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Abstract

The coronavirus disease 2019 (COVID-19) pandemic caused by infection of the SARS-CoV-2 virus has affected millions of people in the world. The pathogenesis and clinical
manifestations of COVID-19 disease are tightly influenced by the host immune response to the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus. In
some condition, the immune response might be uncontrolled, giving rise to hyperinflammatory conditions marked by excessive release of proinflammatory cytokines
(cytokine storms) in severe COVID-19 patients, which then can cause acute respiratory distress syndrome (ARDS), multiorgan failure, and death. Furthermore, treatment
using immunomodulator agents including immunostimulatory and immunosuppressive agents can be an option in achieving successful treatment. In this review, we discuss
the pathogenesis of the disease, including host immune responses to SARS-CoV-2 virus infection, and immune mechanisms which contribute to the disease severity and death
as well as several potential immunomodulatory agents which can be used in the management of hyperinflammatory syndrome of severe COVID-19.
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Oz

SARS-CoV-2 viriisii enfeksiyonundan kaynaklanan koronaviriis hastaligr 2019 (COVID-19) pandemisi, diinyada milyonlarca insani etkilemistir. COVID-19 hastaligin
patojenezi ve klinik seyri, siddetli akut solunum yolu sendromu koronaviriisii 2"ye (SARS-CoV-2) karsi konak immiin cevabindan (SARS-CoV-2) etkilenir. Bazi durumlarda
immiin cevap, siddetli COVID-19 hastalarinda proenflamatuvar sitokinlerin (sitokin firtinalari) fazla salimiyla hiperenflamatuvar durumlara yol acarak kontrol edilemeyebilir,
bu da daha sonra akut solunum sikintis1 sendromu (ARDS), ¢oklu organ yetmezligi ve 6liime yol agabilir. Ayrica immiinostimulatuvar ve immiinosupresif ajanlar da dahil
olmak iizere immiinomodiilator ajanlarin kullanildig: tedavi, basarili bir tedavinin saglanmasinda bir secenek olabilir. Bu makalede, SARS-CoV-2 viriisii enfeksiyonuna konak

immiin tepkileri ve hastaligin siddetine ve oliime etkisi olan bagisiklik mekanizmalari ve siddetli COVID-19 hiperenflamatuvar sendromunun tedavisinde kullanilabilecek
birka¢ potansiyel immiinomodiilator ajan dahil olmak iizere hastaligin patogenezi tartisilmaktadir.

Anahtar kelimeler: hiperinflamasyon sendromu, koronaviriis hastaligi 2019 (COVID-19), immiinomodiilator tedavi, sitokin firtinasi

Introduction

The first case of coronavirus disease 2019 (COVID-19)
occurred in China in December 2019 which was likely a
zoonotic transmission from wild animals sold in the sea-
food market, Wuhan.!'! The cause of this disease is severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
which then can be transmitted from human to human.”?' In
March 2020, the World Health Organization (WHO)

declared COVID-19 as a pandemic, and until June 14,2020,
global COVID-19 sufferers reached around 7.6 million con-
firmed cases associated with a number of around 420 thou-
sand deaths.®! Meanwhile, the number of sufferers in
Indonesia reached around 37 thousand confirmed cases
associated with a number of nearly 2 thousand deaths."®!
Acute respiratory distress syndrome (ARDS) and multi
organ failure caused by a hyperinflammatory response
characterized by increased levels of proinflammatory

ORCID: M. Hidayat 0000-0001-5526-2700, D. Handayani 0000-0002-3647-2670, F. Nurwidya 0000-0002-8379-9510, S.L. Andarini 0000-0002-9108-6641

© Copyright Turkish Journal of Immunlogy. This journal published by Logos Medical Publishing.

Licenced by Creative Commons 4.0 International (CC BY)


https://orcid.org/0000-0001-5526-2700
https://orcid.org/0000-0002-3647-2670
https://orcid.org/0000-0002-8379-9510
https://orcid.org/0000-0002-9108-6641

cytokines are associated with high mortality rates in
severely ill COVID-19 patients."! The increasing number
of new cases and deaths which occur every day in each
country encourages efforts to treat the disease, and prevent
its spread completely so that excellent knowledge about
the pathogenesis of COVID-19 can be used as an insight in
managing of COVID-19 cases. This review aims to sum-
marize the current understanding of COVID-19 disease
including its pathogenesis, host immune responses to viral
infections in general, and several immunomodulatory
agents that can be used as a treatment modality for hyper-
inflammatory syndrome in COVID-19.

PATHOGENESIS COVID-19

Coronavirus is a virus that causes disease in humans
and animals."! Most of these viruses are types of human
coronaviruses which are not highly infective pathogens
(human coronavirus 229E, NL63, OC43, and HKUI1) that
infect the upper respiratory tract and cause mild symp-
toms."*! Besides, three types of coronaviruses are highly
infective pathogens, which can replicate in the lower air-
way, cause pneumonia, and can sometimes end up with a
severe and fatal disease. There are 3 types of coronavirus
infections are severe acute respiratory coronavirus syn-
drome (SARS-CoV), Middle East coronavirus respiratory
syndrome (MERS-CoV) and SARS-CoV-2.

Severe acute respiratory syndrome coronavirus-2 is a
new virus from the genus betacoronavirus that can infect
humans.”> SARS-CoV-2 is genetically similar to human
coronavirus SARS-CoV with about 79% similarity and
about 98% identical to the RaTGI13 coronavirus that
infects bats.!”! Transmission of this virus was originally
thought to be from animals to humans!®, but then it has
been found that the SARS-CoV-2 virus can be transmitted
from human to human through close contact and with
droplets from the airways when sick individuals cough and
sneeze."”! There are also reports that the transmission can
be through fecal-oral route but this route of transmission
has not been established.®! Furthermore, whether the
asymptomatic individuals can transmit the virus remains
controversial and there is no adequate evidence so far.”’

The median incubation period for COVID-19 disease
until the onset of symptoms is about 4 to 5 days.!'” The
majority of symptomatic patients (97.5%) develop clinical
symptoms within 11.5 days!'”, whereas in other studies the
incubation period ranged from 2 to 14 days."! In general,
the clinical symptoms and laboratory findings of COVID-
19 patients are the same as findings in those who suffer
SARS-CoV and MERS-CoV.l'” Patients usually experi-
ence fever, dry cough, shortness of breath, myalgia,
fatigue, diarrhea, loss of taste and smell, headaches and
very rarely can cough up blood.!'2!%
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The penetration process of the SARS-CoV-2 virus into
the host cell is the same with the SARS-CoV virus which
began with the binding of spike glycoprotein or S protein
of SARS-CoV-2 with its target receptor, namely angio-
tensin-converting enzyme 2 (ACE-2)."Y However, there is
a difference between two viruses in terms of the binding
affinity of S protein to ACE2 receptors.'* The binding
affinity of S protein to ACE-2 receptors in COVID-19 is
greater than the binding of homologous protein in SARS-
CoV so that the SARS-CoV-2 has a greater virulent poten-
tial.'* Expression of ACE-2 receptors is abundant on the
surface of alveolar epithelial cells, type 2 pneumocyte
cells, epithelial cells of the airway, vascular endothelium,
and macrophages in the lungs.®!%! The binding process of
S protein to ACE2 receptors is followed by entry of the
virus into the cytoplasm of cells and resultant formation of
new virus particles by releasing ribonucleic acid (RNA)
genomes and replicating RNA.!%

The infection of SARS-CoV-2 and the destruction of
pulmonary cells stimulate local immune responses.® The
local immune response begins with the process of intro-
ducing viral antigens with the help of antigen-presenting
cells played by major tissue histocompatibility complex
(MHC), which then presents the virus antigens to natural
killer (NK) and CD8-positive cytotoxic T cells.') This
process then stimulates innate and adaptive immunities
which turn out in the release of large amounts of proin-
flammatory cytokines and chemokines.'™ In some cases,
immune dysfunction can occur and lead to excessive
immune response and end up in the development of
cytokine storms which cause uncontrolled inflammation,
multiorgan failure, involving cardiac, hepatic, and renal
systems. 813!

INTERACTIONS BETWEEN
SYSTEMS AND VIRUSES

IMMUNE

SARS-CoV-2 viruses, like most of the cytopathic
viruses, has the ability to induce injury and death of
infected cells and tissues as part of the viral replication
cycle.®! The process of infection and viral replication in
the target cell is then lead to a condition known as pyrop-
tosis that is an inflammatory form of programmed cell
death which often occurs in infection caused by an intrac-
ellular pathogen.!'¥ This condition of pyroptosis has the
potential to trigger further inflammatory responses.!6
Generally in the innate immune system, pattern recogni-
tion receptors (PRRs) expressed by macrophages, mono-
cytes, dendritic cells, and neutrophils play a pivotal role in
detecting pathogen-associated molecular patterns (PAMPs)
expressed by infectious agents in the form of RNA viruses.
817 Toll-like receptors (TLRs) are one of the most com-
mon PRRs which recognize PAPMs in extracellular and
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intracellular environments.!"”! This signaling process then
triggers the expression of NF-«B which is a transcription
factor inducing proinflammatory cytokines and activates
interferon regulatory factors which mediate the type I
interferon-dependent antiviral response.!>”!

Another type of pathogen recognition sensor is a nod-
like receptor (NLR) which can detect the presence of
damage-associated molecular patterns (DAMPs) expressed
in cells, including molecules of adenosine triphosphate
(ATP) and deoxyribonucleic acid (DNA).3!5 The binding
process of DAMPs then activates the NLR protein and
eventually triggers the formation of inflammasome which
converts procaspase-1 to the active form of caspase-1.I'"
The caspase-1 then plays a role in the formation of an
important proinflammatory cytokine, altering pro-interleu-
kin 1 (IL-1) beta (pro-IL-1p) to IL-1p.1"" Immune cells in
blood such as monocytes, and T lymphocytes from the
blood are then attracted to the site of infection as a result
of the secretion of proinflammatory cytokines and chemok-
ines.'”!

Recruitment of immune cells from the blood into the
lung along with lymphocyte infiltration causes a decrease
in blood lymphocytes (lymphopenia) and an increase in
the value of the neutrophil-lymphocyte ratio (NLR) as
seen in the majority of COVID-19 patients.'8 Pathogen-
associated molecular patterns of the virus in the form of
nucleic acids bind to endosomal toll-like receptors 3
(TLR-3), toll-like receptors 7 (TLR-7), and cytosolic
receptors including retinoic acid-induced gene I (RIG-I)-
like receptors (RLR).' The binding process between viral
RNA and RLR causes the activation of genes that encode
type-1 interferon which has an important role in coordinat-
ing the cellular immune response in the form of antiviral
immunity against viral infections.!'”!

In general, when a viral infection occurs, the innate
immune cells in the form of NK cells and adaptive immune
cells represented by CD8-positive cytolytic T-cells will
destroy the infected cells.'! Besides, several other studies
have also showed the involvement of CD4-positive T- cells
along with the CD8-positive cytolytic T-cells which repre-
sent the response of the type 1 helper T cells.® The CD4-
positive T cells are involved in the recruitment of immune
cells and cytokine production in patients with SARS and
COVID-19 disease.®™ The role of type 2 helper T-cells in
COVID-19 disease is manifested with the existence of
serum levels of IL-4 and IL-10, which are cytokines pro-
duced by type 2 helper T-cells.?” Likewise, Roncati L, et
al.2! found evidence of immune response induced by type
2 helper T-cells immune response in the peripheral blood
cells of COVID-19 patients requiring intensive care unit
(ICU) treatment.”"! In addition to the T-cell immune
response, there is also a B cell immune response in
COVID-19 patients which becomes manifest about 1 week

after the onset of symptoms.?? In SARS patients, this
response appears initially as a response to protein nucleo-
capsid (N-protein), and then after 4-8 days of initial clini-
cal symptoms, antibodies respond to S-protein.**

Natural killer cells and CD8-positive cytolytic T-cells
destroy the infected cells by using granulysin secretion
mediated by perforin."! However, the inadequacy of the
destruction process may occur due to defects in the ability
of cytolytic lymphocytes which can be caused by genetic
or acquired disorders.!"! This condition causes an increase
and prolongation of interaction between innate and adap-
tive immunity resulting in the excessive and uncontrolled
release of the proinflammatory cytokines, including tumor
necrosis factor (TNF), interferon-y (IFN-y), IL-1, IL 2,
IL-6, IL-7, IL-10, IL-18, and IL-33 which can cause
cytokine storms, extensive lung inflammation, ARDS, and
multiorgan failure 1213

PATHOGENESIS OF HYPERINFLAMMATION
SYNDROME

Cytokine storm is a process of releasing excessive, and
uncontrolled proinflammatory cytokines.? Clinically, it
appears as systemic inflammation, multiorgan failure,
escalation of inflammatory parameters, and secondary
hemophagocytic lymphohistiocytosis (sHLH) (often
referred to as macrophage activation syndrome (MAS)).
This condition can be caused by a variety of diseases,
including infectious diseases, rheumatic diseases, and as
consequences of tumor immunotherapy.?*?! Some evi-
dence suggest that there is an escalation of the production
of proinflammatory cytokines and ferritin in severely ill
COVID-19 patients.? The same process was revealed in
SARS and MERS patients specifically increased levels of
serum IL-6, IL-8, IL1p, IFN-a, IFN-induced protein 10
(IP-10), chemokine (C-C motif) ligand 2 (CCL2), CCL3,
CCLS, chemokine (C-X-C motif) ligand 8 (CXCLS8), and
CXCL-10 are detected in these patients.2>2!

As stated earlier, in COVID-19 disease concentrations
of several proinflammatory cytokines, and especially of
IL-6 cytokines significantly increase in SARS and MERS.
(24 This increase in proinflammatory cytokines is a major
cause of morbidity and is related to respiratory failure,
ARDS, and declining of clinical conditions.?¥ Furthermore,
in a multicenter, retrospective cohort study, there was an
increase in serum IL-6 levels in patients who died com-
pared to patients who survived.” Similar results were
obtained from several studies that showed elevated serum
IL-6 levels in critically ill COVID-19 patients.* In severe
infections, there was also an increase in the biological
marker C-reactive protein (CRP), whose expression is
influenced by the increased expression of IL-6.1253%

Monocytes, macrophages, and dendritic cells infected



by betacoronavirus are then activated and secrete IL-6 and
other inflammatory cytokines.” IL-6 has prominent
proinflammatory property, it can signal through two main
pathways specifically the classic cis signaling pathway and
the trans pathway through its binding with membrane-
bound IL-6 receptor (mIL6-R) and soluble form of IL-6
receptors (sIL-6R).*! The signal transduction of the two
signaling pathways are mediated by janus kinase (JAK)
and signal transducer and activator of transcription 3
(STAT3). The final product of activation of cis- signaling
that exerts pleiotropic effects on both the acquired immune
system (B-cells and T-cells) as well as the innate immune
system including neutrophils, macrophages, and NK cells,
which can contribute to cytokine release.*!

In the trans-signaling pathway, the interaction process
among IL-6, the soluble form of IL-6 receptor, and JAK-
STAT3 then causes cytokine storms which involve secre-
tion of vascular endothelial growth factor (VEGF), mono-
cyte chemoattractant protein-1 (MCP-1), IL-8, and the
increased IL-6 concentration, and decreased of E-cadherin
expression in endothelial cells.?? Increased vascular per-
meability and plasma leakage are the consequences of
decreased expression of E-cadherin and VGEF secretion,
which are involved in pulmonary dysfunction and hypoten-
sion in ARDS.™*!

Secondary hemophagocytic lymphohistiocytosis is a
hyperinflammatory syndrome characterized by cytokine
storms, cytopenia, and multiorgan failure.’3** CD163-
positive macrophages which is a source of ferritin is
involved in sSHLH.** This type of macrophage is involved
in the process of reticuloendothelial iron signaling path-
way so that when the sHLH happens, then the increase in
the level of serum ferritin is likely.® In addition to high
serum ferritin levels, fever, elevated triglyceride levels,
pancytopenia, fibrinolytic consumptive coagulopathy, liver
dysfunction, pulmonary involvement including ARDS and
splenomegaly can also be found.**¢! Furthermore, besides
the involvement of CD163-positive macrophages, CD25-
positive macrophages are also involved in the process with
decreasing in NK cell activity, and the occurrence of
hemophagocytosis, which explains the decrease in the
number of blood cells in this condition.*!

There are several suggestions on the predisposing fac-
tors for the occurrence of sHLH and cytokine storms in
COVID-19 disease, namely there is a failure of virus clear-
ance due to the ability of the virus to avoid the host
immune system.’3® This ability is obtained by inhibiting
the mechanisms of induction and signaling INF-I, and also
by producing double-membrane vesicles which lack PRRs,
thus weakening the introductive ability of host immune
systems fighting against PAPMs found in viruses.l’8
Another mechanism involves presence of genetic or
acquired defects in the host immune system.!'! Failure in
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the eradication of the virus then causes sHLH and improp-
er immune system activation which then results in ARDS
and multiorgan failure "'

In severe COVID-19 disease, the activation of the
coagulation process which has the potential to cause dis-
seminated intravascular coagulation (DIC) occurs.®” This
condition is closely related to the pathophysiological pro-
cess involving pulmonary endothelial cells.?)
Hyperinflammation in patients with severe COVID-19
disease can speed up activation and endothelial inflamma-
tion processes (endotheliitis). The process of endotheliitis
is characterized with dysfunction (damage of vascular
integrity), lysis and death of endothelial cells.* The
coagulation cascade is then activated after the endothelial
cell is exposed to thrombogenic basement membranes due
to endothelial dysfunction and cell death.*”

Endothelial cells activated by TNF and IL-1p subse-
quently express P-selectin, fibrinogen and von Willebrand
factor that binds to platelets.*!! The endothelial cells then
increase the expression of tissue factors (the main activator
of the coagulation cascade) through the stimulation of
VEGF produced by platelets.*!) In addition, the comple-
ment system is also considered to be associated with
microvascular lesions and development of thrombosis in
severely ill COVID-19 patients.*” Furthermore, endothe-
lial activation and dysfunction are thought to be involved
in the worsening of cytokine storms and tissue damage.*”
This condition occurs because endothelial cells facilitate
the extravasation and accumulation of leukocytes through the
expression of leukocyte adhesion molecules.*!) The worsen-
ing of cytokine storms can be induced by the complement
activation due to pulmonary vascular denudation.*”

Another type of hyperinflammatory syndrome is what
has been termed as multisystem inflammatory syndrome in
children (MIS-C). The clinical manifestations of MIS-C
are persistent fever, headache, diarrhea, rash, conjunctivi-
tis, and edema of extremity, which are often associated
with severe illness including shock, myocardial dysfunc-
tion and respiratory failure.***3 The pathogenesis underly-
ing MIS-C is still unknown. Some early studies linked it to
Kawasaki disease, but recently several studies have con-
firmed that the two conditions are different.*! The inflam-
matory mediators and T-cell subsets involved in MIS-C are
different from those of the hyperinflammatory syndrome
in patients with severe COVID-19 and Kawasaki disease.
1“4 Tn Kawasaki disease, IL-17a plays an important role,
whereas in MIS-C, the IL-17a levels are very low or even
absent.!

One hypothesis is that MIS-C occurs depending on the
time the interferon responds to SARS-CoV 2 infection.*)
The interferon response times may vary depending on viral
load and genetic differences in the host."® Mild infection
occurs when viral load is low, where an interferon response
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can increase viral clearance.*® Conversely, severe infec-
tion can occur if the viral load is high and the host has
genetic defect impairing antiviral response.*! As a result
the virus replicates freely and inhibits the interferon type-I
and type-III response and the occurrence of a cytokine
storm before the adaptive response eradicates the virus,
which ensues in a severe disease condition including
MIS-C. 147481

In contrast to the hyperinflammatory syndrome in
adults that appears after about a week following an initial
onset which is often called pulmonary phase II, MIS-C is
most likely to occur post-infection in either symptomatic
or asymptomatic COVID-19 infection (hyperinflammation
phase III).**! Some recommended managements of MIS-C
patients include use of several immunomodulators, namely
corticosteroids, anankira, tocilizumab, and IVIG.*! The
goals of treatment are to reduce systemic inflammation
and restore organ function.*?)

IMMUNOMODULATORY AGENTS USED IN
COVID-19 DISEASE

Management of COVID-19 patients consist of eradica-
tion of the virus using antiviral and supportive therapies
including immunomodulatory agents (either immunostim-
ulatory or immunosuppressive agents).*! In severe cases,
cytokine storm is common so that the use of immuno-
modulatory agents is expected to prevent further damage.
Until now there has been no specific antiviral drug and
vaccine that has proven to be effective and available for
the management of COVID-19 disease.!"> The presence of
hyperinflammation in COVID-19 disease, enable the use
of immunosuppressive agents such as chloroquine and
hydroxychloroquine, corticosteroids, inflammatory
cytokine antagonists (such as IL-6R monoclonal antibod-

Table 1. Potential immunomodulatory agents used in COVID-19.

ies, TNF inhibitors, IL-1 antagonists, JAK inhibitors).5%
In addition, the use of immunostimulatory agents in severe
cases of COVID-19 disease can also be considered.*”!

Nevertheless, the decision to use immunosuppressive
agents in patients with severe and critical symptoms needs
careful consideration as these agents have benefits but also
have a weakening effect on the antimicrobial immune sys-
tem, especially interferon type I antiviral immunity.5!
Furthermore, consideration of the timing and duration for
the administration of immunosuppressive and immunos-
timulatory agents is also important in achieving treatment
success. In this literature review, we limit the discussion to
the use of immunomodulatory agents including corticos-
teroids, chloroquine/hydroxychloroquine, anti-IL-6 recep-
tor antibodies and anti-IL-6 antibody, IL-1 antagonists,
convalescent plasma, Intravenous immunoglobulin (IVIG),
and mesenchymal stem cells (Table 1).

Type 1 interferons

As mentioned earlier, IFN-I has a very crucial role as
an antiviral agent.”® However, some evidence shows that
in COVID-19, SARS-CoV2 is able to evade the immune
system by inhibiting IFN-I production and decreasing the
activity of T lymphocyte cells.®? Several recombinant
interferons such as IFN-a2a, IFN-a2b, IFN-B1a and IFN-
[1b have been previously used in vitro for MERS, Sars-
CoV1, and Sars-CoV2 with mixed success rates.”” The
use of these recombinants failed to reduce viral load and
mortality in MERS patients.** This may be due to the tim-
ing of administration.

Tumor necrosis factor blockers

Use of anti-TNF agents to control cytokine storms has
been of concern. Its use is based on the results of studies
that show an increased survival rate in septic patients after

Immunomodulatory agent Function

Corticosteroids

Suppress the inflammation process

Tocilizumab

Targets signaling of IL-6R to decrease inflammation

Sarilumab

Blocks anti-human IL-6R

Intravenous immunoglobulin (IVIG)
antibodies

Inhibits activation and differentiation of T and B lymphocytes and neutralizes cytokines and

The IL-1 family antagonist

Inhibits the inflammation process

Chloroquine and Hydroxychloroquine

Enhances antigen processing, and the work of regulatory T-cells, and inhibits the production of
proinflammatory cytokines

Neutralizing antibody and convalescent plasma | Antibodies from convalescent plasma bind to the S protein of the virus and inhibit viremia

Mesenchymal stem cell

Inhibits the release of proinflammatory cytokines including IL-1, TNF-a., IL-6, IL-12, and IFN-y




using anti-TNF. The results of this study are in line with
the role of TNF, an important inflammatory factor in the
occurrence of cytokine storms.™ In the mice model, TNF
contributes to decreased T cell potency and is involved in
acute lung injury in SARS-CoV, and loss of TNF expres-
sion prevents morbidity and mortality.*® Based on these
findings, the use of anti-TNF in COVID-19 disease can be
considered. However, further research is needed regarding
the efficacy of anti-TNF in COVID-19 patients.l”

Corticosteroids

Corticosteroids are anti-inflammatory drugs with ste-
roid groups which are generally used to suppress the
inflammation process®. Corticosteroids were used as
immunosuppressive agents during the SARS epidemic in
2003.58%°1 Timely use of corticosteroids in an appropriate
time can provide good clinical outcomes as shown in a
retrospective study conducted by Chen Rc, et al.'®” who
found that corticosteroid administration in severely ill
SARS patients could reduce mortality and shorten hospital
stay.[®¥ However, several other studies such as those con-
ducted by Auyeung TW, et al.®” found that the use of
corticosteroids in SARS-CoV infection had a detrimental
effect in the form of an increase in plasma viral load and
worsening of disease.>

Although there is not much evidence from randomized
controlled trials supporting the use of systemic corticoster-
oids in COVID-19 patients, the use of systemic corticos-
teroids in COVID-19 patients is currently administered in
patients with severe clinical symptoms to suppress ARDS,
and multiorgan failure as a manifestation of cytokine
storms.®'%2 The use of methylprednisolone for a short
term (3-15 days) at a dose of 1-2 mg/kg per day can be
recommended in patients with ARDS1, however, most of
the evidence shows that the side effects of using systemic
corticosteroids are more numerous as compared to the
benefits obtained.!!! Data obtained from Russel et al.l¥
show that the use of systemic corticosteroids in COVID-19
patients with pulmonary injuries is not supported by suf-
ficient clinical evidence.'*’!

Furthermore, meta-analyses have shown that corticos-
teroid administration is associated with high mortality
rates in patients with SARS-CoV-1, MERS-CoV, and
SARS-CoV-2 infections.**! In the absence of conclusive
scientific evidence, the regular use of corticosteroids in
COVID-19 patients with pneumonia or ARDS is not sug-
gested by WHO unless indicated for other conditions, such
as asthma, exacerbation of chronic obstructive pulmonary
disease (COPD), or septic shock.!®%% The majority of data
on corticosteroid use in COVID-19 patients is based on
observational research data so large scale randomized con-
trolled trials are needed to understand the risks and benefits
of corticosteroid use in these patients.
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Anti-IL-6 receptor antibodies and anti-IL-6 antibody

As noted earlier, the role of IL-6 as a proinflammatory
cytokine is quite prominent and important in the pathogen-
esis of hyperinflammatory syndrome in COVID-19 patients
so that the use of anti-IL-6 receptor antibody or anti-IL-6
antibody is expected to overcome the hyperinflammatory
problem. This is also supported by previous evidence
that the use of anti-IL-6 and anti-IL-6R antibody has good
efficacy in cytokine storm and sHLH conditions due to
infection or iatrogenic administration of chimeric antigen
receptor T-cell (CAR-T).*” The anti-IL-6 receptor anti-
body used currently is tocilizumab which works by bind-
ing to the sIL-6R receptor on trans signaling and mIL6-R
receptor on cis signaling, thus causing a suppressing effect
on the IL-6 signaling transduction process.”8) Besides
there are other anti-IL-6 receptor antibody namely sari-
lumab, and anti-IL-6 antibody, siltuximab.?"!

Promising preliminary results were obtained in a
cohort study using tocilizumab in severe COVID-19
patients in China.'®” The study showed clinical improve-
ment of fever and several other objective features such as
decrease in pulmonary opacity on computed tomography
scans (CT scans) and recovery of lymphocyte counts in the
majority of patients in a short period.®’ Besides, there was
a significant decrease in oxygen demand in three-quarters
of the patients.[®” Another study conducted by Roumier et
al.”" found that there was a decrease in ICU treatment
rates and the use of mechanical ventilators in severely ill
COVID-19 patients who received tocilizumab.!” Several
clinical studies on the efficacy and safety of anti-IL-6R
antibodies and anti-IL-6 antibodies in severely ill COVID-
19 patients using various methodologies have been con-
ducted so far.”'! However, the use of an antibody against
IL-6 receptor and its ligands needs to be carefully consid-
ered. The reduction in virus clearance is one of the adverse
effects of its use.*

Intravenous immunoglobulin

Intravenous immunoglobulin (IVIG) is a type of
immunomodulatory therapy that contains polyclonal
immunoglobulin G (IgG) derived from healthy donor
plasma.?! The benefits of IVIG consists of immunostimu-
lation, anti-inflammation, and immune substitution.l?*-%8!
So far, the use of IVIG has often been given to patients
with immune deficiency, and systemic autoimmune dis-
eases.l”” The anti-inflammatory effect of IVIG is obtained
through its ability to bind to complement factors, to inhib-
it Fcy receptors, inhibit activation and differentiation of T
and B lymphocytes and to neutralize cytokines and anti-
bodies. ™!

Two possible side effects can arise in IVIG administra-
tion, namely: 1) the occurrence of transfusion (immuno-
globulin) -related acute lung injury (TRALI) which can
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result in ARDS, and 2) the occurrence of thrombosis in the
blood vessels.”7 Therefore, its usage in severely ill
COVID-19 patients requires vigilance and good judgment.
The side effects related to thrombosis in IVIG administra-
tion can be precluded by giving adequate anticoagulation
and hydration.” So far, the use of IVIG in COVID-19
patients is still controversial and a further clinical trial with
good research design needs to be done.[%87¢!

The IL-1 family antagonist

An alternative immunosuppressive agent for the man-
agement of severely ill COVID-19 patients is the use of
IL-1 antagonist with the generic name anakinra.””! This is
based on the finding that all three important cytokines
from the IL-1 family such as IL-1f3, IL-8, and IL-33 were
found to be involved in cytokine storms.”” This agent is a
recombinant of the interleukin 1 receptor antagonist
(IL-1Ra) protein, naturally secreted by macrophages and
monocytes and selectively binds to IL-R.®! It has been
used in sepsis, autoimmune disease, and malignancy and it
has been shown to suppress the inflammatory response.’87)
Furthermore, the use of anakinra in sepsis has been report-
ed to increase survival rates without significant side
effects.8%8) There are currently no reports of using this
agent in COVID-19 patients, but based on its effectiveness
in suppressing inflammation in sepsis, its use in severely
ill COVID-19 patients with hyperinflammatory syndrome
may be considered.

Chloroquine and Hydroxychloroquine

Chloroquine and its derivative, hydroxychloroquine
are antimalarial agents and immunomodulatory agents in
the management of autoimmune diseases such as rheuma-
toid arthritis and systemic lupus erythematosus.®” The use
of chloroquine and hydroxychloroquine as antiviral agents
in COVID-19 disease is based on their effectiveness as an
antiviral agents in patients with SARS-CoV-1 infection.
(7182831 Chloroquine enhances the effectiveness of MHC
class I and MHC class II in antigen processing, inhibits
endosomal TLR7 and TLRY9, and enhances the work of
regulatory T-cells.?#* Chloroquine and hydroxychloro-
quine can prevent the virus from entering the host cell by
several mechanisms, namely: 1) These two substances
accumulate in the lysosome thereby increasing the acidity
level of endosomes!®?; 2) they weaken the glycosylation of
the ACE-2 receptor so that the SARS-CoV-2 virus cannot
bind effectively to the receptor.® Besides, they can also
prevent ARDS by inhibiting the production of proinflam-
matory cytokines including IL-6.11

A study showed that the use of chloroquine and
hydroxychloroquine in infected cells before and after onset
of infection can reduce viral load. This study shows that
both agents can be effectively used either as a prophylactic

or therapeutic treatment.® A small scale open-label, non-
randomized study, revealed that the combination of
hydroxychloroquine and azithromycin can be beneficial in
COVID-19 patients with severe clinical symptoms by
reducing viral load on the 6th day of illness.®” Several
studies are currently underway on the efficacy of these two
drugs”'! and whether they have beneficial in terms of anti-
viral and immunomodulatory effects in COVID-19 patients
is a controversial issue and needs further investigation.

Neutralizing antibody and convalescent plasma

Neutralizing antibody

Two approaches can be implemented in the treatment
of using neutralizing antibodies (nAbs) in SARS-CoV-2
virus infections, namely: 1) by stimulating the host
immune system to actively produce nAbs against the
SARS-CoV-2 virus by vaccination, and 2) by passively
accepting nAbs from the outside body as a therapeutic
approach. The second approach has been previously
applied in the management of SARS and MERS and
proved effective 8! This source of nAbs can be obtained
naturally through infection and from animals.”"! The
mechanism of action of nAbs involves preventing binding
of S-protein of virus to the ACE2 receptors of cells and
thus inhibiting the fusion between the virus and the host
cell membrane by binding the S-protein.*”

Neutralizing antibodies from patients who have recov-
ered from SARS-CoV-2 infection can be used as a source
of recombinant nAbs.”" Besides, the development of
effective nAbs against SARS-CoV-2 derived from animal
models has also been carried out.”"! Furthermore, a shred
of interesting evidence indicates that nAbs from SARS
patients has the potential to be used to treat COVID-19
patients as shown by Pinto et al.’”’ who found that the
memory B-cell recovered previously from the convales-
cent serum of the patients with SARS infection can neu-
tralize SARS-CoV-2 virus.” This phenomenon can hap-
pen because the SARS-CoV-1 and SARS-CoV-2 viruses
have a genetic similarity up to about 79%."!

Convalescent plasma

The principle of giving convalescent plasma is the
same as giving recombinant nAbs, namely by conferring
passive immunization through titer of nAbs produced by
patients who were previously infected and have recovered.
711 Convalescent plasma can be given as prophylaxis to
infected patients or individuals who have a susceptibility
of contracting an infection.” The nAbs titers which will
be used are the highest titers produced by recovered indi-
viduals."*) Tmmunity gained from convalescent plasma is
temporary and has a short duration.'”” Compared to recom-
binant nAbs, which requires a lot of time and costs a lot,
convalescent plasma can be produced in a relatively short



time and is relatively inexpensive.l"!

Administration of convalescent plasma has been
applied previously and showed good results in the pan-
demics of Spanish influenza in 1918, SARS, Argentine
hemorrhagic fever, and HINT influenza.*%*%¢! Similar to
recombinant nAbs, antibodies from convalescent plasma
act by binding to the S-protein of the virus.”” However, it
is also important to note that the administration of the anti-
bodies may conversely exert adverse effects known as
antibody-dependent enhancement (ADE). In ADE the
virus binds to non-neutralizing antibodies which increases
the ability of the virus to invade host immune cells./***”

Several studies have shown that the administration of
convalescent plasma in severely ill COVID-19 patients is
quite effective, and safe.”*? The administration of con-
valescent plasma on the 14th day was also reported to be
quite efficient based on previous evidence accumulated
in influenza and SARS.”*%91n general, the administra-
tion of this plasma is acceptable, safe, and shows effec-
tive performance.” But several important things such as
timing and duration of administration, and the required
amount of convalescent plasma to be given need to be
determined.”® Besides, further research on this issue
should be conducted with perfectly designed randomized
controlled clinical trials.

Stem cell therapy

Mesenchymal stem cell (MSC) is a type of stem cell
which not only have multipotency and self-renewal abili-
ties but also have strong anti-inflammatory ability.?” The
use of MSC as a treatment of severely ill COVID-19
patients is considered to effectively relieve hyperinflam-
matory/cytokine storm conditions as it can inhibit the
release of proinflammatory cytokines which including
IL-1, TNF-a, IL-6, IL-12, and IFN-y.® Also, MSC can
also repair damaged pulmonary alveolar cells, increase
alveolar fluid clearance, and prevent pulmonary fibrosis
by secreting IL-10 and several growth factors such as
hepatocyte growth factor, keratinocyte growth factor, and
VEGF.® Recently, several clinical studies have been con-
ducted to assess the efficacy of stem cell therapy.'®! Thanks
to its many favourable effects, it is expected that the use of
MSC can be applied as an effective immunomodulatory
agent in the management of severe COVID-19 disease.

CONCLUSION

Interaction between the SARS-Cov-2 virus and the
host immune system is very important in the development
of COVID-19 disease. This interaction then contributes to
the development, and severity of the disease. Host immune
response begins with the process of introduction of viral
antigens, followed by the activation of the innate and
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acquired immune systems, and may end in either virus
destruction or even failure in virus elimination. In some
cases, SARS-CoV-2 virus infection may further progress
to severe illness and generating the condition of hyperin-
flammatory syndrome characterized with the release of
excessive proinflammatory cytokines (cytokine storms),
systemic inflammation, and ends in ARDS conditions,
multiorgan failure, and death.?! The failure in the process
of eliminating viruses due to the weakening of the immune
system by viruses as well as genetic or acquired defects in
the immune system is considered to be a predisposing fac-
tor for the occurrence of the hyperinflammatory
syndrome!!>-7

Besides antiviral agents, several immunomodulatory
agents have been used recently as the treatment of choice
in COVID-19 patients with hyperinflammatory syndrome.
49 Timeliness in applying the immunomodulatory agents
might be very important in efforts to improve treatment
success and reduce mortality even though until know there
is no encouraging data that clarify this issue and for this
reason it still need further investigation. Nevertheless, it
needs a good consideration by balancing the risk and ben-
efit ratio before using an immunomodulatory agent.
Finally, further understanding of the host immune response
to SARS-CoV-2 infection, and introduction of a more
comprehensive immunopathological mechanism regarding
the development of hyperinflammatory syndrome is need-
ed in formulating better management strategies for the
treatment of severely ill COVID-19 patients.
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