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Abstract

Only few studies are available to evaluate the effectiveness of corticosteroids in SARS and SARS-CoV-2. Corticosteroids is a hor-

mone, as well as a drug, having therapeutic levels and lethal doses, so needs to balance the doses accordingly to the disease. Here we

discuss the use of steroids in SARS, MERS and COVID-19 with reviewing the pharmacological and immunological basis of steroids

in virus pathology. Steroids can be beneficial in these viral infections by suppressing SARS-CoV induced antibodies, T cells, B cells,

cytokines, chemokines, complement signaling, antibody-dependent enhancement, vascular and hematological manifestations, viral

replication and COX-2/PGE2 pathways. Steroids can also protects against cell apoptosis and enhance tissue recovery. Corticosteroids

have shown some favorable outcomes in patients with SARS and COVID-19 but delayed viral clearance and secondary infections have

been reported. Currently it is difficult to formulate clear recommendations regarding steroid use in COVID-19 but can be used in

selected patients.
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Abbreviations

COVID -19: Corona Virus Disease 2019; SARS-CoV-2: Severe
Acute Respiratory Syndrome Corona virus-2; WHO: World Health
Organization; ARDS: Acute Respiratory Distress Syndrome; MERS-
CoV: Middle East Respiratory Syndrome - Corona Virus; SARS-CoV:
Severe Acute Respiratory Syndrome - Corona Virus; ALI: Acute

Lung Injury; ACE2: Angiotensin-converting Enzyme 2; IL: Interleu-

kin; CD209L: Human Cluster of Differentiation209; L-SIGN: Liver/
lymph Node-Specific Intercellular Adhesion Molecule-3-grabbing
integrin; DC-SIGNR: Dendritic Cell-Specific Intercellular adhesion
molecule-3-Grabbing Non-integrin related; DC-SIGN: Dendritic
Cell-Specific Intercellular Adhesion Molecule-3-Grabbing Non-in-
tegrin; DAD: Diffuse Alveolar Damage; MCP-1: Monocyte Chemo At-
tractant Protein 1; [P-10: IFN-gamma-inducible Protein-10; TNF-o:
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Tumor Necrosis Factor Alpha; GCSF: Granulocyte-colony Stimulat-
ing Factor; MIP1 a: Macrophage Inflammatory Proteins 1 Alpha;
FcyR: Fc-gamma Receptors; COX-2: Cyclooxygenase-2; PGE: Pros-
taglandin E; HAT: Human Airway Trypsin-like Protease; TGF- $1:

Transforming Growth factor-1

Introduction

Corona virus disease 2019/COVID -19, caused by Severe Acute
Respiratory Syndrome Corona virus-2 (SARS-CoV-2), started in
the Chinese city of Wuhan (Hubei province) [1]. It is currently
spreading as a pandemic across the world and World Health Or-
ganization (WHO) declared this as a global health emergency.
Clinical presentation of COVID -19 range from mild to severe dis-
ease [uncomplicated illness, mild pneumonia, severe pneumonia,
Acute Respiratory Distress Syndrome (ARDS) [2,3]. Although most
human coronavirus infections are usually mild or asymptomatic
and recover without complications, two epidemics of the two beta
coronaviruses; Severe Acute Respiratory Syndrome- corona virus
(SARS-CoV) [4] and Middle East Respiratory Syndrome - corona vi-
rus (MERS-CoV) [5] have caused epidemics, with mortality rates of
10% and 37% respectively [2]. Recent outbreaks of these emerg-
ing viruses, emphasize the need to characterize the mechanisms
responsible for virus-mediated acute lung injury (ALI) and ARDS
[6]. SARS-CoV-2 shares almost 80% of the genome with SARS-CoV
[7] and is similar to the coronavirus responsible for severe acute
respiratory syndrome (SARS), a member of the subgenus Sarbeco-
virus (Beta-CoV lineage B), but it is more distant to the coronavi-
rus responsible for Middle East respiratory syndrome (MERS), a
member of the Merbecovirus subgenus (only 50% homology with
SARS-Cov-2) [5,8].

The American College of Critical Care Medicine issued a recom-
mendation that glucocorticoids should be considered in the man-
agement of severe ARDS [12]. The advantages and disadvantage
of administration of corticosteroids in viral fever have been stud-
ied and data suggest increased mortality and secondary infection
rates in influenza infection, impaired clearance of SARS-CoV and
MERS-CoV and complications of corticosteroid therapy in survi-
vors [9,10,13]. Patients with SARS had no survival benefit and pos-

sible harms (avascular necrosis, psychosis, diabetes, and delayed
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viral clearance) [11] with steroids. However in a study on cortico-
steroids in HIN1 pandemic in 2009-related critical illness, there
was no significant association between corticosteroids and mortal-
ity after adjusting for time-dependent differences [14]. It was sug-
gested that that patients with COVID-19 infection will not benefit
from corticosteroids and there might be harmful effects with such
treatment [15].

Currently, as in dengue fever, World Health Organization does
not recommend routine use of corticosteroids in treatment of CO-
VID-19. However after considering the immunopathology, it has
been shown that corticosteroids can be effective, if used cautiously
in dengue with sustained therapeutic blood levels of corticoste-
roids for an adequate duration within a therapeutic window [16].
Corticosteroids is a hormone, as well as a drug with a therapeutic
level as well as lethal dose, so is necessary to balance and adjust
the doses accordingly to the disease and it's immunological actions.
If steroids are not administrated cautiously, there will be harmful
effects and increased motility and morbidity and inappropriate
administration of corticosteroids in viral fevers can be the cause
for lack of benefits [16]. On this basis, it can be assumed that in
selected patients steroids might have a place in COVID-19 infection
as well. In this review we will discuss the pathology and steroid use
in SARS, MERS and COVID-19 and since these viruses have similar
features [17]| and genomes we can assume that viral immunopa-

thology and effects of steroids can be similar in these infections.

Methods

We used multiple search strategies to retrieve all published
articles on steroid use SARS, MERS and COVID-19. We searched
Pubmed and Google Scholar, using the search terms; “Covid19”,
“SARS-CoV2”, “SARS-CoV”, “MERS-CoV”, “Corticosteroids”, “ste-

» o«

roids”,

» o«

Pathology”,

» o«

Immunology”, “Acute respiratory response
syndrome”. We also scanned multiple news sources on Google for

relevant publications.

Results

We analyzed 99 articles directly and indirectly related to corti-
costeroids and COVID-19 and results are divided according to top-

ics.
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Pathology and histopathology of SARS and COVID19

The pathogenesis of SARS is complex and multiple factors lead
to severe injury in the lungs and viral dissemination to several
other organs. The SARS coronavirus infect the epithelial cells of
the respiratory tract and cause diffuse alveolar damage and sev-
eral other organs/cell types may be infected in the course of the
illness, including intestinal mucosal cells, tubular epithelial cells
of the kidneys, neurons and immune cells [18]. SARS-CoV enters
the epithelium of the respiratory tract via Angiotensin-converting
enzyme 2 (ACE2) [19], which is expressed abundantly on the lu-
minal surface of tracheobronchial and alveolar epithelium [20]. In
addition it was proposed several working modes of functional re-
ceptors for SARS-CoV-2, including monomer receptor, homodimer
receptor, alternative receptors, co-receptors and transmissive re-
ceptor. Moreover in addition to ACE2 protein is express in the lung
it was found in various organs, including oral and nasal mucosa,
nasopharynx, stomach, small intestine, colon, skin (conjunctiva, fa-
cial skin), lymph nodes, thymus, bone marrow, spleen, liver, kidney,
and brain (100) and eye (on the surface of the eye (e.g., conjunctiva
and cornea), inside the eye (trabecular meshwork, aqueous humor,
iris, ciliary body, non-pigmented ciliary epithelium, and retina)
[101].

After this the virus replicates in the upper respiratory tract
[21]. Human Cluster of Differentiation209 (CD209L) (also called
Liver/lymph node-specific intercellular adhesion molecule-3-
grabbing integrin (L-SIGN)), a C-type lectin in human lung in type
II alveolar cells and endothelial cells is also a potential target for
SARS-CoV. Several other viruses (Ebola and Sindbis) also use this
as the functional receptor [23]. The lectins, Dendritic Cell-Specif-
ic Intercellular adhesion molecule-3-Grabbing Non-integrin (DC-
SIGN) and Dendritic Cell-Specific Intercellular adhesion molecule-
3-Grabbing Non-integrin related (DC-SIGNR) are involved in viral
infection and viral dissemination [24]|. DC-SIGN is the receptor
for the entry of dengue virus as well and are expressed on type
II pneumocytes, endothelial cells, certain types of dendritic cells
and alveolar macrophages [25,26]|. ACE2 is a protective against
acute lung failure and lung edema and SARS-CoV infections and the
Spike protein of the SARS-CoV cause ACE2 and this down regula-
tion contributes to lung injury [27]. SARS-CoV-induced epithelial
cytokines, such as Interleukin-6 (IL-6) and Interleukin-8 (IL-8)
can also rarely cause a life-threatening respiratory disease [22].
When ACE2 is concerned again it is a protective against acute sev-
er lung failure and lung edema [28]. Moreover Angiotensin I and
angiotensin II have been associated with inflammation, oxidative
stress, and fibrosis, and ACE2 is involved in their deactivation [29].
If overwhelming coronavirus infection, with binding to ACE2 on
epithelial targets leading to down regulation of the receptors [27]
and this down regulation contributes to lung injury. This occurs

not only in the lung but in other tissues expressing these ACE2 pro-
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teins, including the kidney, intestines, and brain. Thus availability

angiotensin II increases and it could lead to reactive oxygen spe-
cies formation and interference with antioxidant and vasodilatory
signals such as NOX2 and eNOS [38]. This causes to loss of auto-
vasoconstriction and regulation of lung blood flow through injured
vascular segments. Finally the pathology contribute to further ac-
tivation of compliment proteins and increases shunting and severe
hypoxemia to the organs and tissues [27] (Figure 1). Interestingly
glucocorticoids are a type of ACE2 activator that may play a pro-
tective role in the respiratory and digestive systems by activating
ACE2 and suppressing cytokine storm. Among glucocorticoids hy-
drocortisone showed the strongest effect on ACE2 activation, fol-
lowed by prednisolone, dexamethasone, and methylprednisolone.
Thus it can be assumed that hydrocortisone may not good for early
phase due to high viral entry and in middle phase due to impair
lung function by water retention ability of the drug. Other drug,
dexamethasone, and methylprednisolone have been mainly used in
many clinical trials that may be suggested to preserve protective
important immune modulatory action of ACE2 against dysfunction

immunopathology and minimize level of viral entry through ACE2.

Steroids actions in viral pathology
Steroids stop SARS-CoV induced antibodies and its actions

Antibodies against SARS-CoV nucleocapsid (N) protein, spike (S)
protein and nonstructural protein 3a have been detected in SARS
cases [31]. In recovered patients these antibodies titers are higher
and levels develop slowly but maintained for a longer period, com-
pared to patients who died. At the same time antibodies developed
faster but diminished rapidly in deceased patients compared to re-
covered patients. So this large and quick immune response might
have triggered a detrimental immune reaction in deceased patients
[32]. Anti-spike IgG promote production of monocyte chemo attrac-
tant protein 1(MCP-1) and IL-8, proinflammatory monocyte/mac-
rophage recruitment and accumulation, which cause severe acute
lung injury [33]. Autoantibodies against pulmonary epithelial cells
and endothelial cells in these patients cause cytotoxic injury, post-
infectious cellular injury and trigger systemic vasculitis [34,35].
It can be assumed that blockade of these antibodies in SARS-CoV
infection by corticosteroids can reduce pro inflammatory cytokine

production and sever lung injury (Figure 1).

Steroids suppress T cells, B cells, cytokines and chemokines in

corona viral pathology

In SARS patients Th1 cytokine (interferon gamma), inflamma-
tory cytokines (IL-1, IL-6 and IL-12), neutrophil chemokine (IL-8),
MCP-1 and Th1 chemokine IFN-gamma-inducible protein-10 (IP-
10) were significantly elevated due to the activation of Th1 cell-
mediated immunity, monocytes/macrophages,neutrophils and
hyperinnate inflammatory response (Figure 1). This leads to pul-

monary inflammation and extensive lung damage [36]. MERS-CoV
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Figure 1 : Viral infection and activation of immune cells causing

lung pathology and steroids counteracting the steps.

Virus (1) infect respiratory epithelial cells and then (2) dendritic
cells (DCs). The-virus infected epithelial cells release immune me-
diators (3) type -1 IFN s, TNF, interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), granulocyte colony stimulating factor (G-CSF),
and granulocyte macrophage-CSF (GM-CSF)(4). The type I IFNs
can also directly activate immune cells (IMs) and indirectly initi-
ate immune responses (5) The infected and type -1 IFN s induced
DCs or antigen presenting cells (2) activate CD8 (6) and CD4 T(7).
CD8+ cells matured into NK cells that help in controlling early viral
infection (8) but the intense proliferation of CD8+ cells can also
contribute to increase viral pathogenesis (09). Activated Type 1T
helper (Th1) cells produce interferon-gamma (IFN y) interleukin
(IL)-2, and the tumor necrosis factor (TNF)-beta (10), which ac-
tivates macrophages (11) to release immune mediators in RVSs
pathology (12). Activated type 2 Th (Th2) cells produce IL-4, IL-5,
IL-10 and IL-13, (13) which are mainly responsible for antibody
production through B cells (14). Methyl prednisolone (MP) usu-
ally prevents DC differentiation and maturation(15) CSs further in-
volve in the inhibition of the release of pro-inflammatory cytokines
IL-1 a and beta, IL-2, IFN y and TNF- q, (16) and up-regulation of
the anti-inflammatory cytokine IL-10(17) IL-10 induced by Th2 or
CSs or both contribute to inhibition of several macrophage func-
tions and other inflammatory molecules (18). RVSs infect both
DCs and T-cells (19) and up-regulate C3a and C5a receptors and
produce C3 peptide (20). Viral infected macrophage also involve
in C3 peptide production (21). MP directly inhibits the alternative
(22) and amplification pathway (23) of the complement but not
the MBL path way and classical pathway (24). CSs in higher doses
may function by regulating multiple events in the immunological
apparatus including inhibition of compliments, stabilization of
membranes and modulation of vivo components level s(25) halt-
ing sever life threatening pathogenesis. Neutrophils can form and
release neutrophil extracellular traps (NETs) that may also dam-
age respiratory epithelium and endothelium possibly by exposure
to hydrolytic enzymes and cytotoxic proteins (26) that have been
associated with more severe lung pathology (12) during viral in-

fection.

179
infection was associated with increased concentrations of interfer-

on gamma, Tumor necrosis factor alpha (TNF-a), IL-15 and IL-17
[37]. Patients with COVID-19 also had high levels of IL1B, interfer-
on gamma, IP10, and MCP1. Patients with sever COVID-19 infec-
tion had higher concentrations of Granulocyte-colony stimulating
factor (GCSF), IP10, MCP1, Macrophage Inflammatory Proteins 1
alpha (MIP1 «), and TNFa [38].

Glucocorticoids can reduce the activity of T cells, inhibit cyto-
kines and reduce inflammation and lung damage [39,40]. Cortico-
steroids reduce IL-8, MCP-1 and IP-10 concentrations significantly
[36]. Methyl prednisolone inhibits induction of primary T and B
cells and the release of pro-inflammatory cytokines interleukin-1,
interleukin-2, interferon- gamma, TNF-a, and interferon-alpha
[41,42,46]. It also up-regulates anti-inflammatory cytokine IL-10
[43]. IL-10 reduce inflammatory responses by reducing cytokines
[44]. Hydrocortisone can significantly decrease endotoxin induced
expression of TNF-q, IL-6, IL-8 and IL-1 and reduce inflammatory
cytokines without impairing innate immune responses necessary
to combat bacterial infections [45]. Moreover steroids alter the
functions of neutrophils, eosinophils, mast cells and endothelial
cells [47]. Dexamethasone also augment FcyRIIb protein expres-
sion significantly, which inturn reduce immune responses, autoim-
munity, proinflammatory chemokines and cytokines [48]. [Fc-gam-
ma receptors are divided into activating and inhibitory receptors
and activating Fc-gamma receptors (FcyRI, FcyRIIA, and FcyRIII)
triggers production of proinflammatory chemokines and cytokines
whereas the inhibitory Fc-gamma receptors (FcyRIIB) counteracts

activating FcyR [49].

Steroids inhibit complement signaling of coronavirus infec-
tion

Following viral infections, both dendritic cells and T-cells up-
regulate C3a and C5a receptors and production of C3 peptide. In
patients with severe viral infections (e,g dengue), large amounts
of C3a increase recruitment of monocytes, macrophages and den-
dritic cells, vasodilatation, permeability of small blood vessels, dis-
rupt vasculature and smooth muscle contraction [50,51] (Figure
1). Due to compliment activation, it was said that coagulation path-
ways were affected in in COVID-19 immunopathology [38,102].
This leads to micro vascular compliment protein deposition in
blood vessels wall, sever inflammatory reaction, micro vascular in-
jury and thrombosis [38,104]. This latter effect has been identified
to the cause of sever pathology of COVID-19 infection and death
[102]. These complements induce generation of cytotoxic oxygen
free radicals, mediate chemotaxis, degranulation and release of his-
tamine from basophils, neutrophils, eosinophils and mast cells, ini-
tiate a cytokine storm and contribute to ALI [51]. C3a, C5a and C5b-
9 cause cardiovascular collapse, similar to an IgE mediated allergic
response [52]. Thus, higher complement levels correlate with the

disease severity of viral illness [53]. Increased complement pro-
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teins, complement receptors and C proteins create a positive feed-
back loop that can lead to a systemic proinflammatory response in
SARS coV patients [54]. In one study, complement deficient mice
with SARS had reduced neutrophils in their lungs and inflamma-
tion [54].

In dengue, it is observed that methyl prednesolone inhibits
the pathway and amplification of complements [55]. Moreover,
steroids in higher doses stabilize membranes and inhibit comple-
ments, which reduce histamine release, vascular permeability and
circulatory collapse [47,56]. This suggests that inhibition of com-
plements with steroids might be effective to reduce inflammatory
damage in SARS.

Steroids reduce Antibody-dependent enhancement

SARS-CoV causes maturation of dendritic cells in vitro [57] and
mature of dendritic cells facilitate antibody dependent enhance-
ment via Fcylla and Fcyllb receptors [58]. Antibody-dependent en-
hancement has also been observed in corona viruses, where anti-

bodies facilitate viral entry and enhance viral infection in host cells
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[59]. Virus use this mechanism to infect macrophages and this can

turn a normal mild viral infection to into a life-threatening infec-
tion [60]. Glucocorticoids down regulate dendritic cell differentia-
tion and maturation [61]. When dendritic cells fail to mature with
steroid administration, they will fail to stimulate T-cells and will
reduce the antibody-dependent enhancement induced rapid viral

dissemination [46].

Steroids suppress Vascular and hematological manifestations
in SARS

Pathology in SARS co V and SARS co V-2 is mainly focused to
respiratory system, but hematological and vascular manifesta-
tion could be observed in sever diseases stage [62]|. Haemorrage
has also been observed in SARS co V as well [63]. MCP-1, which
is elevated in SARS [36] and COVID-19 [38], can increase the per-
meability by disruting tight junctions of human vascular endothe-
lium cells in dengue fever [64]. Corticosteroid can reduce MCP-1
and other cytokines involved in this endothelial permeabilty [36]
(Figure 2).

Figure 2: Viral infection causing activation of immune cells leading to hematological manifestations.

Damage to alveolar epithelium can expose and increase the susceptibility of localized endothelium to injury directly by virus (01) and
indirectly by immune mediators (02). Then it releases Pro inflammatory cytokines and chemokines such as Interleukin- 6 (IL-6), Che-
mokine (C-X-C motif) ligand 9/ monokine induced by gamma interferon (MIG/CXCL9), C-X-C motif chemokine 10/ Interferon gamma-
induced protein 10 (IP-10/CXCL10) in response to a virus infection (03) leading to increased vascular permeability and edema (04).
Release of pro inflammatory cytokines disrupt the integrity of the endothelial-epithelial barrier and leukocytes can enhance endothelial
permeability (04). Moreover complement molecules and enzymes (C3a and C5a) (05) induce oxidative bursts, cytotoxic oxygen radicals,
chemotaxis and inflammation. Activation of platelets (06), complements (05) and release of inflammatory mediators such as Platelet
activating factor (PAF), monocyte chemoattractant protein-1 (MCP-1), Vascular endothelial growth factor (VEGF) and tumor necrosis
factor (TNF) (07) lead to plasma leakage (08) and contribute to the development of vasculopathy. Methyl prednisolone (MP) stabilizes
endothelium (09), reduce production of prostanoids, NO and COX-2 which are the permeability facilitators of VEGF and TNF respectively
(10). MP also reduces antibody production, which can damage endothemium [11,12].

Steroids reduce Cyclooxygenase-2 (COX-2), Prostaglandin E  contribute indirectly to reduce viral pathogenesis by COX-2/PGE2

(PGE) activity and viral replication pathways and can be suggested to use CSs vey early in the cause

illness before viremia taken place. However “Early” hydrocortisone

Cyclooxygenase-2 (COX-2) and Prostaglandin E (PGE) activity treatment (initiated in <7 days of illness/viral replication phase)

is important for the replication of several viruses and cytokines
from viral infected cells increase COX-2/PGE production as well
[66-68]. However the role of COX activity in corona viral repli-
cation has not been explored [65], but PGE2 levels were high in
SARS patients suggesting a relationship between COXs and PGs in
corona viral pathogenesis [69]. It has been shown that S protein
of SARS-CoV induces COX-2 and this cause pulmonary inflamma-
tion and immune hyperactivity [70]. Steroids are potent inhibitor
of COX-2 and PGE2 [71]. Thus, it could be suggested that steroids

was associated with high plasma viral levels and prolong duration
of viraemia [72]. This may be associated with administration of wa-
ter retention steroids to the patients who are in risk of sever lung
pathology. In addition steroids without water retention ability can
be used and are clinically practiced in later course of the disease
(e.g. in the second week following clinical deterioration), when the
viral load is low and excessive immune response causing lung dam-
age [72]. Moreover the Human Airway Trypsinlike protease (HAT)
and PGE-2 contribute to reduce fibrosis in pulmonary fibrosis so
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Figure 3: CSs contribute to have antiviral actions and facilitate resolution of wound healing restores homeostasis.

Coronaviruses (01) causing SARDS and COVID19 that inhibit Type one IFMNs producing innate antiviral responses (02) in the infected
cells. Type one IFMNs suppress lymphocyte reducing IL-17,IFN gamma leading to increase cell death and reduce viral proliferation (4)
.Macrophage and dendritic cells are also suppressed and These lead to reduce IL-12,1L-1 ,beta IFN yR expression and reduce microci-
dal function ,MHCL II expression increase SOCS 1, IL -10 ,infected cell death and PDL- 1 (5) .Type one IFMNs also suppress recruitment
of Neutrophil. (06) Respiratory epithelial cells and immune cells have a signaling via Toll-like receptors for viral entry. Thereafter the
viruses induce a strong pro-inflammatory cytokine response that is associated with immunopathology of SARDS and COVID -19 That
leads to significant morbidity and mortality of fatal viral illnesses . Increased PGE-2 in viral infected cells (7) can play a major role in
the viral infection directly by stimulating viral gene expression and replication(8) and increasing the production and release of virions
(9). The host immune system can be modulated by PGE2, with regards to immunosuppression (10), inhibition of nitrogen oxide (NO)
production (11), inhibition of interferon (IFN) action (03) and increasing apoptotic pathways. CSs/MP reduce the elevated expression of
COX-2and then suppress expression of Prostaglandin E2 (PGE2) (7-18) that is an eicosanoid generated by cyclooxygenase. Spike Antigen
of SARS coV (12) impair wound healing. Inmune markers (13) induce implication and recruitment and accumulation of macrophage
lead you to impair tissue healing(16). IL-10 induced by CSs/MP and Type one IFMNs (14) facilitate resolution of wound healing restores
homeostasis. (15)Wound healing macrophage facilitate wound healing activity process. (16)Impairment of wound healing increased viral
pathogenesis. Anti-S Ig G produced against Spike (s) protein of SARS CoVirus (17) and damage lung epithelium. CSs/MP contribute to su-
pers excess stimulation of immunological process by inhibiting production of PGE2,suppressing immune cell such as TH-1,TH-2 leading
reduced antibody induced pathology and , DCs ,m DCs (18) that are involving sever viral pathology . Moreover it contributes to enhance
IL-10 (19) and finally reduce and suppress the pathogenesis (20) of viral immune pathology. (TGF-f1) (21) produced due to epithelial
cell injury has important roles in lung fibrosis and the potential to induce apoptosis in several types of cells .In addition SARS-CoV 7a
and E, contribute to undergo intrinsic apoptosis (21). CSs/MP contribute to suppress the apoptosis(23).MP-methyl prednisolone. CSs-

corticosteroids. DCs-dendritic cells. M DCs-mature dendritic cells.
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continuous. Therefore It is suggested that steroids should be used
in later course of the disease (e.g. in the second week following
clinical deterioration), when the viral load is low and excessive
immune response causing lung damage [72]. The Human Airway
Trypsin-like protease (HAT) and PGE-2 contribute to reduce fibro-
sis in pulmonary fibrosis so continuous persistent high doses of
steroids that reduce PGE-2 levels can lead to more fibrosis rather
than recovery [73]. Therefore tapering techniques in late stages

can also be recommended.

Steroids protects against cell apoptosis

SARS-CoV structural proteins can trigger apoptosis in vi-
tro [74]. SARS-CoV 7a induces apoptosis in the liver, kidney and
lungs [75] and SARS-CoV E proteins in T-cell [74], thyroid glands,
spermatogenetic cells, epithelial cells, pneumocytes, monocytes/
macrophages and hepatocytes [76,77]. Viral infected alveolar and
bronchial epithelial cells produce Transforming growth factor-f31
(TGF- B1), which can cause Fas-mediated apoptosis in lungs [78].
Thus, cells exposed to TGF- 1, SARS-CoV 7a and SARS-CoV E may
undergo apoptosis and this apoptosis contribute to lung injury.
Glucocorticoids can suppress apoptosis of cells like glomerular
endothelial cells by multiple mechanisms [79]. In dengue fever, an-
tibodies against dengue virus nonstructural protein 1 increase NO
production by inducing NO synthase and NO results in endothelial
cell apoptosis. Corticosteroids can inhibit Inducible Nitric Oxide
Synthase [80] and so we can assume that steroids can be protec-

tive against cell apoptosis in viral infections (Figure 1 and 2).

Steroids enhance tissue recovery via IL-10

Anti-inflammatory cytokine IL-10 promotes epithelial wound
healing and restore mucosal homeostasis [81] and corticosteroids
enhances IL-10 production [43,82]. Thus, corticosteroids promote
tissue recovery following viral infections via IL-10 and its anti in-

flammatory action [43,82].

Steroids strengthen of respiratory epithelium barrier

The bronchial epithelium forms the first continuous physical
barrier to microbial infections and is part of the innate immune re-
sponse. Some viruses, like adeno viruses, disrupt junctional integ-

rity of human airway epithelia, allowing virus to enter and escape
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across epithelial barriers to the environment [106]. In addition it

was provided evidences of a strengthened binding of SARS-CoV-2
E protein with the tight junction-associated PALS1 protein that is
a cellular protein involved in maintaining tight junctions between
epithelial cell [107]. It also interactions between the SARS E protein
and PALS1 disrupt tight junctions promoting virus spread [107].
Claudins, occludin and junctional adhesion molecules (JAMs) are
major constituent proteins of TJs and steroid treatment has been
shown to improve epithelial barrier integrity, increase trans epi-
thelial resistance and lead to a more integrated expression of the
TJ] proteins, occludin and ZO-1 [108]. Both budesonide and flutica-
sone have shown to efficiently control epithelial pro-inflammatory
responses and barrier function upon mimicry of viral infection
also. So we can assume that steroids can strengthen the physical

barrier against the viral entry and then their replication.

Steroids in ARDS

In a study, Methylprednisolone (2 mg/kg per day) was given
for 32 days to patients with unresolving ARDS and it showed an
improvement in lung injury, Multiple Organ Dysfunction Score and
reduced mortality [83]. However in another study, patients with
established ARDS, high-dose methylprednisolone had no effect on
the outcome [84]. Favorable result were evident for the use of cor-
ticosteroids in ARDS by decreasing the mortality with associated
slight risk of infectious complications in a meta analysis in 2014
[85]. However in another meta analysis, the favorable effects of cor-
ticosteroid on mortality in ARDS were not seen [86]. Thus, steroid

treatment in ARDS remains controversial.

Steroids in SARS and MERS

Corticosteroids have been used in SARS patients with a favor-
able outcome in some studies. In Hong Kong, corticosteroid (pred-
nisolone 1 mg per kilogram of body weight per day) with ribavirin
was given to patients with fever and leukopenia, thrombocytopenia.
Patients with persistent fever and worsening lung shadowa were
given an additional two or three pulses of 0.5 g of methylpredniso-
lone daily as well. The majority in this study responded to this with
resolution of fever and lung shadows [87]. In a another study, ini-
tial use of pulse methylprednisolone (methylprednisolone > 500

mg/day) were more efficacious and safe compared to lower dosage
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(methylprednisolone < 500 mg/day). This study recommended
pulse methylprednisolone as the preferred steroid therapy in SARS
[88]. Combined immunoglobulin and methylprednisolone daily for
3 days had shown a trend toward earlier recovery [89]. Early use of
high-dose steroids in combination with a quinolone plus azithro-
mycin has also shown favourable outcome, with clinical improve-
ment, reduction in ARDS, mechanical ventilation and mortality in
SARS [90].

In some case series, steroids have failed to show any therapeu-
tic benefits [91,92]. It was also shown that early (<7 days of illness)
corticosteroid (hydrocortisone) treatment was associated with a
high plasma viral levels in both SARS [72] and MERS [93]. One pa-
tient with SARS has also died of aspergillosis with prolonged use
corticosteroids [10]. One meta analysis concluded that corticoste-
roids in SARS patients had led to worsening of pulmonary disease
or progressing shadows on chest X-rays and stated that clear rec-
ommendations cannot be made regarding corticosteroids use in
SARS [11].

Steroids in COVID-19

Twenty six patients who received intravenous methylpred-
nisolone (1-2mg/kg/d for 5-7 days) had a quick improvement
of oxygen saturation and chest CT compared to patients without
methylprednisolone [94]. In a descriptive study in china, 10 CO-
VID-19 patients, who received short-term moderate-dose of corti-
costeroids (160mg/d) plus immunoglobulin (20g/d) after contin-
ued deterioration following low-dose corticosteroid (40-80mg/d)
and immunoglobulin (10g/d) showed clinical (APACHE II score,
oxygenation index, fever), hematological (lymphocyte count), bio-
chemical (lactate dehydrogenase levels, C-reactive protein) and ra-
diological (lesions in CT chest) improvement. This concluded that
short-term moderate-dose corticosteroid plus immunoglobulin
can be beneficial for COVID-19 patients who continue to deterio-
rate after the low-dose therapy [95]. Shang ] and colleges suggest-
ed that corticosteroid therapy will not be effective for all severe/
critical patients due to many reasons, but can be used in certain
patients (e.g.: lower lymphocyte counts on admission) [96]. Low
dosage of intravenous methylprednisolone (20-80mg for 3-5 days)
was effective in some severe patients at early stage to reduce lung
inflammation and increase radiological improvement [97]. Cicle-

sonide, an inhaled corticosteroid, can suppress coronavirus repli-
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cation in cultured cells and might be a candidate drug for treatment

[98]. Mo, P. observed that refractory patients were more likely to

receive steroids as a treatment [99].

Discussion and Conclusion

SARS, MERS and COVID-19 have almost similar pathology and
clinical features mainly affecting the lower respiratory tract. Ste-
roids can be beneficial in these viral infections by suppressing
SARS-CoV induced antibodies, T cells, B cells, cytokines, chemo-
kines, complement signaling, antibody-dependent enhancement,
vascular and hematological manifestations and inhibit viral repli-
cation via COX-2/PGE2 pathways. Steroids can also protects against
cell apoptosis and enhance tissue recovery. Corticosteroids have
shown some favorable outcomes in patients with SARS and CO-
VID-19. Short course of prednisolone 1 mg per kilogram of body
weight per day or initial use of pulse methylprednisolone therapy
(methylprednisolone > 500 mg/day) can be beneficial according
to available literature. Combination of ribavirin, immunoglobulin,
quinolone plus azithromycin with steroids can also be beneficial.
However higher subsequent plasma viral load due to delayed vi-
rus clearance with early hydrocortisone treatment and aspergillo-
sis after prolonged use of steroids have also been reported. In fact
this lack of benefits of CSs in viral illness management have been
explained due to over dose of CSs, used a water retention CSs at the
inappropriate stage of illness and usage of drug beyond the thera-
peutic window limit [103,104|. Moreover it was also found that
reduced time to recovery following early COVID-19 stage when
inhaled corticosteroids (budesonide) was administrated early to
COVID-19 infected patients [105]. Thus in these back ground, it
can be suggested that steroids should be preferably given in early
course of the disease before viremia comes into the diseases pa-
thology (e.g. in the first week), short cause of the drug without
prolog suppression of immune cells during viremia with antiviral
drugs and immunoglobulin and moderate or high doses according
to existing guideline in latter phase of illness. After reviewing the
studies, it can be suggested that administration of steroids during
a therapeutic window and in different phases of illness can have
beneficial effects. Proper steroid plan in very early stage can pre-
vent higher plasma viral load and help to prevent delayed virus
clearance and secondary infections. Since most of the data are from
observational studies, good-quality randomized trials using basic

theory of pharmacology, immunology and virology is needed to
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formulate a clear recommendation regarding steroid type (methyl
prednisolone, prednisolone, hydrocortisone), dose, duration, route
and timing. Even though there appeared to be some evidence that
corticosteroids may be beneficial according to immunopathology
and steroids pharmacological actions, up to now there are no a
proper study done considering their action in early phase of ill-
ness when there is no high viral lord to clear recommendations
on steroid use in COVID-19. Thus it can be concluded that CSs will
be suggested to be used not only late phase of COVID -19 but also
in early phase in selected patients If a proper clinical study is con-

ducted with favorable outcome results.
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