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Abstract 

Coronavirus is a family of RNA viruses that come from the genus beta coronavirus, this virus is distributed in many species like, birds, 
humans and other mammals. Coronavirus disease (COVID-19) is an infectious disease caused by a newly discovered coronavirus. In 
most infected people with COVID-19 virus, the symptoms will appear as mild to moderate respiratory, symptoms and most of them 
can recover without needing specific treatment. On the other hand, older people and those with fundamental medical, problems such 
as, cardiovascular disease, diabetes, chronic respiratory disease and cancer are more likely to develop a serious illness and require 
special care and treatment.
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Introduction
Viruses can be defined as tiny parasites that live obligatorily 
inside living cells. They can be deoxyribonucleic acid 
(DNA) or ribonucleic acid (RNA) type, depending on 
their genomic material.[1] The coronavirus subfamily is 
an enveloped, single-strand RNA virus that belongs to 
the Coronaviridae family and is divided into four groups 
of viruses (alpha, beta, gamma, and delta).[2]The related 
viral order and families are illustrated in Figure 1. Till 
December 2019, it had been found that six forms of viruses 
from this family can affect human resulting in various 
diseases. Fortunately, four of them cause mild infections in 
humans; however, serious illnesses that may be fatal were 
noticed with the remaining two forms. They are severe 
acute respiratory syndrome (SARS) coronavirus, and 
Middle East respiratory syndrome (MERS) coronavirus.[3] 
At the end of 2019, an outbreak of patients who suffered 
from acute respiratory infection was recorded in Wuhan, 
a business city in China. The underlying cause was a 
new version of beta group of a positive sense corona 
virus named later as SARS coronavirus 2 (SARS-CoV-2) 
and the resulted disease as coronavirus disease-2019 
(COVID-19).[4]

Infection by coronavirus starts by binding S protein 
which envelopes virus to a receptor named as angiotensin-
converting enzyme-2 that found on the host cell and results 
in fusing this virus with the host cell membrane before 
penetrating the cell membrane and ending up inside the 
host cell.[5,6] It is a serious illness that resulted more nearly 
affected more than 4 million victims with nearly 300, 000 
deaths worldwide. The virus spreads from one person 
to another, especially between people in close contact 
with one another (within about 6 ft), through droplets 
produced by infected patients, mainly during coughing 
or sneezing. It also may be possible that a person can get 
COVID-19 by touching a surface or object that has the 
virus on it and then touching their own mouth, nose, or 
possibly their eyes.[7]

The major symptoms of COVID-19 vary from 
asymptomatic or mild symptoms to severe respiratory 
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illness like, pneumonia and acute respiratory distress 
syndrome (ARDS) with rapidly progressive fever, fatigue, 
cough, myalgia, and difficult breathing that may end with 
leukopenia and ARDS. Additionally, 20% of patients 
with COVID-19 need admission to intensive care units, 
and the mortality among hospitalized patients is just 
above 13.9%.[8]

Accordingly, the aims from this review are to highlight the 
current drugs that used early in the beginning of COVID-
19 pandemic and to illustrate evidences supporting the use 
of these drugs in managing this pandemic illness.

Antiviral agents
The mandate for antiviral therapeutics is urgent 
particularly with escalating numbers deaths globally. This 
will significantly reduce hospital admission period and 
subsequent mortality. Attempts for treating SARS-CoV 
(in 2003) and MERS-CoV (in 2012) were conducted. 
Therefore, coronavirus-specific therapeutics (antivirals) 
have been advanced into clinical trials. Currently, 
many antiviral compounds used to treat other diseases 
re-prescribed for COVID-19 patients.[9]

Chloroquine and hydroxychloroquine
These drugs are used extensively as antimalarial agent 
with immunomodulatory effect.[10] Hydroxychloroquine is 
a derivative of chloroquine with less toxicity; nevertheless, 
both drugs exhibit their activity as antiviral drugs by using 
different mechanisms. In nature, the chloroquine occurs as 

weak alkaline and it has ability to change the endosome pH. 
It can inhibit viral invasion to the cells by using endosome 
pathway. They have been used in treating patient with Zika 
virus[11]and Borna virus disease.[12]These viruses use acidic 
endosome for activating and entering inside host cells and 
by preventing the acidification of endosome these drugs 
inhibit entry of virus inside host cells.[13]

Another mechanism for these drugs against viral 
infection is by inhibiting gene expression of  the virus 
where chloroquine inhibits gene replication of  certain 
viruses such as, human immunodeficiency virus (HIV) 
in CD4 + T cell. Chloroquine and hydroxychloroquine 
alter acidity of  vesicle and cause inhibition for many 
enzymes such as acid hydrolases. These enzymes are 
curtailed for post-translational modification of  newly 
synthesized protein.[14] With COVID-19, there are other 
mechanisms for these drugs may be suggested, one of 
these mechanisms is that the drugs capable of  reducing 
viral replication through dropping terminal glycosylation 
of  angiotensin-converting enzyme-2 receptor (ACE2) 
that was found on Vero E6 cells and prevent binding 
of  this virus to the receptor.[15] While other mechanism 
suggest that drug interfere with virus and try to acidify 
lysosome and result in inhibition of  cathepsins that 
which need for acidic PH for cleavage of  COVID-19 
spike protein, that is, a requirement for the formation of 
the autophagosome.[16]

In accordance with the “New Coronavirus Pneumonia 
Diagnosis and Treatment Program (trial version 6)” 

Figure 1: Tree of COVID-19 family
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issued by the National Health and Health Commission 
in China, the recommended dosage of  chloroquine 
phosphate is 500 mg tablets used BID daily and it 
taken for 10 days.[17] However, the minimum course of 
hydroxychloroquine treatment should be continuing to 
at least 5 days.[18]

Remdesivir
It is a prodrug of nucleotide analogue that is, metabolized 
inside the cell to the analogue of adenosine phosphate. 
Remdesivir is considered as RNA-dependent RNA 
polymerases inhibitor with a wide range of activity against 
different types of virus families such as, Filoviruses 
(Ebola).[19] Moreover, it is active against coronaviruses with 
divergent RNA-dependent RNA polymerases.[20,21] These 
coronaviruses include (SARS-COV and MERS).[22-24] 
Remdesivir is a phosphoramidate prodrug of a 1’-cyano-
substituted nucleotide analogue.[25] It is a triphosphate 
form of remdesivir (RDV-TP) which is similar to adenosine 
triphosphate and is used as a substrate for numerous of 
viral RNA-dependent RNA polymerase (RdRp) enzymes 
or complexes.[26]

Additionally, the RDV-TP was shown to have ability 
to inhibit RNA-dependent RNA polymerases of 
respiratory syncytial virus (RSV)[26] and Nipah virus 
(NIV).[27] All these viruses are non-segmented negative-
sense RNA viruses. The RDV-TP is a non-obligate chain 
terminator. It contains a 3’-hydroxyl group and may 
form with the next incoming nucleotide a phosphodiester 
bond. Similarly, as established for RdRp enzymes from 
RSV, Ebola virus (EBOV), NIV and MERS, the chain 
termination delay provides a possible mechanism of 
action.[28,29]

A study by Dyer[30] in 2019 showed that when remdesivir 
used to treat patient with EBOV disease in early stage 
of infection, the mortality rate reach to 33%, while its 
mountains to 75% or more in non-treated patients with 
EBOV infection. Other study in Wuhan Institute of 
Virology proved that remdesivir had activity against 
COVID-19 in Vero E6 cell and suggested that the 
mechanism behind this drug is post-entry stage of host 
cells.[31] Furthermore, a study by Zhou et al.[32] proved that 
remdesivir was able to inhibit viral infection efficiently in 
human cell line (human liver cancer Huh-7 cell), also it 
sensitive to COVID-19. Recently, the use of this drug in 
combination with chloroquine exhibit highly potentials 
for controlling COVID-19 infection in in vitro study.[31] 
Currently, several clinical trials for prescribing remdesivir 
in treatment of COVID-19 are on-going in National 
Institutes of Health in United States and South Korea 
as phase 3 by administration 200 mg of remdesivir 
intravenously as initial dose on the first day, followed 
by 100 mg per day as maintenance dose up to 10 total 
treatment days, the primary outcome was defined up to 
28 days.[33]

Oseltamivir
It is a drug used for treating influenza type A and B.[34] 
Oseltamivir is absorbed rapidly from the gastrointestinal 
tract as a prodrug form (oseltamivir phosphate) then 
it converted into active metabolite by hepatic esterase 
enzyme.[35] The antiviral role of it occurs by binding to/
and inhibiting of the active site of neuraminidase enzymes. 
These enzymes were found on all types of influenza viruses 
where they were crucial for releasing progeny virions from 
infected host cells.[36]

Hence, oseltamivir reduces the replication of virus resulting 
in limitation load of virus in addition to the host infection 
course. Although, the active site of neuraminidase is 
highly preserved but this drug has activity against all 
subtypes of neuraminidase enzymes in vitro.[37] These 
subtypes of enzyme include neuraminidase of human 
seasonal viruses, avian viruses and pandemic virus such 
as new emergent pandemic (H1N1) 2009 virus.[38] This 
drug is highly selective for influenza neuraminidase and 
shows little or no activity against neuraminidases of 
other viruses, bacteria.[39] Furthermore, oseltamivir and 
beside its antiviral function, it plays a role in preventing 
and reducing symptoms that occur with flu virus such as, 
stuffy nose, cough, sore throat, fever. Regarding dosage 
and duration, it is given twice daily for 5 days to treat viral 
infection and once daily for 42 days as prophylaxis.[34] 
In China, oseltamivir has been used for COVID-19 
patients solely or in combination with other drugs such 
antibiotics and corticosteroids[40,41] or with chloroquine 
and favipiravir.[42]

Lopinavir/ritonavir
It is a co-formulation of lopinavir and ritonavir (anti-
HIV drugs). Aspartyl protease is the enzyme that encoded 
by the pol gene of the HIV and causing cleavage of the 
precursor polypeptides in HIV, so it plays important role 
in replication cycle of this virus. Lopinavir and ritonavir 
act as HIV protease inhibitors; therefore, they are used 
in combination in HIV therapy. Although corona viruses 
encode different types of protease enzymes, for example, 
the cysteine protease, evidence demonstrates that lopinavir 
and ritonavir inhibit corona viral 3CL1pro protease.[43,44] 
Various, in vivo and in vitro, studies done on SARS and 
MERS showed a controversial effect for lopinavir/ritonavir 
combination against these viruses.[31,45] De Wilde et al.[46] 
in in vitro study found that combination of lopinavir and 
ritonavir is less effective than remdesivir against strain of 
SARS and MERS. While other studies indicated some of 
success in usage of this combination for treating patients 
with MERS infection and COVID-19 infection.[47,48] 
Likewise, this combination has been with interferon β-
1α, this interferon act as inhibitor to the multiplication of 
SARS and MERS in cell cultures.[49] Lopinavir/ritonavir 
combination was involved in a clinical trial in patients with 
mild and moderate COVID-19, it showed a little benefit 
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for improving the clinical outcome.[20] On the other hand, a 
trial was done on patients with severe COVID-19 showed 
no benefit of lopinavir/ritonavir beyond standard care.[47] 
Lastly, a clinical experience suggested a success to a certain 
degree of lopinavir/ritonavir combination against COVID-
19 when ribavirin (see next) is added and with or without 
interferon.[50,51]

Favipiravir
Favipiravir AviganTM (Fujifilm Toyama Chemical Co., 
Tokyo) also known as T-705 (6-fluoro-3-hydroxy-
2-pyrazinecarboxamide), is a substituted pyrazine 
compound. Favipiravir was discovered through screening 
chemical library for antiviral activity against influenza 
virus by Toyama Chemical Co., Ltd (Japan). It has a 
potent antiviral activity against RNA of influenza virus 
by inhibiting RdRp enzymes that are essential for viral 
genome transcription and replication without affecting 
RNA or DNA synthesis of the host cell. This enzyme, 
unlike other polymerase, that the mutation rate is high 
and leads to generating variability of RNA viruses.[52,53] 
Favipiravir (T-705) was used in many virus conditions 
as it had effectiveness against EBOV, influenza H1N1 
virus in 2009 and Lassa fever.[54,55] In China and Japan, a 
randomized clinical trial for adult patients with COVID-
19, using favipiravir (1600 mg twice for first day followed 
by 600 mg twice daily for 10 days) showed a significant 
improvement in latency of pyrexia and cough and when 
its effect compared with arbidol, the clinical recovery 
rate did not significantly improve at 7 days.[40] In a single 
clinical trial, favipiravir was used in combination with 
oseltamivir and chloroquine; It found that the drug gives 
half-maximum response EC50 of 61.88 μM against SARS-
CoV-2 and also has low toxicity (EC50 > 400 μM).[56]

Supportive agents
These agents are used in conjunction with antiviral agents 
to increase strength of immune system or reduce symptoms 
that occur with COVID-19 and these include:

Azithromycin
It is a macrolide bacteriostatic antibiotic which inhibits 
protein synthesis and it indicated in many respiratory, 
urogenital, dermal and other bacterial infections.[57,58] 
Many pre-clinical and clinical studies revealed that 
macrolide antibiotics can down-regulate the inflammatory 
response, reduce production of cytokines and stimulate 
immunoglobulin antibodies generation.[59]

The main reason behind mortality and morbidity in 
patients with respiratory viral infection is excess cytokines 
release and activation of inflammatory cascade.[60,61] 
Macrolide antibiotic, especially azithromycin, can work 
through two mechanisms; first, it is effective in reducing 
symptoms like fever and minimizing complications such as 
pneumonia which is probably occur by decreasing plasma 

interleukin-4 (IL-4), IL-8 and chemotaxin (eotaxin).[62-64] 
Secondly, azithromycin can display antiviral action 
on bronchial epithelial cells and it is found that it has 
ability to reduce exacerbations of chronic obstructive 
pulmonary disease (COPD) by exhibit anti-inflammatory 
and antiviral activities through affecting the expression 
of cytokine.[65] A study in France suggested that a 
combination of hydroxychloroquine with azithromycin 
can be effective against COVID-19 infections. This small 
number clinical study showed a 100% viral clearance in 
nasopharyngeal swabs in six patients after 5 to 6 days of 
the combination of hydroxychloroquine and azithromycin. 
Meanwhile, the rate of viral clearance was (57.1%) when 
hydroxychloroquine used alone and only 12.5% in patients 
who did not receive hydroxychloroquine.[66]

Convalescent plasma transfusion therapy
It is a traditional adaptive immunotherapy, that collected 
from donor after recovery from the infection and 
development of antibodies, this therapy was successfully 
applied in the last two decade to treatment numerous 
infectious diseases as SARS, MERS, H1N1 pandemic 
in 2009 and EBOV that showed safety and satisfactory 
efficacy.[67,68] In severe cases of COVID-19, transfusion 
of convalescent plasma improved the clinical symptoms 
and paraclinical criteria within several days as mentioned 
in some studies and these needed evaluation in clinical 
trials.[68,69]

The plasma collected from donor, who confirmed with 
infectious disease (COVID-19) and subsequence negative 
test for SARS-CoV-2, the symptoms resolved at least 
for 14 days after recovery and the ABO blood groups 
system compatible plasma of 200–250 mL (400 mL of 
convalescent plasma in total), antibody titer ˃1:1000, 
transfused in the same day to critical ill patients with 
continuously received other steroids and antiviral drugs, 
the viral load decrease gradually within several days.[69] The 
antiviral action of convalescent plasma mediated by direct 
neutralizing the virus infection via binding the antibody 
to pathogen (i.e., virus) result in inhibiting pathogens’ 
entry and amplification in addition to antibody effect in 
complement activation, cytotoxicity and phagocytosis. 
Furthermore, the plasma from recovery donor has 
immunomodulation of hypercoagulable state.[70,71]

Tocilizumab
Tocilizumab (Actemra) is one of interleukin antagonists 
with a monoclonal antibody that inhibits binding of IL-6 
to its receptors and prevents IL-6 signal transduction 
to inflammatory mediators B and T cells.[72] It is used in 
treatment of rheumatoid arthritis and systemic juvenile 
idiopathic arthritis.[73]

In critical ill patients with COVID-19, an excessive immune 
response and cytokine storm with highly elevated IL-6 
level can be designated.[74,75] The usage of tocilizumab as 
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a humanized IL-6 receptors antibody in treating COVID-
19 patients showed a successful result particularly in those 
who have multiple myeloma.[76]

Chinese clinical trial demonstrated that a dose of 4–8 mg/
kg (initially single dose 400 mg intravenous infusion) 
infused over 1 h as initial dose for critical COVID-
19 patient resulted in rapid reduction in fever and 
oxygen supplementation within several days from using 
tocilizumab and the same dose repeated after 12 h as 
maximum single dose 800 mg when the symptoms are not 
improved.[77] The same dosage protocol with maximum 
dose (800 mg initial intravenous infusion) and if  the 
symptoms not improved or worsen in sever ill patient 
with COVID-19, one additional dose may be used in US/
Global randomized, placebo-controlled trial.[78]

Vitamin C
Vitamin C (ascorbic acid) is one of the important 
antioxidants that improves endothelial function, reduces 
oxidative stress production and prohibit inflammatory 
cascade.[79] It involves in collagen biosynthesis through 
hydroxylation reaction and facilitation the transport of 
iron. Furthermore, it has a therapeutic role when given in a 
high dose in many diseases like, cancer, atherosclerosis and 
viral infection.[80] The oral supplementation of vitamin C 
in common cold was studied, since it reduced symptoms 
duration and decreased the common cold incidence in 
severely physical stress individual.[81] High dosage of 
Vitamin C (injectable) is used in treating sepsis since it 
has a physiological role beside anti-inflammatory action. 
It recovers vasopressor synthesis, improves immune cell 
function and epigenetic immunological modification.[82] 
Vitamin C level decreases during infection thus the patients 
require increasing the level of vitamin C (according to 
severity of infection) by administrating high doses to 
improve the immune state. In COVID-19 pneumonia, 
immune effector cells hyperactivity caused lung injury.[83] 
China initiated phase 2 randomized controlled trials in 
patient in intensive care unit with COVID-19 pneumonia 
to evaluate intravenous vitamin C in a dose of 12 g every 
12 h for 7 days. The dose of vitamin C (12 g) diluted to 
total volume of 50 mL by sterile water for injection and 
infused on a rate of 12 mL/h. It has been noticed that, 
intravenous vitamin C administration in high dose rather 
than physiological concentration act as pro-oxidant to 
immune cells.[84] The beneficial influence of vitamin C 
injection in sepsis can be showed in several meta-analysis 
studies. The intravenous dosage of vitamin C is not 
constant as it varies among studies; in CITRIS-ALI study, 
the dose of vitamin C was 50 mg/kg every 6 h for 4 days 
while vitamins study suggested the effect of vitamin C at a 
dose of 1.5 g every 6 h until resolution the shock or up to 
10 days.[85,86] Additional studies are strongly indicated for 
vitamin C dose adjustment and duration in sepsis generally 
and in COVID-19 specifically.[86]

Glutathione
It is an endogenous antioxidant, can be obtained from 
diet and through dietary supplements as well. It is crucial 
in enhancing the immunity via protecting immune cells 
through antioxidant mechanism and also it is essential 
for both innate and adaptive immunity.[87] According 
to Kuppner et al.[88] 2003, glutathione is important for 
T-lymphocytes proliferation, phagocytic activity of 
neutrophils in addition to the function of  dendritic 
cell. Glutathione was used in trial for treating COVID-
19 in USA. Administration of  2 g of  intravenous 
glutathione results in improvement in patient’s dyspnea 
(due to COVID-19 pneumonia) within 1 h from starting 
medication. In addition, repeating the dose of  both 
2000 mg of oral and intravenous glutathione result in 
further relief  in respiratory symptoms. The trial suggested 
that oral and intravenous glutathione, glutathione 
precursors (N-acetyl-cysteine) and alpha lipoic acid 
may represent a novel treatment modality for blocking 
NF-κB and addressing “cytokine storm syndrome” 
and respiratory distress in patients with COVID-19 
pneumonia.[89]

Corticosteroid
It is known that corticosteroid is an anti-inflammatory 
drug that inhibits the synthesis of  cyclooxygenase-2. 
Moreover, corticosteroid reduces phospholipase A2 in 
the lipid membrane which is responsible for inhibition 
in arachidonic acid production. Consequently, a down 
production of  prostaglandin will be noticed. Besides, 
corticosteroid has immunomodulatory properties.[90] 
The use of  corticosteroid in patients with SARS, 
MERS and influenza showed no survival benefit or 
possible harm as delay viral clearance, increase risk 
diabetes; psychosis and avascular necrosis. Because of 
that, there is restriction in prescribing corticosteroids 
COVID-19 patients with exception in patients suffer 
from asthma, COPD or similar diseases to reduce 
symptoms.[91]

Methylprednisolone is the most important corticosteroid 
and it was recommended in a retrospective study for 
COVID-19 patients with pneumonia who developed 
ARDS because of reduction mortality.[92] This was 
probably via improving in clinical symptoms such as fever 
and hypoxia and shorten disease course. The suggested 
dose of methylprednisolone was 1–2 mg/kg daily for 
5–7 days.[93]

In Chinese hospital, regimen of low to medium dose 
of methylprednisolone 0.5–1 mg/kg daily or equivalent 
reduced the mortality by lowering oxygen index less than 
300 mm Hg.[94] Methylprednisolone is already used as 
a combination with oseltamivir, antibiotic and oxygen 
therapy for patients with COVID-19 pneumonia during 
influenza season.[95]
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Recombinant human angiotensin-converting enzyme-2 
(rhACE2)
Angiotensin-converting enzyme-2 (ACE2) is the 
functional receptor for SARS-CoV in vitro[96] and in vivo.[97] 
This receptor is very important for entry of  virus to the 
host and also for its replication. The ACE2 is not only 
receptor for virus entry but also it has a role in protection 
lung from injury because SARS-CoV binds to this 
receptor and cause deregulation to the protection pathway 
of  lung.[97] Alveolar epithelial type II cells contain about 
83% of ACE2 expression. Consequently, these cells can 
reserve as reservoir for viral invasion.[98] ACE2 receptor 
expression has been found in other non-pulmonary tissue 
such as, heart, kidney, endothelium and intestine.[99,100] 
The soluble recombinant human angiotensin-converting 
enzyme-2 (rhACE2) may have the ability for inhibiting 
entrance and replication of  SARS-CoV-2 in cellular and 

embryonic cell-derived organoids by factor 1000–5000 
times.[101] It has been suggested that administration of 
rhACE2 result in directing substrates away from released 
enzyme ACE and this will cause reduction in serum level 
of  angiotensin II and prevent further activation of  ACE2 
receptor.[102]

rhACE2 was developed by biologist for treatment acute 
lung injury, ARDS and pulmonary arterial hypertension. 
In China, clinical trials are underway now to evaluating 
the biological and physiological role of rhACE2 in 
COVID-19 pneumonia, especially with ARDS.[103]

Anticoagulant
Recent evidence indicates that hypercoagulable state 
was developed in patients with COVID-19.[104-106] These 
coagulation abnormalities include thrombotic disseminated 

Table 1: Dose of antiviral and supportive agents used for treatment of the coronavirus disease-19

Name of drug Mechanism of action Dose and duration of drug
Hydroxychloroquine Antiviral act by inhibiting replication of virus - 200 mg 3 time daily for 10 days[106]

- 200 mg 3 time daily for 6 days[16]

- 400 mg twice daily in first day then 200 mg twice daily 
for 4 days[114]

- 800 mg in first day then 400 mh/day for 4 days[115]

Remdesivir Antiviral act by inhibiting RNA-dependent RNA 
polymerase

- 200 mg IV as initial dose then 100 mg IV daily for 
10 days[33,116]

Oseltamivir Antiviral act by inhibiting neuraminidase enzyme - 75 mg twice daily for 5 days[18,117]

Lopinavir/ritonavir Antiviral act by inhibiting HIV protease enzyme - 400 mg/100 mg twice daily (5–10 days)[118]

- 400 mg/100 mg twice daily for 14 days[48]

Favipiravir Antiviral act by inhibiting RNA-dependent RNA 
polymerase

- 1600 mg twice daily at first day then 600 mg twice daily 
for 10 days[58]

- 1800 mg twice daily at first day then 600 mg twice daily 
for 14 days[119]

Azithromycin Supportive therapy act as antiviral and 
anti-inflammatory

- 500 mg daily in first day then 250 mg daily for next 
4 days[66]

- 500 mg daily for 5 days[120]

- 500 mg daily for 3 days[121]

Convalescent plasma 
transfusion therapy

Supportive therapy has antiviral and 
immunomodulatory effect

- 1–2 units ⁓200–400 mL as a maximum dose in 7 mL/kg 
as single IV infusion[69-122]

Tocilizumab Supportive therapy act as anti-inflammatory and 
immunosuppressant agent (IL-6) inhibitors

- 8 mg/kg in 100 mL 0.9% saline solution given IV not 
less than 1 h (maximum single daily dose 800 mg)[78]

- 400 mg as initial single dose through IV drip[83]

- 162 mg SC *2 dose/12 h[121]

Vitamin C Supportive therapy act as antioxidants and 
immunosuppressant agents

- 15 g IV for 4 days[85]

- 12 g/12 h. IV infusion pump 12 mL/h. for 7 days[84]

- 10 g given IV[123]

Glutathione Supportive therapy act as antioxidants and 
immunosuppressant agents

- 2 g/h. IV then repeat use 2000 mg of oral or IV[89]

Corticosteroid 
(methylprednisolone)

Supportive therapy act as anti-inflammatory 
agents and immunosuppressant agent

- 1 mg/kg/day IV for 7 days[124]

- 1–2 mg/kg/day for 5–7 days[93,125]

Recombinant human an 
angiotensin-converting enzyme 
inhibitor-2(rhACE2)

Supportive therapy act by inhibiting entry and 
replication of virus

- 0.4 mg/kg IV twice daily for 7 days[126,127]

Anticoagulants Supportive therapy act by reducing the 
thrombotic complications that developed in 
patients with COVID-19

- Low molecular weight heparin or fractional heparin 
at dose 5000 units SC (2–3) times daily by depending on 
creatinine clearance[112]

- Enoxaparin (40–60 mg/daily)[110]

IV: intravenous, SC: subcutaneous, g: gram, mg: milligram, Kg: kilogram, h: hour, mL: milliliter
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intravascular coagulation, venous thrombo-embolism, 
micro-vascular thrombosis of pulmonary vasculature and 
elevated level of D-dimer and fibrinogen.[104,105,107]

American Society of Hematology and International 
Society for Thrombosis and Haemostasis suggested that 
early administration of anticoagulant in patient with sever 
COVID-19 infection results in improvement in patient 
outcomes and decrease the thrombotic complication.[108,109] 
They recommended that all hospitalized patients with 
COVID-19 should receive a prophylactic dose of low 
molecular weight heparin (LMWH), except when there 
is contraindication such as active bleeding (platelets 
count < 25 × 109 cell/L) or fibrinogen level <0.5 g/l 
L.[109-111]

Reduced-dose of LMWH or unfractionated heparin 
(UFH) in dose 5000 units subcutaneously 2–3 times daily 
in patients with creatinine clearance less than 30 mL/
min[112] while the Fondaparnux is used in patient with 
history of heparin induce thrombocytopenia.[113] Although 
the bleeding is uncommon in COVID-19 patients, but the 
standard risk factors for bleeding should be considered 
and patients should be assessed to balance the risk of 
bleeding with risk of thrombosis.[113]

Finally, recent data showed that prophylactic dose of 
LMWH or UFH is associated with a reduced 28-day 
mortality in patients with severe COVID-19 who 
exhibit a sepsis-induced coagulopathy or have very 
high level of  D-dimer levels (>6-fold than upper limit 
of  normal).[110,128]

Results
Despite the large number of drugs that have been and still 
are suggested to treat patients with COVID-19 [Table 1], 
no definitive therapy has been found yet.

Conclusion
The main purpose from all current management protocols 
is to reduce complications and support patient till 
spontaneous recovery rather than eradicating the virus. 
Moreover, further studies are mandatory to find antiviral 
drug against this virus.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Gelderblom HR. Structure and Classification of Viruses. 4th ed. 

Galveston, TX: University of Texas Medical Branch at Galveston; 
1996.

2.	 Hassan SA, Sheikh FN, Jamal S, Ezeh JK, Akhtar A. Coronavirus 
(COVID-19): A review of clinical features, diagnosis, and treatment. 
Cureus 2020;12:e7355.

3.	 Kooraki S, Hosseiny M, Myers L, Gholamrezanezhad A. 
Coronavirus (COVID-19) outbreak: What the Department of 
Radiology should know. J Am Coll Radiol 2020;17:447-51.

4.	 Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-
19 infection: Origin, transmission, and characteristics of human 
coronaviruses. J Adv Res 2020;24:91-8.

5.	 Huang IC, Bosch BJ, Li F, Li W, Kyoung HL, Ghiran S, et al. 
SARS coronavirus, but not human coronavirus NL63, utilizes 
cathepsin L to infect ACE2-expressing cells. J Biol Chem 
2006;281:3198-203.

6.	 Al-Kaif LAIK, Al-Saadi MA, Al-Charrakh AH. Effect of SARS-
CoV-2 infection on HBV-infected patients: Reactivation. Med J 
Babylon 2022;19:736-46.

7.	 WHO. Novel Coronavirus (2019-nCoV). Situation Report–22, 
Data as reported by 11 February 2020. 2020.

8.	 Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, 
Villamizar-Peña R, Holguin-Rivera Y, Escalera-Antezana JP, et al.; 
Latin American Network of Coronavirus Disease 2019-COVID-
19 Research (LANCOVID-19). Clinical, laboratory and imaging 
features of COVID-19: A systematic review and meta-analysis. 
Travel Med Infect Dis 2020;34:101623.

9.	 Pang J, Wang MX, Ang IYH, Tan SHX, Lewis RF, Chen JI-P, et al. 
Potential rapid diagnostics, vaccine and therapeutics for 2019 novel 
coronavirus (2019-nCoV): A systematic review. J Clin Med 2020;9:623.

10.	 Cooper RG, Magwere T. Chloroquine: Novel uses and 
manifestations. Indian J Med Res 2008;127:305-16.

11.	 Zhang L, Liu Y. Potential interventions for novel coronavirus in 
China: A systematic review. J Med Virol 2020;92:479-90.

12.	 Akpovwa H. Chloroquine could be used for the treatment of 
filoviral infections and other viral infections that emerge or 
emerged from viruses requiring an acidic pH for infectivity. Cell 
Biochem Funct 2016;34:191-6.

13.	L ong J, Wright E, Molesti E, Temperton N, Barclay W. Antiviral 
therapies against Ebola and other emerging viral diseases using 
existing medicines that block virus entry. F1000Res 2015;4:30.

14.	 Naarding MA, Baan E, Pollakis G, Paxton WA. Effect of 
chloroquine on reducing HIV-1 replication in vitro and the 
DC-SIGN mediated transfer of virus to CD4+ T-lymphocytes. 
Retrovirology 2007;4:1-12.

15.	 Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE, 
Ksiazek TG, et al. Chloroquine is a potent inhibitor of SARS 
coronavirus infection and spread. Virol J 2005;2:1-10.

16.	 Devaux CA, Rolain JM, Colson P, Raoult D. New insights on the 
antiviral effects of chloroquine against coronavirus: What to expect 
for COVID-19? Int J Antimicrob Agents 2020;55:105938.

17.	 Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus 
disease 2019 (COVID-19). Drug Discov Ther 2020;14:58-60.

18.	 Huang M, Tang T, Pang P, Li M, Ma R, Lu J, et al. Treating 
COVID-19 with chloroquine. J Mol Cell Biol 2020;12:322-5.

19.	 Mulangu S, Dodd LE, Davey RT, Mbaya OT, Proschan M, Mukadi 
D, et al. A randomized, controlled trial of Ebola virus disease 
therapeutics. N Engl J Med 2019;381:2293-303.

20.	 Agostini ML, Andres EL, Sims AC, Graham RL, Sheahan TP, Lu 
X, et al. Coronavirus susceptibility to the antiviral remdesivir (GS-
5734) is mediated by the viral polymerase and the proofreading 
exoribonuclease. mBio 2018;9:e00221-18.

21.	 Gilead Sciences, Veklury I. Remdesivir injection, powder, 
lyophilized, for solution: US prescribing information. 2023. 
Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2023/214787s019lbl.pdf

22.	 De Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS 
and MERS: Recent insights into emerging coronaviruses. Nat Rev 
Microbiol 2016;14:523-34.

23.	 Sheahan TP, Sims AC, Graham RL, Menachery VD, Gralinski 
LE, Case JB, et al. Broad-spectrum antiviral GS-5734 inhibits 
both epidemic and zoonotic coronaviruses. Sci Transl Med 
2017;9:eaal3653.



Shareef, et al.: COVID-19 and early pharmaceutical therapy

         8� 8    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

24.	 Sheahan TP, Sims AC, Leist SR, Schäfer A, Won J, Brown AJ, et al. 
Comparative therapeutic efficacy of remdesivir and combination 
lopinavir, ritonavir, and interferon beta against MERS-CoV. Nat 
Commun 2020;11:222.

25.	 Siegel D, Hui HC, Doer E, Clarke MO, Chun K, Zhang L, et 
al. Discovery and synthesis of a phosphoramidate prodrug of a 
pyrrolo [2,1 ‑ f}[triazin-4-amino] adenine C: Nucleoside (GS-5734) 
for the treatment of Ebola and emerging viruses. J Med Chem 
2017;60:1648-61.

26.	 Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva 
V, et al. Therapeutic efficacy of the small molecule GS-5734 against 
Ebola virus in rhesus monkeys. Nature 2016;531:381-5.

27.	 Jordan PC, Liu C, Raynaud P, Lo MK, Spiropoulou CF, Symons 
JA, et al. Initiation, extension, and termination of RNA synthesis 
by a paramyxovirus polymerase. PLoS Pathog 2018;14:e1006889.

28.	 Gordon CJ, Tchesnokov EP, Woolner E, Perry JK, Feng JY, 
Porter DP, et al. Remdesivir is a direct-acting antiviral that 
inhibits RNA-dependent RNA polymerase from severe acute 
respiratory syndrome coronavirus 2 with high potency. J Biol Chem 
2020;295:6785-97. doi: 10.1074/jbc.RA120.013679.

29.	 Gordon CJ, Tchesnokov EP, Feng JY, Porter DP, Götte M. The 
antiviral compound remdesivir potently inhibits RNA-dependent 
RNA polymerase from Middle East respiratory syndrome 
coronavirus. J Biol Chem 2020;295:4773-9.

30.	 Dyer O. Two Ebola treatments halve deaths in trial in DRC 
outbreak. BMJ 2019;366:l5140.

31.	 Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir 
and chloroquine effectively inhibit the recently emerged novel 
coronavirus (2019-nCoV) in vitro. Cell Res 2020;30:269-71.

32.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course 
and risk factors for mortality of adult inpatients with COVID-
19 in Wuhan, China: A retrospective cohort study. Lancet 
2020;395:1054-62.

33.	 Cao Y, Deng Q, Dai S. Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, 
the company ’ s public news and information. Travel Med Infect 
Dis 2020;35:101647.

34.	 SMPC Tamiflu summary of product characteristics. Internet Eur 
Integr; 2009.p. 1-115.

35.	 He G, Massarella J, Ward P. Clinical pharmacokinetics of the 
prodrug oseltamivir and its active metabolite Ro 64-0802. Clin 
Pharmacokinet 1999;37:471-84.

36.	 Moscona A. Neuraminidase inhibitors for influenza. N Engl J Med 
2005;353:1363-73.

37.	 Davies BE. Pharmacokinetics of oseltamivir: An oral antiviral for 
the treatment and prophylaxis of influenza in diverse populations. 
J Antimicrob Chemother 2010;65:ii5-10.

38.	 WHO. Pandemic (H1N1) 2009 Update 65. 2009. Available 
from: https://www.who.int/emergencies/disease-outbreak-news/
item/2009_09_11-en.

39.	 Mendel DB, Tai CY, Escarpe PA, Li W, Sidwell RW, Huffman 
JH, et al. Oral administration of a prodrug of the influenza virus 
neuraminidase inhibitor GS 4071 protects mice and ferrets against 
influenza infection. Antimicrob Agents Chemother 1998;42:640-6.

40.	 Chen C, Zhang Y, Huang J, Yin P, Cheng Z, Wu J, et al. Favipiravir 
versus Arbidol for COVID-19: A randomized clinical trial. 
medRxiv 2020;12:1-11.

41.	 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical 
characteristics of 138 hospitalized patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China. JAMA 2020;323:1061-9.

42.	 National Library of Medicine (US). Various combination of 
protease inhibitors, Oseltamivir, Favipiravir, and Chloroquin for 
treatment of COVID-19: A randomized control trial (THDMS-
COVID19. 2020 Mar 12: Identifier NCT04303299). 2020.

43.	 Chan KS, Lai ST, Chu CM, Tsui E, Tam CY, Wong MML, et al. 
Treatment of severe acute respiratory syndrome with lopinavir/
ritonavir: A multicentre retrospective matched cohort study. Hong 
Kong Med J 2003;9:399-406.

44.	 Chu CM, Cheng VCC, Hung IFN, Wong MML, Chan KH, Chan 
KS, et al.; HKU/UCH SARS Study Group. Role of lopinavir/

ritonavir in the treatment of SARS: Initial virological and clinical 
findings. Thorax 2004;59:252-6.

45.	 Wagstaff  KM, Sivakumaran H, Heaton SM, Harrich D, Jans DA. 
Ivermectin is a specific inhibitor of importin α/β-mediated nuclear 
import able to inhibit replication of HIV-1 and dengue virus. 
Biochem J 2012;443:851-6.

46.	 De Wilde AH, Jochmans D, Posthuma CC, Zevenhoven-Dobbe 
JC, Van Nieuwkoop S, Bestebroer TM, et al. Screening of an 
FDA-approved compound library identifies four small-molecule 
inhibitors of Middle East respiratory syndrome coronavirus 
replication in cell culture. Antimicrob Agents Chemother 
2014;58:4875-84.

47.	 Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of 
lopinavir-ritonavir in adults hospitalized with severe covid-19. N 
Engl J Med 2020;382:1787-99.

48.	 Chakraborty S, Das G. Why re-purposing HIV drugs Lopinavir/
ritonavir to inhibit the SARS-Cov2 protease probably wont 
work: But re-purposing Ribavirin might since it has a very similar 
binding site within the RNA-polymerase. OSF Prepr 2020. doi.
org/10.31219/osf.io/ax98f.

49.	 Hart BJ, Dyall J, Postnikova E, Zhou H, Kindrachuk J, Johnson 
RF, et al. Interferon-β and mycophenolic acid are potent inhibitors 
of middle east respiratory syndrome coronavirus in cell-based 
assays. J Gen Virol 2014;95:571-7.

50.	 Yao TT, Qian JD, Zhu WY, Wang Y, Wang GQ. A systematic 
review of lopinavir therapy for SARS coronavirus and MERS 
coronavirus—A possible reference for coronavirus disease-19 
treatment option. J Med Virol 2020;92:556-63.

51.	L u H. Drug treatment options for the 2019-new coronavirus (2019-
nCoV). Biosci Trends 2020;14:69-71.

52.	 Furuta Y, Takahashi K, Kuno-maekawa M, Sangawa H, Uehara S, 
Kozaki K, et al. Mechanism of action of T-705 against influenza 
virus. Antimicrob Agents Chemother 2005;49:981-6.

53.	 De Farias ST, dos Santos AP, Rêgo TG, José MV. Origin and 
evolution of RNA-dependent RNA polymerase. Front Genet 
2017;8:1-7.

54.	 Nagata T, Lefor AK, Hasegawa M, Ishii M. Favipiravir: A new 
medication for the Ebola virus disease pandemic. Disaster Med 
Public Health Prep 2014;9:79-81.

55.	 Rosenke K, Feldmann H, Westover JB, Hanley PW, Martellaro C, 
Feldmann F, et al. Use of favipiravir to treat Lassa virus infection 
in macaques. Emerg Infect Dis 2018;24:1696-9.

56.	 Rosa SGV, Santos WC. Clinical trials on drug repositioning for 
COVID-19 treatment. Rev Panam Salud Pública 2020;44:e40.

57.	 Parnham MJ, Haber VE, Giamarellos-Bourboulis EJ, Perletti 
G, Verleden GM, Vos R. Azithromycin: Mechanisms of action 
and their relevance for clinical applications. Pharmacol Ther 
2014;143:225-45.

58.	L iverTox. Clinical and Research Information on Drug-Induced 
Liver Injury [Internet]. Bethesda (MD): National Institute of 
Diabetes and Digestive and Kidney Diseases; 2012. Macrolide 
Antibiotics. [Updated 2017 Aug 10]. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK548398/.

59.	 Bermejo-Martin JF, Kelvin DJ, Eiros JM, Castrodeza J, Ortiz R. 
Macrolides for the treatment of severe respiratory illness caused 
by novel H1N1 swine influenza viral strains. J Infect Dev Ctries 
2009;3:159-61.

60.	 Wang J, Nikrad MP, Travanty EA, Zhou B, Phang T, Gao B, et al. 
Innate immune response of human alveolar macrophages during 
influenza A infection. PLoS One 2012;7:e29879.

61.	 Mosquera RA, Stark JM, Atkins CL, Colasurdo GN, Chevalier J, 
Samuels CL, et al. Functional and immune response to respiratory 
syncytial virus infection in aged BALB/c mice: A search for genes 
determining disease severity. Exp Lung Res 2014;40:40-9.

62.	 Ninomiya K, Fukui T, Imai T, Matsui M, Matsuoka K. Effect 
of maclorides on duration and resolution of symptoms and 
complication of pneumonia in children with influenza. J Nippon 
Med Sch 2002;69:53-7.

63.	L ee N, Wong CK, Chan MCW, Yeung ESL, Tam WWS, Tsang 
OTY, et al. Anti-inflammatory effects of adjunctive macrolide 



Shareef, et al.: COVID-19 and early pharmaceutical therapy

         Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025� 9  

treatment in adults hospitalized with influenza: A randomized 
controlled trial. Antiviral Res 2017;144:48-56.

64.	L endermon EA, Coon TA, Bednash JS, Weathington NM, 
McDyer JF, Mallampalli RK. Azithromycin decreases NALP3 
mRNA stability in monocytes to limit inflammasome-dependent 
inflammation. Respir Res 2017;18:131.

65.	 Menzel M, Akbarshahi H, Bjermer L, Uller L. Azithromycin 
induces anti-viral effects in cultured bronchial epithelial cells from 
COPD patients. Sci Rep 2016;6:28698.

66.	 Gautret P, Lagier J, Parola P, Hoang VT, Meddeb L, Sevestre J, 
et al. Clinical and microbiological effect of a combination of 
hydroxychloroquine and azithromycin in 80 COVID-19 patients 
with at least a six-day follow up: A pilot observational study. Travel 
Med Infect Dis 2020;34:101663.

67.	 Rojas M, Monsalve DM, Pacheco Y, Acosta-Ampudia Y, Ramírez-
Santana C, Ansari AA, et al. Ebola virus disease: An emerging and 
re-emerging viral threat. J Autoimmun 2019;106:102375.

68.	 Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effectiveness 
of convalescent plasma therapy in severe COVID-19 patients. Proc 
Natl Acad Sci U S A 2020;117:9490-6.

69.	 Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, et al. Treatment of 
5 critically ill patients with COVID-19 with convalescent plasma. 
JAMA 2020;323:1582-9.

70.	 Van Erp EA, Luytjes W, Ferwerda G, Van Kasteren PB. Fc-mediated 
antibody effector functions during respiratory syncytial virus 
infection and disease. Front Immunol 2019;10:1-20.

71.	 Bloch EM, Shoham S, Casadevall A, Sachais BS, Shaz B, Winters 
JL, et al. Deployment of convalescent plasma for the prevention 
and treatment of COVID-19. J Clin Invest 2020;130:2757-65.

72.	 Sebba A. Tocilizumab: The first interleukin-6-receptor inhibitor. 
Am J Health Syst Pharm 2008;65:1413-8.

73.	 Brunton LL, Knollmann BC. Goodman and Gilman’s the 
pharmacological basis of therapeutics. In: Brunton LL, Knollmann 
BC, editors. Focus on Alternative and Complementary Therapies, 
Vol. 7. 12th ed. The McGraw-Hill Companies; 2011. p. 1808.

74.	 Mehta P, Mcauley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ; HLH across Speciality Collaboration, UK. COVID-
19: Consider cytokine storm syndromes and immunosuppression. 
Lancet 2020;395:1033-4.

75.	 Zhou Y, Fu B, Zheng X, Wang D, Zhao C, Qi Y, et al. Pathogenic 
T cells and inflammatory monocytes incite inflammatory storm in 
severe COVID-19 patients. Natl Sci Rev 2020;7:998-1002.

76.	 Zhang X, Song K, Tong F, Fei M, Guo H, Lu Z, et al. First case of 
COVID-19 in a patient with multiple myeloma successfully treated 
with tocilizumab. Blood Adv 2020;4:1307-10.

77.	 Tocilizumab vs CRRT in Management of Cytokine Release 
Syndrome (CRS) in COVID-19 (TACOS). ClinicalTrials.gov 
Identifier: NCT04306705.

78.	 Tocilizumab for SARS-CoV2 (COVID-19) Severe Pneumonitis. 
Available from: https://clinicaltrials.gov/ct2/show/NCT04315480. 
[Last accessed on 29 Apr 2020].

79.	 Ritter JM, Flower R, Henderson G, Loke YK, MacEwan D, Rang 
HP. Rang and Dale’s pharmacology. 9th ed. Edinburgh: Elsevier; 
2019. p. 313.

80.	 Bowie AG, O’Neill LAJ. Vitamin C inhibits NF-κB activation by 
TNF via the activation of p38 mitogen-activated protein kinase. J 
Immunol 2000;165:7180-8.

81.	 Hemilä H. Vitamin C and infections. Nutrients 2017;9:339.
82.	 Kashiouris MG, L’heureux M, Cable CA, Fisher BJ, Leichtle SW, 

Fowler AA. The emerging role of vitamin C as a treatment for 
sepsis. Nutrients 2020;12:292.

83.	 Carr AC, Rosengrave PC, Bayer S, Chambers S, Mehrtens J, Shaw 
GM. Hypovitaminosis C and vitamin C deficiency in critically ill 
patients despite recommended enteral and parenteral intakes. Crit 
Care 2017;21:1-10.

84.	 National Library of Medicine (US). Vitamin C infusion for 
treatment of sever 2019-nCoV infected pneumonia. ClinicalTrials.
gov Identifier: NCT04264533. 2020.

85.	 Fowler AA, Truwit JD, Hite RD, Morris PE, Dewilde C, Priday A, 
et al. Effect of vitamin C infusion on organ failure and biomarkers 

of inflammation and vascular injury in patients with sepsis and 
severe acute respiratory failure: The CITRIS-ALI randomized 
clinical trial. JAMA 2019;322:1261-70.

86.	 Arabi YM, Fowler R, Hayden FG. Critical care management of 
adults with community-acquired severe respiratory viral infection. 
Intensive Care Med 2020;46:315-28.

87.	 Droge W, Breitkreutz R. Glutathione and immune function. Proc 
Nutr Soc 2020;59:595-600.

88.	 Kuppner MC, Scharner A, Milani V, Von Hesler C, Tschöp KE, 
Heinz O, et al. Ifosfamide impairs the allostimulatory capacity of 
human dendritic cells by intracellular glutathione depletion. Blood 
2003;102:3668-74.

89.	 Horowitz RI, Freeman PR, Bruzzese J. Efficacy of glutathione 
therapy in relieving dyspnea associated with COVID-19 pneumonia: 
A report of 2 cases. Respir Med Case Rep 2020;30:101063.

90.	 Katzung BG, Trevor AJ. Basic and clinical pharmacology. In: 
Katzung BG, Trevor AJ, editors. Pharmacology Britain, Vol. 9. 
13th ed. The McGraw-Hill Companies: ISBN: 978-0-07-176402-5; 
2015. p. 911-73.

91.	 Zha L, Li S, Pan L, Tefsen B, Li Y, French N, et al. Corticosteroid 
treatment of patients with coronavirus disease 2019 (COVID-19). 
Med J Aust 2020;212:416-20.

92.	 Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors 
associated with acute respiratory distress syndrome and death 
in patients with coronavirus disease 2019 pneumonia in Wuhan, 
China. JAMA Intern Med 2020;180:934-43.

93.	 Qin Y, Zhou Y, Lu Y, Sun F, Yang S, Harypursat V, et al. 
Effectiveness of glucocorticoid therapy in patients with severe 
coronavirus disease 2019: Protocol of a randomized controlled 
trial. Chin Med J 2020;133:1080-6.

94.	 Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of corticosteroids 
for 2019-nCoV pneumonia. Lancet 2020;395:683-4.

95.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical 
features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet 2020;395:497-506.

96.	L i W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. 
Angiotensin-converting enzyme 2 is a functional receptor for the 
SARS coronavirus. Nature 2003;426:450-4.

97.	 Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role 
of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-
induced lung injury. Nat Med 2005;11:875-9.

98.	 Zhao Y, Zhao Z, Wang Y, Zhou Y, Ma Y, Zuo W. Single-cell RNA 
expression profiling of ACE2, the putative receptor of Wuhan 
2019-nCov. bioRxiv 2020:919985.

99.	 Ding Y, He L, Zhang Q, Huang Z, Che X, Hou J, et al. Organ 
distribution of severe acute respiratory syndrome (SARS) associated 
coronavirus (SARS-CoV) in SARS patients: Implications for 
pathogenesis virus transmission pathways. J Pathol 2004;203:622-30.

100.	 Danilczyk U, Sarao R, Remy C, Benabbas C, Stange G, Richter 
A, et al. Essential role for collectrin in renal amino acid transport. 
Nature 2006;444:1088-91.

101.	 Monteil V, Kwon H, Prado P, Hagelkrüys A, Wimmer RA, Stahl 
M, et al. Inhibition of SARS-CoV-2 infections in engineered 
human tissues using clinical-grade soluble human ACE2. Cell 
2020;181:905-13.e7.

102.	 Khan A, Benthin C, Zeno B, Albertson TE, Boyd J, Christie JD, 
et al. A pilot clinical trial of recombinant human angiotensin-
converting enzyme 2 in acute respiratory distress syndrome. Crit 
Care 2017;21:234.

103.	 GEN. How to Conquer Coronavirus: Top 35 Treatments in 
Development. 2020. Available from: https://www.genengnews.
com/a-lists/how-to-conquer-coronavirus-top-35-treatments-
indevelopment. [Last accessed on 13 Mar 2020].

104.	 Deng Y, Liu W, Liu K, Fang YY, Shang J, Zhou L, et al. Clinical 
characteristics of fatal and recovered cases of coronavirus disease 
2019 (COVID-19) in Wuhan, China: A retrospective study. Chin 
Med J 2020;133:1261-7.

105.	 Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters 
are associated with poor prognosis in patients with novel 
coronavirus pneumonia. J Thromb Haemost 2020;18:844-7.



Shareef, et al.: COVID-19 and early pharmaceutical therapy

         10� 10    Medical Journal of Babylon  ¦ Volume 22 ¦ Issue 1 ¦ January-March 2025

106.	 Wu Z, McGoogan JM. Characteristics of and important lessons 
from the coronavirus disease 2019 (COVID-19) outbreak in China: 
Summary of a report of 72314 cases from the Chinese Center for 
Disease Control and Prevention. JAMA 2020;323:1239-42.

107.	 Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, 
Gommers DAMPJ, Kant KM, et al. Incidence of thrombotic 
complications in critically ill ICU patients with COVID-19. 
Thromb Res 2020;191:145-7.

108.	 Barrett CD, Moore HB, Yaffe MB, Moore EE. ISTH interim 
guidance on recognition and management of coagulopathy in 
COVID-19: A comment. J Thromb Haemost 2020;18:2060-3.

109.	 Thachil J, Tang N, Gando S, Levi M, Clark C, Iba T, et al. ISTH 
interim guidance on recognition and management of coagulopathy 
in COVID-19. J Thromb Haemost 2020;18:1023-6.

110.	 Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant 
treatment is associated with decreased mortality in severe 
coronavirus disease 2019 patients with coagulopathy. J Thromb 
Haemost 2020;18:1094-9.

111.	L in L, Lu L, Cao W, Li T. Hypothesis for potential pathogenesis 
of SARS-CoV-2 infection: A review of immune changes in 
patients with viral pneumonia. Emerg Microbes Infect 2020;9: 
727-32.

112.	 Obe BH, Retter A, McClintock C. Practical guidance for the 
prevention of thrombosis and management of coagulopathy and 
disseminated intravascular coagulation of patients infected with 
COVID-19. Thromb Haemost 2020. doi:10.1111/jth.14853. Online 
ahead of print.

113.	 American Society of Hematology (ASH). COVID-19 and 
coagulopathy: Frequently asked questions. From the ASH website. 
2020. Available from: https://www.hematology.org/covid-19/covid-
19-and-vte-anticoagulation. [Last accessed on 15 Apr 2020].

114.	 Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro 
antiviral activity and projection of optimized dosing design of 
hydroxychloroquine for the treatment of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Clin Infect Dis 
2020;71:732-9.

115.	 National Library of Medicine (US). Hydroxychloroquine, 
azithromycin in the treatment of SARS CoV-2 infection. 
ClinicalTrials.gov Identifier: NCT04341727. 2020.

116.	 Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, 
Kalil AC, et al. Remdesivir for the treatment of COVID-19—
Preliminary report. N Engl J Med 2020;383:1813-36.

117.	 Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. 
Epidemiological and clinical characteristics of 99 cases of 2019 

novel coronavirus pneumonia in Wuhan, China: A descriptive 
study. Lancet 2020;395:507-13.

118.	L i Y, Xie Z, Lin W, Cai W, Wen C, Guan Y, et al. Efficacy and 
safety of lopinavir/ritonavir or arbidol in adult patients with mild/
moderate COVID-19: An exploratory randomized controlled trial. 
Med 2020;1:105-13.e4.

119.	 National Library of  Medicine (US). Phase III clinical study 
evaluating the efficacy and safety of  Favipiravir in the treatment of 
patients with COVID-19-moderate type. (NCT04336904). 2020.

120.	 Hache G, Rolain JM, Gautret P, Deharo C, Brouqui P, Raoult 
D, et al. Combination of hydroxicloroquine plus azithromycin as 
potential treatment for COVID 19 patients: Pharmacology, safety 
profile, drug interactions and management of toxicity. Microb 
Drug Resist 27:281-90.

121.	 National Library of Medicine (US). Clinical trial of combined 
use of hydroxychloroquine azithromycin and tocilizumab for 
the treatment of COVID-19. ClinicalTrials.gov Identifier: 
NCT04332094. 2020.

122.	 National Library of Medicine (US). A study evaluating the efficacy 
and safety of high-titer anti-SARS-CoV-2 plasma in hospitalized 
patients with COVID-19 infection. ClinicalTrials.gov Identifier 
NCT04354831. 2020.

123.	 National Library of  Medicine (US). Use of  ascorbic acid in patient 
with COVID-19. ClinicalTrials.gov Identifier: NCT04323514. 
2020.

124.	 National Library of Medicine (US). Efficacy and safety of 
Corticosteroid in COVID-19. ClinicalTrials.gov Identifier: 
NCT04273321. 2020.

125.	 Wang Y, Jiang W, He Q, Wang C, Liu B, Zhou P, et al. Early, 
low-dose and short-term application of corticosteroid treatment 
in patients with severe COVID-19 pneumonia: Single-center 
experience from Wuhan, China. medRxiv 2020.03.06.20032342. 
doi: https://doi.org/10.1101/2020.03.06.20032342.

126.	 National Library of Medicine (US). Recombinant Human 
Angiotensin-Converting Enzyme 2 (rhACE2) as a treatment 
for patients with COVID-19. ClinicalTrials.gov Identifier: 
NCT0428768. 2020.

127.	 National Library of Medicine (US). Recombinant Human 
Angiotensin-Converting Enzyme 2 (rhACE2) as a treatment 
for patients with COVID-19. ClinicalTrials.gov Identifier: 
NCT0433513. 2020.

128.	 Salih A, Abbas Al-Kelaby K, Al-Zaidi JR. Review on therapeutic 
trials for coronavirus disease-19. Med J Babylon 2021;18: 
155-9.


