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    The book is an exclusive version of the instructive matter on Herbal Immunity Boosters for Covid-19. The herbal immunity booster is basically an emerging field that discusses potential preparations to diminish the severity of the infection caused by Covid-19. Currently, the effective treatment of COVID-19 is lacking. Hence it is imperative for individuals to use such type of food supplements which boost their immune systems. In this concern, the ideal technique is to fortify immunity naturally by using medicinal plants. Whereas, immunity booster deals with the remarkable protection mechanism against loads of bacteria, viruses, fungi, toxins and parasites when entering the body. Additionally, other signaling pathways are recognized that are responsible for the regulation of the pathogenesis of infections and non-infectious diseases due to lower immunity. It also deals with the exploration of functional and nutraceutical foods for preserving body homeostasis which is essential to maintain immunity. Therefore, plants or herbs having immunomodulating properties should be included in the diet, and we should explore novel therapeutic opportunities to improve immunity against diseases. This book contains immense knowledge about Herbal Immunity Boosters for Covid-19 with respect to the mode of action, modulation of signaling pathways, regulatory aspects, safety, food supplements and drug delivery for better function of the immune system. In addition, drug development issues, adaptation to clinical use, market prospects and industrial commercialization too come under the concept of Herbal Immunity Boosters for Covid-19. The book not only focuses on theoretical knowledge but also considers practical aspects. The book is very beneficial for students and researchers across the globe that are indulged in the reading and investigation of Herbal Immunity Boosters for Covid-19, thereby, spreading awareness all over the globe and promoting anticipated trends in the field of Herbal Immunity Boosters. The major objective of this initiative is to bring into light the entire fundamental concept. This book also includes different types of procedures and herbal medicines to increase and treatment and immunity of Covid-19.
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      Abstract




      Coronavirus is a type of virus that is surrounded by non-segmented, single-stranded, positive-sense RNA genomes that reproduce in the cytoplasm. The size of the coronavirus is usually 80-120 nm. It was discovered in Wuhan, China in December 2019, and it was termed 2019 nCoV or COVID-19. The coronavirus is encased in a lipid bilayer and it possesses several proteins. These proteins are surrounded in the envelope of a virus; whereas, in the viral RNA, N-protein shows interactions and it can be found on the outer surface of the viral particle, forming the nucleocapsid. The spike protein is identified as the leading protein and mediates the entrance inside the host body that would cause SARS-CoV-2syndrome. The spike protein has two spheres namely S1 and S2. The receptor that is attached to the S1 and further S2 is responsible for fusion. In the past, the most severe types of virus which had resulted in large-scale pandemics were SARS (in 2002–2003) which occurred in Guandong Province, China. Meanwhile, Saudi Arabia had experienced the Middle East respiratory syndrome (MERS) in 2012. The virus in the 1960s was commonly identified in birds and mammals; mostly in rats, camels, cats and bats. SARS-CoV-2 causative agents belong to the genus β-Coronavirus. Coronavirus can be classified into four genera such as α, β, γ, and δ coronavirus. Alpha and beta coronaviruses are found in mammals such as bats. Gamma coronaviruses would primarily infect birds and affect mammalians, whereas delta coronaviruses would infect both birds and mammals. This chapter highlights the origin, historical background, the classification of the coronavirus as well as providing the conceptual information on various treatment approaches for COVID-19.
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      1. INTRODUCTION




      Coronavirus is a chief pathogen that principally infects the respiratory tract of humans. Previous coronavirus outbreaks (CoVs) have shown syndromes of the




      Middle East respiratory syndrome (MERS)-CoV as well as a severe acute respiratory syndrome (SARS)-CoV. These syndromes were alarming to the world’s population due to the infections they had caused [1]. SARS-CoV first appeared in 2002, followed by (MERS-CoV) and the novel coronavirus in 2012 and 2019, respectively. COVID-19, which was recently discovered, is the fifth known pandemic since the 1918 flu pandemic [2]. Coronaviruses are viruses enclosed with non-segmented, single-stranded, positive-sense RNA genomes that reproduce in the cytoplasm and they are typically 80-120 nm in size. COVID-19 was first identified in December 2019 in Wuhan, China, and was later referred to as 2019 nCoV or COVID-19 [3]. The SARS-CoV virus is a member of the Coronaviridae family, specifically the orthocoronaviridae subfamily and the order Nidovirales. The size range of the RNA genome lies between 26 to 32 kb. A helical nucleocapsid encompasses the DNA, which is surrounded by a lipid bilayer that is derived from the host [4]. Membrane (M), Spike (S), envelope (E) and nucleocapsid (N) are proteins found on the surface of the coronavirus (N). The S protein is the primary viral entry point [5]. The S protein is a large, Type-I transmembrane protein with 1160 amino acids for avian infectious bronchitis virus (IBV) and 1400 amino acids for feline coronavirus (FCoV). In the S protein, two domains namely S1 and S2 were discovered. The two domains S1 and S2 would recognize the host receptor and act for further fusion, respectively [6]. Once it is attached to the receptor, the envelop spike proteins would enter the host body directly through the cell surface and via the endocytosis fusion process. The massive conformational changes in the spike protein would determine the virus-host membrane fusion. Coronavirus has the appearance of a crown in an electron microscope and it is due to the presence of the glycoprotein spikes on its cover [7]. The MHV receptor was first discovered in 1991 and it was identified as the leading coronavirus binding receptor as it would allow the MHV to infect cells by binding them to the CEACAM1 molecule [8]. CEACAM1 is a part of the immunoglobulin superfamily and it is classified as a Type-I transmembrane protein. The multifunctional protein CEACAM1 plays a major role in the adhesion and cell signalling. Human coronaviruses consist of seven strains namely Human Coronavirus OC43 (HCoV-OC43), MERS-CoV, SARS-CoV (HCoV-NL63, New Heaven Coronavirus), Human Coronavirus HKU1, Human Coronavirus 229E (HCoV-229E), HCoV-EMC as well as the new strain that is identified as the Wuhan coronavirus which is known to be extremely dangerous and currently spreading widely worldwide (known as SARS-CoV-2 or COVID-19). Coronavirus Humanoid viruses, such as HCoV-229E, -NL63, -OC43 and –HKU1 are common in the humanoid population and they would display severe infection in the human respiratory tract at every age group. Alpha coronaviruses consist of HCoV-229E and NL63 while beta coronaviruses include OC43 and HKU1 [9]. The binary human viruses (HCoV-229E and HCoV-NL63) that are identified as the alpha coronavirus can infect animals and cause severe illness. The amino peptidase N (APN) protein is present in the host and acts as a receptor for HCoV-229E [10]. The Type II transmembrane protein CD13 is termed an APN protein that originates on the respiratory and intestinal epithelial cells. The APNs are Zn2+dependent proteases and they have the capability to break down the protein of N terminal neutral amino acids. Furthermore, the beta SARS-CoV is able to bind to the carbohydrates that are presented in a galectin fold-like structure found in the S1 NTD. The SARS-CoV was first discovered in 2002 and the (ACE-2) receptor was responsible for the virus [11]. Type I main membrane protein is a mono-carboxypeptidase that hydrolyzes angiotensin II and it is found in a substantial fraction of ACE2 receptors expressed in lung tissue. When a coronavirus infects the host, the calcium-dependent (C-type) lectins are predicted. Humans, mammals and birds are all afflicted by the coronavirus infection in humans as it affects the respiratory tract, the gastrointestinal tract, the hepatic system and the nervous system. Acute and persistent infections are both possible [12]. The α, β, γ, and δ are four different types of coronaviruses in which the alpha and beta are responsible for infections. Acute lung injury is caused by H5N1, SARS-CoV and H1N1 while acute respiratory distress syndrome (ARDS) could cause failure and death of the pulmonary region. The following are two possibilities that are likely to explain the creation of novel coronaviruses: a) natural selection in an animal host prior to and after zoonotic transmission and b) natural selection in humans after zoonotic transmission. Clinical types and risk factors are highly variable, resulting in scientific data ranging from asymptomatic to lethal. The basic symptoms of coronavirus include: cough, sore throat, breathlessness, fever, and the patient must be quarantined for 2-14 days after infection. Following the (H1N1), 1957 (H2N2), 1968 (H3N2) and 2009 Pandemic flu (H1N1), the WHO had declared a new coronavirus outbreak pandemic on March 11, 2020 [13] (Fig. 1).
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Fig. (1))


      A timeline of the five pandemics that have occurred since 1918 as well as the viruses that have remained circulating globally ever since.

    




    

      



      2. Historical Background, Origin and the Transmission of Coronavirus




      Coronavirus (CoV) was first discovered in the 1960s. The International Committee on the Taxonomy of the Coronavirus study group utilised relative genomics to evaluate and screen the replicative proteins in open reading frames as well as to differentiate and identify CoV at different cluster ranks [14]. CoV is linked with varying degrees of illness. In the past, SARS (in 2002–2003) and (MERS) (in 2012) had resulted to large scale pandemics. In the 1960s, the coronavirus was often found in animals and birds especially camels, rats, and bats [15] (Fig. 2). The taxonomy of coronavirus is as follows: genus -Coronavirus, family Coronaviridae, and order Nidovirales [16]. From 2002 to 2003, a similar virus was identified which had infected humans and it was discovered to be the cause of SARS. The COVID-19 infection is triggered by a virus containing a positive-sense RNA genome of 30 kb. The coronaviruses found in Manis javanica and Rhinolophus sinicusare said to have approximately 74% to 95% similarity with this virus [17]. A major source of coronavirus was found to be off the bat, out of which, a few of them had infected humans. Based on the current studies, the SARS and MERS viruses which were first discovered in 2002 and 2012, were transmitted zoonotically by bats that had used palm civets and camels as intermediate hosts. According to the latest studies, SARS-CoV-2 is a bat-adapted coronavirus that has transferred to humans via zoonotic transmission. The Malayan pangolin coronavirus has been determined to be 99% identical to a new coronavirus. The pangolin-CoV receptor-binding domain (RBD) differs from SARS-CoV-2 by only one amino acid; pangolins infected with COVID-19 have shown pathological symptoms which are similar to humans and their blood circulating antibodies are able to react with the SARS-CoV-2 spike protein [18].
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Fig. (2))


      Different viruses found in different mammals such as SARS virus in civet cat, MERS virus in camel and SARS-CoV-2 in pangolin or snake.

    




    

      



      3. Classification of Coronavirus




      Coronaviruses are viruses that belong to the Coronaviridae family which is the most important family in the Nidovirales order. The coronaviridae family is divided into two subfamilies: torovirinae and orthocoronavirinae, each of which consists of four genera: α, β, γ, and δ coronavirus [19]. CoVs are commonly found in humans and birds, but they can also be discovered in other animals (Fig. 3). Alpha and beta coronaviruses are found in mammals whereas birds and mammalian species would be infected through gamma coronavirus. Delta coronaviruses on the other hand would infect both birds and mammals. Animal CoV poses a substantial threat to livestock and it is suspected to be the cause of financial losses in domestic animals and birds. Moreover, animals can infect humans and spread infection through human-to-human transmission, which is uncommon [20].
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Fig.(3))


      Animal to human transmission of a virus is a rich source of ingestion of infected animals as well as coming into close contact with an infected person and the virus can be transmitted to a healthy individual.



      

        



        3.1. Differences and Similarities Between SARS, MERS, and the nCoV-2019




        

          



          3.1.1. Similarities and Differences




          SARS-CoV was discovered in 2002 to 2003 and it was referred to as a Severe Acute Respiratory Syndrome. It occurred in Guandong Province, China with a total of 8098 cases identified and a death rate of 774 [21]. Coughing, shortness of breath, fever as well as other serious complications such as pneumonia and kidney failure were the symptoms of SARS-CoV. The incubation period would last from two to fourteen days. According to research, SARS-like CoVs were found in civets and raccoon dogs from the local Chinese markets. SARS-CoV was first detected in bats and small animals before it was transmitted to humans. Several SARS-CoVs have been identified in bats from various regions of China through research. Various studies have revealed that the ACE-2 receptors have an SARS binding affinity [22]. The SARS-CoV consists of the S protein, which has the highest binding affinity towards the ACE-2 receptor, which is found in human lungs and would eventually affect the airway epithelial. In 2012, MERS-CoV was identified in Saudi Arabia. The symptoms and incubation period of MERS-CoV were found to be similar to SARS-CoV [23]. MERS-CoV was detected in 27 countries, with an estimated total of 2506 cases and a death rate of 862. MERS-related CoVs (MERS-CoVs) were discovered in bats, suggesting that the dromedary camels had transmitted the MERS-CoV to humans. According to studies conducted, the camel MERS-CoV strain was known as the human MERS-CoV strain. MERS-CoV, like SARS-CoV, consists of S proteins that are harmful to humans [24]. MERS-CoV had a strong affinity for human DPP4, infected human cells and triggered the outbreak in 2012 [25]. As previously described, nCoV-2019 was discovered in Wuhan, China, and was later given the name of COVID-19. SARS-CoV-2, the third human CoV, would induce respiratory failure and had a similar incubation time to SARS-CoV and MERS-CoV infections [26]. Cases in China and around the world are on the rise since December 2019. Based on the patients’ samples, the nCoV-19 virus has been identified as a beta coronavirus. According to the findings of the study, SARS-CoV-2 is a new virus that is similar to SARS-CoV and MERS-CoV, in which both were found in bats [27]. The SARS-CoV-2 virus contains several proteins, one of which is known as the spike protein. The spike protein has the highest binding affinity for the ACE-2 receptor which would cause damage to the lungs' epithelial cells (Table 1).




          

            Table 1 Classification of human coronavirus.




            

              

                

                  	Classification of Human Coronavirus



                  	References

                


              



              

                

                  	Strain



                  	HcoV-229E



                  	HcoV-OC43



                  	SARS-CoV



                  	HcoV-NL63



                  	HcoV-HKU1



                  	MERS-CoV



                  	SARS-CoV-2



                  	[28-34]

                




                

                  	Discovery



                  	1966



                  	1967



                  	2003



                  	2004



                  	2005



                  	2012



                  	2019



                  	[35-40]

                




                

                  	Genera-Lineage



                  	α



                  	β-A



                  	β-B



                  	α



                  	β-A



                  	β-C



                  	β-B



                  	[41-47]

                




                

                  	Cellular Receptor



                  	AminopeptidaseN (CD13)



                  	9-O-Acetylatedsialic acid(SA)



                  	ACE2



                  	ACE2



                  	9-O-Acetylatedsialic acid(SA)



                  	DPP4



                  	ACE2



                  	[48-53]

                




                

                  	Natural Host



                  	Bats



                  	Rodents



                  	Bats



                  	Bats



                  	Rodents



                  	Bats



                  	Bats



                  	[54-60]

                




                

                  	Breathing Symptom



                  	gentle



                  	gentle



                  	Severe



                  	gentle



                  	gentle



                  	Severe



                  	Severe

                


              

            




          


        


      


    




    

      



      4. Structure of Coronavirus and Role of their Proteins




      

        



        4.1. Coronavirus Structure




        The SARS-CoV-2 virus has a spherical shape and it is composed of positive RNA viruses consisting of a single strand which comprises spike proteins on the surface of the virus. The coronavirus is a spherical virus with a crown-like structure [61]. The word corona means “crown” in Latin as the virus appears as a royal crown under an electron microscope. The coronavirus is encased in a lipid bilayer and consists of several proteins including S, E, M, and N [62] (Fig. 4).The proteins are situated on the surface of the virus; however, in the viral RNA, the N protein shows interaction with RNA and it is found in the viral particle's core, where it forms the nucleocapsid. The S protein is known as the leading protein due to its high binding affinity for the ACE-2 receptor, which is found in the human lungs [63]. The spike protein has two parts S1 and S2 which are produced by the breakdown of the S protein through the host furin-like proteases. These spike proteins are present on the viral particle. When compared to the other proteins in the viral particle, the M protein is discovered in large amounts whereas the E protein is found in extremely small amounts [64]. M protein provides the virus its shape and works with E protein to orchestrate virus assembly and the creation of mature viral envelopes, therefore, could explain the difference in abundance. E protein also assists in the release of viral particles from the host cells, among other things. During viral assembly, the N protein would bind viral RNA as it is necessary for viral RNA packaging into the viral particle [65].
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Fig. (4))


        Structure of coronavirus.

      




      

        



        4.2. Spike Protein and its Drawbacks into the Host Body




        The novel coronavirus can be transmitted through respiratory droplets, produced by coughing and sneezing. CoVs, the enveloped positive-stranded RNA virus family, are classified into three major genera or groups: α-CoVs (group 1), β-CoVs (group 2) and γ-CoVs (group 3) [66]. Based on the structure of SARS-CoV-2, they are made up of four proteins: S, E, M and N that encapsulate a single-stranded viral RNA. The spike tends to interact with the host cell receptors. The host cell protease divides the spike protein into S1 and S2, one of which is a transmembrane protease serine 2 (TMPRSS2) [67]. The S1 subunit's primary function is to attach to harmless receptors on the host cell, whereas the S2 subunits would facilitate the membrane fusion Fig.(5). Therefore, it is most likely that the first approach is to develop a vaccine, followed by developing monoclonal antibodies that would attach with the spike protein and inhibit human cell interaction. Another potential target is the transmembrane protease serine two, which is required for coronavirus entry and viral spread. According to recent protein studies, the SARS-CoV-2 has a strong binding affinity to the human Angiotensin Converting-Enzyme 2 (ACE-2) receptors, which may be used as a mechanism for SARS entry [68] (Fig. 6). Type 2 alveolar cells which are found in the respiratory tract, have a high expression of ACE-2 receptors. ACE-2 receptors on the other hand, are found in a wide range of extrapulmonary tissues, including the heart, kidney, endothelium, and intestine. As a result, the interaction sites between ACE-2 and the spike protein should be considered as a potential drug target. A natural flavonoid called Hesperidin has already been identified in recent computational studies as a compound that is expected to bind with the binding interface of the spike ACE-2 complex [69]. According to the studies, spike proteins have the highest binding with the ACE-2 receptor, which could lead to severe lung injury.
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Fig. (5))


        Three coronavirus genera or groups' spike proteins.
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Fig. (6))


        The coronavirus has several types of proteins on its surfaces, including S, E, M, N, as well as the spike protein, which is the leading protein of the coronavirus which would bind with the host cell receptor. The spike protein is chopped into two domains, S1 and S2, and one other protein is the transmembrane protease serine 2 (TMPRSS2). The presence of ACE-2 receptors in type 2 alveolar cells can be found in the respiratory tract. As a result of the study, it is clear that the coronavirus binds to the ACE-2 and the ACE-2 down-regulates the receptor, contributing to severe lung injury.

      


    




    

      



      5. MECHANISM OF VIRAL ENTRY




      The coronavirus is a huge class of viruses; it is not one specific illness; they are giant enveloped RNA viruses with a large RNA genome that can cause the (SARS) syndrome [70]. The coronavirus diagram depicts the viral entry and their involvement in various steps to damage the host cell. The host cell plasma membrane contains one protein receptor called CEACAM-1 which is responsible for the entry of novel coronavirus inside the host body (Fig. 7). With the spike proteins around the virus, they would bind to the CEACAM-1 and facilitate the receptor-mediated endocytosis, which would attract the virus to the host cell via conformational changes and adaptation in the plasma membrane [71]. Once the uncoating occurs, these proteins would move and the content of the virus is released into the genomic RNA host cell cytoplasm. This genomic RNA is known as a genomic RNA positive and it is nearly 30,000 nucleotides long. Then, the host cell machinery namely ribosomes would translate this genomic strand into two polyproteins, which are also known as polyprotein1a and polyprotein1b [72]. Consequently, numerous non-structural proteins would be obtained from the breakdown of the polyprotein which includes the RNA-dependent RNA polymerase (RdRp), helicases and non-structural proteins (nsp3, nsp4, nsp6) [73]. It has been stated that the non-structural protein would initiate the multiplication of the coronavirus. The replication of the coronavirus takes place in the endoplasmic reticulum membrane conscription to form double-membrane vesicles that are known as DMV. The RdRp and helicase which are localized within the DMV drive the production of sub-genomic RNA [74]. The entire sense RNA would undergo two events. Firstly, it can replicate back into sense RNA, which is exactly the same scenario during uncoating in the original virus. Secondly, a complete sense RNA can be transcribed by using a method known as discontinuous transcription in which a complete sense RNA can be produced. Furthermore, it could transcribe a slew of different RNA, all of which are truly mRNA that should be translated into different proteins, thus resulting in the formation of N copies of proteins from a single RNA. After synthesis, transmembrane structural proteins S, M, and E are inserted and folded inside the E.R before they are transported into the Golgi (ERGIC) compartment [75]. To form a nucleocapsid, the N proteins would bind to the viral genomic RNA inside the cytoplasm. Once the final virion gathering occurs in the intermediate compartment that is known as ERGIC, the mature virion is exocytosed into the smooth-walled vesicles and releases the viral progeny which matures the coronavirus to infect other cells [76].


    




    

      



      6. Modes of Transmission




      The transmission of novel coronavirus is preferably administered via normal routes which include a close contact with the infected person as well as direct transmission and airborne. Some of the common modes of transmission include sneezing and coughing, continuous acts of touching the face, nose and eyes (Fig. 8). Viral shedding occurs from the respiratory tract, saliva, feces and urine, resulting in the spread of the virus to other locations. The viral load is greater and lasts longer in patients with severe COVID-19. COVID-19 also has been reported to spread from infected patients to health care workers and flight attendants who were in close contact with them [77].
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Fig. (7))


      The mechanism of coronavirus is depicted in the diagram; the coronavirus contains various types of proteins, the leading protein is known as the spike protein; the spike protein enters the host body and attaches to the CEACAM-1 present in the host cell, and through conformational changes, receptor-mediated endocytosis would occur and the virus is released towards the genomic RNA and translate this genomic strand into two polyproteins and many non-structural proteins. Non-structural proteins such as RdRp and helicase are localized into the DMV and drive the production of sub-genomic RNA from which structural and accessory proteins are produced in the next phase of translation. Then, from one RNA N copies of proteins form, the transmembrane structural proteins would enter the ER and are transported into the Golgi compartment and the mammalian cell nucleus.
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Fig. (8))


      Modes of transmission of COVID-19.

    




    

      



      7. TREATMENTS OF COVID-19




      A large number of populations around the world have suffered from novel coronavirus. As such, various pieces of evidence have suggested that there is a lack of concrete proof for effective antiviral treatments for COVID-19 [78]. In the diagnosis and treatment of COVID-19 pneumonia, currently available treatments are primarily focused on symptomatic and respiratory support. The treatment of coronavirus can be done through antiviral agents, natural products, and vaccination [79] (Fig. 9).
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Fig. (9))


      Current prevention of COVID-19.



      

        



        7.1. Antiviral Agents




        There are various clinical manifestations of the novel coronavirus that occur through replication. A variety of researches are still ongoing to discover the most effective antiviral treatments of nCoV. For coronavirus therapy, antiviral therapies are being investigated. These drugs would suppress the ACE2 and TMPRSS2 receptors to inhibit the entry of the virus as the viral replication could be particularly active during the early stages of COVID-19. Despite the urgent need for randomised controlled trials to find the most appropriate COVID-19 antiviral therapy, several agents are currently utilised globally [80]. Table 2 highlights the most commonly used agents and their mechanisms of action.




        

          Table 2 Antivirals drugs for the management of COVID-19




          

            

              

                	Antivirals Drugs For The Management of COVID-19



                	References

              


            



            

              

                	Group



                	Inhibitors of viral RNA polymerase/RNA synthesis



                	Inhibitors of viral protein synthesis



                	Viral entry inhibitors



                	Immunomodulators



                	[81-84]

              




              

                	Drugs



                	Remdesivir



                	Lopinavir/ritonavir



                	Hydroxychloroquine



                	Nitazoxanide

              




              

                	Favipiravir



                	Chloroquine



                	Ivermectin

              




              

                	Mechanism of Action



                	
Remdesivir (Adenosine nucleotide analog, RdRp inhibitors)



                	Protease inhibitor



                	Increasing endosomal pH, which is required for cell fusion, and interfere with ACE-2 receptor



                	
Nitazoxanide


                (Interference with viral replication-related host-regulated pathways)



                	[85-90]

              




              

                	
Favipiravir (Guanosinenucleotide analog, RdRp inhibitor)



                	
Ivermectin


                (Importin 1 heterodimer inhibition of nuclear import of host and viral proteins)

              




              

                	Dosing



                	
Remdesivir (Day 1: 200mg, IV


                Day 2-5 (or 10): 100mg/day, IV



                	Day 1 to 10 or (14): 400mg/ 100mg x 2/day, orally



                	Day 1 to 5: 2 X 200 mg/day, orally



                	-



                	[91-95]

              




              

                	
Favipiravir (Day 1: 2X1600mg, Day 2 to 7 (or 10): 2 X 600mg/day



                	Day 1 to 5 (or 10): 2 X 500mg/day, orally



                	-

              


            

          




        


      




      

        



        7.2. Natural Products




        Treatment of coronavirus through natural products which have effective antiviral activity towards human CoVs, plays a key role in the development of new antiviral prophylactics. Herbal compounds which are comprised of phytoconstituents with effective antiviral, anti-inflammatory and antimicrobial properties, such as Dihydrotanshinone, Griffithsin, Emodin, Tannic acid, Gallic acid and Withanone are recent trends in the community. These phytoconstituents are believed to possess the ability to adapt the immune response therefore, could be beneficial for the treatment against COVID-19 [96]. The lists of herbal agents which are effective against coronavirus are shown in (Table 3).




        

          Table 3 Natural products potentially effective for COVID-19




          

            

              

                	Natural Products Potentially Effective for COVID-19



                	References

              


            



            

              

                	Herbal Agents



                	Dihydrotanshinone



                	Griffithsin



                	Emodin



                	Tannic acid



                	Gallic acid



                	Withanone



                	[97-102]

              




              

                	Virus Inhibited



                	MERS-CoV



                	MERS-CoV



                	SARS-CoV



                	SARS-CoV



                	SARS-CoV-2



                	SARS-CoV-2

              




              

                	Drug Targets



                	S protein of MERS-CoV



                	S protein of MERS-CoV



                	S protein and ACE2 interaction



                	3CLPro



                	RdRp



                	TMPRSS2



                	[103-107]

              




              

                	Mechanism of Action



                	Block MERS-CoV entry using pre-and post-attachment assay



                	Inhibit spike protein function during entry



                	Blocked the binding of S protein to ACE2 using biotinylated ELISA assay, IC50: 200 mM



                	Inhibition of 3CLPro, IC50: 3 μM



                	High binding affinity to RdRp tested by molecular docking



                	Bind and interact at the catalytic site of TMPRSS2

              


            

          




        


      




      

        



        7.3. Vaccines




        Currently, COVID-19 vaccination could be the only definitive and preventive treatment option to fight the virus. Due to this, there are several vaccines under clinical trials. In addition to antiviral agents, widespread use of the COVID-19 vaccine is a promising strategy to bring an end to the current pandemic. Dozens of COVID-19 vaccines which are developed by various organizations are in various stages of clinical testing [108]. The list of vaccines under clinical trials is shown in Fig. (10).
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Fig. (10))


        Vaccines developed and under clinical trials for COVID-19.

      


    




    

      CONCLUSION




      COVID-19, a virus that is still persistent even today has infected a large number of populations around the world for the past couple of years, just like its predecessors SARS-CoV and MERS-CoV. Coronavirus is encased in a lipid bilayer and consists of several proteins including S, E, M and N. Spike protein would damage lung cells after binding with ACE-2 receptors. The S1 domain is responsible for receptor recognition as it would bind to the host cell receptor, while the S2 domain is responsible for fusion. Moreover, coronaviruses are divided into four genera such as α, β, γ and δ. Thus, the current report has dwelled on the pathogen's characteristics, modes of transmission and the origin of coronavirus to provide conceptual information on various treatment approaches for COVID-19.
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