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    Countless epidemics and pandemics have struck the world throughout history, claiming the lives of thousands to millions of people. Although we have progressed far ahead in our research and medical fields, the appearance and spread of the 2019-n CoV (SARS-CoV-2) virus by zoonotic transmission causing COVID-19 have posed several concerns to public health all across the world. The COVID-19 pandemic outbreak has proven to be a global calamity and unlike many others, claimed the lives of billions of people. It has posed several challenges to the health policymakers as well as the medical fraternity including the researchers. It has affected the socioeconomic status, globally. The first challenge is to deal with future outbreaks that may arise due to the emerging new coronaviruses or any other viruses of zoonotic origin. Future epidemics could be caused by newly developing coronaviruses or other zoonotic viruses. Therefore, apart from curbing these outbreaks, now there is a need to have a thorough understanding of zoonotic origin viruses to prevent future outbreaks. Now it is clear that our ability to deal with future epidemics will be determined by the efforts we take based on previous lessons learned from pandemics. Thus, in order to deal with future pandemics as well as the current viral pathogenic catastrophic scenarios, deep knowledge of the current COVID-19 pandemic is required.




    Another big challenge is the development of vaccines to deal with new viruses and variants of SARS-CoV-2 itself emerging consistently causing havoc. Lastly, there is a challenge to find out not only the novel medicines, but also the treatment strategies for the management of the patients, especially for post-COVID complications that call for the understanding of the pathophysiology and possible targets for the same.




    Although several books have been published worldwide, this is a unique book that provides a review of COVID-19, including information on virology, epidemiology, clinical signs, damage response framework, immune-pathological pathways, diagnostics, therapeutic choices, vaccine prospects, and more. It also explains the likely mechanisms of numerous effective medications for COVID-19 infection management. Despite the availability of a few vaccinations, several clinical research, and clinical trials against 2019-nCoV, COVID-19 remains an incurable menace. As a result, a specific emphasis should be made on studying COVID-19's viral etiology and pathophysiology, which is critical for better customizing and creating effective treatments and vaccines. In this book, the authors provided a great assessment of the full explanation of viral pathogenesis and pathophysiology of COVID-19, which may pave the road for future virologists to tackle future coronavirus epidemics.




    In this book, the authors have also proposed practical ways to deal with those major challenges and also acknowledged the impact of potential and promising nanotechnology-based tools to circumvent future challenges in the diagnosis, treatment, and prevention of COVID-19. Possible potent therapeutic nanoformulations were addressed to accelerate the development of novel targeted nanoformulations for combating COVID-19. I am sure this book will provide directions to the future and current researchers in overcoming the challenges and will come out with novel solutions and products.




    The material and scientific knowledge in this book shall allow readers to have a consistent and broad understanding of the primary concerns and their solutions in relation to the present COVID-19 pandemic.
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    The authors were inspired to write this book by a vision to provide the basic and core information regarding the novel and life-threatening coronavirus namely 2019-nCoV causing COVID-19, of which the entire world was completely unaware.




    The COVID-19 pandemic outbreak has evidenced us to be an astounding catastrophe inflicting billions of lives around the globe. To date, it was reported that the third highly pathogenic human Coronavirus disease is COVID-19, which has posed a severe and serious threat to the entire world's socioeconomic, medical, and public health infrastructure.




    Considering the present scenario, this book contains eleven chapters on different aspects related to COVID-19 and 2019-nCoV summarising what we have hitherto learned in the following key areas of virology, epidemiology, aetiology, damage response framework, pathophysiology, and diagnosis of COVID-19.




    Several candidate-repositioning drugs have been proven with a record of both safety as well as efficacy profiles which have been widely used in some countries during the pandemic situation against 2019nCoV. Due to their pharmacological role and mechanism of action, some phytopharmaceuticals and immunomodulators are efficacious against 2019-nCoV and might be finding potential to combat COVID-19; all of which are discussed in this book in detail. This book also provides deep insights into the repurposed drugs, pharmaceutical intervention strategies, various treatments, clinical and research approaches, all authorised vaccines and nanotechnology tools that may fill the research gaps for the current COVID-19 management and future pandemic outbreaks of newly emerging 2019-nCoV variants.




    To manage COVID-19 and curb the global spread of 2019-nCoV, knowledge of all of the above aspects is required. Hence, we compiled all of these elements into one book as separate chapters to present a valuable resource of information on COVID-19 for all of those who are involved in this coronavirology field.




    This book in essence provides a grass-root level of knowledge about COVID-19 and 2019-nCoV. It is also a manual to guide future coronavirology scientists assisting them with future research ideas and approaches to combat new variants of 2019-nCoV as well as future outbreaks of coronaviruses.




    We hope that you enjoy this book and find it useful.
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      Abstract




      The appalling COVID-19 pandemic outbreak has become a major cause of mortality in 2020. The COVID-19 is caused by a dreadful coronavirus called nCoV (SARS-CoV2). The term “coronavirus” (CoV) originates from the Latin term corona, which means “halo”/ “crown,” as the virus carries the crown-like projections (spikes) on its surface. Coronaviruses are a large group of viruses causing mild diseases to severe respiratory and gastrointestinal diseases. This review describes the overview of COVID-19, including the origin and reservoir of SARS-CoV2 and the genomic sequence of SARS-CoV2 compared to other coronaviruses. Furthermore, major events of the COVID-19 outbreak, reported confirmed cases, death cases, and case fatality rate (CFR) of covid-19 since its beginning until now, and different facts about fatally potential beta coronaviruses are also discussed in detail in this review.
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      INTRODUCTION




      Generally, viruses cause infectious diseases. Current Severe Acute Respiratory Distress Syndrome-Corona Virus (SARS-CoV-2) was identified in China in 2019, which arose suddenly causing COVID-19, and within a short time, it became a global pandemic, thus making a serious public health concern. It made a global impact on health care and socio-economic development [1]. This COVID-19 became a major cause leading to mortality in the year 2020. Coronaviruses are a large group of viruses causing mild diseases to severe respiratory and gastrointes-




      tinal diseases. Six species of human coronaviruses (HCoV) so far discovered are HCoV-229E, HCoV-NL63, HCoV-HKU1, HCoV-OC43, SARS-CoV, and MERS-CoV.




      Both SARS-COV and MERS-COV are the earlier CoVs that cause severe diseases in human beings. The foremost coronavirus that causes severe disease in human beings is SARS-CoV. SARS-CoV was identified in China at Foshan in 2003. The Middle East Respiratory Syndrome Coronavirus (MERS-COV) is the second most coronavirus causing severe disease in human beings, as identified in Saudi Arabia in 2012 [2-5].




      A novel coronavirus (nCoV) was identified in China in late December 2019, regarded as 2019-nCoV because it was identified in humans, which were never seen before. The international virus classification commission named this nCoV as SARS-CoV-2 [6]. It is a third human coronavirus to cause severe infections of the upper and lower respiratory tract, especially a condition of “Acute respiratory distress syndrome” (ARDS); hence it is regarded as SARS-CoV-2 [7]. SARS-CoV-2 is recently identified as the seventh HCoV known to cause sickness. Therefore, World Health Organisation (WHO), on February 11th, 2020, proclaimed that N-COVID-19 is a novel coronavirus infectious disease in 2019 and a nCoV called SARS-CoV-2 [6]. This N-COVID-19 infection is around three times as contagious as influenza. For everyone, 2019-nCoV has become renewed interest among many viral infections, as it became a global pandemic causing the severe disease COVID-19 in human beings. COVID-19 is 10 times deadlier than seasonal flu. Other bacterial co-infections may also occur during this COVID-19 infection.


    




    

      ORIGIN OF SARS-COV-2




      In December 2019, huge pneumonia cases were reported in China. While identifying the underlying cause for many cases of pneumonia, the scientists discovered the novel coronavirus. On December 31st, 2019, the first and foremost cause of a nCoV was identified in Wuhan City, Hubei Province, China [8]. The theory is that the coronavirus emerged from animal species to human beings (which is called zoonotic spillover) and then began spreading rapidly among humans. These coronaviruses prowl quietly in different types of species acquiring mutations and genetic recombination, often jumping from species to species in crowded animal markets (in China) confined to close spaces to reach very dangerous and lethal mutations that allow it to infect human beings. Novel coronavirus has emerged from the people who are associated with the seafood market and live animal market in the Wuhan city of China [1]. Starting from Wuhan of China, it emerged on an endemic scale and started spreading among all the countries of the world very rapidly; hence COVID-19 is regarded as a pandemic disease. On March 11th, 2020, WHO confirmed COVID-19 as a pandemic disease to create and implement a global response to limit the spread of this infectious disease.


    




    

      RESERVOIR OF SARS-COV-2




      The spread of transmission of SARS-CoV-2 (hereinafter, SARS-CoV-2 will be referred to as 2019-nCoV) is from animals to humans by the zoonotic spill-over process followed by human to human. BatCoV RaTG13 is the bat coronavirus identified formerly in Rhinolophus affinis from Yunnan province of China. The 2019-nCoV is more identical to BatCoV-RaTG13, with a resemblance of 96.2% at the genomic sequence level. The sequence similarities of both RBDs of BatCoV-RaTG13 and 2019-nCoV is 89.2% [9].




      Rising evidence and connoisseurs are together concluding that 2019-nCoV had a natural origin in horseshoe bats. Likewise, SARS and MERS were also assumed to be originated from bats [6, 10-12].




      Much of the literature review suggests that 2019-nCoV and other respiratory viruses, like SARS-CoVand MERS-CoV, have originated from bats, stating that they may be the natural reservoirs for them. This has led to the establishment of the novel idea about host (bats) emerging human pathogens. Therefore 2019-nCoV is assumed to arise from a natural primary host called to bat. However, many studies have demonstrated that 2019-nCoV has infected human beings through an intermediate host that may be either the snakes or the pangolins (pangolins are small mammals used for smuggling the goods in China) [13].




      One of the principal claims made once in the Journal of Medical Virology publication was that snakes might be the first believable intermediate host, and pangolins may perhaps be the second believable intermediate host for 2019-nCoV [14]. Recent shreds of evidence suggest that pangolins probably catch the viruses during the process of being traded. Novel pangolin CoV genomes exhibit 91% nucleotide sequence homology with 2019-nCoV [15]. The sequence similarities of both RBDs of pangolin CoV and 2019-nCoV is 97.4% [9].




      But still, the natural reservoir and intermediate host of 2019-nCoV remains unclear. Likewise, dromedary camel and palm civet cats are the intermediate hosts for MERS and SARS-CoV, respectively, as shown in Fig. (1) [16, 17]. Intermediate hosts thus obviously participate in the inter-species transmission of pathogenic virus beginning from primary reservoir bats to spread the terminal host humans.
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Fig. (1))


      Zoonotic spill-over process of COVID-19.

    




    

      GENOME SEQUENCE




      The genome of 2019-nCoV exhibits similitude with the genomes of other coronaviruses isolated from different sources. Nucleotide sequence resemblance for 2019-nCoV with the nucleotide sequence of other viruses is 96.2% with bat originated virus, 91% with pangolin originated virus, 80% with SARS-CoV, 55% with MERS-CoV, and 50% with common cold coronavirus [6, 12, 18, 19]


    




    

      MAJOR EVENTS IN THE TIMELINE OF THE COVID-19 OUTBREAK




      The Fig. (2) concludes all the major events that happened worldwide related to the COVID-19 outbreak [20-24].


    




    

      REPORTED CONFIRMED CASES, DEATH CASES, and CASE FATALITY RATE (CFR) OF COVID-19




      CFR is calculated by the ratio of the number of confirmed deaths to the number of diagnosed confirmed cases in a given time. Hence, CFR is also called case fatality ratio/case fatality risk, ranging from 0 to 1 [25]. This value of CFR, when multiplied by 100, gives the percentage of CFR, which depends on many factors like age, pre-existing diseases (co-morbid conditions), smoking habit, sex, and immunity of the patient [26]. CFR is different from the death rate and infection fatality rate.
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Fig. (2A))


      Timeline events involved in the COVID-19 from its beginning until march 2020. (Source: Timeline of WHO’s response to COVID-19).



      Back toward the start of the pandemic, a few countries experienced a large number of deaths comparative with that of the infected populace (hence, higher CFR). COVID-19 testing cases have enhanced markedly when the awareness about the severity of this SARSCoV-2 pandemic outbreak was once known. As more cases are to be recognized as well as careful precautions were taken by people to avoid deadly infection, this subsequently made the death proportion to get lowered. Hence, making the pandemic CFR lower, as a very less cumulative number of deaths relative to a large number of cumulative confirmed cases. This is the reason why 2019nCoV is less deadly than previous major outbreaks like SARS, MERS, and Ebola. Nowadays, everyone is vaccinated with at least a single dose and this helps them for fighting against COVID-19 and is less prone to mortality risk, which also makes the CFR lower. As per Fig. (3), CFR is low for COVID-19 people, but it is infecting a large number of people due to its high infectivity rate. As of September 27, 2021, the cumulative confirmed cases of the whole world are 232,609,674 and the cumulative confirmed deaths of the whole world are 4,762,115. Hence the CFR is 2.047 (4,762,115/ 232,609,674)*100) as of September 27, 2021. As of July 18, 2022, the cumulative confirmed cases of the whole world are 563.63 million and the cumulative confirmed deaths of the whole world are 6.37 million. Hence the CFR is 1.130 (6.37 million/ 563.63 million)*100) as of July 18, 2022 [25].
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Fig. (2B))


      Timeline events involved in the COVID-19 since from April 2020 until march 2021.(Source: Timeline of WHO’s response to COVID-19).
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Fig. (3A))


      Reported cumulative confirmed cases of top 20 most affected countries by COVID-19 as of July 18, 2022 (Source: John Hopkins University of Medicine Corona virus Resource Centre).
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Fig. (3B))


      Reported cumulative deaths of top 20 most affected countries by COVID-19 as of July 18, 2022. (Source: John Hopkins University of Medicine Corona virus Resource Centre).
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Fig. (3C))


      Case fatality rates of top 20 most affected countriesby COVID-19 as of July 18, 2022. (Source: John Hopkins University of Medicine Corona virus Resource Centre).



      TYPES OF CORONAVIRUSES AND THEIR OUTBREAK IMPACT




      

        Coronavirus




        The name “coronavirus” (CoV) is originated from the Latin term corona which means “halo”/ “crown,” where the virus bears or fabricates with the crown-like projections on its surface [27]. These projections are referred to as spikes or peptomers, which almost look like cloves with head and stalk [26]. These outward protrusions of spikes give the crown-like appearance to virions. Simply it looks like a solar corona. At least 15 spherical spikes having a diameter of 9 to 12 nm are present on the surface of the virus. A positive sense single strand genomic RNA (+ssgRNA) is encapsulated in CoVs whose diameter ranges between 80 and 120 nm [28]. Among so far identified RNA viruses, Coronaviruses has the second-largest genomic size of 27 to 32 kb (kilobase) [29] and the first largest genomic size of 41.1 kb is attributed to planarian secretory cell nidovirus (PSCNV).


      




      

        Taxonomy of Coronavirus




        Coronavirus order, family, subfamily, genera, and species are displayed as shown below in Fig. (4) [30-32].


      




      

        CoronaVirus




        Realm: Riboviria




        Order: Nidovirales




        Family: Coronaviridae




        Subfamily: Ortho coronavirinae




        Genus: Alpha CoV, Beta CoV, Gamma CoV and Delta CoV.




        Amongst them, alpha and beta types of coronaviruses cause infection in mammalian species. Gamma coronaviruses cause infections in avian species and whales. Delta coronaviruses cause infections in avian species, pigs, and other mammals.
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Fig. (4))


        Representation of taxonomy of family Coronoviridae.

      


    




    

      FACTS OF FATALLY POTENTIAL BETA CORONAVIRUSES




      From the CoV genomes phylogenetic analysis, it has been discovered that 2019-nCoV belongs to the beta coronavirus genus of lineage B. Fatally potential beta coronaviruses (β-CoVs) are posing a severe threat to humans, since the beginning of the 21st century. The fatal diseases and their disease-related parameters spread by different harmful β-CoVs are discussed in detail as shown in Table 1 [24, 33, 34].




      

        Table 1 Differences and similarities between the disease-related parameters by the three fatally potential beta-human coronaviruses.




        

          

            

              	Disease



              	SARS



              	MERS



              	N-COVID-19

            


          



          

            

              	Pathogenic virus



              	SARS-CoV



              	MERS-CoV



              	SARS-CoV-2 / (2019nCoV) /


              HCoV-19

            




            

              	HCoVs outbreak - disease severity



              	First



              	Second



              	Third

            




            

              	Time and location of first identified case



              	Identified in Shunde, China in November 2003



              	Identified in Jeddah Saudi Arabian June 2012



              	Identified in Wuhan, China in December 2019

            




            

              	Affected countries


              globally



              	29



              	27



              	217 countries and 1 cruise ship (Diamond princess)

            




            

              	Confirmed cases



              	8098



              	2494



              	232,609,674 (as on date 27/09/ 2021)

            




            

              	Deaths



              	774



              	858



              	4,762,115 (as on date 27/09/ 2021)

            




            

              	CFR



              	9.55%



              	34.4%



              	2.04% (as on date 27/09/ 2021

            




            

              	CFR (comorbidities)



              	46%



              	60%



              	73.3%

            




            

              	Serial interval days



              	2.6-7.5 days



              	12.6 days



              	8.4 days

            




            

              	Spread from patient to healthcare worker



              	Yes



              	Yes



              	Yes

            




            

              	Main transmission



              	Droplet infection


              Direct contact



              	Droplet infection


              Direct contact (limited)



              	Droplet infection


              Direct contact

            




            

              	Fomite spread



              	No



              	No



              	Yes

            




            

              	Feco-oral spread



              	Yes



              	No



              	Yes

            




            

              	Nosocomial spread



              	Yes



              	Yes



              	Yes

            




            

              	Infectivity rate (Reproductive number R0)



              	High (2.2–3.7)



              	High (0.45–3.9)



              	High (5.7) WHO estimate - 1.4 to 2.5 [35]

            




            

              	Median Incubation period



              	4.6 (3.8-5.8) days



              	5.2 (1.9-14.7) days



              	6.4 (0-24) days

            




            

              	Current status



              	No new cases



              	A few new cases



              	Active

            




            

              	Epidemic/ pandemic period



              	Epidemic


              8 months



              	Epidemic


              39 months



              	Pandemic Still ongoing

            




            

              	Origin of virus



              	Bats



              	Bats



              	Bats

            




            

              	Intermediate host



              	Civet cats and


              racoon dogs



              	Dromedary camels



              	Might be


              Pangolins /snakes

            




            

              	Terminal host



              	Human beings



              	Human beings



              	Human beings

            




            

              	Main target receptor



              	ACE2



              	DPP4/CD26



              	ACE 2 (higher affinity)

            




            

              	Genome and its size



              	(+ssRNA) 27.9 kb



              	(+ssRNA) 30.1 kb



              	(+ssRNA) 29.9 kb

            




            

              	Lineage



              	Lineage-B β-CoV



              	Lineage-C β-CoV



              	Lineage-B βCoV

            




            

              	Clinical Features

            




            

              	Mild symptoms



              	61% - Fever, cough, and fatigue



              	21% - Fever, cough, and fatigue



              	80% - Fever, cough, fatigue, and muscle pain

            




            

              	Severe case symptoms (%)



              	11% - Breathlessness, pneumonia, and cytokine storm



              	46% - Breathlessness, pneumonia, acute renal failure, and cytokine storm



              	14-15% - Breathlessness,


              pneumonia and cytokine storm

            




            

              	Seriously ill cases



              	Septic shock and


              ARDS



              	Septic shock and


              ARDS



              	4-5% - Septic shock and ARDS

            




            

              	Laboratory (Lab) findings



              	Hemogram - Anomalous blood cells count, abnormal coagulation parameters, and


              Inflammatory markers mount



              	Hemogram- Anomalous blood cells count, abnormal coagulation parameters, and


              Inflammatory markers mount



              	Hemogram - Anomalous blood cells count, abnormal coagulation parameters, and


              Inflammatory markers mount

            




            

              	Organ failure



              	Liver



              	Liver



              	Liver, heart, kidney, and testes

            




            

              	Radiographic findings - HRCT (Chest scan High-Resolution Computed Tomography)

            




            

              	GGO



              	Yes



              	Yes



              	Yes

            




            

              	Area of lungs



              	Basal/Peripheral



              	Unilateral, Bilateral Hilar



              	Bilateral patchy

            




            

              	Clinical Management

            




            

              	Principal approach



              	Early supportive care and treatment



              	Early supportive care and treatment



              	Early supportive care and treatment

            




            

              	Specific treatment



              	Yet, not existing



              	Yet, not existing



              	Yet, not existing

            




            

              	Vaccine



              	Yet not existing (Still in the developmental stage)



              	As of March 2020, one DNA-based vaccine of MERS completed Phase I clinical trials in humans. (3 others are in progress, out of which-2 adenoviral vector-based vaccines and


              One MVA-vectored based vaccine



              	Covax, Covishield, and some other vaccines (total 6) got approval for either emergency use or full use, by at least one of the regulatory authorities mentioned by WHO. (Among which 5 vaccines are in phase IV clinical trials)

            


          

        




      




      The 2019-nCoV shares similarity with SARS-CoV in terms of viral tissue tropism for the respiratory system and clinical symptoms. It shares the similarity in the case of protein fold with SARS-CoV, despite amino acid variation at a few key residues [6]. But the 2019-nCoV antigenicity is contrasting to SARS-CoV [36]. It is proved from a case study, where mice monoclonal antibodies (mAb) and polyclonal antibodies (pAb) that act against S1-RBD (receptor-binding domain) of SARS-CoV did not react with S1-RBD of 2019-nCoV and hence these antibodies fail to neutralize the spike protein [35]. This makes clear that 2019-nCoV pathogenesis is dissimilar to SARS-CoV pathogenesis. Not only that, even RBD of 2019-nCoV attaches to the receptor hACE2 (human Angiotensin-Converting Enzyme 2) with higher affinity approximately by 10-20 folds greater in comparison to RBD of SARS-CoV [37, 38]. Hence, it remained a challenge in the development of new therapeutic drugs against this novel emerging virus.


    




    

      CONCLUSION




      The 2019-nCoV has a high infectivity rate and attack rate, which is the reason why it became a global pandemic within a very less period. As this pandemic outbreak has emerged rapidly, it became uncontrollable and lead to the increased mortality rate exhibiting higher CFR in the early pandemic time. As the 2019-nCoV origin is found out and declared that it is contagious and spreading from virus-infected Chinese people, all the possible traveling routes of possibilities were blocked (both to and from China) to limit the spread of the virus. As the virus spread is due to the cause of droplet infection, social distancing, thorough cleaning of hands, and wearing masks are certain precautionary measures that are to be followed to limit the transmissibility of the virus. As common-cold virus and 2019-nCoV even though they belong to the same family, their severity is varied, that’s why symptoms of the COVID-19 have to be identified by oneself and should not be neglected to protect their lives by themselves and protecting others lives by isolating and quarantining themselves. Hence, knowing the facts about harmful potential beta coronaviruses and their pathogenic mechanisms will help scientists to formulate an effective vaccine and treatment. Therefore, a detailed understanding of the origin, causes of infection, transmissibility, symptoms, pathogenicity, severity, CFR, and reproduction number of COVID-19 gives the information to guide the correct way of approaching to tackle the COVID-19.
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      Abstract




      The 2019-nCoV RNA genome is highly protected by its unique structure equipped with mechanistic spike proteins on its surface. Its RNA genome contains almost all 14 Orfs encoding for at least 27 proteins. An Orf is a part of genetic material that can undergo translation and produce proteins. Four structural proteins (SPs) likely spike (S), envelope (E), membrane (M), and nucleocapsid (N) are present in 2019-nCoV and afford its structure. In this chapter, we have discussed in detail the virology of 2019-nCoV including structural proteins (SPs), accessory proteins, non-structural proteins (NSPs), genomic structure, and its components. The role of SPs, accessory proteins, NSPs of 2019-nCoV is discussed and this review also explains, how the interaction of 2019-nCoV occurs with that of hACE2. Additionally, topics such as stabilization of virus-binding hotspots on hACE2 by 2019-nCoV, the role of thiol-disulfide interchanges in the interplay between 'S' protein and hACE2, and the similarity (in terms of amino acid sequence homology) (%) of 2019-nCoV with SARS-COV are discussed.
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      INTRODUCTION




      There is a need to study the structure of SARS-CoV2 (hereinafter, SARS-CoV-2 will be referred to as 2019-nCoV). Because it provides deep insights into how the virus infects and interacts with host cell receptors; which part of the spike protein of 2019-nCoV is responsible for affixing into the host cell receptor and the role of RBD for viral invasion. The detailed genome of 2019-nCoV affords knowledge




      about, how and at where the mutations occur in the genome; how it differs from other viruses in terms of virulence and severity of disease and which part of the genome is responsible for it; how and which Orfs are responsible for the production of structural, nonstructural, and accessory proteins; how the structural proteins and accessory proteins interfere with the host innate immune responses; and how the accessory proteins number and their functional role is distinctive from that of other CoVs. Understanding the different parts of 2019-nCoV could help to develop crucial drugs against COVID-19.


    




    

      DETAILED VIROLOGY OF SARS-COV-2




      In simple, 2019-nCoV is a spherically shaped hull surrounding its positive single-stranded subgenomic RNAs (+ssgRNA) [1]. It bears club-shaped or clove-shaped projections (with head and stalk) called spike glycoprotein protruding outwards from the surface of 2019-nCoV giving the appearance of crown-like structures as shown in Fig. (1) [2].




      
[image: ]


Fig. (1))


      Structure of 2019-nCoV (SARS-COV-2).



      

        Size and Content




        Diameter: Around 125 nm or 0.125 μm




        Volume: 106 nm3 = 10-3fL




        Mass: 103 MDA = 1 fg.


      


    




    

      GENOMIC RNA OF SARS-COV-2




      The 2019-nCoV genome has +ssRNA that possess a head structure at 5' end as well as poly adenyl tail at 3′ end and whose size is 29.9 kb [3]. The 2019-nCoV propagation and its persistence inside the living body are mainly dependent on replication.





      

        	Genome replication of the virus is a key role to continue its progeny and the tools essential for the replication process are open reading frames (Orfs), two replicase genes (rep1a and rep1ab), a slippery sequence (5′-UUUAAAC-3′), and two polyproteins (PPs) [4]. The absence of the hemagglutinin-esterase gene (HE) is noticed, which is the distinctive feature of some β-CoVs [5].




        	RNA genome contains almost all 14 Orfs encoding for at least 27 proteins. But recently it was discovered that only 26 proteins are present due to the reason that non-functioning of Orf3b which was unable to translate the protein. The 2019-nCoV has displayed nonsense mutations where 6 stop codons are introduced in the accessory coding area, which possibly will impair to translate Orf3b [6].




        	An Orf is a part of genetic material that can undergo translation and produce proteins. The two-third (nearly 67%) portion of the RNA genome of 20 kb constitutes the overlapping genes namely Orf1a and Orf1b that are present at the 5' end [7, 8]. And the remaining one-third portion of the RNA genome (10kb) of SARS-CoV2 which is present near to 3' end, constitutes 4 structural proteins (SPs) and 8 accessory proteins/Orfs that help evade host immune response [7-9] as shown in Fig. (2).




        	Orf1a and Orf1ab genes make the production of two viral replicase proteins called polyproteins (PPs) such as PP1a and PP1ab respectively [8]. Due to the differential efficiency of frameshift between ORF1a and ORF1b genes, PP1a is more expressed than PP1ab [8, 10]. These viral genome PPs aid in taking supremacy over the host cell machinery especially ribosomes, and utilize them for their translation process [10]. In this manner, host translation machinery was utilized for the viral translation such as translation of 2 large polyproteins PP1a and PP1ab and translation of some essential cysteine proteases 3CLpro (3-chymotrypsin like protease) and PLpro (papain-like protease) [11].




        	Poly proteins PP1a and PP1ab undergo further auto-processing (cleaving) by the action of their own two vital viral proteases like PLpro and 3CLpro (also called Main protease (Mpro)) leading to the production of 16 mature non-structural proteins (NSP1 to NSP16) [12]. Gene size for encoding NSPs is 20kb.




        	The Orf1ab encodes for NSP1 to NSP11 and the Orf1b encodes for NSP12 to NSP16. Additionally, these NSPs coalesce together forming the RTC (replication-transcription complex) which constructs a domain within the host cell that is making ample for the genome transcription and production of viral RNA copies through the replication process [8, 13]. RTC is assembled by many important replicative enzymes like RdRP (RNA-dependent RNA polymerase), primase, helicase, and many other RNA-processing enzymes and RTC moves into double membraned vesicles (DMVs). The viral RTC is made up of NSP2–16 proteins that are directed to certain subcellular sites where they interact with host cell components to influence the replication cycle's outcome [14-16].
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Fig. (2))


      Genome depiction of the 2019-nCoV.



      

        	The NSP7, NSP8 (accessory subunits), and NSP12 (catalytic subunit) are assembled to form the RdRP complex. Recently, the Cryoelectronic microscopic (cryo-EM) studies revealed that RdRp of SARS-CoV and SARSCoV2 are similar and reported that the structure of SARSCoV2 RdRP in an active form comprises of NSP12-NSP8-NSP7 assembly and more than two turns of RNA template–product duplex [17].




        	The RNA replicase genes will encode for the enzymes which could help generate a small number of sub-genomic mRNAs (sg mRNAs) from the RNA strand itself by utilizing it as a template strand. These sg mRNAs undergo translation and produce accessory proteins as well as SPs. At least 8 accessory proteins such as Orfs (3a, 3b, 6, 7a, 7b, 8b, 9b, and 10) and four SPs likely spike (S), envelope (E), membrane (M), and nucleocapsid (N) are identified in SARS-CoV2 as shown in Fig. (2) [18]. The genomic size for genes encoding SPs is 10kb.




        	The SPs and accessory proteins interfere with the host's innate immune responses. The order of genes on the viral RNA genome from 5' to 3' is Orf1a, Orf1b, S, Orf3a, Orf3b, E, M, Orf6, Orf7a, Orf7b, Orf8b, N, Orf9b, and Orf10. Accessory proteins number and their functional role are distinctive and rely on the specific coronavirus CoV. The +ssgRNA of the virus gets packed in the nucleocapsid protein which is further enclosed safely and protected by its envelope.


      




      

        NSPs Role in 2019-nCoV




        NSPs (of general CoVs) are orthologous [19], and are involved in the different viral functions like RNA replication and / translation as mentioned below [8, 10, 20-23]. Each NSP of CoVs will have a specific role to cause virulence.





        

          	
NSP1 and NSP2: Both are N-terminal products involved either in the suppression or inhibition of host gene expression [8]. NSP1 degrades the host mRNA, as it shows the activity as host translation inhibitor and also exhibits the virulence of 2019-nCoV, hence called a leader protein [8, 24]. In the case of SARS-CoV, NSP1 acts as IFN (interferon) antagonist [21, 25, 26]. In the case of 2019-nCoV, NSP1 acts as an IFN-β antagonist (revealed from in-vitro studies) [27]. Therefore, we can say that due to the presence of NSP, the 2019-nCoV exhibits antiviral signaling and evades the host immune system. Hence, NSP1 has been focussed on as one of the target proteins for vaccine development [19].




          	
NSP2: Generally, NSP2 of SARS-CoV interferes with intracellular host cell signaling during its infection. NSP2 of 2019-nCoV varies from NSP2 of SARS-CoV. NSP2 of 2019-nCoV contains a mutation that is likely connected with the capability of the virus to be more infectious [28]. It was reported that this NSP2 of CoV is homologous to bacterial DNA Topoisomerases I and IV which are essential for -ssgRNA synthesis. This recommends that NSP2 might be considered as a target for drug and vaccine development due to the two above reasons [19, 29].




          	
NSP3: Papain-like protease involved in the formation of a multiple domain complex. In the case of 2019-nCoV, it is involved in blocking the IFN related host innate immune responses (revealed from in-vitro studies) [27]. It was found that even NSP3 of 2019-nCoV contains mutation [30].




          	
NSP4: Transmembrane (TM) protein plays a role in the RTC of the viral lifecycle. It also aids in modifying Endoplasmic reticulum(ER) membranes [8, 31]. NSP3 and NSP4 work together with the additional cofactors to induce the membrane rearrangement which is responsible for the viral replication mechanism. This recommends that NSP3 and NSP4 might be considered as a target for drugs and suggests that the loss of complex NSP3 and NSP4 might eliminate viral replication [32, 33].




          	
NSP5: Main protease (Mpro) encodes for 3CLpro (3 chymotrypsin-like proenzymes) that has a main role in replication. Because, during the time of replication, it processes almost all 11 cleavage sites that are present between NSP4-NSP16. It is highly conserved in all pathogenic HCoVs such as 2019-nCoV, SARS-CoV, and MERS-CoV [34]. It conserved a 3-domain structure and the catalytic residues. It was found that NSP5 is involved in the increased IL-6 production in the host [30].




          	
NSP6: A TM protein that has a role in autophagy by generating the auto-phagosomes from ER [19, 35, 36]. It assists in the formation of viral-induced DMVs (Double membrane Vesicles) in the host cell.




          	
NSP7 and NSP8: Crystal structure analysis (CAS) of 2019-nCoV revealed a dimer of dimers (2:2 NSP7-NSP8) forming heterotetramer [37]. Recently, from surface electrostatic analysis, it has been discovered that a putative RNA binding site is formed only within this heterotetramer. Stable NSP7-NSP8 dimeric form possibly will act as a primase for completely assembled NSP7-NSP8-NSP12RdRP complex which in turn act as a processivity factor [12, 38-41]. Hence, we can say that both NSP7 and NSP8 act as cofactors for the NSP7-NSP8-NSP12 RdRP complex and help in assisting RNA polymerization [23, 24, 39, 42].




          	
NSP9: A protein that attaches to RNA, whose dimeric arrangement is vital to cause infections. Dimeric arrangement of NSP9 of 2019-nCoV was revealed by Crystal X-Ray analysis [37]. If any interference is created to prevent the NSP9 dimerization, that could become a way of means to encounter viral infection. The complex of NSP8-NSP9 is involved in RNA replication and virulence of SARS-CoV2 [37]. It binds to helicase [8]. NSP9 of both SARS-CoV-1 and SARS-CoV-2 shares the 97% sequence similarity [43].




          	
NSP10: Act as a cofactor, thus involved in the activation of replicative enzymes. It possesses two zinc-binding motifs and acts as a growth factor type of protein [8].




          	
NSP11: A petite peptide that performs the function of causing infection and it exhibits a role of endoribonuclease activity [19].




          	
NSP12: Exhibits RdRP activity performs many vital functions in the replication process but lacks proofreading property. Remdesivir inhibits RdRP [39, 43].




          	
NSP13: Encrypted with helicase and RNA triphosphatase (RNA-TPase) function [24]. Participates in the capping of viral mRNA [24].




          	
NSP14: Exhibits exoribonuclease (ExoN) activity when it forms a complex with NSP10 [24]. It aids the virus to proofread during replication. Only viruses whose genomic size is larger than 20 kb will produce this type of enzyme. Hence, ExoN traces out incorrect gene pieces causing mutations and deletes such types of genetic errors [44].


        




        In the case of 2019-nCoV, NSPs like NSP12, NSP13, and NSP14 are involved in blocking the IFN related host innate immune responses (revealed from in-vitro studies) [27].





        

          	
NSP15: Exhibits endoribonuclease activity. Recently, it is identified that it plays a major role in replication and it acts against the host body’s immune system during the time of replication [4, 45]. It also plays a vital role in causing infectivity as well as pathogenesis by interacting with NSP7 and NSP8 [36, 46, 47].




          	
NSP16: Exhibits 2′-O methyltransferase activity [24]. Inhibits innate immunity regulation [20].


        




        It was found that the NSPs like NSP1, NSP3, and NSP15 of 2019-nCoV contain mutation which makes the possibility of easy adaptation in human hosts [48]. NSPs have diverse roles in viral replication and translation. This is the reason why they are selected as targets for computational drug design. In simple, we can say that NSP10 to NSP16 complex is essential for capping viral mRNA transcripts for efficient translation and to evade immune surveillance [19, 49].




        In one of the computational drug designing studies, it was reported that, NSPs of 2019-nCoV act as receptors for drug binding by 3 specific drugs (which act as ligands). Drugs such as DB01977, DB0132, and DB07535 bind individually and effectively with NSPs 3, 5, and 14 of Orf1ab of the SARS-CoV-2 genome [50]. Binding pockets of proteins are well-matched with the pharmacophore of drugs and with the polar surface of drugs less than or equal to 100 A2 [50]. A single drug or three drugs binds at different proteins to bring biological or clinical effects in viruses and turn humans [50].




        Accessory Proteins: They interact with host target cells which aid the viruses for immune evasion and increase their virulence.





        

          	
Orf 3a: Orf3a of 2019-nCoV has only 72.7% sequence identity with that of SARS-CoV Orf3a, but still the TRAF3 (TNF receptor-associated factor 3) binding motif is 100% conserved. Orf3a protein triggers TRAF3 mediated NF-kB signaling and additionally it deals with the recruitment of NLRP3 inflammasome complex which causes IL-1β production provoking inflammation [51].




          	
Orf 3b: It may be an IFN antagonist in both 2019-nCoV and SARS-CoV (revealed from in-vitro studies) [27]. It failed to translate the protein, hence the number of proteins encoding by the viral genome reduced from 27 to 26 (which should require further validation and study) [6]. In the 2019-nCoV, Orf3b protein is very petite comprising of just 67 amino acids which are different from the Orf3b protein of SARS-CoV which is 154 amino acids long [52, 53]. Orf3b of 2019-nCoV has a new protein with 4 helices [54].




          	
Orf 6: Type 1 IFN antagonist in both 2019-nCoV andSARS-CoV-1 (revealed from in-vitro studies) [27].




          	
Orf 7a: Virus-induced apoptosis [55].




          	
Orf 7b: Function unknown.




          	
Orf 8a: This protein is lacking in 2019-nCoV, but its presence is seen in SARS-CoV.




          	
Orf 8b: In the case of the SARS-CoV evolution process, due to deletion of a 29 nucleotide sequence from the Orf8, it subsists as Orf8a (39 amino acids) and Orf8b (84 amino acids) [56]. Orf8b is comprised of 121 amino acids even in 2019-nCoV [57]. In the evolutionary process, 2019-nCoV didn't regain the sequence of those lost deleted nucleotides and might be evolved as such; therefore, the number of amino acids might remain the same. But still, a variation is observed in Orf8b of COVID-19 virus and SARS-CoV. The motif VLVVL present in Orf8b of SARS-CoV activates the NLRP3 inflammasome pathway and is involved in inflammation, but such type of motif VLVVL is not present in 2019-nCoV [53, 54].


        




        Recently, molecular modeling studies revealed that Orf8b of 2019-nCoV competes with the domain of complement factor-1 of complement protein C3b of the host complement activation system [57]. The complement system generally triggers inflammation. All these findings suggest that Orf8b might be exhibiting the role to trigger inflammation. It was found that Orf8 in 2019-nCoV has lost its 382 nucleotides sequence by mutation and evolved, which might be associated with adaptation to its survival in humans [58].





        

          	
Orf 9b: Type-1 IFN antagonist [59].




          	
Orf10: Function unknown. It was found that it comprises 38 amino acids that contain an alpha helix [53]. It displays limited homology with SARS-CoV [54].
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