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Abstract  
 

As COVID-19 has become one of the leading causes of death in the world, the world is plunged into one of the largest and most 

widespread public health crises in decades. SARS-CoV-2, the new coronavirus that causes COVID-19, unifies the scientific 

community to find treatment and prevention options. There are two main priorities at this time: First, reusing approved 

pharmacological agents or developing new therapies to reduce the morbidity and mortality associated with the continuously spreading 

virus. Second, the task of the broader scientific and pharmaceutical community is to develop, test and produce safe and effective 

vaccines as long-term solutions to prevent further spread and recurrence in the population. The purpose of this article is to review the 

latest public data on major drug therapies in clinical trials and vaccine candidates being developed to stop the COVID-19 threat. 

 

1. Introduction  
 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is a sense-sense enveloped RNA\u03b2 coronavirus, which 

appeared in Wuhan, China in December 2019 [1]. According to the World Health Organization[2], this is the cause of the clinical 

disease called COVID-19, which has caused more than 50 million infections and more than 1.25 million deaths. COVID-19 is the 

third pandemic or respiratory epidemic caused by a new coronavirus infection. The first was SARS developed in Hong Kong in the 

early 2000s. It appeared on average 6 days after infection with fever, chills, headache, myalgia and cough. The main organ affected 

is the lungs, as shown by computed tomography (CT) images, the ligation evolves into pulmonary infiltration within 7 to 10 days. 

Many patients require mechanical ventilation, and by day 21 after the initial onset of SARS-CoV, most patients have recovered and 

the mortality rate is approximately 9.6% [3,4]. The second clinical epidemic caused by the new coronavirus is called Middle East 

Respiratory Syndrome (MERS) and appeared in and around the Arabian Peninsula in 2012. The disease is mainly related to fever, 

cough and shortness of breath, and the mortality rate. it is much higher, reaching 35% [4,5]. Although SARS-CoV-2 has sequence 

similarity to SARS-CoV (79%) and MERS-CoV (50%), it is more closely related to two SARS-like viruses of bat origin (bat-SL-

CoVZC45 and bat). Close-SL-CoVZXC21, ~ 88% similarity) [1]. The new SARS-CoV-2 virus has been officially classified as the 

Sarbecovirus subgenus of the Beta coronavirus genus. Although it has many of the same characteristics as SARS, SARS-CoV-2 

infection is unique in that it sheds virus particles in the pre-symptomatic stage of the infection [6], causing the virus to spread in large 

numbers around the world. In this article, we will first provide brief clinical symptoms, imaging findings, laboratory studies, 

histopathological findings and the course of the disease. Then, a detailed description of vaccine candidates and various treatment 

strategies currently in clinical trials, including drug therapy, convalescent plasma and monoclonal antibodies. 

 

2.Clinical Symptoms 

 

Patients with COVID-19 more often report fever, cough, myalgia, fatigue, dyspnea, dysosmia, and younger age [7,8]. In some cases, 

increased sputum secretion, headaches, hemoptysis, diarrhea, and myalgias [9-14], although it is believed that approximately 20% of 

patients are truly asymptomatic (see section "Disease course" below) [15 ].  

 

3.Radiographic findings 

 

Typical X-ray findings on chest X-rays or computed tomography (CT) scans indicate bilateral lung involvement, usually in the 

posterior lung area. Bilateral ground-glass opacity is common in the combined sub-segmental area (representing the area of interstitial 

inflammation), and it usually progresses to large, high-density lesions and shadows after the fifth day of clinical practice [14,16]. 

Cavitation, discrete pulmonary nodules, pleural effusion, emphysema and fibrosis are rare [17]. 
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4.Laboratory studies  

 

The most widely reported abnormal laboratory tests for COVID-19 include leukopenia, lymphopenia, and hypoalbuminemia [9,14]. 

As expected, there are elevated levels of cytokines and inflammatory markers, including erythrocyte sedimentation rate, C-reactive 

protein, and dimers [11]. These sometimes herald the development of cytokine release syndrome (CRS) in patients, greatly increasing 

the possibility of mortality and severe acute respiratory distress syndrome (ARDS) [18]. SARS-CoV-2 virus nucleic acid can be 

detected in the gastrointestinal tract, urine, and saliva [12], and abnormal liver function tests [10], including alanine and aspartic acid, 

are not uncommon. Elevated levels of transaminases (ALT, AST)), creatine kinase and lactate dehydrogenase [10,11,14]. Some 

laboratory markers have been shown to predict serious illness. One is the increased neutrophil to lymphocyte ratio (NLR), which is 

confirmed in patients requiring intensive care and \/ or mechanical ventilation and patients with mild disease [19]. In addition, recent 

studies have shown that there is a link between blood type and the severity of COVID-19 symptoms, among which Rh negative blood 

type has the most protective effect on the outcome of serious illness [20]. 

 

5.Histopathological findings 

 

 Immunophenotyping of bronchoalveolar cells from COVID-19 patients showed that, in moderate to severe cases, macrophages of 

type M1 and M2 were observed, as well as an increase in inflammatory cytokines [21]. Direct measurement of circulating cytokines 

and chemokines in plasma showed higher levels of IL-1\u03b2, IL1RA, IL7, IL8, IL9, IL10 and, most importantly, IFN-\u03b3 and 

TNF\u03b1. Furthermore, FGF, CSF-3, CSF-2, CXCL10, CCL2, CCL3, CCL4, CCL8, CXCL2, CXCL8, CXCL9, CXCL16, PDGF, 

and VEGF are also elevated [9,14,22]. In addition to increased serum IL-6 and TNF\u03b1, serum IL-6 and TNF\u03b1 were also 

found in spleen and lymph node samples, suggesting that IL-6 may play a role in mediating lymphopenia in severe cases. of COVID-

19 [twenty Three]. Furthermore, single-cell analysis of individual bronchoalveolar immune cells showed that compared to moderate 

infections, the ratio of macrophages to neutrophils in severe COVID-19 cases was higher, and it also showed proliferation of CD8 T 

cells. And the heterotypic phenotype increases. , clonal expansion decreases. In addition, analysis of bronchiole lavage fluid in 

critically ill patients also reported higher levels of IL-8, IL-6, and IL-1\u03b2 [21]. 

 

6.Disease course  
 

Upon infection, one of the first symptoms that appears is a fever that can persist for up to 12 days. Dyspnea and cough can develop 

soon thereafter and follow a similar duration; in one study, cough persisted in 45% of survivors even after hospital discharge [24,25]. 

Both viral nucleic acid and replication-competent virus are detectable at the onset of symptoms in nasal swabs. Titers of replication-

competent virus decline and active viral infection stops after 10 to 15 days [26]. It is important to note that the first complications not 

directly attributable to viral infection, such as sepsis, occur around day 9. More serious lung disease, including acute respiratory 

distress syndrome (ARDS) and CRS tend to occur in the second week of infection [27] and may require mechanical ventilatory 

support. In a few initial reports it was found that up to 20% of patients admitted to the hospital had to be put on a mechanical ventilatory 

support, although this has thankfully declined with improvements in treatment [13,28]. Additionally, acute cardiac and kidney injuries 

can appear in a 10\u201320 day period [24,25]. In the US, according to the CDC there have been more than 300,000 excess deaths, 

two-thirds of which are caused by COVID-19 [29]. In February of 2020, when COVID-19 spread through the US, the primary \u201cat 

risk\u201d group was identified as individuals over the age of 45, particularly those with multiple preexisting chronic medical 

conditions. In the initial CDC reports, this group represented almost 80% of deaths in the US [30]. However, as the pandemic has 

progressed and larger numbers of individuals were infected, an increasing number of 25 to 44 year-old individuals have succumbed, 

likely owing to social factors such as quarantine fatigue [29]. Interestingly, recent findings suggest that despite recovery and discharge 

from the hospital, COVID-19 patients may have some longterm health sequelae, including the induction of diabetes [31]. Furthermore, 

cerebral micro-structural changes that occur postrecovery in part explain widespread reports of prolonged anosmia and \u201cbrain 

fog\u201d or difficulty with various cognitive tasks [32]. As the pandemic wears on and more data are collected, no doubt additional 

long-term consequences of COVID-19 will be identified.  

 

7.Vaccines against SARS-CoV-2  
 

Various vaccine methods against SARS-CoV-2 have been proposed. These methods include traditional methods: inactivation, 

attenuation, and protein\/adjuvant methods, as well as newer methods that have not been licensed so far: viral vectors and nucleic 

acids. This is a rapidly developing field, and some vaccines are more advanced than others. We focus on people who are undergoing 

clinical trials at the time of writing. Before any vaccine develops into widespread use, several factors need to be considered. The first 

is the safety and efficacy of the vaccine. Closely linked is the scope of world-scale production to produce sufficient doses to achieve 

herd immunity. 

 

 (i) Possible antigen 

 Peak protein (S). Before analyzing the platform under development, it is necessary to consider the antigens. Based on SARS-CoV-1 

experience, most vaccines target the SARS-CoV-2 spike protein. Within the peak, the receptor binding domain (RBD) responsible 

for binding and entering the host cell is the main target of neutralizing antibodies [33], and some vaccines only include this region. 

However, a recent study of isolated monoclonal antibodies found that most of them are directed against regions other than RBD [34]. 

An important consideration is the correct folding of the protein, both during the production process and when storing the vaccine 

before it is deployed. Coronavirus peak is a type 1 fusion protein that is metastable and undergoes irreversible conformational changes 

to allow membrane fusion [51,35,36]. This affects the ability of the antigen to induce neutralizing antibodies. A similar effect has 

been observed with RSV fusion glycoprotein (F). Antibodies specific for F (pre-F) before fusion have a better neutralizing ability 

than specific antibodies for F after fusion [37-40]: The form of F before fusion may lead to a better response. Based on this, the pre-

fused SARS-CoV-2 spike protein can trigger a stronger immune response, and a stable SARS-CoV-2 spike protein has been generated 

with stable proline mutations in the S2 domain. 
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(ii) Nucleocapsid protein (N)  
 

The nucleocapsid (N) of the coronavirus is also immunogenic: in recovered patients, antibodies against SARS-CoV-1 protein N are 

more abundant and of longer duration than antibodies against protein S. Interestingly, protein N is used to the immune model of the 

SARS-CoV-1 system is related to vaccine-enhanced disease [41,42]. Although vaccine methods using whole viruses (inactivated 

virus or live attenuated vaccines) may contain N protein, it is unclear whether N protein can become a potential protective immunogen 

for SARS-CoV-2. In phase III trials of protein S-based vaccines, protein N can be used as a useful diagnostic method for infection.  

 

(iii) T cell epitope 

 

 Although the focus is on the production of neutralizing antibodies, targeted T cell epitopes may provide additional protection [11]. 

In other respiratory viruses, such as RSV, T-cell-only strategies can potentiate disease [43], while T-cells in dengue can be harmful 

[44], although there is little evidence seen with influenza vaccine [ Four. Five]. It is not clear if SARS-CoV-2 behaves more like RSV 

or influenza. Based on the information about SARS-CoV-1 and MERS-CoV, and using bioinformatics, it is possible to predict 

potential immunogenic epitopes in the SARS-CoV-2 proteome. A total of 781 class I human leukocyte antigens (HLA) and 418 

common HLA class II epitopes were found between SARS-CoV-1 and SARS-CoV-2 [46]. It was found that the T cell response to 

SARS-CoV-1 structural proteins is more immunogenic than non-structural proteins [53].  

 

(iv) Protein vaccine 

 

Like other pathogens, the recombinant virus surface protein can be safely used as a vaccine for COVID-19. Although protein vaccines 

have good safety, their level of immunogenicity is low, which means that many vaccines require adjuvants to improve their efficacy. 

Although bacterial protein vaccines can be prepared by purifying entire pathogen preparations, viral subunit vaccines still require 

recombinant genetic engineering. Using a variety of expression systems, including insects, bacteria, yeast, and mammalian cells, it is 

possible to clone or synthesize genes that encode and select antigens for expression and purification [47]. Bacterial expression systems 

are commonly used because they have high levels of expression and are easy to expand, whereas fermenters are relatively easy to use. 

However, for viral antigens, where post-translational modification may be important, it is better to use insect cells or mammalian cells 

[48,49].  

 

(v) Nanoparticles and virus-like particles  

 

Virus-like particles (VLPs) are a subset of protein vaccines, which are artificially produced virus-like nanoparticles. The VLP does 

not form a single protein, but is composed of some or all of the proteins that make up the viral capsid [50]. They have some similarities 

with live attenuated vaccines or inactivated vaccines, and can produce a strong cellular and humoral immune response without the 

risk of reversal because they do not contain any genetic material of the virus. They can be used for various viruses including HPV, 

and the preclinical VLP of SARS-CoV-1 has been tested [57]. VLP nanoparticles are self-assembled protein particles, not necessarily 

derived from viral capsid proteins. Novavax, funded by CEPI and US Operation Warp Speed, has developed a recombinant 

nanoparticle vaccine (NVX-CoV2373) with SARS-CoV-2 spike protein [58,59]. This can happen with baculovirus engineered to 

infect Sf9 insect cells [60]. For clinical trials using NVX-CoV2373, Novavax is using its own saponin-based adjuvant Matrix-M 

(NCT04368988), which has recently been published [61]. The vaccine is immunogenic, but requires the addition of adjuvants to 

achieve 100% seroconversion. Two doses of neutralizing antibodies are required in all individuals. Animal models of immunization 

have developed spike protein-specific antibodies, which can prevent the spike protein from binding to host cell ACE-2 receptors and 

neutralizing wild-type viruses [62]. Another company (Medicago) is using the Nicotiana benthamiana plant system to produce VLPs 

[63] and is currently in clinical trials in combination with the adjuvant CpG or AS03 (NCT04450004). Other people in the preclinical 

stage include Saiba AG in Switzerland, who are using the cucumber mosaic virus VLP combined with SARS-CoV-2 RBD, which 

can induce neutralizing antibodies in mice [64]. 

 

(vi) Peptide vaccine 

 

 Peptide vaccination is based on the following concept: since a part of the intact protein can be used to induce T cell responses [65,66], 

it only needs to contain a minimal sequence of immunogenic peptides. By selecting for conserved epitopes, peptide vaccines can 

potentially induce broad spectrum immunity against multiple strains of given pathogens [67,68]. Peptides are easier to produce than 

intact protein antigens because they can be produced synthetically and do not need to be folded into a tertiary structure. However, 

peptide vaccines are generally weakly immunogenic. This is due to a variety of factors, including relatively small peptides and 

differences in MHC processing, which may require carrier proteins or adjuvants [69,70]. Several groups are exploring the use of 

multi-epitope peptide vaccines against SARS-CoV-2; After the prediction of immunogenic epitopes based on bioinformatics and 

immunoinformatics [71-74], research focuses on T-cell table rather than B-cell epitopes. OSE immunotherapy has used a multi-

epitope peptide approach to induce T cell responses in mice [75]. Covaxx and the University of Nebraska Medical Center have 

recently registered a phase I clinical trial of a multi-epitope peptide vaccine (NCT04545749), and the Carrier Institute (NCT04527575) 

is currently in clinical trials. 

 

(vii) Inactivated vaccine 

 

 Historically, the separation and inactivation of viruses with formaldehyde is one of the oldest methods of virus inoculation. Virus 

inactivation is effective against many different viruses. However, there have always been significant safety hazards associated with 

inactivated SARS-CoV-1 and MERS-CoV vaccines, reminiscent of FI-RSV, and these hazards also apply to SARS-CoV-2. For the 

\u03b3-irradiated MERS-CoV vaccine [56] and the UV-inactivated SARS-CoV-1 vaccine [76], pulmonary pathology has been 

observed in vaccinated animals. The choice of adjuvant and inactivator is important for the formation of an immune response. For 
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example, the formaldehyde-inactivated MERSCoV vaccine supplemented with alum and CpG showed improved protection without 

inducing eosinophil-mediated vaccine-related pathology [77].  

 

(viii) Inactivated viral vaccines in development for SARS-CoV-2  
 

There are four inactivated vaccine candidates in clinical trials. Sinovac Biotech is using the platform previously developed for SARS-

CoV-1 [78]. The virus grows in Vero cells and is inactivated by \u03b2-propiolactone. The inactivated vaccine is safe and 

immunogenic in rhesus monkeys and provides complete protection against exposure to SARS-CoV-2, which has no virus detected in 

the pharynx or lungs [79]. Two different versions of this inactivated vaccine have been developed, with the adjuvant alum or CpG108. 

The vaccine has completed a phase II human trial (NCT04352608) in 600 healthy adults between 18 and 59 years old. After the 

second dose of the vaccine, 90% seroconversion was observed and some neutralizing antibodies were detected [80]. Interestingly, the 

virus production method was changed between phase I and phase II trials, which may have improved immunogenicity. The vaccine 

has entered phase III clinical trials in Brazil (NCT04456595) and Indonesia (NCT04508075). Sinopharm, in cooperation with Beijing 

Institute of Biological Products and Wuhan Institute of Biological Products, has also developed an inactivated vaccine. The vaccine 

has now been tested in a phase I\/II clinical trial (ChiCTR2000031809). In two different experiments, no serious adverse reactions 

were observed, and more than 95% of individuals were seroconverted with detectable neutralizing antibodies. After the second dose, 

antibodies were mainly observed. Two other organizations, the Bharat Biotechnology Company of India and the Institute of Medical 

Biology of the Chinese Academy of Medical Sciences, are carrying out clinical trials of inactivated vaccines, but they are still ongoing 

and there is no public data. Scotland-based Valneva has just expanded its BSL3 production capacity and has signed an agreement 

with the British government based on 100 million doses of CpG-assisted formaldehyde inactivated vaccine, which is based on its 

vaccine against Japanese encephalitis virus [82]. 

 

(ix) Live vaccine 

 

 The use of live viruses to prevent infection is the oldest vaccine method. The original vaccine vaccinia used this method to prevent 

smallpox. We bundle two methods into the live virus vaccine platform: virus attenuation or the use of viral vectors to deliver 

transgenes. Live attenuated vaccines Live attenuated vaccines are very similar to natural infections. As a result, they are usually 

immunogenic in a single dose without adjuvant [83]. One consideration is to balance attenuation and replication: an overly attenuated 

vaccine may not replicate enough to be immunogenic, and this balance may vary from individual to individual, especially very young 

or immunosuppressed individuals . Historically, serial passages have been used to attenuate mutations. For example, the live 

attenuated influenza vaccine (LAIV) is cold-adapted to restrict it to the upper respiratory tract. This method requires time and a lot of 

testing: the YF17D yellow fever vaccine has passed more than 200 times. In addition, attenuated viruses can be produced through 

reverse genetics [84], introducing site-directed mutations in genes related to virulence. Protein E targets both SARS-CoV-1 and 

MERS-CoV [85,86]. However, this method requires the identification of genes that attenuate viral replication and the inserted 

mutations are phenotypically stable [84]. A new method of codon pair deoptimization has been developed. The chemically synthesized 

codon deoptimized virus retains the same 100% amino acid sequence as the parent virus, but contains a greater number of CpG and 

UpA RNA dinucleotides to up-regulate the host response. Codon pair deoptimization has been used to attenuate RSV [87]. Codagenix 

and the Serum Institute of India are using codon deoptimization technology to develop a live attenuated vaccine against SARS-CoV-

2 based on previous experience in RSV and influenza [88].  

 

(x) DNA vaccine  
 

Most DNA vaccines are constructed from plasmids that contain prokaryotic sequences that support propagation of the plasmid in E. 

coli and mammalian expression cassettes that control expression of the target transgene in the vaccinating organism. The expression 

cassette contains the upstream promoter that drives expression of the transgene, the Kozak sequence, the inserted transgene, and the 

3 'polyadenylation (polyA) tail. After delivery, the DNA vaccine is taken up by host cells at the migrating APC or immune site [89]. 

To induce an adaptive immune response, DNA must enter the nucleus. When transported to the nucleus, the DNA induces an innate 

immune response through the inflamed cytoplasm detected by intracellular pattern recognition receptors (such as STING1 [89] or 

TBK1 [90]). The activation of innate immunity is essential to promote adaptive immunity to DNA vaccines. If APCs are directly 

transfected with DNA vaccines, they will load peptides encoded by the vaccines on MHC I and MHCII molecules and activate T cells 

[91]. The transfected stromal cells will produce an antigen, and after the antigen is released from the exosomes or apoptotic bodies, 

the APC and B cells will encounter the antigen. The efficiency of injecting naked nuclear DNA into the nucleus is very low, and most 

of the DNA does not pass through the cell membrane or nuclear membrane [92,93]. To alleviate this loss, the DNA vaccine program 

uses delivery platforms such as electroporation and bioinjection.  

 

(xi)  DNA vaccines – coronaviruses 

 

 Animal preclinical studies have shown that DNA vaccines encoding SARS-CoV-1 virus M, N, 3a or S protein can cause an immune 

response [94-96]. Multivalent DNA vaccines encoding S and M protein epitopes can prevent the cytopathic effects of SARS-CoV-1. 

Protein S is the only target of the SARS-CoV-1 DNA vaccine. The vaccine has been administered via a biosyringe and has entered 

phase I clinical trials. It is safe and can induce a neutralizing antibody response [97]. Inovio has developed a leading DNA vaccine 

against MERS-CoV (INO-4700). The phase I clinical trial was completed in 2019. The vaccine showed good safety and induced 

humoral immunity and multifunctional CD8 T cell response [98].  
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(xii) DNA vaccines in development for SARS-CoV-2 

 

DNA vaccine  is being developed The Inovio MERS INO4700 (GLS-5300) vaccine (NCT03721718), which is about to enter Phase 

II clinical trials, has now been redeployed as INO-4800 (NCT04336410) to begin clinical trials for SARS-CoV-2 protection. In the 

preclinical study of the INO4800 vaccine, neutralizing antibody and T cell responses were observed in mice, and the antibody response 

was blocked in vaccinated guinea pigs [99] and rhesus monkeys [100]. The first phase trial (NCT04336410) is underway, but the data 

has not yet been released. Genexine in South Korea (NCT04445389), Zydus Cadila in India (CTRI \/ 2020\/07\/026352) and Osaka 

University in Japan (NCT04463472) have begun phase I trials of DNA vaccines.  

(Xiii) RNA vaccine RNA vaccines are based on the same premise as DNA vaccines that express vaccine antigen transgenes in host 

cells, but are one more step in the expression pathway, skipping the transcription step. Unlike DNA vaccines, RNA vaccines begin to 

express themselves once they enter the cytosol, which can increase the efficiency of expression. Like DNA vaccines, the presence of 

"foreign" RNA can be detected in both endosomes and cytoplasm [101], so RNA vaccines have a self-adjuvant effect [102]. However, 

the early trigger of the response to IFN type I can negatively regulate protein expression [103]. Modified nucleosides can be 

incorporated into mRNA products to produce a "silent" RNA vaccine that avoids detection by TLR and does not elicit a type I IFN 

response [104,105], but in vaccine constructs there is a balance between expression of antigens and sufficient triggering of 

inflammation to activate the immune response. This balance may be disturbed by the formulation of the vaccine administered, and 

may vary between different animal species, so it is difficult to predict based on preclinical studies. There are two main types of vaccine 

RNA mRNA and self-amplified mRNA (saRNA). Non-replicating mRNA vaccines are constructs designed to encode the target gene, 

usually with 5'borders, UTR and poly A tails located on both sides of the target gene. The 5'cap is an essential translational complex 

for the association of mRNA with eukaryotes. Choose UTR to optimize the expression of RNA protein and avoid including sequences 

that will cause translation difficulties [106,107]. RNA polymerase derived from bacteriophage and NTP are used to transcribe 

linearized DNA in vitro to prepare mRNA vaccine constructs. Self-amplified RNA vaccines are RNA replicons derived from alpha 

viruses, which can be modified to replace RNA structural proteins to encode target antigens. The viral replicon also contains an open 

reading frame (ORF), which encodes four alpha virus non-structural proteins (nsP1-4) and a subgenomic promoter. Nonstructural 

proteins form RNA-dependent RNA polymerase (RDRP). The RDRP complex transcribes more copies of the vaccine in the 

transfected cells. As a result, RNA vaccines express proteins at higher levels than non-replicating RNA and last longer [108]. 

 

8. Pharmacological therapies 

 

(i) Remdesivir  
 

Remdesivir (GS-5734) is a broad-spectrum antiviral drug that is a 1′ - substituted adenosine nucleotide analog. It has been proven an 

effective therapy against several RNA viruses, including Ebola, by competing with ATP for incorporation into RNA-dependent RNA 

polymerase [109]. During nascent viral RNA chain, RNA-dependent RNA polymerases are unable to process beyond the insertion of 

remdesivir, resulting in a chain elongation termination. Remdesivir has a conserved mode of action in a diverse group of RNA viruses 

[110], and was among the first antiviral agents to be tested for activity against SARS-CoV-2. Indeed, in initial in vitro testing, 

remdesivir inhibited SARS-CoV-2 infection in Vero E6 cells and human lung primary cell lines [111,112]. Consequently, many 

clinical trials are currently ongoing to test the drug’s safety and efficacy for treatment against COVID-19 in human patients. A report 

from Beigel et al. showed that remdesivir successfully reduced the recovery time from 15 to 10 days on average in adults hospitalized 

with SARS-CoV-2 infection [113]. Additionally, the patients treated with remdesivir had almost a half reduced chance of mortality 

calculated by Kaplan-Meier estimates [113]. Even prior to the final report of the trial, the US Food and Drug Administration gave 

remdesivir Emergency Use Authorization (EUA) [114]; the drug label indicates a recommendation for use in patients 12 years of age 

and older and weighing at least 40 kg a 5-day course in mild to moderate infections and a 10-day course in severe infections requiring 

mechanical ventilation. Importantly, the maker of remdesivir (Gilead Sciences) has reported that parallel use of remdesivir and 

hydroxychloroquine might inhibit the effect of remdesivir and reduce both the rate and likelihood of recovery in patients receiving 

both drugs, a consideration given recent controversies surrounding the use of hydroxychloroquine in patients with COVID-19 [115]. 

 

 

(ii) Tocilizumab  
 

Tocilizumab is a recombinant, fully humanized monoclonal antibody which targets both soluble and membrane-bound forms of the 

interleukin-6 receptor (IL-6R). It is used in clinical practice to treat adult patients with rheumatoid arthritis and pediatric patients with 

systemic juvenile idiopathic arthritis, although its effectiveness has recently been demonstrated in other systemic autoimmune and 

inflammatory conditions, including giant cell arteritis [35], multicentric Castleman’s disease [36] and, importantly, was approved by 

the FDA in 2017 for the treatment of Cytokine Release Syndrome in chimeric antigen receptor (CAR) T-cell cancer therapy [37]. In 

COVID-19, elevated IL-6 levels have been correlated with increased mortality [55], sparking interest in the use of tocilizumab for 

COVID-19 therapy. There have been numerous case reports of tocilizumab improving oxygenation and reducing inflammatory 

biomarkers in hospitalized COVID-19 patients [119,120]. Although not yet associated with pathogenesis, an improvement in COVID-

19-associated lymphopenia has also been reported following tocilizumab treatment [40]. A recent rapid meta-analysis of published 

case reports also demonstrated a reduction in mortality of 12% among COVID-19 patients treated with tocilizumab [122]. Despite 

these positive suggestions of efficacy, tocilizumab therapy for COVID-19 remains unproven; on August 27, 2020, the US National 

Institutes of Health (NIH) advised against the widespread use of anti-IL-6 receptor monoclonal antibodies (tocilizumab included) 

following conflicting published case reports and a lack of properly designed clinical trial data [123]. Very recently, a randomized 

double-blind placebo-controlled trial in hospitalized patients with severe COVID-19 showed that tocilizumab was ineffective in 

reducing mortality or the rate of intubation. Further, secondary end points including the need for supplemental oxygen and clinical 

worsening were not reduced by tocilizumab treatment compared to placebo [124].  
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(iii) Fostamatinib  
 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) exhibited by a subset of patients suffering from COVID-19 

and other respiratory ailments have been linked to the elevated circulating levels of mucin-1 (KL-6/MUC1) and MUC5AC [41,42]. 

As a transmembrane protein of the mucosal epithelial cells, MUC1 plays a critical role in the lining of the airway lumen. 

Overexpression of this protein and excessive mucus production have been shown to increase the duration of infections as well as 

mortality from respiratory diseases [45]. In an attempt to target MUC1, a large pharmacological screening study done by Alimova et 

al. 2020 identified Fostamatinib as a potential antagonist of MUC1 [46]. Fostamatinib is an inhibitor of the spleen tyrosine kinase 

(SYK), an enzyme known for its role in the adaptive immune receptor signaling, cellular adhesion, innate immune recognition, and 

platelet function. It has been used in the treatment of autoimmune diseases such as rheumatoid arthritis and immune thrombocytopenia 

(ITP) [47,48]. Moreover, the broad number of immune pathways involving SYK has been shown to play a role in the hyper-

inflammatory response caused by anti-SARS-CoV-2-Spike IgG [49]. In particular, R406, an active component of Fostamatinib, has 

recently been confirmed to effectively block SYK and its downstream signaling and suggests potential efficacy of fostamatinib in the 

treatment of ALI and COVID-19 [46,49]. As it is already FDA approved, Fostamatinib has been accelerated into phase 2 clinical 

trials for COVID-19 (NCTNCT04579393 and NCT04581954). 

 

 

Chloroquine/hydroxychloroquine (CQ/HCQ)  
 

Quinine has been used as therapeutic agent for centuries. It was first introduced into the Western medical pharmacopeia in 1638 when 

the wife of the Spanish Viceroy of Peru, Countess Chincona, was given bark of the later-named Chincona tree by an Incan herbalist 

as a treatment for malaria. A derivative of quinine, chloroquine, saw significant use as an antimalarial drug during World War II. Its 

use to treat autoimmune disease, particularly systemic lupus erythematosus, began in the 1950s. Hydroxylation, leading to 

hydroxychloroquine, reduced systemic toxicities significantly and led to more widespread use in chronic diseases, including 

autoimmune diseases, particularly systemic lupus erythematosus and rheumatoid arthritis [125–127]. The possible mechanisms of 

action of chloroquine and its derivatives on coronavirus infection are several and not yet fully understood. Of relevance to coronavirus 

infection, these drugs increase endosomal pH, preventing acidification and reducing viral entry into cellular cytoplasm from 

endosomes [128]. Additionally, CQ inhibits glycosylation of the cellular ACE2 receptor, thereby interfering with SARS-CoV binding 

and infection [129]. As CQ/HCQ have been proven useful against SARS-CoV and other widely circulating human and bat 

coronaviruses (HCoV-229E and HCoV-O43) [111], it only seemed reasonable that it should work in a similar fashion with emerging 

SARS-CoV-2. Initial in vitro tests on Vero E6 cells showed promising viral inhibition, where both CQ and HCQ prevented the 

transport of virus from early endosomes to endolysosomes (suspected to be necessary for the release of viral genome) [128]. However, 

retrospective studies and clinical trial results show inconclusive evidence about the effect of these drugs against COVID-19. Initial 

reports from a multisite international randomized, double-blind, placebo-controlled trial showed that HCQ failed to produce a decrease 

in symptom presence and/or severity over a 14-day period [130]. Furthermore, additional observational and multi-center, randomized, 

controlled trial preliminary reports showed that HCQ did not significantly lower chances of required intubation or mortality rate 

[131,132]. Following these and other negative studies, treatment of COVID-19 with CQ and HCQ is not recommended by the NIH 

[133]. 

 

(iv) Corticosteroids  
Considering that COVID-19 elicits a broad systemic inflammatory response, including inflammation-related damage of the lungs, 

corticosteroid therapy would seem an obvious therapeutic candidate. However, high doses and/or long-term use of corticosteroids are 

associated with a variety of deleterious effects, including metabolic derangements, an increased risk of infection, and bone 

abnormalities, among others [50]. Additionally, in MERS, corticosteroids have been linked to delayed viral clearance, which has also 

been reported in SARS-CoV-2 [57,59]. Despite this, several clinical trials are ongoing to evaluate the efficacy and appropriate timing 

of corticosteroid treatment for COVID-19. Perhaps the most influential of these, preliminary results of the RECOVERY trial published 

in mid-July 2020, reported a reduction in death rates associated with the administration of dexamethasone in hospitalized patients 

requiring supplemental oxygenation, but not among those receiving no respiratory support [60]. Interestingly, two 

previouslypublished retrospective analyses from Chinese cohorts had noted similar findings; the first study used methylprednisolone 

in severe COVID-19 cases presenting with acute respiratory distress syndrome [61], whereas the second study found a benefit in 

reducing length of hospitalization and improvement in chest imaging parameters in severe COVID-19 cases given methylprednisolone 

[62]. Additional studies report that low-dose, short-course corticosteroids might slow or prevent disease progression and reduce 

inflammation [63,64]. Based on current evidence, the NIH recommends the use of dexamethasone 6 mg per day for up to 10 days or 

until discharge for patients hospitalized with COVID-19 requiring supplemental oxygenation [65]. It should be noted that in milder 

COVID-19 there remains a possible risk that steroids might worsen the disease course, as steroids increase the risk of infection. 

Certainly, it should not be assumed that patients on chronic steroid therapy are immune from developing severe COVID-19 or that 

they are at a lesser risk of becoming infected by SARS-CoV-2 

 

 

9.Conclusion 

 

It is too early to know the best way to control COVID-19 with a vaccine. Speculating which vaccine platform is "better", although it 

is academically pleasing, is worthless here. So many new and old platforms are developing in the direction of efficacy research, which 

makes vaccination very exciting. There is no doubt that this outbreak will become a test case for new vaccine platforms, especially 

nucleic acid vaccines. So far, the platform has promised a lot, but has not yet obtained human use license. One question is whether 

vaccines will play a role in reducing the burden of the pandemic. Even if carried out at the fastest speed, the first efficacy test will 

begin 9 months after the pandemic begins and the first allowed dose may not be ready in 18 months. At this time, the virus will cause 

a large number of deaths and a large number of deaths. Global destruction. There are still important questions about what is a 

successful vaccine, how it should be implemented, and who should it be prioritized. Although the World Health Organization has 
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produced some draft guidelines [134], these will depend in part on the results of efficacy studies. Overall, this is an important chapter 

in vaccine development, with extensive cooperation and partnership in the race against the virus. 
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