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Abstract: Corona virus complaint 2019 ( COVID- 19) is an contagious complaint caused by corona virus- 

2( SARS -CoV- 2) that causes a severe acute respiratory pattern, a characteristic hyper inflammatory 

response, vascular damage, micro-angiopathy, angiogenesis and wide thrombosis. Four stages of COVID- 

19 have been linked the first stage is characterised by upper respiratory tract infection; the alternate by the 

onset of dyspnoea and pneumonia; the third by a worsening clinical script dominated by a cytokine storm 

and the consequent hyperinflammatory state; and the fourth by death or recovery. presently, no treatment 

can act specifically against the SARS- CoV- 2 infection. Grounded on the pathological features and 

different clinical phases of COVID- 19, particularly in cases with moderate to severe COVID- 19, the 

classes of medicines used are antiviral agents, inflammation impediments antirheumatic medicines, low 

molecular weight heparins, tube, and hyperimmune immunoglobulins. During this exigency period of the 

COVID- 19 outbreak, clinical experimenters are using and testing a variety of possible treatments. 

Grounded on these demesne, this review aims to bandy the most streamlined pharmacological treatments to 

effectively act against the SARS- CoV- 2 infection and support experimenters and clinicians in relation to 

any current and unborn developments in curing COVID- 19 cases. 

 

Keywords: Severe acute, respiratory, syndrome, corona virus, (SARS-CoV-2), Remdesivir, 

Hydroxychloroquine, Non-steroidal anti-inflammatory drugs. 

 

I. INTRODUCTION 

The severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) is an RNA virus genetically located within the 

genus Beta corona virus that uses a glycoprotein (spike protein) to bind to the angiotensin-converting enzyme 2 (ACE2) 

receptor. After binding, the serine protease TGRBSS2 facilitates virus entry into the cell [1]. The results of a recent 

study [2]on COVID-19 patients showed that 100% of patients tested positive for IgG about 17–19 days following the 

onset of symptomatology, with a peak of 94.1% after 20–22 days. In addition, the study found that there was an 

increase in SARS-CoV-2 specific IgG and IgM antibody titres after the first 3 weeks following the onset of 

symptomatology, but no correlation was found between IgG levels and patients’ clinical characteristics [2]. Following 

infection with SARS-CoV-2 some infected individuals may remain asymptomatic or only present with mild upper 

respiratory symptoms, others develop pneumonia and severe acute respiratory distress syndrome (ARDS) that requires 

intubation in intensive care and presents complications with an inauspicious outcome. A model [1]has recently been 

published based on literature studies in which it is emphasised that the balance between the cumulative dose of viral 

exposure and the efficacy of the local innate immune response (IgA, IgM, MBL antibodies) is crucial in the evolution 

of COVID-19. In particular, this model identifies the first stage of COVID-19, which is characterised by upper 

respiratory tract infection, accompanied by fever, muscle fatigue and pain. Nausea or vomiting and diarrhoea are 

infrequent in this initial stage of the disease. The second stage is characterised by the onset of dyspnoea and 

pneumonia.[2] 

Coronaviruses (CoVs) belong to the subfamily Orthocoronaviri- nae in the family Coronaviridae, Order Nidovirales. 

There are four genera within the subfamily Orthocoronavirinae, namely Alpha- coronavirus ( α-CoV), Betacoronavirus 

( β-CoV), Gammacoronavirus ( γ-CoV) and Deltacoronavirus ( δ-CoV) [3,4] . The CoV genome is an enveloped, 

positive-sense, single-stranded RNA with a size vary- ing between 26 kb and 32 kb, the largest genome of known RNA 

viruses. Both α- and β-CoV genera are known to infect mammals, whilst δ- and γ-CoVs infect birds. Two recent 



 

 

       International Journal of Advanced 

                             International Open-Access, Double

Copyright to IJARSCT  
www.ijarsct.co.in                                                

Impact Factor: 7.301 

outbreaks of viral pneumonia caused by β

respiratory syndrome (MERS). In 2002, an outbreak of SARS was first reported in China and then spread quickly 

worldwide, resulting in hundreds of deaths w

bia and subsequently spread to other countries, 

likely orig- inated from bats and then infect

Paguma larvata ) for SARS-CoV and the camel for MERS 

 

Structure of SARS-CoV-2 :- 

The SARS-CoV-2 genome (30 kb in size) encodes a large, 

proteolyti- cally cleaved to generate 15/16 proteins, 4 structural proteins and 5 accessory proteins (ORF3a, ORF6, 

ORF7, ORF8 and ORF9) [13–15] ( Fig. 2 

membrane (M) protein, the envelope (E) protein and the nucleocapsid (N) protein, which are essential for SARS

assembly and infection. The spike surface glycopro

further cleaved by host proteases into an N

Fig.2. . Structure and genome of severe acute respiratory syndrome coronavirus 2 (SARS

structural proteins as follows: spike (S) surface glycoprotein (purple); membrane (M) protein (orange); nucleocapsid 

IJARSCT  
   

International Journal of Advanced Research in Science, Communication and

Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

 Volume 3, Issue 1, June 2023 

 DOI: 10.48175/IJARSCT-11292                

                                                   

outbreaks of viral pneumonia caused by β-CoVs are severe acute respiratory syn- drome (SARS) and Middle East 

respiratory syndrome (MERS). In 2002, an outbreak of SARS was first reported in China and then spread quickly 

f deaths with an 11% mortality rate [5,6] . In 2012, MERS first emerged in Saudi Ara

bia and subsequently spread to other countries, with a fatality rate of 37% [7-9] . In both of these epidemics, the viruses 

inated from bats and then infected humans through other inter- mediate animal hosts, e.g. the civet ( 

CoV and the camel for MERS CoV [10-12] .  

 
Fig.1.Strucure of Corona virus 

2 genome (30 kb in size) encodes a large, non-structural polyprotein (ORF1a/b) that is further 

cally cleaved to generate 15/16 proteins, 4 structural proteins and 5 accessory proteins (ORF3a, ORF6, 

 ). The four structural proteins consist of the spike (S) surface glycoprotein, the 

membrane (M) protein, the envelope (E) protein and the nucleocapsid (N) protein, which are essential for SARS

assembly and infection. The spike surface glycopro- tein plays a key role in its attachment to host cells a

further cleaved by host proteases into an N-terminal S1 subunit and a membrane-bound C-terminal S2 region 

 
Structure and genome of severe acute respiratory syndrome coronavirus 2 (SARS-CoV

structural proteins as follows: spike (S) surface glycoprotein (purple); membrane (M) protein (orange); nucleocapsid 

 ISSN (Online) 2581-9429 

  

, Communication and Technology (IJARSCT) 

Reviewed, Refereed, Multidisciplinary Online Journal 

 566 

drome (SARS) and Middle East 

respiratory syndrome (MERS). In 2002, an outbreak of SARS was first reported in China and then spread quickly 

. In 2012, MERS first emerged in Saudi Ara-  

. In both of these epidemics, the viruses 

mediate animal hosts, e.g. the civet ( 

structural polyprotein (ORF1a/b) that is further 

cally cleaved to generate 15/16 proteins, 4 structural proteins and 5 accessory proteins (ORF3a, ORF6, 

ke (S) surface glycoprotein, the 

membrane (M) protein, the envelope (E) protein and the nucleocapsid (N) protein, which are essential for SARS-CoV-2 

tein plays a key role in its attachment to host cells and can be 

terminal S2 region [16] .  

 
CoV-2). (A) There are four 

structural proteins as follows: spike (S) surface glycoprotein (purple); membrane (M) protein (orange); nucleocapsid 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 3, Issue 1, June 2023 

Copyright to IJARSCT  DOI: 10.48175/IJARSCT-11292                567 

www.ijarsct.co.in                                                   

Impact Factor: 7.301 

(N) protein (blue); and envelope (E) protein (green). Genomic RNA is shown encased in the N protein. (B) The SARS- 

CoV-2 genome is arranged in the order of 5 _ -replicase (ORF1a/b)–structural proteins [spike (S)–envelope (E)–

membrane (M)–nucleocapsid (N)] −3 . 

Binding of the S1 subunit to a host receptor can destabilise the prefusion trimer, leading to shedding of the S1 subunit 

and transition of the S2 sub- unit into a highly stable postfusion conformation [17] . In order to engage a host receptor, 

the receptor-binding domain (RBD) of the S1 subunit undergoes hinge-like conformational movements, which 

transiently hide or expose the determinants of receptor binding [18,19] . These two states of the S1 subunit can be 

regarded as the ‘down’ conformation and the ‘up’ conformation. The former repre- sents an inaccessible state of the 

receptor, whereas the latter cor- responds to an accessible state [20] . Therefore, understanding the structure and function 

of the spike protein can help to develop monoclonal antibody drugs and to guide the design and develop- ment of 

vaccines. 

 

Etiology and pathogenesis of COVID-19  

SARS-CoV-2 is the seventh member of the family of CoVs that infect humans. Four human CoVs (HCoV-229E, 

HCoV-NL63, HCoV- OC43 and HCoV-HKU1) are able to cause a wide range of up- per respiratory tract infections 

(common cold), whereas SARS-CoV and MERS-CoV are responsible for atypical pneumonia. The causes of different 

infection sites are likely related to the presence of dipeptidyl peptidase 4 (DPP4) and angiotensin-converting enzyme 2 

(ACE2) in the lower respiratory tract, which are the major hu- man receptors for the surface spike (S) glycoprotein of 

MERS-CoV  

and SARS-CoV, respectively [21–23] . The genetic sequence of SARS- CoV-2 is ≥70% similar to that SARS-CoV, and 

SARS-CoV-2 is ca- pable of using the same cell entry receptor (ACE2) as SARS-CoV to infect humans [24,25] . 

However, there are more differences in the key S proteins that the viruses use to interact with host cells. SARS-CoV-2 

spike binds to human ACE2 with approximately 10–20-fold higher affinity than the SARS-CoV spike [18] , making it 

eas- ier to spread from human to human. Upon entry into alveolar epithelial cells, SARS-CoV-2 repli- cates rapidly and 

triggers a strong immune response, resulting in cytokine storm syndromes and pulmonary tissue damage. Cy- tokine 

storm syndromes, also known as hypercytokinaemia, are a group of disorders characterised by the uncontrolled 

production of pro-inflammatory cytokines and are important causes of acute respiratory distress syndrome (ARDS) and 

multiple organ failure [26-28] . Analysis of the first 99 confirmed cases of SARS-CoV-2 infection revealed that cytokine 

storm syndromes occurred in pa- tients with severe COVID-19; 17 patients (17%) had ARDS, among whom 11 (11%) 

deteriorated within a short period of time and died of multiple organ failure [29] . In addition, the numbers of to- tal T-

cells, CD4 + T-cells and CD8 + T-cells are decreased in patients with SARS-CoV-2 infection, and the surviving T-cells 

are function- ally exhausted [30] , suggesting a decreased immune function in SARS-CoV-2-infected patients. ARDS, 

decreased immune function and secondary infection further worsens respiratory failure. 

 

Epidemiological characteristics of SARS-CoV-2  

1. Progress and current status of the epidemic 

Since December 2019, multiple cases of patients with pneumo- nia of unknown cause were successively reported from 

the Chi- nese city of Wuhan. They shared a history of exposure to the Huanan seafood market in Wuhan and the disease 

was been con- firmed to be an acute respiratory infection caused by a novel CoV. To date, the number of patients 

without a history of exposure to the Huanan seafood market is significantly increased. In addition, some cases without a 

history of travel to Wuhan have emerged [33] . These early phenomena suggest the possibility of human-to- human 

transmission. 

 

2.Origin of SARS-CoV-2  

The initial source of SARS-CoV-2 is still unknown, although the first cases were linked to the Huanan seafood market 

in Wuhan city. Besides seafood, it is reported on social media that some wild animals including birds, snakes, marmots 

and bats were sold at the Huanan seafood market. It has been reported that environmental samples obtained from the 

marketplace have come back positive for the novel CoV, but the specific animal has not been identified [34] . More 

recently, several studies have suggested that bats may be the potential natural host of SARS-CoV-2 [35,36] . The whole 
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genome-wide nucleotide sequence of SARS-CoV-2 is 96% identical to a bat CoV [26] . Importantly, SARS-CoV-2 has 

been isolated from pangolins and it was found that the isolated pangolin CoV genomes have ~85.5–92.4% similarity to 

SARS-CoV-2 [37] , suggesting that pangolin may be a potential intermediate host for SARS-CoV-2. However, whether 

SARS-CoV-2 is transmitted directly from bats or by an intermediate host requires further confirmation. Learning from 

the role of camels in MERS and civets in SARS, hunting for the source of SARS-CoV-2 will help determine zoonotic 

transmis- sion patterns and stem the ongoing outbreak.  

 

3. Transmission route of SARS-CoV-2  

The novel CoV can be transmitted between humans via respira- tory droplets. Notably, the respiratory tract is probably 

not the only route of transmission. Close contact is also a source of transmis- sion of SARS-CoV-2. For example, 

SARS-CoV-2 can be transmitted through direct or indirect contact with mucous membranes in the eyes, mouth or nose 
[38–40] . There is also a possibility of aerosol transmission in a relatively closed environment with continuous exposure to 

high concentrations of aerosol. Moreover, it has been reported that COVID-19 patients have some gastrointestinal 

symp- toms, including diarrhoea, nausea and vomiting [41,42] . A recent study showed that the enteric symptoms of 

COVID-19 pneumonia are associated with invaded ACE2-expressing enterocytes [43] , sug- gesting that the digestive 

tract is a potential route of SARS-CoV-2 infection besides the respiratory tract. However, additional studies are 

required to test this possibility. In addition, whether transmission of SARS-CoV-2 can occur via breast milk or 

vertically from mother to infant has not been determined.  

 

4. Susceptible population  

All populations are generally susceptible to SARS-CoV-2. The el- derly and people with underlying diseases or low 

immune func- tion are more likely to become severe cases [44] . In addition, pregnant women and newborns infected 

with SARS-CoV-2 are also prone to develop severe pneumonia [45,46] . Thus, these vulnera- ble patients should be 

considered as a focus in the prevention and management of SARS-CoV-2 infection.  

 

5. Incubation period  

The mean incubation period of SARS-CoV-2 is estimated to be 3–7 days (range, 2–14 days) [47,48] , indicating a long 

transmis sion period of SARS-CoV-2. It is estimated that SARS-CoV-2 latency is consistent with those of other known 

human CoVs, including non-SARS human CoVs (mean 3 days, range 2–5 days) [49] , SARS- CoV (mean 5 days, range 

2–14 days) [50] and MERS-CoV (mean 5.7 days, range 2–14 days) [51] . Moreover, it has been reported that 

asymptomatic COVID-19 patients during their incubation pe- riods can effectively transmit SARS-CoV-2 [52,53] , which 

is dif- ferent from SARS-CoV because most SARS-CoV cases are infected by ‘superspreaders’ and SARS-CoV cases 

cannot infect susceptible persons during the incubation period [54] . Taken together, these data fully support the current 

period of active monitoring recom- mended by the WHO of 14 days.  

 

6. Basic reproduction number (R0) of SARS-CoV-2  

The basic reproduction number is a very important threshold related to the transmissibility of the virus, which is usually 

ex- pressed as R nought (R 0 ). The R 0 can be implicitly defined as the average number of secondary infections 

produced by an infectious person. It is generally believed that if R 0 is > 1, the number of in- fected cases will increase 

exponentially and cause an epidemic or even a pandemic. Liu et al. reviewed the R 0 of SARS-CoV-2 and found that 

the estimates ranged from 1.4–6.49, with a mean of 3.28 [55] , which is higher than that of SARS-CoV (R 0 of 2~5).  

 

7. Clinical presentation  

At the onset of the disease, the main manifestations of COVID- 19 are fatigue, fever, dry cough, myalgia and dyspnoea, 

with less common symptoms being nasal congestion, headache, runny nose, sore throat, vomiting and diarrhoea. Severe 

patients often have dyspnoea and/or hypoxemia 1 week after onset, after which sep- tic shock, ARDS, difficult-to-

correct metabolic acidosis, and coag- ulation dysfunction develop rapidly. Of note, severe and critical patients can also 

only present with a low fever, or even no obvi- ous fever, and mild patients show only low fever, mild fatigue and no 

pneumonia [39,42] . These asymptomatic or mild cases can also spread SARS-CoV-2 between humans.  
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8. Pathological characteristics 

 Recently, Xu et al. reported the pathological features of the first patient known to have died from SARS-CoV-2 

infection [54] . Biopsy samples were obtained from lung tissue of the patient and it was found that the pathological 

features of COVID-19 are related to ARDS. For example, evident desquamation of pneumocytes and hyaline 

membrane formation were seen in the lung tissue, indi- cating ARDS. Moreover, interstitial mononuclear inflammatory 

in- filtration was observed in lung tissue. Multinucleated giant cells with atypical enlarged pneumocytes characterised 

by large nuclei, prominent nucleoli and amphophilic granular cytoplasm were ob- served in the intra-alveolar spaces, 

suggesting viral cytopathic-like changes [54] . These pathological characteristics of COVID-19 are highly similar to 

those seen in SARS-CoV and MERS-CoV infection [55,56] . Taken together, understanding the pathological character- 

istics of this severe case of COVID-19 could help to provide new insights into the pathogenesis of SARS-CoV-2-

infected pneumonia, which may help physicians to formulate a timely strategy for the treatment of similar severe 

patients and to decrease mortality. 

 

II. TREATMENT FOR COVID-19 

1.Antiviral agents - 

Several protease inhibitors (e.g. darunavir, atazanavir) currently used for treating HIV could inhibit the viral replication 

of SARS-CoV-2 by inactivating the proteases, which are fundamental for replication. The Italian Medicines Agency 

(Agenzia Italiana del Farmaco - AIFA) approved the ARCO-Home study that aims to test the efficacy of darunavir-

cobicistat, lopinavir-ritonavir, favipiravir and hydroxychloroquine as therapies at home in an early COVID-19 

population to prevent the progression of the infection towards serious or critical clinical forms with the need to resort to 

hospitalisation and invasive procedures such as intubation . 

 We will review herein some of the evidence on treatment with protease inhibitors, nucleotide analogues, and new 

antiviral agents in the treatment of different stages of COVID-19[57]. 

 

Lopinavir/ritonavir - 

The main drugs used in the context of the national emergency management plan for COVID-19 include 

lopinavir/ritonavir, which is mainly used in COVID-19 patients with less severe symptoms and in the early stages of the 

disease, managed both at home and in the hospital. Previous experiences with SARS-CoV-1 and MERS infections 

suggest that this drug may improve some patients’ clinical parameters. [58].A randomised, controlled, open-label study 

on oral lopinavir-ritonavir for severe COVID-19 involved 199 hospitalised adult patients infected by SARS-CoV-2 . In 

addition to the infection criterion, the enrolled patients had an oxygen saturation (SaO2) of 94% or less during 

respiration in ambient air or a ratio between partial oxygen pressure (PaO2) and inspired oxygen fraction (FiO2) of less 

than 300 mm Hg. Patients were randomly assigned to receive lopinavir-ritonavir in addition to standard therapy. The 

control group was treated with standard care only (N = 100 patients). The primary endpoint was the time to clinical 

improvement. Despite the important effort of the researchers who carried out a randomised clinical trial during a 

pandemic emergency, the results did not have the expected effects. Lopinavir-ritonavir therapy was not associated with 

significant clinical improvements compared to standard therapy, nor was it associated with improvements in 28-day 

mortality and the nasopharyngeal persistence of viral RNA detected at different time points.[59]  

 

Remdesivir  

Remdesivir, belonging to the class of nucleotide analogues, was previously used in the Ebola virus epidemic in Africa 

and is currently used in moderate and severe COVID-1 described the results of data analysis of the compassionate use 

of remdesivir in a small cohort of severe COVID-19 patients. Clinical improvement was found in 36 out of 53 patients 

in whom it was possible to analyse the data (68%). Of the sixty-one subjects that underwent remdesivir treatment, 

statistics from eight of these were not analysed (7 subjects had no post-treatment data and 1 had a dosage error). Of the 

fifty-three subjects for whom it was viable to analyse the data, thirty subjects (57%) underwent mechanical ventilation 

and four (8%) received extracorporeal membrane oxygenation. Patients receiving invasive ventilation were older than 

those receiving non-invasive oxygen help at baseline, they were mainly men, had greater ranges of alanine 

aminotransferase (ALT) and creatinine and a greater occurrence of comorbidities, such as hypertension, diabetes, 
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hyperlipidaemia and bronchial asthma. Although limited, the study results show that remdesivir may also have 

therapeutic advantages in patients with severe Covid-19.[60] 

 Goldman et al. (2020) published the first results of the phase 3 trial (randomised, open-label) on the use of remdesivir 

in hospitalised patients. Remdesivir was administrated for 5 or 10 days in patients with severe Covid-19. Patients who 

received concomitant treatment (within 24 h before starting remdesivir treatment) with other potentially active drugs 

against Covid-19 were excluded. Patients were randomly divided in a 1:1 ratio for intravenous administration of 

remdesivir for 5 or 10 days at a dosage of 200 mg on day 1 and 100 mg once a day on the following days. The primary 

endpoint of the trial was to evaluate the clinical status on day 14. Three hundred and ninety-seven patients were 

randomised (200 patients in the group on therapy for 5 days and 197 on therapy for 10 days). Among those who did not 

participate in the entire therapy for 10 days, motives included clinic discharge, unfavourable events and dying (6%). On 

day 14, clinical improvement was found in 64% of patients in the 5-day treatment group and 54% in the 10-day group. 

The authors conclude that the effects discovered exhibit no great distinction in effectiveness between a 5-day and a 10-

day cycle of intravenous administration of remdesivir in patients with severe Covid-19 who required mechanical 

ventilation at baseline, and although further studies on high-risk groups are needed to establish the shortest period of 

therapy, they suggest that patients undergoing mechanical ventilation could benefit from 10-day treatment with 

remdesivir. [61] 

A new randomised controlled trial (NCT04280705) was conducted on 1063 patients, with the same dosing cycle and 

administered dose of remdesivir used in the compassionate use of this antiviral agent in a small cohort of patients [62] 

presented data on 1059 patients, including 538 assigned remdesivir and 521 on placebos. Sixty main and 13 secondary 

centres were involved in this trial. The average age of the patients was 58.9 years and 64.3% were male. Available data 

showed that patients assigned remdesivir treatment had an average hospitalisation time of 11 days, compared to 15 days 

on placebos, with a mortality estimate of 7.1% in remdesivir-treated patients compared to 11.9% of those on placebos. 

The results of the study suggest starting remdesivir treatment early before lung disease progression requiring 

mechanical ventilation. [62] 

Based on these studies, our opinion is that some antivirals are promising in paucisymptomatic patients to prevent the 

progression of the SARS-CoV-2 infection (U. S. National Library of Medicine. ClinicalTrial.gov, 2020a; U. S. National 

Library of Medicine. ClinicalTrial. gov, 2020b.) and remdesivir appears to shorten recovery times for hospitalised 

patients [63-66]. 

 

New molecules  

Dai et al. (2020) developed 2 molecules capable of blocking the protease enzyme that allows replication of SARS-CoV-

2: molecules 11a and 11b. To verify the enzyme’s inhibitory activity, the research team assessed the capacity of these 

molecules to interfere with SARS-CoV-2 activity in cell cultures in vitro. Both molecules showed satisfactory anti-

SARS-CoV-2 activity in cell culture. Furthermore, neither of the two compounds caused significant cytotoxicity.  

 

2. Immunomodulatory drugs 

 Numerous experimental and clinical pieces of evidence have shown that an important part of the damage caused by the 

virus is linked to an altered inflammatory response and, in some patients, to an abnormal release of pro-inflammatory 

cytokines such as interleukin-6 (IL-6), interferon-gamma, and tumour necrosis factor alpha. For this reason, in addition 

to being based on previous experience demonstrated in patients with SARS, anti-inflammatory drugs (particularly 

monoclonal antibodies) are used in the COVID-19 emergency, which have been used in rheumatology for some years 

to inhibit the immune response. In this section, we will discuss the possible role played by anti-IL6, anti-IL-1, JAK 

inhibitors, corticosteroids, antimalarials, heparins, and immunoglobulins, particularly in the treatment of 

moderate/severe COVID-19.  

 

3. Tocilizumab 

 The most used drug in the therapy of COVID-19 was Tocilizumab (antibody directed against the Il-6 receptor). This 

drug was authorised by AIFA on 3 April in a phase III, multicentre, randomised, double-blind study to investigate its 

safety and efficacy (Agenzia Italiana del Farmaco, 2020b). Subsequently, AIFA made a summary of the Italian non-
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comparative study on tocilizumab “TOCIVID-19′′ available, promoted by the National Cancer Institute of Naples. 

Although it has some limitations, the results suggest that the drug can significantly reduce mortality at one month, while 

its impact is less relevant on early mortality (14 days) (Executive summary – AIFA, 2020). The results of the 

retrospective observational cohort study by Guaraldi et al. (2020) included adults (≥18 years) with severe COVID-19 

pneumonia, hospitalised at the tertiary care centres of Bologna and Reggio Emilia between 21 February and March 24, 

2020, and at a tertiary assistance centre in Modena between 21 February and April 30, 2020. The purpose of this 

multicentre study was to evaluate the efficacy of Tocilizumab treatment in addition to usual care in reducing mortality 

and the likelihood of invasive mechanical ventilation in a cohort of patients with severe COVID-19 pneumonia 

compared to the cohort of patients who received standard treatment. Patients were regarded as eligible for tocilizumab 

therapy if they had a SaO2 of less than 93% and a partial oxygen pressure (PaO2)/inspired oxygen fraction (FiO2) ratio 

of less than 300 mm Hg in ambient air or a reduction of over 30% in the PaO2/FiO2 ratio in the 24 h preceding 

hospitalisation. Of the 1351 patients admitted, 544 (40%) with severe COVID-19 pneumonia were included in the 

study. The usual care group included older patients with less severe cases of the disease and the group treated with 

intravenous tocilizumab included the most compromised patients. Of the 365 patients treated with the usual care, 57 

(16%) needed mechanical ventilation, whilst of the 179 patients treated with tocilizumab, 33 (18%) needed mechanical 

ventilation. New episodes of infection were carefully monitored in the group treated with tocilizumab compared to the 

group with standard therapy, of the 179 total patients who underwent tocilizumab treatment, new infections were 

diagnosed in 24 patients (13%), compared to 14 (4%) of the 365 patients treated with usual care. 20% of the patients 

treated with usual care died, compared with 7% of patients treated with tocilizumab. The authors concluded that both 

the intravenous and subcutaneous administration of tocilizumab may be able to reduce the risk of invasive mechanical 

ventilation or death in patients with severe COVID-19 pneumonia. Even if the results of the study are promising, they 

should be confirmed through ongoing randomised trials. On 17 June, the preliminary results of the “RCT-TCZ-COVID-

19 - Early Administration of Tocilizumab” study, which was carried out in 24 Italian centres, were published on the 

AIFA website (Agenzia Italiana del Farmaco, 2020c). This multi-centre, open-label study mainly aimed to evaluate the 

effectiveness of the early administration of tocilizumab in patients with COVID-19 pneumonia. The study estimated the 

enrolment of 398 patients, but the analysis of data carried out on 123 enrolled patients showed a similar rate of 

aggravation in the first two weeks in patients randomised to receive tocilizumab compared to patients randomised to 

receive standard therapy (28.3% vs. 27.0%). No significant differences were observed in the total number of ICU 

admissions (10.0% vs 7.9%) and 30-day mortality rate (3.3% vs 3.2%). The researchers therefore concluded that the 

early administration of tocilizumab in patients with COVID-19 pneumonia does not provide any relevant clinical 

benefit for patients. Simultaneously, they stressed the need for further investigation to evaluate the efficacy of the drug 

in specific patient subgroups. At the Azienda Socio Sanitaria Territoriale (ASST or Local Healthcare Area) Spedali 

Civili di Brescia, the data of 1525 patients with rheumatic or musculoskeletal diseases were collected (Fredi et al., 

2020): 117 (8%) presented symptoms compatible with COVID-19, of whom 65 returned a positive SARS-CoV-2 swab, 

while 52 had a spectrum of symptoms indicative of COVID-19 but had not been tested with a swab. Patients with 

confirmed COVID-19 were older than those with suspected COVID-19 (average age of 68 and 57 respectively) and 

were more likely to have high blood pressure (51% vs 27%) and be obese (17% vs 2%). There were no differences in 

rheumatologic disease or background therapy between confirmed and suspected COVID-19 patients. Of the 65 patients 

with confirmed COVID-19, 47 (72%) developed pneumonia that required hospitalisation. There were 12 (10%) deaths 

among the total 117 patients with confirmed or suspected COVID-19 (ten of them had confirmed COVID-19 and two 

of them had suspected COVID-19). Patients who died with confirmed COVID-19 were older than patients who 

survived. The case-control study included 26 patients with rheumatic and musculoskeletal diseases and COVID-19 

pneumonia and 62 corresponding controls. There was no significant difference between cases and controls in the 

duration of COVID-19 symptoms before admission, the length of hospital stays or the Brescia-COVID Respiratory 

Severity Scale score. Of 26 patients, glucocorticoids were used in 17 (65%) for severe respiratory manifestations related 

to lung involvement, while tocilizumab was used in six (23%); thrombotic events occurred in four (15%) out of 26 

cases. Four (15%) out of 26 cases and six (10%) out of 62 controls died during the study period. In patients with 

rheumatic and musculoskeletal diseases, the poor prognosis was associated with older age and the presence of 

comorbidities.  
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3.1. Anakinra  

A recent letter by Mehta et al. (2020) suggested that screening COVID-19 patients for hyper inflammation and 

subsequently treating them with immunosuppressant drugs could improve mortality rates. These include anakinra 

inhibitors IL-1α and IL-1β proinflammatory cytokines, which were administered with some benefit in the treatment of 

macrophage activation syndrome caused by various inflammatory conditions and were also administered in several 

studies on patients with COVID-19. King et al. (2020) support this scientific background for targeting 

hyperinflammation with anakinra in COVID-19 patients, emphasising several aspects of its use, patient selection, 

dosage and outcome measures. Although it has been found that serum ferritin and IL-6 levels are highly associated with 

hyperinflammation, in the absence of validated diagnostic criteria, recognition is often delayed. The authors suggest a 

practical approach to patient selection dependent on the investigation of the presence of severe COVID-19 and 

increased inflammation, such as worsening lymphocytopenia (a marker of progression and severity of COVID-19) and 

assessment of classification of C-reactive as an indication of worsening inflammation. The dose and administration of 

anakinra are particularly relevant. Due to its short plasma half-life, both intravenous and subcutaneous administration 

should be taken into consideration. A short half-life is useful to limit the duration of the drug’s action in case of adverse 

effects, but variation in the dosage must be avoided for a constant and guaranteed bioavailability and to avoid a harmful 

rebound of inflammation. Pharmacokinetic studies have shown that the subcutaneous route could guarantee an adequate 

plasma concentration with a bioavailability ranging from 80 to 95%. The studies conducted so far report different 

endpoints in most cases. The authors therefore suggest, in current and future studies, a fundamental core of data. The 

effectiveness of emapalumab, a monoclonal anti-interferon gamma antibody, and anakinra, a receptor antagonist for IL-

1, are being evaluated in a phase 2/3, in a multi-centre study aimed at reducing hyperinflammation and respiratory 

distress in patients with the new coronavirus infection (U. S. National Library of Medicine. ClinicalTrial.gov, 2020c).  

 

3.2. Baricitinib  

Richardson et al. (2020) suggest baricitinib as a possible therapy for acute respiratory disease caused by COVID-19. 

Baricitinib is an inhibitor of Janus kinases (enzymes involved in the transduction of the cytokine-mediated signal). The 

Italian Medicines Agency (Agenzia Italiana del Farmaco, 2020a) authorised a clinical trial, which is currently in 

progress, on the use of baricitinib as an add-on treatment in patients with COVID-19 compared to standard therapy. The 

primary objective is to evaluate the effectiveness of baricitinib in decreasing the need for invasive ventilation after 7 

and 14 days of treatment. The secondary objectives were to evaluate: the mortality rate 14 and 28 days after 

randomization; the invasive mechanical ventilation time; independence from non-invasive mechanical ventilation; 

independence from oxygen therapy; improvement of oxygenation for at least 48 h; the length of hospital stay and stay 

in intensive care; the instrumental response (pulmonary ultrasound); and the description of the toxicity of baricitinib. 

Cantini et al. (2020) conducted an observational, retrospective, longitudinal multi-centre study in 7 Italian hospitals 

with COVID-19 moderate pneumonia patients to evaluate the 2-week effectiveness and safety of baricitinib plus 

antivirals (lopinavir/ritonavir) compared with the standard of care therapy. In this study, 113 patients were treated with 

baricitinib and 78 were treated with usual care. The results showed that the 2-week case fatality rate was significantly 

lower in patients treated with baricitinib compared with controls. Moreover, as highlighted by the authors, treatment 

with baricitinib was started in the early phase of the COVID-19 disease (the median time was 7-days from the onset of 

symptomatology), which may explain the low number of intensive care unit admissions and deaths.  

 

3.3. Corticosteroids 

COVID-19 patients over the age of 18 may be invited to participate in the UK’s randomised RECOVERY Trial 

(Randomised evaluation, 2020). The RECOVERY Trial aims to identify effective drugs in the treatment of adults 

hospitalised with COVID-19, particularly focusing on: low dosage dexamethasone; lopinavir-ritonavir; 

hydroxychloroquine; azithromycin; and tocilizumab. The trial is designed to have the lowest possible impact on the 

health service. The trial data are periodically reviewed so that any effective treatment identified can be quickly made 

available to all patients. There are currently 170 centres and 6232 patients involved in the United Kingdom. Preliminary 

results (Horby et al., 2020) of the randomised RECOVERY clinical trial aimed at evaluating the efficacy of potential 

treatments for COVID-19, including low-dose dexamethasone (corticosteroid), have recently been published. 
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Altogether, the study enrolled 11,500 patients from over 175 NHS hospitals in the UK. In terms of the cohort referred 

for the use of dexamethasone, 2104 patients were randomly enrolled for the administration of dexamethasone 6 mg 

once a day (intravenously or orally) for ten days, compared with a control group consisting of 4321 randomised patients 

who were only administered ordinary treatments. Among patients undergoing the ordinary care programme, 28-day 

mortality was higher or intermediate in those who needed ventilation or only oxygen, respectively. In the 

dexamethasone group, mortality was one third lower in ventilated patients and one fifth lower in oxygen-treated 

subjects. Follow-up was completed for over 94% of the enrolled patients. WHO suggests not to use corticosteroids in 

non-severe COVID-19 as the treatment brought no benefits (World Health Organization, 2020 b). Based on the research 

conducted so far, monoclonal antibodies against specific cytokines and corticosteroids are useful to counteract and 

prevent the cytokine storm, and they appear to improve clinical outcomes in patients with critical stage COVID-19 (Fig. 

1). 

 

3.4. Chloroquine and hydroxychloroquine  

Chloroquine and hydroxychloroquine are drugs with antiviral activity that both also have immunomodulatory activity 

that could synergistically enhance the antiviral effect in vivo. As with other drugs, even in this case, the current state of 

emergency has meant that the aminocholine chloroquine and hydroxychloroquine, widely used for malaria and 

rheumatic disease treatment, were also used on COVID-19 due to the anti-inflammatory and antiviral effects of both. 

An international multi-centre analysis, subsequently retracted (Mehra et al., 2020), investigated the use of 

hydroxychloroquine or chloroquine with or without macrolides (azithromycin and clarithromycin, which are antibiotics 

with immunomodulatory and anti-inflammatory effects) for the treatment of COVID-19. The study included data from 

671 hospitals on six continents. Hospitalised patients with positive laboratory results for SARS-CoV-2 between 

December 20, 2019 and April 14, 2020 were included. Overall, the data covered 96,032 patients (average age of 53.8 

years and 46.3% women) with COVID-19 who were hospitalised during the study period and met the inclusion criteria. 

The results of this large multi-centre observational analysis showed that each of the pharmacological regimens 

examined (chloroquine or hydroxychloroquine alone or in combination with a macrolide) were associated with an 

increased risk of the (clinically significant) onset of arrhythmias ventricular and increased risk of in-hospital death. This 

result was associated with the cardiovascular toxicity of chloroquine and hydroxychloroquine, particularly because of 

their known relationship with electrical instability characterised by the prolongation of the QT interval (this interval 

expresses the time it takes for the ventricular myocardium to depolarise and repolarise). This propensity is greater in 

subjects with cardiovascular problems and heart injuries. As this was an observational study, the authors highlight the 

presence of numerous biases. However, the results indicate that these treatments should not be used outside of clinical 

trials and that they require “urgent” confirmation through randomised clinical trials. On June 17, 2020, the World 

Health Organization (WHO) announced that the hydroxychloroquine arm of the Solidarity trial project to find an 

effective COVID-19 treatment was being stopped (WHO, 2020). On April 23, 2020, AIFA had already published the 

communication of the European Medicines Agency (EMA) on its website. This communication drew attention to the 

risk of serious side effects from the use of chloroquine and hydroxychloroquine in treating COVID-19 patients, such as 

heart rhythm disturbances, which can be aggravated if treatment is combined with other medicines, and antibiotic 

azithromycin (Agenzia Italiana del Farmaco, 2020 e). On May 29, 2020, pending obtaining more solid evidence from 

ongoing clinical trials in Italy and other countries, AIFA suspended the authorisation to use hydroxychloroquine and 

chloroquine for the treatment of COVID-19 outside of authorised clinical trials (Agenzia Italiana del Farmaco, 2020 f). 

AIFA supports this decision based on a critical review of the latest literary evidence (Agenzia Italiana del Farmaco, 

2020 g). 

 

 3.5. Anticoagulants 

 In the advanced stage of COVID-19, a progressive alteration of some inflammatory and coagulative parameters was 

observed, including increased levels of the fragments of degradation of fibrin such as D-dimer, consumption of 

coagulation factors, thrombocytopenia, etc. Therefore, in this stage, the goal should be the containment of 

hyperinflammation and its consequences (for example with biological drugs) and therapeutic doses of non-fractionated 

LMWH or heparins, which are known for their anticoagulant properties (Agenzia Italiana del Farmaco, 2020 a). 
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Although not a specific drug for the treatment of COVID-19 patients, based on results highlighted in some scientific 

studies, AIFA included low-molecular-weight heparins among the drugs that can be used in the treatment of this 

pathology, providing useful elements to guide clinicians when prescribing (Agenzia Italiana del Farmaco, 2020a). 

Moreover, as part of the COVID-19 emergency, the evaluation of all clinical trials on drugs has been entrusted to AIFA 

(Italian Care Law Decree Art. 17). A retrospective analysis (Tang et al., 2020) of 415 consecutive cases of severe 

COVID-19 pneumonia patients in Wuhan hospital suggests that in patients in whom coagulation activation is 

demonstrated, administration of heparin for at least 7 days may result in an advantage in terms of survival. LMWH can 

be used in the initial stage of the disease when pneumonia is present and the patient suffers hypomobility at bedtime, as 

prophylaxis of venous thromboembolism, or in the more advanced stage, in hospitalised patients with thrombotic 

phenomena starting from the pulmonary circulation as a consequence of hyperinflammation. To the best of our 

knowledge, in the context of the management of critically ill patients with COVID-19, it seems of fundamental 

importance to prevent the complication of venous thromboembolism through pharmacological prophylaxis (Fig. 1).  

 

3.6. Therapeutic antibodies  

Antibodies taken from the blood of recovered patients serve as a therapeutic alternative that is presently under study. It 

is estimated that the dose of antibodies critical for treating a person affected with SARS-CoV-2 requires the removal of 

antibodies from at least three patients who have recovered from the SARS-CoV-2 infection. The short period between 

the pandemic and the treatment under consideration means that few pieces of evidence are currently available on the 

safety and efficacy of the use of plasma and hyperimmune immunoglobulins in the treatment of patients with SARS-

CoV-2 infections. One of the first studies on the use of plasma in the treatment of patients with SARS-CoV- 2 

infections was conducted on 5 COVID-19 patients (Shen et al., 2020), which was then followed by many other studies, 

mostly on a small number of patients. The main results of the studies conducted so far reported clinical and survival 

improvement in all patients after the end of the additional intervention with plasma and hyperimmune 

immunoglobulins. These findings need to be confirmed through some randomised clinical trials (RCTs). In this regard, 

the review by Valk et al. (2020) examined both studies conducted on a limited number of patients and more complex 

research designs such as still ongoing RCTs. Among these, the recent trial of Bennett-Guerrero et al. (U. S. National 

Library of Medicine. ClinicalTrial.gov, 2020d) (process identification number on Trials. gov: NCT04344535) evaluates 

if the blood plasma transfusion containing antibodies to COVID-19 (anti-SARS-CoV-2), donated by patients recovered 

from the infection, is safe and can be effective in the treatment of hospitalised patients with COVID-19. This study 

involved 500 patients with a control group. In the United States (FDA NEWS RELEASE, 2020), the Food and Drug 

Administration (FDA) indicates 3 regulatory pathways that allow access to the plasma of convalescents for the therapy 

of COVID-19 to determine, through clinical studies, the efficacy and administration of the plasma: access treatment 

through participation in the clinical trial; extended access (which provides patients with a serious or fatal disease the 

opportunity to obtain trial medical treatment outside the clinical trial, in the absence of available alternative treatments); 

new emergency investigative drug (the clinician may request this for a single patient if they believe that treatment may 

be urgently needed for the serious or life-threatening conditions they are experiencing). The position paper (Accorsi et 

al., 2020) of the Italian Society for Transfusion Medicine and Immunohematology (SIMTI) and of the Italian Society of 

Hemapheresis and Cell Manipulation (SidEM) described the requirements that donors must have, the plasma collection 

methods, the times for administration and possible adverse events. The main focus is patients with a SARS-CoV-2 

documented infection who voluntarily offer, after informed consent, to undergo apheresis procedures for the collection 

of specific plasma for the treatment of serious SARS-CoV-2 infections, according to all the directives in force on a 

national level. According to these indications, a subject with previous SARS-CoV-2 infection can donate at least 14 

days after their clinical recovery (no symptoms) and after at least two NAT tests (Nucleic Acid Test, a test that 

identifies the possible presence of the virus) with negative results on the nasopharyngeal swab and serum/plasma, 

performed after 24 h, after recovery or before discharge if hospitalised. An additional negative NAT test, performed 14 

days after the first, is not mandatory (and not required by most protocols in place). An adequate serum titre of specific 

neutralising antibodies is required (>160 with the EIA method or with other equivalent methods). These people are 

selected to donate hyperimmune plasma because they are COVID-19 convalescent patients. The authors of the position 

paper point out that a large number of people who have recovered from asymptomatic infection (or from a disease with 
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minor clinical signs) may become a relevant source of hyperimmune plasma after demonstrating the presence of an 

antibody titre of >160 with the EIA method (or equivalent with other methods) with serological tests. Since they are 

regular blood donors, they fully comply with the selection criteria for plasma donation after an adequate interval (28 

days) has passed from symptom resolution. Their recruitment could easily be performed by screening for SARS-CoV-2 

(possibly followed by an antibody titration) in the donor population at the time of donation. This would also allow for 

an epidemiological picture outside the context of a serious clinical disease leading to hospitalisation (Accorsi et al., 

2020). To evaluate the efficacy and role of plasma obtained from patients cured of COVID-19 with a unique and 

standardised method, the National Institute of Health and AIFA launched a randomised and controlled national multi-

centre study (Agenzia Italiana del Farmaco, 2020h). In our view, the plasma of convalescents for the therapy of 

COVID-19 represents an experimental and emergency therapy already utilised for other diseases. 

 

III. CONCLUSION 

Antiviral agents are useful to inhibit the clinical progression and complications of COVID-19. Future studies are 

needed to identify specific targets that inhibit the life cycle of SARS-COV-2 to prevent its replication and that, if used 

early, could avoid the characteristic complications of COVID-19. Clinical and survival improvement was found in 

patients treated with plasma and hyperimmune immunoglobulins. Inflammation inhibitors (in particular anti-IL6, anti-

IL1, inhibitors of Janus kinases) are valuable candidates for the treatment of COVID-19 in its advanced stages. The 

ongoing clinical trials should confirm safety and efficacy, and determine the COVID-19 stage in which these 

treatments have the greatest benefit in terms of disease regression disease regression.  
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