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What do we know about IL-6 in COVID-19 so far?
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Abstract Interleukin 6 (IL-6) is a cytokine with dual functions of pro-inflammation and anti-inflammation. It  is
mainly produced by mononuclear macrophages, Th2 cells, vascular endothelial cells and fibroblasts. IL-
6 binds to glycoprotein 130 and one of these two receptors, membrane-bound IL-6R or soluble IL-6R,
forming  hexamer  (IL-6/IL-6R/gp130),  which  then  activates  different  signaling  pathways  (classical
pathway,  trans-signaling  pathway)  to  exert  dual  immune-modulatory  effects  of  anti-inflammation  or
pro-inflammation. Abnormal  levels  of  IL-6  can  cause  multiple  pathological  reactions,  including   cy-
tokine  storm.  Related  clinical  studies  have  found  that  IL-6  levels  in  severe  COVID-19  patients  were
much higher than in healthy population. A large number of studies have shown that IL-6 can trigger a
downstream cytokine storm in patients with COVID-19, resulting in lung damages, aggravating clinical
symptoms  and  developing  excessive  inflammation  and  acute  respiratory  distress  syndrome  (ARDS).
Monoclonal antibodies  against  IL-6  or  IL-6R,  such  as  tocilizumab,  sarilumab,  siltuximab  and  olokizu-
mab may serve as therapeutic options for COVID-19 infection.
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INTRODUCTION

In  the  past  two  decades,  severe  acute  respiratory
syndrome  coronavirus  (SARS-CoV)  and  Middle  East
respiratory  syndrome  coronavirus  (MERS-CoV)  had
been  passed  from  animal  to  human,  causing  severe
respiratory  diseases  SARS  and  MERS  worldwide.  In
December  2019,  another  coronavirus  SARS-CoV-2  was
found in patients with later-called COVID-19 diseases in
Wuhan  City,  Hubei  Province,  China,  which  is  also
transmitted from human to  human.  This  virus  spreads
rapidly  throughout  China  after  its  identification,  and
then around the world, though the origin of SARS-CoV-
2 still  stays as a puzzle. As of February 22, 2021, there

were  more  than  111,697,446  COVID-19  patients  and
more than 2,473,085 deaths worldwide.
SARS-CoV-2 belongs to β-coronaviruses, as SARS-CoV

and  MERS-CoV  do  (Dai et  al.  2020).  It  has  been  noted
that clinical features of COVID-19 infection were similar
to  those  of  SARS  and  MERS  (Assiri  et  al.  2013).  For
example,  respiratory epithelial  cells  are the first  target
infected  by  these  viruses,  which  all  cause  diffuse
interstitial  pulmonary  fibrosis  and  acute  respiratory
failure  (Yin  and  Wunderink 2018).  However,  very  few
patients  with  COVID-19  infection  had  obvious  upper
respiratory symptoms, such as nosebleeds, sneezing or
sore  throat.  It  indicates  that  infections  by  COVID-19
may occur in the lower respiratory tract, instead of the
upper  respiratory  tract.  This  is  different  from  SARS
infection,  which  occurred  at  mouth  and  intestines
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(Wang 2004).  Furthermore,  unlike  diarrhea symptoms
found  in  about  20%–25%  of  patients  with  MERS  or
SARS,  COVID-19  patients  rarely  developed  intestinal
disorders  (Eastin  and  Eastin  2020a).  Moreover,  the
fatality rate of COVID-19 is around 2.3%, lower than the
mortality  rate  of  SARS  (9.5%)  and  much  lower  than
that  of  MERS  (34.4%)  (Petrosillo  et  al.  2020).  The
mortality  rates  of  SARS,  MERS  and  COVID-19  were
higher  than  those  caused  by  other  coronaviruses
(Magro  2020).  Similar  to  pathogenesis  of  SARS  and
MERS, COVID-19 also stimulates primary inflammatory
response and further secondary inflammatory response
in its host, which eventually results in organ failure and
even death of patients (Qiao and Dong 2020).
Studies  have  shown  that  COVID-19  infection  may

induce upregulation of interleukin 6 (IL-6),  interleukin
16 (IL-16), interleukin 12 (IL-12), tumor necrosis factor-
α (TNF-α), and a series of downstream cytokine cascade
reactions  (Mehta  et  al.  2020).  It  has  been  proved  that
viral  infection  induces  IL-6  production  through  TNF-α
(Elias and Lentz 1990; Kurokouchi et al. 1998; Tseng et
al.  2010).  Downstream  IL-6  activation  has  been
suggested to  be  a  turning  point  when initial  COVID-19
infection  deteriorates  into  excessive  inflammation  and
ARDS  (Lipworth  et  al.  2020).  IL-6,  as  well  as  its
physiological  receptors,  is  therefore  considered  as  a
promising  therapeutic  target  in  critically  ill  patients
infected by COVID-19 (Gubernatorova et al. 2020). The
purpose  of  this  review  is  to  discuss  the  potential
mechanism of IL-6 during cytokine storms in COVID-19
patients  from  the  perspective  of  its  structure,  general
function and what we have known about it in COVID-19
pandemic  so  far.  In  addition,  most  recent  progress  on
inhibitors  of  IL-6  or  its  receptors,  tocilizumab,
sarilumab,  siltuximab  and  olokizumab,  is  also

summarized  from  perspective  of  clinical  trials  for
COVID-19 therapy. 

STRUCTURE AND GENERAL FUNCTION OF IL-6

IL-6  is  a  single  chain  liposoluble  phosphorylated
glycoprotein. It has a spiral structure, composed of four
helix  bundles  (A–D).  Helix  A  and  B  extend  in  one
direction,  while  C  and  D  run  in  the  opposite  direction
(Fig. 1). Helix E is a short chain between helix C and D,
located  outside  the  main  helix  bundles  (Kaur  et  al.
2020).  IL-6  is  composed  of  212  amino  acids,  with  the
theoretical  isoelectric  point  (pI)  of  6.71.  It  contains six
Ser,  two  Thr,  and  one  Tyr,  which  are  sites  for
phosphorylation by protein kinase.  Amino acids 11–33
form  the  low  complexity  region  (LCR).  Amino  acids
30–56  are  dominant  antigen  epitopes.  Amino  acids
57–210 are structurally conservative (Yu et al. 2016).
Due  to  its  unique  structure,  IL-6  has  multiple

biological  functions  (McGonagle  et  al.  2020).  IL-6
signals  by  binding  to  type  I  receptor  complex  on  cell
membrane,  which  consists  of  one  ligand-binding
glycoprotein,  IL-6  receptor  (IL-6Rα),  and  the  signal-
transducing component gp130. The coding region of IL-
6R cDNA is 1.4 kb in length, encoding 468 amino acids.
IL-6Rα  is  an  alpha  chain  with  the  molecular  weight  of
80  kDa,  also  known  as  CD126  (Varghese  et  al.  2002;
Zohlnhöfer et al. 1992).  There are six potential  sites in
IL-6R  for  N-glycosylation.  Five  of  them  are  located
outside  cell,  and  the  sixth  one  is  located  in  cytoplasm
(Simpson  et  al.  1997).  IL-6R  has  two  forms,  namely
membrane-bound  IL-6R  (mIL-6R)  and  soluble  IL-6R
(sIL-6R).  IL-6R  is  mainly  expressed  in  liver  cells,
neutrophils,  monocytes  and  T  cells.  It  helps  execute
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Fig. 1   The  hexamer  of  IL-6  band  structure  (DOI:  10.2210/pdb1IL6/pdb)  (left),  and  hexamer  (IL-6/IL-6R/gp130)  (DOI:
10.2210/pdb1P9M/pdb) (right)
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physiological functions mediated by IL-6.
Whether  IL-6  exerts  pro-inflammatory  or  anti-

inflammatory  effects  mainly  depends  on  its  receptor.
mIL-6R  mediates  anti-inflammation,  which  is  the
classical  signaling  pathway  occurring  mainly  in
leukocytes  and  hepatocytes.  Pro-inflammation  or  the
trans-signaling  pathway  is  activated  by  IL-6/sIL-6R
complex, which is crucial for lymphocyte trafficking into
the inflamed area via controlled chemokine expression
(Rose-John  and  Heinrich 1994;  Rose-John et  al.  2007).
Many  non-immune  cells,  including  stromal  and
epithelial  cells,  also  exhibit  inflammatory  responses
(Jones et  al.  2005).  Whether  it  is  pro-inflammatory  or
anti-inflammatory,  the  extracellular  part  of  IL-6R  is
always responsible for IL-6 binding. It first binds to IL-6R
via its CBD domain and then attaches to gp130, leading
to  formation  of  IL-6/IL-6Rα/gp130  complex  and
homodimerization  of  gp130.  Afterwards,  the  ras/
raf/Mitogen-activated  protein  (MAP)  kinase  (MAPK)
pathway gets activated. Signal transducer and activator
of  transcription  factors  are  recruited,  followed  by
phosphorylation  and  dimerization  whereupon  they
translocate  into  the  nucleus  and  activate  target  genes
(Scheller et al. 2011). Different biological effects would
follow  thereafter,  depending  on  the  type  of  receptor
(Fig. 2).
Excessive sIL-6R has been suggested to correlate with

cytokine  storm.  Two  mechanisms  have  been  reported
for  generation  of  sIL-6R  (Assiri et  al.  2013;  Lust et  al.
1992): (1) transcription of an alternative spliced IL-6R-
mRNA  lacking  the  transmembrane  and  cytosolic
domains  (Lust  et  al.  1992);  (2)  proteolysis  of  mIL-6R
dependent on a metalloprotease activity (Düsterhöft et

al. 2019; Foldvari-Nagy et al. 2021; Garbers et al. 2011;
Müllberg et al. 1993; Vollmer et al. 1996). In one mouse
model  study  of  acute  inflammation,  apoptosis-induced
shedding of IL-6R by neutrophils promoted formation of
IL-6/sIL-6R complexes, therefore conducting IL-6 trans-
signaling in endothelial cells (Lust et al. 1992; Scheller et
al.  2011).  Then  these  cells  were  stimulated  to  secrete
chemokines  for  gathering  of  mononuclear  phagocytic
cells. Application of neutralizing antibodies against IL-6
or soluble gp130-Fc in this model led to normal influx of
neutrophils  but  to  damaged  monocytes  influx  into  the
inflamed  area.  Thus,  IL-6R  shedding  may  represent
important  steps  for  the  resolution  of  inflammatory
responses.  Elevated  sIL-6R  breaks  the  IL-6-mediated
anti-inflammatory  and  pro-inflammatory  balance,
causing cytokine storms in the end.
IL-6  is  a  Janus-face  cytokine  (Jones  and  Jenkins

2018). It can coordinate with other cytokines to control
cell  proliferation  and  differentiation,  angiogenesis,  as
well  as  regulation  of  immune  and  inflammatory
responses (Matsuda and Kishimoto 1998; McGonagle et
al.  2020;  Tisoncik  et  al.  2012;  Zong et  al.  2020).  IL-6
regulates  host  defense  capabilities  through  various
immune stimulation mechanisms:  mediating monocyte
differentiation into macrophages (Chomarat et al. 2000),
regulating  antigen-dependent  B  cell  differentiation
(Urashima et al. 1996), promoting B cell to produce IgG
(Yang  et  al.  2016)  and  inhibiting  Th1  polarization
response to activate Th2 cells (Diehl and Rincón 2002).
Researchers  have  studied  IL-6  knock-out  mice  and
found that  IL-6 was critical  during recovery from viral
infections. However, although IL-6 is essential during up-
regulation  of  T  cell  responses,  tissue  remodeling  and
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Fig. 2   Two IL-6 signaling pathways: classical signaling and trans-signaling
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repair,  it  also  promotes  viral  persistence  during
antiviral  immune  responses  (Velazquez-Salinas  et  al.
2019). 

THE ROLE OF IL-6 IN CYTOKINE STORM DURING
COVID-19 PATHOGENESIS
 

Cytokine storm in COVID-19 pathogenesis

Cytokine  release  syndrome  (CRS)  has  been  related  to
organ failures in severe COVID-19 patients (Berlin et al.
2020;  Huang  et  al.  2020;  Zhang  et  al.  2020b).  CRS  is
characterized  by  high  fever,  thrombocytopenia,
hyperferritinemia,  as  well  as  increase  of  inflammatory
markers (such as C-reactive protein (CRP)) (Hashizume
2020).  Cytokine storm syndrome (CSS)  is  synonymous
with  CRS,  which  is  characterized  by  overwhelming
systemic  inflammation,  hyperferritinaemia,
haemodynamic  instability  and  multiple  organ  failure
(MOF)  (Gao  et  al.  2021).  Increasing  evidences  have
showed  the  existence  of  CSS  in  critical  ill  COVID-19
patients.
In  the  lower  respiratory  tract,  COVID-19  invaded

type  II  alveolar  epithelial  (AE2)  cells  through  ACE2
receptor. Generally, AE2 cells don’t participate in active
gas exchange,  but are critical  to maintain integrity and
function of alveoli (Li et al. 2020a).  Destruction of AE2
cells  and increase of  cell  permeability  led to  release of
COVID-19  virus,  which  entered  underlying  tissues  to
advance  infection  or  were  captured  by  macrophages,
dendritic  cells,  and  neutrophils,  causing  the  next-step
propagation  (Chen  et  al.  2020d).  Necrotic  cells  got
ruptured  after  being  infected,  and  intracellular
materials  were  released,  triggering  an  inflammatory
response in the body. COVID-19 virus also activated the
innate  immune  system.  Macrophages  and  other  innate
immune cells not only captured virus, but also released
a  large  number  of  cytokines,  including  interleukin-1β
(IL-1β), IL-6, IL-12, IL-16 and TNF-α (Wan et al. 2020),
which promoted Th0 cells  to  differentiate  and migrate
to  affected  organs  (Monteleone  et  al.  2020).  Once
inflammation  in  lung  tissues  was  out  of  control,
excessive  immune  response  called  gathering  of  a
number  of  immune  cells  to  accumulate  in  lung.  At  the
same  time,  abnormally  high  level  of  cytokines,  i.e.
cytokine storm, in lung induced tremendous activation
of  these  immune  cells,  which  ultimately  damaged
pulmonary  capillary  endothelial  cells  and  alveolar
epithelial  cells.  Massive  exudate  from  these  damaged
cells accumulated in lung mucus and blocks the airway,
which  in  turn  caused  acute  respiratory  distress
syndrome (ARDS), sepsis and organ failure. It has been

generally  accepted  that  a  cytokine  storm  was
responsible  for  deterioration  of  COVID-19  patients.
Moreover,  comorbidities  may  exacerbate  clinical
manifestations  of  COVID-19  patients,  which  include
cardiovascular  disease,  diabetes,  respiratory  diseases,
high blood pressure and being aged (Guo et al. 2020).
During  viral  infection,  another  mechanism  that

drives  cytokine  storm  has  been  suggested  to  be
increased  vascular  permeability,  which  led  to
infiltration  of  effector  cells,  producing  more
inflammatory  molecules  and  aggravating
overproduction  of  cytokines  (Ye  et  al.  2020).  In
addition,  leakage  of  blood  vessels  allowed  virus  to
spread  to  other  tissues  and  organs,  impairing  their
functions. Subsequently, under the continuous action of
cytokines,  more  and  more  inflammatory  exudates  and
red blood cells  entered alveoli,  resulting in respiratory
failure (Zhang et al. 2020a). The cytokine storm caused
intensification of  this new coronavirus pneumonia and
ARDS.  Eventually,  cytokine  storms  in  the  lung  caused
systemic  cytokine  storms,  resulting  in  systemic  organ
failure in COVID-19 patients and even death (Renu et al.
2020; Shimabukuro-Vornhagen et al. 2018; Zhang et al.
2020a).  Other than COVID-9 patients,  severe SARS and
MERS  patients  also  experienced  various  degrees  of
cytokine storms (Mahmudpour et al. 2020). Level of IL-
6  in  patients  with  severe  SARS  was  higher  than  in
healthy  subjects  (Herold  et  al.  2020b).  Among  these
patients, IL-6 caused nonspecific reactions due to SARS
invasion of the respiratory tract (Wang et al. 2004). 

IL-6 in cytokine storm of COVID-19

Factors of age, sex, life style and pathological conditions
influence  serum  IL-6  concentrations,  which  lead  to  a
wide variation of IL-6 levels in adults (Alende-Castro et
al. 2020). However, significantly elevated IL-6 has been
reported  in  population  with  inflammatory  diseases,
including  SARS-CoV-2-induced  disease  (Alende-Castro
et al. 2020; Ilmarinen et al. 2016).
Elevated  IL-6  and  nonspecific  symptoms  were

observed in patients with COVID-19 (Ruan et al. 2020).
Multiple  studies  have  shown  that  there  was  a  strong
correlation  between  serum IL-6  levels  and  respiratory
failure  in  patients  with  COVID-19  (Chen  et  al.  2020c;
Coomes and Haghbayan 2020; Zhang et al. 2020a). For
example,  there  existed  a  strong  correlation  between
elevated  IL-6  and  the  need  for  mechanical  ventilation
(p  =  1.2  ×  10−5).  Additionally,  the  maximal  IL-6  level
(cutoff  =  80  pg/mL)  predicted  respiratory  failure  with
high accuracy (p = 1.7 × 10−8, AUC = 0.98), and patients
with  IL-6  levels  higher  than  80  pg/mL  had  22  times
higher  odds  of  respiratory  failure  than  those  with
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normal IL-6 levels (Herold et al. 2020a). It suggests that
IL-6  might  be  a  key  factor  for  clinicians  to  determine
whether  patients  required  mechanical  ventilation
support  with a ventilator or not  (Tisoncik et  al. 2012).
Another  study  for  measurement  of  IL-6  in  plasma
showed  that  IL-6  levels  elevated  accompanying
increased  severity  of  illness  in  patients  (healthy
control: 0.8 ± 1.6 pg/mL; COVIDstable: 45.9 ± 24.8 pg/mL;
COVIDICU:  169.4 ± 70.7 pg/mL; p =  0.0001).  IL-6 levels
in  the  group  of  patients  with  severe  community-
acquired  pneumonia  (CAPICU  group)  (99.4  ±
40.5  pg/mL)  were  significantly  higher  than  in
COVIDstable patients (p = 0.0001), but significantly lower
than in COVIDICU patients (p = 0.0005) (McElvaney et al.
2020).
It seemed that rapidly elevated IL-6 broke the balance

between  anti-inflammation  and  pro-inflammation
regulated by both adaptive and innate immune systems
(Sharan Tripathi et al. 2010). Early pathologic studies on
clinical  specimens  of  COVID-19  patients  revealed  that
patients had double-side diffuse alveolar damage (DAD)
accompanied  by  cell  mucinous  fibroma  exudate
(Miossec  and  Kolls  2012).  Subsequent  flow  cytometry
analysis  of  peripheral  blood  revealed  that  CD4+  and
CD8+ cells were reduced, but Th17 cells increased. Th17
cells are helper T cells. Unlike Th0 cells, Th17 cells were
mainly  stimulated  by  IL-6  and  IL-23  to  induce  cell
differentiation (Shimabukuro-Vornhagen et al. 2018). In
one study of 41 patients with SARS-CoV-2 infections in
China,  critically  ill  patients  admitted  in  ICU  had
significantly  lower  blood  lymphocytes  than  those
patients  who didn’t  need ICU care.  Levels  of  CD4+ and
CD8+  T  cells  in  blood  were  diminished,  with  B  cells
unchanged (Chen et  al. 2020a).  This  type  of  persistent
lymphopenia  was  also  observed  in  patients  previously
infected by SARS-CoV and MERS-CoV (He et al. 2005). T
lymphocytes, particularly CD4+ T cells, were suggested
to  participate  in  pathogenesis  and  outcome  of
coronavirus infections (Chen et al. 2010; Lavillegrand et
al. 2021; Zhao et al. 2014).
Researchers  also  found  that  decreased  function  of

natural  killer  cell  (NK cell)  might  lead to  elevated IL-6
(Cunningham et al. 2020). IL-6 can inhibit expression of
perforin  and  granzyme  B,  resulting  in  reduction  of
apoptosis  of  virally  infected  cells  (Cifaldi  et  al.  2015).
Patients  with  abnormal  perforin  content  in  the  body
were more likely to experience a cytokine storm (Soy et
al. 2020).  Severe patients  exhibited systemic excessive
inflammation  characterized  by  macrophage  activation
syndrome  (MAS)  and  cytokine  storm,  which  is  also
known  as  secondary  haemophagocytic
lymphohistocytosis  (sHLH)  (McGonagle  et  al.  2020).
There  is  a  significant  correlation  between  plasma

inflammatory markers and COVID-19 severity. However,
correlation does not imply causality. It is likely that virus
replication  drives  inflammatory  response  and
subsequent  disease  severity,  the  exacerbated
inflammation being an inappropriate host response that
requires  correction.  In  short,  IL-6  plays  a  key  role  in
cytokine storm of COVID-19 pathogenesis (Zhang et al.
2020a). Ongoing immunotherapy trials will be helpful to
confirm  the  pathogenic  role  of  IL-6  in  patients  with
SARS-CoV-2 infection (Lavillegrand et al. 2021). 

INHIBITORS OF IL-6

Many  potential  solutions  have  been  proposed  for  the
treatment  of  COVID-19,  including  glucocorticoid  (Li  et
al.  2020b),  ulinastatin  (Li  and  Ma  2020;  Yang  et  al.
2020), azithromycin (Cipriani et al. 2020; Gabriels et al.
2020;  Kelleni  2020)  and  corticosteroids  (Hasan  et  al.
2020;  Tobaiqy et  al.  2020),  but  controversial  opinions
exist. Research of IL-6 inducing peptides/epitopes may
shine lights on COVID-19 vaccine development (Dhall et
al.  2020).  Studies  showed  that  corticosteroids  were
effective in some patients with severe ARDS associated
with COVID-19 (Goursaud et al. 2020; Zha et al. 2020).
Several  institutes  have suggested using corticosteroids
to  alleviate  uncontrolled  inflammation  caused  by
COVID-19.  However,  the  World  Health  Organization
(WHO) does not recommend the use of corticosteroids,
for  they  may  exacerbate  COVID-19-related  lung
damages  (Chen et  al. 2020b)  and delay  viral  clearance
(Eastin  and  Eastin  2020b).  There  are  still  no  reliable
studies evaluating efficacy and safety of corticosteroids
in treatment of COVID-19 patients (Russell et al. 2020).
So  far,  systemic  medicine  treatment  for  COVID-19

has  not  been  approved  yet.  However,  according  to  the
fact that IL-6 plays a crucial role in cytokine storms and
the  latter  dramatically  worsen  symptoms  of  COVID-19
patients, IL-6 and its receptors may be good therapeutic
targets.  Several  studies  (Chen et  al.  2020b;  Fang et  al.
2020;  Huang  et  al.  2020)  shared  the  same  findings:
elevated  IL-6  levels  existed  in  biological  fluids  of
COVID-19 patients, and IL-6 might serve as a predictive
biomarker for severity of COVID-19 infection (Gao et al.
2020). A large retrospective cohort study found that IL-
6  levels  were  associated  with  mortality  in  COVID-19
patients (Zhou et al. 2020).
According to characteristics of IL-6 and its receptors,

a  feasible  solution  is  to  pursue  the  application  of  IL-6
antibody or sIL-6R antibody (Chuan et al. 2020; Liu et al.
2020).  IL-6  pathway  blockers  may  have  a  therapeutic
effect  in  moderate to  severe patients  (Corominas et  al.
2020). Studies have found that IL-6R blockers not only
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suppress cytokine storms, but also help to treat the early
stages  of  CRS.  Here,  we  focused  on  four  antibodies,
tocilizumab (TCZ) (Alzghari and Acuna 2020; Jones et al.
2010), sarilumab, siltuximab and olokizumab, which are
known to  block the IL-6 signaling pathway.  Siltuximab
blocks the downstream effects of IL-6 through anti-IL-6
(LactMed 2019). Binding of human IL-6 to both soluble
and membrane-bound IL-6 receptors is hindered by this
drug,  and  consequently  formation  of  the  hexameric
signaling  complex  with  gp130  on  cell  surface  was
prohibited,  as  well  as  inactivation  of  the  Janus
kinase/signal  transducer  and  transcription  signaling
pathway (Palanques-Pastor et al. 2020). Different from
TCZ and sarilumab, which are directly against IL-6R and
have  a  selective  downstream  effect  against  IL-6,
olokizumab  aims  at  IL-6  instead  of  its  receptor  and
selectively  blocks  the  final  assembly  of  the  signaling
complex  (Kaplon  and  Reichert  2021).  Quite  a  few
clinical trials are ongoing for evaluation of effectiveness
and safety of these monoclonal antibodies (Table 1). 

Tocilizumab (TCZ)

Studies  have  shown  that  TCZ  can  be  used  to  treat
patients  with  severe  COVID-19  (Michot  et  al.  2020;
Morena  et  al.  2020;  Xiaoling  et  al.  2020).  TCZ  is  a
humanized monoclonal  antibody against  human IL-6R.
TCZ  specifically  binds  to  sIL-6R  or  mIL-6R  to  inhibit
downstream  signaling.  TCZ  has  been  approved  by  the
US  Food  and  Drug  Administration  (FDA)  and  Japan
Pharmaceuticals  and  Medical  Devices  Agency  (PMDA)
for treatment of  rheumatoid arthritis  (RA) (Navarro et
al.  2014;  Tanaka  2015).  In  addition,  TCZ  can  also  be
used to treat systemic juvenile idiopathic arthritis (JIA),
giant cell arteritis, and CRS (Ortiz-Martinez 2020).
It  was  approved  by  FDA  in  August  2017  for  the

standard treatment  of  CRS caused by  chimeric  antigen
receptor  (CAR)-genetically  modified  T  cells  (CAR-T).
Intravenous  injection  of  TCZ  has  been  used  for  the
treatment  of  CAR-T-induced  severe  cytokine  storms
(Toniati et al. 2020). Clinical trials are being conducted
in China and Italy for COVID-19 patients who had lung
tissue  damages  (Fundacion  SEIMC-GESIDA  2020;
University of Chicago 2020a, b; Klopfenstein et al. 2020;
Malaya  2020;  National  Cancer  Institute  2020;  Roche
2020).  In  fact,  some  patients  returned  to  normal  and
respiratory  function  based  on  oxygen  intake  and  lung
opacities  improved  remarkably  (Fundacion  SEIMC-
GESIDA  2020;  Hashizume  2020),  with  others
experiencing  returned  C-reactive  protein  (CRP)  levels
and lymphocytes levels (Le et al. 2018).
From  March  9  to  20,  2020,  Italian  researchers

conducted  a  prospective  study  of  100  patients  in  the

Spedali  Civili  of  Brescia,  a  large  university  hospital  at
Brescia, Italy (Toniati et al. 2020). Confirmed COVID-19
pneumonia  and  ARDS  patients  under  respiratory
support  were  recruited  and  analyzed  to  determine
whether intravenous TCZ was needed. Two consecutive
intravenous  infusions  were  performed  at  12-hour
intervals  with  a  dose  of  8  mg/kg  TCZ.  Based  on  the
clinical outcome, the third infusion was optional. Based
on the Brescia COVID respiratory severity score (BCRSS),
which is zero to eight with higher score indicating higher
severity,  the  symptom of  acute  respiratory  failure  was
eased  24–72  h  and  10  days  following  the  use  of  TCZ
(Sciascia  et  al.  2020).  Apparently,  TCZ  effectively
improved clinical symptoms and inhibited deterioration
of critically ill patients (Kewan et al. 2020).
In December 2020, low dose TCZ, i.e. lower than EMA-

and  FDA-labeled  dose  (8  mg/kg)  and  the  emerging
standard  of  care  dose  (400  mg),  was  tested  in  332
patients with COVID-19 pneumonia. This study aimed to
clarify  whether  lower  dose  is  effective,  as  well  as
reducing the risk of  secondary bacterial  infections and
extension  of  its  limited  supply  (University  of  Chicago
2020a).
This  result  concurred  with  another  clinical  trial,

which  differentiated  non-survivors  from  survivors
based  on  serum  IL-6  levels  (Quartuccio  et  al.  2020).
Another  study  of  32  patients  in  the  United  States
proposed  low-dose  TCZ  treatment.  Fever  was  relieved
(75.0%  vs.  34.2%, p  =  0.001)  and  CRP  was  decreased
(86.2%  vs.  14.3%, p  <  0.001)  within  the  24–48  hours
following  TCZ  administration.  In  addition,  fever
resolution  or  CRP  decline  seemed  irrelevant  to  TCZ
doses,  with p  equal  to  0.80 and 0.10,  respectively.  The
median  time  to  clinical  recovery  was  three  days  (IQR,
2–5)  for  survived  patients.  Five  (15.6%)  patients  died
within the follow-up of 28 days. (Strohbehn et al. 2020).
Evidences  indicated  that  patients  with  diabetics  or

hyperglycemia  (non-diabetics)  couldn’t  get  optimal
control through TCZ. Use of dose followed the guidance
of the treatment dosage for systemic juvenile idiopathic
arthritis  (sJIA),  i.e.  regularly  8  mg/kg  (12  mg/kg  for
weight  <30 kg),  once every two weeks.  After  receiving
one to two doses of TCZ, about 70% of patients induced
the immune response within 14 days (average four days)
(Chen  2020;  Yokota  et  al.  2008).  TCZ  improved  blood
oxygen  saturation,  abnormal  computed  tomography
and  the  number  of  lymphocytes,  and  normalized  C-
reactive  protein  (CRP)  levels  in  most  patients
(Campochiaro  et  al.  2020).  TCZ  inhibits  IL-6  in  the
immune response and changes the way how a patient’s
immune system works, which may make patients more
susceptible to infection or worsen the current infection,
and  even  cause  death  due  to  deterioration  of  disease.
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Table 1   List of clinical trials on monoclonal antibodies against IL-6 or IL-6R for COVID-19
 

Drug Participants Location Design Inclusion criteria Primary outcome
measures

NCT/Reference

TCZ 450 Global A randomized, double-
blind, placebo-
controlled,
multicenter study

Confirmed patients,
SpO2 ≤ 93% or
PaO2/FiO2 < 300
mmHg

Clinical status as per the
7-category ordinal
scale at day 28

04320615/
Hoffmann-La
Roche 2020

TCZ 500 Spain A multicenter, open-
label study

Confirmed
severe/critical
patients, ≤2 days of
TCZ or its candidate

To calculate the time of
intubation, oxygen
therapy, non-invasive
mechanical ventilation
and mortality rate

04445272/
Fundacion SEIMC-
GESIDA 2020

TCZ 332 US A multicenter,
randomized,
controlled phase 2
study

Confirmed adults with
fever (T ≥ 38 °C)

Time to recovery (time
frame: 28 days)

04479358/
University of
Chicago 2020a

TCZ 310 Malaysia An open-label,
randomized, cross-
over interventional
study

Symptomatic patients
with progressive
disease and cytokine
storm (presence of
clinical and
radiological signs)

The proportion and
mean days of
mechanical ventilation
(time frame: average
of 6 months)

04345445/
University of
Malaya 2020

TCZ 400 Naples A multicenter, single-
arm, open-label,
phase 2 study

Confirmed patients,
oxygen saturation at
rest in ambient air ≤
93% or requiring
oxygen therapy or
mechanical
ventilation

Mortality (within 2
weeks / 1 month)

04317092/National
Cancer Institute
2020

TCZ 32 US A non-randomized,
single-arm, open-
label study

Confirmed adults with
fever (T ≥ 38 °C) and
lung infiltration

Clinical response:
resolution of fever (T <
38 °C, within 24 h);
Biochemical response:
time to CRPa

normalization and its
rate

04331795/
University of
Chicago 2020b

Sarilumab 30 Spain A randomized, open-
label, single-center,
comparative study

Confirmed adults with
interstitial
pneumoniab

Mean change in clinical
status assessment
using the 7-point
ordinal scale at day 7,
duration of hospitaliza-
tion and death

04357808/ Maria
del Rosario Garcia
de Vicua Pinedo
2020

Sarilumab 40 Italy A monocentric, single-
center, escalation
dose open-label
study

Confirmed adults
(18–85) with severe
interstitial
pneumonia and
increased levels of
D-dimer (or ≥
1000 ng/mL)

Proportion of
improvement in
respiratory function
(time frame: 6 weeks)

04386239/ ASST
Fatebenefratelli
Sacco 2020

Sarilumab 1912 US An adaptive phase 2/3,
randomized, double-
blind, placebo-
controlled study

Confirmed adults Percent change in CRP
(patients with serum
IL-6 level greater than
the upper limit of
normal), proportion of
patients with at least
1-point improvement
using the 7-point
ordinal scale (patients
receiving mechanical
ventilation at baseline)

04315298/Pharmac-
euticals 2020
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Some studies had showed that the main issue with TCZ
treatment was serious infection. In one clinical study in
Italy, four patients (13%) developed bacterial infection
after  receiving  TCZ  treatment  (Pawar  et  al.  2020).
Results  showed  that  common  side  effects  observed  in
patients  receiving TCZ,  include upper  respiratory  tract
infections,  headaches  and  high  blood  pressure,  etc.
Severe side effects resulted from long-term use include:
damaged  tissues  in  stomach  or  intestine,  liver  disease
(hepatotoxicity),  hypogammaglobulinemia  (Vilchez-
Oya et al. 2020), reduced and low platelet count (Jones
et  al.  2010)  and  elevated  blood  cholesterol  levels.
Moreover,  it  increased  the  risk  of  cancers,  hepatitis  B
infection  and  severe  allergic  reactions,  neurological
problems  and  death  (Aeschlimann  et  al.  2020).  Still,
wider  and  comprehensive  clinical  trials  are  needed  to
evaluate safety and effectiveness of TCZ in COVID-19. 

Sarilumab

Sarilumab  is  a  monoclonal  antibody,  specifically
blocking  the  action  of  IL-6  (Pharmaceuticals  2020).
Sarilumab  binds  to  sIL-6R,  therefore  preventing  IL-6
from binding to its receptor and stopping IL-6 signaling
(Atzeni et al. 2019).  Affinity of sarilumab to human IL-
6R  is  stronger  than  TCZ,  and  its  half-life  is  extended.
With  standard  clinical  doses,  the  overall  efficacy  and
safety  of  sarilumab  seemed  comparable  to  TCZ  (Ogata
et  al.  2019).  Sarilumab  was  approved  as  a  fully
humanized  monoclonal  antibody  against  IL-6R,  first  in
2017  in  Japan  and  then  in  the  United  States  and  the
European  Union  for  the  treatment  of  rheumatoid
arthritis (Boyce et al. 2018).
Studies have shown that sarilumab are promising for

treating  patients  with  moderate  COVID-19  infection

 

Continued
Drug Participants Location Design Inclusion criteria Primary outcome

measures
NCT/Reference

Sarilumab 60 Italy A one-arm, open label,
multicentric phase 2
study

Confirmed
hospitalized adults
with specified
disease or indexc

Change in a severity
rating on a 7-point
ordinal scale (time
frame: 15 days)

04661527/Clinica
Universidad de
Navarra 2020

Sarilumab 120 US A randomized,
controlled, open
label study

Confirmed veterans Intubation or death (time
frame: within 14 days)

04359901/Westyn
Branch-Elliman
2020

Siltuximab 200 Spain A randomized, open-
label, phase 2 study

Confirmed
hospitalized adults
(≥5 days) with a
maximum O2
support of 35%

Proportion of patients
requiring ICU
admission (time
frame: 29 days)

04329650/Judit
Pich Martínez
2020

Siltuximab 220 Italy A retrospective study Confirmed adults
needing non-
invasive or invasive
ventilation

Mortality (time frame:
30 days)

04322188/Giuseppe
Gritti 2020

Olokizumab 372 France A multicenter,
randomized, double-
blind, adaptive
placebo-controlled
study

Confirmed adults with
specified diseased

Proportion in response
to the study therapy

04380519/R-Pharm
International
2020

a  CRP: C-reactive protein.
b   Interstitial  pneumonia  requiring  admission  and  at  least  two  of  the  following:  1.  Fever  ≥  37.8  °C  (tympanic);  2.  IL-6  in  serum  ≥
25 ng/mL (in the absence of a previous dose of prednisone or equivalent > 1 mg/kg) or PCR > 5 mg/dL; 3. Lymphocytes < 600 mm3;
 4.  Ferritin  >  300  mcg/L  that  doubles  in  24  h;  5.  Ferritin  >  600  mcg/L  in  the  first  determination  and  LDH  >  250  U/L;  6.  D-dimer
(> 1 mg/L).

c  The patients with illness of any duration, with evidence of pneumonia, and severe disease as defined by at least one of the following:
1.  High  oxygen  requirements  (face  mask  with  reservoir,  non-invasive  mechanical  ventilation  or  high  flow  nasal  cannula);
2.  Lymphocytes  <  0.8  ×  109  L−1;  3.  Serum  ferritin  >  300  ng/mL;  4.  Increased  levels  of  D-dimer  (>  1500  ng/mL)  or  D-dimer
progressively increasing (over three consecutive measurements) and reaching ≥1000 ng/mL; 5. CPR > 10 mg/dL, or increasing over
24 h.

d  Having either of the following COVID-associated respiratory syndromes: 1. Pneumonia with oxygenation parameters SpO2 ≤ 93% (on
room air) or respiratory rate greater than 30 min−1; 2. ARDS ( PaO2/FiO2 ≤ 300 mmHg or SpO2/FiO2 ≤ 315 if PaO2 is not available.
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(Clinica Universidad de Navarra 2020; Pharmaceuticals
2020;  Pinedo  2020;  Sacco  2020;  Westyn  Branch-
Elliman 2020).  In  one  clinical  trial  with  120  moderate
patients  infected  with  SARS-CoV-2,  subcutaneous
injection  of  sarilumab  (400  mg)  was  performed,  using
intubation  or  death  within  14  days  as  the  primary
endpoint.  Anti-viral  medicines,  such  as  remdesivir  or
hydroxychloroquine,  were  optional  (Westyn  Branch-
Elliman 2020).  In  another  clinical  trial  with  sarilumab
(175  mg/mL  in  1.14  mL  solution)  added  on  patients’
standard  daily  therapy  after  24  hours  from
hospitalization,  which  was  followed  by  the  dosage  of
200  mg  subsequently  after  48  and  96  hours
intravenously, outcome showed that seven patients got
improved  on  the  Horovitz  index  and  reduced  in  the
echo  score  (MD  et  al.  2020;  Soldati  et  al.  2020).
Respiratory function was used as the primary endpoint,
and evaluation of IL-6, CRP, serum amyloid A (SAA), D-
dimer,  lactate  dehydrogenase,  and  lymphocyte  count
was  applied  as  the  second  endpoint.  It  indicated  that
sarilumab  can  improve  recovery  from  COVID-19.
However,  sarilumab  has  a  higher  risk  for  neutropenia
than  TCZ,  but  a  lower  risk  for  dyslipidemia,  injection
site reactions and gastrointestinal perforation (Benucci
et  al.  2020).  Further  clinical  trials  are  still  needed  on
sarilumab  in  COVID-19  to  evaluate  its  safety  and
efficacy. 

Siltuximab

Siltuximab  (CNTO  328,  Sylvant)  is  a  human-mouse
chimeric  monoclonal  antibody  (MAb)  (LactMed  2019)
against  IL-6.  It  is  an  effective  IL-6  inhibitor,  which  can
prevent  IL-6  from  binding  to  sIL-6R.  Siltuximab
interferes  with  IL-6-mediated  B  lymphocyte  and
plasma cell  growth,  vascular  endothelial  growth factor
(VEGF)  secretion,  and  autoimmunity  (Fajgenbaum and
Kurzrock  2016).  Siltuximab  received  FDA  approval  in
2014  for  the  treatment  of  patients  with  multicenter
Castleman  disease  (Chen  et  al.  2016).  Siltuximab  may
be  a  viable  monoclonal  antibody  for  COVID-19,  but
studies  have  suggested  that  siltuximab  should  not  be
used in patients with CRS (Wang et al. 2004).
One  clinical  trial  in  Italy  focused  on  consecutive

patients,  who confirmed by interstitial  pneumonia and
positive  test  for  SARS-COV-2,  were  recruited  for  the
study of treatment with siltuximab. These patients had
developed  serious  respiratory  complications,  defined
by  the  need  of  ventilation  (either  invasive  or  non-
invasive).  Retrospective  data  were  collected  with  the
study completed in June 2020, but the results have not
been  released  yet  (Giuseppe  Gritti  2020).  Current
clinical  trials  on  effectiveness  and  safety  of  siltuximab

in  the  treatment  of  COVID-19  are  still  in  progress
(Giuseppe  Gritti  2020;  Judit  Pich  Martínez  2020).
Whether  siltuximab  is  suitable  for  the  treatment  of
COVID-19 still needs further studies. 

Olokizumab

Olokizumab  (CDP6038)  is  a  humanized  anti-IL-6
monoclonal  antibody,  which  aims at  IL-6  instead of  its
receptor and selectively blocks the final assembly of the
signaling complex. In studies with rheumatoid arthritis,
olokizumab  showed  potential  to  relieve  rheumatoid
arthritis  symptoms,  with  a  median  plasma  half-life  of
~31  days,  63%  bioavailability  and  no  apparent
antidrug-antibody-mediated  clearance  (Genovese et  al.
2014). However, no enough clinical trials of olokizumab
have been released (R-Pharm International et al. 2020).
Therefore,  there  is  still  a  long  way  for  clarify  whether
olokizumab is appropriate for COVID-19 therapy. 

CONCLUSION

Since  the  outbreak  of  COVID-19  in  December  2019,
within  a  few  months,  more  than  seven  million  people
have  been  infected  worldwide.  COVID-19  has  higher
morbidity  and  relatively  higher  lethality.  Clinical
studies  of  symptoms  and  virology  researches  have
showed  that  deterioration  of  patients'  condition  was
largely due to the severity of cytokine storm in human
body.  Cytokine  storms  were  initially  generated  in
patients'  lungs,  and  then  spread  to  the  whole  body,
which eventually led to patients' systemic organ failure
and  ultimate  death.  Cytokine  IL-6  plays  a  vital  role  to
induce  a  cytokine  storm.  Inhibiting  the  pro-
inflammatory  effect  of  IL-6  will  be  an  important
method  to  alleviate  cytokine  storms  in  patients.
Searching  for  monoclonal  antibodies  of  IL-6  or  IL-6R
will  be  critical  for  development  of  COVID-19
therapeutic drugs.  At  the same time,  valuable clues for
the  treatment  of  COVID-19  can  probably  be  found  via
going  through  application  of  IL-6  blockers  in
rheumatoid  diseases  and  JIA,  which  are  more  mature
fields  in  IL-6  inhibitors.  Potential  anti-inflammatory
monoclonal antibodies against IL-6 currently proposed
include  TCZ,  sarilumab  and  siltuximab.  Among  them,
research  on  TCZ  is  more  comprehensive.  It  is  also
widely  regarded as  an effective drug for  the treatment
of  COVID-19.  Now  there  is  still  much  debate  about
application of sarilumab, siltuximab and olokizumab in
therapy.  Whether  they  can  effectively  treat  COVID-19
still needs further investigation.

What do we know about IL-6 in COVID-19 REVIEW

© The Author(s) 2021 201  |  June 2021  |  Volume 7  |  Issue 3



Compliance with Ethical Standards

Conflict of  interest  Jingrui Jiang,  Jun Wang,  Lulu Yao,  Shenghan
Lai  and  Xueji  Zhang  declare  that  they  have  no  conflict  of
interest.

Human  and  animal  rights  and  informed  consent  This  article
does  not  contain  any  studies  with  human  or  animal  subjects
performed by any of the authors.

Open Access This  article  is  licensed under  a  Creative  Commons
Attribution  4.0  International  License,  which  permits  use,
sharing,  adaptation,  distribution  and  reproduction  in  any
medium or  format,  as  long as  you give  appropriate  credit  to  the
original  author(s)  and  the  source,  provide  a  link  to  the  Creative
Commons  licence,  and  indicate  if  changes  were  made.  The
images  or  other  third  party  material  in  this  article  are  included
in  the  article’s  Creative  Commons  licence,  unless  indicated
otherwise  in  a  credit  line  to  the  material.  If  material  is  not
included  in  the  article’s  Creative  Commons  licence  and  your
intended use is not permitted by statutory regulation or exceeds
the  permitted  use,  you  will  need  to  obtain  permission  directly
from  the  copyright  holder.  To  view  a  copy  of  this  licence,  visit
http://creativecommons.org/licenses/by/4.0/.

References
 

Aeschlimann FA, Dumaine C, Wörner A, Mouy R, Wouters C, Melki I,
Uettwiller  F,  Job-Deslandre  C,  Quartier  P,  Bader-Meunier  B
(2020)  Serious  adverse  events  in  children  with  juvenile
idiopathic  arthritis  and  other  rheumatic  diseases  on
tocilizumab – a real-world experience. Semin Arthritis  Rheum
50(4): 744−748 

Alende-Castro V, Alonso-Sampedro M, Gude F, Gonzalez-Quintela A
(2020)  Serum  concentrations  of  interleukin-6  (IL-6)  in  the
general  adult  population:  possible  implications  for  anti-IL-6
therapy  in  SARS-Cov-2  infection  and  IL-6-related  diseases.  J
Investig Allergol Clin Immunol 31(1): 75−78 

Alzghari  SK,  Acuna  VS  (2020)  Supportive  treatment  with
tocilizumab for COVID-19: a systematic review. J Clin Virol 127:
104380. https://doi.org/10.1016/j.jcv.2020.104380 

Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah FA, Al-Hajjar S, Al-
Barrak A, Flemban H, Al-Nassir WN, Balkhy HH, Al-Hakeem RF,
Makhdoom HQ, Zumla AI,  Memish ZA (2013) Epidemiological,
demographic, and clinical characteristics of 47 cases of Middle
East  respiratory  syndrome  coronavirus  disease  from  Saudi
Arabia: a descriptive study. Lancet Infect Dis 13(9): 752−761 

Atzeni F,  Nucera V, Masala IF,  Sarzi-Puttini P,  Bonitta G (2019) Il-6
Involvement  in  pain,  fatigue  and  mood  disorders  in
rheumatoid arthritis and the effects of Il-6 inhibitor sarilumab.
Pharmacol  Res  149:  104402.  https://doi.org/10.1016/j.phrs.
2019.104402 

Benucci  M,  Giannasi  G,  Cecchini  P,  Gobbi  FL,  Damiani  A,  Grossi  V,
Infantino M, Manfredi M (2020) COVID-19 pneumonia treated
with  sarilumab:  a  clinical  series  of  eight  patients.  J  Med  Virol
92(11): 2368−2370 

Berlin DA, Gulick RM, Martinez FJ (2020) Severe Covid-19. N Engl J
Med 383(25): 2451−2460 

Boyce  EG,  Rogan  EL,  Vyas  D,  Prasad  N,  Mai  Y  (2018)  sarilumab:
review  of  a  second  IL-6  receptor  antagonist  indicated  for  the
treatment  of  rheumatoid  arthritis.  Ann  Pharmacother  52(8):
780−791 

Campochiaro C,  Della-Torre E,  Cavalli  G,  De Luca G,  Ripa M, Boffini
N,  Tomelleri  A,  Baldissera  E,  Rovere-Querini  P,  Ruggeri  A,
Monti  G,  De  Cobelli  F,  Zangrillo  A,  Tresoldi  M,  Castagna  A,
Dagna  L  (2020)  Efficacy  and  safety  of  tocilizumab  in  severe
COVID-19 patients:  a  single-centre retrospective cohort  study.
Eur J Int Med 76: 43−49 

Chen  B  (2020)  The  clinical  application  of  tocilizumab  for  the
treatment of COVID-19. 30(4): 225-228 

Chen F, Teachey DT, Pequignot E, Frey N, Porter D, Maude SL, Grupp
SA, June CH, Melenhorst JJ, Lacey SF (2016) Measuring IL-6 and
sIL-6R in serum from patients treated with tocilizumab and/or
siltuximab  following  CAR  T  cell  therapy.  J  Immunol  Methods
434: 1−8 

Chen G,  Wu D,  Guo W, Cao Y,  Huang D,  Wang H,  Wang T,  Zhang X,
Chen H, Yu H, Zhang X, Zhang M, Wu S, Song J, Chen T, Han M,
Li S, Luo X, Zhao J, Ning Q (2020a) Clinical and immunological
features  of  severe  and  moderate  coronavirus  disease  2019.  J
Clin Invest 130(5): 2620−2629 

Chen  J,  Lau  YF,  Lamirande  EW,  Paddock  CD,  Bartlett  JH,  Zaki  SR,
Subbarao K (2010) Cellular immune responses to severe acute
respiratory  syndrome  coronavirus  (SARS-CoV)  infection  in
senescent BALB/c mice: CD4+ T cells are important in control
of SARS-CoV infection. J Virol 84(3): 1289−1301 

Chen N, Zhou M, Dong X, Qu J,  Gong F, Han Y, Qiu Y, Wang J,  Liu Y,
Wei Y, Xia Ja, Yu T, Zhang X, Zhang L (2020b) Epidemiological
and  clinical  characteristics  of  99  cases  of  2019  novel
coronavirus  pneumonia  in  Wuhan,  China:  a  descriptive  study.
The Lancet 395(10223): 507−513 

Chen X, Zhao B, Qu Y, Chen Y, Xiong J, Feng Y, Men D, Huang Q, Liu Y,
Yang B, Ding J, Li F (2020c) Detectable serum SARS-CoV-2 viral
load (RNAaemia) is closely associated with drastically elevated
interleukin 6 (IL-6) level in critically ill COVID-19 patients. Clin
Infect Dis 71(8): 1937−1942 

Chen Y, Feng Z, Diao B, Wang R, Wang G, Wang C, Tan Y, Liu L, Wang
C, Liu Y, Liu Y, Yuan Z, Ren L, Wu Y (2020d) The novel severe
acute  respiratory  syndrome  coronavirus  2  (SARS-CoV-2)
directly decimates human spleens and lymph nodes. medRxiv.
http://dx.doi.org/10.1101/2020.03.27.20045427 

Chomarat  P,  Banchereau  J,  Davoust  J,  Palucka  AKJNI  (2000)  IL-6
switches  the  differentiation  of  monocytes  from dendritic  cells
to macrophages. Nat Immunol 1(6): 510−514 

Chuan Q, Luoqi Z, Ziwei H, Shuoqi Z, Sheng Y, Yu T, Cuihong X, Ke M,
Ke  S,  Wei  W,  Dai-Shi  T  (2020)  Dysregulation  of  immune
response  in  patients  with  COVID-19  in  Wuhan,  China.  Clin
Infect Dis 71(15): 762−768 

Cifaldi L, Prencipe G, Caiello I, Bracaglia C, Locatelli F, De Benedetti
F, Strippoli R (2015) Inhibition of natural killer cell cytotoxicity
by  interleukin-6:  implications  for  the  pathogenesis  of
macrophage activation syndrome. Arthritis Rheumatol 67(11):
3037−3046 

Cipriani  A,  Zorzi  A,  Ceccato  D,  Capone  F,  Parolin  M,  Donato  F,
Fioretto P, Pesavento R, Previato L, Maffei P, Saller A, Avogaro
A,  Sarais  C,  Gregori  D,  Iliceto  S,  Vettor  R  (2020)  Arrhythmic
profile  and  24-hour  QT  interval  variability  in  COVID-19
patients  treated  with  hydroxychloroquine  and  azithromycin.
Int J Cardiol 316: 280−284 

Clinica  Universidad  de  Navarra,  Universidad  de  Navarra  (2020)
Sarilumab  treatment  in  cytokine  storm  caused  by  infection
with  COVID-19.  https://clinicaltrials.gov/ct2/show/NCT04
661527?term=Sarilumab&condCovid19&draw2&rank4 

Coomes  EA,  Haghbayan  H  (2020)  Interleukin-6  in  COVID-19:  a
systematic review and meta-analysis. Rev Med Virol 30(6): 1−9 

Corominas  H,  Castellvi  I,  Domingo  P,  Casademont  J  (2020)  Facing
the  SARS-CoV-2  (COVID-19)  outbreak  with  IL-6R  antagonists.
Eur J Rheumatol 7(Suppl 2): S107−S109 

REVIEW J. Jiang et al.

202  |  June 2021  |  Volume 7  |  Issue 3 © The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.semarthrit.2020.05.013
https://doi.org/10.1016/j.jcv.2020.104380
https://doi.org/10.1016/j.jcv.2020.104380
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1002/jmv.26062
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1177/1060028018761599
https://doi.org/10.1016/j.ejim.2020.05.021
https://doi.org/10.1016/j.jim.2016.03.005
https://doi.org/10.1172/JCI137244
https://doi.org/10.1172/JCI137244
https://doi.org/10.1128/JVI.01281-09
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1093/cid/ciaa449
https://doi.org/10.1093/cid/ciaa449
http://dx.doi.org/10.1101/2020.03.27.20045427
https://doi.org/10.1038/82763
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1002/art.39295
https://doi.org/10.1016/j.ijcard.2020.05.036
https://clinicaltrials.gov/ct2/show/NCT04661527?term=Sarilumab&cond=Covid19&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT04661527?term=Sarilumab&cond=Covid19&draw=2&rank=4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.semarthrit.2020.05.013
https://doi.org/10.1016/j.jcv.2020.104380
https://doi.org/10.1016/j.jcv.2020.104380
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1016/j.phrs.2019.104402
https://doi.org/10.1002/jmv.26062
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1177/1060028018761599
https://doi.org/10.1016/j.ejim.2020.05.021
https://doi.org/10.1016/j.jim.2016.03.005
https://doi.org/10.1172/JCI137244
https://doi.org/10.1172/JCI137244
https://doi.org/10.1128/JVI.01281-09
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1093/cid/ciaa449
https://doi.org/10.1093/cid/ciaa449
http://dx.doi.org/10.1101/2020.03.27.20045427
https://doi.org/10.1038/82763
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1002/art.39295
https://doi.org/10.1016/j.ijcard.2020.05.036
https://clinicaltrials.gov/ct2/show/NCT04661527?term=Sarilumab&cond=Covid19&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT04661527?term=Sarilumab&cond=Covid19&draw=2&rank=4


Cunningham L,  Kimber  I,  Basketter  DA,  McFadden  JP  (2020)  Why
judiciously timed anti-IL 6 therapy may be of benefit in severe
COVID-19  infection.  Autoimmun  Rev  19(7):  102563.
https://doi.org/10.1016/j.autrev.2020.102563 

Dai L, Zheng T, Xu K, Han Y, Xu L, Huang E, An Y, Cheng Y, Li S, Liu
M, Yang M, Li Y, Cheng H, Yuan Y, Zhang W, Ke C, Wong G, Qi J,
Qin  C,  Yan  J,  Gao  GF  (2020)  A  universal  design  of
betacoronavirus  vaccines  against  COVID-19,  MERS  and  SARS.
Cell 182(3): 722−733 

Dhall  A,  Patiyal  S,  Sharma  N,  Usmani  SS,  Raghava  GPS  (2020)
Computer-aided  prediction  and  design  of  IL-6  inducing
peptides: IL-6 plays a crucial role in COVID-19. Brief Bioinform
22(2): 936−945 

Diehl  S,  Rincón  M  (2002)  The  two  faces  of  IL-6  on  Th1/Th2
differentiation. Mol Immunol 39(9): 531−536 

Düsterhöft  S,  Lokau  J,  Garbers  C  (2019)  The  metalloprotease
ADAM17 in inflammation and cancer. Pathol Res Pract 215(6):
152410. https://doi.org/10.1016/j.prp.2019.04.002 

Eastin  C,  Eastin  T  (2020a)  Clinical  characteristics  of  coronavirus
disease 2019 in China: Guan W, Ni Z, Hu Y, et al. N Engl J Med.
2020  Feb  28  [Online  ahead  of  print]  doi:  10.1056/NEJMoa
2002032. J Emerg Med 58(4):711−712 

Eastin  C,  Eastin  T  (2020b)  Risk  factors  associated  with  acute
respiratory  distress  syndrome  and  death  in  patients  with
coronavirus disease 2019 pneumonia in Wuhan,  China:  Wu C,
Chen  X,  Cai  Y,  et  al.  JAMA  Intern  Med.  doi:  10.1001/jamain-
ternmed.2020.0994. J Emerg Med 58(4):713−714 

Elias  JA,  Lentz  V  (1990)  IL-1  and  tumor  necrosis  factor
synergistically  stimulate  fibroblast  IL-6  production  and
stabilize IL-6 messenger RNA. J Immunol 145(1): 161−166 

Fajgenbaum DC, Kurzrock RJI (2016) Siltuximab: a targeted therapy
for idiopathic multicentric Castleman disease. Immunotherapy
8(1): 17−26 

Fang Y, Zhang H, Xu Y, Xie J, Pang P, Ji W (2020) CT manifestations
of  two  cases  of  2019  novel  coronavirus  (2019-nCoV)
pneumonia. Radiology 295(1): 208−209 

Foldvari-Nagy  L,  Schnabel  T,  Dornyei  G,  Korcsmaros  T,  Lenti  K
(2021)  On the  role  of  bacterial  metalloproteases  in  COVID-19
associated  cytokine  storm.  Cell  Commun  Signal  19(1):  7.
https://doi.org/10.1186/s12964-020-00699-3 

Fundacion SEIMC-GESIDA (2020) A multicentre, open-label clinical
trial  to  evaluate  the  effectiveness  and  safety  of  intravenous
tocilizumab  for  treating  patients  with  COVID-19  pneumonia:
the  BREATH-19  study.  https://clinicaltrials.gov/ct2/show/NC
T04445272?term=Tocilizumab&condCovid19&draw2&rank1 

Gabriels  J,  Saleh  M,  Chang  D,  Epstein  LM  (2020)  Inpatient  use  of
mobile  continuous  telemetry  for  COVID-19  patients  treated
with  hydroxychloroquine  and  azithromycin.  HeartRhythm
Case Rep 6(5): 241−243 

Gao Y, Li T, Han M, Li X, Wu D, Xu Y, Zhu Y, Liu Y, Wang X, Wang L
(2020)  Diagnostic  utility  of  clinical  laboratory  data
determinations  for  patients  with  the  severe  COVID-19.  J  Med
Virol 92(7): 791−796 

Gao YM, Xu G, Wang B, Liu BC (2021) Cytokine storm syndrome in
coronavirus  disease,  2019:  a  narrative  review.  J  Intern  Med
289(2): 147−161 

Garbers C, Jänner N, Chalaris A, Moss ML, Floss DM, Meyer D, Koch-
Nolte  F,  Rose-John  S,  Scheller  J  (2011)  Species  specificity  of
ADAM10  and  ADAM17  proteins  in  interleukin-6  (IL-6)  trans-
signaling and novel role of ADAM10 in inducible IL-6 receptor
shedding. J Biol Chem 286(17): 14804−14811 

Genovese MC, Fleischmann R, Furst D, Janssen N, Carter J, Dasgupta
B,  Bryson  J,  Duncan  B,  Zhu  W,  Pitzalis  C,  Durez  P,  Kretsos  K
(2014)  Efficacy  and  safety  of  olokizumab  in  patients  with
rheumatoid  arthritis  with  an  inadequate  response  to  TNF

inhibitor  therapy:  outcomes  of  a  randomised  Phase  IIb  study.
Ann Rheum Dis 73(9): 1607−1615 

Giuseppe  Gritti,  A.O.  Ospedale  Papa  Giovanni  XXIII  (2020)  An
observational  study  of  the  use  of  siltuximab  (SYLVANT)  in
patients  diagnosed  with  COVID-19  infection  who  have
developed  serious  respiratory  complications.  https://clinica
ltrials.gov/ct2/show/NCT04322188?term=Siltuximab&condC
ovid19&draw2&rank2 

Goursaud S, Descamps R, Daubin C, du Cheyron D, Valette X (2020)
Corticosteroid  use  in  selected  patients  with  severe  acute
respiratory  distress  syndrome  related  to  COVID-19.  J  Infect
81(2): e89−e90 

Gubernatorova  EO,  Gorshkova  EA,  Polinova  AI,  Drutskaya  MD
(2020)  IL-6:  relevance  for  immunopathology  of  SARS-CoV-2.
Cytokine Growth Factor Rev 53: 13−24 

Guo  W,  Li  M,  Dong  Y,  Zhou  H,  Research  DHJDM,  Reviews  (2020)
Diabetes  is  a  risk  factor  for  the  progression  and  prognosis  of
COVID-19.  Diabetes  Metab  Res  Rev  36(7):  e3319.
https://doi.org/10.1002/dmrr.3319 

Hasan SS, Capstick T, Zaidi STR, Kow CS, Merchant HA (2020) Use of
corticosteroids  in  asthma  and  COPD  patients  with  or  without
COVID-19.  Respir  Med  170:  106045.  https://doi.org/
10.1016/j.rmed.2020.106045 

Hashizume M (2020) Outlook of IL-6 signaling blockade for COVID-
19  pneumonia.  Inflamm  Regen  40(1):  24.  https://doi.org/10.
1186/s41232-020-00134-7 

He Z, Zhao C, Dong Q, Zhuang H, Song S, Peng G, Dwyer DE (2005)
Effects  of  severe  acute  respiratory  syndrome  (SARS)
coronavirus  infection  on  peripheral  blood  lymphocytes  and
their subsets. Int J Infect Dis 9(6): 323−330 

Herold  T,  Jurinovic  V,  Arnreich  C,  Hellmuth  JC,  von  Bergwelt-
Baildon  M,  Klein  M,  Weinberger  T  (2020a)  Level  of  IL-6
predicts  respiratory  failure  in  hospitalized  symptomatic
COVID-19 patients.  medRxiv. http://dx.doi.org/10.1101/2020.
04.01.20047381 

Herold  T,  Jurinovic  V,  Arnreich  C,  Lipworth  BJ,  Hellmuth  JC,
Bergwelt-Baildon Mv, Klein M, Weinberger T (2020b) Elevated
levels of interleukin-6 and CRP predict the need for mechanical
ventilation  in  COVID-19.  J  Allergy  Clin  Immunol  146(1):
128−136 

Hoffmann-La  Roche  (2020)  A  randomized,  double-blind,  placebo-
controlled, multicenter study to evaluate the safety and efficacy
of  tocilizumab  in  patients  with  severe  COVID-19  pneumonia.
https://clinicaltrials.gov/ct2/show/NCT04320615 

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

Ilmarinen  P,  Tuomisto  LE,  Niemelä  O,  Danielsson  J,  Haanpää  J,
Kankaanranta  T,  Kankaanranta  H  (2016)  Comorbidities  and
elevated  IL-6  associate  with  negative  outcome  in  adult-onset
asthma. Eur Respir J 48(4): 1052−1062 

Jones G, Sebba A, Gu J, Lowenstein MB, Genovese MCJAotRD (2010)
Comparison of  tocilizumab monotherapy versus methotrexate
monotherapy in patients with moderate to severe rheumatoid
arthritis: the AMBITION study. Ann Rheum Dis 69(1): 88−96 

Jones  SA,  Jenkins  BJ  (2018)  Recent  insights  into  targeting  the  IL-6
cytokine  family  in  inflammatory  diseases  and cancer. Nat  Rev
Immunol 18(12): 773−789 

Jones  SA,  Richards  PJ,  Scheller  J,  Rose-John  SJJICR  (2005)  Review:
IL-6 transsignaling: the in vivo consequences. 25(5): 241-253 

Judit  Pich  Martínez,  Fundacion  Clinic  per  a  la  Recerca  Biomédica
(2020)  Phase  2,  randomized,  open-label  study  to  compare
efficacy  and  safety  of  siltuximab  vs.  corticosteroids  in

What do we know about IL-6 in COVID-19 REVIEW

© The Author(s) 2021 203  |  June 2021  |  Volume 7  |  Issue 3

https://doi.org/10.1016/j.autrev.2020.102563
https://doi.org/10.1016/j.autrev.2020.102563
https://doi.org/10.1016/j.cell.2020.06.035
https://doi.org/10.1016/S0161-5890(02)00210-9
https://doi.org/10.1016/j.prp.2019.04.002
https://doi.org/10.1016/j.prp.2019.04.002
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.2217/imt.15.95
https://doi.org/10.1148/radiol.2020200280
https://doi.org/10.1186/s12964-020-00699-3
https://doi.org/10.1186/s12964-020-00699-3
https://clinicaltrials.gov/ct2/show/NCT04445272?term=Tocilizumab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04445272?term=Tocilizumab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1016/j.hrcr.2020.03.017
https://doi.org/10.1016/j.hrcr.2020.03.017
https://doi.org/10.1002/jmv.25770
https://doi.org/10.1002/jmv.25770
https://doi.org/10.1111/joim.13144
https://doi.org/10.1074/jbc.M111.229393
https://doi.org/10.1136/annrheumdis-2013-204760
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://doi.org/10.1016/j.jinf.2020.05.023
https://doi.org/10.1016/j.cytogfr.2020.05.009
https://doi.org/10.1002/dmrr.3319
https://doi.org/10.1002/dmrr.3319
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1016/j.ijid.2004.07.014
http://dx.doi.org/10.1101/2020.04.01.20047381
http://dx.doi.org/10.1101/2020.04.01.20047381
https://doi.org/10.1016/j.jaci.2020.05.008
https://clinicaltrials.gov/ct2/show/NCT04320615
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1183/13993003.02198-2015
https://doi.org/10.1136/ard.2008.105197
https://doi.org/10.1038/s41577-018-0066-7
https://doi.org/10.1038/s41577-018-0066-7
https://doi.org/10.1016/j.autrev.2020.102563
https://doi.org/10.1016/j.autrev.2020.102563
https://doi.org/10.1016/j.cell.2020.06.035
https://doi.org/10.1016/S0161-5890(02)00210-9
https://doi.org/10.1016/j.prp.2019.04.002
https://doi.org/10.1016/j.prp.2019.04.002
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.2217/imt.15.95
https://doi.org/10.1148/radiol.2020200280
https://doi.org/10.1186/s12964-020-00699-3
https://doi.org/10.1186/s12964-020-00699-3
https://clinicaltrials.gov/ct2/show/NCT04445272?term=Tocilizumab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04445272?term=Tocilizumab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1016/j.hrcr.2020.03.017
https://doi.org/10.1016/j.hrcr.2020.03.017
https://doi.org/10.1002/jmv.25770
https://doi.org/10.1002/jmv.25770
https://doi.org/10.1111/joim.13144
https://doi.org/10.1074/jbc.M111.229393
https://doi.org/10.1136/annrheumdis-2013-204760
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04322188?term=Siltuximab&cond=Covid19&draw=2&rank=2
https://doi.org/10.1016/j.jinf.2020.05.023
https://doi.org/10.1016/j.cytogfr.2020.05.009
https://doi.org/10.1002/dmrr.3319
https://doi.org/10.1002/dmrr.3319
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1016/j.rmed.2020.106045
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1186/s41232-020-00134-7
https://doi.org/10.1016/j.ijid.2004.07.014
http://dx.doi.org/10.1101/2020.04.01.20047381
http://dx.doi.org/10.1101/2020.04.01.20047381
https://doi.org/10.1016/j.jaci.2020.05.008
https://clinicaltrials.gov/ct2/show/NCT04320615
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1183/13993003.02198-2015
https://doi.org/10.1136/ard.2008.105197
https://doi.org/10.1038/s41577-018-0066-7
https://doi.org/10.1038/s41577-018-0066-7


hospitalized  patients  with  COVID19  pneumonia.  https://
clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&
cond=Covid19&draw=2&rank=1 

Kaplon  H,  Reichert  JM  (2021)  Antibodies  to  watch  in  2021. MAbs
13(1):  1860476.  https://doi.org/10.1080/19420862.2020.
1860476 

Kaur S, Bansal Y, Kumar R, Bansal G (2020) A panoramic review of
IL-6: structure, pathophysiological roles and inhibitors. Bioorg
Med  Chem  28(5):  115327.  https://doi.org/10.1016/j.bmc.
2020.115327 

Kelleni  MT  (2020)  Nitazoxanide/azithromycin  combination  for
COVID-19:  a  suggested  new  protocol  for  early  management.
Pharmacol  Res  157:  104874.  https://doi.org/10.1016/
j.phrs.2020.104874 

Kewan T, Covut F, Al–Jaghbeer MJ, Rose L, Gopalakrishna KV, Akbik
B  (2020)  Tocilizumab  for  treatment  of  patients  with  severe
COVID–19: a retrospective cohort study. EClinicalMedicine 24:
100418. https://doi.org/10.1016/j.eclinm.2020.100418 

Klopfenstein T, Zayet S, Lohse A, Balblanc JC, Badie J, Royer PY, Toko
L,  Mezher  C,  Kadiane-Oussou  NJ,  Bossert  M,  Bozgan  AM,
Charpentier  A,  Roux  MF,  Contreras  R,  Mazurier  I,  Dussert  P,
Gendrin  V,  Conrozier  T  (2020)  Tocilizumab  therapy  reduced
intensive  care  unit  admissions  and/or  mortality  in  COVID-19
patients. Med Mal Infect 50(5): 397−400 

Kurokouchi K, Kambe F, Yasukawa K, Izumi R, Ishiguro N, Iwata H,
Seo  H  (1998)  TNF-alpha  increases  expression  of  IL-6  and
ICAM-1  genes  through  activation  of  NF-kappaB  in  osteoblast-
like ROS17/2.8 cells. J Bone Miner Res 13(8): 1290−1299 

LactMed (2019) Siltuximab. Reactions Weekly 1740(1): 298−298 

Lavillegrand  J-R,  Garnier  M,  Spaeth  A,  Mario  N,  Hariri  G,  Pilon  A,
Berti  E,  Fieux  F,  Thietart  S,  Urbina  T,  Turpin  M,  Darriviere  L,
Fartoukh M, Verdonk F, Dumas G, Tedgui A, Guidet B, Maury E,
Chantran Y, Voiriot G, Ait-Oufella H (2021) Elevated plasma IL-
6 and CRP levels are associated with adverse clinical outcomes
and  death  in  critically  ill  SARS-CoV-2  patients:  inflammatory
response of SARS-CoV-2 patients. Ann Intensive Care 11(1): 9.
https://doi.org/10.1186/s13613-020-00798-x 

Le RQ, Li  L,  Yuan W, Shord SS,  Nie L,  Habtemariam BA, Farrell  AT,
Przepiorka  D  (2018)  Tocilizumab  for  treatment  of  severe  or
life-threatening  chimeric  antigen  receptor  T  cell-induced
cytokine  release  syndrome —FDA  approval  summary.  Biol
Blood  Marrow  Transplant  24(3,  Supplement):  S172.
https://doi.org/10.1016/j.bbmt.2017.12.104 

Li  G,  He  X,  Zhang  L,  Ran  Q,  Wang  J,  Xiong  A,  Wu  D,  Chen  F,  Sun  J,
Chang  C  (2020a)  Assessing  ACE2  expression  patterns  in  lung
tissues  in  the  pathogenesis  of  COVID-19.  J  Autoimmun  112:
102463. https://doi.org/10.1016/j.jaut.2020.102463 

Li  H,  Ma  N  (2020)  Feasibility  of  COVID-19  severe  patients  with
ulinastatin. Chin Trad Herbal Drugs 43(5): 959−963 

Li  X,  Xu  Y,  Wang  L,  Yang  Z,  Li  Y,  Dawei  T,  Zhihai  C,  Rui  S  (2020b)
Clinical research of glucocorticoid treatment in severe cases of
COVID-19. J Cap Med Univ 19: 345−349 

Lipworth  B,  Chan  R,  Lipworth  S,  Kuo  CR  (2020)  Weathering  the
cytokine storm in susceptible patients with severe SARS-CoV-2
infection. J Allergy Clin Immunol Pract 8(6): 1798−1801 

Liu B, Li M, Zhou Z, Guan X, Xiang Y (2020) Can we use interleukin-6
(IL-6)  blockade  for  coronavirus  disease  2019  (COVID-19)-
induced cytokine release  syndrome (CRS)?  J  Autoimmun 111:
102452. https://doi.org/10.1016/j.jaut.2020.102452 

Lust  JA,  Donovan  KA,  Kline  MP,  Greipp  PR,  Kyle  RA,  Maihle  NJ
(1992)  Isolation  of  an  mRNA  encoding  a  soluble  form  of  the
human interleukin-6 receptor. Cytokine 4(2): 96−100 

Magro G (2020) SARS-CoV-2 and COVID-19:  is  interleukin-6 (IL-6)
the  'culprit  lesion'  of  ARDS  onset?  What  is  there  besides
tocilizumab?  SGP130Fc.  Cytokine  X  2(2):  100029.

https://doi.org/10.1016/j.cytox.2020.100029 

Mahmudpour  M,  Roozbeh  J,  Keshavarz  M,  Farrokhi  S,  Nabipour  I
(2020)  COVID-19  cytokine  storm:  the  anger  of  inflammation.
Cytokine 133: 155151. https://doi.org/10.1016/j.cyto.2020.155
151 

Maria  del  Rosario  Garcia  de  Vicuña  Pinedo,  Fundación  de
Investigación  Biomédica  -  Hospital  Universitario  de  La
Princesa  (2020)  Randomized open pilot  study to  evaluate  the
efficacy of subcutaneous sarilumab in patients with moderate-
severe COVID-19 infection. https://clinicaltrials.gov/ct2/show/
NCT04357808?term=Sarilumab&condCovid19&draw2&rank1 

Matsuda  T,  Kishimoto  T  (1998)  Interleukin  6.  In:  Delves  PJ  et  al.
(eds).  Encyclopedia  of  Immunology  (Second  Edition).  Oxford:
Elsevier. pp 1458−1461 

McElvaney  OJ,  McEvoy  NL,  McElvaney  OF,  Carroll  TP,  Murphy  MP,
Dunlea  DM,  O  NC,  Clarke  J,  O'Connor  E,  Hogan  G,  Ryan  D,
Sulaiman  I,  Gunaratnam  C,  Branagan  P,  O'Brien  ME,  Morgan
RK,  Costello  RW,  Hurley  K,  Walsh  S,  de  Barra  E,  McNally  C,
McConkey S,  Boland F,  Galvin S,  Kiernan F,  O'Rourke J,  Dwyer
R,  Power  M,  Geoghegan  P,  Larkin  C,  O'Leary  RA,  Freeman  J,
Gaffney  A,  Marsh  B,  Curley  GF,  McElvaney  NG  (2020)
Characterization  of  the  inflammatory  response  to  severe
COVID-19 illness. Am J Respir Crit Care Med 202(6): 812−821 

McGonagle D, Sharif K, O'Regan A, Bridgewood C (2020) The role of
cytokines  including  interleukin-6  in  COVID-19  induced
pneumonia and macrophage activation syndrome-like disease.
Autoimmun  Rev  19(6):  102537.  https://doi.org/10.1016/
j.autrev.2020.102537 

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ
(2020)  COVID-19:  consider  cytokine  storm  syndromes  and
immunosuppression. Lancet 395(10229): 1033−1034 

Michot  JM,  Albiges  L,  Chaput  N,  Saada  V,  Pommeret  F,  Griscelli  F,
Balleyguier C, Besse B, Marabelle A, Netzer F, Merad M, Robert
C, Barlesi F, Gachot B, Stoclin A (2020) Tocilizumab, an anti-IL-
6  receptor  antibody,  to  treat  COVID-19-related  respiratory
failure: a case report. Ann Oncol 31(7): 961−964 

Miossec P, Kolls JKJNRDD (2012) Targeting IL-17 and TH17 cells in
chronic inflammation. Nat Rev Drug Discov 11(10): 763−776 

Monteleone  G,  Sarzi-Puttini  PC,  Ardizzone  S  (2020)  Preventing
COVID-19-induced  pneumonia  with  anticytokine  therapy.
Lancet  Rheumatol  2(5):  e255−e256.  https://doi.org/10.
1016/S2665-9913(20)30092-8 

Morena V, Milazzo L,  Oreni L,  Bestetti  G,  Fossali  T,  Bassoli  C,  Torre
A,  Cossu MV,  Minari  C,  Ballone E,  Perotti  A,  Mileto  D,  Niero F,
Merli S, Foschi A, Vimercati S, Rizzardini G, Sollima S, Bradanini
L,  Galimberti  L,  Colombo  R,  Micheli  V,  Negri  C,  Ridolfo  AL,
Meroni L, Galli M, Antinori S, Corbellino M (2020) Off-label use
of  tocilizumab for the treatment of  SARS-CoV-2 pneumonia in
Milan, Italy. Eur J Intern Med 76: 36−42 

Müllberg  J,  Schooltink  H,  Stoyan  T,  Günther  M,  Graeve  L,  Buse  G,
Mackiewicz  A,  Heinrich  PC,  Rose-John  S  (1993)  The  soluble
interleukin-6 receptor is generated by shedding. Eur J Immunol
23(2): 473−480 

National  Cancer  Institute,  Naples  (2020)  Multicenter  study  on  the
efficacy  and  tolerability  of  tocilizumab  in  the  treatment  of
patients  with  COVID-19  pneumonia.  https://clinicaltrials.gov/
ct2/show/NCT04317092?term=Tocilizumab&condCovid19&d
raw2&rank5 

Navarro  G,  Taroumian  S,  Barroso  N,  Duan  L,  Furst  D  (2014)
Tocilizumab in rheumatoid arthritis: a meta-analysis of efficacy
and  selected  clinical  conundrums.  Semin  Arthritis  Rheum
43(4): 458−469 

Ogata  A,  Kato  Y,  Higa  S,  Yoshizaki  K  (2019)  IL-6  inhibitor  for  the
treatment  of  rheumatoid  arthritis:  a  comprehensive  review.
Mod Rheumatol 29(2): 258−267 

REVIEW J. Jiang et al.

204  |  June 2021  |  Volume 7  |  Issue 3 © The Author(s) 2021

https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.eclinm.2020.100418
https://doi.org/10.1016/j.eclinm.2020.100418
https://doi.org/10.1016/j.medmal.2020.05.001
https://doi.org/10.1359/jbmr.1998.13.8.1290
https://doi.org/10.1007/s40278-019-58191-y
https://doi.org/10.1186/s13613-020-00798-x
https://doi.org/10.1186/s13613-020-00798-x
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.jaut.2020.102463
https://doi.org/10.1016/j.jaut.2020.102463
https://doi.org/10.1016/j.jaip.2020.04.014
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/1043-4666(92)90043-Q
https://doi.org/10.1016/j.cytox.2020.100029
https://doi.org/10.1016/j.cytox.2020.100029
https://doi.org/10.1016/j.cyto.2020.155151
https://doi.org/10.1016/j.cyto.2020.155151
https://doi.org/10.1016/j.cyto.2020.155151
https://clinicaltrials.gov/ct2/show/NCT04357808?term=Sarilumab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04357808?term=Sarilumab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1164/rccm.202005-1583OC
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.annonc.2020.03.300
https://doi.org/10.1038/nrd3794
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/j.ejim.2020.05.011
https://doi.org/10.1002/eji.1830230226
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://doi.org/10.1016/j.semarthrit.2013.08.001
https://doi.org/10.1080/14397595.2018.1546357
https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04329650?term=Siltuximab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1080/19420862.2020.1860476
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.bmc.2020.115327
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.phrs.2020.104874
https://doi.org/10.1016/j.eclinm.2020.100418
https://doi.org/10.1016/j.eclinm.2020.100418
https://doi.org/10.1016/j.medmal.2020.05.001
https://doi.org/10.1359/jbmr.1998.13.8.1290
https://doi.org/10.1007/s40278-019-58191-y
https://doi.org/10.1186/s13613-020-00798-x
https://doi.org/10.1186/s13613-020-00798-x
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.bbmt.2017.12.104
https://doi.org/10.1016/j.jaut.2020.102463
https://doi.org/10.1016/j.jaut.2020.102463
https://doi.org/10.1016/j.jaip.2020.04.014
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/1043-4666(92)90043-Q
https://doi.org/10.1016/j.cytox.2020.100029
https://doi.org/10.1016/j.cytox.2020.100029
https://doi.org/10.1016/j.cyto.2020.155151
https://doi.org/10.1016/j.cyto.2020.155151
https://doi.org/10.1016/j.cyto.2020.155151
https://clinicaltrials.gov/ct2/show/NCT04357808?term=Sarilumab&cond=Covid19&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04357808?term=Sarilumab&cond=Covid19&draw=2&rank=1
https://doi.org/10.1164/rccm.202005-1583OC
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.annonc.2020.03.300
https://doi.org/10.1038/nrd3794
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.1016/j.ejim.2020.05.011
https://doi.org/10.1002/eji.1830230226
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04317092?term=Tocilizumab&cond=Covid19&draw=2&rank=5
https://doi.org/10.1016/j.semarthrit.2013.08.001
https://doi.org/10.1080/14397595.2018.1546357


Ortiz-Martinez  Y  (2020)  Tocilizumab:  a  new  opportunity  in  the
possible  therapeutic  arsenal  against  COVID-19.  Travel  Med
Infect  Dis  37:  101678.  https://doi.org/10.1016/j.tmaid.2020.
101678 

Palanques-Pastor  T,  López-Briz  E,  Poveda  Andrés  JL  (2020)
Involvement  of  interleukin  6  in  SARS-CoV-2  infection:
siltuximab  as  a  therapeutic  option  against  COVID-19.  Eur  J
Hosp Pharm 27(5): 297−298 

Pawar  A,  Desai  RJ,  Gautam N,  Kim SC  (2020)  Risk  of  admission  to
hospital  for  serious  infection  after  initiating  tofacitinib  versus
biologic  DMARDs  in  patients  with  rheumatoid  arthritis:  a
multidatabase cohort  study. Lancet  Rheumatol 2(2):  e84−e98.
https://doi.org/10.1016/S2665-9913(19)30137-7 

Petrosillo  N,  Viceconte  G,  Ergonul  O,  Ippolito  G,  Petersen E  (2020)
COVID-19,  SARS  and  MERS:  are  they  closely  related?  Clin
Microbiol Infect 26(6): 729−734 

Qiao R, Dong B (2020) From SARS, MERS to COVID-19 — Known an
Unknown. J Modern Clin Med 46(03): 221−224 

Quartuccio L, Sonaglia A, Pecori D, Peghin M, Fabris M, Tascini C, De
Vita  S  (2020)  Higher  levels  of  IL-6  early  after  tocilizumab
distinguish  survivors  from  nonsurvivors  in  COVID-19
pneumonia: a possible indication for deeper targeting of IL-6. J
Med Virol 92(11): 2852−2856 

Regeneron  Pharmaceuticals  (2020)  An  Adaptive  Phase  2/3,
Randomized,  double-blind,  placebo-controlled  study  assessing
efficacy  and safety  of  sarilumab for  hospitalized patients  with
COVID-19.  https://clinicaltrials.gov/ct2/show/NCT04315298?
term=Sarilumab&condCovid19&draw2&rank3 

R-Pharm  International,  LLC  (2020)  An  international,  multicenter,
randomized,  double-blind,  adaptive  placebo-controlled  study
of  the  efficacy  and  safety  of  a  single  administration  of
olokizumab  and  RPH-104  with  standard  therapy  in  patients
with  severe  SARS-CoV-2  infection  (COVID-19).  https://
clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&c
ondCovid19&draw2&rank10 

Renu  K,  Prasanna  PL,  Valsala  Gopalakrishnan  A  (2020)
Coronaviruses  pathogenesis,  comorbidities  and  multi-organ
damage  -  a  review.  Life  Sci  255:  117839.  https://doi.org/10.
1016/j.lfs.2020.117839 

Rose-John S, Heinrich PC (1994) Soluble receptors for cytokines and
growth  factors:  generation  and  biological  function.  Biochem  J
300(Pt 2): 281−290 

Rose-John S,  Waetzig GH,  Scheller  J,  Grötzinger J,  Seegert  D (2007)
The  IL-6/sIL-6R  complex  as  a  novel  target  for  therapeutic
approaches. Expert Opin Ther Targets 11(5): 613−624 

Ruan Q, Yang K, Wang W, Jiang L, Song J (2020) Clinical predictors
of  mortality  due  to  COVID-19  based  on  an  analysis  of  data  of
150  patients  from  Wuhan,  China.  Intensive  Care  Med  46(5):
846−848 

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

Stefano Rusconi,  ASST Fatebenefratelli  Sacco (2020) Pilot study on
the  use  of  sarilumab  in  patients  with  COVID-19  infection.
https://clinicaltrials.gov/ct2/show/NCT04386239?term=Saril
umab&condCovid19&draw2&rank2 

Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S (2011) The pro-
and anti-inflammatory properties of the cytokine interleukin-6.
BBA-Molr Cell Res 1813(5): 878−888 

Sciascia S, Aprà F, Baffa A, Baldovino S, Boaro D, Boero R, Bonora S,
Calcagno  A,  Cecchi  I,  Cinnirella  G,  Converso  M,  Cozzi  M,
Crosasso P, De Iaco F, Di Perri G, Eandi M, Fenoglio R, Giusti M,
Imperiale D, Imperiale G, Livigni S, Manno E, Massara C, Milone
V, Natale G, Navarra M, Oddone V, Osella S, Piccioni P, Radin M,
Roccatello D, Rossi D (2020) Pilot prospective open, single-arm

multicentre  study  on  off-label  use  of  tocilizumab  in  patients
with severe COVID-19. Clin Exp Rheumatol 38(3): 529−532 

Sharan  Tripathi  S,  Mishra  V,  Shukla  M,  Verma  M,  Chaudhury  BP,
Kumar P, Chhabra JK, Pandey HP, Paul B (2010) IL-6 receptor-
mediated  lung  Th2  cytokine  networking  in  silica-induced
pulmonary fibrosis. ArchToxicol 84(12): 947−955 

Shimabukuro-Vornhagen  A,  Gödel  P,  Subklewe  M,  Stemmler  HJ,
Schlößer  HA,  Schlaak  M,  Kochanek  M,  Böll  B,  von  Bergwelt-
Baildon MS (2018) Cytokine release syndrome.  J  Immunother
Cancer 6(1): 56. https://doi.org/10.1186/s40425-018-0343-9 

Simpson  RJ,  Hammacher  A,  Smith  DK,  Matthews  JM,  Ward  LD
(1997)  Interleukin-6:  structure-function  relationships. Protein
Sci 6(5): 929−955 

Soldati  G,  Smargiassi  A,  Inchingolo  R,  Buonsenso  D,  Perrone  T,
Briganti DF, Perlini S, Torri E, Mariani A, Mossolani EE, Tursi F,
Mento  F,  Demi  L  (2020)  Proposal  for  international
standardization of the use of lung ultrasound for patients with
COVID-19. J Ultrasound Med 39(7): 1413−1419 

Soy  M,  Keser  G,  Atagündüz  P,  Tabak  F,  Atagündüz  I,  Kayhan  S
(2020)  Cytokine  storm  in  COVID-19:  pathogenesis  and
overview  of  anti-inflammatory  agents  used  in  treatment.  Clin
Rheumatol 39(7): 2085−2094 

Strohbehn  GW,  Heiss  BL,  Rouhani  SJ,  Trujillo  JA,  Yu  J,  Kacew  AJ,
Higgs  EF,  Bloodworth  JC,  Cabanov  A,  Wright  RC,  Koziol  AK,
Weiss A, Danahey K, Karrison TG, Edens CC, Ventura IB, Pettit
NN, Patel BK, Pisano J,  Strek ME, Gajewski TF, Ratain MJ,  Reid
PD (2020) COVIDOSE:  Low-dose tocilizumab in  the treatment
of Covid-19. medRxiv. https://doi.org/10.1101/2020.07.20.201
57503 

Tanaka T (2015) IL-6 blockade therapy for inflammatory diseases:
current  perspectives  and  future  directions.  Nihon  Rinsho
Men'eki Gakkai kaishi 38(6): 433−442 

Tisoncik  JR,  Korth  MJ,  Simmons  CP,  Farrar  J,  Katze  MGJM,  Mmbr
MBR (2012) Into the eye of the cytokine storm. Microbiol Mol
Biol Rev 76(1): 16−32 

Tobaiqy  M,  Qashqary  M,  Al-Dahery  S,  Mujallad  A,  Hershan  AA,
Kamal  MA,  Helmi  N  (2020)  Therapeutic  management  of
patients with COVID-19: a systematic review. Infect Prev Pract
2(3): 100061. https://doi.org/10.1016/j.infpip.2020.100061 

Toniati  P,  Piva  S,  Cattalini  M,  Garrafa  E,  Regola  F,  Castelli  F,
Franceschini  F,  Airo  P,  Bazzani  C,  Beindorf  EA,  Berlendis  M,
Bezzi  M,  Bossini  N,  Castellano  M,  Cattaneo  S,  Cavazzana  I,
Contessi GB, Crippa M, Delbarba A, De Peri E, Faletti A, Filippini
M,  Filippini  M,  Frassi  M,  Gaggiotti  M,  Gorla  R,  Lanspa  M,
Lorenzotti S, Marino R, Maroldi R, Metra M, Matteelli A, Modina
D, Moioli G, Montani G, Muiesan ML, Odolini S, Peli E, Pesenti S,
Pezzoli MC, Pirola I, Pozzi A, Proto A, Rasulo FA, Renisi G, Ricci
C,  Rizzoni  D,  Romanelli  G,  Rossi  M,  Salvetti  M,  Scolari  F,
Signorini  L,  Taglietti  M,  Tomasoni  G,  Tomasoni  LR,  Turla  F,
Valsecchi  A,  Zani  D,  Zuccala  F,  Zunica  F,  Foca  E,  Andreoli  L,
Latronico  N  (2020)  Tocilizumab  for  the  treatment  of  severe
COVID-19 pneumonia  with  hyperinflammatory syndrome and
acute respiratory failure: a single center study of 100 patients
in  Brescia,  Italy.  Autoimmun  Rev  19(7):  102568.
https://doi.org/10.1016/j.autrev.2020.102568 

Tseng  WP,  Su  CM,  Tang  CH  (2010)  FAK  activation  is  required  for
TNF-alpha-induced IL-6 production in myoblasts. J Cell Physiol
223(2): 389−396 

University  of  Chicago  (2020a)  COVIDOSE-2:  a  multi-center,
randomized,  controlled  Phase  2  trial  comparing  early
administration  of  low-dose  tocilizumab to  standard  of  care  in
hospitalized  patients  with  COVID-19  pneumonitis  not
requiring  invasive  ventilation.  https://clinicaltrials.gov/ct2/
show/NCT04479358?term=Tocilizumab&condCovid19&draw
2&rank2 

What do we know about IL-6 in COVID-19 REVIEW

© The Author(s) 2021 205  |  June 2021  |  Volume 7  |  Issue 3

https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1136/ejhpharm-2020-002322
https://doi.org/10.1136/ejhpharm-2020-002322
https://doi.org/10.1016/S2665-9913(19)30137-7
https://doi.org/10.1016/S2665-9913(19)30137-7
https://doi.org/10.1016/j.cmi.2020.03.026
https://doi.org/10.1016/j.cmi.2020.03.026
https://doi.org/10.11851/j.issn.1673-1557.2020.03.020
https://doi.org/10.1002/jmv.26149
https://doi.org/10.1002/jmv.26149
https://clinicaltrials.gov/ct2/show/NCT04315298?term=Sarilumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04315298?term=Sarilumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1517/14728222.11.5.613
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1016/S0140-6736(20)30317-2
https://clinicaltrials.gov/ct2/show/NCT04386239?term=Sarilumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04386239?term=Sarilumab&cond=Covid19&draw=2&rank=2
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1002/pro.5560060501
https://doi.org/10.1002/pro.5560060501
https://doi.org/10.1002/jum.15285
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1016/j.infpip.2020.100061
https://doi.org/10.1016/j.infpip.2020.100061
https://doi.org/10.1016/j.autrev.2020.102568
https://doi.org/10.1016/j.autrev.2020.102568
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1016/j.tmaid.2020.101678
https://doi.org/10.1136/ejhpharm-2020-002322
https://doi.org/10.1136/ejhpharm-2020-002322
https://doi.org/10.1016/S2665-9913(19)30137-7
https://doi.org/10.1016/S2665-9913(19)30137-7
https://doi.org/10.1016/j.cmi.2020.03.026
https://doi.org/10.1016/j.cmi.2020.03.026
https://doi.org/10.11851/j.issn.1673-1557.2020.03.020
https://doi.org/10.1002/jmv.26149
https://doi.org/10.1002/jmv.26149
https://clinicaltrials.gov/ct2/show/NCT04315298?term=Sarilumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04315298?term=Sarilumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT04380519?term=Sarilumab&cond=Covid19&draw=2&rank=10
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1016/j.lfs.2020.117839
https://doi.org/10.1517/14728222.11.5.613
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1016/S0140-6736(20)30317-2
https://clinicaltrials.gov/ct2/show/NCT04386239?term=Sarilumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04386239?term=Sarilumab&cond=Covid19&draw=2&rank=2
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1002/pro.5560060501
https://doi.org/10.1002/pro.5560060501
https://doi.org/10.1002/jum.15285
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.1101/2020.07.20.20157503
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.2177/jsci.38.433
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1016/j.infpip.2020.100061
https://doi.org/10.1016/j.infpip.2020.100061
https://doi.org/10.1016/j.autrev.2020.102568
https://doi.org/10.1016/j.autrev.2020.102568
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04479358?term=Tocilizumab&cond=Covid19&draw=2&rank=2


University  of  Chicago  (2020b)  Early  institution  of  tocilizumab
titration  in  non-critical  hospitalized  COVID-19  pneumonitis.
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocil
izumab&condCovid19&draw1&rank9 

University of Malaya (2020) An open-label, randomized, cross-over
interventional  study  to  evaluate  the  efficacy  and  safety  of
tocilizumab  versus  corticosteroids  in  hospitalised  COVID-19
patients  with  high  risk  of  progression.  https://clinicaltrials.
gov/ct2/show/NCT04345445?term=Tocilizumab&condCovid1
9&draw2&rank3 

Urashima  M,  Chauhan  D,  Hatziyanni  M,  Ogata  A,  Hollenbaugh  D,
Aruffo  A,  Anderson  KC  (1996)  CD40  ligand  triggers
interleukin-6  mediated  B  cell  differentiation.  Leuk  Res  20(6):
507−515 

Varghese  JN,  Moritz  RL,  Lou M-Z,  van  Donkelaar  A,  Ji  H,  Ivancic  N,
Branson  KM,  Hall  NE,  Simpson  RJ  (2002)  Structure  of  the
extracellular  domains  of  the  human  interleukin-6  receptor  α-
chain. Proc Natl Acad Sci USA 99(25): 15959−15964 

Velazquez-Salinas L, Verdugo-Rodriguez A, Rodriguez LL, Borca MV
(2019)  The  role  of  interleukin  6  during  viral  infections. Front
Microbiol  10:  1057.  https://doi.org/10.3389/fmicb.2019.0
1057 

Vilchez-Oya  F,  Pros  A,  Carrion-Barbera  I,  Meraz-Ostiz  JA,  Salman-
Monte  TC,  Perez-Garcia  C  (2020)  Tocilizumab  may  induce
secondary  hypogammaglobulinaemia.  A  retrospective  case
series of 42 patients. Joint Bone Spine 87(5): 503−505 

Vollmer P, Walev I, Rose-John S, Bhakdi S (1996) Novel pathogenic
mechanism  of  microbial  metalloproteinases:  liberation  of
membrane-anchored  molecules  in  biologically  active  form
exemplified by studies with the human interleukin-6 receptor.
Infect Immun 64(9): 3646−3651 

Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, Lang C, Xiao Q, Xiao K, Yi Z,
Qiang  M,  Xiang  J,  Zhang  B,  Chen  Y  (2020)  Characteristics  of
lymphocyte  subsets  and  cytokines  in  peripheral  blood  of  123
hospitalized patients with 2019 novel coronavirus pneumonia
(NCP). medRxiv. https://doi.org/10.1101/2020.02.10.2002183
2 

Wang W-K, Chen S-Y , Liu I-J, Kao C-L , Chen H-L, Chiang B-L, Wang
J-T ,  Sheng W-H ,  Hsueh P-R ,  Yang C-F ,  Yang P-C ,  Chang S-C
(2004)  Temporal  relationship  of  viral  load,  ribavirin,
interleukin  (IL)—6,  IL-8,  and  clinical  progression  in  patients
with severe acute respiratory syndrome. Clin Infect Dis 39(7):
1071−1075 

Westyn  Branch-Elliman,  VA  Boston  Healthcare  System  (2020)
Sarilumab  for  patients  with  moderate  COVID-19  disease:  a
randomized  controlled  trial  with  a  play-the-winner  design.
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Saril
umab&condCovid19&draw2&rank6 

Xiaoling X, Mingfeng H, Tiantian L, Wei S, Dongsheng W, Binqing F,
Yonggang  Z,  Xiaohu  Z,  Yun  Y,  Xiuyong  L,  Xiaohua  Z,  Aijun  P,
Haiming  W  (2020)  Effective  treatment  of  severe  COVID-19
patients  with  tocilizumab.  Proc  Natl  Acad  Sci  USA  117(20):
10970−10975 

Yang  R,  Masters  AR,  Fortner  KA,  Champagne  DP,  Rincon  MJJoEM
(2016)  IL-6  promotes  the  differentiation  of  a  subset  of  naive
CD8+ T cells into IL-21–producing B helper CD8+ T cells. J Exp
Med 213(11): 2281−2291 

Yang X-Y, Song J, Hou S-K, Fan H-J, Lv Q, Liu Z-Q, Ding H, Zhang Y-Z,
Liu  J-Y,  Dong  W-L,  Wang  X  (2020)  Ulinastatin  ameliorates
acute kidney injury induced by crush syndrome inflammation
by  modulating  Th17/Treg  cells.  Int  Immunopharmacol  81:
106265. https://doi.org/10.1016/j.intimp.2020.106265 

Ye Q, Wang B, Mao J (2020) The pathogenesis and treatment of the
'Cytokine Storm' in COVID-19. J Infect 80(6): 607−613 

Yin Y,  Wunderink RG (2018) MERS,  SARS and other coronaviruses
as causes of pneumonia. Respirology 23(2): 130−137 

Yokota S, Imagawa T, Mori M, Miyamae T, Aihara Y, Takei S, Iwata N,
Umebayashi H,  Murata T,  Miyoshi M, Tomiita M, Nishimoto N,
Kishimoto  T  (2008)  Efficacy  and  safety  of  tocilizumab  in
patients  with  systemic-onset  juvenile  idiopathic  arthritis:  a
randomised,  double-blind,  placebo-controlled,  withdrawal
phase III trial. Lancet 371(9617): 998−1006 

Yu X, Yang Z, Chu Y, Zhang Y, Yu M (2016) Bioinformatics prediction
of IL-6 gene structure and function. 37(21): 2959-2960+2963 

Zha  L,  Li  S,  Pan  L,  Tefsen  B,  Li  Y,  French  N,  Chen  L,  Yang  G,
Villanueva EV (2020) Corticosteroid treatment of patients with
coronavirus  disease  2019  (COVID-19).  Med  J  Aust  212(9):
416−420 

Zhang  C,  Wu Z,  Li  JW,  Zhao  H,  Wang  GQ (2020a)  Cytokine  release
syndrome  in  severe  COVID-19:  interleukin-6  receptor
antagonist tocilizumab may be the key to reduce mortality. Int
J Antimicrob Agents 55(5): 105954. https://doi.org/10.1016/j.
ijantimicag.2020.105954 

Zhang  Y,  Gao  Y,  Qiao  L,  Wang  W,  Chen  D  (2020b)  Inflammatory
response  cells  during  acute  respiratory  distress  syndrome  in
patients  with  coronavirus  disease  2019  (COVID-19).  Ann
Intern Med 173(5): 402−404 

Zhao J, Li K, Wohlford-Lenane C, Agnihothram SS, Fett C, Zhao J, Gale
MJ Jr., Baric RS, Enjuanes L, Gallagher T, McCray PB Jr., Perlman
S  (2014)  Rapid  generation  of  a  mouse  model  for  Middle  East
respiratory  syndrome.  Proc  Natl  Acad  Sci  USA  111(13):
4970−4975 

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X,
Guan L,  Wei Y,  Li  H,  Wu X,  Xu J,  Tu S,  Zhang Y,  Chen H,  Cao B
(2020)  Clinical  course  and  risk  factors  for  mortality  of  adult
inpatients  with  COVID-19  in  Wuhan,  China:  a  retrospective
cohort study. Lancet 395(10229): 1054−1062 

Zohlnhöfer  D,  Graeve  L,  Rose-John  S,  Schooltink  H,  Dittrich  E,
Heinrich PC (1992) The hepatic interleukin-6 receptor. Down-
regulation  of  the  interleukin-6  binding  subunit  (gp80)  by  its
ligand. FEBS Lett 306(2-3): 219−222 

Zong  Y,  Yao  W-F,  Ju  W-Z  (2020)  To  investigate  the  intervention
effect  of  Chinese  medicine  monomer  on  cytokine  storm
induced  by  COVID-19  based  on  Interleukin-6  (IL6)  receptor.
Chin  J  Hospit  Pharm.  http://kns.cnki.net/kcms/detail/42.
1204.R.20200420.1722.041.html:1-8

REVIEW J. Jiang et al.

206  |  June 2021  |  Volume 7  |  Issue 3 © The Author(s) 2021

https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://doi.org/10.1016/0145-2126(95)00098-4
https://doi.org/10.1073/pnas.232432399
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.1016/j.jbspin.2020.03.018
https://doi.org/10.1128/IAI.64.9.3646-3651.1996
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1086/423808
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.jinf.2020.03.037
https://doi.org/10.1111/resp.13196
https://doi.org/10.1016/S0140-6736(08)60454-7
https://doi.org/10.5694/mja2.50577
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.7326/L20-0227
https://doi.org/10.7326/L20-0227
https://doi.org/10.1073/pnas.1323279111
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/0014-5793(92)81004-6
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://doi.org/10.1016/0145-2126(95)00098-4
https://doi.org/10.1073/pnas.232432399
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.1016/j.jbspin.2020.03.018
https://doi.org/10.1128/IAI.64.9.3646-3651.1996
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1086/423808
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.jinf.2020.03.037
https://doi.org/10.1111/resp.13196
https://doi.org/10.1016/S0140-6736(08)60454-7
https://doi.org/10.5694/mja2.50577
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.7326/L20-0227
https://doi.org/10.7326/L20-0227
https://doi.org/10.1073/pnas.1323279111
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/0014-5793(92)81004-6
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04331795?term=Tocilizumab&cond=Covid19&draw=1&rank=9
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04345445?term=Tocilizumab&cond=Covid19&draw=2&rank=3
https://doi.org/10.1016/0145-2126(95)00098-4
https://doi.org/10.1073/pnas.232432399
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.1016/j.jbspin.2020.03.018
https://doi.org/10.1128/IAI.64.9.3646-3651.1996
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1086/423808
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT04359901?term=Sarilumab&cond=Covid19&draw=2&rank=6
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1084/jem.20160417
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.intimp.2020.106265
https://doi.org/10.1016/j.jinf.2020.03.037
https://doi.org/10.1111/resp.13196
https://doi.org/10.1016/S0140-6736(08)60454-7
https://doi.org/10.5694/mja2.50577
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.7326/L20-0227
https://doi.org/10.7326/L20-0227
https://doi.org/10.1073/pnas.1323279111
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/0014-5793(92)81004-6
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8
http://kns.cnki.net/kcms/detail/42.1204.R.20200420.1722.041.html:1-8

	INTRODUCTION
	STRUCTURE AND GENERAL FUNCTION OF IL-6
	THE ROLE OF IL-6 IN CYTOKINE STORM DURING COVID-19 PATHOGENESIS
	Cytokine storm in COVID-19 pathogenesis
	IL-6 in cytokine storm of COVID-19

	INHIBITORS OF IL-6
	Tocilizumab (TCZ)
	Sarilumab
	Siltuximab
	Olokizumab

	CONCLUSION

