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The effectiveness of dexamethasone as a combination therapy
for COVID-19

NADER NAMAZI ABSTRACT

Pharmaceutics and Pharmaceutical Coronavirus disease 2019 (COVID-19) was reported as a
Technology Department global pandemic in March 2020 after invading many coun-
College of Pharmacy, Taibah University tries and leaving behind tens of thousands of infected pati-
Al Madinah Al Munawarah 30001 ents in a brief time span. Approval of a few vaccines has
Saudi Arabia been obtained and their efficacy of varying degrees estab-

lished. Still, there is no effective pharmaceutical agent for
the treatment of COVID-19 though several drugs are under-
going clinical trials. Recent studies have shown that dexa-
methasone, a corticosteroid, can reduce the rate of COVID-19-
-related mortality in the intensive care unit by 35 % for
patients who are on mechanical ventilation. Although
variable efficacy of other combination therapies has been
reported for treating COVID-19 associated with acute
respiratory distress syndrome (ARDS), dexamethasone is
an extensively used drug in many treatment regimens
against COVID-19. The current review aims to explore the
role of dexamethasone as an efficient combination treat-
ment for COVID-19.
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INTRODUCTION

In early December 2019, a highly infectious pneumonia-like disease surfaced in Wuhan,
China, as a result of a novel coronavirus that caused severe comorbidities. This epidemic
named coronavirus disease 2019 (COVID-19), spread in a short duration of time all over the
world and had a serious impact on public health as well as on the global economy. A sub-
stantial number of patients suffered from a respiratory illness that required hospitalization
due to severe acute respiratory syndrome (SARS). As of December 2021, more than 290 mil-
lion COVID-19 cases have been reported globally with 5.4 million deaths. Most of the cases
either resulted in mild diseases or remained asymptomatic. However, in patients with respi-
ratory ailments, the disease progressed to a critical illness that required prolonged ventila-
tion (1). In patients with comorbidities, COVID-19 was the most severe with a fatal outcome.
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At present, there is a gradual fall in the number of COVID-19 cases due to immediate clinical
intervention and massive vaccination programs. Nonetheless, the virus continues to spread
across the globe, emerging as a mutated and more resistant variant (2).

In COVID-19 patients, corticosteroids and other anti-inflammatory drugs have been
used to mitigate the lung damage caused by the cytokine storm (3). Owing to their rapid
anti-inflammatory and immunosuppressive effects, corticosteroids have been extensively
employed in the treatment of the former coronavirus diseases such as the Middle East
respiratory syndrome (MERS), severe acute respiratory syndrome (SARS) and other such
hyper-inflammatory conditions. In contrast, clinical studies related to the use of cortico-
steroids for the treatment of patients with COVID-19 (also called SARS-CoV-2), are limited
(4). There is an incongruity in these studies with regards to the dose, duration and type of
corticosteroid therapy and the susceptibility of the patients to the drug.

All glucocorticosteroids attenuate the immune response by reversing proinflamma-
tory cytokines and chemokines associated with viral infections (5). A multitude of drugs
have shown effectiveness against SARS-CoV-2; however, dexamethasone was the first drug
that reduced COVID-19-associated morbidity and mortality (6). Dexamethasone has been
used in the treatment of several disease conditions such as allergy, asthma, chronic
obstructive pulmonary disease, rheumatic disease, skin disorders, cerebral edema and
in parallel with antibiotics in tuberculosis. This review highlights the effectiveness of
dexamethasone as adjunctive therapy for COVID-19.

PATHOPHYSIOLOGICAL FEATURES OF COVID-19

It is well-known that most of the severe cases and mortalities associated with SARS-
CoV-2 are the result of overreaction of the immune system and subsequent hyperinflam-
mation. Most of the COVID-19 patients do not show serious clinical manifestations in the
initial phase of the disease (7, 8). The symptoms aggravate at the late stage, whereby the
conditions deteriorate suddenly. Cytokine release is considered to be the foremost concern
in COVID-19 where acute respiratory distress syndrome (ARDS) occurs rapidly and pro-
gresses to multiple-organ failure within a short time.

There is a lack of information on the pathophysiology of COVID-19. The virus enters
through the upper respiratory tract and binds to the nasal epithelial cells. Angiotensin-
-converting enzyme-2 (ACE-2) receptors are expressed predominantly in the lung tissue
which is considered as the main host for viral infection (9). After binding to ACE-2 recep-
tors by the S protein subunit, the S protein is cleaved by the transmembrane serine prote-
ase 2 (TMPRSS2), facilitating the cellular entry and consequent viral replication and propa-
gation, which is specifically described as an invasion of type-II pulmonary alveolar
epithelial cells and capillary endothelium. In the early phase, viral replication results in
the generation of a limited immune response (Fig. 1). Whereas, in the late phase, infected
cells stimulate an immune response and subsequent release of cytokines such as tumour
necrosis factor-alpha (TNF-a), granulocyte monocyte colony-stimulating factor (GM-CSF),
interleukin (IL)-1, IL-6, IL-1B, IL-8, IL-12 and interferon-gamma (IFN)-y. These triggered
cytokines produce a robust immune response which leads to ARDS (10). Acute COVID-19
in the late-stage damages the lungs and various organs leading to multiple organ exhaus-
tion (11). The most adverse outcomes of COVID-19 include excessive inflammation and
pulmonary injury secondary to ARDS ensuing diffused alveolar damage.
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Fig. 1. Schematic representation of SARS-CoV-2 pathogenesis in epithelial cell and cytokine storm
(reproduced from ref. 67). The SARS-CoV-2 virus enters through the naso-oral route and attacks alve-
olar cells expressing the ACE-2 receptor. The virus avoids the innate immune cells, such as mono-
cytes, macrophages and neutrophils, as a result of unrestrained virus replication leading to increased
pro-inflammatory cytokines. This induces activation of helper T-cells and aggravates the inflamma-
tory responses, resulting in a cytokine storm.

This cytokine storm attracts neutrophils, CD4" helper T cells and CD8" cytotoxic T
cells which then get accumulated in the lung tissue and begin to fight off the virus, result-
ing in subsequent inflammation and lung injury. In addition, the severe symptoms in
COVID-19 patients are essentially due to this cytokine storm wherein the immune system

Table 1. Symptoms and severity of COVID-19 disease

Incidence Symptoms

Common Pulmonary embolism
Acute respiratory distress syndrome (ARDS)
Pneumonia
Blood infections
Acute liver injury
Kidney injury

Intravascular coagulation

Unusual Pancreatitis
Neurological complications
Autoimmune haemolytic anaemia
Aspergillosis

Multisystem inflammatory syndrome
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gets hyperactivated (11, 12). This leads to the release of IL-6 and TNF-a into the circulation,
inducing local and systemic inflammation and coagulation abnormalities, culminating in
organ failure and death. These complications are summarized in Table I.

Clinical intervention of COVID-19

The current clinical intervention of the disease involves water/electrolyte balance, nutri-
tional support, oxygen supplementation, supportive care and antiviral therapy with
interferon-a, hydroxychloroquine, remdesivir, lopinavir, ritonavir, ribavirin, or arbidol. How-
ever, these drugs mostly relieve the symptoms in the early stages and there is no specific
therapy for COVID-19 so far (13, 14). Table II depicts potential interventions for COVID-19
related ARDS. IL-6 inhibitors have been recommended by the UK COVID-19 guidelines as
well as the Infectious Diseases Society of America for patients with severe COVID-19 (15).

COVID-19 patients who recover and show the following signs of improvement could
be discharged from the hospital: (i) significant improvement of the respiratory symptoms,
(if) normal body temperature for three consecutive days, (iii) significant improvement of
the acute exudative lesions upon pulmonary imaging, (iv) negative reports of at least two
nucleic acid tests for SARS-CoV-2 (16).

Glucocorticoids for COVID-19 therapy

Immune system over-reaction and subsequent hyperinflammation have mostly been
recorded in a significant number of COVID-19 cases. Glucocorticoids have been extensively
used to control acute and chronic inflammatory and autoimmune diseases. To date, there

Table II. Clinical intervention of COVID-19

Drug Study title Location Status  Clinical trial code®

Efficacy study of dexamethasone
Dexamethasone to treat the acute respiratory Spain Completed  NCT01731795
distress syndrome
Dexamethasone vs. methyl-
Dexamethasone or prednisolone for the treatment
methylprednisolone of patients with ARDS caused by
COVID-19

Efficacy of ramdicivir and
baricitinib for the treatment of =~ Bangladesh Recruiting  NCT04693026

Bangladesh Recruiting  NCT04499313

Remdesivir and

baricitinib severe COVID 19 patients

Sevoflurane Sevoflurane in COVID-19 ARDS Switzerland Completed = NCT04355962
(SevCov)
Safety and effectiveness of

. cyclosporine in the management o\

Cyclosporine of COVIDI9 ARDS patients in Egypt Recruiting ~ NCT04979884
Alexandria University Hospital

Pirfenidone Treatment with pirfenidone for -y 1 pocruiting NCT04653831

COVID-19 related severe ARDS

2 www.clinicaltrials.gov
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is a debate regarding the effectiveness of glucocorticoids for the treatment of critically ill
COVID-19 patients associated with ARDS. Although the intervention with glucocorticoids
has been reported to cause severe complications, in China, COVID-19 patients have been
widely treated with glucocorticoids, especially in cases with ARDS. Glucocorticoids have
been found to mitigate SARS-CoV-2 infection by lowering the IL-6 levels. Amongst the
glucocorticoids family, dexamethasone has been reported as the drug of the first choice for
the treatment of respiratory diseases such as asthma and tuberculosis (17-19).

Dexamethasone as first-choice therapy for COVID-19

Dexamethasone is the only drug that has shown an improved survival rate in COVID-19
patients. The drug is widely available and extensively prescribed (20). Preliminary reports
have indicated that dexamethasone decreased the death rate in patients with COVID-19
who were only on oxygen support. Early intervention with small doses of dexamethasone in
patients with hyperinflammatory responses associated with rising C-reactive protein (CRP)
levels has also been reported. The study postulated the effect of a low dose of dexamethasone

Table I11. Major clinical trials efficacy of dexamethasone treatment for patients with COVID-19

Clinical trial

code Title Status Phase Population Country

Randomized clinical trial of
NCT04513184 mtranas.a ! dexa'metha'asone Recruiting Phase2 60 individuals Mexico
as an adjuvant in patients

with COVID-19

RCT on the efficacy of

dexamethasone versus
NCT05062681 methyl prednisolone in Recruiting Phase4 60 individuals Egypt
Covid-19 infected patients
with high oxygen flow
Low or high dose of
dexamethasone in patients

NCT04726098 with respiratory failure by Completed Phase4 198 participants Spain
COVID-19
Effect of two different doses
NCT04663555 of dexamethasone in Recruiting Phase4 300 participants Czech
patients with ARDS and & P P Republic
COVID-19
Dexamethasone for s - United States
NCT04707534 COVID-19 Recruiting Phase4 300 participants of America

Impact of steroids on
NCT04909918 inflammatory responsein ~ Completed Phase3 60 participants Egypt

Covid-19
50 individuals
Short term corticosteroids United States
NCT04445506 in SARS-CoV-2 patients Completed - (18 };elzgg)and of America

? www.clinicaltrials.gov
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as an adjunct therapy for COVID-19. Many guidelines recommend using the lowest pos-
sible dose of dexamethasone, and avoiding sudden discontinuation in moderate to severe
COVID-19 (21).

A clinical trial performed in the United Kingdom on patients hospitalized with
COVID-19 who received dexamethasone revealed a drop in mortality rate compared with
those who had received standard treatment (21). Contrary to this, few researchers did not
support corticosteroid therapy of critically ill COVID-19 pneumonia patients admitted in
the intensive care unit (ICU) (22). Table III shows the major clinical trials in which the
therapeutic potential of dexamethasone in COVID-19 patients has been evaluated.

Pharmacology of dexamethasone

Dexamethasone is a synthetic corticosteroid that has both immunoregulatory and
anti-inflammatory properties. It decreases vasodilation and permeability of capillaries, as
well as reduces leukocyte migration to the sites of inflammation (23). Dexamethasone is a
small lipophilic anti-inflammatory glucocorticoid receptor (GCR) agonist with various
clinical indications (Fig. 2). As an FDA approved drug for treating tuberculosis, dexa-
methasone has also demonstrated effectiveness in treating COVID-19 patients (24).

Dexamethasone has diverse mechanisms of action which depend on the dosage (25,
26). At a low dose, dexamethasone binds to its receptor (GCR) on the cell membrane and
post-nuclear translocation, it binds reversibly to several specific DNA sites. This suppresses
the gene transcription of a large variety of pro-inflammatory cytokines, chemokines, and
adhesion molecules (Fig. 3). On the other hand, at a high dose, the effect of corticosteroid
therapy may be counterproductive. Dexamethasone as a broad-spectrum immunosup-
pressant promotes antibody production from B cells, reduces the T cell-protective func-
tion, and suppresses macrophage-mediated clearance of apoptotic cells. This results in an
elevated plasma viral load and heightened susceptibility to secondary infections. More-
over, treatment with a high dose of dexamethasone hinders the cycling of Ca* and Na*
across the cell membrane leading to a rapid decline in inflammation.

Dexamethasone indications and dosing

During the hyperinflammatory phase involved in patients with pneumonia due to
COVID-19, dexamethasone has been found to be the only life-saving drug that showed
efficacy in a short course of treatment (14).

The dose of dexamethasone depends upon the patient’s response. As far as possible,
low dosage should be used in order to minimize the adverse effects associated with the

Fig. 2. The chemical structure of dexamethasone.
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Fig. 3. A schematic diagram of the glucocorticoids’ (GC) mechanism of action (reproduced from ref.
68). The glucocorticoids manifest their effects by binding to the intracellular glucocorticoid receptors
(GCR). A change in gene transcription occurs after GCR dimerization and translocation from the
cytoplasm into the nucleus. GCR then binds to glucocorticoid response elements (GRE) resulting in
changes in the synthesis of mRNA and subsequently in protein synthesis.

chronic treatment. Intravenous or oral administration of 6 mg per day of dexamethasone
for 10 days has been reported to reduce the death rate by 35 % in patients who were on
mechanical ventilation in the ICU (21, 23). In more severe conditions, a dose higher than
10 mg per day may be considered.

Dexamethasone-dependent adverse effects

The usual side-effects of dexamethasone include headache, increase in appetite and
mood swings. Occasionally, it results in agitation and blurred vision with dizziness. It has
been known that patients who receive a large dose of corticosteroids have a 20 % chance
to acquire neuropsychiatric disorders including mania, psychosis and depression that
require treatment intervention. Due to the powerful immunosuppressive effect, all corti-
costeroids are associated with several side effects, both psychological and physiological
which are potentially harmful to COVID-19 patients (27, 28).

Treatment with dexamethasone can cause organ dysfunction and result in many side
effects. Many researchers do not suggest chronic use of dexamethasone especially for
severe COVID-19 based on the treatment history of SARS patients (29, 30).
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Table IV. Dexamethasone-dependent adverse effects

System Complications Ref.
Cardiovascular Hypertension, accelerated atherosclerosis 33,34
Dermatologic Acne, alopecia, hirsutism, striated skin atrophy, purpura 35
Endocrine Obesity, diabetes mellitus 36, 37
Gastrointestinal Peptic ulcer, pancreatitis, fatty liver, bowel perforation 32, 38-40
Infectious Oral candidiasis 41
Musculoskeletal Myopathy, osteoporosis, vascular necrosis 42,43
Ophthalmologic Cataract, glaucoma 44, 45
Renal Renal calcification, nephrocalcinosis 46, 47
Central nervous system  Psychosis, mania, depression 48, 49

Although dexamethasone is recommended for COVID-19 treatment, it is critical to
observe the function of essential organs for damage caused by the chronic use. Table IV
outlines the major adverse effects that are accompanied with dexamethasone treatment,
especially when it is used as a combination therapy (31, 32). Studies have shown that dexa-
methasone is not effective in the treatment of COVID-19 cases with hyperactive inflamma-
tory stage because it takes a long time to exert any notable therapeutic effect.

Combination therapy for COVID-19

COVID-19 is a biphasic illness necessitating distinct treatments in each phase (50). The
effect of a single therapeutic agent is limited compared to promising drug combinations
for COVID-19. Clinicians have been focusing on using a combination of medicines to treat
COVID-19 in view of the immune system responding differently to different drugs. Some
of the drugs used in combination therapy include hydroxychloroquine, chloroquine, rem-
desivir, lopinavir and corticosteroids. These drugs may help to hasten the recovery but at
times, do not have any positive outcome. Due to their rapid anti-inflammatory and immuno-
suppressive effects, corticosteroids have been prescribed in severe coronavirus diseases
such as MERS, SARS and SARS-CoV-2 to curb the immune-mediated tissue damage in the
lungs.

Izumo et al. (51) compared the effectiveness of the combination therapy of severe
COVID-19 with remdesivir, dexamethasone, and tocilizumab (RDT) with respect to the
mortality rate and adverse side effects. A plethora of drug combinations has been used to
mitigate the severity of COVID-19 (52, 53).

Concurrent therapy with a glucocorticoid and nitric oxide is another promising com-
binatorial approach for treating COVID-19. This combination can potentially prevent
excessive mucus production by goblet cells and subsequent airway occlusion (54). It is
known that under certain pathological conditions, mucus hypersecretion occurs as a
consequence of alveolar damage in the lungs. Combination therapy with glucocorticoids
and nitric oxide alleviates airway occlusion in COVID-19 patients.

352



N. Namazi: The effectiveness of dexamethasone as a combination therapy for COVID-19, Acta Pharm. 72 (2022) 345-358.

Dexamethasone as an adjunct therapy for COVID-19

Dexamethasone is not preferred as monotherapy for COVID-19 patients who are on
mechanical ventilation because of high dose requirements for a prolonged time that is
associated with many adverse reactions (32, 55). Furthermore, prolonged treatment with
dexamethasone can lead to the development of resistance against corticosteroids. More-
over, dexamethasone has been used ordinarily as adjuvant therapy for severe influenza
cases as well as in the treatment of ARDS (56).

Recent research indicates that the concentration of dexamethasone in the blood may
dictate its stimulatory or inhibitory effect on the immune system (57). In order to maximise
the therapeutic effect of dexamethasone in COVID-19 patients, while mitigating its com-
plications arising from higher drug dosage or chronic use, a chemocentric informatics
approach has been reported to identify the potential drug combinations that could effec-
tively combat COVID-19 (58).

A combination therapy that augments the anti-inflammatory and immunosuppres-
sant activity of dexamethasone is required. It has been reported that combination therapy
consisting of dexamethasone with a long-acting beta-2 adrenergic agonist (LABA) has
shown promise in alleviating COVID-19-related ARDS. Such a combination may yield a
suppression of inflammatory and immune responses and immediate bronchodilatory and
vasodilatory effects (56, 59, 60). Combining dexamethasone with LABA, such as formoterol
and salmeterol, improves anti-inflammatory as well as fibronectin-mediated anticoagulant
effects and relieves respiratory distress to rescue COVID-19 patients (50). The benefit of this
combinatorial therapy is the accelerated action of LABAs in deactivating proinflammatory
cytokines, in comparison to dexamethasone. Another benefit of this adjunct therapy is the
reduced fibronectin production due to potential antifibrotic action that stems from suppressed
transforming growth factor beta-1 signaling in airway fibroblasts and myofibroblasts (61,
62). Patients on a combinatorial therapy of LABA and inhaled dexamethasone culminated
in a rapid amelioration of symptoms leading to a better lung function in comparison with
those receiving either drug alone (63).

Observational data suggest that tocilizumab with dexamethasone is an effective inter-
vention to reduce the mortality rate from severe COVID-19 due to ARDS (64). The additive
effect of both remdesivir and dexamethasone could be possible if the antiviral agent is
administered prior to corticosteroids to clear out the virus from the host. Then, the cortico-
steroids might attenuate the severity of acute lung injury by reducing the inflammatory
response. Immediate clinical intervention with IL-6 inhibitors and dexamethasone prior
to the exacerbation of COVID-19 has been found to be associated with reduced mortality
and could improve the outcome of the treatment.

The combination therapy for COVID-19 disease was found to be cost-effective for both
ventilated and non-ventilated ICU patients by decreasing the length of hospitalization.
This review strongly supports the necessity of dexamethasone as a first-line treatment for ICU
patients with COVID-19 in parallel with antiviral agents for shortening the hospitalization
period (65, 66).

CONCLUSIONS

COVID-19 is a unique infectious disease which entails a combination therapy of more
than two drugs rather than relying on a single type of treatment. A substantial percentage
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of COVID-19-infected patients require oxygenation and ventilation. To reduce COVID-
19-related morality rate and recovery time, potential combination therapy is now recom-
mended especially for severely or critically ill patients. There are many common adjuvant
therapies that have delineated beneficial effects in ARDS through modulating cytokine
responses and regulating the functions of immune and non-immune cells. Dexametha-
sone is considered a cost-effective early intervention for COVID-19. However, treatment
with higher doses for prolonged periods could lead to severe complications and subse-
quent treatment failure.

Acronyms, abbreviations, symbols. — ACE-2 — angiotensin-converting enzyme-2, ARDS — acute
respiratory distress syndrome, COVID-19 — Coronavirus disease 2019, CRP — C-reactive protein,
GC - glucocorticoid, GCR — glucocorticoid receptor, GM-CSF — granulocyte monocyte colony-stimu-
lating factor, GRE — glucocorticoid response elements, ICU — intensive care unit, IFN-y — interferon-
-gamma, IL — interleukin, MERS — Middle East respiratory syndrome, SARS — severe acute respiratory
syndrome, TMPRSS2 — transmembrane serine protease 2

Acknowledgements. — I would like to thank Dr. Mohammed Shaker for helping in drawing the
chemical structure of dexamethasone, and Dr. Farhat Afrin for language editing and proofreading.

Conflict of interest. — There is no conflict of interest.

Funding. — The author extend his appreciation to the Deputyship for Research & Innovation,
Ministry of Education in Saudi Arabia for funding this research work through the project number
442-170. Also, the author would like to extend his appreciation to Taibah University for its supervi-
sion support.

REFERENCES

1. Y. Shang, C. Pan, X. Yang, M. Zhong, X. Shang, Z. Wu, Z. Yu, W. Zhang, Q. Zhong and X. Zheng, L.
Sang, L. Jiang, ]. Zhang, W. Xiong, J. Liu and D. Chen, Management of critically ill patients with
COVID-19 in ICU: statement from front-line intensive care experts in Wuhan, China, Ann. Intensive
Care 10(1) (2020) Article ID 73 (24 pages); https://doi.org/10.1186/s13613-020-00689-1

2. P. Wang, M. S. Nair, L. Liu, S. Iketani, Y. Luo, Y. Guo, M. Wang, J. Yu, B. Zhang, P. D. Kwong, B. S.
Graham, J. R. Mascola, J. Y. Chang, M. T. Yin, M. Sobieszczyk, C. A. Kyratsous, L. Shapiro, Z. Sheng,
Y. Huang and D. D. Ho, Antibody resistance of SARS-CoV-2 variants B. 1.351 and B. 1.1.7, Nature 593
(2021) 130-135; https://doi.org/10.1038/s41586-021-03398-2

3. S. Su, G. Wong, W. Shi, J. Liu, A. K. Lai, J. Zhou, W. Liu, Y. Bi and G .F. Gao, Epidemiology, genetic
recombination, and pathogenesis of coronaviruses, Trends Microbiol. 24(6) (2016) 490-502; https://doi.
org/10.1016/j.tim.2016.03.003

4. K. Liu, Y.-Y. Fang, Y. Deng, W. Liu, M.-F. Wang, ].-P. Ma, W. Xiao, Y.-N. Wang, M.-H. Zhong, C-H. Lj,
G.-C.Liand H.-G. Liu, Clinical characteristics of novel coronavirus cases in tertiary hospitals in Hubei
Province, Chin. Med. ]. 133(9) (2020) 1025-1031; https://doi.org/10.1097/CM9.0000000000000744

5. C. W. K. Lam, M. H. M. Chan and C. K. Wong, Severe acute respiratory syndrome: Clinical and
laboratory manifestations, Clin. Biochem. Rev. 25(2) (2004) 121-132.

6. S. Lu, Q. Zhou, L. Huang, Q. Shi, S. Zhao, Z. Wang, W. Li, Y. Tang, Y. Ma, X. Luo, T. Fukuoka, H. S.
Ahn, M. S. Lee, Z. Luo, E. Liu, Y. Chen, C. Zhou and D. Peng (on behalf of COVID-19 Evidence and
Recommendations Working Group), Effectiveness and safety of glucocorticoids to treat COVID-19: a
rapid review and meta-analysis, Ann. Transl. Med. 8(10) (2020) Article ID 627 (21 pages); https://doi.
org/10.21037/atm-20-3307

7. M. Merad and J. C. Martin, Pathological inflammation in patients with COVID-19: a key role for
monocytes and macrophages, Nat. Rev. Immunol. 20 (2020) 355-362; https://doi.org/10.1038/s41577-020-
0331-4

354


https://pubmed.ncbi.nlm.nih.gov/?term=Sang+L&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Sang+L&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+L&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+J&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Xiong+W&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+J&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+D&cauthor_id=32506258
https://pubmed.ncbi.nlm.nih.gov/?term=Li+GC&cauthor_id=32044814
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+HG&cauthor_id=32044814

N. Namazi: The effectiveness of dexamethasone as a combination therapy for COVID-19, Acta Pharm. 72 (2022) 345-358.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

M. Z. Tay, C. M. Poh, L. Rénia, P. A. MacAry and L. P. Ng, The trinity of COVID-19: immunity,
inflammation and intervention, Nat. Rev. Immunol. 20 (2020) 363—374; https://doi.org/10.1038/s41577-
020-0311-8

. A. G. Harriso, T. Lin and P. Wang, Mechanisms of SARS-CoV-2 transmission and pathogenesis,

Trends Immunol. 41(12) (2020) 1100-1115; http://doi.org/10.1016/;.it.2020.10.004

X. Sun, T. Wang, D. Cai, Z. Hu, J. Chen, H. Liao, L. Zhi, H. Wei, Z. Zhang, Y. Qiu and ]. Wang, Cyto-
kine storm intervention in the early stages of COVID-19 pneumonia, Cytokine Growth Factor Rev. 53
(2020) 38—-42; https://doi.org/10.1016/j.cytogfr.2020.04.002

Q. Ruan, K. Yang, W. Wang, L. Jiang and J. Song, Clinical predictors of mortality due to COVID-19
based on an analysis of data of 150 patients from Wuhan, China, Intensive Care Med. 46 (2020) 846—848;
https://doi.org/10.1007/s00134-020-05991-x

K. Yuki, M. Fujiogi and S. Koutsogiannaki, COVID-19 pathophysiology: A review, Clin. Immunol. 215
(2020) Article ID 108427; https://doi.org/10.1016/j.clim.2020.108427

X.Fang, Q. Mei, T. Yang, L. Li, Y. Wang, F. Tong, S. Geng and A. Pan, Low-dose corticosteroid therapy
does not delay viral clearance in patients with COVID-19, J. Infect. 81(1) (2020) 147-178; https://
doi.10.1016/jjinf.2020.03.039

V. Selvaraj, K. Dapaah-Afriyie, A. Finn and T. P. Flanigan, Short-term dexamethasone in Sars-CoV-2
patients, RI Med. ]. 103 (2020) 39—43; https://doi.org/10.1101/2020.06.19.20109173

P.Sinha, A. Mostaghim, C. G. Bielick, A. McLaughlin, D. H. Hamer, L. M. Wetzler, N. Bhadelia, M. A.
Fagan, B. P. Linas, S. A. Assoumou, M. H. leong, N. H. Lin, E. R, Cooper, K. D. Brade, L. F. White, T.
F. Barlam and M. Sagar, Early administration of interleukin-6 inhibitors for patients with severe
COVID-19 disease is associated with decreased intubation, reduced mortality, and increased dis-
charge, Int. |. Infect. Dis. 99 (2020) 28-33; https://doi.org/10.1016/j.ijid.2020.07.023

D. Wu, Q. Rao and W. Zhang, The natural course of COVID-19 patients without clinical intervention,
J. Med. Virol. 93 (2021) 5527-5537; https://doi.org/10.1002/jmv.27087

C.Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, Z. Cheng, T. Yu, ]. Xia,
Y. Wei, W. Wu, X. Xie, W. Yin, H. Li, M. Liu, Y. Xiao, H. Gao, L. Guo, ]. Xie, G. Wang, R. Jiang, Z. Gao,
Q. Jin, J. Wang and B. Cao, Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China, Lancet 395(10223) (2020) 497-506; https://doi.org/10.1016/50140-6736(20)30183-5

J. Phua, L. Weng, L. Ling, M. Egi, C. M. Lim, J. V. Divatia, B. R. Shrestha, Y. M. Arabi, ]. Ng, C. D.
Gomersall, M. Nishimura, Y. Koh and B. Du, Intensive care management of coronavirus disease 2019
(COVID-19): challenges and recommendations, Lancet Respir. Med. 8 (2020) 506-517; https://doi.
0rg/10.1016/S2213-2600(20)30161-2

Z.Xiang, J. Liu, D. Shi, W. Chen, J. Li, R. Yan, Y. Bi, W. Hu, Z. Zhu, Y. Yu and Z. Yang, Glucocorticoids
improve severe or critical COVID-19 by activating ACE2 and reducing IL-6 levels, Int. |. Biol. Sci.
16(13) (2020) 2382-2391; https://doi.org/10.7150/ijbs.47652

M. Lester, A. Sahin and A. Pasyar, The use of dexamethasone in the treatment of COVID-19, Ann.
Med. Surg. (London) 56 (2020) 218-219; https://doi.org/10.1016/j.amsu.2020.07.004

P. Horby, W. S. Lim, J. R. Emberson, M. Mafham, J. L. Bell, L. Linsell, N. Staplin, C. Brightling, A.
Ustianowski, E. Elmahi, B. Prudon, C. Green, T. Felton, D. Chadwick, K. Rege, C. Fegan, L. C.
Chappell, S. N. Faust, T. Jaki, K. Jeffery, A. Montgomery, K. Rowan, E. Juszczak, ]. K. Baillie,
R. Haynes, M. J. Landray (The RECOVERY Collaborative Group), Dexamethasone in hospitalized
patients with Covid-19 — preliminary report, N. Engl. |. Med. 384(8) (2021) 693-704; https://doi.
org/10.1056/NEJMoa2021436

C.D. Russell, J. E. Millar and J. K. Baillie, Clinical evidence does not support corticosteroid treatment
for 2019-nCoV lung injury, Lancet 395 (2020) 473—-475; https://doi.org/10.1016/S0140-6736(20)30317-2

J. Villar, C. Ferrando, D. Martinez, A. Ambrds, T. Mufioz, J. A. Soler, G. Aguilar, F. Alba, E. Gonzalez-
-Higueras, L. A. Conesa, C. Martin-Rodriguez, F. ]. Diaz-Dominguez, P. Serna-Grande, R. Rivas,
J. Ferreres, Javier Belda, L. Capilla, A. Tallet, ]. M. Afidn, R. L. Ferndndez and J. M. Gonzalez-Martin,

355


https://pubmed.ncbi.nlm.nih.gov/?term=Horby+P&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Lim+WS&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Emberson+JR&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Mafham+M&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Bell+JL&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Linsell+L&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Staplin+N&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Brightling+C&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Ustianowski+A&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Ustianowski+A&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Elmahi+E&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Prudon+B&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Green+C&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Felton+T&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Chadwick+D&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Rege+K&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Fegan+C&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Chappell+LC&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Chappell+LC&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Faust+SN&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Jaki+T&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Jeffery+K&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Montgomery+A&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Rowan+K&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Juszczak+E&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Baillie+JK&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Haynes+R&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=Landray+MJ&cauthor_id=32678530
https://pubmed.ncbi.nlm.nih.gov/?term=RECOVERY+Collaborative+Group%5BCorporate+Author%5D

N. Namazi: The effectiveness of dexamethasone as a combination therapy for COVID-19, Acta Pharm. 72 (2022) 345-358.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

356

Dexamethasone treatment for the acute respiratory distress syndrome: a multicentre, randomised
controlled trial, Lancet Respir. Med. 8 (2020) 267-276; https://doi.org/10.1016/S2213-2600(19)30417-5

A. A. Ordonez, M. Maiga, S. Gupta, E. A. Weinstein, W. R. Bishai and S. K. Jain, Novel adjunctive
therapies for the treatment of tuberculosis, Curr. Mol. Med. 14(3) (2014) 385-395; https://doi.org/10.217
4/1566524013666131118112431

A. Grzanka, M. Misiotek, W. Golusinski and J. Jarzab, Molecular mechanisms of glucocorticoids
action: implications for treatment of rhinosinusitis and nasal polyposis, Eur. Arch. Oto-Rhino-Laryngol.
268 (2011) 247-253; https://doi.org/10.1007/s00405-010-1330-z

L. B. Mitre-Aguilar, A. ]. Cabrera-Quintero and A. Zentella-Dehesa, Genomic and non-genomic
effects of glucocorticoids: implications for breast cancer, Int. ]. Clin. Exp. Pathol. 8(1) (2015) 1-10.

M. Karn, S. Yonghang and S. Ghimire, Corticosteroids in COVID-19: We should be mindful of their
acute toxicities, J. Clin. Pharmacol. 61(10) (2021) 1301-1302; https://doi.org/10.1002/jcph.1936

S.S. Hasan, T. Capstick, R. Ahmed, C. S. Kow, F. Mazhar, H. A. Merchant and S. R. Zaidi, Mortality
in COVID-19 patients with acute respiratory distress syndrome and corticosteroids use: a systematic
review and meta-analysis, Expert Rev. Respir. Med. 14(11) (2020) 1149-1163; https://doi.org/10.1080/174
76348.2020.1804365

F. Chen, L. Hao, S. Zhu, X. Yang, W. Shi, K. Zheng, T. Wang and H. Chen, Potential adverse effects of
dexamethasone therapy on COVID-19 patients: Review and recommendations, Infect. Dis. Ther. 10(4)
(2021) 1907-1931; https://doi.org/10.1007/s40121-021-00500-z

R. Zhao, H. Wang, X. Wang and F. Feng, Steroid therapy and the risk of osteonecrosis in SARS
patients: a dose-response meta-analysis, Osteoporos. Int. 28 (2017) 1027-1034; https://doi.org.10.1007/
s00198-016-3824-z

X. Li and X. Ma, Acute respiratory failure in COVID-19: is it “typical” ARDS? Crit. Care 24 (2020)
Article ID 198 (5 pages); https://doi.org/10.1186/s13054-020-02911-9

M. Yasir, A. Goyal, P. Bansal and S. Sonthalia, Corticosteroid Adverse Effects, in StatPearls [Internet],
StatPearls Publishing, Treasure Island (FL, USA) 2022.

L. Kornel, A. V. Prancan, N. Kanamarlapudji, ]. Hynes and E. Kuzianik, Study on the mechanisms
of glucocorticoid-induced hypertension: glucocorticoids increase transmembrane Ca* influx
in vascular smooth muscle in vivo, Endocr. Res. 21(1-2) (1995) 203-210; https://doi.org/10.3109/
07435809509030436

K. Smets and P. Vanhaesebrouck, Dexamethasone associated systemic hypertension in low birth
weight babies with chronic lung disease, Eur. ]. Pediatr. 155 (1996) 573-575.

L.Berbegal, F.]. DeLeon and ]. F. Silvestre, Hypersensitivity reactions to corticosteroids, Actas Dermo-
-Sifiliogr. (Engl.) 107(2) (2016) 107-115; https://doi.org/10.1016/j.adengl.2016.01.003

J. E. Henriksen, F. Alford, G. M. Ward and H. Beck-Nielsen, Risk and mechanism of dexamethasone-
-induced deterioration of glucose tolerance in non-diabetic first-degree relatives of NIDDM patients,
Diabetologia 40 (1997) 1439-1448; https://doi.org/10.1007/s001250050847

G. F. Keenan, Management of complications of glucocorticoid therapy, Clin. Chest Med. 18(3) (1997)
507-520; https://doi.org/10.1016/S0272-5231(05)70398-1

H. O. Conn and T. Poynard, Corticosteroids and peptic ulcer: meta-analysis of adverse events during
steroid therapy, J. Intern. Med. 236(6) (1994) 619-632; https://doi.org/10.1111/j.1365-2796.1994.tb00855.x
N. K. Lee, S. Kim, S. B. Hong, S.J. Lee, T. U. Kim, H. Ryu, J. W. Lee, J. Y. Kim and H. B. Suh, CT diag-
nosis of non-traumatic gastrointestinal perforation: an emphasis on the causes, Jpn. J. Radiol. 38 (2020)
101-111; https://doi.org/10.1007/s11604-019-00910-7

P. C. Ng, K. G. Brownlee and P. R. Dear, Gastroduodenal perforation in preterm babies treated with
dexamethasone for bronchopulmonary dysplasia, Arch. Dis. Child. 66 (1991) 1164-1166; https:// doi.
org/10.1136/adc.66.10_Spec_No.1164

R. Alexanian, M. A. Dimopoulos, K. Delasalle and B. Barlogie, Primary dexamethasone treatment of
multiple myeloma, Blood 80(4) (1992) 887-890; https://doi.org/10.1182/blood.V80.4.887.887


https://doi.org.10.1007/s00198-016-3824-z
https://doi.org.10.1007/s00198-016-3824-z

N. Namazi: The effectiveness of dexamethasone as a combination therapy for COVID-19, Acta Pharm. 72 (2022) 345-358.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

M. A. Kerachian, C. Séguin and E. J. Harvey, Glucocorticoids in osteonecrosis of the femoral head: a
new understanding of the mechanisms of action, ]. Steroid Biochem. Mol. Biol. 114(3) (2009) 121-128;
https://doi.org/10.1016/j.jsbmb.2009.02.007

X. Wu, C. Geng, W. Sun and M. Tan, Incidence and risk factors of osteonecrosis of femoral head in
multiple myeloma patients undergoing dexamethasone-based regimens, BioMed Res. Int. 2020 (2020)
Article ID 7126982 (7 pages); https://doi.org/10.1155/2020/7126982

N. K. Rahayu and A. Emily, Clinical profile of steroid-induced glaucoma in Bali Mandara Eye Hos-
pital year 2019, Intisari Sains Medis 12(1) (2021) 6-8; https://doi.org/10.15562/ism.v12i1.872

G.S. Zode, A. B. Sharma, X. Lin, C. C. Searby, K. Bugge, G. H. Kim, A. F. Clark and V. C. Sheffield,
Ocular-specific ER stress reduction rescues glaucoma in murine glucocorticoid-induced glaucoma,
J. Clin. Invest. 124 (2014) 1956-1965; https://doi.org/10.1172/JC169774

M. D. Kamitsuka, M. A. Williams, D. A. Nyberg, K. A. Fox, D. L. Lee and D. Hickok, Renal calcifica-
tion: a complication of dexamethasone therapy in preterm infants with bronchopulmonary dyspla-
sia, J. Perinatol. 15 (1995) 359-363.

D. J. Cranefield, D. E. Odd, J. E. Harding and R. L. Teele, High incidence of nephrocalcinosis in ex-
tremely preterm infants treated with dexamethasone, Pediatr. Radiol. 34 (2004) 138-142; https://doi.
org/10.1007/s00247-003-1090-7

K. Gendo, S. D. Sullivan, P. Lozano, J. A. Finkelstein, A. Fuhlbrigge and K. B. Weiss, Resource costs
for asthma-related care among pediatric patients in managed care, Ann. Allergy Asthma Immunol.
91(3) (2003) 251-257; https://doi.org/10.1016/S1081-1206(10)63526-0

D. C. Perantie and E. S. Brown, Corticosteroids, immune suppression, and psychosis, Curr. Psychiatry
Rep. 4 (2002) 171-176; https://doi.org/10.1007/s11920-002-0023-8

R. Hajjo, D. A. Sabbah and S. K. Bardaweel, Chemocentric informatics analysis: Dexamethasone
versus combination therapy for COVID-19, ACS Omega 5(46) (2020) 29765-29779; https://doi.org/10.1021/
acsomega.0c03597

T.Izumo, M. Inomata, N. Kuse, N. Awano, M. Tone, K. Takada, Y. Muto, K. Fujimoto, A. Ueda and M.
Hayashi, Combination therapy with remdesivir, dexamethasone, and tocilizumab in patients with
severe corona virus disease 2019 in clinical practice, Res. Square - preprint posted 16 Oct, 2020; https://
doi.org/10.21203/rs.3.rs-91919/v1

P. Baghaei, F. Dastan, M. Marjani, A. Moniri, Z. Abtahian, S. Ghadimi, M. Valizadeh, J. Heshmatnia,
M. S. Mirenayat, A. Abedini, A. Kiani, A. Eslaminejad, S. M. Hashemian, H. Jamaati, A. Zali, A. A.
Velayati and P. Tabarsi, Combination therapy of IFNB1 with lopinavir-ritonavir, increases oxyge-
nation, survival and discharging of severe COVID-19 infected inpatients, Int. Immunopharmacol. 92
(2021) Article ID 107329; https://doi.org/10.1016/j.intimp.2020.107329

T.Izumo, N. Kuse, N. Awano, M. Tone, K. Sakamoto, K. Takada, Y. Muto, K. Fujimoto, A. Saiki, Y. Ito,
H. Matsumoto and M. Inomata, Clinical impact of combination therapy with baricitinib, remdesivir,
and dexamethasone in patients with severe COVID-19, Respir. Invest. 59(6) (2021) 799-803; https://doi.
org/10.1016/j.resinv.2021.07.004

J. V. Fahy and B. F. Dickey, Airway mucus function and dysfunction, N. Engl. ]. Med. 363 (2010)
2233-2247; https://doi.org/10.1056/NEJMra0910061

A.]. Lier, J. ]. Tuan, M. W. Davis, N. Paulson, D. McManus, S. Campbell, D. R. Peaper and J. E. Topal,
Case report: Disseminated strongyloidiasis in a patient with COVID-19, Am. J. Trop. Med. Hyg. 103(4)
(2020) 1590-1592; https://doi.org/10.4269/ajtmh.20-0699

G. U. Meduri, L. Bridges, M. C. Shih, P. E. Marik, R. C. Siemieniuk and M. Kocak, Prolonged gluco-
corticoid treatment is associated with improved ARDS outcomes: analysis of individual patients’
data from four randomized trials and trial-level meta-analysis of the updated literature, Intens. Care
Med. 42 (2016) 829-840; https://doi.org/10.1007/s00134-015-4095-4

A. K. Singh, S. Majumdar, R. Singh and A. Misra, Role of corticosteroid in the management of
COVID-19: A systemic review and a Clinician’s perspective, Diabetes Metab. Syndr. Clin. Res. Rev. 14(5)
(2020) 971-978; https://doi.org/10.1016/j.dsx.2020.06.054

357



N. Namazi: The effectiveness of dexamethasone as a combination therapy for COVID-19, Acta Pharm. 72 (2022) 345-358.

58. 5. A. Amin, K. Ghosh, S. Gayen and T. Jha, Chemical-informatics approach to COVID-19 drug dis-
covery: Monte Carlo based QSAR, virtual screening and molecular docking study of some in-house
molecules as papain-like protease (PLpro) inhibitors, J. Biomol. Struct. Dyn. 39(13) (2021) 4764-4773;
https://doi.org/10.1080/07391102.2020.1780946

59. J.]. Condemi, S. Goldstein, C. Kalberg, S. Yancey, A. Emmett and K. Rickard, The addition of salme-
terol to fluticasone propionate versus increasing the dose of fluticasone propionate in patients with
persistent asthma, Ann. Allergy, Asthma Immunol. 82(4) (1999) 383-389; https://doi.org/10.1016/S1081-
1206(10)63288-7

60. A. Woolcock, B. O. Lundback, N. Ringdal and L. A. Jacques, Comparison of addition of salmeterol to
inhaled steroids with doubling of the dose of inhaled steroids, Am. . Respir. Crit. Care Med. 153(5)
(1996) 1481-1488; https://doi.org/10.1164/ajrccm.153.5.8630590

61. J. L. Black, B. G. Oliver and M. Roth, Molecular mechanisms of combination therapy with inhaled
corticosteroids and long-acting (3-agonists, Chest 136(4) (2009) 1095-1100; https://doi.org/10.1378/
chest.09-0354

62. L. Fuso, N. Mores, S. Valente, M. Malerba and P. Montuschi, Long-acting beta-agonists and their as-
sociation with inhaled corticosteroids in COPD, Curr. Med. Chem. 20(12) (2013) 1477-1495; https://doi.
org/10.2174/0929867311320120003

63. L. J. Nannini, P. Poole, S. ]J. Milan and A. Kesterton, Combined Corticosteroid and Long-Acting
Beta,-Agonist in One Inhaler versus Inhaled Corticosteroids Alone for Chronic Obstructive Pulmonary Dis-
ease, in: Cochrane Database Systematic Reviews (Issue 8. Art. No.: CD006826), Cochrane Library 2013,
Wiley, Hoboken (NJ, USA), 2014; https://doi.org/10.1002/14651858.CD006826.pub2

64. P. Sinha and B. P. Linas, Combination therapy with tocilizumab and dexamethasone cost-effectively
reduces Coronavirus disease 2019 mortality, Clin. Infect. Dis. 73(11) (2021) 2116-2118; https://doi.
org/10.1093/cid/ciab409

65. D. E. Gordon, G. M. Jang, M. Bouhaddou, J. Xu, K. Obernier, K. M. White, M. ]. O'Meara, V. V. Rezelj,
J. Z. Guo, D. L. Swaney, T. A. Tummino, R. Hiittenhain, R. M. Kaake, A. L. Richards, B. Tutuncuoglu,
H. Foussard, J. Batra, K. Haas, M. Modak, M. Kim, P. Haas, B. J. Polacco, H. Braberg, J. M. Fabius, M.
Eckhardt, M. Soucheray, M. J. Bennett, M. Cakir, M.. ]. McGregor, Q. Li, B. Meyer, F. Roesch, T. Vallet,
A.M. Kain, L. Miorin, E. Moreno, Z. C. Naing, Y. Zhou, S. Peng, Y. Shi, Z. Zhang, W. Shen, L. T. Kirby,
J. E. Melnyk, J. S. Chorba, K. Lou, S. A. Daj, I. Barrio-Hernandez, D. Memon, C. Hernandez-Armenta,
J. Lyu, C.J. Mathy, T. Perica, K. B. Pilla, S.]J. Ganesan, D.J. Saltzberg, R. Rakesh, X. Liu, S. B. Rosenthal,
L. Calviello, S. Venkataramanan, J. Liboy-Lugo, Y. Lin, X.-P. Huang, Y. F. Liu, S. A. Wankowicz, M.
Bohn, M. Safari, F. S. Ugur, C. Koh, N. S. Savar, Q. D. Tran, D. Shengjuler, S. J. Fletcher, M. C. O’Neal,
Y. Cai, J. C. Chang, D. J. Broadhurst, S. Klippsten, P. P. Sharp, N. A. Wenzell, D. Kuzuoglu-Ozturk,
H.-Y. Wang, R. Trenker, J. M. Young, D. A. Cavero, ]. Hiatt, T. L. Roth, U. Rathore, A. Subramanian, J.
Noack, M. Hubert, R. M. Stroud, A. D. Frankel, O. S. Rosenberg, K. A. Verba, D. A. Agard, M. Ott, M.
Emerman, N. Jura, M. Zastrow, E. Verdin, A. Ashworth, O. Schwartz, C. Enfert, S. Mukherjee, M.
Jacobson, H. S. Malik, D. G. Fujimori, T. Ideker, C. S. Craik, S. N. Floor, J. S. Fraser, J. D. Gross, A. Sali,
B. L. Roth, D. Ruggero, ]J. Taunton, T. Kortemme, P. Beltrao, M. Vignuzzi, A. Garcia-Sastre, K. M.
Shokat, B. K. Shoichet and N. J. Krogan, A SARS-CoV-2 protein interaction map reveals targets for
drug repurposing, Nature 583 (2020) 459-468; https://doi.org/10.1038/s41586-020-2286-9

66. Y.Jo, L. Jamieson, I. Edoka, L. Long, S. Silal, J. R. C. Pulliam, H. Moultrie, I. Sanne, G. Meyer-Rath and
B. E. Nichols, Cost-effectiveness of remdesivir and dexamethasone for COVID-19 treatment in South
Africa, Open Forum Inectf. Dis. 8(3) (2021) Article ID ofab040 (8 pages); https://doi.org/10.1093/ofid/
ofab040

67. S. Nile, A. Nile, J. Qiu, L. Lin, X. Jia and G. Kai, COVID-19: Pathogenesis, cytokine storm and thera-
peutic potential of interferons, Cytokine Growth Factor Rev. 53 (2020) 66—70; https://doi.org/10.1016/;.
cytogfr.2020.05.002

68. M. H. Ahmed and A. Hassan. Dexamethasone for the treatment of coronavirus disease (COVID-19):
areview, SN Compr. Clin. Med. 2 (2020) 2637-2646; https://doi.org/10.1007/s42399-020-00610-8

358



