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ABSTRACT
Corticosteroids are one of the important natural hormones released in the body that play a vital role in metabolism
due to their intense anti-inflammatory, immunomodulatory and immune suppressive activity. These are most
prescribed medications available in various dosage forms like topical formulations, inhalers and injectables. The
current outbreak of corona virus disease COVID-19 became a global threat and primary concern worldwide. In
respiratory patients, the use of non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids exacerbate
the disease symptoms of COVID-19 patients, as they are often regarded as immunosuppressive drugs. Inhaled
corticosteroids (ICS) are considered as first line treatment of asthma and chronic obstructive pulmonary disease
(COPD). COVID-19 disease led the upper respiratory tract illness. ICS are used in the treatment of early symptoms
of COVID-19 disease in low doses. Asthmatic patients or patients with chronic obstructive lung disease, who
are on regular use of ICS were found to have a low risk of early symptoms of severely ill COVID-19 disease.
Although there appeared to be some evidence that corticosteroid therapy may be beneficial in treatment of
corona virus disease, but it is also reported to be applicable only at the early acute phase. The literature records
revealed that injectable formulations of corticosteroids are known to suppress the immunity in patients infected
with SARS-CoV2. The present review is to study the different formulations of corticosteroids and their possible
use in COVID-19 progression.
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1. INTRODUCTION
Corticosteroids are a class of hormones released from
adrenal cortex as glucocorticoids and mineralocorticoids.
Glucocorticoids plays an important role in metabolism
of calcium, proteins, and carbohydrates and due to
their intense anti-inflammatory, immunomodulatory,
and immunosuppressive activity, they are used in
the treatment of many conditions such as malignant,
allergic conditions, ophthalmic and neurological
diseases. Since from December 2019, the outbreak of
novel serious acute respiratory syndrome corona virus
(SARS-CoV2) was labeled as a global pandemic by World
Health Organization.1 Patients who are currently on
corticosteroid therapy are at higher risk for developing
corona virus infection because of having a weak
immunity as steroids weakens the immune system
and the patients taking corticosteroids on daily basis in

conditions such as asthma, allergy, arthritis are at higher
risk for infection by COVID-19.2,3 The COVID-19 disease
occurs in different stages, including upper and lower
respiratory tract infections in mild stage, which may
progress to pneumonia in later stage.4

1.1. Importance of Corticosteroids
The steroids constitute a group of structurally related
compounds that are widely distributed in plants, animals
and fungi, the basic nucleus of steroids consist of cyclopentane phenanthrene ring structure, by modifications in
their structures at specific positions that are available for
suitable substitution new derivative of steroidal drugs can
be developed.5 Steroidal drugs and related products are
widely used therapeutic agents in the treatment of many
inflammatory conditions, cancer treatment, hormone
replacement therapy, birth control and dermatological
disorders.6 Medicinal chemistry play an important
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role in drug discovery and development by studying
and identifying new chemical derivatives, compounds,
molecules, further by linking many scientific disciplines.7

1.2. Pathogenesis of Adverse Drug
Reactions (ADRS) in COVID-19
In serious state of COVID-19 (SARS-CoV2) disease, there
is progression after a mid-incubation period of about
four days (interquartile range of 2-7 days), in which the
cytokine storm is associated with the development and
progression of adult respiratory distress syndrome.8,9 As
Adverse Drug Reactions (ADRS) starts developing from
the second week onwards, an explosive immune response
from the host causes uncontrolled viral replication. The
pathological epithelial cells may increase and induce
the release of cytokine or ‘cytokine storm’ along with
increased inflammation and immune suppression
because of uncontrolled viral replication, which is
identified by reduced memory CD4+T helper cells with
increased CD8 cytotoxic response.10
Antivirus immune response in the first phase leads
the way to eradicate the virus by the immune mediated
pulmonary injury, which initiates at the epithelialinterstitial-endothelial cells, with release of inflammatory
neutrophils and macrophages as shown in Figure 1,
this leads to reduction in alveolar surfactant resulting
in gaseous deficiency and impedes alveolar patency.11,12
In second phase, there is hyper inflammatory state
due to the unrestrained viral replication, which induces
angiotensin-converting enzyme 2 (ACE2) which further
hyperactivates the immune system, worsening the
inflammatory state. Due to dysfunctional lymphocytes,
patients in this stage reveals lymphopenia with a
reduction in B cells, CD4, CD8 T cells and CD16+ (NK)
natural killer cells.13,14 The cytokine release will initiate
vascular inflammation, progression of coagulation
and hypotensive shock which results in multi-organ
failure that can lead to death. Some studies shows that
any intervention that will prevent this pathological
condition will also prevent lungs damage and pulmonary
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thromboembolism. With these pathophysiological
interventions, corticosteroids have been recommended
in COVID-19.
Si nce cort icosteroids are considered as
immunosuppressive as they impair innate immunity
system of body, their utilization in COVID-19 is largely
discouraged as this may worsen the viral propagation.15
Patients who are taking steroids maintenance dose are
on low risk to develop severe pneumonia in the presence
of COVID-19 disease. The earlier studies on serious acute
respiratory syndrome coronavirus (SARS-COV-1) and
Middle East respiratory syndrome coronavirus (MERSCOV) had showed undesirable effects with corticosteroids
treatment.16,17
Recently two commentaries published in Lancet
also recorded that the use of corticosteroids should be
restricted in the treatment of COVID-19 disease.18,19 World
Health Organization (WHO) and the Center for Disease
Control and Prevention (CDC), also advised especially
against the utilization of corticosteroids for the immune
modulation purpose. 20,21 Varied reports states that
injectable formulations of corticosteroids are known to
suppress the immunity in patients infected with SARSCoV2. ICS are considered as first line treatment of asthma
and chronic obstructive pulmonary disease (COPD), for
COVID-19 their use should be in low doses, Asthmatic
patients or those with chronic obstructive lung disease,
who are on regular use of ICS were found to have lesser
risk of early symptoms of severely ill pandemic but their
use is still controversial.22

2. METHODOLOGY
A systematic electronic search was carried out using
the following electronic databases: Scopus, PubMed,
Natureand Springer, the inclusion standards wereto
retrieve the original articles and presented in the text
to assess the treatment with corticosteroids during the
COVID-19 outbreak up to October 2020. Research terms
used for inclusion are “COVID-19” or “SARS-CoV2”,
“ADRS”, “Cytokine storm” and “Corticosteroids”.

3. USE OF CORTICOSTEROIDS
IN DIFFERENT TREATMENTS BY
DIFFERENT ROUTES

Figure 1: Pathogenesis of ADRS in COVID -1912
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Corticosteroids can be administered orally, topically,
injected locally, and can be inhaled.23 As corticosteroids
are most prescribed medications, topical formulations
are commonly prescribed in dermatological conditions
and available in variety of potencies and preparations.24
Topical corticosteroids market segmentation includes
various preparations (Table 1). In elder population, the
use of topical corticosteroids during COVID-19 outbreak
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for seborrheic dermatitis and other skin manifestations
are recommended. In skin problems like psoriasis and
superficial fungal infections, mild to moderate potency
of corticosteroid are recommended. 25 The injectable
corticosteroids are known to reduce the immunity and
suppress the hypothalamic pituitary axis. A research
study was carried out in China in which it was observed
in patients infected with SARS-CoV2, the use of steroids
has further worsened the symptoms of the SARS-CoV2
disease. The study recommended avoiding the injectable
form of corticosteroids in patients infected with the SARSCoV2. The study also recommended other guidelines and
interventions to be considered. The commonly used
injectable formulations are shown in Table 1.26

3.1. Inhaled Corticosteroids
ICS are the cornerstone for the treatment of asthma and
chronic obstructive pulmonary disease (COPD), these are
developed recently as pressurized metered dose inhaler
and dry powdered inhaler devices.36,37 As COVID-19
causes the upper respiratory tract illness, ICS are used
in the treatment of early symptoms of covid-19 disease.
Asthmatic patients or those with chronic obstructive
lung disease on regular use of ICS were found to have
a low risk of early symptoms of severely ill pandemic.38
During the COVID-19 pandemic, many physicians were

concerned about the use of ICS for individuals positive
for SARs-COV-2, should they continued ICS or should
stop them, due to their immunosuppressive potential.
For asthma and COPD patients, ICS arises many
questions such as either they increased or decreased the
risk for COVID-19 or the use of ICS modify the risk for
COVID-19.39

3.1.1. Different Types of Inhalers
Dry powder inhalers (DPIs) are novel, widely used and
become a known drug delivery platform as they are
being used in the treatment of obstructive pulmonary
disease and asthma, over 20 devices are present in the
market of DPIs, and these are preferred over nebulizers
and pressurized metered dose inhalers and are ideal as
compare to other inhalers.40 The types of dry powder
inhalers with their doses and drugs available are
mentioned in Table 2.41

3.2. Injectable Forms of Corticosteroids
The injectable corticosteroids are used in many conditions
of chronic pain as their primary role is in the management
of pain and reduction of inflammation through direct
delivery of drug to the site of action.42 There are many
injectable forms of corticosteroids available with different
routes of administration and indications to maximize

Table 1: Available dosage forms of corticosteroids with potencies and applications

Topical
Corticosteroids

Injectable
Corticosteroids

Inhaled
Corticosteroids

Super Potent (%)

Highly Potent (%)

Moderately Potent (%)

Mildly Potent (%)

Clobetasol Propionate
Ointment (0.05)
Betamethasone Dipropionate
(0.05)

Mometasone Ointment
(0.1)
Betamethasone
Dipropionate Cream
(0.5)
Beclomethasone
Dipropionate (0.025)
Prednicarbate ointment
(0.25)

Mometasone furoate
cream (0.1)
Fluticaone propionate
ointment/cream
(0.05)
Betamethasone
Valerate (0.05)
Desonide cream (0.05)

Clobetasone
butyrate (0.05)
Aclometasone
Dipropionate (0.05)
Hydrocortisone
acetate (0.1)

Applications

Used in the treatment of contact eczema, Atopic dermatitis, Lichen
planus, Vitiligo, Psoriasis (specific forms), Phimosis,
Lichen sclerosis, severe cutaneous diseases.

References

27,28,29,30

Long Acting

Intermediate Acting

Short Acting

References

Dexamethasone
Triamcinolone
Betamethasone

Methyl Prednisolone
Prednisolone
Prednisone

Hydrocortisone
Cortisone

31,32,33

Applications

Used in the treatment of Acute generalized eczema, Anaphylactic
reactions, Connective tissue disease, Vasculitis, Severe lichen planus,
COPD, Acute spinal cord injury, Tuberculosis pleurisy, Bacterial
Meningitis, Inflammatory conditions.

Beclomethasone
Fluticasone
Budesonide
Fluticasone Propionate
Ciclesonide

Applications

References

Used in the treatment
of upper respiratory
tract conditions
Asthma, chronic
obstructive pulmonary
disease
(COPD)

34,35
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Table 2: Types of dry powder inhalers with dose and pharmaceutical forms of corticosteroids
S. No.

Device (Patent License)

Dose

Drugs Available

References

1

Rotahaler
(GlaxoSmithKline)

1 Capsule
Single Dose

Beclomethasone dipropionate, Salbutamol

46

2

Spinhaler
(Aventis)

1 Capsule
Single Dose

Sodium cromoglycate

47

3

Diskhaler
(GlaxoSmithKline)

4,8 Blister
Multi Dose

Salmeterol, Salbutamol

48

4

Turbuhaler
(Astra Zeneca)

200 Bulk Reservoir
Multi Dose

Formoterol, Budesonide
Formoterol

49

5

Diskus
(GlaxoSmithKline)

60 Blisters
Multi Dose

Salbutamol, Salmeterol

48

Table 3: Systemic injectable pharmaceutical forms of corticosteroids
Route of Administration

Generic Name

Brand Name

Indication

References
50,51

Epidural steroid injection

Methyl prednisolone and
betamethasone

Solumedrol
Depomedrol
Betnelan

Spinal stenosis,
spondylolisthesis,
Herniated disc,
Degenerative disc, sciatica

Facet joint Injection

Betamethasone sodium
phosphate

Celestone

Acute or chronic conditions of
inflamed facet joints

51,52

IV/IM

Dexamethasone

Decadron
Dexamax

Allergic conditions, asthma,
inflammatory conditions

53

Table 4: Ophthalmic preparations of corticosteroids with clinical indications
Ophthalmic Dosage
Forms

Generic Names

Brand Names

Ointments

Tobramycin0.3%
dexamethasone 0.1%,
Sulphacetamide
sodium prednisolone,
Betamethasone

Dexatob eye ointment,
Blephamide eye
ointment,
Betnesol eye ointment

Drops

Dexamethasone
sodium phosphate,
Sulphacetamide
sodium prednisolone,
Betamethasone,
Prednisolone acetate

Decadron eye drops,
Blephamide eye drops,
Betnesol eye drops,
Predforte eye drops

Intravitreal Injection

Triamcinolone
acetonide

Kenalog

Clinical Indications

References

Used in the treatment of macular
oedema of retino vascular
conditions,
Scleritis and episclreitis, Uveal tract
inflammation,
sympathetic ophthalmitis, after
injury or surgery, herpes zoster
ophthalmicus, optic neuritis

55

Vein occlusions, inflammatory
conditions,
Macular edema secondary to
diabetes

56,57

58

the benefits and reducing the side effects systemically
(Table 3).43 The indications for the injectable forms of
corticosteroids are in the treatment of spine and radicular
pain, musculoskeletal pain conditions, osteoarthritis,
tendinitis, synovitis, rheumatoid arthritis and related
conditions.44 Recent use of corticosteroid in COVID-19
disease may worsen the condition more, as they suppress
the immunity.45

for the treatment of ophthalmic conditions; however, the
ocular penetration of topical corticosteroids depends
on the drug concentration, formulation or composition
of corticosteroids and the vehicle composition.24 The
formulation descriptions of ophthalmic preparations of
corticosteroids are shown in Table 4.

3.3. Local Application of Corticosteroids

Present review summarizes the literature concerning
the usage of corticosteroids during the recent global
Covid-19 outbreak. Exacerbations of asthma and
other chronic respiratory diseases are linked with
increased airway inflammation that leads to increased
respiratory symptoms. 59 Corticosteroids are broad
immunosuppressive agents that decreases these features

A wide range of local ophthalmic corticosteroids
preparations are available for topical use in the form
of creams, ointments, gels and drops, used to treat
inflammation, pain and in surgical conditions specifically
made to be administered into or around the eye. 54
Topical drops and ointments are the primary methods
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to help clinical recovery, but the supervision from
WHO instructs contrary to the use of corticosteroids, if
the Covid-19 is susceptible.60 Based on the earlier data,
regardless of potentially beneficial anti-inflammatory
effects, the corticosteroids either (inhaled or systemic)
inhibits the production of life-threatening antiviral
mediators type I and III interferons. Various in vitro and
in vivo experiments of asthma-relevant viruses such as
rhinovirus, influenza and respiratory syncytial virus
(RSV) revealed all these distinct effects that precipitate
augmentation in virus replication61 and increases the risks
of developing virus-mediated mucus hypersecretion and
secondary bacterial infections. Similar harmful effects
are expected with the use of corticosteroids, if used
in COVID-19 disease condition. Therefore, studies in
patients with coronavirus infections (e.g., SARS-CoV-1,
MERS-CoV) have shown that corticosteroids increase
viraemia and interrupt viral clearance with no evidence
of clinical benefit.62

5. FUTURE CONCERN
Recent advances in the basic science of corticosteroids
explain the clinical differences of these compounds
related to safety and efficacy, by understanding, this
can lead to the future discovery of additional novel
corticosteroids.63 In many mucocutaneous disorders,
corticosteroid therapy is still the central focus; systemic
therapy is limited to severe disorders while the topical
therapy still considered as the first line treatment.
Innovative drug delivery systems can prolong the
retention time of drug on the mucosal membrane, which
can exacerbate the symptoms of COVID-19 and thus avoid
the side effects of conventional formulations.64 Inhaled
corticosteroids (ICS) are the cornerstone for the treatment
of asthma and chronic obstructive pulmonary disease
(COPD), As COVID-19 causes the upper respiratory tract
illness, ICS are used in the treatment of early symptoms
of covid-19 disease. Still ICS efficacies in COVID-19 are
ongoing in various clinical settings, the results of which
are eagerly awaited.65

6. CONCLUSION
In conclusion, recent research shows a clue and hope
for the use of ICS against COVID-19, although exact
mechanism and large number of facts are still to be
discovered. Although ICS are used in the treatment
of early symptoms of covid-19 disease, but their
therapeutic intervention still need to be studied and
clinical trials assessing their efficacy in COVID-19 are
continuing in diverse clinical settings, the results are still
awaited.

REFERENCES
1.

Bruinen de Bruin Y, Lequarre AS, McCourt J, Clevestig P,
Pigazzani F, Zare Jeddi M, et al. Initial impacts of global risk
mitigation measures taken during the combatting of the
COVID-19 pandemic. Saf Sci. 2020;128:104773.

2.

Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et al. The
use of anti-inflammatory drugs in the treatment of people
with severe coronavirus disease 2019 (COVID-19): The
Perspectives of clinical immunologists from China. Clin
Immunol. 2020;214:108393.

3.

Hasan SS, Capstick T, Zaidi STR, Kow CS, Merchant HA.
Use of corticosteroids in asthma and COPD patients with
or without COVID-19. Respir Med. 2020 Aug-Sep;170:106045.

4.

Cascella M, Rajnik M, Cuomo A, et al. Features, Evaluation
and treatment of coronavirus. [Updated 2020 Oct 4]. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; 2020
Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK554776/

5.

Katz M, Gans EH. Topical corticosteroids, structureactivity, and the glucocorticoid receptor: discovery and
development--a process of “planned serendipity”. J Pharm
Sci. 2008;97(8):2936-47.

6.

Dudics S, Langan D, Meka RR, Venkatesha SH, Berman
BM, Che CT, et al. Natural Products for the Treatment
of Autoimmune Arthritis: Their Mechanisms of Action,
Targeted Delivery, and Interplay with the Host Microbiome.
Int J Mol Sci. 2018;19(9):2508.

7.

Miller WL, Auchus RJ. The molecular biology, biochemistry,
and physiology of human steroidogenesis and its disorders.
Endocr Rev 2011;32(1):81-151. Erratum in: Endocr Rev.
2011;32(4):579.

8.

Hardy RS, Raza K, Cooper MS. Therapeutic glucocorticoids:
mechanisms of actions in rheumatic diseases. Nat Rev
Rheumatol 2020;16(3):133-144.

9.

Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T, et al.
Clinical characteristics of coronavirus disease 2019 (COVID19) in China: A systematic review and meta-analysis. J Infect.
2020;80(6):656-665.

10.

Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang X, et al. COVID19 infection: the perspectives on immune responses. Cell
Death Differ 2020;27(5):1451-1454.

11.

Sweeney RM, McAuley DF. Acute respiratory distress
syndrome. Lancet. 2016;388(10058):2416-2430.

12.

Fu B, Xu X, Wei H. Why tocilizumab could be an effective
treatment for severe COVID-19? J Transl Med. 2020;18(1):164.

13.

Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, et al.
Characteristics of Peripheral Lymphocyte Subset Alteration
in COVID-19 Pneumonia. J Infect Dis. 2020;221(11):1762-1769.

14.

Isidori AM, Arnaldi G, Boscaro M, Falorni A, Giordano C, et
al. COVID-19 infection, and glucocorticoids: update from the
Italian Society of Endocrinology Expert Opinion on steroid
replacement in adrenal insufficiency. J Endocrinol Invest.
2020;43(8):1141-1147.

15.

Singh AK, Majumdar S, Singh R, Misra A. Role of corticosteroid
in the management of COVID-19: A systemic review and a
Clinician’s perspective. Diabetes Metab Syndr. 2020;14(5):971978.

International Journal of Applied Pharmaceutical Sciences and Research Vol 6 Issue 1 January-March, 2021

Page | 5

Quratulain Pirzada et al.: Corticosteroids may link to higher risk of COVID-19?
16.

Stockman LJ, Bellamy R, Garner P. SARS: systematic review
of treatment effects. PLoS Med. 2006;3(9):e343.

17.

Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi
GA, Hussein MA, et al. Saudi Critical Care Trial Group.
Corticosteroid Therapy for Critically Ill Patients with Middle
East Respiratory Syndrome. Am J Respir Crit Care Med.
2018;197(6):757-767.

www.sierrajournals.com

R, Thalib L, et al. Association of corticosteroids use and
outcomes in COVID-19 patients: A systematic review and
meta-analysis. J Infect Public Health. 2020.
33.

Angus DC, Derde L, Al-Beidh F, Annane D, Arabi Y, Beane A,
et al. Writing Committee for the REMAP-CAP Investigators.
Effect of hydrocortisone on mortality and organ support in
patients with severe COVID-19: the REMAP-CAP COVID19 corticosteroid domain randomized clinical trial. Jama.
2020;324(13):1317-1329.

34.

Maijers I, Kearns N, Harper J, Weatherall M, Beasley R. Oral
steroid-sparing effect of high-dose inhaled corticosteroids in
asthma. European Respiratory Journal. 2020;55(1).

18.

Russell CD, Millar JE, Baillie JK. Clinical evidence does not
support corticosteroid treatment for 2019-nCoV lung injury.
Lancet. 2020;395(10223):473-475.

19.

Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of corticosteroids
for 2019-nCoV pneumonia. Lancet. 2020;395(10225):683-684.

20.

World Health Organization. Clinical management of severe
acute respiratory infection when novel coronavirus (2019nCoV) infection is suspected: interim guidance. In Clinical
management of severe acute respiratory infection when novel
coronavirus (2019-nCoV) infection is suspected: Interim
guidance. 2020:21-21.

35.

Robinson LB, Wang L, Fu X, et al. COVID-19 severity in
asthma patients: A multi-center matched cohort study.
medRxiv. 2020.

36.

Nakawah MO, Hawkins C, Barbandi F. Asthma, chronic
obstructive pulmonary disease (COPD), and the overlap
syndrome. J Am Board Fam Med. 2013;26(4):470-7.

21.

CDC COVID-19 Response Team. Severe Outcomes Among
Patients with Coronavirus Disease 2019 (COVID-19) - United
States, February 12-March 16, 2020. MMWR Morb Mortal Wkly
Rep. 2020;69(12):343-346.

37.

Selroos O, Halme M. Effect of a volumatic spacer and mouth
rinsing on systemic absorption of inhaled corticosteroids
from a metered dose inhaler and dry powder inhaler. Thorax.
1991;46(12):891-4.

22.

Rizk JG, Kalantar-Zadeh K, Mehra MR, Lavie CJ, Rizk Y,
Forthal DN. Pharmaco-Immunomodulatory Therapy in
COVID-19. Drugs. 2020;80(13):1267-1292.

38.

23.

Anderson SD. Repurposing drugs as inhaled therapies in
asthma. Adv Drug Deliv Rev. 2018;133:19-33.

24.

Del Rosso JQ. Topical Corticosteroid Therapy for Psoriasis-A
Review of Clobetasol Propionate 0.025% Cream and the
Clinical Relevance of Penetration Modification. J Clin Aesthet
Dermatol. 2020;13(2):22-29.

Mahmud E, Dauerman HL, Welt FGP, Messenger JC, Rao
SV, Grines C, et al. Rumsfeld JS, Henry TD. Management of
Acute Myocardial Infarction During the COVID-19 Pandemic:
A Position Statement From the Society for Cardiovascular
Angiography and Interventions (SCAI), the American College
of Cardiology (ACC), and the American College of Emergency
Physicians (ACEP). J Am Coll Cardiol. 2020;76(11):1375-1384.

39.

25.

Golpanian RS, Yosipovitch G. Geriatric Skin Care in the Era
of COVID-19. J Am Geriatr Soc. 2020;68(8):1680-1682.

Halpin DMG, Singh D, Hadfield RM. Inhaled corticosteroids
and COVID-19: a systematic review and clinical perspective.
Eur Respir. J 2020;55(5):2001009.

40.

26.

Fascia D, Dalili D, Rennie W, Rowbotham E, Carne A,
Robinson P. The safety of corticosteroid injections during
the COVID-19 global pandemic. 2020.

Chandel A, Goyal AK, Ghosh G, Rath G. Recent advances
i n aerosolised dr ug deliver y. Biomed Pharmacother.
2019;112:108601.

41.

Daneshjou R, Rana J, Dickman M, Yost JM, Chiou A, Ko J.
Pernio-like eruption associated with COVID-19 in skin of
color. JAAD Case Reports. 2020;6(9):892-897.

Levy ML, Carroll W, Izquierdo Alonso JL, Keller C, Lavorini F,
et al. Understanding Dry Powder Inhalers: Key Technical and
Patient Preference Attributes. Adv Ther. 2019;36(10):2547-2557.

42.

Knezevic NN, Jovanovic F, Voronov D, Candido KD. Do
Corticosteroids Still Have a Place in the Treatment of Chronic
Pain? Front Pharmacol. 2018;9:1229.

43.

Cole BJ, Schumacher Jr, RH. Injectable corticosteroids in
modern practice. J Am Acad Orthop Surg 2005;13(1):37-46.

44.

Spaccarelli KC. Lumbar and caudal epidural corticosteroid
injections. In Mayo Clinic Proceedings. 1996;71(2):169-178.

45.

Jamilloux Y, Henry T, Belot A, Viel S, Fauter M, El Jammal
T, Sève P. Should we stimulate or suppress immune
responses in COVID-19? Cytokine and anti-cytokine
interventions. Autoimmun Rev. 2020;102567.

46.

Salinger CL, Gaynes BI, Rajpal RK. Innovations in topical
ocular corticosteroid therapy for the management of
postoperative ocular inflammation and pain. Am J Manag
Care. 2019;25(12 Suppl):S215-S226.

47.

Hasan SS, Capstick T, Zaidi STR, Kow CS, Merchant HA.
Use of corticosteroids in asthma and COPD patients with or
without COVID-19. Respir Med. 2020;106045.

48.

Sestili P, Stocchi V. Repositioning chromones for early antiinflammatory treatment of COVID-19. Front Pharmacol 2020;11.

27.

28.

29.

30.

31.

32.

Cruz Tapia RO, Peraza Labrador AJ, Guimaraes DM, Matos
Valdez LH. Oral mucosal lesions in patients with SARSCoV2
infection. Report of four cases. Are they a true sign of
COVID19 disease?. Special Care in Dentistry. 2020;40(6):555-560.
Diaz-Guimaraens B, Dominguez-Santas M, Suarez-Valle A,
Pindado-Ortega C, Selda-Enriquez G, Bea-Ardebol S, et al.
Petechial skin rash associated with severe acute respiratory
syndrome coronavirus 2 infection. JAMA dermatology.
2020;156(7):820-822.
de Medeiros VLS, Silva LFT. Follow-up of skin lesions during
the evolution of COVID-19: a case report. Arch Dermatol Res.
2020:1-4.
Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG,
Veiga VC, et al. COALITION COVID-19 Brazil III Investigators.
Effect of dexamethasone on days alive and ventilator-free in
patients with moderate or severe acute respiratory distress
syndrome and COVID-19: the CoDEX randomized clinical
trial. Jama. 2020;324(13):1307-1316.
Tlayjeh H, Mhish OH, Enani MA, Alruwaili A, Tleyjeh

Page | 6

International Journal of Applied Pharmaceutical Sciences and Research Vol 6 Issue 1 January-March, 2021

www.sierrajournals.com

Quratulain Pirzada et al.: Corticosteroids may link to higher risk of COVID-19?

49.

Förster-Ruhrmann U, Szczepek AJ, Bachert C, Olze H.
COVID-19 in a patient with severe chronic rhinosinusitis with
nasal polyps during therapy with dupilumab. J Allergy Clin
Immunol. 2020;146(1):218-220.

50.

Liang Y, Chen M, Tan C, Tu C, Huang J, Zheng X, et al.
Triple Therapy With Budesonide/glycopyrrolate/formoterol
Fumarate Used in Asthmatic Coexisting With Covid-19.
Preprint. Research Square. 2020.

51.

Ghosh R, Chakraborty A, Biswas A, Chowdhuri S. Potential
therapeutic use of corticosteroids as SARS CoV-2 main
protease inhibitors: a computational study. J of biomolecular
structure and dynamics. 2020:1-14.

52.

Chang CY, Prabhakar A, Staffa SJ, Husseini JS, Kheterpal
AB, Simeone FJ, et al. Symptomatic COVID-19 infections in
outpatient image-guided corticosteroid injection patients
during the lockdown phase. Skelet Radiol. 2020:1-7

53.

Metzl JD, McElheny K, Robinson JN, Scott DA, Sutton KM,
Toresdahl BG. Considerations for return to exercise following
mild-to-moderate COVID-19 in the recreational athlete. HSS
Journal. 2020:1-6.

54.

Lammers T, Sofias AM, van der Meel R, Schiffelers R, Storm
G, Tacke F, et al. Dexamethasone nanomedicines for COVID19. Nat Nanotechnol. 2020;15(8):622-624.

55.

Vroegop AV, Eeckels AS, Van Rompaey V, Abeele DV,
Schiappoli M, Alobid I, et al. COVID-19 and olfactory
dysfunction-an ENT perspective to the current COVID-19
pandemic. B-ENT. 2020;16(1):81-5.

56.

Smith JR, Lai TY. Managing uveitis during the COVID-19
pandemic. Ophthalmology 2020.

57.

Feng Y, Armenti ST, Albin OR, Mian SI. Novel case of an adult
with toxic shock syndrome following COVID-19 infection.
Am J Ophthalmol Case Rep. 2020;20:100843.

58.

Cohen SP, Hooten WM, Phillips CR. Pain Management
During COVID-19 and Steroids: Striking a Balance. Pain
Medicine. 2020.

59.

Satia I, Cusack R, Greene JM, O’Byrne PM, Killian KJ,
Johnston N. Prevalence and contribution of respiratory

viruses in the community to rates of emergency department
visits and hospitalizations with respiratory tract infections,
chronic obstructive pulmonary disease and asthma. PloS one.
2020;15(2):e0228544.
60.

Kumar K, Hinks TS, Singanayagam A. Treatment of COVID19-exacerbated asthma: should systemic corticosteroids be
used?. Am J Physiol Lung Cell Mol Physiol. 2020;318(6):L1244-7.

61.

Feuillet V, Canard B, Trautmann A. Combining Antivirals
and Immunomodulators to Fight COVID-19. Trends in
Immunology. 2020.

62.

Ortiz-Prado E, Simbaña-Rivera K, Gómez-Barreno L, RubioNeira M, Guaman LP, Kyriakidis NC, et al. Clinical, molecular
and epidemiological characterization of the SARS-CoV2
virus and the Coronavirus disease 2019 (COVID-19), a
comprehensive literature review. Diagn Microbiol Infect Dis.
2020:115094.

63.

Caro V, Sutera FM, Giannola LI. In sit u delivery of
corticosteroids for treatment of oral diseases. Ther Deliv.
2017;8(10):899-914.

64.

Al-Hashimi I, Schifter M, Lockhart PB, Wray D, Brennan M,
Migliorati CA, et al. Oral lichen planus and oral lichenoid
lesions: diagnostic and therapeutic considerations. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2007;103 Suppl:S25.
e1-12.

65.

Dan V Nicolau, Mona Bafadhel, Inhaled corticosteroids in
virus pandemics: a treatment for COVID-19?, Lancet Resp
Med. 2020;8(9):846-847.

How to cite this article: Pirzada Q, Gul S, Baig F.

Treatment with Corticosteroids may Link to Higher
Risk of COVID-19 Disease?. Int. J. Appl. Pharm.
Sci. Res. (2021);6(1): 1-7. doi: https://doi.org/10.21477/
ijapsr.6.1.1

Source of Support: Nil.

Conflict of Support: None declared.

International Journal of Applied Pharmaceutical Sciences and Research Vol 6 Issue 1 January-March, 2021

Page | 7

