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Abstract.The newly identified severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) that originated in December 2019 in Wuhan, China. By July 2020, the WHO reported 

over 17 million confirmed cases in over 200 countries around the globe. This review discusses 

how the COVID-19 pandemic may affect healthy people, structure and replication cycle of 

SARS-CoV-2; targets and therapeutics SARS- CoV-2 and anti-COVID drugs: strategies and 

perspectives. 
 

Keywords: SARS-CoV-2, structure and replication, therapeutics drugs, multidrug 

combination, transmission of SARS-CoV-2 

1   Introduction 

The SARS-CoV-2 pandemic, declared as a global health emergency by the WHO 

in February 2020, has currently infected more than 17 million people with fatalities 

near 700,000 and increasing exponentially, in absence of vaccines and drugs. In this 

review, we focus on potential drug gable targets and suitable therapeutics, currently 

being explored in clinical trials, to treat SARS-CoV-2 infection. 

 

The coronavirus disease 2019 (COVID-19) is a global pandemic caused by the 

novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that has posed 

serious threats to humans. The SARS-CoV-2 infection emerged in December 2019. 

Soon, it spread across the globe causing a pandemic and has become a major health 

concern [1, 2]. As of 1st June 2020, the WHO reported a total of 17,057,853 cases 

world wide with 690,166 deaths due to COVID-19 [3]. 

Coronaviruses belong to the Coronoviridae family, consisting of four genera, 

namely Alphacoronavirus, Betacoronavirus, Gammacoronavirus and 

Deltacoronavirus.  

The SARS-CoV-2 belongs to the Betacoronavirus genera [4]. Like all 

coronaviruses, SARS-CoV-2 is a positive stranded, non-segmented RNA virus.  It is 

shown that coronaviruses have the largest genome among all of RNA viruses, ranging 

from 27–32 kD [5]. Clinical features of SARS-CoV-2 infection are similar to SARS 

and MERS. Clinical symptoms of SARSCoV-2 infection include fever, fatigue, dry 
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cough and dyspnea, which may progress into acute respiratory distress syndrome 

(ARDS) causing death [5]. SARS-CoV-2 is highly contagious and has exhibited 

transmission through fomites, cough and cold droplets and human contact [2]. 

 

1.1   Structure & replication cycle of SARS-CoV-2 
 

The SARS-CoV-2 has a spherical and pleomorphic form [7]. SARS-CoV-2 has a 

single-stranded, nonsegmented, positive sense RNA. Most of the genomic material is 

constitute by replicase gene, which codes for 16 nonstructural proteins (nSPs). The 

rest of the genome codes for structural proteins (SPs) of the virus [2, 16].  

The structural proteins of SARS-CoV-2 are: a) spike glycoprotein (S), b) 

nucleocapsid proteins (N), c) membrane proteins (M) and d) envelope proteins (E) [6, 

8, 9, 16]. The spikes are seen as protrusions from the virus surface, giving the 

appearance of a crown to the virus (fig.1). 

The S proteins are glycoproteins, which help SARS-CoV-2 to attached and 

penetrate of the virus into the host cell [6]. 

The S protein is made by 2 subunits – which are called S1 and S2. The main 

function of S1 is to bind for the host cell receptor; S2 is involved in fusion of the viral 

and cell membranes [11]. The S protein has to be primed for activation and entry of 

the SARS-CoV-2 into the host cell [12, 13, 14, 15]. 

The RNA genome of SARS-CoV-2 is packaged inside of capsid, the capsid is 

formed by the N proteins, surrounded by a phospholipid bilayer envelope [6, 16]. The 

M and E proteins are embedded in the viral envelope and are involved in post RNA 

translation of SARS-CoV-2. The function of M proteins is to interact with other 

structural proteins, and in this form aid formation of envelope and bud release [2, 6, 

16]. E proteins play pivotal role in ion channels and are also involved in the assembly 

of the virus during replication [16]. 

 

1.2 Replication cycle of SARS-CoV-2 

 

The replication cycle of SARS-CoV-2 is divided into three processes – first is viral 

entry, second RNA replication, assembly and third exit from the host cell. 

It is suppose that some host cell proteins will be associate with S protein of SARS-

CoV-2, and in this way facilitating viral invasion into cells. It was reported that 

SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) as a receptor for entry 

into the host cell, similar to SARS-CoV [11, 13, 15, 17]. 

Also recent studies from different research group show two other receptors which 

are involved; GRP78 and CD147. CD147, is placed in surface of a transmembrane 

glycoprotein of the host cell and has been proposed as an alternative pathway for 

infection [18, 19, 20].  Publication from this authors predicted the binding of S protein 

to GRP78; a chaperone heat shock protein in cells. 

It is shown that receptor binding domain (RBD) of S1 subunit binds to ACE2 on 

the cell surface. To inactivate S protein it is necessary to cleaved at the S1/S2 and S2’ 

sites for further viral entry into the host cell. Other studies on the coronavirus S 

proteins have reported many host proteases which are involved in the spike activation 

like TMPRSS2, cathepsin L, B, furin and trypsin; this is shown by many authors [9, 

14, 15]. Depending on their availability, the mechanism of viral entry differs; 



previous reports have recorded entry of SARS-CoV either via an endocytic pathway 

or direct fusion with plasma membrane. 

Many authors report that surface proteases of the host cells like TMPRSS2 

(exogenous trypsin) can cleave the S protein, and in this way triggering fusion of viral 

and plasma membranes, facilitating direct release of the viral genome into the 

cytoplasm. The same authors report that SARS-CoV can also enter the cell by 

endocytosis. Endosomal cathepsin B and L cleave the S protein, and in this form 

resulting in fusion of the viral and endosomal membranes and subsequent release of 

viral genome [9, 13, 14, 15, 21, 22]. 

Once the virus enters the host cell, it releases the RNA genome into the cytoplasm. 

The gene called replicase on the positive sense of RNA is directly translated to a 

polyprotein, pp1ab. After that the polyprotein pp1ab after that is cleaved by viral 

proteases; 3-chymotrypsin like protease (3-CL pro) and papain like protease (PL-pro) 

to form 16 individual nSPs [23]. In another side nSPs, on assembly, form the RNA 

replicase-transcriptase complex (RTC). The RTC is localized in the double membrane 

vesicle (DMV) near the ER [9]. It is shown that RTC is involved in replicating and 

transcribing the RNA genome into a set of negative sense RNAs. Full-length of 

negative sense of RNAs act as templates for transcribing the genomic RNA. 

Discontinuously replication by RTC forms partial, negative sense, subgenomic RNA 

strands. These act as templates for transcription of subgenomic mRNA which code 

structural proteins (SPs) of the virus [2, 9, 16, 24, 25, 26]. After that mRNA is 

translated using the cellular ribosomes and in this form are produced the M, N, E, S 

proteins. Than the SPs are inserted into the ER, from where they are transported to the 

ER-Golgi Intermediate Complex (ERGIC). In another way the N protein enclosing 

the genomic RNA with other SPs in ERGIC, and forming viral buds. In the end the 

mature virions are transported to the cell membrane in a vesicle and in this form they 

exit the host by exocytosis [2, 16, 9, 24, 25]. 

 

1.3 Targets & therapeutics SARS-CoV-2 

 

As we said before the SARS-CoV-2 contains a single-stranded, RNA genome, the 

largest RNA virus identified till today, which is very similar to the virus that causes 

SARS and MERS. COVID-19 belongs to the β-coronavirus genus and after 

sequencing it is shown that 88% sequence homology with bat-SL-CoVZC45 and bat-

SL-CoVZC21, and 50% sequence has homology with MERSCoV [27, 28]. 

This sequencing give us possibilities to show construction of genome of SARS 

COVID-2. The genome of SARS-CoV-2 is constructed at least by ten open reading 

frames (ORFs). The first ORF (ORF1ab), encodes 1–16 NSP at the consensus 

cleavage site. Other ORFs, encode four major structural proteins, such as spike (S), 

envelope (E), nucleocapsid (N), membrane (M) proteins and several other proteins 

with unknown functions. As it discussed before the SARS-CoV-2 replication cycle 

mainly includes virus entry, genome replication, assembly and germination of virions. 

Interruption of any of this stages of replication are a potential strategy for the 

development of antiviral agents (Figure 2). 

 

1.4 Anti-COVID drugs: strategies and perspectives 
 



Till today there are currently no effective drugs targeting SARS-CoV-2. Topical 

methods used to control novel viral diseases is repurposing existing drugs or 

designing totally new entitled. 

Apart from antiviral drugs, in the search area are also drugs from other groups, for 

example cardiovascular, antibacterial, antimalarial, antiparasitic agents. 

For example oleanolic acid are (Triterpene derivatives) agents with confirmed 

antiviral properties, also effective against SARS-CoV-2. Triterpene compounds, as 

the basic skeleton, equipped with additional elements of known antiviral (and similar) 

drugs are currently undergoing intensive studies to determine their suitability for 

repurposing in COVID-19 therapy. 

Till today favipiravir, remdesivir, galidesivir and tilorone as an antiviral drugs have 

been proposed for introduction into the oleanolic acid structure in C-3 position of the 

triterpene backbone by the hydroxyimino-, acetate- or dimethylsuccinate group as the 

linker. 

Alkylamine substituent (derived from the chloroquine molecule or its analogs) 

have been proposed also for attachment via an amide bond at the C-28 position of the 

triterpene backbone. 

A combination of the above-mentioned three elements results in 18 designed 

complex structures with significant antiviral properties which offering the greatest 

prospects for use in COVID-19 therapy. 

Based on the selected methods of computational chemistry the molecular 

parameters and the preliminary activity characterizing designed molecules as potential 

drugs were calculated and predicted. 

The results of the above analysis show that among the designed complex structures 

with potential antiviral activity targeting mainly SARS-CoV-2, the highest therapeutic 

potential is noted for the compounds containing a molecule of favipiravir in addition 

to the N-alkylaminoalkylamide fragment connected with oleanolic acid. 

Owing to the presence of fragments of three drug substances with significant 

antiviral properties incorporated into one molecule, the molecule will be active in at 

least two different phases of the coronavirus life cycle as a multitarged drugs [29].  

 
1.5 Clinical trials of repositioning antiviral drugs for COVID-19 

 

Quick transmission of corona virus could be catastrophic for the life; developing 

new anti-SARSCoV-2 drugs from scratch is impractical to face the pressing global 

challenge [30]. Drug developing for treatment of SARSCoV-2 is an emerging 

strategy, because these drugs have known pharmacokinetic and pharmacodynamic 

properties, side effects and drug regimens [31]. 

Some scientist suggest to use anti-SARS-CoV, anti-MERS-CoV agents were 

chosen as an antiviral drug for COVID-19. Furthermore, some known antiviral drugs 

like nucleoside analogs and protease inhibitors were chosen as a repositioning drug 

for COVID-19. Some drugs including favipiravir, remdesivir, lopinavir/ritonavir, 

chloroquine, hydroxychloroquine, ribavirin, darunavir, arb.i.d.ol, were clinically 

tested against COVID-19 infection which are present in Figure 5. And they are 

recommended in guidelines of different countries (Table 1) also[32].  

 

1.5.1 Favipiravir 



 

Drug favipiravir was developed by Toyama Chemical (Division of Fujifilm, 

Tokyo, Japan). After oral administration, favipiravir is converted into the biologically 

active nucleoside triphosphate form. It was approved for marketing in Japan in March 

2014; generally is used as an antiviral treatment for influenza A and B. Many studies 

have shown that favipiravir has a specific inhibitory effect on SARS-CoV2 (half 

maximal effective concentration [EC50] = 61.88 μM, 50% Cytotoxic concentration 

[CC50] >400 μM, and selectivity index [SI] >6.46) [33]. Avipiravir is recommended 

for use in further research in vivo. 

After controlled study (ChiCTR2000029600) enrolled 80 patients, with 35 in the 

favipiravir group and 45 in the control group [34]. The results showed that the median 

time for the negative conversion of viral nucleic acids in the favipiravir group was 

significantly shorter than it was in the participants in the control group (4 vs 11 days; 

p < 0.001). In terms of chest imaging, the rate of improvement was also significantly 

higher in the favipiravir group than that in the control group (91.43 vs 62.22%; p = 

0.004). 

 

1.5.2 Remdesivir 

 

The drug remdesivir is a prodrug developed by Gilead Science, whose structure 

resembles adenosine. Holshue et al. 2020 [35] reported that the first patient with 

SARS-CoV-2 was treated with intravenous remdesivir, which improved the clinical 

symptoms, including a decrease in body temperature, no need for oxygen inhalation 

support and the return of oxygen saturation to 94–96%. 

Gilead Sciences Inc., 2020 published the first clinical result from use of remdesivir 

[36]. In total from 53 patients with COVID-19, it is shown in 36 patients (68%) 

showed clinical improvement, and 25 patients (47%) were discharged; eight patients 

(15%) showed worsening and seven patients (13%) died. In 32 patients (60%) it is 

shown side effects; 12 patients experienced serious side effects. 

On 1 May 2020, Gilead Sciences Inc., announced that the US FDA had granted 

emergency use authorization (EUA) for the investigational antiviral remdesivir to 

treat COVID-19, and on 8 May 2020, Japan approved remdesivir for use of treatment 

of patients with COVID-19 [37]. 

 

1.5.3 Lopinavir/ritonavir 

 

Third drug lopinavir/ritonavir is recommended as a second-line treatment of HIV. 

Lopinavir/ritonavir has been proved to be effective in SARS and MERS in vitro and 

in vivo [63]. 

Recent evidence suggests that lopinavir has antiviral activity in treatment of 

SARS-CoV-2 in vitro with an IC50 value of 9.12 μM [64]. 

Lopinavir/ritonavir was not associated with benefit in hospitalized patients with 

COVID-19. The difference in mortality between patients treated with 

lopinavir/ritonavir and the control group failed to reach the statistically significant 

(19.2 vs 25.0%; difference: -5.8 percentage points; 95% CI, -17.3 to 5.7) [65]. 

 

1.5.4 Chloroquine 



 

Chloroquine phosphate has been recommended as an antimalarial drug for more 

than 70 years. The in vitro anti-SARS-CoV-2 activity of chloroquine phosphate has 

been identified with an IC50 value of 1.13 μM; in this amount it is shown to be 

effective in preventing replication of this virus [76]. Gao et.al. 2020 [66] report that 

chloroquine phosphate was helpful in preventing the progression of COVID-19. In 

total, 120 patients with SARS-CoV-2 pneumonia were treated with chloroquine 

phosphate and 110 patients had undetectable viral RNA on the throat swab after the 

treatment, and 81 patients were discharged. Also it is not shown serious adverse 

reactions during the treatment with chloroquine. Based on these results, chloroquine 

phosphate was included in China’s ’Diagnosis and Treatment Protocol for COVID-19 

(trial version 7)’ followed by inclusion into the protocols of several other countries. 

 

1.5.5 Hydroxychloroquine  

 

Hydroxychloroquine had earned a reputation for potential promising role in 

COVID-19 [38]. Recently, chloroquine and hydroxychloroquine were demonstrated 

to inhibit SARS-CoV-2 in vitro (EC50 = 5.47%μM, EC50 = 0.72%μM, respectively) 

[39, 67]. 

 

The underlying mechanisms were inferred as follows: (1) as weakly alkaline, 

chloroquine could increase endosomal pH therefore block virus infection [33, 38]; (2) 

as spike (S) protein angiotensin-converting enzyme 2 (ACE2) blocker. It is shown 

that chloroquine and hydroxychloroquine interfered with the glycosylation of cellular 

SARS-CoV receptor thus inhibit virus attacking [40]; (3) as immunomodulant, 

chloroquine and hydroxychloroquine could counteract pro-inflammatory cytokine 

storm in critically ill patients with COVID-19 [42, 48]. 

 

Unfortunately, the outcomes of hydroxychloroquine in COVID-19 patients were 

inconsistent in SARS-CoV-2 viral eradication. Gautret et al [39] reported that 

hydroxychloroquine alone or combined with azithromycin observed better ability of 

SARS-CoV-2 eradication. At day six post-treatment, 100% of patients treated with 

combination of hydroxychloroquine and azithromycin had been virologically cured 

compared to 57.1% in patients treated with hydroxychloroquine alone and 12.5% in 

control group. 

 

1.5.6 Ribavirin 

 

The most extensively used therapies were ribavirin and ribavirinbased 

combinations. Ribavirin was reported to tightly bind to SARSCoV- 2 ribonucleic acid 

(RNA) dependent RNA Polymerase (RdRp) with binding energy of -7.8 kcal/mol, and 

thus may be used to against COVID-19 [50]. There were 9 studies reporting SARS 

and MERS patients treated with ribavirin or combinations with ribavirin. The meta-

analysis yielded inconsistent results for mortality with RR of between 0.38 and 0.82, 

while the combination of ribavirin and corticosteroids showed remarkable lower 

mortality compared with control group. 

 



1.5.7 Tocilizumab 

 

Another drug which is use for patient’s treatments with SARS COVI-19 is 

Tocilizumab. A retrospective, observational study (n = 21) administered 400 mg 

tocilizumab, an interleukin (IL)-6 blocker, intravenously once to patients who had 

respiratory failure, shock or organ failure [57]. Although three patients received a 

subsequent dose, the benefit is unknown (COVID-19 Investigation Team, 2020). 

However, the potential benefit in decreasing mortality was evident as no deaths were 

reported out of 21 patients [53].  

 

1.5.8 Ciclesonide 

 

Ciclesonide is another drug which is used for patients with SARS COVID-19. An 

inhaled corticosteroid for the treatment of asthma, which has been a potential 

candidate for repurposing in the treatment of patients with MERS or COVID-19 [61]. 

The dosage used in a current trial was 320 mcg q12h for 14 days [58, 60, 62]. 

Ironically, systemic corticosteroids are contraindicated in severe pneumonia caused 

by viruses such as MERS-CoV and SARS-CoV because they suppress the innate 

immune system, resulting in increased viral replication. 

 
1.5.9 Niclosamide 

 
Another medication undergoing repurposing investigations for SARS-CoV-2 is 

niclosamide, an oral anthelmintic drug used worldwide at a single dose of 2 g/d. 

Niclosamide exerts anti-MERS activity, inhibits SARS-CoV replication and abolishes 

viral antigen synthesis in vitro, [27, 51] and is considered a possible treatment option. 

However, it is cytotoxic and has low absorption including low oral bioavailability 

(10%) and although efforts have been made to formulate derivatives to overcome 

these obstacles, its extensive clinical development as an antiviral agent may still be 

hindered. An interventional trial has been registered to evaluate the use of chloroquine 

with or without azithromycin, faviprevir, nitazoxanide or ivermectin for the treatment 

of patients with COVID-19 in a real-life setting, but recruitment has not commenced 

as of 14 April 2020 [62].  

 

1.5.10 High-dose intravenous immunoglobulin (IVIG) 

 
The co-administration of high-dose intravenous immunoglobulin (IVIG) at 25 g/d for 

5 days (body weight, 66 kg) with moxifloxacin was reported in a case series study 

[65]. Although no trials are currently recruiting, the IVIG doses used in protocols are 

in the range of 0.2-0.5 g kg−1 day−1 and the use of this agent is expected to be 

limited to patients in severe or critical conditions [62]. 

 
2. Multidrug combinations 

 

The combination of multiple drugs is an important strategy for cure SARS-CoV-2 

(Table 2). It is common to combine drugs which interfere at different steps of the 



virus replication cycle to improve antiviral efficacy and reduce of drug resistance. For 

example, the combination of endocytosis inhibitors and protein kinase inhibitors 

blocks viral invasion. Cohen et al. 2020 [69], suggest combination of remdesivir and 

dendritic protein monoclonal antibodies as an ideal treatment for SARS-CoV-2 

infection. Many clinical treatment of patients with SARS-CoV-2 have been carried 

out, including those with an RDRP inhibitor, such as favipiravir in tablet form, 

combined with endocytosis inhibitor chloroquine phosphate, in the treatment of 

COVID-19 (ChiCTR2000030987). 

The combination of ribavirin with different types of interferon to enhance the 

innate antiviral response was the most commonly used in the treatment of patients 

with a coronavirus infection (such as SARS and MERS) [70, 71, 72]. 

Another combination is suggested to use such as interferon-β and antiviral drugs, 

(lopinavir/ritonavir), has also been recommended by clinical experts [73]. 

 

 

3. COVID -19 and Symptoms in different organs 

 

3.1 COVID-19 & digestive symptoms 

 

Further studies have identified the potential transmission of SARS-CoV-2 through 

blood and feces samples of COVID-19 patients. The SARS-CoV-2 RNA has been 

detected in anal or rectal swabs and blood of hospitalized COVID-9 patients [74, 78, 

81]. In the study by Zhang et al  15 [78] patients tested, eight were oral swabs positive 

(53.3%), four were anal swabs positive (26.7%), and six blood positive (40%) and 

three serum positive (20%). Notably, anal swabs were found more test positive than 

oral swabs; suggesting the transmission of fecal–oral of SARS-CoV-2. Further, in 

study by Xu et al., 2020 [75] in a clinical investigation of ten pediatric COVID-19 

confirmed cases, rectal swabs of eight children (80%) were persistently tested RNA 

positive even after nasopharyngeal test was negative, presenting the evidence of viral 

shedding through the GI tract. 

3.2 Coronaviral hepatic pathogenesis 

 

SARS-CoV-2 has been linked to mild-to-moderate liver injury; revealed by 

elevated serum aminotransferases (ALT/AST), bilirubin, hypoproteinemia and 

prothrombin time prolongation, supported by liver histopathology [77, 79, 81, 99, 

101]. SARS-CoV-2 might directly affect intrahepatic bile ducts this is shown by 

single-cell RNA sequencing data from two distinct cohorts of COVID-19 patients 

when it is shown elevated expression of Angiotensin Converting Enzyme-2 receptor 

in cholangiocytes (59.7%) than hepatocytes (2.6%) [80]. In a recent clinical study of 

194 COVID-19 patients, 30 patients (15.46%) showed liver dysfunction [81]. 

Chronic liver disease patients with impaired immunity because of classical 

hepatitis viruses (HBV, HCV, HDV and HEV) or other hepatotropic viruses (HGV, 

GBV, TTV and SENV) infection or nonalcoholic fatty liver disease/nonalcoholic 

steatohepatitis are more susceptible to COVID-19 [82]. 

SARS-CoV-2 is also proposed to cause viral hepatitis while inducing a 

dysregulated innate immune response [83]. 



In the study by Wen et al., 2020 [84] it is shown the level of CD4+ and CD8+T 

were decreased significantly, inflammatory genes were highly expressed in these 

patients. The B plasma cells were found to be increased compared with decrease in 

the naïve B cells. Furthermore, IL-1β and macrophage-colony stimulating factor (M-

CSF) were predicted as novel candidate target genes for inflammatory storm whereas 

TNFSF13, IL-18, IL-2 and IL-4 seemed to be beneficial for the recovery of COVID-

19 patients. 

 

3.3 Transmission of SARS-CoV-2 by asymptomatic persons is implicated in 

crowd & family-clustered outbreaks 

 

Multiple studies have found that there are asymptomatic SARS-CoV-2 infections 

in the process of crowds and family-clustered outbreaks. Among a family of six in 

Shenzhen who traveled to Wuhan from 29 December 2019 to 4 January 2020, five 

members were identified with COVID-19, including an asymptomatic 10-year-old 

boy [85]. A family members who traveled on 22 January 2020 from Wuhan to 

Guangzhou, China, through the high-speed rail tested positive for SARS-CoV-2, but 

only one developed clinical symptoms, and the other two members had no signs or 

clinical symptoms [86]. Asymptomatic COVID-19 patients can even become the 

source of infection in contagious outbreaks among families. SARS-CoV-2 

transmission from an asymptomatic infected person returning home from Wuhan on 

10 January 2020 was suspected as the cause of a family cluster epidemic of five 

members in Anyang, China [87]. 

 

3.4 Lung  

 

ACE2 is shown to be localized to the lungs, as has one of the angiotensin 

receptors, AT1, but not AT2. There is a clear, the interaction of ACE2 and AT1 on 

lung protection in models of disease, including those caused by coronaviruses [88, 89, 

90]. Genetic knock-out of AT1a receptor expression markedly improved lung 

function in mice with a genetic knockout of this receptor (Agtr1a-/- mice), confirming 

the function of Ang-II in lung health [91, 92]. 

ACE2 knockout mice developed more severe ALI in models that result in 

respiratory distress (Nagase et al., 2000). But injection of ACE2 show to protect mice 

with ALI [88]. 

Many researcher has demonstrated that the injection of SARS virus leads to an 

increase level of Ang-II in lung tissue and exacerbates ALI in mice. It is shown the 

viral spike from SARS inhibit ACE2 and may result in increases levels of Ang-II. The 

ACE gene that has been studied in details, the presence (insertion, I) or absence 

(deletion, D) of a 287 base pair sequence of alu within intron 16 of the gene that 

encodes ACE. The D genotype of ACE is associated with ARDS susceptibility and 

outcome, where DD genotype was associated with ARDS [93, 94], although this has 

not been demonstrated in all populations [95]. 

The same genotype of ACE it is shown too associated with higher ACE activity, 

which, result in lower Ang-II levels. More recent data on COVID-19 has 

demonstrated important differences in race on infection rates and severity [96, 97, 

98]. 



 

3.5 Heart 

 

The study in coronaviruses has demonstrated that a high percentage of patients 

have cardiac dysfunction, including cardiomyopathy and cardiac injury. In some 

publication it is shown a greater number of patients who are hospitalized with 

COVID-19 and demonstrating cardiac injury [99]. This cardiac dysfunction following 

the viral infection, is a temporary drop in ACE2 levels, due to ACE2 destruction as a 

result of the infection. Previously data indicates that the infection can result in ACE2 

destruction, reduction in membrane-bound ACE2 and that ACE2 has a protective role 

in the heart [100, 101]. The disruption of ACE2 accelerates cardiac hypertrophy and 

shortens the transition period to heart failure in an Ang-II model of heart failure [102]. 

Patients who become infected with COVID-19 lose some of the pulmonary and 

cardiac protective mechanisms of ACE2 and Ang(1–7), due to viral binding and the 

resultant destruction of ACE2 following infection [101]. 

 

4. Discussion and conclusion 
 

Here in this review we describe coronavirus disease 19 caused several acute 

respiratory syndrome. The SARS CoVID-19 infection emerged in December 2019. 

This virus belongs betacoronavirus genera and contain positive non-segmented RNA. 

The genome of CoVID-19 range between 27-32kDa; and have spherical and 

pleomorphic form. Replication cycle is divide into three phase: a) viral entry; b) RNA 

replication; c)exit from host cell. 

Developing of new drug for patient treatment with CoVID-19 is impractical to face 

the pressing global challenge. Many clinical and research laboratory suggest to used 

drugs such as Favipiravir, Remedesivir, Lopinavir/ritonavir, Chloroquine, 

Hydroxychloroquine, Ribavirin, Tocilizumab, Ciclesonide, Niclosamide, High-dose 

intravenous immunoglobulin (IVIG) and Multidrug combinations.  

 

5. Reference 
1. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 

(COVID-19): the epidemic and the challenges. Int. J. Antimicrob. Agents. 

55(3), 105924 (2020). 

2. Guo YR, Cao QD, Hong ZS et al. The origin, transmission and clinical 

therapies on coronavirus disease 2019 (COVID-19) outbreak – an update 

on the status. Mil. Med. Res. 7(1), 11 (2020). 

3. World Health Organisation. Coronavirus disease (COVID-19) Pandemic 

(2020). www.who.int/emergencies/diseases/novel-coronavirus-2019 

4. Bung N, Krishnan SR, Bulusu G, Roy A. De novo design of new chemical 

entities (NCEs) for SARS-CoV-2 using artificial intelligence. ChemRxiv. 

10.26434/chemrxiv.11998347 (2020). 

5. Li F. Structure, function, and evolution of coronavirus spike proteins. Annu. 

Rev. Virol. 3(1), 237–261 (2016 

http://www.who.int/emergencies/diseases/novel-coronavirus-2019


6. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the clinical 

characteristics of coronavirus disease 2019 (COVID-19). J. Gen. Intern. 

Med. 35(5), 1545–1549 (2020) 

7. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R. Features, 

evaluation and treatment coronavirus (COVID-19). StatPearls. StatPearls 

Publishing, FL, USA (2020). 

8. The Atlantic. Why the coronavirus has been so successful (2020). 

www.theatlantic.com/science/archive/2020/03/biography-new-

coronavirus/608338/ 

9. de Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS and MERS: 

recent insights into emerging coronaviruses. Nat. Rev. Microbiol. 14(8), 

523–534 (2016). 

10. National Institutes of Health (NIH). Novel coronavirus structure reveals 

targets for vaccines and treatments (2020). www.nih.gov/news-events/nih-

research-matters/novel-coronavirus-structure-reveals-targets-vaccines-

treatments 

11. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. 

Structure, function, and antigenicity of the SARS-CoV-2 spike 

glycoprotein. Cell 181(2), 281.e6–292.e6 (2020). 

12. Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-CoV-2 cell entry 

depends on ACE2 and TMPRSS2 and is blocked by a clinically proven 

protease inhibitor. Cell 181(2), 271.e8–280.e8 (2020). 

13. Ou X, Liu Y, Lei X et al. Characterization of spike glycoprotein of SARS-

CoV-2 on virus entry and its immune cross-reactivity with SARS-CoV. 

Nat. Commun. 11, 1620 (2020). 

14. Matsuyama S, Nagata N, Shirato K, Kawase M, Takeda M, Taguchi F. 

Efficient activation of the severe acute respiratory syndrome coronavirus 

spike protein by the transmembrane protease TMPRSS2. J. Virol. 84(24), 

12658–12664 (2010). 

15. Hoffmann M, Hofmann-Winkler H, Pohlmann S. Priming time: how 

cellular proteases arm coronavirus spike proteins. In: ¨ Activation of 

Viruses by Host Proteases. Bottcher-Friebertsh ¨ auser E, Garten W, Klenk 

HD (Eds). Springer International Publishing, NY, USA, 71–98 ¨ (2018). 

16. Fehr AR, Perlman S. Coronaviruses: an overview of their replication and 

pathogenesis. In: Coronaviruses: Methods and Protocols. Maier H, 

Bickerton E, Britton P (Eds). 1282(1), 1–282 Humana Press (2015) 

17. Letko M, Marzi A, Munster V. Functional assessment of cell entry and 

receptor usage for SARS-CoV-2 and other lineage B betacoronaviruses. 

Nat. Microbiol. 5(4), 562–569 (2020). 

18. Wang K, Chen W, Zhou YS et al. SARS-CoV-2 invades host cells via a 

novel route: CD147-spike protein. bioRxiv. 2020.03.14.988345 (2020) 

http://www.theatlantic.com/science/archive/2020/03/biography-new-coronavirus/608338/
http://www.theatlantic.com/science/archive/2020/03/biography-new-coronavirus/608338/
http://www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments
http://www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments
http://www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments


19. Ulrich H, Pillat MM. CD147 as a target for COVID-19 treatment: 

suggested effects of azithromycin and stem cell engagement. Stem Cell 

Rev. Rep. 16(3), 434–440 (2020). 

20. Gubernatorova EO, Gorshkova EA, Polinova AI, Drutskaya MS. IL-6: 

relevance for immunopathology of SARS-CoV-2. Cytokine Growth Factor 

Rev.doi:10.1016/j.cytogfr.2020.05.009 (2020). 

21. Zhou Y, Vedantham P, Lu K et al. Protease inhibitors targeting 

coronavirus and filovirus entry. Antiviral Res. 116, 76–84 (2015). 

22. Yang N, Shen HM. Targeting the endocytic pathway and autophagy 

process as a novel therapeutic strategy in COVID-19. Int. J. Biol. Sci. 

16(10), 1724–1731 (2020). 

23. Cardenas-Conejo Y, Li ´ nan-Rico A, Garc ˜ ´ıa-Rodr´ıguez DA, Centeno-

Leija S, Serrano-Posada H. An exclusive 42 amino acid signature in pp1ab 

protein provides insights into the evolutive history of the 2019 novel 

human-pathogenic coronavirus (SARS-CoV-2). J. Med. Virol. 92(6), 688–

692 (2020). 

24. Khedkar PH, Patzak A. SARS-CoV-2: what do we know so far? Acta 

Physiol. 229(2), e13470 (2020). 

25. Devaux CA, Rolain JM, Colson P, Raoult D. New insights on the antiviral 

effects of chloroquine against coronavirus: what to expect for COVID-19? 

Int. J. Antimicrob. Agents. 55(5), 105938 (2020). 

26. Wu C, Liu Y, Yang Y et al. Analysis of therapeutic targets for SARS-

CoV-2 and discovery of potential drugs by computational methods. Acta 

Pharm. Sin. B. doi:10.1016/j.apsb.2020.02.008 (2020). 

27. Wu F, Zhao S, Yu B et al. A new coronavirus associated with human 

respiratory disease in China. Nature 579(7798), 265–269 (2020). 

28. Lu R, Zhao X, Li J et al. Genomic characterisation and epidemiology of 

2019 novel coronavirus: implications for virus origins and receptor 

binding. Lancet 395(10224), 565–574 (2020). 

29. Pawełczyk A, Zaprutko L. Anti-COVID drugs: repurposing existing drugs 

or search for new complex entities, strategies and perspectives. Future 

Med Chem. 2020 Jul 23:10.4155/fmc-2020-0204. doi: 10.4155/fmc-2020-

0204. Online ahead of print. 

30. Senanayake SL. Drug repurposing strategies for COVID-19. Future Drug 

Discov. 2(2), FDD40 (2020) 

31. Lu H. Drug treatment options for the 2019-new coronavirus (2019-nCoV). 

Biosci. Trends 14(1), 69–71 (2020) 

32. Fan S, Xiao D, Wang Y, Liu L, Zhou X, Zhong W.  Research progress on 

repositioning drugs and specific therapeutic drugs for SARS-CoV-2. 

Future Med Chem. 2020 Jul 8:10.4155/fmc-2020-0158. doi: 10.4155/fmc-

2020-0158. Online ahead of print. 

33. Wang M, Cao R, Zhang L et al. Remdesivir and chloroquine effectively 

inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell 

Res. 30(3), 269–271 (2020). 

https://pubmed.ncbi.nlm.nih.gov/32638628/
https://pubmed.ncbi.nlm.nih.gov/32638628/


34. Cai Q, Yang M, Liu D et al. Experimental treatment with favipiravir for 

COVID-19: an open-label control study. Engineering 

doi:10.1016/j.eng.2020.03.007 (2020). 

35. Holshue ML, Debolt C, Lindquist S et al. First case of 2019 Novel 

Coronavirus in the United States. N. Engl. J. Med. 382(10), 929–936 

(2020). 

36. Grein J, Ohmagari N, Shin D et al. Compassionate use of remdesivir for 

patients with severe covid-19. N. Engl. J. Med. 

doi:10.1056/NEJMoa2007016 (2020). 

37. The Japanese Association for Infectious Diseases. Treatment of novel 

coronavirus disease in Japan (first edition). (2020). 

http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19 

antiviral drug 200227.pdf 

38. Kapoor KM, Kapoor A. Role of Chloroquine and Hydroxychloroquine in 

the Treatment of COVID-19 Infection- A Systematic Literature Review, 

medRxiv preprint (2020), https://doi.org/10.1101/2020.03.24.2004236. 

39. Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, Doudier 

B, Courjon J, Giordanengo V, Vieira VE, Dupont HT, Honore S, Colson 

P, Chabriere E, La Scola B, Rolain JM, Brouqui P, Raoult D. 

Hydroxychloroquine and azithromycin as a treatment of COVID-19: 

results of an open-label non-randomized clinical trial, International journal 

of antimicrobial agents (2020) 105949. 

40. Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A systematic 

review on the efficacy and safety of chloroquine for the treatment of 

COVID-19, Journal of critical care S0883-9441 (20) (2020) 30390–30397. 

41. Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, Zhuang R, Hu B, Zhang Z. 

Efficacy of hydroxychloroquine in patients with COVID-19: results of a 

randomized clinical trial, (2020). 

42. Liu J, Li S, Liu J, Liang B, Wang X, Wang H, Li W, Tong Q, Yi J, Zhao 

L, Xiong L, Guo C, Tian J, Luo J, Yao J, Pang R, Shen H, Peng C, Liu L, 

Zhang Q, Wu J, Xu L, Lu S, Wang B, Weng Z, Han C, Zhu H, Zhou R, 

Zhou H, Chen X, Ye P, Zhu B, He S, He Y, Jie S, Wei P, Zhang J, Lu Y, 

Wang W, Zhang L, Li L, Zhou F, Wang J, Dittmer U, Lu M, Hu Y, Yang 

D, Zheng X. Longitudinal characteristics of lymphocyte responses and 

cytokine profiles in the peripheral blood of SARS-CoV-2 infected patients, 

(2020) medRxiv, 2020.02.16.20023671.  

43. Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, Hong Z, Xia J. Arbidol 

combined with LPV/r versus LPV/r alone against Corona Virus Disease 

2019: A retrospective cohort study, The Journal of infection S0163-4453 

(20) (2020) 30113–30114. 

44. Chang BB and Chiu TY, Ready for a long fight against the COVID-19 

outbreak: an innovative model of tiered primary health care in Taiwan, 

BJGP open (2020)bjgpopen20X101068. 

45. de Wilde AH, Jochmans D, Posthuma CC, Zevenhoven-Dobbe JC, van 

Nieuwkoop S, Bestebroer TM, van den Hoogen BG, Neyts J, Snijder EJ. 

http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19%20antiviral%20drug%20200227.pdf
http://www.kansensho.or.jp/uploads/files/topics/2019ncov/covid19%20antiviral%20drug%20200227.pdf
https://doi.org/10.1101/2020.03.24.2004236


Screening of an FDA-approved compound library identifies four small-

molecule inhibitors of Middle East respiratory syndrome coronavirus 

replication in cell culture. Antimicrobial agents and chemotherapy 58 (8) 

(2014) 4875–4884. 

46. Choy KT, Wong AY, Kaewpreedee P, Sia SF, Chen D, Hui KPY, Chu 

DKW, Chan MCW, Cheung PP, Huang X, Peiris M, Yen HL. Remdesivir, 

lopinavir, emetine, and homoharringtonine inhibit SARS-CoV-2 

replication in vitro, Antiviral research 178 (2020) 104786. 

47. Sham HL, Kempf DJ, Molla A, Marsh KC, Kumar GN, Chen CM, Kati 

W, Stewart K, Lal R, Hsu A, Betebenner D, Korneyeva M, Vasavanonda 

S, McDonald E, Saldivar A, Wideburg N, Chen X, Niu P, Park C, Jayanti 

V, Grabowski B, Granneman GR, Sun E, Japour AJ, Leonard JM, Plattner 

JJ, Norbeck DW. ABT-378, a highly potent inhibitor of the human 

immunodeficiency virus protease, Antimicrobial agents and chemotherapy 

42 (12) (1998) 3218–3224. 

48. Chen J, Ling Y, Xi X, Liu P, Li F, Li T, Shang Z, Wang M, Shen Y, Lu H. 

Efficacies of lopinavir/ritonavir and abidol in the treatment of novel 

coronavirus pneumonia. Chinese journal of infectious disease 38 (2020). 

49. Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, Chan KS, Kao RY, 

Poon LL, Wong CL, Guan Y, Peiris JS, Yuen KY, H.U.S.S. Group, Role 

of lopinavir/ ritonavir in the treatment of SARS: initial virological and 

clinical findings, Thorax 59 (3) (2004) 252–256. 

50. Elfiky AA. Ribavirin, Remdesivir, Sofosbuvir, Galidesivir, and Tenofovir 

agains SARS-CoV-2 RNA dependent RNA polymerase (RdRp): A 

molecular docking study, Life sciences (2020) 117592. 

51. Xu X, Han M, Li T, et al.Effective treatment of severe COVID-19 patients 

with tocilizumab. China Xiv. http://www.china xiv.org/user/ 

52. COVID-19 Investigation Team: First 12 patients with coronavirus disease 

2019 (COVID-19) in the United States. medRxiv 2020. 

https://www.medrx iv.org/conte nt/10.1101/2020.03.09.20032 

896v1.full.pdf. Accessed March 13, 2020 

53. Infectious Diseases Society of America guidelines on the treatment and 

management of patients with COVID-19 infection. https:// www.idsoc 

iety.org/pract ice-guide line/covid -19-guide line-treat ment-and-manag 

ement /. Accessed April 13, 2020 

54. ClinicalTrials.gov. Clinical trial of combined use of hydroxychloroquine, 

azithromycin, and tocilizumab for the treatment of COVID- 19 

(TOCOVID). https://clini caltr ials.gov/ct2/show/NCT04 33209 

4?term=tocil izuma b&cond=COVID &draw=4&rank=4. Accessed April 

15, 2020. 

55. Product information of ACTEMRA(R). https://www.access data. 

fda.gov/drugs atfda_docs/label /2017/12527 6s114 lbl.pdf. Accessed April 

13, 2020 

56. Wu CJ, Jan JT, Chen CM, et al. Inhibition of severe acute respiratory 

syndrome coronavirus replication by niclosamide. Antimicrob Agents 

Chemother. 2004;48(7):2693-2696. 

https://www.access/


57. Xu J, Shi PY, Li H, Zhou J. Broad spectrum antiviral agent niclosamide 

and its therapeutic potential. ACS Infect Dis. 2020;6(5):909-915. 

58. ClinicalTrials.gov. A real-life experience on treatment of patients with 

COVID 19. https://clini caltr ials.gov/ct2/show/study /NCT04 34541 

9?term=niclo samid e&draw=3&rank=13. Accessed April 15, 2020. 

59. Cao W, Liu X, Bai T, et al. High-dose intravenous immunoglobulin as a 

therapeutic option for deteriorating patients with coronavirus disease Open 

Forum. Infect Dis. 2019;2020;7(3):ofaa102 

60. ClinicalTrials.gov. The efficacy of intravenous immunoglobulin therapy 

for severe 2019-nCoV infected pneumonia. https://clini 

caltrials.gov/ct2/show/NCT04 26142 6?term=intra venous 

immunoglobulin&cond=COVID &draw=2&rank=1. Accessed April 15, 

2020. 

61. Matsuyama S, Kawase M, Nao N, et al.The inhaled corticosteroid 

ciclesonide blocks coronavirus RNA replication by targeting viral NSP15 

[published online ahead of print March 12, 2020]. bioRxiv. doi: 

10.1101/2020.03.11.987016. 

62. ClinicalTrials.gov. A trial of ciclesonide in adults with mild COVID- 19. 

https://clini caltr ials.gov/ct2/show/NCT04 330586. Accessed April 15, 

2020. 

63. Tu YF, Chien CS, Yarmishyn AA et al. A review of SARS-CoV-2 and the 

ongoing clinical trials. Int. J. Mol. Sci. 21(7), 2657 (2020). 

64. Jeon S, Ko M, Lee J et al. Identification of antiviral drug candidates 

against SARS-CoV-2 from FDA-approved drugs. bioRxiv 

doi:10.1101/2020.03.20.999730 (2020) 

65. Cao B, Wang Y, Wen D et al. A trial of lopinavir–ritonavir in adults 

hospitalized with severe Covid-19. N. Engl. J. Med. 

doi:10.1056/NEJMoa2001282 (2020). 

66. Gao J, Tian Z, Yang X. Breakthrough: chloroquine phosphate has shown 

apparent efficacy in treatment of COVID-19 associated pneumonia in 

clinical studies. Bioscience Trends 14(1), 72–73 (2020). 

67. Yao X, Ye F, Zhang M et al. In vitro antiviral activity and projection of 

optimized dosing design of hydroxychloroquine for the treatment of severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin. Infect. 

Dis. doi:10.1093/cid/ciaa237 (2020). 

68. Molina JM, Delaugerre C, Le Goff J et al. No evidence of rapid antiviral 

clearance or clinical benefit with the combination of hydroxychloroquine 

and azithromycin in patients with severe COVID-19 infection. Med. Mal. 

Infect. doi:10.1016/j.medmal.2020.03.006 (2020). 

69. Cohen J. Can an anti-HIV combination or other existing drugs outwit the 

new coronavirus? Science doi:10.1126/science.abb0659 (2020). 

70. Morgenstern B, Michaelis M, Baer PC, Doerr HW, Cinatl J Jr. Ribavirin 

and interferon-beta synergistically inhibit SARS-associated coronavirus 

replication in animal and human cell lines. Biochem. Biophys. Res. 

Commun. 326(4), 905–908 (2005). 



71. Al-Tawfiq JA, Momattin H, Dib J, Memish ZA. Ribavirin and interferon 

therapy in patients infected with the Middle East respiratory syndrome 

coronavirus: an observational study. Int. J. Infect. Dis. 20, 42–46 (2014). 

72. Omrani AS, Saad MM, Baig K et al. Ribavirin and interferon alfa-2a for 

severe Middle East respiratory syndrome coronavirus infection: a 

retrospective cohort study. Lancet Infectious Dis. 14(11), 1090–1095 

(2014). 

73. Li H, Wang YM, Xu JY, Cao B. Potential antiviral therapeutics for 2019 

novel coronavirus. Zhonghua Jie He He Hu Xi Za Zhi 43(0), E002 (2020). 

74. Zhang W, Du RH, Li B et al. Molecular and serological investigation of 

2019-nCoV infected patients: implication of multiple shedding routes. 

Emerg. Microbes Infect. 9(1), 386–389 (2020) 

75. Xu Y, Li X, Zhu B et al. Characteristics of pediatric SARS-CoV-2 

infection and potential evidence for persistent fecal viral shedding. Nat. 

Med. doi:https://doi.org/10.1038/s41591-020-0817-4 (2020) (Epub ahead 

of print). 

76. Wang D, Hu B, Hu C et al. Clinical characteristics of 138 hospitalized 

patients with 2019 novel coronavirus-infected pneumonia in Wuhan, 

China. J. Am. Med. Assoc. doi:10.1001/jama.2020.1585 (2020) (Epub 

ahead of print). 

77. Guan W-J, Ni Z-Y, Hu Y et al. Clinical characteristics of 2019 novel 

coronavirus infection in China. N. Engl. J. Med. 

doi:10.1056/NEJMoa2002032 (2020) (Epub ahead of print). 

78. Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and 

challenges. Lancet Gastroenterol. Hepatol. 

doi:http://dx.doi.org/10.1016/S2468-1253(20)30057-1 (2020) (Epub ahead 

of print). 

79. Shi H, Han X, Jiang N et al. Radiological findings from 81 patients with 

COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet 

Infect. Dis. 20(4), 425–434 (2020). 

80. Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human 

tissues identify cell types and receptors of human coronaviruses. Biochem. 

Biophys. Res. Commun. doi:10.1016/j.bbrc.2020.03.044 (2020) (Epub 

ahead of print). 

81. Zhang H, Shang W, Liu Q, Zhang X, Zheng M, Yue M. Clinical 

characteristics of 194 cases of COVID-19 in Huanggang and Taian, China. 

Infection doi:10.1007/s15010-020-01440-5 (2020) (Epub ahead of print). 

82. Adams DH, Hubscher SG. Systemic viral infections and collateral damage 

in the liver. Am. J. Pathol. 168(4), 1057–1059 (2006). 

83. Totura AL, Baric RS. SARS coronavirus pathogenesis: host innate 

immune responses and viral antagonism of interferon. Curr. Opin. Virol. 

2(3), 264–275 (2012) 



84. Wen W, Su W, Tang H et al. Immune cell profiling of COVID-19 patients 

in the recovery stage by single-cell sequencing. Cell Discov. 

doi:10.1038/s41421-020-0168-9 (2020) (Epub ahead of print). 

85. Chan JF, Yuan S, Kok KH et al. A familial cluster of pneumonia 

associated with the 2019 novel coronavirus indicating person-to-person 

transmission: a study of a family cluster. Lancet 395(10223), 514–523 

(2020). 

86. Pan X, Chen D, Xia Y et al. Asymptomatic cases in a family cluster with 

SARS-CoV-2 infection. Lancet Infect. Dis. 20(4), 410–411 (2020). 

87. Bai Y, Yao L, Wei T et al. Presumed asymptomatic carrier transmission of 

COVID-19. JAMA doi:10.1001/jama.2020.2565 (2020) (Epub ahead of 

print). 

88. Imai Y, Kuba K, Rao S et al. Angiotensin-converting enzyme 2 protects 

from severe acute lung failure. Nature 436(7047), 112–116 (2005). 

89. Wu Y. Compensation of ACE2 function for possible clinical management 

of 2019-nCoV-induced acute lung injury. Virol.Sin. 35, 256–258 (2020) 

90. Kuba K, Imai Y, Rao S et al. A crucial role of angiotensin converting 

enzyme 2 (ACE2) in SARS coronavirus-induced lung injury. Nat. Med. 

11(8), 875–879 (2005). 

91. Ferreira AJ, Murca TM, Fraga-Silva RA, Castro CH, Raizada MK, Santos 

RA. New cardiovascular and pulmonary therapeutic strategies based on 

the Angiotensin-converting enzyme 2/angiotensin-(1–7)/MAS receptor 

axis. Int. J. Hypertens. 2012, 147825 (2012). 

92. Meng Y, Li T, Zhou GS et al. The angiotensin-converting enzyme 

2/angiotensin(1–7)/Mas axis protects against lung fibroblast migration and 

lung fibrosis by inhibiting the NOX4-derived ROS-mediated RhoA/Rho 

kinase pathway. Antioxid. Redox. Signal. 22(3), 241–258 (2015). 

93. Nagase T, Uozumi N, Ishii S et al. Acute lung injury by sepsis and acid 

aspiration: a key role for cytosolic phospholipase A2. Nat. Immunol. 1(1), 

42–46 (2000). 

94. Marshall RP, Webb S, Bellingan GJ et al. Angiotensin converting enzyme 

insertion/deletion polymorphism is associated with susceptibility and 

outcome in acute respiratory distress syndrome. Am. J. Respir. Crit. Care 

Med. 166(5), 646–650 (2002). 

95. Chan KC, Tang NL, Hui DS et al. Absence of association between 

angiotensin converting enzyme polymorphism and development of adult 

respiratory distress syndrome in patients with severe acute respiratory 

syndrome: a case control study. BMC Infect. Dis. 5, 26 (2005). 

96. Lehmann DJ, Cortina-Borja M, Warden DR et al. Large meta-analysis 

establishes the ACE insertion-deletion polymorphism as a marker of 

Alzheimer’s disease. Am. J. Epidemiol. 162(4), 305–317 (2005). 

97. Panza F, Capurso C, D’Introno A et al. Differences in allele frequencies of 

ACE I/D polymorphism between Northern and Southern Europe at 

different ages. Atherosclerosis 193(2), 455–457 (2007). 



98. Panza F, Solfrizzi V, D’Introno A et al. Angiotensin I converting enzyme 

(ACE) gene polymorphism in centenarians: different allele frequencies 

between the North and South of Europe. Exp. Gerontol. 38(9), 1015–1020 

(2003) 

99. Shi S, Qin M, Shen B et al. Association of cardiac injury with mortality in 

hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. 

doi:10.1001/jamacardio.2020.0950 (2020) (Epub ahead of print). 

100. Ferreira AJ, Shenoy V, Qi Y et al. Angiotensin-converting enzyme 2 

activation protects against hypertension-induced cardiac fibrosis involving 

extracellular signal-regulated kinases. Exp. Physiol. 96(3), 287–294 

(2011). 

101. Wang S, Guo F, Liu K et al. Endocytosis of the receptor-binding domain 

of SARS-CoV spike protein together with virus receptor ACE2. Virus Res. 

136(1–2), 8–15 (2008). 

102. Yamamoto K, Ohishi M, Katsuya T et al. Deletion of angiotensin-

converting enzyme 2 accelerates pressure overload-induced cardiac 

dysfunction by increasing local angiotensin II. Hypertension 47(4), 718–

726 (2006). 

 

 
 



 
Fig 1. Various proteins associated with SARS-CoV-2 

 

 
Fig 2. Replication cycle of SARS-CoV-2. DMV: Double membrane vesicle; ER: 

Endoplasmic reticulum; RTC: Replicase–transcriptase complex 

 



 
Fig 3. Potential drug targets and the corresponding inhibitors against SARS-CoV-

2. E: Envelope; M: Membrane; N: Nucleocapsid; S: Spike. 

 



 
Fig 4. Advancement of research on selected drugs used against various types of 

viruses, and possibilities for their repurposing for SARS-CoV-2 therapy. The 

presented data are subject to current changes related to the introduction of individual 

drugs into experimental therapies (Pawełczyk and Zaprutko 2020). 

 



 
Fig 5. Structures and in vitro activities of repositioning antiviral drugs in clinic for 

SARS-CoV-2. CC50: 50% Cytotoxic concentration; EC50: Half maximal effective 

concentration; IC50: Half maximal inhibitory concentration; SI: Selectivity index 
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