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    Recent novel coronavirus (2019-nCoV) first emerged from China and rapidly spreading all over the world has caused the unprecedented havoc all over the globe. It has been declared a pandemic and global public health emergency by World Health Organization (WHO). The spread of this virus is still continuing despite many drastic containment measures (complete lockdown, curfews, etc.). As on 16th June 2020, more than 82,56,725 cases of COVID-19 have been reported over in 190 countries and territories, resulting in approximately 4,45,958 deaths. Health authorities all over the world are struggling to develop possible prevention and therapeutic measure.




    This book entitled ‘COVID-19:Current Challenges and Future Perspectives’ provides a comprehensive view on COVID-19 infection is a guide for health care professionals, researchers, academicians, and regulators. The authors and the publishers need to be complimented for providing timely and useful information.




    This book is designed to aid the rapid understanding of the pathogenesis, diagnosis, treatment of COVID-19 infections. I am excited about this book and looking forward to its publication at an early deadline.






    

      S.J.S. Flora


      FNASc, FAEB, FABP, FSSE


      Director


      National Institute of Pharmaceutical Education and Research (NIPER)-Raebareli


      Lucknow, 226002, U.P.
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    Recently, a novel coronavirus (2019-nCoV) emerged in China and rapidly spread worldwide. It is declared an ongoing outbreak as a global public health emergency by the World Health Organization (WHO). Currently, health authorities of the world, including India focused on rapid diagnosis and isolation of patients as well as the search for therapies to counter the most severe effects of this infection.




    This book intends to bring more rigorous knowledge of COVID-19. This book provides a general introduction about COVID-19, history, diagnosis, treatment, and management, along with its pathological mechanisms. In addition, it also explains the possible mechanism of deaths, targets, repurposing of drugs, herbal medicines in the treatment of COVID-19 infection.




    This book has been recognized within 14 chapters presented in a logical sequence. Chapter-1 Introduction. Chapter-2 discusses the History and Epidemiology. Chapter-3 discusses the pathogenesis. Chapter-4 compiled the information regarding diagnostic, treatment, and preventive approaches. Chapter-5 discusses convalescent plasma for treatment of COVID-19 infection. Chapter 6 discusses the effects of early lockdown in India during the outbreak of COVID-19. Chapter-7 provides an overview of COVID-19 altered immune signalling. Chapter-8 discusses about the alteration of brain signalling pathways due to COVID-19. Chapter-9 discusses about the risk factors and complications associated with COVID-19. Chapter-10 provides an overview of the possible mechanism of deaths. Chapter-11 discusses the possible targets. Chapter-12 briefs about the repurposing of drugs. Chapter-13 provides an overview of herbals for COVID-19 infections. Chapter-14 discusses current challenges and future perspectives.




    The editor wishes to express their considerable appreciation to the Publisher who took over the management of the production of this book in difficult circumstances and whose contribution is much appreciated. We trust this book will be useful to researchers, students as well as the general public and we believe that better knowledge of this virus could result in the effective treatment.
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      Abstract




      Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in China, affecting millions of peoples worldwide, and was declared as a global health emergency by the World Health Organization (WHO). This infection is extremely transmittable from humans to humans due to its long incubation period (as compared to other viruses of the same category), which results in asymptomatic carriers. The complete knowledge regarding this virus is still unclear and various studies are being conducted worldwide. Till now, no vaccines or specific drugs are available for its prevention and treatment. However, various classes of drugs are repurposed for their treatment and many new drugs and vaccines are under development. This chapter provides brief information related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) along with its diagnosis, prevention, and treatment strategies.
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      INTRODUCTION




      Coronavirus (COVID-19) is an infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. This virus originated from Wuhan city of China and then spread all around the world [1, 2]. The name of this virus is “Corona” which might be due to the presence of crown-like projections on the outer surface and in Latin, “Corona” means “halo” or “crown [1, 3, 4]”. The Coronavirinae and Torovirinae are the two subfamilies of the Coronavirinae. Further, the family of Coronavirinae is divided into four genera i.e. alpha (α), beta (β), gamma (γ), and delta (δ) coronaviruses [5-7]. As per the phylogenetic studies, a set of viruses is arranged into these genera [7, 8].




      Past decades witnessed only two human coronaviruses (HCoV-229E and HCoV-OC43). However, later on, in 2002, four new human coronaviruses were identi-




      fied [9-11]. In 1931, the first disease caused due to corona was identified, but the isolation of coronavirus (HCoV-229E) from humans was done in 1965 [12, 13]. Only two human coronaviruses (HCoV) i.e., HCoV-229E and HCoV-OC43, were identified till a big burst of severe acute respiratory syndrome virus (SARS-CoV) happened in the year 2002 [14, 15]. Further, four human coronaviruses were identified, including new COVID-19 after the discovery of severe acute respiratory syndrome virus (SARS-CoV) [15-18]. The detailed history of coronaviruses is provided in Chapter 2. The pathogen interacts with humans in many ways and various factors play a major role in the rapid spread of a particular infection throughout a population or community. This chapter provides brief information about the newly emerged coronavirus along with the available treatment options.


    




    

      STRUCTURE




      Coronaviruses are enveloped, spherical, and positive sense (+), single-stranded RNA virus [17-22]. The virus enters the host and releases messenger RNA (mRNA), which initiates the synthesis of RNA, leads to replication and transcription, and further packages into the progeny virus [19, 23]. The spike protein (S), membrane protein (M), an envelope protein (E), and nucleocapsid protein (N) are structural proteins of this virus [24-27]. Nucleocapsid protein (N) is an RNA-binding protein that contains N-terminal and a C-terminal domain [26], whereas spike protein (S) is a glycoprotein that helps in the attachment of the virus with the host. The spike glycoprotein is cleaved into S1 and S2 (two different polypeptides) by host cell proteases [26, 28]. The membrane protein (~25–30 kDa) is composed of three types of domains that provide the shape to the virion membrane [26, 29]. The protein which is present on the complete surface of the coronavirus is envelope protein (E) (~8–12 kDa), composed of N-terminal ectodomain and a C-terminal endodomain, which plays an important role in ion channel activity [26, 30]. Apart from these four structural proteins, there is another protein known as hemagglutinin-esterase (HE), which exists in a few beta coronaviruses [26, 31]. This protein helps in the binding of sialic acids on surface glycoproteins and contains acetyl-esterase activity [26, 32, 33]. The various proteins of coronavirus are shown in Fig. (1).


    




    

      TYPES




      Coronaviruses are categorized into two major types i.e., animal and human coronaviruses, which are discussed below:
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Fig. (1))


      Structure of coronavirus.



      

        Animal Coronaviruses




        The coronaviruses cause severe acute respiratory syndrome (SARS), thought to emerge from animals [34]. These viruses result in severe diseases in animals and researchers started to work on these viruses at the start of the 20th century [35]. The researchers have identified the porcine epidemic diarrhea CoV (PEDV) and Transmissible Gastroenteritis Virus (TGEV) to cause severe gastroenteritis, which results in the deaths of baby pigs [36]. The corona-viruses have been identified in bats in the last couple of decades, which are likely to have induced severe acute respiratory syndrome [37].


      




      

        Human Coronaviruses




        Prior to the COVID-19 outbreak, two alpha coronaviruses (HCoV-229E and HCoV-NL63) and two beta coronaviruses (HCoV-OC43 and HCoV-HKU1) were known. Emerging reports have indicated a close relation of SARS-CoV-2 with bat coronavirus [38, 39]. The coronavirus infection results in approximately 15–30% of respiratory infections in humans every year. The frequency of infections is found to be increased in neonates, the elderly, and individuals with underlying illnesses. The beta coronavirus SARS-CoV was identified in 2002-2003 in the Guangdong Province of China [40-42] and spread to many countries. Approximately 774 deaths were recorded in 8098 infected cases. The mortality was observed specifically in the elderly and individuals with underlying illnesses [43]. Recently, SARS-CoV-2 was identified and its actual source is likely to be bats (not confirmed yet).


      


    




    

      GLOBAL IMPACT




      SARS-CoV-2 infection has affected the world in a big way (CDC, 2020). The regulatory authorities of the World are continuously monitoring the effect of this viral infection. The number of countries (till 13th April 2020) infected with SARS-CoV-2 is presented in Fig. (2) [36].
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Fig. (2))


      Number of countries infected with COVID-19 continents wise (Till13th April 2020).



      Globally, more than 1,853,155 people were infected and over 114,247 deaths (as of 13th April 2020) were reported, as presented in Fig. (3). The detailed epidemiology of COVID-19 or SARS-CoV-2 infection has been provided in chapter 2.
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Fig. (3))


      Total confirmed cases and deaths in the world (Till 13th April 2020).



      As per WHO, the infection rate of this virus is higher, particularly in the elderly population. However, children are not at a higher risk of COVID-19. The COVID-19 transmission level is categorized into four stages, as shown in Fig. (4).
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Fig. (4))


      Transmission stages of coronavirus infection.



      On the basis of symptoms, the cases are classified as suspect, probable, and confirmed. The details are described in Table 1.




      

        Table 1 Classification of cases on the basis of symptoms.




        

          

            

              	Suspect



              	Low Risk



              	• No symptoms


              • Mild symptoms (fever, cough, shortness of breath)

            




            

              	Intermediate Risk



              	• No symptoms but contact with a confirmed or probable COVID-19 case


              • Symptoms but no travel history in the last 14 days before the onset of symptoms and no contact with a confirmed or probable COVID19 case

            




            

              	High Risk



              	• Severe symptoms (fever, cough, shortness of breath) and contact with a confirmed or probable COVID-19 case

            




            

              	Probable



              	Suspected person with all symptoms of infections but tested negative. Suspected person with no symptoms of infections but tested positive

            




            

              	Confirmed



              	A person carries symptoms of infection or no symptoms of infection and tested positive

            


          

        




      


    




    

      DIAGNOSIS




      The diagnosis is difficult on the basis of physical symptoms as they overlap with that of normal flu. The symptoms arise within 2–14 days after infection. The common indications are fever, dry cough, and fatigue, followed by shortness of breath and body aches. However, loss of taste, smell, diarrhea, etc., have also been observed. People over 60 years of age and those with underlying illnesses, such as hypertension, diabetes, and cancer, have a higher risk of getting a serious infection. The symptoms of COVID-19 vary from person-to-person and sometimes no symptom appears.




      The most commonly used laboratory tests for the diagnosis of COVID-19 patients are rapid antigen test and real-time polymerase chain reaction (RT-PCR). However, the accuracy of the rapid antigen test is low as compared to RT-PCR. In RT-PCR, one should ask the laboratory person to provide Ct value, which will provide an idea about viral load in the individual. The lower the Ct value, the more will be the viral load. The hematological examination can also be done to get an idea about inflammation in the body. The chest X-ray, computed tomography CT, and ultrasound are also employed depending upon the severity of the case. The details about the diagnosis of the cases have been provided in Chapter 4.




      In the author’s opinion, a person should not directly be informed about his COVID-19 test results. Pre-test counseling is important where patients will be guided about the next steps. Many cases have occurred in which a person panics and becomes anxious, depressive, and even suicidal after hearing positive diagnostic results.


    




    

      TREATMENT




      If someone is diagnosed with a COVID-19 infection, there is no need to panic. As we know, most families in India live together and there are people of all ages in one house (children, adults, old). Thus, the triage of cases should be done properly. Utmost care is needed for the geriatric population or individuals having comorbid conditions like hypertension, renal disorders, diabetes, etc.




      The days (3-6) after the infection are important. During these days, if the CRP level is high and/or there is a rapid rise in fever, and oxygen level is decreased, one should take it seriously and hospitalize the patient immediately to prevent worsening of the condition.




      To date, no drug of choice (DOC) has been established for the treatment of COVID-19. However, the cases are being managed using anticoagulants (low molecular weight heparin, aspirin), anti-inflammatory agents (corticosteroids), antiviral agents (remdesivir, favipiravir, hydroxy-chloroquine, ivermectin), etc. [43]. The antiviral agents are helpful in the initial phase of infection. Thus, in the author’s opinion, there is no point of using antiviral agents after 14 days of the infection as the virus has already died in the body. However, there is another opinion that after 14 days, the virus remains in the body in its attenuated form; therefore, antivirals can be used. Remdesivir is recommended for the treatment of serious cases, whereas favipiravir is recommended for the treatment of mild to moderate cases. Favivir is the generic form of favipiravir. The details about the treatment of individual cases have been mentioned in Chapter 4.


    




    

      PREVENTION




      The spread of infection can be prevented by following social distancing as human to human spread is rapid. Everyone should wear the masks properly, even if someone has recovered from this infection. It is also advisable to wear a mask at home. However, wearing a mask while exercising is not a recommended practice. Hand wash is must at regular intervals. At least a 3-meter distance should be kept between two persons and meeting with individuals (less than 15 min) in a cross-ventilated room or in an open area is suggested. Touching the face should be avoided, and the mouth and nose should be covered when coughing or sneezing, etc.


    




    

      CONCLUSION




      In conclusion, currently, preventive measures are the only option to deal with this virus. Most of the countries, including India, are following the lockdown protocol to control the spread of this infection. Research is undergoing to discover vaccines and specific drugs for its treatment. At Present, physicians are using existing drugs like hydroxy-chloroquine, ivermectin, remdesivir, favipiravir, corticosteroids, low molecular weight heparin, etc., and plasma therapy in the treatment of COVID-19 patients. The results are promising but more clinical data is required to establish its efficacy and safety. The researchers, physicians, and health care workers are doing excellent work and more information related to this virus is being revealed everyday, which will help in the development of vaccines and specific drugs.
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      Abstract




      Researchers identified human coronaviruses (HCoV), for the first time in the year 1960s, to be responsible for cold. However, later that decade, it was observed that these viruses also affect the upper and lower respiratory tract and are probable common human pathogens. The last few eras witnessed the emergence of novel zoonotic viruses, including recent severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 2 or COVID-19). The COVID-19 disease is extremely infectious and transmittable, which results in severe acute respiratory syndrome. This virus emerged in China’s Wuhan city wet market and spread globally within a few months. Molecular data analysis of genome revealed similarity of SARS-CoV-2 with severe acute respiratory syndrome-like (SARS-like) bat viruses. The evidence for zoonotic virus spillover is not known, whereas the virus passes from human to human rapidly. This chapter discusses the origin of human coronaviruses and their distribution. Further, the global epidemiology of COVID- 19 is also discussed.
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      INTRODUCTION




      Globally, throughout human history, several different microbial contagious agents have been responsible for biological disasters [1]. History is replete with different instances of exactly how these disastrous biological outbreaks resulted in epidemics and pandemics [1, 2]. These types of threats still affect societies globally. Most of the time, these disastrous outbreaks are natural and accidental, but sometimes biological disasters may also be intentional. These natural biological threats result in epidemics and pandemics, further leading to substantial morbidity and mortality. Many factors are responsible for a particular infection and rapid spread into the population (Fig. 1). Enormous factors (genetic and biological) contribute to the emergence of an infectious disease [3, 4]. When a virus passes from animals to humans, it is called a zoonotic virus and a first-time transmission event is called spillover.
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Fig. (1))


      Factors associated with emerging infections.

    




    

      CLASSIFICATION




      “Corona” in Latin means “halo” or “crown.” Coronaviruses possess a distinctive morphology; the name comes from the outer surface crown-like projection (crown of embedded envelope protein) of the virus [5]. International Committee for Taxonomy of Viruses (ICTV) classified coronaviruses (CoVs) as a principal group of viruses that fall into the Nidovirales order and Coronaviridae family. The Coronaviridae family comprises two subfamilies i.e. Coronavirinae, and Torovirinae (Fig. 2). Further, the coronavirinae subfamily is divided into four genera, alpha (α), beta (β), gamma (γ), and delta (δ) coronaviruses [6, 7].




      Additionally, a set of viruses are arranged into these genera based upon the phylogenetic studies (Table 1). The seven species of coronaviruses have been identified that infect humans [3]. Four are endemic (regularly found in certain areas and seasons) and cause mild infection, whereas three cause severe symptoms, which are sometimes fatal [4].
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Fig. (2))


      Classification of coronavirus.



      

        Table 1 Names of coronavirus and their respective host.




        

          

            

              	Genus



              	Species Name



              	Host

            


          



          

            

              	Alfa



              	Human coronavirus 229E


              (HCoV-229E)



              	Bat

            




            

              	Human coronavirus NL63


              (HCoV-NL63)



              	Bat, Palm civets

            




            

              	Beta



              	Human coronavirus OC43


              (HCoV-OC43)



              	Cattle

            




            

              	Severe acute respiratory syndrome coronavirus (SARS-CoV)



              	Palm civets

            




            

              	Human coronavirus HKU1


              (HCoV-HKU1)



              	Mice

            




            

              	Middle East respiratory syndrome-related coronavirus (MERS-CoV)



              	Bat, Camels

            




            

              	Severe acute respiratory syndrome coronavirus 2


              (SARS-CoV-2, COVID-19)



              	Possibly (Bat)

            


          

        




      




      Strains of human coronaviruses that cause mild cold symptoms mostly in winters and early springs are coronavirus OC43, NL63, HKU1, 229E. Two strains, OC43 and 229E, have been found responsible for 10-30% of all common colds since the 1960s [6, 7]. However, these strains cause severe infection when co-infection occurs with other viruses or bacteria present in the body whereas, the rest of the three strains cause severe conditions called deadlier strains, which are severe acute respiratory syndrome coronavirus, Middle East respiratory syndrome coronavirus, and Severe acute respiratory syndrome coronavirus 2.




      According to the International Committee for Taxonomy of Viruses, alpha and beta coronaviruses both infect only mammals whereas, gamma and delta coronavirus infect birds, and sometimes mammals (Fig. 3) [7].




      Coronavirus is one of the major pathogens that predominantly infect the human respiratory tract [8, 9]. Coronavirus disease, for the first time, was identified in the year 1931 in chickens but in 1965, first human coronavirus HCoV-229E was identified and isolation made [10]. Till the end of the nineteenth century, only two human coronaviruses were known, i.e. HCoV-229E and HCoV-OC43 [11]. An outbreak in 2003 discovered a novel human coronavirus, named severe acute respiratory syndrome virus (SARS-CoV) [12, 13]. Further, four new human coronaviruses were identified, including recent COVID-19. Novel COVID-19 virus species were found to be a member of the beta group of coronaviruses. International Committee on Taxonomy of Viruses entitled the virus as SARS-CoV-2 [14]. The novel virus is also termed Wuhan coronavirus, 2019 novel coronavirus (2019-nCov), “Novel coronavirus 2019”, “2019 nCoV”, “COVID-19”.
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Fig. (3))


      Transmission pattern of coronaviruses in humans.

    




    

      EMERGENCE AND SPREADING OF CORONAVIRUSES (TIMELINE)




      The last few decades have witnessed numerous infections caused by novel viruses, which were eventually found to be associated with human pathology. However, the year 1965 was the time when the history of human coronaviruses began [10]. Two researchers Tyrrell and Bynoe, were working on a common cold unit, where they cultured the few samples obtained from the nasal washing of an adult with infection named B814 but were unable to culture all at that time [11, 15]. Near the equivalent period, two other researchers, Hamre and Procknow, successfully cultured the same type of samples and named it the Hamre’s virus [12]. In later years, both B814 and Hamre's were known as 229E. McIntosh et al. identified similar cultures and termed the virus “OC” (OC43) (Fig. 4) [12, 14].




      Tyrrell wondered to see the culture under an electron microscope, therefore, he directed samples to a Scottish virologist, June Almeida. She became the first to imagine the human coronavirus which she described as like influenza viruses, but not the same. She found medium-sized (80–150 nm), pleomorphic, membrane-coated, and spike-like projections covered all around the virus [13]. McIntosh et al. acknowledged parallel biological features for OC43 and 229E, cultured by Hamre and Procknow [15, 16].




      In the late 1960s, a group of virologists led by Tyrrell was working with the different strains of mammal viruses. They observed different strains from infectious bronchitis virus, mouse hepatitis virus, and transmissible gastroenteritis virus of swine and found morphological similarities under electron microscopy [17]. They clustered these novel viruses into a new group named coronavirus (crown-like projections on the surface) and later, International Committee on Taxonomy of Viruses (ICVT) officially accepted it as a new subfamily of viruses [18]. In subsequent decades, human coronavirus 229E and OC43 continued to be studied but the strain of B814 was lost [19].




      In subsequent decades, human coronavirus 229E and OC43 were studied, but the strain of B814 was lost. After 3 decades of the discovery of both human viruses, novel viruses were gain identified.
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Fig. (4))


      Timeline showing the emergence of coronavirus.



      In 2003, molecular epidemiological researchers confirmed a novel human coronavirus outbreak in Guangdong, China, that later spread globally [20, 21]. New virus data analysis revealed similarities with the Beta coronavirus group and turned into the Severe Acute Respiratory Syndrome virus (SARS-CoV). SARS-CoV was considered a hazardous virus, as it infected 8098 individuals and had a mortality rate of 9% across 26 different countries of the world, until the discovery of novel SARS-CoV-2 (COVID-19) [13]. Years after the pandemic of SARS, new human virus HCoV-NL63 was discovered in Netherland. This virus was isolated from bronchiolitis of seven-year-old children [12]. In 2005, HCoV-HKU1 was identified from two patients in Hong Kong. Both HCoV-NL63 and HCoV-HKU1 virus showed genesis globally [12, 13, 21].




      After a span of 10 years, in 2012, the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) was identified that infects humans, bats, and camels [20, 21]. Egyptian virologist isolated a virus from the upper respiratory tract of a couple of Saudi Arabians. It was identified for the second time in virus isolates from a person from Qatar who had flu-like symptoms, and a year later, similar cases were reported from Qatar and Saudi Arabia [20]. Initially, the virus was found to be similar to SARS but was later named the Middle East Respiratory Syndrome Coronavirus (MERS-CoV). The World health organization reported that MERS-coronavirus infected more than 2428 individuals and 838 deaths (Table 2) [20].




      

        Table 2 Comparative analysis of biological features of coronavirus.




        

          

            

              	Features



              	SARS-CoV



              	SARS-CoV-19



              	MERS-CoV

            


          



          

            

              	Emergence date



              	2003



              	2019



              	2012, 2015, 2018

            




            

              	Area of emergence



              	Guangdong, Shunde, China



              	Wuhan, China



              	Jeddah, Saudi Arabia

            




            

              	Date of fully controlled



              	2003



              	Not controlled yet



              	2012, 2015, 2018

            




            

              	Number of countries infected



              	26



              	195



              	21

            




            

              	Total infected patients



              	8098



              	123882 Till 30th April, (Daily new cases reported)



              	2500

            




            

              	Total recovered patients



              	7322



              	67051



              	1642

            




            

              	Total died patients



              	776 (9.6% mortality rate)



              	4473 (3.61% mortality rate)



              	858

            


          

        




      




      Recently, the end of 2019 witnessed the novel Severe Acute Respiratory Syndrome virus 2 emerge from the Huanan seafood market of Wuhan city of China, and later spread worldwide. Initially, 50 people were found infected with pneumonia kind of symptoms connected to the wet market of Wuhan. Huanan seafood market is known for selling live animals such as bats, frogs, snakes, birds, and marmots [21]. National Health Commission of China declared an outbreak of viral pneumonia epidemic in January 2020 in the city and informed the WHO about several cases of pneumonia with unfamiliar etiology.




      Phylogenetic studies revealed the similarity of the virus to the coronavirus subfamily and the virus was identified as a novel coronavirus SARS-CoV-2 (COVID-19). Initially, data analysis suggested that the patients infected with virus connected to the wet market; therefore, animals were probable source of the virus [22]. However, further investigations revealed that some individuals contracted the infection even with no record of visiting the seafood market. The intermediate source is still unknown, but rapid human to human spreading is widely accepted. The spread of this virus is on-going despite many drastic containment measures (many countries have declared complete lockdown, including India). In India, 1,834 cases were confirmed up to 1st April 2020 and approximately 45 deaths occurred as the virus rapidly transmits from human to human [23, 24]. The virus is mainly spread by close contact with an infected person, sneezing, coughing, and aerosol. Currently, health authorities of the world, including India, are focusing on rapid diagnosis as well as isolation of patients and the search for therapies to counter the most severe effects of this infection.
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