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 Cytokine storm is a complication factor in COVID-19 infections. 

 

 Repurposed drugs are currently being tested under off-label emergencial approval in COVID-19 patients. 

 

 Interferon, lopinavir and ritonavir show promising results in clinical trials against SARS-CoV-2. 

 

 Anakinra seems promising for the treatment of severe forms of COVID-19.  

 

 COVID-19 vaccines are already under clinical trials and are expected to be available until the end of 2020. 
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Abstract 

 

Despite intense research there is currently no effective vaccine available against the new severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) emerged in the later 2019 and responsible for the COVID-19 pandemic. This infectious and 

communicable disease has become one of the major public health challenges in the world. The clinical management of 

COVID-19 has been limited to infection prevention and control measures associated with supportive care such as 

supplemental oxygen and mechanical ventilation. Meanwhile efforts to find an effective treatment to inhibit virus 

replication, mitigate the symptoms, increase survival and decrease mortality rate are ongoing. Several classes of drugs, 

many of them already in use for other diseases, are being evaluated based on the body of clinical knowledge obtained from 

infected patients regarding to the natural history and evolution of the infection. Herein we will provide an updated overview 

of the natural history and current knowledge on drugs and therapeutic agents being tested for the prevention and treatment 

of COVID-19. These include different classes of drugs such as antiviral agents (chloroquine, ivermectin, nitazoxanide, 

hydroxychloroquine, lopinavir, remdesivir, tocilizumab), supporting agents (Vitamin C, Vitamin D, azithromycin, 

corticosteroids) and promising investigational vaccines. Considering the controversies and excessive number of 

compounds being tested and reported in the literature we hope that this review can provide useful and updated consolidated 

information on potential drugs used to prevent, control and treat COVID-19 patients worldwide.  

 

Keywords: SARS-CoV-2; Hydroxychloroquine; Convalescent plasma; Anakinra; Corticosteroids; Vaccine 

 

1. INTRODUCTION 

 Coronavirus Disease 2019 (COVID-19) was declared as pandemic by the World Health Organization on March 

11th, 2020 mainly due to the speed and scale of the transmission of the disease [1].  Before that, it started as an epidemic in 

mainland China with the focus being firstly reported in the city of Wuhan, Hubei province in February 26th [2,3,4].  The 

etiologic agent of COVID-19 was isolated and identified as a novel coronavirus, initially designated as 2019-nCoV [5]. 

Later, the virus genome was sequenced [6] and because it was genetically related to the coronavirus outbreak responsible 

for the SARS outbreak of 2003, the virus was named  as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

by the International Committee for Taxonomy of Viruses [7,8]. 

 The origin and source of the SARS-CoV-2 remains unknown, although the initial cases have been associated with 

the Huanan South China Seafood Market where snakes, birds and other animals such as bats were sold. Considering that 

many of the early patients worked in or visited the market in contrast to the exported cases, it was suggested either a human 

to human transmission or a more widespread animal source [9]. A suspected bat origin was suggested after 96% genome 

sequence identity was demonstrated between SARS-CoV-2 and another coronavirus named Bat-CoV-RaTG13 isolated 

from bat species which colonized a province nearly 2,000 km away from Wuhan [6,10]. Pangolins were also suggested as 

natural host of coronaviruses [11,12]. However, evidence of human to human transmission became strongly supported on 

January 22nd, 2020 after a visit conducted by a WHO delegation to the city of Wuhan [13]. Since the first outbreak 

recognized in February 2020, the disease spread rapidly around the world. According to the European Centre for Disease 

Prevention and Control, as of 17th of June 2020; 8,142,129 cases of COVID-19 and 443,488 deaths have been reported 

worldwide since 31st December 2019. American continent was among the ones with highest number of cases (3,987,543) 

with United States and Brazil the leading countries (2,137,731 and 923,189 respectively).   

Several SARS-CoV-2 samples have been isolated from different people and genomic sequences have been 

available aiming to better understand the virus and to provide information for the development of diagnostic tools and a 
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potential vaccine. To date more than 42,000 SARS-CoV-2 RNA genomes have been uploaded in the Global Initiative on 

Sharing All Influenza Data, known as GISAID [14]. 

 SARS-CoV-2 belongs to the beta subgrouping of the Coronaviridae family and are enveloped virus containing a 

positive-sense, single- stranded RNA with 29,891 bases of size [15,16]. The genome encodes for 29 proteins involved in 

the infection, replication and virion assembly process. Like other coronaviruses they are characterized by the presence of 

crown-like spikes on their surface [17]. The spike S protein from SARS-CoV-2 contains a receptor binding domain (RBD) 

that binds the human angiotensin-converting enzyme 2 (ACE2) and thereby, promotes membrane fusion and uptake of the 

virus into human cells by endocytosis [18, 19]. The RBD present in the spike protein is the most variable region of the 

coronavirus genome [6, 20]. Structural and biochemical studies have suggested that RBD from SARS-CoV-2 binds with 

high affinity to ACE2 compared to other SARS-CoV viruses [21,22,23]. However, the human ACE2 protein variability 

may also be a factor for the high binding affinity [21]. 

 

2. SARS-CoV-2 infection, replication and clinical implications 

SARS-CoV-2 can be transmitted human to human by respiratory droplets, close contact with diseased patients, 

and possibly by fecal-oral and aerosol contact [24,25,26]. It was recently shown that airborne transmission is highly virulent 

and represents the dominant route to spread the disease [27]. This finding was obtained based on the analysis of the trend 

and mitigation measures in three different cities considered epicenters of COVID-19: Wuhan, China, Italy, and New York 

City, in the period from January 23 to May 9, 2020. Importantly, this result reveals that among the adopted mitigation 

measures such as social distancing and wearing of masks, the difference with and without mandated face covering 

represents the determinant in shaping the trends of the pandemic and spread of the disease. Majority of SARS-CoV-2 

infected individuals (80%) are asymptomatic or present mild symptoms most likely due to a good immune response able 

to control the advance of the disease [28,29]. There is evidence that these asymptomatic people can infect others with 

SARS-CoV-2 [30,31]. In the other hand, symptomatic individuals may evolve to more severe symptoms and eventual 

death. The best way to prevent transmission and illness is to avoid being exposed to the virus. Therefore, some 

recommendations include wash hands often, avoid close contact, cover mouth and nose with a mask, cover coughs and 

sneezes, and clean and disinfect frequently touched surfaces daily [32]. In this regard, wearing of face masks in public 

corresponds to the most effective means to prevent interhuman transmission [27] (Fig. 1). 

Upon cell contact, the virus can enter the cells in two ways, either via endosomes or plasma membrane fusion. In 

both ways spike proteins (S1 e S2) from SARS-CoV-2 mediate attachment to the cell membrane by binding to the ACE2 

as the entry receptor [33]. On the other hand, virions are taken up into endosomes, spike proteins are activated by cathepsin 

L or alternatively by transmembrane protease serine 2 (TMPRSS2) in close proximity to ACE2 receptor, which initiates 

fusion of the viral membrane with the plasma membrane. The latter mechanism is less likely to trigger an antiviral immune 

response and is more efficient for viral replication [34].  

Once inside the cell, viral RNA is released, and polyproteins are translated. Coronavirus genomic RNA encodes 

nonstructural proteins (NS), that play a critical role in viral RNA synthesis, and structural proteins which are important for 

new virion assembly. First NS proteins 1a and 1ab are translated and cleaved by the papain-like protease (PIpro) and 3C-

like protease (3CLpro) to form functional NS proteins such as helicase or RNA-dependent RNA polymerase complex 

(RdRp). Structural proteins S1, S2, envelope (E), membrane (M) are translated by ribosomes bound to the endoplasmic 

reticulum (ER) and presented on its surface as a preparation of virion assembly. The nucleocapsids (N) remain in the 

cytoplasm and are assembled together with the genomic RNA. The virion precursor is then transported from the ER through 
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the Golgi apparatus to the cell surface via vesicles. Finally, virions are released from the infected cell through exocytosis 

and a new replication cycle begins [15,35]. (Fig. 2). 

 Symptoms and signs associated with viral pneumonia such as fever, cough, sore throat, headache, fatigue, myalgia 

and dyspnea are frequently shown by patients during the onset of COVID-19 [36,37,38,39,40,41]. Additionally, loss of 

taste or smell and gastrointestinal symptoms like nausea, vomiting or diarrhea has also been reported by infected patients 

[42,43, 44]. Nevertheless, disease severity seems to be strongly associated with underlying host conditions including age, 

sex and overall health. The latter seems to play a critical role in susceptibility and contribute to the risk of infection. When 

severe and non severe patients are compared, conditions such as hypertension, diabetes, cardiovascular and kidney diseases 

increase the risk of infection two to three-fold [45].  

 

3. Current therapeutic treatment for COVID-19 related to the onset and physiopathology of the disease 

  Better understanding of the mode of transmission, incubation period, molecular mechanisms underlying the virus 

infectivity and replication, as well as the pathophysiology and genetic factors associated to host, are crucial for the 

development of treatment strategies for COVID-19. Almost all patients with COVID-19 have lung involvement, as 

demonstrated by chest radiography, whereas severe complications are only observed in a small group of patients. Although  

observational studies reported older age and the presence of comorbidities as risk factors for increased disease severity in 

patients with COVID-19, it rapidly became clear that severe disease can also occur in younger patients with no pre-existing 

medical conditions [46]. Severe COVID-19 is strongly associated with hyperinflammation as evidenced by higher levels 

of C-reactive protein, ferritin and D-dimers in blood as well as increased neutrophil-to-lymphocyte ratio and serum levels 

of several inflammatory cytokines and chemokines [39, 47,48,49].  

Among hospitalized patients with COVID-19 complications such as pneumonia, sepsis, respiratory failure, and 

acute respiratory distress syndrome (ARD) are frequently found [50]. SARS-CoV-2 -induced ARDs exhibit similarities to 

that observed in other viruses and bacteria infections [51,52]. Overproduction of pro-inflammatory cytokines in response 

to SARS-CoV-2, known as cytokine storm, leads to increased risk of vascular permeability, organ failure and consequently 

death if uncontrolled [53, 54]. It has been demonstrated that genes encoding for interleukins  such as IL-1α, IL-1β, IL-6, 

IL-10, chemokines (CCl2, CCl3, CCL5, CCL10), and interferon (IFN-α2, IFN-β1, IFN-2) are highly expressed in patients, 

after 24 h post infection with SARS-CoV-2, and this is associated with increased infiltration of T cells, NK cells and 

monocytes  [55,56]. This observation is similar to what was reported for other coronaviruses infections such as Middle 

East respiratory syndrome (MERS) caused by MERS-CoV, where interleukins (IL-6, IL-23α, IL-10, IL-7, IL-1α, IL1β) 

and interferon (IFN-α2, IFN2, IFN-γ) have increased dramatically in a period of 24 hours post infection [57]. Furthermore, 

subsequent follow up after 24 hours of 463 severely infected COVID-19 patients showed decreased number of total 

lymphocytes, CD3+, CD4+, and CD8+ T lymphocytes, which could be the factor resulting in lethal pneumonia [55]. 

Increased concentrations of IL-15, IL-17 and TNF- also has been reported for MERS-CoV infections [58].  

Interleukin 17A (IL-17A) is a member of a multifunctional cytokine family that has shown to be a key driver in 

chronic tissue inflammation, specially in joint and skin such as psoriasis, psoriatic arthritis and ankylosing spondylitis 

[59,60].  The role of IL-17A can be protective, in defense from both extracellular bacteria and viruses that infect airway 

mucous membranes or can lead to hyper-inflammation. Furthermore, its role seems to be dependent on which tissue it is 

expressed (gut, lung or skin) [61]. IL-17A is mainly produced by Th17 cells, but also by innate and other adaptive immune 

cell components such as natural killer T cells, macrophages, neutrophils, CD8+ T cells, γδ T cells and innate lymphoid 

cells [62].  IL-17A is known to stimulate the production of IL-8, monocyte chemoattractant protein-1 (MCP-1) and growth-
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regulated oncogene-α (Gro-α), which increase the recruitment of neutrophils and monocytes; it also stimulates the 

production of IL-6 in response to extracellular microorganisms; and also, granulocyte-colony stimulating factor (G-CSF) 

and granulocyte-macrophage (GM)-CSF, which in turn, stimulate the expansion of myeloid lineages and the production of 

other mediators such as IL-1, TNF-α and Prostaglandin E2 (PGE2) [63]. It has been recently shown that peripheral 

mononuclear blood cells from patients with severe COVID-19 infection presented strikingly high numbers of circulating 

Th17 cells, parallel with increased levels of cytokines including IL-1β, IL-2, IL-7, IL-10, IL-17, G-CSF, interferon γ-

induced protein 10 (IP-10), MCP-1, macrophage inflammatory proteins (MIPs) and TNF-α. Due to the role of IL-17A in 

tissue inflammation and its putative protective function, IL-17A has been considered as new therapeutic target for the 

treatment and/or management of COVID-19 [64,65,66]. Furthermore, to face this typical cytokine storm, it was suggested 

that the drug fedratinib, a Janus kinase 2 (JAK2) small molecule inhibitor could be a potential therapeutic agent used for 

COVID-19 patients with this increased Th17 profile [67]. Therefore, one of the treatment strategies for COVID-19 includes 

anticytokine therapies or immunomodulators to target overactive cytokine response [68].   

Besides IFN type 1 and IFN type 2, a third type of interferon family, termed lambda (IFN-), was identified. In 

fact, this family consists of four members in humans: IFN-1/IL-29, IFN-2/IL-28A, IFN-3/IL-28B, and IFN-4. They 

share low homology with type I IFNs and IL-10 and exhibit potent antiviral activity [69]. IFN-act by binding to a 

heterodimeric IFN-λ receptor (IFNLR) complex, activating a STAT phosphorylation-dependent signaling cascade and 

thereby inducing several genes that modulate immunity through a complex forward and feedback loops [70]. It has been 

shown that IFN-are induced at lower viral burden in influenza virus infections and before type I IFNs. This is considered 

a mechanism to limit the initial infection by inducing viral resistance to cells and helping them deal with the virus load 

[71]. Also, IFN-seems to lack the strong pro-inflammatory effects of type I IFNs and are rather tissue-protective and 

anti-inflammatory and therefore has been proposed as a potential strategy for the treatment of COVID-19 patients to help 

with two main clinical problems: persistent virus presence in the lung and induction of a “cytokine storm” [72]. 

Cytokine storm is  also, the result of activation of coagulation pathways during the immune response to infection, 

which leads to an unbalance between -pro and -anticoagulant factors and results in micro thrombosis, disseminated intra 

vascular coagulation, and multiorgan failure evident in COVID-19 pneumonia [68]. Thus, prophylactic dose heparin has 

been recommended for hospitalized patients [73].  

Considering the current knowledge acquired with research data from other coronavirus infections such as Middle 

East Respiratory Syndrome (MERS) and Acute Respiratory Syndrome (SARS), associated with the clinical features 

observed in patients infected with SARS-CoV-2, it is possible to identify basically three stages or phases in the natural 

history of COVID-19, regarding disease severity. The first phase is related to the onset of the disease and generally 

characterized by the development of influenza-like symptoms from mild to moderate [36,74]. In this phase virus can be 

detected by molecular analysis via reverse transcriptase-polymerase chain reaction (RT-PCR). Most patients in this initial 

phase may be asymptomatic and even transmit the disease to other people, however, depending on yet unknown factors 

they may progress to a second stage known as pulmonary phase. In this phase, it is possible to detect pneumonia-like 

symptoms evidenced as lung opacities as seen in chest radiography or as glass opacities in computed tomography (CT) 

[75,76]. COVID-19 pneumonia presents particularly distinctive features such as severe hypoxemia often associated with 

near normal respiratory system compliance with variable degrees of severity [77]. Depending on the severity of phase 2 

patients can improve or worsen with the necessity of intubation and ventilation. These patients are typical examples of the 

phase 3 which is characterized by hyperinflammation and sepsis of lungs and patient often requires intensive care unit 

(ICU) and most of them unfortunately can not overcome the infection (Fig.3). These preliminary observations based on 
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medical experiences since the outbreak of COVID-19 have been driving the search of novel or repurposed drugs to treat 

this disease. 

Proteins involved in the SARS-CoV-2 entry and replication mechanism into host cell have been the main targets 

for drug testing and development. As mentioned before coronaviruses are composed by nonstructural proteins (NS) and 

structural proteins (S).  In fact, the SARS-CoV-2 RNA genome consists of eleven open reading frames (ORFs), disposed 

in the following order: ORF1ab, ORF2 (Spike protein), ORF3a, ORF4 (Envelope protein), ORF5 (Membrane protein), 

ORF6, ORF7a, ORF7b, ORF8, ORF9 (Nucleocapsid protein), and ORF10 in the 5' to 3' direction.  The ORF1a/b codes for 

a polyprotein (PP1a and PP1ab), which comprises 16 nonstructural proteins (NSPs) [81]. NSP1, known as Leader protein, 

binds to 40S ribosome from host cell to inactivate host mRNA translation by degradation, while keeps viral RNA intact 

[82]. NSP2, a conserved protein in SARS-CoV-1, was shown to bind two host proteins: prohibitin 1 and prohibitin 2 (PHB1 

and PHB2) involved in cell cycle progression, cell migration, cellular differentiation, apoptosis, and mitochondrial 

biogenesis [83]. NSP3 is a large papain-like proteinase with approximately 200kDa in size, whose sequence contains 

several conserved domains including ssRNA binding, ADPr binding, G-quadruplex binding, protease (papain-like 

protease), and NSP4 binding domains besides a transmembrane domain [81]. The papain like protease domain is 

responsible for the release of NSP1, NSP2, and NSP3 from the N-terminal region of polyproteins 1a and 1ab from 

coronaviruses and therefore is considered an important target for antiviral agents [82]. NSP4 is a protein that interacts with 

NSP3 which is essential for viral replication. It contains a transmembrane domain and possibly interacts with host proteins 

with a function of membrane rearrangement in SARS-CoV-1 [83]. NSP5 is a 3C-like proteinase (3CLpro) with homology 

to the Middle East Respiratory Syndrome (MERS) coronavirus protease. This protease is able to cleave at eleven different 

sites to yield mature and intermediate nonstructural proteins [84]. NSP6 is thought to be involved in the generation of 

autophagosomes from the endoplasmic reticulum based on studies with avian coronavirus NSP6, which facilitate assembly 

of replicase proteins and avoid degradation of viral components [85]. NSP7 form a complex with NSP8 and NSP12 proteins 

to produce an active RNA polymerase [86]. Based on studies with porcine reproductive and respiratory syndrome virus 

(PRRSV), NSP9 has been shown to interact with the DEAD-box RNA helicase 5 (DDX5) cellular protein, an important 

association for viral replication [87]. NSP10 interacts with NSP14 resulting in the stimulation of the activity of this latter 

protein, which function as an S-adenosylmethionine (SAM)-dependent (guanine-N7) methyl transferase (N7-MTase) [88]. 

NSP10 also interacts with NSP16, a 2′-O-methyltransferase, whose activity is stimulated as result of this interaction [89]. 

NSP11 is a small protein with 13 amino acids that has an unknown function. Its first nine amino acids are identical to the 

first nine amino acids of NSP12 protein. This latter protein is an RNA-dependent RNA polymerase (RdRp) that makes 

copies of the viral RNA. NSP12 forms a complex with NSP7-NSP8 essential for its activity [90]. NSP13 works as a helicase 

that seems to interact with NSP12 and have 5′-triphosphatase activity as well. This activity is important to introduce 5′-

terminal cap of the viral mRNA during its processing [91] together with NSP14, which has 3′-5′ exoribonuclease activity 

and N7-methyltransferase activity [92]. NSP15 has been characterized as an endoribonuclease that cleaves RNA at specific 

regions [93]. NSP15 proteins prevent the host immune sensing system from detecting the virus by degrading viral 

polyuridine sequences [94]. NSP16 is a 2′‑ O‑ Ribose‑ Methyltransferase that methylates the 2′-hydroxy group of 

adenines during viral RNA processing by using S-adenosylmethionine as the methyl source [95]. 

The spike glycoprotein S is a main target of strategies using neutralizing antibodies since SARS-CoV-2 uses this 

protein to bind to its receptor to mediate membrane fusion and virus entry. Protein S has a trimeric structure with each 

monomer consisting of two subunits, named S1 and S2, that together account for a molecular weight of approximately 180 

kDa [96]. It was shown that SARS-CoV-2 S protein is less stable than SARS-CoV-1, another coronavirus responsible for  
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SARS, and antibodies anti-SARS-CoV-1 S1 protein is able to inhibit SARS-CoV-1 entry but not SARS-CoV-2. Also, sera 

from recovered SARS and COVID-19 patients showed limited cross- neutralization suggesting that a possible recovery 

from one infection may not protect against other [96]. Interestingly, the S protein of SARS-COV-2 was shown to have a 

furin cleavage site which is lacking in the S protein of SARS-CoV-1 [22]. This could be one of the explanations for the 

difference in pathogenicity of these two viruses [78]. Besides spike (S) protein, nucleocapsid (N), envelope (E) and 

membrane (M) proteins, as well as 3CL protease (3CLpro), papain like protease and RNA-dependent RNA polymerase 

complex (RdRp) proteins which include the helicase protein have been suggested to be antiviral targets [97].  

Recently Gordon et al. [98] reported an interesting approach to try to find new druggable targets for treatment of 

COVID-19. The authors cloned, tagged, and expressed 26 of the 29 SARS-Cov-2 proteins in human cells and by using 

affinity-purification mass spectrometry identified the human proteins physically associated with each one. Sixty six out of 

332 human proteins identified were shown to be targeted by 69 compounds, some of them FDA-approved or in clinical 

and preclinical trials. A similar approach based on virtual screening was used to identify potential drugs that bind 

specifically to SARS-CoV-2 3-C like protease (3CLpro), essential for virus replication. Three-dimensional model of the 

protease using crystal structure of the high similar protease ortholog SARS-CoV was prepared and revealed 16 candidates 

for evaluation including two repurposed drugs such as velpatasvir and ledispavir [99]. 

 One of the approaches used to find a potential effective drug against SARS-CoV-2 has been the testing of 

repurposed drugs. Among these drugs are antiviral agents, anti-inflammatory agents and other pharmacological drugs 

aiming to modulate the immune response or to inhibit the overproduction of cytokines. Another alternative has been the 

use of strategies adopted in other virus epidemic such as convalescent plasma therapy. The structure and target of some of 

the repurposed drugs evaluated for treatment of COVID-19 is shown in Table 1. Updated results on current knowledge 

regarding the use of these drugs and other therapeutic approaches are presented and discussed below. 

 

3.1. Azithromycin 

The macrocyclic lactone antibiotic azithromycin has been shown to have in vitro activity against Zika and Ebola 

viruses [100, 101]. Azithromycin has also shown to exhibit anti-inflammatory activity [102,103]. Additionally, it has shown 

to induce interferon type I (IFN-, IFN- and type III (IFN-)  in cells from chronic obstructive pulmonary disease patients 

and decrease rhinovirus-16 viral load in bronchial epithelial cells [104]. Most of the cytokines induced by azithromycin is 

related to viral infection response and in turn induce resistance to viral replication in target cells [105,106]. The in vitro 

concentration EC50 (50% effective concentration) for azithromycin against SARS-CoV-2 was determined as 2.12 M 

following 72 hours incubation period post infection [107]. Several studies in COVID-19 patients have been showing 

limitations considering that they focused mainly on viral load as end point and detailed clinical outcomes are generally 

lacking. Nevertheless, collectively they present preliminary evidence that inclusion of azithromycin in various treatment 

regimens can influence the course of viral infection and potentially influence clinical outcomes [108,109]. Yet there are 

still controversies regarding efficacy of azithromycin in combination with hydroxychloroquine in COVID-19. While a 

French study have shown 100 % reduction of viral load in six patients treated with azithromycin and hydroxychloroquine 

in contrast with 57.1% of patients treated with only hydroxychloroquine another study showed no efficacy at all in a case 

series with eleven patients treated with the same combination [109,110]. Thus, confirmation and validation are still needed 

before a conclusion on the efficacy of azithromycin can be reached. The contradictory results reported so far is one of the 

reasons suggesting  that additional randomized controlled trials is essential to confirm these preliminary data and help to 
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understand the benefits and the role of azithromycin in  treatment combinations used to treat  COVID-19 infection. Clinical 

trials are currently ongoing to fill up these gaps. 

 

3.2. Chloroquine and hydroxychloroquine 

Chloroquine is a drug that has been used worldwide as anti-malarial as well as for the treatment of immune 

disorders such as rheumatoid arthritis and Lupus [111,112]. The first indication of a potential effect of chloroquine on 

SARS-CoV-2 infection came from a report during China outbreak. In this study, results from more than 100 patients 

demonstrated that chloroquine inhibited the exacerbation of pneumonia, improved lung imaging findings, promoted a virus 

negative conversion and shortening of the disease course [113]. Before the COVID-19 outbreak, previous studies with 

chloroquine had shown its ability to inhibit in vitro the viral replication of another coronavirus (SARS-CoV), responsible 

for the Severe Acute Respiratory syndrome [114,115].  

Hydroxychloroquine is a less toxic derivative of chloroquine that has shown lower half maximal inhibitory 

concentration (IC50) compared to chloroquine in inhibiting SARS-CoV-2 in vitro [116]. Additional studies confirmed this 

finding [117,118,119,120]. A small study open-label non-randomized clinical trial with 36 confirmed COVID-19 patients 

was conducted in France. The end point was the presence or absence of virus after six days from the inclusion in the 

protocol. The results showed a significant association between hydroxychloroquine treatment and viral load 

reduction/disappearance and this effect was reinforced by azithromycin [109]. Important to note that in this study, clinical 

severity of the patients ranged from asymptomatic to pneumonia, i.e, none of them was critically ill. Also, the results of 

this study was questioned by the International Society of Antimicrobial Chemotherapy (ISAC), which declared that due to 

the lack of clear explanation of the inclusion criteria and the triage of patients to ensure patient safety, it did not meet the 

expected standard of that Organization. Nonetheless, an analysis of the data reported in Gautret work, using a 

pharmacokinetic model claim to confirm that co-treatment of COVID-19 with hydroxychloroquine and azithromycin 

increases the probability of negative-PCR in patients. The analysis also showed that clinical status affects the treatment 

outcome. Since the analysis was based on limited published data the results need to be interpreted with caution [121].  

Basically, three mechanisms have been proposed for the antiviral activity of hydroxychloroquine/chloroquine. 

First the drugs interfere with the terminal glycosylation of the cellular receptor ACE2, thus preventing virus-receptor 

binding; Secondly, the drugs increase the pH of acidic cellular organelles, hampering endocytosis at intermediate stages 

with negative effects on virion transport and potentially altering post-translational modification of newly synthesized viral 

proteins; and third the drugs may disturb the process of virion assembly and viral protein synthesis [119,122]. 

Despite the lack of strong and reliable evidence of efficacy, due to the pressure that COVID-19 has imposed 

worldwide, many health authorities have implemented official guidelines on the use hydroxychloroquine and chloroquine 

for the treatment of patients with COVID-19 [123,124,125]. Regarding the side effects of hydroxychloroquine and 

chloroquine, both have been in clinical use for several years, thus their safety profile is well established [126]. 

Gastrointestinal upset has been reported with hydroxychloroquine and retinal toxicity has been described with long term 

use of both drugs [127,128,129]. Retinal toxicity may also be related to over-dosage [130]. Additionally, cardiomyopathy 

and heart arrhythmia have been reported [131,132]. To address the effect of chloroquine, hydroxychloroquine in 

combination or not with azithromycin on the QT interval (a measure of delayed ventricular repolarization), a prospective, 

observational study was performed in hospitalized patients with SARS-CoV-2. The primary outcome evaluated in this 

study was QT prolongation resulting in Torsade de pointes (TdP) and cardiac death. The results showed that for the two 

hundred one patients treated for COVID-19 with chloroquine/hydroxychloroquine, baseline QT intervals did not differ 
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between patients treated with chloroquine/hydroxychloroquine and patients treated with these drugs and azithromycin. 

However, during treatment the maximum QT was significantly longer in the combination group compared to the 

monotherapy group and seven patients required discontinuation of the medications, but no arrhythmogenic deaths were 

reported. The authors concluded that although clinicians seldomly needed to discontinue therapy further studies are needed 

before final recommendations can be made [133]. A multinational registry evaluation of the use of chloroquine or 

hydroxychloroquine with or without a macrolide for the treatment of COVID-19, using data from 671 hospitals in six 

continents was recently published [134]. In this study was included patients hospitalized between Dec 20, 2019, and April 

14, 2020, with a positive laboratory finding for SARS-CoV-2. Patients were included in one of four treatments (chloroquine 

alone, chloroquine with a macrolide, hydroxychloroquine alone, or hydroxychloroquine with a macrolide), and patients 

who received none of these treatments formed the control group. From a total of  96,032 patients analyzed, 14,888 patients 

were in the treatment groups (1,868 received chloroquine, 3,783 received chloroquine with a macrolide, 3,016 received 

hydroxychloroquine, and 6,221 received hydroxychloroquine with a macrolide) and 81,144 patients were in the control 

group. The study concluded that, after controlling for multiple confounding factors (age, sex, race or ethnicity, body-mass 

index, underlying cardiovascular disease and its risk factors, diabetes, underlying lung disease, smoking, 

immunosuppressed condition, and baseline disease severity), it was not possible to confirm a benefit of hydroxychloroquine 

or chloroquine, when used alone or with a macrolide, on in-hospital outcomes for COVID-19. Each of these drug regimens 

was associated with decreased in-hospital survival and an increased frequency of ventricular arrhythmias when used for 

treatment of COVID-19 [134]. Of note, this study was performed with hospitalized patients, most of them with associated 

comorbidities. Regrettably, this study was recently withdrawn under suspect of flawed data and ethical concerns about the 

methodology used in the analysis. Before this announcement, clinical trials designed to address the safety and efficacy of 

chloroquine and hydroxychloroquine alone or in combination with azithromycin were suspended temporarily by the World 

Health Organization authorities based on the published results. However, they stepped back and authorized the continuation 

of the ongoing clinical trials. Therefore, a great debate persists whether individuals with confirmed COVID-19 with mild 

symptoms or asymptomatic could benefit from treatment with these drugs. 

 

3.3. Ivermectin 

Ivermectin is best known as an antiparasitic agent sold with the commercial name STROMECTOL® but it has 

also demonstrated antiviral activities toward human immunodeficiency virus (HIV) and dengue virus [135]. Ivermectin 

targets the host nuclear transport importin /1 heterodimer which the virus relies for the replication and assembly of new 

virions [136]. This drug was shown to inhibit SARS-CoV-2 in vitro replication for up to 48 h at a concentration of 5 M. 

The 50% inhibition concentration (IC50) was determined as 2 M which was much higher than the maximum plasma 

concentration [137]. A study was performed aiming to predict total (bound and unbound) and unbound plasma 

concentration-time profiles after the administration of FDA approved dose (200 mg/kg), 60 mg/kg and 120 mg/kg. The 

results of this study showed that plasma concentrations did not reach the IC50 even at doses higher than the approved. 

Furthermore, the authors concluded that after oral administration with the approved dose it is unlikely that ivermectin 

reaches the IC50 in the lungs and therefore the likelihood of a successful clinical trial would be low. Despite these results, 

combination therapy with other agents may be beneficial and it has been suggested [138]. Moreover, studies with animal 

models have shown up to 3-fold higher levels in pulmonary tissue than in plasma one week after oral dosing demonstrating 

the need for further research to better evaluate the effectivity of ivermectin for the treatment of respiratory viruses such as 

SARS-CoV-2 [139]. 
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3.4. Lopinavir-Ritonavir 

Lopinavir is an aspartate protease inhibitor that has demonstrated high specificity against human 

immunodeficiency virus (HIV) type 1. Lopinavir was developed by the pharmaceutical company Abbot and is sold by the 

brand name Kaletra®. This drug is generally administered in combination with ritonavir due to its poor oral bioavailability, 

rapid biotransformation and to increase its half-life through the inhibition of cytochrome P450 [140]. In the HIV-1 infection 

context, the lopinavir hydroxy ethylene bond mimics the normal peptide cleaved by the virus HIV-1 protease [141]. During 

the severe acute respiratory syndrome (SARS) epidemic in 2003, lopinavir was tested in vitro and showed inhibitory 

activity against SARS-CoV [140,142,143]. A multicenter retrospective study matched cohort study was performed by Chan 

et al. [144] to investigate possible benefits and adverse effects of the addition of lopinavir/ritonavir to a standard treatment 

protocol for the treatment of SARS. They showed that as an initial treatment, the protocol used was associated with a 

significant reduction in the overall death rate and intubation rate, when compared with a matched cohort who received 

standard treatment. Another study reported in 2004 suggested that the addition of lopinavir/ritonavir compared to a control 

group who received the antiviral ribavirin, reduced the risk of adverse clinical outcomes and viral load among patients with 

SARS [140]. One study reported a case of a single patient in the initial phase of SARS-CoV-2 outbreak in Korea who was 

identified as an index patient that caused secondary and tertiary transmission. The administration of lopinavir/ritonavir to 

this patient significantly decreased the viral load and no or little coronavirus titers were observed during follow-up [145]. 

Nevertheless, in another study reporting a randomized, controlled, open-label trial involving 199 hospitalized 

adult patients with confirmed SARS-Cov-2 infection, the use of lopinavir/ritonavir showed no benefit beyond standard 

care. This study had the time to clinical improvement as the primary end point [146].  

 

3.5. Nitazoxanide 

Nitazoxanide belongs to the class of drugs known as thiazolides. It has a broad spectrum antiparasitic and it has 

also shown to have broad spectrum antiviral activity. Nitazoxanide has been previously shown to exhibit in vitro activity 

against MERS-CoV and other coronaviruses [147]. Haffizulla et al. showed that when nitazoxanide was given in a regimen 

of 600 mg twice daily for 5 days, it reduced the duration of symptoms in patients with acute uncomplicated influenza with 

minor adverse effects [148]. Several recommendations have been made suggesting the potential use of nitazoxanide to treat 

SARS-CoV-2 infection, but they have been often ignored [149]. A recent review evaluated nine nitazoxanide research 

clinical trials to assess the safety, cost and potential use of this drug for COVID-19 [150]. The authors concluded that this 

drug demonstrate good safety profile at approved doses, although further evidence is required regarding hepatorenal and 

cardiovascular effects, as well as teratogenicity. If efficacy of nitazoxanide is clinically proven against COVID-19 it may 

represent an affordable and safe treatment. To date, the 15th of June 2020, twelve nitazoxanide clinical trials undergoing 

worldwide have been registered on the ClinicalTrial.gov website, five of them recruiting volunteers (Table 2). 

 

3.6. Remdesivir 

Remdesivir is a phosphoramidate nucleoside analogue prodrug and a broad-spectrum antiviral agent 

commercialized by the pharmaceutical company Gilead [151]. It has demonstrated in vitro and in vivo activity in animal 

models against coronaviruses causing MERS and SARS, which are structurally similar do SARS-CoV-2 [152]. Remdesivir 

demonstrated to potent block SARS-CoV-2 infection at low concentrations with a half-maximal effective concentration 

(EC50) of 0.77 M [120]. A report on a single case patient described clinical improvement after use of remdesivir 
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intravenously to treat the first United States case of COVID-19 [153]. Another study reported a compassionate use of 

remdesivir in hospitalized patients with confirmed SARS-CoV-2 infection who had an oxygen saturation of 94% or less, 

or who were receiving oxygen support [154]. The authors observed clinical improvement in 36 of 53 patients (68%) treated 

with remdesivir consisting of a loading dose of 200 mg intravenously on day 1, plus 100 mg daily for the following 9 days, 

however the authors suggested that efficacy will require ongoing randomized, placebo controlled trials.    

Notwithstanding these results, a randomized, double-blind, placebo-controlled study with 237 patients enrolled 

showed that use of remdesivir was not associated with statistically significant clinical benefits. Patients receiving 

redemsivir had a numerical reduction in time to clinical improvement compared to placebo, although theses results were 

not statistically significant [155]. This study had to be terminated early due to the adverse events observed in the patients.  

  

3.7. Favipiravir 

Favipiravir, commercially sold as Avigan, is a pyrazinecarboxamide derivative and guanine analogue that has 

shown to selectively inhibit the RNA-dependent RNA polymerase (RdRP) of RNA viruses interfering with the assembly 

of viable virus [156,157]. This drug has shown activity against many RNA viruses such as influenza A virus, alphavirus, 

filovirus, arena and norovirus as well as Ebola virus [158]. A study designed to evaluate the potential antiviral activity 

against SARS-CoV-2 included favipiravir in a panel of drugs tested. Favipiravir showed efficacy in vitro in infected Vero 

E6 cells demonstrating a half-maximal effective concentration (EC50) of 61.88 M and half cytotoxic concentration over 

400 M [120]. In contrast, Choy et al. showed that concentrations lower than 100 M has no effect against SARS-CoV-2 

in vitro [159]. On the other hand, it has been shown that COVID-19 patients treated with favipiravir show superior recovery 

rate (71.43%) than patients treated with umifenovir (55.86%) [160]. An open label nonrandomized controlled study 

examined the effects of favipiravir and lopinavir/ritonavir in 80 patients with confirmed COVID-19. The study comprised 

two arms, with one containing 35 patients treated with favipiravir (Day 1: 1600 mg twice daily; Days 2–14: 600 mg twice 

daily plus 5 kU twice daily IFN-)  and the other containing 45 patients treated with lopinavir/ritonavir (Days 1–14: 400 

mg/100 mg twice daily plus 5 kU twice daily IFN-) as a control group. Favipiravir treatment was associated with faster 

viral clearance, significantly higher improvement rate in chest imaging and fewer adverse effects compared to the 

lopinavir/ritonavir arm [161]. Non-randomized and randomized controlled clinical trials aiming to investigate efficacy and 

safety of favipiravir alone or in combination with tocilizumab or chloroquine phosphate are currently ongoing. 

 

3.8. Umifenovir (Arbidol) 

Umifenovir is an indole carboxylic acid derivative used for treating prophylaxis and infections associated with 

H1N1A and B arbovirus [162]. Also known as arbidol, umifenovir acts by blocking the virus-cell membrane fusion and 

virus-endosome fusion, through incorporation into cell membranes and interference with the phospholipids network 

organization [163]. This drug showed in vitro activity against SARS-CoV-1 virus and was speculated to have activity 

against SARS-CoV-2 [164]. Combination of umifenovir and lopinavir/ritonavir showed increased negative conversion rate 

of SARS-CoV-2 and improved chest CT scans results in a retrospective cohort study [165]. However, it was shown that 

patients treated with umifenovir demonstrated inferior outcome in clinical recovery rate and less improvement in symptoms 

like fever and cough, when compared to favipiravir [160]. In contrast, another study evaluated the antiviral effects and 

safety of lopinavir/ritonavir and arbidol in fifty patients with laboratory-confirmed COVID-19. They were divided into two 

groups: Lopinavir/ritonavir group consisting of 34 cases and arbidol group consisting of 16 cases. The first group received 

400 mg/100mg of Lopinavir/ritonavir, twice a day for a week, while the second group was given 0.2 g arbidol, three times 
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a day. RT-PCR assay was used to detect SARS-CoV-2 virus during antiviral therapy. Patients in the arbidol group had a 

shorter duration of positive RNA test compared to those in the lopinavir/ritonavir group, suggesting that arbidol 

monotherapy may be superior to lopinavir/ritonavir in treating COVID-19 [166]. Clinical trials aiming to investigate 

efficacy and safety of umifenovir alone or in combination are currently ongoing. 

 

3.9. Corticosteroids 

Methylprednisolone is one of the classical immunosuppressive drugs used to stop or delay the progress of 

pneumonia and have been proved to effective for the treatment of acute respiratory distress syndrome (ARDs). Patients 

with COVID-19 pneumonia and severe cases develop rapidly to acute respiratory failure [39]. Therefore, it is not a surprise 

that methylprednisolone became a drug of choice to use in severe cases. In a retrospective cohort study with 201 patients 

with COVID-19 who developed ARD, administration of 1–2mg/kg/daily IV for 5–7days apparently reduced the risk of 

death, although 42% of patients who received this drug died compared to 61,8% who did not received the drug [167]. Early, 

low-dose and short application of methylprednisolone was associated to improvement in clinical symptoms and a shortened 

disease course in another study with 46 patients with severe COVID-19 [168]. A limited study with only 15 patients and 

no control group corroborated the benefits of low dose corticosteroids treatment in a subset of critically ill COVID-19 

pneumonia patients [169]. Another steroid that has been used in the treatment of acute respiratory syndromes before is the 

fluorinated steroid dexamethasone, a synthetic member of the class of glucocorticoids. At the closing of this review on 

June 17th, the results of a randomized clinical trial established to examine the potential benefit of treatment with 

dexamethasone in COVID-19 patients were announced by the university of Oxford. This study was part of the proposal 

called RECOVERY (Randomized Evaluation of COVid-19 thERapY) and consisted of 2104 patients randomized to receive 

6 mg once per day of dexamethasone (either orally or by intravenous injection) for ten days and 4321 patients randomized 

to receive standard care. As mentioned before, patients with severe COVID-19 infection requires ventilation and oxygen 

support and unfortunately, they are among the patients with high mortality rate. Dexamethasone reduced deaths by one-

third among ventilated patients and by one fifth among those receiving oxygen. This benefit was not observed in patients 

who did not require respiratory support. The announced yet unpublished study is encouraging and give support to the 

hypothesis that corticosteroids can be useful in the treatment of severe COVID-19 patients reducing mortality [170]. 

 

3.10. Anticoagulants 

 Some studies have been reporting that severe COVID-19 patients present coagulopathy complications [39, 171, 

172]. Disseminated intravascular coagulation is frequently observed in most of deaths caused by SARS-CoV-2 [39]. This 

observation led to the active application of anticoagulants such as heparin for patients with severe COVID-19 in China 

notwithstanding the lack of efficacy validation [173]. Nevertheless, Tang et al. [174] performed a retrospective study where 

they compared the 28-day mortality between a group of severe COVID-19 patients who received heparin and a group who 

did not receive this anticoagulant. No statistically difference in 28-day mortality was observed between groups (30.3% vs 

29.7%, p=0.910). However, in a group of patients presenting sepsis-induced coagulopathy with score greater than 4, those 

who received heparin showed a lower 28-day mortality than those who did not receive heparin (40.0% vs 64.2%, P =0.029). 

On the other hand, Negri et al. [175] reported in a not yet peer-reviewed study, a series of 27 consecutive COVID-19 

patients admitted at a hospital in São Paulo-Brazil and treated with heparin in therapeutic doses used in clinical severity. 

The treatment with heparin improved the ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO2/FiO2) 

and the mean time of discharge of 81% of theses patients were 11.4 days [175]. Cardiac arrhytmias are often the immediate 
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cause of death in severe patients [176], therefore, it has been suggested that the use of heparin in COVID-19 severe patients 

would be useful not only due to its anticoagulant activity but also its antiarrhythmic property [177,178,179]. 

 

3.11. Anti-inflammatory therapy approaches  

Beyond the virus itself, another factor considered to be important as primary cause of mortality of patients infected 

with SARS-CoV-2 is the pro-inflammatory response which can promote a cytokine storm and secondary bacterial infection.  

Therefore, drugs acting as anti-inflammatory are thought to help decrease the severity of COVID-19 patients. Interleukins 

1 (IL-1 and IL-1) are cytokines associated with innate immunity and damaging inflammation [180]. IL-1 was shown 

to reach peak levels at the time of disease onset in a study of ARDS assessing serial bronchoalveolar lavage fluids for 

cytokine content [181]. Anakinra, sold by the brand name Kineret, is a recombinant IL-1 receptor antagonist used to treat 

autoinflammatory disorders [182]. A retrospective cohort study conducted in Italy with patients with COVID-19, moderate-

to-severe ARDs and hyperinflammation demonstrated that high-dose intravenous anakinra was safe and associated with 

clinical improvement in 72% of the patients [183]. Despite the recognized limitations of this study the results are promising 

and a randomized phase two clinical trial (NCT04324021) is ongoing. Meanwhile, a cohort prospective study was 

performed in France with participants who were admitted to Groupe Hospitalier Paris Saint-Joseph with severe COVID-

19-related bilateral pneumonia on chest x-ray or lung CT scan from March 24 to April 6, 2020. The anakinra group 

consisted of 52 consecutive patients that received subcutaneous anakinra (100 mg twice a day for 72 h, then 100 mg daily 

for 7 days) as well as the standard treatments at the institution at the time. The control group consisted of 44 patients that 

received standard treatments and supportive care. Intensive Care Unit (ICU) admission or death occurred in 13 (25%) 

patients in the anakinra group compared to 32 (73%) patients in the control group [184]. These results suggest the need of 

more clinical trials to confirm the efficacy of anakinra to treat patients with severe COVID-19 infection. 

Baricitinib is a Janus kinase (JAK) inhibitor licensed primarily for the treatment of rheumatoid arthritis and with 

good efficacy and safety records [185].  Interestingly, this anti-inflammatory drug has been considered an option for 

treatment of COVID-19 and its antiviral effect is believed to be related to its affinity for AP2 associated protein AAK1, 

reducing SARS-CoV-2 endocytosis [186]. Cantini et al. [187] reported a pilot study to evaluate the safety and clinical 

impact in COVID-19. Baricitinib was given to 12 patients with moderate COVID-19 at a dose of 4 mg/day/orally. No 

adverse events were recorded after two weeks and clinical and respiratory parameters significantly improved at two weeks 

with no patients required admission to ICU [187]. Caveats in this study is that no proper control group was included. 

Interleukin 6 (IL-6), tumor necrosis factor (TNF) and interferon gama (IFN-) are other targetable cytokines that 

play important role in the pathogenesis of lung seen in COVID-19. Excessive IL-6 signaling induces several biological 

pathways including Janus kinase (JNK), which contribute to organ damage [188]. Tocilizumab is a recombinant humanized 

monoclonal anti-IL-6 antibody that binds both soluble and membrane bound IL-6 receptor [189]. A Chinese study aiming 

to assess the efficacy of tocilizumab in 21 patients with COVID-19 showed preliminary results demonstrating that this drug 

improved clinical outcome immediately in severe and critical patients and was an effective treatment to reduce mortality. 

All 21 patients in the study were discharged on average 15.1d after giving tocilizumab [190]. 

Interferons (IFNs) are the first line of immune defense against viral infections. Its antiviral activity occurs by 

blocking viral replication and eliminating the virus-infected cells [191]. Several cellular proteins, located in different 

compartments, contain Pattern Recognition Receptors (PRRs) such as Toll Like Receptors (TLRs), RIG-I Like Receptors 

(RLRs) and cyclic AMP-GMP synthase (cGAS)/stimulator of IFN genes (STING), that  act as sensors for specific viral 

components [192,193,194].  Upon virus infection, transcription factors such as Interferon Regulatory Factors (IRFs) and 
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Nuclear Factor-κB (NF-κB) are activated by signaling pathways triggered by Ligand-PRRs interaction. These transcription 

factors act cooperatively to induce the synthesis of  Type I interferons, such as IFN-, which in turn can induce the 

expression of several genes involved in blocking viral infection, via Janus Kinase (JAK)/Signal Transducer of Transcription 

(STAT) signaling pathway [195].  Interferon-β1b treatment have shown to improve outcome of MERS-CoV infection in a 

nonhuman primate model of common marmoset [196]. IFN- and IFN- have been tested in vitro against SARS-CoV-2 

and shown potent antiviral activity. Infected Vero cells treated with IFN-α or IFN-β at a concentration of 50 international 

units (IU) per milliliter reduced viral titers by 3.4 log or over 4 log, respectively, demonstrating the potential therapeutic 

use of these biologicals in COVID-1 infections [197]. Addition of IFN-1β in the treatment of COVID-19 patients receiving 

the antivirals lopinavir/ritonavir was shown to be better than the treatment with the two antivirals alone as demonstrated 

by a open label, randomized, phase II clinical trial where patients in the triple combination treatment group had a 

significantly shorter median time from start of study treatment to negative nasopharyngeal swab (7 days) compared to the 

lopinavir/ritonavir control group (12 days) [198]. 

 

3.12. ACE inhibitors and Angiotensin Receptor 1 (AT1R) blockers  

As mentioned before Angiotensin-Converting Enzyme 2 (ACE2) was identified as a functional receptor in SARS-

CoV infection [199]. Structural and functional analysis of SARS-CoV-2 binding receptor showed that the spike 

glycoprotein of this virus also binds to ACE2 receptor [200,201,202]. It has been observed that patients with comorbidities 

such as hypertension and diabetes are frequently under medication with angiotensin-converting enzyme (ACE) inhibitors 

or angiotensin receptor blockers (ARB) which could result in overexpression of ACE2 and potentially increase availability 

of target molecules for SARS-CoV-2 entry [45,203,204,205]. ACE inhibitors and ARBs are used to treat patients with high 

blood pressure, heart and kidney problems and other conditions. It is believed that disbalance in ACE2, as caused by ACE 

inhibitors or nonsteroidal anti-inflammatory drug (NSAID) such as ibuprofen, an activator of ACE2 receptors expression, 

may predispose to severe disease [206]. On the other hand, there are some reports showing no association between these 

drugs and severe Covid-19 [207]. However, the renin-angiotensin-aldosterone system is very complex and it has been 

suggested that this complexity needs to be taken into consideration when treating COVID-19 pneumonia patients with 

comorbidities, due to the opposing physiological actions of ACE and ACE2 receptors [208]. ACE cleaves angiotensin I to 

generate angiotensin II, the peptide which binds to and activates angiotensin receptor 1 (AT1R) to constrict blood vessels, 

thereby elevating blood pressure. In contrast, ACE2 inactivates angiotensin II while generating angiotensin 1–7, a 

heptapeptide having a potent vasodilator function via activation of its Mas receptor [209]. In this context, it has been 

proposed that AT1R blockers, such as losartan and olmesartan, could reduce the aggressiveness and mortality from SARS‐

CoV‐ 2 virus infections. The rationale appointed for this proposal is that when SARS-CoV-2 binds to ACE2 receptor, it 

causes a downregulation of ACE2 activity, which in turn results in excessive production of angiotensin-II by the related 

enzyme ACE, while less ACE2 is capable of converting it to the vasodilator heptapeptide angiotensin 1–7, which 

contributes to lung injury due to increased pulmonary vascular permeability [210]. Furthermore, observational studies on 

the use of ACE inhibitors and ARBs during the COVID-19 pandemic and in other acute respiratory syndromes do not 

support the hypothesis that these drugs increase the risk of infection with SARS-CoV-2 or have a negative impact on the 

clinical outcomes of COVID-19 patients. Some demonstrate the opposite of the initially raised concerns [211,212]. 

Although in preclinical animal model, treatment with losartan has been shown to upregulate ACE2 mRNA expression and 

activity, human studies showed no significant difference in ACE2 plasma levels in patients treated with ARBs or ACE 

inhibitors, although local tissue ACE2 levels have not been measured [213,214,215,216]. ACE inhibitors and ARBs could 
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mitigate the deleterious effects AT1R pathway activation, which in turn decreases inflammation and lung injury [217]. 

However, the real impact of ACE inhibitors or angiotensin receptor blockers on severe acute respiratory illness due to 

SARS CoV-2 is not well established and contradictory results have been published in the literature so far. Only controlled 

randomized trials will be able to definitively answer the question of whether ACE inhibitors or ARBs pose a harm to 

patients with Covid-19 or if they could even be beneficial. Despite controversies it has been suggested the use of ACE 

inhibitors and ARBs should be continued in patients that are in stable condition, who are at risk for infection, are being 

evaluated for infection, or have Covid-19 [218]. 

 

3.13. Convalescent plasma therapy 

Convalescent plasma is a type of therapy where plasma is collected from individuals, following resolution of 

infection and development of antibodies. Transfusion of convalescent plasma may prevent infection or decrease clinical 

severity in individuals with recent exposure to the virus [219]. This type of therapy has been in use for over a century [220]. 

Human plasma from recovered COVID-19 patients is being considered a safe and potentially effective alternative for 

treatment and post-exposure prophylaxis [221, 222]. A study with 173 SARS-CoV-2 infected patients detected the presence 

of antibodies in serial plasma samples and demonstrated seroconversion rates for antibody (Ab), IgM and IgG of 93.1%, 

82.7% and 64.7%, respectively. The presence of antibodies was <40% among patients within 1-week since onset, and 

rapidly increased to 100.0% (Ab), 94.3% (IgM) and 79.8% (IgG) since day-15 after onset demonstrating a strong empirical 

support for the routine application of serological testing in the diagnosis and management of COVID-19 patients [223]. 

There are still few data on the use of convalescent plasma therapy in COVID-19, however, reports from China has shown 

preliminary clinical benefits regarding improvement of symptoms like fever, cough, chest pain and no serious side effect 

[224,225]. Again, the need of randomized clinical trials is urgent to determine the true clinical effect of this treatment or 

whether the patients might have recovered without this therapy. According to the ClinicalTrials.gov database there are 

currently 102 studies evaluating this therapy for COVID-19. 

 

3.14. Vitamin C 

Vitamin C (Ascorbic acid) is an essential vitamin known for its antioxidant properties, important to boost the 

immune system [226]. Some studies have shown that various high-dose intravenous vitamin C infusions (e.g., 200 mg/kg 

body weight/day, divided into 4 doses) shortened the intensive care unit (ICU) stay by 7.8% [227], and was accompanied 

by a significant reduction in the mortality rate in the treatment of severe sepsis and septic shock [228]. Moreover, vitamin 

C has also demonstrated antiviral activity which was recently reviewed [229]. Coronaviruses increase oxidative stress that 

promotes cellular malfunction and ultimately results in organ failure [230]. It is believed that high intravenous dose of 

vitamin C could be particularly effective by inhibiting the production of cytokines storm due to COVID-19  and many 

physicians in China have identified promising results using  this approach against COVID-19 [231,232]. It was reported 

that high-dose intravenous vitamin C was successfully used in the treatment of 50 moderate to severe COVID-19 patients 

in China. The doses used varied between 10 g and 20 g per day, given over a period of 8–10 h. The oxygenation index was 

improving in real time and all the patients eventually cured and were discharged [231]. 

Recently a new clinical trial to test high-dose vitamin C in patients with COVID-19 (Identifier: NCT04264533) 

has begun in Wuhan, China. In this trial, the investigators will treat 140 patients with a placebo control or intravenous 

vitamin C at a dose of 24 g/day for 7 days. They will assess requirements for mechanical ventilation and vasopressor drugs, 

organ failure scores, ICU length of stay and 28-day mortality [232]. 
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3.15. Vitamin D 

It is known that vitamin D can stimulate innate immunity and modulate acquired immunity [233].  However, 

although there are several contradictory results reported in the literature regarding the effect of vitamin D on acute 

respiratory infections, considering that pneumonia, sepsis, respiratory failure, and acute respiratory distress are frequently 

found in SARS-CoV-2 infected patients, it has been suggested that this vitamin could be beneficial in patients with COVID-

19. A meta-analysis study has shown evidence that vitamin D supplementation could protected against acute respiratory 

infections [234]. This benefit was observed in individuals who received frequent (e.g., daily) doses of vitamin D, but not 

in those who received bolus doses, and this effect was more evident in individuals with vitamin D deficiency.  A study 

performed with 449 individuals recruited from a UK BioBank with confirmed COVID-19 aimed to establish whether 25-

hydroxyvitamin D (25(OH)D) concentration was associated with COVID-19 risk [235]. This study showed no potential 

link between vitamin D concentrations and COVID-19 infection nor relation between this vitamin and the ethnic 

differences in COVID-19 infection. Despite this result, there are several clinical trials undergoing to better evaluate the 

role of vitamin D in COVID-19 infection (Table2). 

 

3.16. Zinc 

 It has been shown that zinc inhibits coronavirus and retrovirus RNA polymerase activity and zinc ionophores 

exhibit the potential to block virus replication in vitro [236]. Moreover, zinc has also shown to play a role as anti-

inflammatory agent in pneumonia in animal models, thus limiting tissue damage and systemic effects [237,238]. 

Furthermore, previous work performed before the COVID-19 pandemic demonstrated that chloroquine is a zinc ionophore 

increasing Zn2+ flux into the cell [239]. Therefore, zinc has been considered as supportive treatment in the therapy of 

COVID-19 infection.  Recently it was reported a series of four patient cases (one 63 years old man and three women with 

57, 41 and 26 years old) with clinical symptoms and/or laboratory confirmed COVID-19 that used high dose zinc salt oral 

lozenges to alleviate the symptoms of the disease. The treatment resulted in significant improvement in objective and 

symptomatic disease measures such as fever and PaO2, after one day of this high dose therapy [240]. Currently there is no 

standard dosage for zinc supplementation established in the treatment of COVID-19, however several clinical trials are 

underway to evaluate the effects of supplementation with zinc alone or in combination with other supplements or drugs 

such as vitamin C, chloroquine, Hydroxychloroquine and azithromycin on COVID-19 (Table 2). 

 

3.17. Combination therapies 

Hydroxychloroquine/azithromycin combination therapy has shown promising results in COVID-19 treatment 

although no clear mechanism of action has been established. Nevertheless, it was shown by molecular dynamics that both 

drugs act in synergy to prevent contact between the virus and the plasma membrane cells [241]. Azithromycin display 

similarity with the sugar moiety of ganglioside GM1, a lipid that act as important host attachment cofactor. This antibiotic 

interacts with the ganglioside-binding domain of SARS-CoV-2 spike protein and thereby prevents virus attachment to the 

host cell receptor. On the other hand, hydroxychloroquine saturates sites in the vicinity of the primary coronavirus receptor 

ACE2 [241].  

The results from an open label, randomized, phase II clinical trial designed to assess the efficacy and safety of 

triple combination of interferon beta-1b, lopinavir–ritonavir, and ribavirin for treating patients with COVID-19 were 

recently published. The study comprised  127 patients, from which 86 were randomly assigned to the combination group 
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(14-day combination of lopinavir 400 mg and ritonavir 100 mg every 12 h, ribavirin 400 mg every 12 h, and three doses 

of 8 million international units of interferon beta-1b on alternate days) and 41patients were assigned to the control group 

(14 days of lopinavir 400 mg and ritonavir 100 mg every 12 h). The primary endpoint was the time to providing a 

nasopharyngeal swab negative for SARS-CoV-2 RT-PCR. The combination group had a significantly shorter median time 

from start of study treatment to negative nasopharyngeal swab (7 days) than the control group (12 days), p=0·0010. The 

authors concluded that early triple antiviral therapy was safe and superior to lopinavir–ritonavir alone in alleviating 

symptoms and shortening the duration of viral shedding and hospital stay in patients with mild to moderate COVID-19 

[198]. Several treatment combinations protocols with the drugs mentioned earlier are being tested on ongoing clinical trials 

(ClinicalTrials.gov 2020). A summary of the status of these clinical trials accessed in June 13th on the ClinicalTrials.gov 

databank is shown in Table 2. 

 

3.17. First investigational vaccines  

A vaccine named ChAdOx1 nCoV-19 was the first vaccine to enter phase I clinical trial aiming to assess whether 

health people can be protected from COVID-19. This investigational vaccine, developed at the University of Oxford Jenner 

Institute, protected six rhesus macaques from pneumonia caused by SARS-CoV-2 [242]. It started to recruit volunteers in 

Oxford on April 23rd, 2020. Around 1,100 people is expected to take part in the trial with half receiving the vaccine and 

the other half control group. The vaccine is based on an adenovirus vaccine vector and the SARS-CoV-2 spike protein and 

has been produced in Oxford [243].  

Another candidate vaccine for COVID-19 named mRNA-1273 was developed by the pharmaceutical Company 

Moderna and phase 1 data was announced on May 18th, 2020. mRNA-1273 is an mRNA vaccine against SARS-CoV-2 

encoding for a prefusion stabilized form of the Spike (S) protein. The vaccine has shown to generate an immune response 

similar to the response seen in people infected by the virus and recovered. Despite the limited data, in phase I trial, eight 

patients who received low and middle doses of 25 and 100 g of the vaccine respectively, developed neutralizing antibodies 

against SARS-CoV-2. One of the people who received 100 g developed redness at the injection site, which is considered 

criteria for grade 3 adverse event. Three volunteers subjected to the highest dose tested of 250 g presented these adverse 

events after receiving the second of two doses [244].  

Zhu et al. [237] reported on May 22nd the results of a clinical trial (NCT04313127) where they tested the safety, 

tolerability and immunogenicity of a recombinant adenovirus type-5 vectored COVID-19 vaccine. Healthy adults aged 

between 18 and 60 years were sequentially enrolled and allocated to one of three dose groups (5 × 10¹⁰ , 1 × 10¹¹, and 1·5 

× 10¹¹ viral particles) to receive an intramuscular injection of vaccine. 108 participants (51% male, 49% female; mean age 

36·3 years) were recruited and received the low dose (n=36), middle dose (n=36), or high dose (n=36) of the vaccine. 

ELISA antibodies and neutralizing antibodies increased significantly at day 14 and peaked 28 days post-vaccination. 

Specific T-cell response peaked at day 14 post-vaccination. The authors concluded that this vaccine was tolerable, 

immunogenic and warrants further investigation [245]. Notwithstanding preliminary, these results are encouraging and 

shed hope for an effective treatment in the near future. Besides these vaccines there are more than 140 clinical trials 

registered in the ClinicalTrials.Gov databank.  

 

4. CONCLUDING REMARKS 

 Despite great efforts worldwide to try to find an effective drug against SARS-CoV-2 yet there is not a consensus 

about a definite therapy for COVID-19. The use of repurposed medications has shown to be a good alternative with 
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promising results while an effective vaccine is still not available. In this review we incorporated only key drugs and 

treatments that have been tested and demonstrated potential for use against SARS-CoV-2 virus as of June 13th, 2020. 

However, the results obtained so far with the use of repurposed drugs must be faced with caution. Unfortunately, the 

pressure imposed by the increasingly death toll and the great attention of the media and politics on the pandemic have 

stimulated the publication of some small or incomplete studies in humans with questionable empirical clinical data, many 

of them without desirable scientific rigor. This fact has been the subject of broad debate.  As a result, misinformation and 

confusion have occurred, hindering important actions to combat COVID-19 advance and leading to a needless discredit in 

science. In fact, some published research papers from recognized medical journals have been withdrawn recently after 

several concerns raised with respect to the veracity of the data and analyses conducted by the authors revealing the use of 

dubious methods of analysis and ethical problems [246]. This fact had a direct impact on ongoing clinical trials causing 

temporary suspension and compromising the long-awaited results. On the other hand, as stated by Zhang et. al. [27] “sound 

science should be effectively communicated to policy makers and should constitute the prime foundation in decision-

making amid this pandemic”. Furthermore, only well designed, and rigorous randomized controlled trial can provide 

reliable and generalized data for safety and effective use of drugs to treat infected patients [247]. Despite the great challenge 

posed by the COVID-19 pandemic and the surfaced ethical issues, the ongoing efforts to fight the virus and the excellence 

and  hardworking of many research groups across the world offer hope that in a near future we can win this battle.  
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Fig. 1 Preventive measures to avoid the spread of SARS-CoV-2. The virus spread mainly from person-to-person between 

people who are in close contact with one another and through respiratory droplets produced when an infected person cough, 

sneezes or talk. The best way to prevent is to avoid being exposed to the virus. 
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Fig. 2 Life cycle of SARS-CoV-2 and potential drug targets. 1) SARS-CoV-2 enters target cells via two ways, either via 

endosomes or plasma membrane fusion. In both ways spike proteins (S1 e S2) mediate attachment to the cell membrane 

by binding to the ACE2 receptor, 2) In the endosomal via, spike proteins are activated by cathepsin L or alternatively by 

transmembrane protease serine 2 (TMPRSS2) in close proximity to ACE2 receptor, which initiates fusion of the viral 

membrane with the plasma membrane, 3) viral RNA is released and part is translated  to produce polyproteins pp1a and 

ppab, which are cleaved by proteases PIpro and 3CLpro to yield 16 non-structural proteins that form the RNA replicase-

transcriptase complex, 4) This complex drives the production of negative-sense RNAs through both replication and 

transcription. A subset of around 9 subgenomic RNAs including those encoding all structural proteins (S-spike, M-

membrane, N-nucleocapsid and E-envelope) are translated, 5) Viral nucleocapsids are assembled from genomic RNA and 

N protein in the cytoplasm, followed by budding into the lumen of endoplasmic reticulum (ER)- Golgi complex, 6) Virions 

are then released through exocytosis. Potential SARS-CoV-2 targets and drugs are shown in red. The drugs and treatment 

strategies investigated aim to inhibit viral entry/replication into human cells, avoid cytokine storm or decrease 

hyperinflammation and lung injury. ACE - Angiotensin-Converting Enzyme, ARB – Angiotensin Receptor Blocker, CQ - 

Chloroquine, HQ - Hydroxychloroquine, TMPRSS2–Transmembrane serine protease 2, IL-interleukin, JAK- Janus kinase.  
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Fig. 3 Schematic representation of the natural history of COVID-19 from the onset to recovery or death. There are basically 

three stages or phases in the natural history of COVID-19, regarding disease severity. The first phase is related to the onset 

of the disease and is generally characterized by the development of influenza-like symptoms from mild to moderate. Some 

individuals recover and some progress to the second phase. In this phase, it is possible to detect pneumonia-like symptoms 

evidenced as lung opacities as seen in chest radiography or as glass opacities in computed tomography (CT). Depending 

on the severity of phase 2 patients can improve or worsen with the necessity of intubation and ventilation. These patients 

are typical examples of the phase 3 which is characterized by hyperinflammation and sepsis of lungs and patient often 

requires intensive care unit (ICU) and most of them unfortunately can not overcome the infection and eventually die. 
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Table 1. Chemical structure of repurposed drugs discussed in the present review that are being tested 

as potential use for treatment of COVID-19. 

 

 

Drug Structure Action Reference 

Anakinra  

 
 

Recombinant IL-1 

receptor antagonist, 

block cytokine storm. 

[184] 

Azithromycin  

 
 

Antiviral, anti-

inflammatory. 

[241,248] 
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S

 
 

Anti-inflammatory 

Janus Kinase (JAK) 

inhibitor, block cytokine 

storm. 

[187] 

Chloroquine  

 
 

Increases endosomal pH 

and alters glycosylation 

of ACE-2, interfering 

with virus/receptor 

interaction. 

[249] 

Dexamethasone  

 
 

Steroid, anti-

inflammatory, 

suppression of cytokine 
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Favipiravir  

 
 

Antiviral, RNA-

dependent RNA 

polymerase inhibitor. 

[156] 

Heparin  

 
 

It can reverse the 

hypercoagulation in 

severe cases of 

COVID-19. 

[173] 

Hydroxychloroquine  

 
 

Increases endosomal 

pH and alters 

glycosylation of ACE-

2, interfering with 

virus/receptor 

interaction. 

[241] 

Interferons (IFN) - Inhibits viral RNA 

transcription, protein 

translation and post 

translational 

modification. 

[191], [198] 

Ivermectin  

 
 

Antiviral, inhibits viral 

replication and 

assembly of new 

virions. 

[136], [137] 

Lopinavir  

 
 

Inhibits 3CL protease 

activity, Blockage of 

protein processing. 
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Losartan  

 
 

Angiotensin receptor 

blocker, interferes with 

renin-angiotensin system 

and blood vessels 

constriction/vasodilation. 

[210] 

Methylprednisolone 

 
 

 

Anti-inflammatory, 

suppress cytokine- 

related lung injury, block 

cytokine storm 

[168] 

Nitazoxanide  

 
 

Antiviral, interferes with 

3CL protease activity 

[147] 

Remdesivir 

 

 

 

 

 

 

 
 

Inhibits RdRp 

polymerase inhibiting 

RNA synthesis.  

[120],[152] 

Ritonavir  

 
 

Inhibits 3CL protease 

activity, blockage of 

protein processing. 

[144] 

CH3
N

N

NNH

N

N

OH

Cl

CH3

O

CH3
OH

CH3

O

OH

OH

CH3

N

N

N
+

O

OH

O
–

O

O

S

CH3

CH3

O

O

CH3

NH
P

OO

O

NN
N

N

NH2

OH

OH

O

CH3

CH3 N

S

N
CH3

O

NH

CH3 CH3

O

NH
NH

O
O

N

S

OH

Jo
ur

na
l P

re
-p

ro
of



 

 

 

Structures from National Center for Biotechnology Information. PubChem Database. 

https://pubchem.ncbi.nlm.nih.gov (accessed on June 16, 2020). 

 

Tocilizumab - Interleukin-6 inhibitor, 

Humanized mAb 

targeting IL-6, 

Immunosuppressive, 

blockage of cytokine 

storm. 

[189],[190] 

Umifenovir 

(Arbidol) 

 

 
 

Interacts with spike 

glycoprotein and 

impedes its 

trimerization, which is 

key for host cell 

adhesion and hijacking. 

[250] 

Vitamin C  

 
 

Boosts immunity by 

stimulating IFN 

production, stimulating 

lymphocyte proliferation 

and enhancing 

neutrophil phagocytic 

capability. 

[231] 

Vitamin D 

 

 

 
 

immunomodulatory 
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      Table 2. Status of registered ongoing clinical trials testing different drugs and potential treatments for COVID-19. 

Drug/Treatment aNumber of 

registered 

clinical trials 

Not yet 

recruiting 

Recruiting Active not 

recruiting 

Terminated Enrolling 

by 

invitation 

Withdrawn Suspended completed Unknown 

status 

Anakinra 18 8 10 0 0 0 0 0 0 0 

Anticoagulants 41 19 17 0 0 2 1 0 2 0 

ARB (Angiotensin 

Receptor Blockers) 

42 14 22 3 0 2 0 0 1 0 

Azithromycin 93 35 44 5 1 1 1 5 1 0 

Baricitinib 15 5 9 0 0 0 0 0 1 0 

Chloroquine 73 28 35 2 0 3 1 2 2 0 

Convalescent plasma 102 27 60 2 0 3 1 0 2 7 

Dexamethasone 12 2 9 1 0 0 0 0 0 0 

Favipiravir 24 13 8 2 0 1 0 0 0 0 

Heparin 35 13 19 0 0 1 1 0 1 0 

Hydroxychloroquine 218 71 102 16 2 8 3 8 8 0 

Interferon alpha 17 7 8 0 0 1 0 0 1 0 

Interferon beta 14 3 6 1 0 2 0 0 2 0 

Interleukin 17A (IL-

17A 

3 1 2 0 0 0 0 0 0 0 

Ivermectin 23 10 11 1 0 0 0 0 1 0 

Lopinavir /Ritonavir 75 25 37 3 1 3 0 0 6 0 

Losartan 14 5 8 0 0 1 0 0 0 0 

Methylprednisolone 25 8 12 0 0 1 0 0 4 0 

Nitazoxanide 12 7 5 0 0 0 0 0 0 0 

Remdesivir 33 10 15 2 1 1 0 1 1 2 

Tocilizumab 55 12 36 5 0 1 0 0 1 0 

Umifenovir 

(Arbidol) 
8 3 2 1 0 1 0 0 1 0 

Vaccine 119 44 63 9 0 1 0 0 2 0 

Vitamin C 25 12 11 0 0 1 0 1 0 0 

Vitamin D 26 14 9 2 0 1 0 0 0 0 

Zinc 15 10 3 1 0 1 0 0 0 0 
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Source: ClinicalTrials.gov, aacessed 13 June, 2020. 

 

Jo
ur

na
l P

re
-p

ro
of


