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The coronavirus (SARS-CoV-2) pandemic is a rapidly transmitting and highly pathogenic disease. The spike protein of SARS-CoV-2 binds to the surface of angiotensin-converting enzyme-2 (ACE2) receptors along the upper respiratory tract and intestinal epithelial cells. SARS-CoV-2 patients develop acute respiratory distress, lymphocytic myocarditis, disseminated intravascular coagulation, lymphocytic infiltration, and other serious complications. A SARS-CoV-2 diagnosis is conducted using quantitative reverse-transcription PCR and computed tomography (CT) imaging. In addition, IgM or IgG antibodies are used to identify acute and convalescent illness. Recent clinical data have been generated by health workers and researchers and have shown that there is an urgent requirement in the effective clinical and treatment of patients, as well as other developments for dealing with SARS-CoV-2 infection. A broad spectrum of clinical trials of different vaccines and drug treatment has been evaluated for use against SARS-CoV-2. This review includes the emergence of SARS-CoV-2 pneumonia as a way to recognize and eliminate any barriers that affect rapid patient care and public health management against the SARS-CoV-2 epidemic based on the natural history of the disease, its transmission, pathogenesis, immune response, epidemiology, diagnosis, clinical presentation, possible treatment, drug and vaccine development, prevention, and future perspective.
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INTRODUCTION

Coronaviruses are a group of large viruses with positive SS RNA, 160 nm in size, and belonging to the Nidovirales family (Schoeman and Fielding, 2019). The genome size of the SARS-CoV-2 virus is approximately 30 KB. The virion of SARS-CoV-2 is made up of genomic RNA with a structural protein, i.e., nucleocapsid (N) phosphoprotein, which encloses the nucleic acid, a glycoprotein membrane (M) embedded in the lipid bilayer, a spike glycoprotein (S) with petal-shaped peplomers and a small enveloped (E) protein and a polyadenylated tail, followed by 3′ ends (McBride et al., 2014; Schoeman and Fielding, 2019). Two-thirds of the SARS-CoV-2 genome made up of a polyprotein (pp1a and pp1b), which is produced after the cleavage of the cysteine protease (PLpro) and 3C–like serine protease (3CLpro), the resultant non-structured protein, and RNA–dependent RNA polymerase and helicase are synthesized (Narayanan et al., 2015). Six genera of Coronavirus have been discovered, namely, alpha corona, beta, gamma, delta, bafinivirus, and torovirus. Human coronavirus (HcoVs) belongs to the alpha and beta coronaviruses, genera 229 E and NL63 belong to the alpha coronavirus, and OC43 and HKU1 belong to the beta coronavirus (Figures 1, 2; Owusu et al., 2014). The main hosts and reservoir of these viruses are infected birds and mammals. Being hosts to the largest number of viral genotypes, bats have also become host to large numbers of coronaviruses, and their immune systems can suppress such viruses (Khan, 2013). However, they can transmit these viruses to birds and other mammals. Epidemics of coronaviruses generally occur when the virus transmits from one species to another, as shown in Figures 1, 2, which takes place when the viruses acquire mutations in proteins that allow them to bind to the cells of other animals and more easily infect the other cells in the new host. Human coronaviruses are causes of respiratory and gastrointestinal tract infections (Lau et al., 2010). Such viruses have been estimated to account for 5–10% of all adult upper respiratory tract infections such as the common cold, pneumonia, and acute respiratory distress syndrome (ARDS), and causing gastrointestinal infection (Ge et al., 2013; Khan, 2013). There are a wide variety of symptoms of coronavirus infection. Usually, mutations occur when a virus transfers from one species to another, and entirely new coronaviruses can develop through such mutations. Several outbreaks of new coronaviruses (Smith, 2006), the first being severing acute respiratory syndrome (SARS), occurred in 2002 to 2003, which was reported to have been a beta coronavirus from Guangdong province in China (Chan et al., 2003). There are different lineages of beta coronaviruses within SARS lineage B, and this particular virus has previously been transmitted from bats to civets to humans in an outbreak recorded from February to July 2003. In this outbreak, there were more than 8000 total recorded cases and 774 deaths with a fatality rate of 9.6% (Chan-Yeung and Xu, 2003). Another coronavirus outbreak of Middle East Respiratory Syndrome (MERS) occurred in 2012, as shown in Figures 1, 2 (Zaki et al., 2012), which reportedly began in Saudi Arabia and spread to several other countries. This was also a beta coronavirus and was transmitted from camels to humans (Lau et al., 2013) either by eating camels or drinking camel milk. More than 2400 cases and 858 deaths were recorded with a fatality rate of approximately 34.4%. The new coronavirus, 2019-nCoV (SARS-CoV-2) discovered in Wuhan, Hubei province of China in December 2019, the seventh coronavirus found to cause illness in humans. It is also a novel beta coronavirus and has many similarities with SARS (Chen N. et al., 2020; Huang C. et al., 2020). SARS-CoV-2 was first identified through a cluster of pneumonia cases in Wuhan, China On December 31, 2019, an infectious disease with a cluster of cases of pneumonia occurred in Wuhan, China, which was later identified as novel SARS-CoV-2 (Bernard Stoecklin et al., 2020). By January 31, 2020, 7818 cases had been confirmed in 19 countries, and on May 18, 2020, the WHO declared a coronavirus outbreak as a public health emergency, with 10500,639 cases, 510,736 deaths, and 5,727,094 recovered cases recorded in more than 200 countries. The virus is officially named SARS-CoV-2 because it is genetically extremely like SARS coronavirus, which was responsible for the outbreak in 2002 (Chen and Yu, 2020). It is believed that SARS-CoV-2 was transmitted from a bat to a Pangolin and finally to a human (Figure 2). A coronavirus found in a Pangolin showed a 96% genetic match with SARS-CoV-2. The spike protein of the coronavirus allows it to attach to the lining of the respiratory tract and damage the ciliated epithelial cells of the nasopharynx leading to viremia (Xu H. et al., 2020). Severe lung damage can cause ARDS and aseptic shock, which are the main causes of death for people infected and are more likely to occur in those over the age of 60, in smokers, and in people with previous medical conditions such as diabetes, Chronic Obstructive Pulmonary Disease (COPD), Cardiovascular Diseases (CVDs), hepatitis, hypertension, or pregnancy (Figure 3; Matthay et al., 2019). During this pandemic, one of the main concerns is the treatment options available. At present, we do not have any drugs approved for SARS-CoV-2 by the FDA, although there are certain drugs used by clinicians for patients with SARS-CoV-2 infection (Adnan, 2020), including redeliver, chloroquine, hydroxychloroquine, lopinavir, ritonavir, and tocilizumab (Abd El-Aziz and Stockand, 2020). None of these drugs are currently used as a prophylactic against SARS-CoV-2 but are administered after infection. It has been observed that chloroquine and hydroxychloroquine, which are antimalarial drugs, are more effective against SARS-CoV-2 (Kruse, 2020). Tocilizumab is most widely used by clinicians, and its IL-6 inhibitors lead to a reduction in cytokines and an acute phase retract. This drug is still under clinical trial for SARS-CoV-2 pneumonia. Lopinavir and ritonavir are two other drugs that have been used despite their limitations. Initially, they were used for HIV infection, and have shown to be active against SARS-CoV-2 in animal studies (Zhao, 2020). All these drugs are used by clinicians based on their severity, clinical complications, and special consent or ethical approval of the competent authority. Previous reviews on COVID-19 have been based on information regarding a specific problem. Limited reviews are available regarding the recent developments of SARS-CoV-2 pneumonia for recognizing and eliminating any barriers that affect the rapid patent care and public health management against the SARS-CoV-2 epidemic. This review aims to discuss recent advances in SARS-CoV-2 in terms of pathophysiology, epidemiology, clinical management, drug discovery, vaccine development, and prospects. This review includes the emergence of SARS-CoV-2, the natural history of the disease, and its transmission, pathogenesis, epidemiology, diagnosis, clinical presentation, possible treatment, drug and vaccine development, and prospects.
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FIGURE 1. Emergence and taxonomy of coronavirus.
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FIGURE 2. Genome and genetic shift at genomic site coronavirus with zoonotic origin.
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FIGURE 3. Flow diagram for diagnosis, clinical presentation, and treatment of SARS-CoV-2.




PATHOPHYSIOLOGY

SARS-CoV-2 is inhaled through respiratory droplets (>5 μm) in the air at up to <1 m (less than 3.3 feet) and within close contact (6 feet, or 1.8 m) (Cui et al., 2020). The virus is also inhaled by touching an object or surface with a virus present from an infected person, and then touching the mouth, nose, or eyes (Figure 4). SARS-CoV-2 causes ARDS and invades two types of cells in the lungs, namely, mucus-producing (Goblet) cells and ciliated cells, allowing it to reproduce (Singhal, 2020). Mucus keeps the lungs from drying out and protects them from pathogens. Celia pushes the mucus toward the exterior of the body, clearing debris from the lungs including viruses. Killer cells are the preferred host cells for SARS-CoV and are likely the preferred host cells for SARS-CoV-2 (Figure 3; Chen W. H. et al., 2020; Wang F. et al., 2020). Once a structural protein enters a cell, the genetic, viral material is copied. The invading virus blocks the synthesis of this viral genetic material. The invading virus blocks the synthesis of this viral genetic material (Tian et al., 2020). The virus enters the cell through fusion and endocytosis. The virus is partially decomposed and becomes insensitive to the neutralizing antibodies of the host (Belouzard et al., 2012). The host cell receptors, consider the virus to be a normal legend, leading to a receptor aggregation of the virus and the entry of the virus through the endocytosis process (Baig et al., 2020). Virus uncoating occurs inside the cytoplasm along with the release RNA inside the host cells, forming a polyprotein complex (Tian et al., 2020). These polyproteins are cleaved under the action of the protease into the RNA polymerase (Letko et al., 2020). Antigenomic RNA is transcribed from genomic RNA. The hallmark of coronavirus transcription is the production of multiple sub-genomic mRNAs, and during the replication process, two intermediates are formed: First, an intermediate genome forms an antigen and creates a new genome complex (Baig et al., 2020). RNA polymerase acts as an anti-genomic RNA to generate a positive genome strand and the m-RNA. Next, m-RNA acts on the rough endoplasmic reticulum of the host cells to produce a new viral genome (Baig et al., 2020; Letko et al., 2020). Common symptoms of SARS-CoV-2 include fever (>37.3°C), which may not be present in some cases, shortness of breath, coughing, sore throat, insomnia and/or ageusia, muscles ache, nausea/or vomiting, abdominal pain, headache, runny nose, and fatigue (Figure 3; Huang C. et al., 2020). Frequent symptoms at illness onset include fever (83–98%), dry cough (76–82%), and myalgia or fatigue (11–44%), and the incubation period varies from 5 to 14 days. Besides, 14% of patients were observed as having severe symptoms, and 5% were found to be critically ill (Zhou et al., 2020). According to the WHO, SARS-CoV-2 cases are steadily increasing throughout the world. Early reports suggested that illness severity is associated with age (>60 years old) and comorbidity (Liu B. et al., 2020). Clinical investigations of patients with SARS-CoV-2 have been based on early detection, identification, isolation, and employment of immediate prevention and control with supportive care of the patient through the management of ARDS and hypoxemic conditions with septic shock (Jiang et al., 2020). Special and urgent care is required for pregnant women. Patients are categorized into those with an uncomplicated illness, mild pneumonia, severe pneumonia, ARDS, sepsis, and septic shock (Du et al., 2020). When mucus-producing (goblet) cells and ciliated cells die owing to a collection of new SARS-CoV-2 material, they slough off into the airways, filling them with debris and fluid. Many of those infected experience pneumonia in both lungs (Li et al., 2020). The virus enters the immune system, and the immune cells recognize the virus flooding into the lungs (Jiang et al., 2020). The lung tissues then become inflamed during the normal immune response. The inflammatory process is highly regulated and is confined to the infected area (Liu H. et al., 2020). However, occasionally the immune system overreacts, resulting in damage to the healthy tissues. More cells then die and slough off, further clogging the lungs and worsening pneumonia (Feng Y. et al., 2020). As damage to the lungs increases, stage three begins, potentially resulting in respiratory failure, permanent lung damage, or death. Here, we can see the same lessons with SARS-CoV-2 as with SARS (Cowling and Leung, 2020). SARS create holes in the lungs, which have a honeycomb appearance. This is probably due to an over-reactive immune response, which affects healthy and infected tissue and generates scars that stiffen the lungs (Tan K.S. et al., 2020). Some patients with this condition may require ventilators to aid in breathing (Chen W. H. et al., 2020). The inflammation also results in alveoli that are more permeable. Alveoli are interfaces of gas exchange, where the lung replaces CO2 in the blood with fresh oxygen. The increased permeability causes fluid to leak into the lungs (Raoult et al., 2020; Zhou et al., 2020). This decreases the ability of the lungs to oxygenate the blood and in severe cases floods the lungs with fluid, preventing the patient from breathing properly and sometimes resulting in death (Zhang H.-T. et al., 2020). Venous thromboembolism is reduced using mechanical or pharmacological prophylaxis, and catheter-related bloodstream infections are removed by maintaining sterile and aseptic conditions, as well as the removal of the catheters daily (Goossens, 2015). Aseptic shock is the main cause of death for people with this infection and is more likely to occur in those over the age of 60, smokers, and people with previous medical conditions. Individuals with diabetes, cardiovascular disease, heart disease, hypertension, respiratory disease, pregnancy, or an immunocompromised state are high risk for clinical complications and mortality (Figure 3; Liu K. et al., 2020) An overreaction of the immune system causes another type of damage, namely, cytokines recruiting immune cells at the site of infection. Overproduction of cytokines can result in a cytokine storm and cause large-scale inflammation in the whole body of the patient (Puja et al., 2020). Therefore, blood vessels become more permeable and fluid seeps out. This situation makes it difficult for blood and oxygen to reach the patient’s body. As a result, multi-organ failure occurs in more severe cases of SARS-CoV-2.
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FIGURE 4. Immune response during SARS-CoV-2 infection.




IMMUNE RESPONSE

The site of the initial infection of SARS-CoV-2 is unknown, but the most common effect is damage to the respiratory system owing to the predominance of the angiotensin-converting enzyme 2 (ACE2) receptors in the epithelial lining (Elena et al., 2020). The gastrointestinal tract also has a significantly higher concentration of ACE2, but GI symptoms were seen more in SARS infections and have been quite rare in SARS-CoV-2 infections. The immune response in SARS-CoV-2 patients occurs in two phases: Initially, when the disease is moderate, the immune cells eliminate the virus by producing primary cytokines, which may be beneficial for eliminating the virus but results in inflammation. During the second phase of more severe cases, SARS-CoV-2 patients exhibit significantly high cytokine levels or hyper-inflammation, and in some cases, the lungs become damaged (Figure 4; Azin et al., 2020; Shih-Hwa et al., 2020). Patients in this stage develop ARDS, and worsening damage to the lungs is a major challenge. Some patients with severe respiratory symptoms experience a high viral load in the lungs, and further studies are required to understand the dynamics between viral load dynamics and effective immune response (Zhuobing et al., 2020). Extreme inflammation results in the release of large cytokines in the circulation, which start affecting the secondary organs, and the viral load begins to decrease. In addition to the lungs, the heart rate may also be affected by systemic inflammation during SARS-CoV-2 infection (Tian et al., 2020). Severe SARS-CoV-2 infections are associated with lymphocytopenia, which is a severe loss of lymphocytes in the bloodstream. Many cytokines are released in SARS-CoV-2 patients and cause a cytokine storm such as IL-6, IL-1, IL-2, IL-10, TNF-α, and IFN-, Increased level of IL-6 in the serum leads ARDS and adverse clinical outcome, such as respiratory failure (Tan K.S. et al., 2020; Tan L. et al., 2020). A high level of IL-6 can suppress normal cell activation (Azin et al., 2020). Thus, a cytokine storm may help with the suppression of T-cells in SARS-CoV-2 patients (Puja et al., 2020). Researchers have also suggested that a massive release of cytokines involves a rapid viral replication, leading to apoptosis. This increases the macrophages in the lungs, which in turn amplifies the inflammatory response (Figure 4). Specific cytokines are involved in the SARS-CoV-2 immune response. In severe cases of SARS-CoV-2 infection, increased levels of IL-6, IL-10, TFN-α, and the soluble IL-2 receptor have been found. In another study, elevated levels of IL-7, G-CSF, IP-10, MCP-1, and MIP-1α were found in patients with a severe SARS-CoV-2 infection (Liu H. et al., 2020). Patients experiencing a cytokine storm may have lung damage and multi-organ failure, with death occurring in some cases. Understanding the mechanism of the immune response by which the cytokine storm can be reduced is critical for the design of future therapies. Targeted immune cell-based therapies may prove beneficial because they focus on a specific cytokine, such as IL-6, IL-10, and TNF-α, without causing a widespread effect on the immune system (Figure 4; Ye et al., 2020). To fully understand the occurrence of a cytokine storm in SARS-CoV-2 patients, inflammation, acute phase, essential immune response, proinflammatory chemokines, immune cell-specific (including B cells, CD8, and natural killer cells), macrophage and microglia, and T-helper-cell cytokine panels need to be conducted on the serum or bronchoalveolar lavage fluid of COVID-19 patients (Zhang H.-T. et al., 2020).



DIAGNOSIS

Lab diagnosis of SARS-CoV-2 is shown in Table 1, where the chest X-ray shows patchy infiltrates, which may be peripheral or concentrated in the lower lung fields, or maybe interstitial infiltrates, an easily progressive problem involving diffusion and infiltration (Hong et al., 2020). To confirm the diagnosis, and (Real-Time Polymerase Chain Reaction) RT-PCR is conducted on a small amount of viral RNA specimen in the respiratory tract (sputum, swab, aspirate, or lavage), or plasma during the early disease stage (Corman et al., 2020). An RT-PCR is also conducted on the urine and stool at a later stage (Xu X. et al., 2020; Zhang J. J. et al., 2020). The cultivation of a coronavirus is extremely difficult; in fact, such viruses grow only in a human tracheal ring organ culture, except for SARS and MERS, which can easily grow on Vero cell lines (Coleman and Frieman, 2015). Antibodies appear after 1 month from infection, and ELISA and immunofluorescence antibody tests (IFATs) are used as a sociological investigation in the spread of the disease into the population. ELISA and immunofluorescence antibody test (IFAT) is used to detect for sociological investigation, which appears, after 1 month (Addie, 2020). Confirmed cases of SARS-CoV-2 have tested positive regardless of clinical symptoms. Probable cases are considered for those with inconclusive results or when testing cannot be performed under any circumstances (Jian-Min et al., 2020). Suspected cases are referred to as those patients with clinical symptoms, a history of travel to or residing in an infected area, or have had contact with someone with a confirmed or probable case during 14 days or more up to 28 days before the onset of symptoms or with someone with full clinical signs (Giuseppe and Rossella, 2020). Negative cases are considered individuals who have tested negative at least twice within at least a 48-h time interval with a confirmed or probable test result (Jian-Min et al., 2020). CRISPR (Clusters of Regularly Interspaced Short Palindromic Repeats) is a genome-editing tool. it helps in DNA sequences and functions of the gene (Singh et al., 2019; Verma et al., 2019). CRISPR has potential application in the prevention and diagnosis of disease. CRISPR -Cas 9 and its variants-based diagnostic under process. The expert from the United States published CRISPR based diagnosis method for SARS-CoV- in nature Biotechnology (Broughton et al., 2020).


TABLE 1. Types of diagnostic approaches in SARS-CoV-2.
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TREATMENT

The repurposing of drugs is an effective outcome-based treatment that also allows significantly enhancing the drug development process (Senanayake, 2020). Most treatment for SARS-CoV-2 has been based on supportive care such as the use of remdesivir, lopinavir/ritonavir, hydroxychloroquine, convalescent plasma, synthetic antibodies, interferons, low dose steroids, azithromycin, IL-6, IL-1 inhibitors, anti-TNF, and various other support treatments according to the clinical complications of the patients (Tables 2, 3; Wu D. et al., 2020). Ritonavir is an anti-HIV drug, and redeliver is an anti-viral drug previously used against the EBOLA virus. Remdesivir was given to the first United States patient with SARS-CoV-2, who began to improve the very next day (Eastman et al., 2020). Remdesivir is an intravenous drug, which has a broad antiviral activity, inhibiting viral replication through a pre-mature termination of the RNA transcription. This drug has shown an in vitro activity against SARS-CoV-2 and in vitro and in vivo activities against related beta coronaviruses, and the drug blocks RNA dependent polymerases (Cao Y.C. et al., 2020). There are various randomized trials underway to evaluate the efficacy of remdesivir for SARS-CoV-2 infection from moderate to severe cases (Beigel et al., 2020). A large-scale clinical trial is ongoing, and some of the results are shown in Tables 2, 3. Chloroquine and hydroxychloroquine are oral prescription drugs used for the treatment of malaria and various inflammatory clinical complications (Ferner and Aronson, 2020). Chloroquine has been used for malaria treatment and chemoprophylaxis, and hydroxychloroquine has been used for rheumatoid arthritis, systemic lupus erythematosus, and porphyria cutanea treatments (Alia and Grant-Kels, 2020). Both are drugs having in vitro activity against SARS-CoV-2 and other coronaviruses. Hydroxychloroquine has a higher potency against SARS-CoV-2 infection. Chloroquine has been reported to inhibit the in vitro activity of SARS-CoV-2 (Alia and Grant-Kels, 2020). Although published clinical data are limited, hydroxychloroquine in combination with azithromycin is more effective; however, validation is required and clinical trials are ongoing (Yazdany and Kim, 2020). The possibilities of drug toxicity and other clinical side effects should be considered before use. In May of 2020, the WHO stopped the clinical trial of hydroxychloroquine owing to various side effects. Italy, France, Belgium, and other countries also stopped using hydroxychloroquine (Meyerowitz et al., 2020). A study published in the New England Journal of Medicine reported that hydroxychloroquine is of no benefit in SARS-CoV-2 patients (Geleris et al., 2020). In April, the Food Drug Administration (FDA) issued an order to stop using hydroxychloroquine and chloroquine owing to potential cardiac problems (Boulware et al., 2020). Ibuprofen is anti-inflammatory and helps with breathing difficulty in patients. The clinical trial of Ibuprofen started on hospitalized patients with SARS-CoV-2 infections (Sodhi and Etminan, 2020). Monoclonal antibodies were isolated from surviving patients of SARS-CoV-2 and used for testing. During the first week of June in 2020, blood plasma was transferred in approximately 25 patients with SARS-CoV-2 infection at Methodist Hospital in Texas, United States (Salazar et al., 2020). Stem cell-based treatments are also under phase-II and -III clinical trials for use in SARS-CoV-2 infection (Raza and Khan, 2020). Immunosuppressant drugs are also under clinical trials, including baricitinib and an IL-6 inhibitor. In SARS-CoV-2 patients, the immune system becomes overactive and releases a cytokine storm. The FDA has therefore allowed the use of a device that filters cytokines from the blood of patients and improves the immune response. Even in various re-purposed and possibly novel therapies for SARS-CoV-2, developments in the clinical management of the patient is critical. In addition, there are still no future timelines for specific treatment options for SARS-CoV-2 (Zhao, 2020).


TABLE 2. SARS-CoV-2 candidate drug treatments in Phase III-IV trials.
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TABLE 3. Development of SARS-CoV-2 Immunoglobulin based treatments option.

[image: Table 3]Clinicians and researchers are also looking for other options to target the replication or clinical manifestations of SARS-CoV-2. There is an urgent need to develop a sensitive and specific medicine for the various genotypes and stereotypes of SARS-CoV-2, such as cove 229E (HCoV-229E), OC43 (HCoV-OC43), NL63 (HCoV-NL63), and HKU1 (HCoV-HKU1), as shown in Figures 1, 2 (Bleibtreu et al., 2018). Preliminary investigations suggest that RNA a polymerase-based drug may inhibit the multiplication of HCoV infections (Adnan, 2020). There are various possible target RNA-dependent polymerase and helices for application as antiviral developers (Russell et al., 2020), which are produced by a replicase polyprotein and encoded by the ORF at the 5′end and cleaved by 3-C like proteases. The cleavage process occurring during membrane fusion leads to a syncytium formation. The binding of the amino-terminal receptor to the host cell surface leads to conformational changes in the carboxy-terminal, enabling fusion (Li et al., 2020). The structural spike glycoprotein of SARS-CoV-2 can also be targeted. Monoclonal antibodies have been developed using an angiotensin-converting enzyme 2 and are sensitive against SARS-CoV-2 at the site of the amino terminal-receptor binding domain and cause fusion with the host cells (Russell et al., 2020). After completion of SARS-CoV-2 multiplication cycles in the host, a version is released into the extracellular compartment through exocytosis, and viral multiplication cycles are repeated. The structural protein of SARS-CoV-2 may be targeted by small interfering RNA. Existing or earlier used drugs for HCoV-229E, HCoV-OC43, SARS-CoV, and the emerging MERS-curve can be further tested for cytopathies by applying a standard assay (Shen et al., 2019). A known pharmacokinetic and pharmacodynamic immunoglobulin approach may be employed by exploring the efficacy against SARS-CoV-2 (Shen et al., 2019; Li et al., 2020). In addition, a high throughput analysis of existing compounds can be conducted by using a database and expected antiviral activity along with their immunological and physiological efficacy. Genomic and biophysical based drugs can be developed including viral enzyme-based inhibitors. Moreover, all these drug options can be used with patients of SARS-CoV-2.



INHIBITOR OF SARS-CoV-2 Mpro

Recently SARS-CoV-2 Mpro X-ray crystal structure elucidated, which showed with an α-ketoamide as a potent inhibitor in the enzyme’s active site, and screened for several FDA approved antiviral drugs and thereby blocking the active pocket (Kumar et al., 2020; Zhang N. et al., 2020). The structure of SARS-CoV-2 Mpro in the apo form and α-ketoamide bound form shows that the protein makes a crystallographic dimer composed of two monomers of identical conformations. Each protomer is furthermore made up of three domains. The interface of domain I and domain II form the active site of the protein, which is composed of a Cys145-His41 dyad where α -ketoamide derivative bound (Figures 5A,B). Domain I (residues 8–101) and domain II (residues 102–184) have an antiparallel β-barrel structure. Domain III (residues 201–303) contains five α-helices arranged into a largely antiparallel globular cluster, and it is connected to domain II by a long loop region (residues 185–200). SARS-CoV-2 Mpro has a Cys-His catalytic dyad, and the substrate-binding site is located in a cleft between domain I and domain II. These features are similar to previously reported Mpro from other coronaviruses (Anand, 2002; Yang et al., 2003; Xue et al., 2008; Wang et al., 2016; Ren et al., 2020). It is stabilized by several interactions with the active site residues His41 and Cys145 and adjacent residues in substrate binding cleft such as Gly143 and Ser144. Coronaviruses use a chymotrypsin-like a protease (3CLpro) and a papain-like protease (PLpro) to process and cleaves its long polyprotein precursor into individually functional non-structural proteins. The active site residues are thoroughly conserved and make a catalytic Cys145-His41 dyad. The specific subsite residues located in the enzyme active site are named as S1‘, S1, S2, S3, and S4 depending on their relative position to the cleavage site and subsites P1′, P1, P2, P3, and P4 in the polyprotein. Subsite P1 corresponds to the amino acid just before the cleavage site, and position P1 corresponds to the residue immediately after the cleavage site (Anand, 2003; Kiemer et al., 2004). In the Mpro of SARS-CoV-2 active site region, the S1′ residues are contributed by Cys145, Gly143, and Ser144 which also serve as the oxyanion hole. The S1 residue is His163, while Glu166 and Gln189 located at the S2 position. Bulky Gln189 and Pro168 make the S4 site (Figure 5A). The main protease recognizes and binds specific residues at each subsite of the peptide substrate to determine the initiation of proteolysis and the production of non-structural proteins for the formation of the replication-transcription complex.
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FIGURE 5. (A) Cartoon representation of one protomer of the dimeric Mpro–inhibitor complex. (B) Surface presentation of conserved substrate-binding pockets of Mpro from coronaviruses. The key residues that form the binding pocket are shown in sticks, conserved substitution in Mpro of more than one of the coronaviruses. S1, S2, S4, and S1′ subsites are indicated.


A previous study proposed that Mpro has a substrate-recognition pocket that is highly conserved among all coronaviruses and that this pocket could serve as a drug target for the design of broad-spectrum inhibitors. The recent discovery of new coronaviruses, and the accumulation of structural data for Mpro from coronaviruses of various species, provided the opportunity to further examine this hypothesis. Crystal structures of Mpro revealed that (Xue et al., 2008; Wang et al., 2016; Ren et al., 2020) most variable regions are the helical domain III and surface loops, and that the substrate-binding pocket (located in a cleft between domain I and domain II) is highly conserved among Mpro in all coronaviruses; this suggests that antiviral inhibitors targeting this pocket should have wide-spectrum activity against coronaviruses as shown in Figure 5B.



DEVELOPMENT OF MERS-CoV VACCINES

SARS-CoV-2 has caused a global public health crisis, and a vaccine urgently needs to be developed. An effective vaccine will also help control the pandemic situation of the emerging SARS virus and act as an effective treatment against its genotypes and stereotypes (Figure 2; Pawelec and Weng, 2020). Researchers have also been investigating live-attenuated vaccines against SARS in animal models, which may be helpful for SARS-CoV-2 (Aurélien et al., 2020). There are three possible targets for the development of a SARS-CoV-2 vaccine. Everyone has different types of immunity level l, particularly during old age and in children or those suffering a non-communicable disease, and it is therefore highly difficult to optimize a single vaccine for all age groups. RNA-based SARS-CoV-2 vaccines are also in development (Table 4). Adjuvants may help enhance the immune response when such vaccines are administered to older populations and may reduce the amount of RNA needed in each vaccine (Hotez et al., 2020). After the Wuhan outbreak, Chinese scientists published the genome sequence of SARS-CoV-2 and started designing a vaccine. Traditional methods required an actual sample of the virus. When an inactivated virus is injected into the body, the immune system is recognized as an antigen. Vaccines can be used as antigens in the body to protect against SARS-CoV-2 (Ojha et al., 2020). For vaccine development, a rapid response after direct injection of antigen into the body is required. These types of vaccines typically send instructions into the cell of the body. Because the cells produce an antigen protein specific to the virus a suitable design is needed. These instructions are in the form of RNA or DNA 19 (Zhang N. et al., 2020). The molecules contain the code for different proteins. This process requires a shorter development time because we do not need to grow the entire virus. Scientists have tried to replicate a SARS-CoV-2-like sequence designed like a cassette tray and slot for use in new virus antigens. Scientists have tried to like COVID-19 that sequence designed like cassette trey and slut in new virus antigens. To deal with SARS-CoV-2, CEPI is funding several teams globally, each independently working from a plate form model. As a nucleic acid-based candidate, NIH (United States) is developing a vaccine on an mRNA platform. They applied a conventional approach using the body’s cells rather than a lab test producing antigenic proteins, that’s been once made by like SARS-CoV-2. The host immune system then stimulates and develops antibodies to SARS-CoV-2. It can immediately recognize SARS-CoV-2 later and prevent the person from becoming sick. Scientists are also currently working on preventing sickness from SARS-CoV-2 (Wang F. et al., 2020). As the race for a novel and viable vaccine continues for all age groups, we do not know how bad the situation will become. Hopefully, a vaccine will soon be ready for distribution. Normally, a vaccine takes years to reach the clinical stage. However, researchers are working hard using high throughput analyses to identify the SARS-CoV-2 sequence. A small genetic sequence of the virus, received globally, is applied, and a computer algorithm scans the sequence to find tiny motifs in the DNA. A strong immune response is needed to fight against SARS-CoV-2. The moment the genetic code for the 2019 novel coronavirus was released by the Chinese government, the team at INOVIO Pharmaceuticals in California, United States began developing a new DNA medicine to kill it (Arnold, 2020). They identified, such motifs, inserted another piece of plasmid, and amplified it using bacteria to create new DNA. They then purified the DNA and injected it into completely healthy cells of a human body. This DNA acts as a map or picture of the human body. It finds the SARS-CoV-2 and attacks and kills it. There is nothing on the market yet for DNA medicines. This will be ready for human clinical trials by the end of June 2020. Since 2016, Migal Galilee Research Institute, an Israeli company, has been working on a poultry coronavirus. According to an expert in this field, poultry coronaviruses are similar to human coronaviruses, and they are more likely to produce a SARS-CoV-2 vaccine in a short period (Hodgson, 2020). Researchers are optimistic about overcoming the major challenges and safety issues. Recent developments in vaccines against SARS-CoV-2 are shown in Table 4.


TABLE 4. Tabular representation of ongoing clinical studies of vaccines for SARS-CoV-2.
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EPIDEMIOLOGY

Most of the Wuhan cases had links with the wet seafood market. The etiology was studied in a patient who was admitted to a health center and similar types of clinical signs and symptoms were found (Gangqiang et al., 2020). Approximately 40 days later, it was determined that the virus belongs to group 2 coronaviruses of bats and was 70% like the genome of SARS-CoV (Chen W. H. et al., 2020). SARS-CoV-2 is closely related to bat coronaviruses, pangolin coronaviruses, and SARS-CoV. The genome and genetic shift of such coronaviruses are shown in Figure 2. A similar type of outbreak occurred during the middle of January of 2003 until the last week of February of the same year, during the Spring Festival, or Lunar New Year, in China (Ali et al., 2020). This newest outbreak also peaked between the first and third weeks of January 2020 (Wu P. et al., 2020). The number of travelers increased by approximately 1.7-fold during the holiday. This is also one of the reasons for the spread of SARS-CoV-2 and difficulty in identifying the disease (Jiang et al., 2020). The first person with SARS-CoV-2 symptoms was observed earlier on December 1, 2019, but was not associated with the seafood market in Wuhan. In the early stage of the cluster, two-thirds of the cases were associated with the wet market (Chan et al., 2020). On March 13, 2020, a non-authenticated report from South China Morning Post stated that a 55-year-old from Hubei was the first observed case on November 17, 2019 (Chan et al., 2020). The fatality was recorded at a rate of 2.3%. The maximum number of cases was observed on February 12, 2020; owing to modifications in the diagnosis, the classification of 13,332 (rather than laboratory) confirmed cases were all recorded as new cases on February 12, 2020, despite being diagnosed during the preceding days and weeks as per the WHO on March 11, 2020. SARS-CoV-2 is affecting more than 185 countries throughout the world. New cases in new countries are still occurring. For the distribution of cases worldwide, 80,849 (51.36%) cases were observed in mainland China, and 76,562 (48.64%) cases were recorded in the rest of the world. On March 11, 2020, the WHO declared a pandemic and the total number of cases increased globally. Positive cases are considered in individuals who have been tested positive for SARS-CoV-2 as per the standard guidelines of the WHO and CDC (Operations Dashboard for ArcGIS, 18 April 2020). During the early stage up to January 23, 2020, approximately 86% of SARS-CoV-2 infected individuals had not been detected, and these infected people were the source for approximately 79% of the later confirmed cases. The numbers of infected people are higher in many countries than the number of reported cases (Li et al., 2020). According to reports published by various countries, testing data showed that an average of 1.4% of their total populations had been infected (Li et al., 2020). Based on preliminary results, 15% tested positive for antibodies in Gageite, North Rhine-Westphalia, Germany. Mothers and pregnant women in New York City also tested positive against SARS-CoV-2, which also suggests that the number of cases presented globally was higher than previously confirmed (Streeck, 2020). A low number of cases were observed in China for those below 20 years of age, however (Sutton et al., 2020). It is not clear whether this is due to less developed symptoms or a smaller number of infections (China: Age distribution of novel coronavirus patients, 2020). In a China-based study, children were infected by adults, which needs to be validated (Bi et al., 2020). In the current stage, the basic reproduction number (Ro) of SARS-CoV-2 is 5.7, although in January 2020 it was approximately 2.5 (Ward, 2020). This may vary by population and country (Sanche et al., 2020). It is expected that by the third week of May 2020, the value will be 1.0 in many countries. Most infected individuals have recovered and the onset of symptoms and death is 6 to 14 days (Worldwide Sars-Cov-2 Statistics, 2020). Death due to SARS-CoV-2 is considered as a patient who has died after testing positive, according to the WHO and CDC guidelines (New York Times, January 23, 2020).

On January 9, 2020, the first confirmed death from SARS-CoV-2 was reported in China, and the first death outside China was reported on February 1, 2020, in the Philippines (Rothan and Byrareddy, 2020). On February 14, 2020, the first death outside Asia was reported in France. On February 5, 2020, approximately 80% of deaths in China were recorded in those above 60 years in age, with cardiovascular disease, diabetes, or in immunocompromised individuals (Johns Hopkins University SARS-CoV-2 Dataset, April 25, 2020). In some countries, the death rate is higher than normal, such as in the United States (New York City), France (Paris), and Italy. The high mortality rate may be due to strained medical facilities (Coronavirus: Is SARS-CoV-2 cause of all the fatalities in Italy, April 16, 2020). According to data available on the Johns Hopkins University website, the global death rate is 6.8%, which may vary by country. The global case fatality rate is 0.82% and the infection fatality rate is 0.1%, which may vary by country according to the University of Oxford’s Centre for Evidence-Based Medicine (Oke and Heneghan, 2020).



PREVENTION

Suspected individuals should be monitored, and their health status, such as fever and difficulty in breathing, should be recorded. In case of any relevant symptoms, the individual should be isolated immediately, and nucleic acid detection for SARS-CoV-2 should be performed using an appropriate sample. Healthy individuals are advised to avoid traveling to disease outbreak areas. In general, people should stay away from crowded places and maintain more than 6 feet or 2 m from anyone with symptoms (Gangqiang et al., 2020). Wearing a surgical mask is recommended owing to the general risk of obtaining SARS-CoV-2, and hand washing is a key and should be done using soap or an alcohol-based hand sanitizer. Besides, people should avoid touching their eyes, nose, or mouth, which are known as the T-Zone and are common entry points for the viruses in the body. For healthcare workers around patients with SARS-CoV-2 (WHO, 2020; Worldwide Sars-Cov-2 Statistics, 2020), the recommendations are to avoid respiratory droplets and take precautions, which include wearing personal protective gear such as a clean and dry surgical mask and gloves, long sleeve gowns, and eye protection including goggles or a face shield (Eurosurveillance editorial team, 2020). When conducting procedures that result in aerosol-like tracheal intubation, cardiopulmonary resuscitation, or non-invasive ventilation, it is important to wear an N-95 respirator, which prevents 95% of small particles such as respiratory droplets from passing through (Güner et al., 2020).


Prospects

Like any other disease model, the forecast of SARS-CoV-2 aims to determine when the outbreak will stop and how many people suffer or die. We need to employ novel efforts rather than generating premature investigations. Researchers have been working tirelessly since the first phase of the epidemic. At the same time, it is also necessary to develop advanced models to handle the presently available data. Scott Layne, an epidemiologist at the University of California, Los Angeles has proposed a new data bank. In addition, bioinformatician investigators are working to compile a dataset and build an algorithm. Scientists from the University of Montreal have also published chest X-ray and CT scan data for use by other researchers. Johns Hopkins University has developed a server that is regularly updated for further research on the vaccine and drug development. Researchers from Shanghai have developed a server for checking CT scan images to reduce the diagnosis (Zhang Z. et al., 2020). Researchers from the United States have claimed to have identified the effects of SARS-CoV-2 in the lungs during active infection. Wang Y. et al. (2020) has developed an auditory system-based SARS-CoV-2 detection, which is based on the breathing rate. Although this investigation has not yet been validated, the idea is sound. In addition, investigators in Wuhan, China have developed a heath calculator using nearly 3,000 electronic health records from patients, achieving more than 90% accuracy (Butt et al., 2020). Some clinicians have used anti-HIV medicine to cure SARS-CoV-2 patients, although other scientists have suggested that nanoparticle-based medicine would be more effective to fight against SARS-CoV-2 (Yan et al., 2020). Many scientists are also working on theragnostic-based approaches. To avoid research gaps in SARS-CoV-2, clinical, and public health strategies need to be implemented using more advanced tools and approaches with international cooperation. Some key points should be monitored for strategic prevention, such as a strategy for identifying contact with infected individuals, the range of virus mutation at the global level, the identification of super spreaders, the association of disease progression level of viral contagion after recovery of positive patents, immunity level between severe and non-severe cases, the immunopathological mechanism of mucous hypersecretion with a cytokine storm, effective clinical biomarkers, effective implication of artificial intelligence, identification of the optimal incubation period, and the development of cost-effective diagnosis treatment and vaccines. There is an urgent requirement to recognize and eliminate any barriers that would affect rapid patient care and public health management against the SARS-CoV-2 pandemic. Furthermore, improved effectiveness in care is urgently needed and a new approach to international coordination is required.
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Leading candidate Description Trial sponsor(s) Development
of stage
Convalescent plasma Passively transfer antibodies (Immunoglobulin) USA FDA -Sponsored Phase-lll
Expanded access program coordinated by Mayo Clinic
STI-5656 (Abivertinib) Tyrosine kinase inhibitor Sorrento Therapeutics Phase-Ill
PRO 140 (Leronlimab) Monoclonal antibody targeted against CCR5 receptor CytoDyn Inc., United States Phase-lll
PTC299 Dihydroorotate dehydrogenase inhibitors PTC therapeutics, Inc., South Plainfield, NJ, United States Phase-lll
CD24Fc Immunomodulator (New drug) Oncolmmune, Inc., United States Phase-lll
Lenzilumab Chronic Myelomonocytic leukemia Targets Colony Stimulating factors (CSF-2); Multiple countries Phase-lll
Tocilizumab Immunosuppression Roche holding AG, Basel, Switzerland Phase-lll
Sarilumab Rheumatoid arthritis Regeneron-Sanofi, United States Phase-lll
Ravulizumab Compliment inhibitors Alexion pharmaceuticals Inc Phase-lll
Losmapimod MAPK as potent suppressors of DUX4 expression Fulcrum Therapeutics, United States Phase-lll
Pepcid H2 blocker Yamanouchi Pharmaceutical Co., Merck, Japan Phase-lll
Mitigare (Colcrys) Anti-inflammatory agent Bill & Melinda Gates Foundation, United States Phase-lll
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SARS-CoV 2

REPLICATION

Fever, Cough. Sore Throat, Nasal
Congestion, Malaise, Headache.

(

[ Patient with pneumonia and no signs of severe pneumonia ] /

{ J

ARDS: PaO2/FiO2 < 100 mmHg with PEEP >5 cm H20,
or non-ventilated. ARDS: PaO2symptoms. Bilateral
opacities. lung collapse. nodules. Respiratory failure.
cardiac failure or fluid over load. In Adult : /FiO2 < 100
mmHg with PEEP >5 cm H2O, or non-ventilated.

Fever , Respiratory rate >30 breaths/min, severe
respiratory distress, SpO2 <90% on room air

Organ dysfunction, Altered mental status, fast heart rate,
weak pulse, cold extremities, thrombocytopenia. oxygen
saturation, acidosis, high lactate or hyperbilirubinemia.
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