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Abstract

Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory disease caused by a new coro-
navirus known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which has been 
observed to vary in its degree of symptoms. One of the most important clinical manifestations is 
pneumonia and the subsequent worsening of the hyperinflammatory state and cytokine storm. 
Tocilizumab (TCB) is a recombinant humanized, anti-human monoclonal antibody of the immuno-
globulin G1k (IgG1k) subclass that acts against soluble and membrane-bound interleukin six recep-
tors (IL-6R). There is wide use of TCB in rheumatic diseases. However, recently this medication has 
been used in the treatment of SARS-CoV-2 infection. Tocilizumab application in COVID-19 patients 
with a high risk of a cytokine storm shows a positive response in reducing the mortality rate. More-
over, TCB minimizes the time needed to recover, improves oxygenation, shortens the duration of 
vasopressor support, and reduces the likelihood of invasive mechanical ventilation. 
Therefore we provide an overview of recent studies to understand the efficacy of this drug under 
various circumstances, including COVID-19 and rheumatic pathologies. This article also explores 
and integrates the different treatment possibilities in prominent anti-inflammatory and immune- 
modulatory-related symptoms. The preliminary data demonstrate promising results regarding  
the efficacy of TCB use in severe COVID-19 patients. Nevertheless, randomized controlled trials, with 
adequate sample sizes and sufficient follow-up periods, are needed to form conclusions and estab-
lish treatment recommendations.
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Introduction
Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) causes an acute respiratory infectious 
disease transmitted mainly through the respiratory tract 
with the host’s ability to shed the infection despite being 
asymptomatic. The virus is an enveloped, large, posi-
tive-sense single-stranded RNA of the Coronaviridae fam-
ily [1], known to infect a broad range of vertebrates [2, 3]. 

The outbreak of pneumonia cases linked to the new 
virus SARS-CoV-2 was first reported from Wuhan, China, on 
December 31st, 2019 [4, 5]. The average incubation period 
of COVID-19 infection is estimated at up to 5 days, whereas 
97.5% of patients develop symptoms within 11.5 days [6]. 

The National Institutes of Health (NIH) classify 
COVID-19 into five categories based on disease severi-
ty and clinical presentation. Asymptomatic infection is 
characterized by a positive test for COVID without clini
cal symptoms and occurs in approximately 17.9% to 
33.3% of patients [7]. 

Many infected subjects present with mild symptoms 
(70% in the USA) and typically develop fever and cough 
without shortness of breath. Less common symptoms 
of the mild stage include myalgia and headache, at 36% 
and 34%, respectively [7]. 

In moderate COVID-19 illness, individuals have an 
oxygen saturation greater than or equal to 94%, asso
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ciated with clinical symptoms or radiographic changes 
in the lower respiratory tract [7]. Such patients are typi-
cally hospitalized [6]. 

Severe SARS-CoV-2 infection is characterized by 
an oxygen saturation lower than 94%, tachypnea, and 
a breathing rate of greater than 30 breaths per minute or 
pulmonary infiltration higher than 50% of the lung area. 

Lastly, a  severe SARS-CoV-2 infection can become 
critical by developing acute respiratory syndrome 
(ARDS), defined as acute respiratory failure, multiple 
organ dysfunction and/or sepsis, which develop within 
a week from the first symptoms [7]. 

SARS-CoV-2, via its surface spike glycoprotein, inter-
acts with angiotensin-converting enzyme 2 (ACE2) re-
ceptors, invades the respiratory host cell, and induces an 
immune response [8]. Typically, viruses invade the host’s 
body and bind to pathogen-associated molecular pat-
terns (PAMPs) and pattern recognition receptors (PRRs). 

This binding triggers an inflammatory response 
against the invading virus, which leads to the activation 
of several signaling pathways and transcription factors 
that subsequently induce the expression of genes. These 
genes encode for chemokines, inflammatory cytokines, 
and adhesion molecules. 

Consequently, there is an increased level of leuko-
cytes, and there is initiation of the recruitment of plasma 
proteins to the infection site, subsequently destroying 
the lung tissue [9]. The most critical pro-inflammatory 
cytokines produced by the innate immune response 
cells are IL-1, TNF-α, and IL-6 [10]. 

A sudden increase of these cytokines, known as the 
cytokine release storm (CRS), is observed in some pa-
tients with severe COVID-19 symptoms [5, 11]. Excessive 
local release of such protein molecules results in a broad 
spectrum of destruction, including diffuse alveolar dam-
age, multiorgan failure, and ultimately death, similar to 
ARDS [5, 9]. 

Interleukin 6 has a broad spectrum of biological activ-
ities, including regulating specific differentiation of naïve 
CD4+ T-cells and activation of vascular endothelial cells, 
which are pathologically involved in developing various 
autoimmune and chronic inflammatory diseases [12]. 

The consideration for TCB’s possible use in SARS- 
-CoV-2 infection started when clinicians noticed signifi-
cantly increased serum IL-6 in severely ill patients with 
extensive bilateral lung lesions. Thus, tocilizumab (a hu-
manized IgG1 monoclonal antibody to the IL-6 receptor) 
can be a promising therapy for COVID-19 [13]. 

Previously this medication was categorized into 
a disease-modifying antirheumatic drug (DMARD) and 
is used in the treatment of rheumatoid arthritis (RA), 
juvenile idiopathic arthritis (JIA), and other chronic con-

nective tissue diseases [8, 14, 15]. Since there is growing 
interest in TCB’s effects in the treatment of COVID-19, 
this review highlights the various studies from 2019 to 
2021 and appraises TCB’s efficacy to treat both COVID-19 
and rheumatic diseases.

Cytokine storm
A cytokine storm is an uncontrolled systemic inflam

matory response that results in an elevated level of 
circulating chemokines and cytokines by immune sys-
tem hyperactivation. Common etiologies include hemo
phagocytic lymphohistiocytosis (HLH), JIA, sepsis, and 
CAR T therapy [16, 17]. 

Diagnosing the cause of cytokine storms is challeng-
ing since the laboratory parameters vary and are main-
ly influenced by the underlying cause. The severity of 
cytokine release can correlate with an elevated level of 
C-reactive protein (CRP), which is a nonspecific marker 
of inflammation. Other abnormalities include leukocy-
tosis, leukopenia, anemia, thrombocytopenia, and high 
ferritin and D-dimer levels [16]. 

The phenomenon of the cytokine storm also occurs 
in other diseases such as HLH and macrophage activa-
tion syndrome (MAS). Both these diseases rely on their 
respective established criteria. Recent research suggests 
that the COVID-19 associated cytokine storm is unique, 
and the classification criteria of MAS (2016) or HLH 
(2004) are not applicable for predicting cytokine synthe-
sis in SARS-CoV-2 patients [18–20]. 

The diagnosis of HLH is based on five from eight 
major criteria: fever, splenomegaly, cytopenia, hypertri-
glyceridemia, and/or hypofibrinogenemia, hemophago-
cytosis, low/absent NK cell activity, hyperferritinemia, 
and high-soluble interleukin-2-receptor levels [19]. 

The research of Caricchio et al. [18] showed that 
COVID-19 patients usually have normal monocyte levels, 
increased neutrophil concentration, and they do not 
develop splenomegaly or cytopenia. Moreover, they also 
have normal or elevated fibrinogen levels (typically low 
in HLH) and normal triglycerides (which are frequently 
increased in HLH). Thus, COVID-19 patients do not qual-
ify for the HLH criteria [18]. 

Macrophage activation syndrome (MAS) is triggered 
by rheumatic diseases such as systemic lupus erythe-
matosus (SLE) or JIA. Clinical symptoms involve multi-
organ dysfunction and shock in febrile hospitalized pa-
tients [19]. 

Macrophage activation syndrome criteria in systemic 
juvenile idiopathic arthritis include ferritin > 684 ng/ml 
and any two of the following: platelet count < 181 × 109/l, 
aspartate aminotransferase > 48 IU/l, triglycerides  
> 156 mg/dl and fibrinogen < 360 mg/dl [20]. 
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Caricchio et al. [18] observed that COVID-19 patients 
do not meet the MAS criteria, because SARS-CoV-2 in-
dividuals usually do not develop thrombocytopenia or 
hyperfibrinogenemia, and they have relatively normal 
levels of triglycerides.

Tocilizumab – mechanism of action

Tocilizumab use in rheumatic diseases is based on 
the fact that the synoviocytes release IL-6. Decades of 
research have investigated IL-6 and its role in the patho-
genesis of rheumatoid arthritis, which entails a compli-
cated process of cellular reactions, infiltration of lym-
phocytes, immune complexes, and vascular reactions in 
the synovium. 

However, the role of IL-6 in autoimmune diseases is 
pleiotropic. IL-6 stimulates B-cell maturation and sub-
sequent stimulation of autoantibodies. Consequently,  
an increased level of C-reactive protein (CRP) released 
from hepatocytes is observed [21, 22]. 

Understanding IL-6’s role in the course of complica-
tions of the acute phase of COVID-19 suggested a pos-
sible role of TCB in the state of viral overload. Tocilizu
mab’s mechanism in treating severe COVID-19 remains 
uncertain; however, its activity is best understood based 
on the ample existing knowledge of IL-6 in the field of 
rheumatology. 

Interleukin 6 can bind to two receptors; either 
a membrane-bound receptor (miL-6R) or a soluble form 
(siL-6R) which is not bound to the cell’s membrane. 
When IL-6 binds to miL-6R, it forms a  complex which 
connects the signal transducer glycoprotein 130 (gp130) 

to produce a set of downstream responses, such as anti- 
inflammatory reactions (shown in Fig. 1A). 

These reactions are limited to the cells expressing 
miL-6R, such as T-cells, neutrophils, and macrophages. 
However, the trans-signaling pathway entails binding 
the cytokine IL-6 to siL-6R with the subsequent complex 
binding to a gp130 transducer resulting in a pro-inflam-
matory response in almost every cell of the body (shown 
in Fig. 1B) [23]. 

The trans-signaling pathway can occur in situations 
where IL-6 is elevated (e.g., rheumatoid arthritis, CRS  
in COVID-19) and in the absence of miL-6R since the  
siL-6/IL-6 complex binds to the gp-130 transducer, which 
is expressed in every cell of the body [24]. 

Tocilizumab can adhere to IL-6 and both forms, miL-6R 
and siL-6R, therefore inhibiting signal transduction me-
diated by IL-6 and the downstream inflammatory effects 
(shown in Fig. 2) [25].

Based on the knowledge of the cellular pathway 
whereby TCB functions in the treatment of RA, this 
mechanism of action of TCB can explain the beneficial 
effect of TCB in the treatment of CRS present in the 
course of COVID-19 [24, 26]. The hyperinflammatory re-
sponse is an underlying cause of the CRS, which is cur-
rently clinically apparent in COVID-19 patients [27]. 

With the FDA approving TCB’s use in cytokine release 
syndromes [24], a study in China tested its effectiveness 
in treating severe SARS-CoV-2 infection and obtained 
promising results. Following this trial, the COVID-19  
(7th edition) diagnosis and treatment program of China’s 
national health commission formally included TCB in 
the COVID-19 regimen [28].

Fig. 1. The mechanism whereby IL-6 cytokine 
binds to miL-6R (A) and also the soluble recep-
tor (B). Following the IL-6 and IL-6R complex, 
the multipart adheres to the gp130 transducer 
molecule, which initiates downstream signaling.
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Fig. 2. The action of tocilizumab. The IL-6 anta
gonist binds to IL-6 directly as well as both miL-6R 
and siL-6R. This blockage prevents gp130 from 
being activated, and hence the subsequent 
downstream signaling cascade is halted.
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Use of tocilizumab in rheumatology 
associated with cytokine storms

Tocilizumab has been studied in pathologies such 
as SLE, JIA, and refractory adult-onset Still’s disease 
(AOSD). Tocilizumab is efficient at treating JIA cases 
that have previously been refractory to DMARDs [29]. In 
adult-onset Still’s disease, some patients may substan-
tially respond to TCB by achieving remission [30]. 

As a  direct antagonist against IL-6R, TCB has been 
a cornerstone in treating CAR (chimeric antigen recep-
tors) T-cell therapy-induced cytokine storm present also 
in other rheumatic diseases. Recently, greater insight 
into CAR T-cell therapy-induced cytokine storm mecha
nisms has been obtained via combining correlative  
sciences and retrospective analysis of clinical trials [31]. 

However, the precise mechanisms are poorly under-
stood and complicated. When CAR T-cells come into con-
tact with target cells (myeloid and endothelial), they re-
lease inflammatory cytokines such as TNF-α and IFN-γ, 
which in turn activate monocytes and macrophages to 
secrete IL-1 and IL-6 [32]. 

In such an inflammatory state, TCB could be a suit-
able choice as it binds to membrane-bound as well as 
soluble IL-6R, hence interfering with both classical and 
trans-signaling pathways [33]. Subsequent ongoing 
studies have shown that administration of TCB led to 
rapid resolution of cytokine storm symptoms of post-
CAR T-cell therapy [33, 34]. 

The United States Food and Drug Administration 
approved TCB in 2018 to treat severe or life-threatening 
CAR T-cell-induced CRS in adults and pediatric patients 
aged two years and older [35]. 

Thus, the role of IL-6 in COVID-19 pathophysiology 
alongside the mechanism of TCB’s action in the CAR  
T-induced cytokine storm forms the background to con-
sider this drug as a treatment option for COVID-19 [36, 37].

Use of tocilizumab in COVID-19

Many studies have tested the effectiveness of TCB 
in SARS-CoV-2 infection (Table I). An observational study 
which compared COVID-19 patients receiving TCB with 
a control group without TCB showed that fewer indivi
duals required mechanical ventilation if they were treat-
ed with TCB, particularly in those patients who had 
more significant lung damage shown in a  computed 
tomography scan. 

Thus, this study’s authors stated that clinical indi-
cations for use of this drug include extensive regions 
involving both lungs and considerable impairment in 
respiration to the extent that oxygen supplementation 
of at least 5 l/min is required [38]. 

A similar study by Yuan et al. [39] revealed that TCB 
potentially dampens the hyperinflammatory state and 
the associated cytokine storm, mainly in patients with 
extensive lung involvement on CT scans. 

Elevated CRP level, IL-6, and ferritin are the pro- 
inflammatory laboratory markers that are further asso-
ciated with pulmonary damage, and hence poor prog-
nostic factors are indications for TCB initiation [37]. 

In addition, a  large lung area affected during SARS- 
-CoV-2 infection indicates disease severity and mortality 
from the COVID-19 condition. Thus, TCB seems desirable in 
treating COVID-19, especially in severe lung damage cases 
[39]. Tocilizumab’s effective use was also reported in pa-
tients with Sjögren’s syndrome, who suffered from COVID-
19-induced severe respiratory distress but which was im-
mediately alleviated by a single dose of off-label TCB [40]. 

Another beneficial effect of TCB in COVID-19 pa-
tients was demonstrated in a retrospective cohort study, 
comparing the outcome between patients receiving TCB 
versus those who did not (control group). Tocilizumab’s 
use resulted in desirable effects, such as shorter time 
to clinical improvement, shorter duration of vasopressor 
support, and reduced time required for mechanical ven-
tilation compared to the control group. 

The results imply that the use of TCB for severe  
cases of COVID-19 may reduce the time needed to re-
cover, hence lowering the load imposed on healthcare 
resources and facilities [41]. 

The strong evidence of TCB effectiveness was con-
firmed in a  systematic review and meta-analysis con-
ducted by Ruscitti et al. [42], who analyzed 22 studies, 
including patients from China, Italy, the US, France,  
Turkey, Qatar, and those who received TCB. The pooled 
prevalence for mortality in COVID-19 patients treated 
with TCB was lower than in the overall group of patients 
who received other treatment forms [42]. 

A similar conclusion was presented in the review by 
Kaye et al. [43], who confirmed that TCB has efficacy in 
limiting the fatal outcome of SARS-CoV-2 infection. 

Moreover, a  meta-analysis including patients from 
the USA, Italy, France, and Spain showed that TCB’s ad-
dition to the existing standard care for COVID-19 might 
increase the disease’s positive outcome [44]. Adding 
TCB to the typical treatment of COVID-19 reduced the 
need for mechanical ventilation and resulted in no in-
creased risk of infection or adverse events [45]. 

Likewise, an observational study by Biran et al. [46] 
in 2020 found that TCB treatment in COVID-19 patients 
in the ICU reduced the mortality rate. Carvalho et al. 
[47] in 2020 found that TCB improved oxygenation and 
decreased inflammatory markers, suggesting that this 
medication can be a rescue therapy for those with a se-
vere form of the disease. 
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A retrospective, observational cohort study by Gua
raldi et al. [48] in 2020 demonstrated that either in-
travenous or subcutaneous TCB administration might 
reduce the likelihood of invasive mechanical ventilation 
or death in patients suffering from severe COVID-19.

In contrast, a randomized trial by Rosas et al. [49] in 
2021 showed that TCB treatment in patients with severe 
COVID-19 did not significantly improve clinical status or 
lower the mortality rate at day 28. 

In a  randomized, double-blind, placebo-controlled 
trial, no effect in preventing intubation or death in pa-
tients with severe acute COVID-19 infection was ob-
served [50]. Data presented from the Randomized Con-
trolled Open-label Platform (RECOVERY) trial concluded 
that regardless of the level of respiratory support re-
quired, administering TCB improved survival and clini-
cal outcome in patients admitted to the hospital due to 
hypoxia and systemic inflammation [51]. 

Table I. Effectiveness of tocilizumab in hospitalized COVID-19 patients 

Study Dose of TCB n Treatment duration Effect of TCB on COVID-19

Kewan et al. 
[41] 2020

8 mg/kg up to 400 mg 28 60-minute single i.v. infusion ↓ time to clinical recovery
↓ time of mechanical ventilation 

necessity 
↓ duration of vasopressor support

Guaraldi et al. 
[48] 2020

8 mg/kg  
– maximum at 800 mg

162 mg s.c.

179 2 i.v. doses (12 hours apart)  
at 2 simultaneous s.c. doses

↓ mortality rate 
↓ risk of invasive mechanical 

ventilation and death 

Carvalho et al. 
[47] 2020

400 mg 29 2 i.v. doses improvement in oxygenation 
quicker ↓ in CRP levels and WBC 

counts

Biran et al.  
[46] 2020

400 mg 210 1 i.v. dose  
2nd i.v. dose permitted before 

the clinical worsening

↑ mortality in those who did not 
receive TCB

Albertini et al. 
[38] 2020

600 mg if weight  
< 100 kg or 800 mg  
if weight > 100 kg

22 One-time dose i.v.
2nd dose administered if no 
response at 48 hours after 

the first dose

↓ respiratory rate 
↓ need for mechanical ventilation 

(particularly in patients with 
damage in lungs greater than 50% 

indicated on CT scan)

Menzella et al. 
[53] 2020

8 mg/kg up to 800 mg i.v.
162 mg s.c.

41 2 i.v. doses, each 12 hours 
apart 2 to 4 simultaneous s.c. 

doses 

Quicker ↓ CRP 
↓ mortality rate in-hospital  
(24% with TCB vs. 53% with  

the standard care)

Stone et al. 
[50] 2020

8 mg/kg of body weight 161 Single-dose i.v. No beneficial effect of TCB  
in preventing intubation or death  
in patients who were hospitalized 

due to moderate COVID-19 
infection 

Salama et al. 
[52] 2020

8 mg/kg of body weight 249 1 or 2 i.v. doses ↓ risk of progression to the 
composite outcome of mechanical 

ventilation or death (but TCB 
did not increase the chances of 

survival)

Horby et al. 
[51] 2021

800 mg if weight > 90 kg
600 mg if weight > 65 kg ≤ 90

400 mg if weight > 40 kg ≤ 65 kg
8 mg/kg if weight ≤ 40 kg

2022 One-time i.v. infusion over  
60 minutes

2nd dose administered  
12–24 hours later if condition 

not improved

↓ death rate within 28 days
↑ patients discharged from 

hospital within 28 days

Rosas et al. 
[49] 2021

8 mg/kg of body weight 294 i.v. transfusion
2nd dose given 8–24 hours 

following 1st dose in a quarter 
of patients

Serious adverse events in 34.9% of 
patients treated with TCB compared 

to 38.5% in placebo group 
19.7% mortality at day 28 for TCB 
(compared to 19.4% in placebo)

TCB – tocilizumab, n – number of patients, i.v. – intravenous, s.c. – subcutaneous.
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The efficacy of TCB was also studied in patients with 
mild COVID-19 infection not requiring mechanical ven-
tilation. The authors of this study noted that decreased 
probability of needing ventilatory support in the future 
was observed in patients who were treated with TCB. 
However, management with TCB did not improve the 
analyzed patients’ overall survival [52].

Tocilizumab treatment guidelines  
of SARS-CoV-2 infected patients

The insufficient scientific evidence to support the on-
going treatment for COVID-19 has resulted in continuous 
alterations of treatment guidelines and procedures [5]. 
Currently, highly effective treatment for COVID-19 in-
fection is absent, and clinical researchers are basing 
the treatments and therapies provided on the clinical 
stage and pathological features of COVID-19 [54]. There 
are four stages of COVID-19, which have been modelled 
based on published studies (Fig. 3) [55].

During the early phase of the disease, characterized  
by a high viral load (SARS-CoV-2 replication at its peak),  
the use of remdesivir and SARS-CoV-2 monoclonal anti
bodies (convalescent plasma, REGN-COV2) is recommend
ed. In the later (hyperinflammatory) stage, dexametha-
sone and TCB should be used (FDA statement) [24, 35]. 

The National Institutes of Health (NIH) guidelines 
state that tocilizumab should be administered as a sin-
gle IV dose in hospitalized patients due to a severe or 
critical COVID-19 state with impending respiratory de-
terioration. These recommendations are based on trials 
that have shown decreased mortality in individuals who 
had a rapid decline in respiratory function and received 
TCB therapy [7]. 

A  meta-analysis by Hariyanto and Kurniawan [56] 
concluded that TCB treatment in COVID-19 lowers CRP, 
ferritin, and D-dimer levels while increasing the white 
cell count. The pharmacokinetic and pharmacody-

namic study of TCB revealed that a dose of 600 mg is 
optimal in ICU admitted patients. Such a  dose causes 
less variability exposure in comparison to the calculat-
ed body weight doses. It prevents the potential under- 
exposure in low body mass patients and unnecessary 
overexposure in those with high body mass [57].

Additionally, a wide range of treatments, such as im-
munotherapy, cellular therapy, and supportive manage-
ment, are used for the regimen in COVID-19 [58]. Support-
ive treatment involves taking rest, monitoring vital signs 
such as pulse, oxygen saturation, and respiratory rate. 

Additionally, adequate rest with sufficient food and 
water intake alongside antipyretic medications for fe-
ver and moderate pain is also recommended [59]. Cel-
lular therapy entails the use of mesenchymal stem cells 
(MSCs), which can be isolated from peripheral blood, pla-
centa, and umbilical cord blood. Mesenchymal stem cells 
are recognized for their prominent anti-inflammatory and 
immune-modulatory properties, which can help suppress 
the CRS in COVID-19 and potentially limit the disease 
from progressing to a critical phase and ultimately death. 

Another treatment option is immunotherapy, based 
on collected convalescent plasma from patients who have 
recovered from COVID-19 [59]. Towards the end of 2020, 
a vaccine for COVID-19 became available for public use [60].

Conclusions

Since the fast spread of SARS-CoV-2 infection, the 
scientific and medical world has concentrated on find-
ing effective therapy. Tocilizumab, a  drug used in the 
treatment of rheumatic diseases, raises clinical interest 
as a potential medication used in COVID-19. This medi
cation is used with good effect in treating rheumatic 
diseases such as RA, JIA, SLE, giant cell arteritis, and Ka-
wasaki disease. 

A  vast range of promising data have shown this 
drug’s effectiveness in treating severe COVID-19 cases 

Fig. 3. Four stages of COVID-19 and the initiation of tocilizumab therapy. 
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and reducing the mortality rate. However, the results 
must be treated with caution since most of these studies 
used a small sample size, had a short follow-up period, 
and were not randomized controlled trials. 

Nevertheless, TCB has been proven to reduce dis-
ease severity in severely ill patients by improving var-
ious clinical outcomes and ultimately lowering health-
care workers’ and centers’ burden.

The authors declare no conflict of interest.
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