              	1648-1800



              	Africa

            




            

              	12



              	Russian Flu



              	1889-1890



              	The first cases were observed at three separate and distant locations, Bukhara in Central Asia (Turkestan), Athabasca in northwestern Canada, and Greenland.

            




            

              	13



              	Spanish Flu



              	1918-1920



              	Europe

            




            

              	14



              	Asian Flu



              	1957-1958



              	The Chinese province of Guizhou

            




            

              	15



              	Hong Kong Flu



              	1968-1970



              	Hong Kong

            




            

              	16



              	HIV/AIDS



              	1980 – present



              	The Democratic Republic of the Congo

            




            

              	17



              	SARS



              	2003



              	China

            




            

              	18



              	Swine flu



              	2009-2010



              	Mexico

            




            

              	19



              	MERS



              	2012



              	Saudi Arabia

            




            

              	20



              	EBOLA



              	2014-2016



              	Zaire, Africa

            




            

              	21



              	COVID-19



              	2019 – present



              	Wuhan, China

            


          

        




      


    




    

      Plague of Justinian




      The Justinian plague is the first recorded pandemic that began in 541 AD, killed over 100 million people. The Justinian plague, the name given after the 6th century by Justinian I, Roman emperor of the Byzantine Empire at that time (Rosen, 2007). It was a “real plague” pandemic that originated in the mid-sixth century AD. The first recorded outbreak of this disease began in Egypt. Further, it spread in the capital of Turkey Constantinople caused the death of 10000 people per day, and killed around 40% of the city population. It reduced drop by drop European population by 50% between 550 AD and 700 AD (Horgan, 2014).


    




    

      The Black Death




      The second pandemic was a global explosion of bubonic plague, widely known as the Great Plague, which originated from China in 1334, after that in 1347 it spread in Europe. After 50 years of its origin global population reduced from 450 million and caused approx 17 to 28 million deaths in Europe during the 14th century (Huremovic, 2016; DeWitte, 2014).


    




    

      Spanish Flu




      The “Spanish” influenza pandemic of 1918-1919 first appeared in the USA. Dominating impression was mainly found in Europe, Asia, and North America, also appeared in New Zealand, India, and South Africa. It killed around 50 million people worldwide and remained a threat to public health. Around one-third of the world’s population was infected and had clear symptoms of illness. This virus-derived in toto from an unknown source appeared as an avian-like influenza virus. It appeared quite ordinary, with mild symptoms. But it was not autopsies on victims that showed unusual hemorrhagic edema in the lungs, and it affected young adults more than others (Taubenberger, 2006). In 1918, this pandemic was caused by the venomous and pestilent influenza virus, a strain of the subtype H1N1 that mostly killed young adults. Examination of the virus proved it particularly deadly, as it activates overproduction, uncontrolled production of immune cells that destroy the immune system, and death of youngster. In 1918, the French bacteriologist Charles Nicole and his colleague Lebailly C concluded that the strain was found in mammals. The causative agent of Spanish flu is a virus of the “Orthomyxoviridae” family, which was recognized by Richard Edwin Scope (Tsoucalas et al., 2016).


    




    

      AIDS




      AIDS (acquired immunodeficiency syndrome) is an autoimmune disease caused by the human immunodeficiency virus (HIV). The causative virus was firstly identified in the early 1980s in the United States, after that scientists observed some cases in Africa and Europe, and at the same time all over the world. AIDS spreads through blood, vaginal secretions, semen, breast milk and mainly transmitted through unprotected mating with an HIV-positive partner. AIDS is a fatal disease, whereas a less number of infected people remain alive with AIDS around 20 years. It is the leading infectious cause of adult death around the world. AIDS was first recognized in the 1980s, public health officers try to prevent spreading disease by providing knowledge about the virus-like how the virus transferred from person to person and how could be protected ourselves from it (Farmer and Walton 2000; Lampatey and Merywen 2002).


    




    

      Smallpox




      Smallpox is one the most devastating diseases known to humankind, indigenous to Europe, Arabia, and Asia for centuries, responsible for the death of three infected individuals out of ten infectious patients, and the rest remain with pocky scars on the whole body. Evidence suggested that during the 20th century the global death toll from smallpox have been estimated at around 300 million. The native people of the United States and modern-day Mexico had nil natural immunity power against smallpox and the virus deducted them below by the tens of millions. Smallpox is the first virus epidemic cured by vaccination. During the 18th century, the vaccine of smallpox was discovered by a British doctor named Edward Jenner. Around 50 million people were infected by the smallpox virus in one year- which was equal to the population of South Africa. After that WHO was established in 1948. In India, until the 1950s, annually more than a million people died due to smallpox. In 1980, WHO declared that smallpox had been eliminated from the Earth (Fenner and Henderson 1988; Gupta and Mahajan 2003; Roos, 2020).


    




    

      SARS




      The first case of Severe Acute Respiratory Syndrome (SARS) appeared in China in November 2002. After that, it was recognized as a global threat in March 2003. In the next few months, SARS disease spread over many continents such as North America, Europe, South America, and Asia. In the 21st century, it emerges as the first severe and readily transmissible disease. It is a viral respiratory illness caused by a coronavirus commonly known as SARS-associated coronavirus, having an incubation period of 2 to 10 days. The primary mode of transmission is respiratory droplets and direct contact. SARS-CoV has been detected mainly in stool, also detected in blood, urine, and conjunctival secretions but to a lesser extent (Christian and Poutanen 2004; Hui, 2005; WHO, 2013).


    




    

      Swine flu or H1N1 Pandemic




      Swine flu is a respiratory disease of the pig, commonly known as Hog or Pig Flu. Infection caused by type A influenza virus subtype of H1N1that belongs to the Orthomyxoviridae family. The novel H1N1strain is the main reason for the explosion of swine flu, the origin of this new strain is unknown. It was first identified in April 2019 at the border region of the United States and Mexico. It emerged out as the first pandemic of the 21st century in a short term of two months, involving more than 170 countries and approximately 1.7 lakh infected individuals all over the world. Globally, the illness rate of swine flu was highest in children and young adults but the hospitalization rate was higher in children below one year of age (Mir et al., 2009; Sebastian et al., 2009).


    




    

      Ebola




      It is defined as a neglected tropical disease (NTD), killed thousands of people. It is the largest and longest recorded pandemic in human history. The Ebola virus was the first point out in 1976 in Zaira, Yambuku, and Nzara, South Sudan as an outbreak of hemorrhagic fever. Ebola outburst started through zoonotic transmission, caused more than 30 outbreaks since 1976, with less than 1600 deaths before 2014, and since 2014 thousands of people killed in West Africa. The incubation period of the Ebola virus is 5 to 7 days. In most of the cases, it started from rural background controlled by following regular community health measures like having a view on several infected people and the patient was isolated to break the chain of virus (Troncoso, 2015; Richardson et al., 2016).


    




    

      COVID-19




      Coronavirus disease (COVID-19) is a highly contagious respiratory illness that was quickly spread globally within the short term after finding the first case of COVID-19 (in Wuhan, China) in December 2019. WHO announced it as a life threat worldwide on 30 January and a pandemic on 11 March 2020, caused by the novel coronavirus, subsequently named SARS-CoV-2. In this respiratory disease, a person has mild symptoms like cold and cough after some time it emerged out as a critical illness with blockage of respiratory track and high fever. It has an overall low fatality rate in youngsters and a much higher rate in older persons. The causative agent of COVID-19 (SARS-CoV-2) spread very easily by respiratory droplets generated during talking, sneezing, and coughing by an infected person. It has 5 to 6 days incubation period (Balkhair, 2020).


    




    

      Origin of Coronavirus




      “Coronavirus” word originated in 1968, given to the crown projections on their surfaces observed in the electron microscope. “Corona” in Latin means “halo” or “crown”. Coronaviruses mainly attack the respiratory system and give rise to some manifestations like cough and difficulty in breathing. Some people, including older adults, are at risk of severe illness from these viruses. Coronavirus is a single positive-sense RNA virus; identified in 1960. Since 1970 pathogenesis and molecular mechanisms of replication of several coronaviruses have been actively studied. International Committee established the Coronaviridae family on Taxonomy of viruses in 1975. Coronaviruses have been described for more than 50 years, infect many species of animals including humans, and primarily affect the respiratory, gastroenteritis, and nervous system (Weiss and Navas-Martin, 2005).




      Coronavirus species had been categorized into three groups. Group I and II infect mammals whereas group III is exclusively found in birds. SARS-CoV has been proposed as the first member of the fourth group of coronaviruses, separated from a child affected by bronchiolitis and conjunctivitis, and causes life-threatening pneumonia. HCoV-229E and HCoV-OC43 were identified to cause the common cold. There are only three types of coronaviruses have been studied that affect human, after addition of SARS-CoV; supplementary feature of HCoV-NL63 as the fourth member will supply a significant understanding of the variation among human coronaviruses. HCoV-NL63 is an arm of the group 1 coronaviruses similarly to HCoV-229E, but the dissimilarities between them are important. These are as follows:





      

        	They have around 65% sequence similarities.




        	In HCoV-NL63, a single gene ORF3 takes the place of the 4A and 4B genes in HCoV-229E.




        	In HCoV-NL63, the 5′ region of the S gene contains a large in-frame insertion of 537 nucleotides.




        	With a narrow host range, HCoV-229E is fastidious in cell culture. But, efficient replication of HCoV-NL63 in monkey kidney cells has been observed.




        	In infants and immunocompromised patients, HCoV-229E can cause severe respiratory disease whereas HCoV-NL63 causes acute respiratory disease (Hoek et al., 2004).


      




      In December 2019, an extended number of pneumonia cases were found in China, caused by a newly recognized β-coronavirus, which is enveloped in a non-segmented positive-sense RNA virus. Initially, on 12 January 2020, WHO officially named this virus 2019- novel coronavirus (2019-nCoV) and disease as coronavirus disease 2019 (COVID-19). Coronavirus Study Group of the International Committee suggested the name to the new coronavirus as SARS-CoV-2 on February 11, 2020.


    




    

      Types of Coronaviruses




      All coronaviruses have a single-stranded RNA, size of genome up to 30kb in length and have similar morphology features. They have been united in the subfamily Coronavirinae within the family Coronaviridae which belongs to the Nidovirales order. The family consists of two subfamilies, Coronavirinae and Torovirinae. The Coronavirinae subfamily further divided into four genera, Alphacoronavirus, Betacoronavirus, Gammacoronavirus and Deltacoronavirus as summarized in Table 2. Genera further classified into various species, containing various viruses that cause infections of cattle, horses, pigs, goats, and cats. Although, to date, it is not proven that the Torovirinae subfamily infects humans. Betacoronaviruses and Alphacoronaviruses are mainly originated from mammals, while Gammacoronaviruses and Deltacoronaviruses primarily began from avian (Wertheim et al., 2013).




      

        Table 2 Types of coronaviruses.




        

          

            

              	Genus



              	Abbreviation used for the Virus



              	Species Affected



              	Disease Name or Organ System Affected

            


          



          

            

              	Alphacoronavirus



              	PEDV



              	Porcine



              	Porcine epidemic diarrhea virus

            




            

              	TGEV



              	Porcine



              	Transmissible gastroenteritis virus

            




            

              	FIPV



              	Feline



              	Feline coronavirus

            




            

              	CCoV



              	Canine



              	Canine coronavirus

            




            

              	PRCV



              	Porcine



              	Porcine respiratory coronavirus

            




            

              	HCoV-229E



              	Human



              	Common cold

            




            

              	HCoV-NL63



              	Human



              	Common cold

            




            

              	Rh-BatCoV-HKU2



              	Bat



              	-

            




            

              	Mi-BatCoV 1A



              	Bat



              	-

            




            

              	Mi-BatCoV 1B



              	Bat



              	-

            




            

              	Mi-BatCoV-HKU8



              	Bat



              	-

            




            

              	Sc-BatCoV-512



              	Bat



              	-

            




            

              	Betacoronavirus



              	HCoV-OC43



              	Human



              	Common cold

            




            

              	BCoV



              	Bovine



              	Calf diarrhea, winter dysentery

            




            

              	PHEV



              	Porcine



              	Chronic wasting, encephalomyelitis

            




            

              	AntelopeCoV



              	Antelope



              	-

            




            

              	GiCoV



              	Giraffe



              	-

            




            

              	ECoV



              	Equine



              	Enteric infection

            




            

              	MHV



              	Mouse



              	Hepatic infection

            




            

              	HCoV-HKU1



              	Human



              	Respiratory infections

            




            

              	RCoV



              	Rat



              	-

            




            

              	SARS CoV



              	Human



              	Severe acute respiratory syndrome

            




            

              	SARSr-CiCoV



              	Human



              	Severe acute respiratory syndrome

            




            

              	SARSr-Rh-BatCoV HKU3



              	Bat



              	-

            




            

              	SARSrCoV CFB



              	Human



              	Severe acute respiratory syndrome

            




            

              	Ty-BatCoV-HKU4



              	Bat



              	-

            




            

              	Pi-BatCoV-HKU5



              	Bat



              	-

            




            

              	Ro-Bat-CoV HKU9



              	Bat



              	-

            




            

              	Gammacoronavirus



              	IBV



              	Chickens



              	Avian infectious bronchitis virus

            




            

              	TCoV



              	Turkey



              	Bluecomb, turkey coronavirus

            




            

              	BWCoV-SW1



              	Whale



              	Beluga whale CoV

            




            

              	Deltacoronavirus



              	BuCoV HKU11



              	Avian



              	Bulbul coronavirus

            




            

              	ThCoV HKU12



              	Avian



              	Thrush coronavirus

            




            

              	MunCoV HKU13



              	Avian



              	Munia coronavirus

            




            

              	PorCoV HKU15



              	Porcine



              	Porcine coronavirus

            




            

              	WECoV HKU16



              	-



              	White eye coronavirus

            




            

              	SpCoV HKU17



              	Avian



              	Sparrow coronavirus

            




            

              	MRCoV HKU18



              	Avian



              	Magpie robin coronavirus

            




            

              	NHCoV HKU19



              	Avian



              	Night heron coronavirus

            




            

              	WiCoV HKU20



              	-



              	Wigeon coronavirus

            




            

              	CMCoV HKU21



              	Avian



              	Common moorhen

            


          

        




      




      The genus Alphacoronavirus includes several animal coronaviruses (PEDV, TGEV, FIPV) and human coronaviruses (HCoV-229E, HCoV-NL63). The genus Betacoronavirus comprise numerous animal coronaviruses BCoV, PHEV, GICoV, and three types of human coronaviruses i.e. HCoV-HKU1, HCoV-OC43, SARS-HCoV, and the MERS (Middle Eastern respiratory syndrome) coronavirus, SARS-related coronavirus.




      Based on antigenic similarity Coronaviruses are classified into four groups, viruses in all groups can affect a large number of different host species. Several recognized human coronaviruses 229E, NL63, OC43, and HKU1 are common human viruses that easily infect immunocompromised and elder patients. These are responsible for approximately 10% mortality by causing common cold and self-limiting upper respiratory disease. MERS-CoV, SARS-CoV, and SAR-CoV-2 are also human coronaviruses but these occur less frequently than common human viruses. These viruses cause severe respiratory disease and cause up to 35% of death (Cascella et al., 2020).




      Alphacoronaviruses form a distinct monophyletic group in the Coronavirinae subfamily, having similar phylogenetic properties to other coronaviruses. General characteristics make it different among coronaviruses. Alphacoronavirus having an exclusive type of nsp1, specific size, and sequence from the nsp1 protein of betacoronavirus. Gammacoronavirus is similar to the other coronaviruses only in phylogenetic relation, there are no similarities in virion morphology, genome organization, and gene composition. These characteristics make it different from other coronaviruses. Viruses of the species avian coronavirus lack an nsp1 moiety. The genus Gammacoronavirus related to the third group of human coronavirus include viruses that were segregated from birds and whales. The genus Deltacoronavirus is comprised of viruses isolated from pigs and birds. Until now various types of novel coronaviruses have been separated from bats. Many researchers suggested that human respiratory coronaviruses, MERS coronavirus, SARS coronavirus originated from an ancestor of bat viruses.


    




    

      Disease Associated with Coronaviruses




      Coronaviruses mainly strike on the respiratory system of mammals, birds, and humans. These are associated with pneumonia, common cold, bronchitis, severe acute respiratory syndrome (SARS), and coronavirus disease 2019 (COVID-19). From the last few years’ studies, researchers concluded that these viruses can also infect rats, mice, dogs, cats, pigs, horses, and cattle. In most cases, animals transfer the viruses to humans.




      Coronavirus is a significant pathogen that mainly affects the human respiratory tract and also attacks the gut of humans. The earlier outburst of coronaviruses having severe acute respiratory syndrome (SARS) and the Middle East respiratory syndrome (MERS) is earlier recognized as factors that are a major threat to public health. At the end of December 2019, numerous patients having pneumonia with unknown etiology entered hospitals.


    




    

      Murine Hepatitis Virus (MHV)




      Murine hepatitis virus is a commonly used laboratory strain that belongs to betacoronavirus genera; primarily infect the liver and brain. There are many strains of murine coronavirus exhibiting neurotropic and cause encephalitis with subsequent CNS demyelination. Although, the virus found in lasting infection of astrocytes, in most of the animals causes death by infecting oligodendrocytes and neurons. The animals that survive with acute infection develop a chronic progressive neurologic disease identified by outspread demyelinating lesions and CNS infiltration of lymphocytes and macrophages (Kyuwa and Stohlman 1990). It is one of the best animal models for encephalitis, hepatitis, and multiple sclerosis (Perlman, 1998).




      

        



        Central Nervous System




        The most frequently studied MHV strains are JHM and A59. The first time JHM was isolated from a paralytic mouse that was intensely neurovirulent producing encephalomyelitis with massive demyelination (Bailey et al., 1949; Cheever et al., 1949).


      




      

        



        Hepatitis




        MHV-induced hepatitis has been studied through several hepatovirulent strains including MHV-3, MHV-2, and the moderately hepatotropic A59. The most commonly used strain for the pathogenic study of MHV-induced hepatitis is the MHV-3 strain. It was separated from an offspring mouse that developed acute hepatitis following inoculation with the serum of an acute hepatitis patient (Dick et al., 1956).


      




      

        



        Pneumonitis




        MHV-1 strain is primarily pneumovirulent. MHV-1-induced pneumonitis is highly dependent on mouse strain; inbred albino strain, resistant to MHV-3 induced hepatitis is highly sensitive. Whereas other species of mice such as Balb/c and C57Bl/6 are resistible for MHV-1- induced pulmonary disease. MHV-1 infection of albino mice provides a mouse model for the pathogenic study of SARS-CoV in human beings (De Albuquerque et al., 2006).


      


    




    

      Bovine Coronavirus




      It is a non-segmented, positive-sense, single-stranded RNA virus that belongs to the Coronaviridae family and was first identified during an outbreak of diarrhea among neonatal calves in 1970 (Fauquet et al., 2005; Mebus et al., 1974). It was commonly identified in the respiratory system and gut of cattle where they used to shed fecal matter, nasal secretions and affect the lungs (Hasoksuz et al., 2002; Saif, 2010). It causes various diseases in cattle like winter dysentery, calf diarrhea in young cattle, and respiratory illness in the different age groups of cattle (Saif, 1990, 2007, 2010). It is also related to bovine respiratory disease in growing beef calves involved in the feedlots or grazing field (Fulton et al., 2011). To date, Bovine coronavirus monitoring programs might be included in the live attenuated virus or killed vaccines but there is no USFDA-approved bovine coronavirus vaccine in The United States to control bovine respiratory disease (North American Compendiums, 2010). Modified live vaccines can be used in newborn calf to prevent gastroenteric disease, also used for a pregnant cow. Antibodies of Bovine coronavirus transfer in neonates after calving to control BoCV (Fulton et al., 2011).


    




    

      Human Coronavirus




      In the mid-1960s, human coronaviruses were first recognised. To date, there are seven types of coronaviruses identified which can cause infections in the majority of people. There are seven mentioned types of human coronaviruses and these are NL63 (alpha coronavirus), 229E (alpha coronavirus), HKU1 (beta coronavirus), OC43 (beta coronavirus), MERS-CoV (beta coronavirus that causes MERS), SARS-CoV (beta coronavirus that causes SARS), and SARS-CoV-2 (the new coronavirus which gives rise to COVID-19) (CDC, 2020).




      Human coronaviruses are the respiratory pathogens that present an important group of coronaviruses linked with several respiratory diseases such as pneumonia, bronchitis, common cold, and respiratory disease (Pene et al., 2003). Evolution of HCoVs has been expedited through the regular combination of species by crossing of species barrier and genetic recombination of these viruses. Many of these are widely spread in the human population and globally hit one-third of common cold infections in human beings (Lim et al., 2016).
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          	AD



          	Anno Domini

        




        

          	AIDS



          	Acquired immunodeficiency syndrome

        




        

          	B.C



          	Before Christ

        




        

          	BoCV



          	Bovine coronavirus

        




        

          	CDC



          	Centers for Disease Control and prevention

        




        

          	CNS



          	Central nervous system

        




        

          	CoV



          	Coronavirus

        




        

          	COVID-19



          	Coronavirus disease 2019

        




        

          	HIV



          	Human immunodeficiency virus

        




        

          	MERS-CoV



          	Middle East respiratory syndrome coronavirus

        




        

          	MHV



          	Murine Hepatitis Virus

        




        

          	NTD



          	Neglected tropical disease

        




        

          	RNA



          	Ribonucleic acid

        




        

          	SARS-CoV



          	Severe acute respiratory syndrome coronavirus
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      Abstract




      In the mid 20th century, virologists identified a new category of the virus, which has a fringe of projections on its surface that appears like a crown and named coronavirus. Coronavirus belongs to the family of pleomorphic spherical viruses recognized by bulbous surface projection and ssRNA. As the virus belongs to the family of RNA-virus, the chances of mutation are very high, which further increases its pathogenicity. The coronavirus mainly attacks the respiratory tract and ultimately leads to respiratory failure. Recent outbreaks of coronaviruses are severe acute respiratory syndrome and the Middle East respiratory syndrome, which cause a great threat to human health with a high mortality rate. Later on, in late 2019, a new form of coronavirus appears in Wuhan, China where numbers of people are recognized with pneumonia-like symptoms. The condition was entitled with COVID-19 by WHO on Feb 2020, which was declared to be pandemic by the same agency in Mar 2020. The COVID-19 is considered to be originated from bats, which then transmit to humans due to the consumption of contaminated animal raw. The virus is highly contagious and spread at a very high rate, which produces global health risks. Further various existing treatment is used for treating the infection but still the precise and accurate treatment yet to be investigated.
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      INTRODUCTION




      The coronavirus belongs to a family of viruses that mainly affects the respiratory tract infection with prime symptoms, such as hyperthermia, pneumonia, breathlessness, and acute or chronic pulmonary infections. The coronavirus mainly affects animals, but recent investigations in the late 20th century reported some human cases. In 1930, the first coronavirus case was reported in chickens recognized by pneumonia-like symptoms and termed as avian infectious bronchitis virus. Further, in late 1960, the first human coronavirus case was




      reported (Pyrc et al., 2007). In 1968, electron microscopy of the virus was done and termed as “Coronavirus” due to its crown-like appearance, clearly depicted in Fig. 1(A & B). Later on, in 1975, the International Committee on the Taxonomy of Viruses introduced a family Coronaviridae. In 2005, the family Coronaviridae was further split into two subfamilies, the Coronaviruses, and the Toroviruses (Tyrrel et al., 1968).
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Fig. (1))


      Structure of Coronoavirus (A) Electron Microscopy and (B) Model of CoV.



      Based on serological reactions, the coronavirus is divided into three groups or genera i.e. Group-I, Group-II, and Group-III (McIntosh et al., 1974). Group-I includes viruses that cause infection in animals only, like the Porcine epidemic diarrhea virus and feline infectious peritonitis virus. It also includes the viruses that produce respiratory infections in humans, such as Human Coronavirus 229E (HCoV-229E) and KHU1. The Group-II viruses are Porcine hemagglutinating encephalomyelitis virus, bovine coronavirus, and equine coronavirus, which shows pathogenicity in animals, while HCoV-OC43 and HCoV-NL63 produce pneumonia-like conditions in humans. Group-II viruses that cause infections in rodents are murine hepatitis virus (MHV) and Rat sialodacryoadenitis CoV, which produce enteritis, hepatitis, and encephalitis in addition to respiratory infections. Lastly, infectious bronchitis virus (IBV), Turkey coronavirus, and pheasant coronavirus are classified under Group-III viruses.Table 1 summarizes the types of CoV (Cavanagh et al., 2020). All the CoV possess some common characteristics, which are as follows:





      

        	The shape of coronavirus is spherical with an average size of 80-220 nm.




        	The virus is covered with an envelope having club-shaped peplomers.




        	It all contains a tubular nucleocapsid structure with helical symmetry.




        	All are composed of single-stranded RNA with a genomic size of 27-32 kb.




        	The coronavirus contains numerous structural proteins, but some are present in all, such as nucleoprotein, peplomer glycoprotein, a transmembrane glycoprotein, and hemagglutinin esterase.




        	While some non-structural proteins are also present in CoV, such as RNA dependent RNA polymerase.




        	The newly-formed viruses i.e. virions are generally assembled in the endoplasmic reticulum and Golgi cisternae.




        	The mutation is very common in CoV and due to this reason, a diverse host range was exhibited (Enjuanes et al., 2000).


      




      

        Table 1 Different types of coronavirus.




        

          

            

              	Group



              	Virus



              	Host



              	System Affected

            


          



          

            

              	I



              	229E



              	Human



              	Respiratory Infection

            




            

              	TGEV



              	Pig



              	Respiratory & Enteric Infection

            




            

              	PRCoV



              	Pig



              	Respiratory Infection

            




            

              	Canine coronavirus



              	-



              	Enteric infection

            




            

              	FeCoV



              	-



              	Enteric infection

            




            

              	FIPV



              	Cat



              	Respiratory, enteric & neurologic infection

            




            

              	NL-63



              	Human



              	Respiratory Infection

            




            

              	II



              	OC43



              	Human



              	Respiratory & enteric infection

            




            

              	MHV



              	Mouse



              	Intestinal & neurological infection

            




            

              	Sialodacryoadenitis CoV



              	Rat



              	Neurological infection

            




            

              	Hemaagglutinating encephalomyocarditis virus



              	Pig



              	Respiratory, enteric & neurological infection

            




            

              	BCoV



              	Cow



              	Enteric infection

            




            

              	HKU1



              	Human



              	Respiratory infection

            




            

              	SARS-CoV



              	Human



              	Life-threatening respiratory infection

            




            

              	III



              	IBV



              	Chicken



              	Respiratory infection, Hepatitis

            




            

              	Turkey CoV



              	Turkey



              	Respiratory & Enteric infection
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