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Abstract: The last few months of 2019 witnessed the emergence, rise and rapid spread
of a novel coronavirus known as severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), causing an acute respiratory disease called coronavirus disease 2019 or Covid-19.
Severe pathological manifestations of the disease in the infected population with comorbid-
ities are linked to acute respiratory distress syndrome (ARDS), associated with an exagger-
ated synthesis and expression of cytokines, leading to a systemic inflammatory response also
known as a cytokine storm (CS). Elderly patients (>60 years of age) showed more deaths in
Covid-19 infection. Age-related immune imbalance increases patient susceptibility to CS. In
acute Covid-19 infection, it is difficult to minimize or control the overproduction of
cytokines; hence, limited medical treatments are effective. This review aims to provide an
overview of the current knowledge of involvement of cytokines in SARS-CoV-2 infection,
susceptibility factors for the accompanying cytokine storm in severe Covid-19 cases and
possible treatment strategies.
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Introduction

The emergence of the highly contagious Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) in the latter half of 2019, followed by its rapid spread
worldwide and its ability to cause severe infections in humans, often with fatal
led the World Health Organization (WHO) to declare it as a global
pandemic on 11 March 2020.2 By 25 September, the WHO report confirmed more than
32 million cases of infections and over 979,212 confirmed deaths worldwide.’

consequences, !

In the past few decades, three new Coronaviruses have posed a global threat to
public health. Severe acute respiratory syndrome coronavirus (SARS-CoV) identi-
fied in 2002, Middle East respiratory syndrome coronavirus (MERS-CoV) emergent
in 2012, and the newly identified SARS-CoV-2 in the latter half of 2019, all share
similarities of animal reservoirs, unpredictable emergence, rapid spread and serious
infectious outcomes in humans, collectively leading to high rates of mortality in the
human population.*

Out of all Covid-19 infected patients, significantly large numbers (80%) showed
mild symptoms and only 20% of these infected individuals exhibited severe
complications associated with comorbidities requiring hospitalization. Moreover,
out of these 20%, 5% patients experienced critical symptoms associated with excess
cytokine production such as hypoxia and ARDS, which lead to multiple organ
failure and eventually death.’
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Several factors such as easy mode of transmission of
SARS-CoV-2, infectivity in the incubation period, differ-
ing clinical course ranging from asymptomatic forms to
severe pathological manifestations of the disease in the
infected population associated with comorbidities, lack of
clear treatment options and delay in vaccine production,
all point to an unprecedented health-care crisis.

One of the main reasons of death in SARS-CoV
-2-infected patients is abnormal immune response, which
include uncontrolled secretion of cytokines also referred to
as CS. With the numbers of infected individuals needing
hospitalization still high in most countries around the
world, a greater understanding of the virus, its pathogen-
esis and host cytokine response is required.

Receptors for Coronaviruses

The host innate immune system detects viral infections
through pattern recognition receptors (PRRs). Host PRRs
detect viral components, pathogen-associated molecular pat-
terns, which include genomic DNA, single-stranded (ss) RNA,
double-stranded (ds) RNA, RNA with 5'-triphosphate ends
and viral proteins. Currently, three classes of PRRs are
known to be involved in the recognition of virus-specific
components in innate immune cells, namely toll-like receptors
(TLRs), retinoic acid-inducible gene I (RIG-I)-like receptors
(RLRs) and NOD-like receptors (NLRs). Among these recep-
tor types, TLRs and RLRs are important for the production of
type L interferons (IFNs) and various cytokines, whereas NLRs
are known to regulate interleukin (IL)-1p maturation through
activation of caspase-1." A study found that the SARS-CoV
-2 isolated from human airway epithelial cells was closer to
bat-SL-CoVZC45 and bat-SL-CoVZXC21 at the whole-
genome level.® Additionally, the external subdomain of the
Covid-19 receptor-binding domain (RBD) bore greater simi-
larity to severe SARS-CoV.’ Angiotensin-converting enzyme
2 (ACE2), a metallopeptidase, is a recognized host cell recep-
tor of SARS-CoV-2 and plays a crucial role in virus and
cellular membrane fusion via the spike protein, facilitating

S-glycoprotein <
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infection.'” This is also the receptor for SARS-CoV and
HCoV-NL63.""'? Zhou et al proved that the SARS-CoV-2
does not use other coronavirus receptors such as aminopepti-
dase N, and dipeptidyl peptidase-4."* Another study found that
the RBD domain of the SARS-CoV-2 and S-protein support
strong interaction with human ACE2 molecules.'* High levels
of ACE2 expression have been identified in type II alveolar

cells of lung,'>!®

upper and stratified epithelial cells of eso-
phagus, absorptive enterocytes from ileum and colon,'®
cholangiocytes,'” myocardial cells, kidney proximal tubule
cells, and bladder urothelial cells."”” Since studies suggest
that ACE2 plays a pivotal role in cellular entry; hence, SARS-
CoV-2 may preferentially target ACE2-expressing cells lead-
ing to infection Figure 1. These findings indicate that organs
with high ACE2-expressing cells may potentially be at
a higher risk for Covid-19 infection.

Additionally, a transmembrane serine protease
2 (TMPRSS2) is another key protein involved in the
SARS-CoV-2 cell entry process Figure 1. It is the main
host cell serine protease, which cleaves the S protein of
human CoVs on the cell membrane. This enables virus to
release fusion peptide for membrane fusion. Both recep-
tors are co-expressed in lung epithelial cells, the upper
epithelial and gland cells of oesophagus and absorptive
enterocytes from ileum and colon; suggesting an alternate
mode of infection.'® The expression of ACE2 increases in
individuals who have type I and II diabetes, as treatment
options include ACE inhibitors and angiotensin-receptor
blockers (ARBs). Additionally, hypertension, also treated
with ACE inhibitors and ARBs, results in increased
expression of ACE2." The increase in ACE2 receptors
from hypertension medications, and diabetes medications
is the basis of the initial hypotheses that suggest ACE2
upregulation may explain the correlation between these
conditions. However, there is certainly not a consensus
on these conclusions, with other evidence contradicting
these claims to show that ACE2 protects patients from
severe acute lung failure.”® The only known is that there

ACE-2
Receptor

TMPRSS2
A/

C(

Figure | Entry of SARS-CoV-2 into the epithelial cells; firstly, the virion interacts with serine protease TMPRSS2; secondly, S-glycoprotein ligands on virus particles bind to
the ACE-2 receptor; thirdly, the virus releases its genetic material (RNA) into host cells.
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is a correlation between severity of Covid-19 cases and
patients with hypertension, diabetes, and obesity.

Cytokines in Viral Infections

Cytokines play an important role in establishing an antiviral
state as the nonspecific first line of defense in viral infec-
tions. The network of cytokines in inflammatory diseases is
a very complex system. These immune-modulatory pep-
tides, produced by a broad range of cells such as
B-lymphocytes, T lymphocytes, macrophages, mast cells,
stromal cells and endothelial cells, etc., to regulate different
cellular processes and interactions, such as cellular devel-
opment, repair, hematopoiesis, inflammation, etc., through
the transduction of signals mediated by binding to cellular
receptors.”’ In addition, cytokines have pleiotropic activity,
i.e. they often have multiple functions, acting on different
target cells to affect the function of other cytokines in an
additive, synergistic or antagonistic manner.*> Therefore,
cytokines are critical communication mediators for the
immune system and are essential for host defense against
pathogens. Intracellular signaling cascades are activated by
the detection of viral components by immune cells with the
resultant secretion of type I IFNs, proinflammatory cyto-
kines and chemokines, as well as an increased expression of
co-stimulatory molecules such as CD40, CD80 and CD86.°
Type I IFNs induce cell-intrinsic antimicrobial states in both
virus infected and neighbouring cells to resolve viral infec-
tion, by activating intracellular signaling pathways via
a type I IFN receptor.”® They also regulate gene expression
of a set of genes, such as protein kinase R and 2'-5'-
oligoadenylate synthase, which are involved in eliminating
viral components from infected cells, inducing apoptosis of
infected cells and conferring resistance against viral infec-
tion in uninfected cells.® Type I IFNs are produced by
immune cells such as dendritic cells (DCs), macrophages,
like fibroblasts.®
Proinflammatory cytokines such as IL-1p, IL-6, and tumor

NK cells as well as other cells
necrosis factor (TNF)-a are predominantly secreted by
monocytes and activated macrophages as well as by non-
immune cells, such as fibroblasts and endothelial cells.
They are critical for pathological pain as well as eliminating
virus infection by up-regulation of inflammatory reactions
and recruiting innate and acquired immune cells.** Aberrant
induction and/or imbalance of various proinflammatory
cytokines may induce severe systemic inflammatory
response syndrome,® resulting in systemic inflammation,
organ dysfunction and organ failure. Co-stimulatory mole-
cules are essential for natural killer (NK) cell activation. As

NK cells are involved in the recognition of altered cells,
they can directly destroy infected cells as well as promote
recruitment and response of the other components of the
system by the and

immune release of cytokines

chemokines.”® Similarly, co-stimulatory molecules are
also involved in the activation of T cells, leading to acquired
immune reactions. Failure to mount effective cytokine
responses against viral agents can sometimes lead to sys-
tematic infection, while excessive cytokine production may
lead to pathogenicity, severe symptoms or even fatality such
as seen in SARS, MERS and SARS-CoV-2 infected
patients. A fine balance of cytokine production and inhibi-
tion is required in countering viral infections, the tilting of
which may result in severe pathogenesis.

Cytokines in Coronavirus

SARS-CoV infects airway and alveolar epithelial cells.
Infection of hematopoietic cells such as DCs, monocyte-
macrophages, and other peripheral blood mononuclear
cell-derived cells by the virus is abortive. Infection of
DCs by SARS-CoV induces low-level expression of anti-
viral cytokines IFN-oaf, moderate up-regulation of pro-
inflammatory cytokines such as TNF and IL-6, and
a significant up-regulation of inflammatory chemokines
CCL3, CCL5, CCL2, and CXCL10.%"*® Similarly, SARS-
CoV-infected macrophages and airway epithelial cells
(AECs) show delayed and increased levels of IFN and
other pro-inflammatory cytokines.”*** The delayed but
exaggerated production of these cytokines and chemokines
induces a dysregulation of innate immune response.
Elevated levels of pro-inflammatory cytokines (IFN-y,
IL-1, IL-6, IL-12, and TGFp) and chemokines (CCL2,
CXCL10, CXCLY, and IL-8) were found in the sera of
SARS patients with severe disease compared to indivi-
duals with uncomplicated SARS.>**' Whereas SARS
patients with severe disease had very low levels of the
anti-inflammatory cytokine, IL-10,>' individuals with
lethal SARS
inflammatory cytokines and chemokines such as IFN
(IFN-o0 and IFN-y) and IFN-stimulated genes (ISGs)
(CXCL10 and CCL-2) compared to healthy controls or
individuals with mild-moderate disease.>” These results

showed increased levels of pro-

gave early suggestions for a possible role for IFNs and
ISGs in the immunopathogenesis of SARS in humans.
Thus, dysregulated and/or exaggerated cytokine and che-
mokine responses by SARS-CoV-infected AECs, DCs,
and macrophages play an important role in SARS
pathogenesis.
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Similar to SARS, MERS-CoV infection of human airway
epithelial cells induces significant and delayed IFN and proin-
flammatory cytokine (IL-1p, IL-6, and IL-8) responses.*>
MERS-CoV replicates in naive and activated human mono-
cyte-macrophages.*® This contrasts with SARS-CoV, which
abortively infects monocyte-macrophages, DCs and T cells.
MERS-CoV infection of human leukemic cell line (THP-1)
cells, a monocyte cell line, and human peripheral blood mono-
cyte-derived macrophages and DCs exhibited delayed but
increased levels of pro-inflammatory cytokines and chemo-
kines (CCL-2, CCL-3, CCL-5, IL-2, and IL—8).35 However,
induction of IFN-o/p by monocyte, macrophages and DCs was
not significant except for plasmacytoid dendritic cells, which
upon MERS-CoV
infection.’® Studies showed elevated levels of serum pro-
inflammatory cytokines (IL-6 and IFN-a) and chemokines
(IL-8, CXCL-10, and CCL5) in individuals with severe
MERS compared to those with mild to moderate MERS
infection.’ Elevated serum cytokine levels in patients infected

produced large amounts of IFNs

with MERS correlated with lung pathology due to high neu-
trophil and monocyte numbers in lungs and in the peripheral
blood.*”*® In conclusion, SARS-CoV and MERS-CoV infect
human airway epithelial cells, inducing proinflammatory
cytokines.

Cytokines in SARS-CoV-2

SARS-CoV-2 shares phylogenetic similarities with two
other betacoronaviruses, i.e. SARS-CoV and MERS-CoV
as well as some clinical features of beta-coronavirus
infections.>® SARS-CoV-2 and host cell interactions lead
to the strong production of immune mediators. The secre-
tion of large quantities of chemokines and cytokines such
as IL-1, IL-6, IL-8, IL-21, TNF-b and MCP-1, in turn
recruit lymphocytes and leukocytes to the site of infection.
Infected individuals with SARS-CoV-2 can broadly be
classified as asymptomatic or confirmed cases experien-
cing mild respiratory symptoms (cold-like symptoms to
mild pneumonia), severe respiratory illness (serious pneu-
monia and shortness of breath) or fatal cases with multi-
organ and systemic manifestations (sepsis, septic shock,
and multiple organ dysfunction syndromes, hypoxia and
blood clotting) often resulting in death. A study of the
inflammatory cytokines and C-Reactive Protein (CRP)
profiles of serum samples from a hospital in Wuhan,
found higher values of cytokines such as IFN-y, TNF-a,
IL-3, IL-4, IL-6, IL-10 and CRP in patients with Covid-19
compared to healthy controls, suggesting an activation of
immune response to SARS-CoV-2 infection.*® Also, only

IL-6, IL-10 and CRP showed increased expression along
with disease severity. Another study from China showed
that about 20% of patients developed severe disease. Out
of these, individuals with serious underlying health condi-
tions were at a higher risk of death. A fatality of 4% was
reported in a minority of patients presented with respira-
tory failure, septic shock and multi-organ dysfunction.*!
All these studies ascertained increased level or proinflam-
matory cytokines are linked to SARS-CoV-2 related
deaths.

Cytokine Storm in Covid-19

Historically coronaviruses exhibited relatively mild, self-
limiting common cold-like phenotypes in humans. Four
beta coronaviruses are, i.e. HCoV 229E, NL63, OC43,
and HKUI, globally endemic and account for 10-30% of
upper respiratory tract infections in adults. However,
recently two highly pathogenic viruses, SARS-CoV and
MERS-CoV, have caused global epidemics with resultant
lung pathology and high rates of morbidity and mortality
linked to excessive and aberrant non-effective host immune
responses associated with a cytokine storm.*? Cytokine
storm or cytokine storm syndrome (CSS), is an acute and
systemic expression of a vigorous immune system, result-
ing in the excessive synthesis and release of more than 150
inflammatory cytokines such as IFN-y, IFN-a, IFN-f3, TNF-
a, IL-1, IL-6, IL-8, IL-12 and MCP-1 among others.”” An
exaggerated and often imbalanced secretion of both pro-
inflammatory and anti-inflammatory cytokines, found to be
elevated in the serum, leads to a positive feedback cycle
between cytokines and immune cells, culminating in
a fierce and often lethal interplay between them. The unify-
ing clinical feature of CS is a massive inflammatory reac-
tion, which progresses to cause acute respiratory distress
syndrome, multiple organ dysfunction and eventually
death.* The clinical symptoms, which develop due to
these dysregulated pathways, are fever, redness, swelling,
tachycardia, tachypnea, hypotension, extreme fatigue and
nausea. Elevated cytokine production has been associated
with poor clinical outcome and pathogenesis during respira-
tory corona viral infections in humans.*'*** The emergence
of SARS-CoV-2, the most severe beta coronavirus so far
and the causative agent of an acute and highly transmissible
respiratory infection, even in the asymptomatic incubation
period, has led to a worldwide pandemic. Covid-19 infec-
tions are generally associated with upper respiratory tract
infections, the signs and symptoms of which commonly
include fever, headache, and cough with some patients

submit your manuscript

740

Dove

Journal of Inflammation Research 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Sherwani and Khan

exhibiting lower respiratory tract infections.** A significant
percentage of cases present with acute respiratory distress
syndrome that requires mechanical ventilation support and
a subgroup of patients with severe Covid-19 can experience
the “cytokine storm syndrome”, characterized by
a fulminant and fatal hyper-cytokinemia associated with
multi-organ failure.*’

In SARS-CoV-2 infection, antigen-presenting cells,
such as macrophages and dendritic cells process and pre-
sent viral antigens to T cells, leading to T cell activation
and differentiation, including the production of cytokines
associated with the different T cell subsets CD8, CD4 and
v6-T cells. Moreover, Th17 cells may play a role in host
defense against the pulmonary virus infection by mediat-
ing the recruitment of neutrophils and macrophages to
infected tissues, significantly determining the pathogenesis
of associated inflammation.*® Hence, these cells cause
a massive release of cytokines for immune response ampli-
fication, promote accumulation of immune cells at inflam-
matory sites, and enhance tissue pathologies and
pulmonary edema.

A study by Huang et al reported the level of inflam-
matory factors in a cluster of patients in Wuhan with
Covid-19. They measured cytokine and chemokine levels
in 41 in-patients (including 13 ICU patients and 28 non-
ICU patients) and found that ICU patients had higher
plasma levels of IL2, IL7, IL10, G-CSF, IP10, MCPI,
MIPIA, and TNFa compared to non-ICU patients.*’
Notably, the difference of serum IL-6 levels between
ICU and non-ICU patients was not significant. However,
in another retrospective, multicentre cohort study,
a significant elevation of IL-6 levels was detected in the
non-survival group of patients with Covid-19, as compared
with that of the survivals.*® Another study analyzed the
cytokines in 123 patients and found serum IL-6 levels in
severe group were significantly higher than that in mild
group.*” Other reports also confirmed the elevation of IL-6
in critically ill patients with Covid-19.%° et al also showed
high levels of IL-6, TNFa, IL-1B, IL-8, IL2R, together
with persistently elevated levels of erythrocyte sedimenta-
tion rate and CRP, associated with ARDS, hypercoagula-
tion and disseminated intravascular  coagulation,
manifested as thrombosis, thrombocytopenia, gangrene of
extremities.*’ Cytokine storm amplifies immune cell
recruitment at the site of infection causing tissue damage
and in severe conditions may lead to multiple organ dys-

function and eventually death.

Cytokine Storm in the Elderly

Since the initial outbreak of infection in Wuhan, China,
Covid-19 has claimed thousands of lives and steadily
spread to almost every country across the world. Elderly
people exhibit a higher risk for Covid-19 infection leading
to serious illness and/or death. Increased cytokine produc-
tion is a major contributory factor to age-related prognosis
or death.

Poor Prognosis in Elder Covid-19 Patients
A study in China found the case fatality ratio to be 1-:38%
(1-23-1-53%). However, substantially higher ratios were
recorded in older age groups (0-32% [0-27-0-38], where
individuals aged <60 years had a ratio of 6:4% [5:7-7-2%]
and those aged >60 years), up to 13-4% (11-2-15-9%).”"
At the start of the pandemic, Italy was one of the countries
with the highest number of fatalities. According to data
from the website, “Statista. Health & Pharmaceuticals-
State of Health”,>® by 30th June 2020, the mortality rate
in Italy appeared to be higher for elderly patients, espe-
cially above 80 years. As per the statistics, the mortality
rate increased significantly with increasing age, i.e. 10.1%
in patients aged 60-69 years, 26.4% in 70-79 years and
58.9% in patients more than 80 years old.”> The median
age of Italian patients who tested positive for SARS-CoV
-2 and died in the first phase of the pandemic was 82
years.”® Similarly, in the United States of America, poor
patient prognosis can also be linked to increase in patient
age with 26.4% mortality in 65-74 years, 26.1% in 75-84
years and 33.16% in patients more than 85 years old
recorded till 13th July 2020.°* The mortality rate trends
compared between Italy and the US differ slightly with
respect to the fact that more deaths have been reported in
the US population in a relatively younger population aged
45 and above. This rate is found to increase with age and
peak in individuals aged 80 years or more.”* > Recent
studies indicate that the infection fatality ratio (IFR) is the
strongest predictor of a Covid-19 patient’s risk of dying.
A study in England found that the IFR for age groups
1544 years was close to zero. For 65-74 years, the IFR
was 3.1%, which then increased substantially to 11.6% for
patients >75 years.5 ® For Spain, the IFR was close to zero
for patients under 50 years. This increased to 3.4% for
infected individuals aged 70-79 years and then rose shar-
ply to 7.2% for those aged >80 years old.’® Elderly
patients with SARS also exhibited a poor prognosis with
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mortality rates of 50% in patients over the age of 65
years.”’

Cytokine Secretion by Immune Cells in

the Elderly

In SARS patients with ARDS progressed to late phase
fibrosis, pneumonia, systemic inflammation responses and
multiple organ failure.’® The lungs of SARS patients with
ARDS were also associated with inflammatory cytokine
induction including IL-1, IL-6, IL-8, CXCL-10, and
TNFa.> On recognizing infiltration by such coronaviruses,
the innate immune system, initiates a rapid anti-viral signal-
ing cascade, leading to the cytokine storm syndrome in
severe patients, often progressing to the multi-organ dys-
function and eventually death. The reason behind the
inequivalent cytokine secretions in different age groups
although not clear, is statistically significant in elderly
patients. Our immune system generates antibodies against
viral infections throughout our lifetime. Depending upon
prior exposures, some of these antibodies may potentially
cross-react with SARS-CoV-2 and help in neutralizing the
infection. Following immunization, decreased antibody
production as well as shortened duration of protective
immunity are characteristic features in the elderly.®® Also,
the decrease in humoral immune response with increase in
age is both quantitative and qualitative, as characteristics
such as affinity, specificity and class of antibody produced
are affected. Studies report a progressive decline in both
numbers and size of germinal centers of B cell follicles.®'
However, the effects of age on antibody affinity maturation
are often conflicting. Studies show intrinsic B cell defects in
aged mice and humans. These defects include a decreases in
Ig class switch recombination (CSR), activation-induced
cytidine deaminase (AID) and E47 transcription factor.
Variations in the effects on somatic hypermutation (SHM)
also depends on the system studied. For example, increase
in AID in mice resulted in improved CSR but not SHM.
Microarray analysis of human B cell subsets are now being
used to link B cell defects with aging and such studies may
help to select agents for an improved immune response in
the aged population.®*

T follicular helper (Tfh) cells, which are a subset of
CD4" T cells, are essential in directing B cell activities
such as proliferation, isotype switching and antibody
production.®® Tfh cells produce specific cytokines in
response to a viral infection and can be found within
germinal centers (GC). Intrinsic age-related defects in

Tth function can lead to reduced B cell expansion, differ-
entiation, IgG production and affinity maturation.** Also,
various age-related changes in the secondary lymphoid
organs microenvironment impact cell repertoire and pro-
tective capacity. For example, CCL21 expression which
reduces CD4 T cell priming and antibodies generation post
vaccination, is significantly impacted in intact aged mice
leading to a reduction in protective capacity.®> These fac-
tors contribute to reduced Tth differentiation and ability to
generate a robust response to vaccination in aged indivi-
duals. Hence, elderly individuals have reduced protection
against subsequent infection.

Li et al provided a detailed clinical and epidemiologi-
cal description of the first 425 cases reported in the epi-
center of the SARS-CoV-2 outbreak, the city of Wuhan in
Hubei province, China.®® The median age of patients was
59 years. Higher morbidity and mortality rates were
reported among the elderly and those suffering from coex-
isting conditions. The majority (56%) of infected patients
were male. Notably, no cases were reported in children
aged 15 years or younger, either suggesting that children
were less likely to be infected or their symptoms were
mild and escaped detection.®” According to a study by Qiu
et al, 36 children (median age 8-3 [SD 3-5] years) infected
with Covid-19 were found to have severe acute respiratory
syndrome. However, the majority of children remained
asymptomatic, making the identification of infections and
determination of prevalence difficult and facilitating com-
munity transmission.®®

Natural killer (NK) cells are effector cells of the innate
immune system important for control of viral infections.
Physiological ageing is linked to changes in the composition,
phenotype and function of circulating NK cells, also known
as NK cell immunesenescence.®
NK cells as the first
Immunogerontological studies suggest that NK cell immu-

Virus-infected cells
encounter line of defense.
nesenescence contributes to the higher incidence of viral
infection in older adults.”” NK cell activation results in
production of inflammatory cytokines, such as IFN-y and
TNF-o by cytotoxic degranulation.”’ These cytokines in
addition to having antiviral effects, also play a role in the
activation and/or maturation of DCs,”? macrophages, and
T cells.”" Additionally, NK cells exhibit regulatory functions
such as the regulation of immune responses in viral
infections.”® They are also known to produce granulocyte-
macrophage colony-stimulating factor,”* IL-5, IL-13,” and
IL-10,” thereby effecting downstream immune responses.
NK cells can also affect the production of chemokines, such
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as CCL3, CCL4, and CCL5, which recruit other effector cells
to sites of inflammation.”®

The regulatory T cells (Tregs) are a subpopulation of
T cells, which facilitate tissue repair through multiple
mechanisms limiting inflammatory damage to tissues.
Tregs also play an important role in resolution of acute lung
damage.”” Tregs can produce IL-10, an anti-inflammatory
cytokine to suppress excess immune responses’® and thus
serve a protective function in lung injury by reducing TNF-a
production and neutrophil activity.”” TGF-B is essential for
the development of Tregs whereas, IL-6 and IL-2 obstruct
Treg polarization.80 Studies in humans indicated that Ty
from both young and elderly individuals similarly inhibited
the proliferation of responder cells. However, the production
of IL-10 drops in cells in the elderly.*' Thus, in contrast to
children and young adults, elderly individuals exhibit
decreased NK and Treg cell activity in addition to limited
humoral activity and function. This leads to excessive release
of pro-inflammatory cytokines such as IL-6 and TNF-a

< 40 Years

Covid-19 Infection

]

Immune Recognition
T I NK cell functionality
Humoral Immune Response
Instant and appropriate Immune Response

L6 T
TNFa
T Treg Activation

Clearance of Infection

Homeostasis

Survival

which further tilt the balance of proinflammatory cytokine
release. Such hyperinflammatory changes induce a cytokine
storm leading to loss of immune regulatory control, resulting
in mass recruitment of immune cells to the site of
tissue injury (Figure 2). This is also associated with
comorbidities.

Cytokine Storm Targeted Therapies
The inflammatory repertoire of Covid-19 remains unclear
and hence, therapeutic options for prognosis and recovery
of severe cases remain limited, with most treatment
options focusing on supportive therapy. However, it is
almost certain that anti-inflammatory therapies would
play a preventative role in severe cases preventing exacer-
bation. Currently, a variety of anti-inflammatory agents
such as steroids, glucocorticoids, chloroquine/hydroxy-
chloroquine, immunosuppressive agents and inflammatory
cytokines antagonists are being tested and trialed in severe
patients with varying results.

> 60 Years

Covid-19 Infection

!

Immune Recognition

NK cell functionality
Humoral Immune Response

Delayed or Imbalanced Immune Response

toea |11

l Treg Activation

Cytokine Storm

Tissue Damage/ Multiple Organ Failure

l

Death

Figure 2 Comparison of immune responses in Covid-19 infection in individuals <40 years and >60 years old.

Journal of Inflammation Research 2020:13

submit your manuscript

743

Dove


http://www.dovepress.com
http://www.dovepress.com

Sherwani and Khan

Dove

Tocilizumab

A promising therapeutic strategy using inhibitory agents
targeting key cytokines in Covid-19 patients is the use of
tocilizumab, a recombinant humanised IL-6 blocking
IL-6
Successful outcomes in some individuals were reported

monoclonal antibody against the receptor.

in a Chinese study using IL-6 blockade with anti-IL-6

antibody.*

A retrospective study in 20 patients with
severe Covid-19, found that using tocilizumab, led to
a reduction in fever and lung lesion opacity as well as
recovery of lymphocytes in peripheral blood of patients.*
Another retrospective multicenter Italian cohort study of
544 adult patients with severe Covid-19 pneumonia found
that administration of intravenous or subcutaneous tocili-
zumab prevented intubation or death in such patients.®*
However, safety risks associated with the use of tocilizu-
mab, especially with corticosteroids and increased risk of
opportunistic infections need to be investigated further

before more widespread use is possible.

Anakinra

A study of the use of the immunomodulatory agent
Anakinra, a recombinant IL-1 receptor antagonist that
blocks the activity of cytokines IL1a and IL1p, in Covid-
19 patients with severe respiratory distress, found that the
drug reduced need for invasive mechanical ventilation in
ICU patients and reduced mortality in cases with severe
complications, without serious side effects.®

Corticosteroids

Another therapeutic strategy used in severe cases of
SARS-CoV-2, common with the treatment of other coro-
naviruses such as SARS and MERS, is the empirical
administration of corticosteroids, which are known to inhi-
bit and suppress inflammatory responses. A meta-analysis
of the safety and efficacy of corticoid treatment in the
treatment all three coronavirus infections found that corti-
costeroid use in subjects delayed virus clearing and did not
convincingly improve survival, reduce hospitalization
duration, ICU admission rate or use of mechanical
ventilation.*® Another meta-analysis of 15 studies found
that corticosteroid use to be associated with increased
mortality in patients with coronavirus pneumonia.®’
Currently, as per WHO guidelines, steroids are approved
forms of therapy for Covid-19 treatment outside of clinical

trials.

Chloroquine and Hydroxychloroquine

Traditionally known as anti-malarial drugs, chloroquine
and hydroxychloroquine, are reported to have some anti-
viral activity against viruses such as Ebola, dengue, HSN1
and SARS. These drugs have now been used in the treat-
ment of Covid-19 in some countries.*® Both drugs accu-
mulate in acidic organelles such as lysosomes, leading to
an increase in endosomal pH, which interferes with viral
replication and entry/exit from the infected host cell.*
Another, possible mechanism of action against SARS-
CoV-2 is that both drugs reduce ACE2 receptor glycosyla-
tion, preventing the binding of virion particles with host
cell.***° The anti-inflammatory effects of antimalarials
are demonstrated by the fact that they are used to treat
such as rheumatoid arthritis

autoimmune diseases

and systemic lupus erythematosus. Chloroquine and
hydroxychloroquine may block the events that lead to
ARDS, such as blocking the production of IL-6 and
other pro-inflammatory cytokines such as IL-1 and TNF-
o involved in the cytokine storm.”® An early Chinese study
of over 100 Chinese Covid-19 patients showed that chlor-
oquine phosphate had good efficacy.”’ Another study of
a non-randomized clinical trial in France conducted on
20 Covid-19 patients who received hydroxychloroquine
treatment reported good efficacy.”> However, more studies
focusing on Covid-19 treatment with chloroquine and
hydroxychloroquine are required to prove efficacy and
beneficial effects.

Conclusion
Cytokine storm is one of the main factors associated with
Covid-19 death

immune imbalance with comorbidities leads to excessive

in elderly individuals. Age-related
release of pro-inflammatory cytokines. Resultant systemic
hyper-inflammatory changes induce a CS leading to
further loss of immune regulation, resulting in recruitment
of excessive immune cells to the site of inflammation.
Thus, identification of cytokine storm immunology and
early-targeted therapies are important factors in patient

prognosis and recovery in Covid-19.
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