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Abstract
Coronavirus infection can have various degrees of severity and outcomes. In some cases, it causes excessive production of 
pro-inflammatory cytokines, a so-called cytokine storm, leading to acute respiratory distress syndrome. Unfortunately, the 
exact pathophysiology and treatment, especially for severe cases of COVID-19, are still uncertain. Results of preliminary 
studies showed that immunosuppressive therapy, such as interleukin (IL)-6, IL-1, and TNF-α antagonists commonly used 
in rheumatology, can be considered as treatment options for COVID-19, especially in severe cases. The review focused 
on the most common and currently studied monoclonal antibody drugs, as well as up-to-date data on the pathogenesis of 
COVID-19, host immune response against SARS-CoV-2 and its association with cytokine storm. It also covered effects of 
interleukin (IL)-6, IL-1, and TNF-α blockers on the course of coronavirus infection and outcome in patients treated for the 
main autoimmune disease and subsequently infected with COVID-19.
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1  Background

A few important problems associated with the COVID-19 
pandemic were not only a treatment of acute patients with 
severe complications, but also post-COVID conditions in 
the aftermath. An innovative approach in the use of mono-
clonal antibody (mAB) drugs is needed, as up to date an 
exact and most effective treatment for COVID-19 patients 
has not yet been developed. It has been shown that a sys-
temic hyperinflammation is often observed with the devel-
opment of “cytokine storm” and the formation of acute res-
piratory distress syndrome (ARDS) in COVID-19 patients 
[1]. However, the exact pathophysiological mechanisms and 

treatment, especially of severe COVID-19, have not yet been 
determined. The results of preliminary studies have shown 
that interleukin (IL)-6, IL-1ß, tumor necrosis factor-α (TNF-
α), interferon-γ, and other cytokines play a key role in the 
formation of cytokine storm in patients with COVID-19 [2, 
3]. Therefore, immunosuppressive therapies, such as inter-
leukin antagonists IL-6, IL-1, and TNF-α, commonly used 
in rheumatology, can be considered as treatment options for 
COVID-19, especially in severe forms of the disease [4].

2  Cytokine Storm: Pathophysiology 
and Clinical Manifestation

Cytokine storm is an extremely serious condition associated 
with the development of uncontrolled systemic inflammation 
and subsequent hyperproduction of cytokines [5]. The main 
pathophysiological mechanism of cytokine storm develop-
ment is considered to be the deregulation of a T cell activa-
tion, in which cytokines IL-6 and IFN-γ seem to play the key 
role. Whether a cytokine storm is the result of an anomaly 
of innate immune system or whether it is pathology of an 
adaptive immunity remains to be seen [6].

The term “cytokine storm” was first mentioned in 1993 
in an article describing the graft-versus-host reaction [7]. In 
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the following years, more new studies associated develop-
ment of cytokine storm with the cytomegalovirus infection 
(CMV) [8], Epstein-Barr virus–associated hemophagocytic 
lymphohistiocytosis [9], group A streptococcus [10], and 
finally SARS-CoV-2, which is the etiological cause of the 
2019 coronavirus pandemic [11].

Coronavirus infection of 2019 (COVID-19) is charac-
terized by a high mortality rate. This is mainly due to the 
inadequate immune response in patients with the subsequent 
development of acute respiratory distress syndrome and 
multiple organ failure [12].

Already in the earliest stages of the pandemic, doctors faced 
an important question: what was the pathophysiological basis 
for the development of a critical condition associated with 
acute respiratory distress syndrome and multiple organ failure 
in certain patients? A study conducted in Wuhan led by Huang 
et al. proved that patients with severe COVID-19 had signifi-
cantly increased levels of proinflammatory cytokines (IL-1α, 
IL-1β, IL-6, IL-18, and TNF-α) compared with patients with 
a milder course of the disease [13]. Later studies led by Fang 
et al. [14] and Chen et al. [15] also noted an increase in the 
levels of proinflammatory cytokines in patients with severe 
COVID-19, in particular of IL-6, which drew attention to 
itself, and later was recognized as a key molecule in the devel-
opment of cytokine storm in patients with COVID-19 [16]. A 
major retrospective study led by Zhou et al. also reported that 
high level of IL-6 was statistically significantly correlated with 
patients’ mortality [17]. Therefore, drugs aimed at blocking 
cytokines responsible for the development of cytokine storm, 
in particular IL-6, could potentially be extremely successful in 
the complex therapy of COVID-19 [16].

2.1  Pathophysiology of Cytokine Storm

Cellular and molecular mechanisms of cytokine storm are 
yet not fully understood; however, there are a few reliable 
studies available. For example, Mahmudpour M. et  al. 
described several molecular pathways involved in the devel-
opment of cytokine storm:

1. Angiotensin-converting enzyme/angiotensin II/angioten-
sin type 1 receptor (ACE/angiotensin II/AT1R) axis

2. Axis angiotensin-converting enzyme 2/Mas receptors 
(ACE2/MasR)

3. Axis angiotensin-converting enzyme 2/Des-Arg9-brad-
ykinin/bradykinin B1 (ACE2 /DABK/ bradykinin B1)

4. Axis of complement factors 3a, 5a, and their receptors 
(C3a-C3aR/C5a-C5aR) [18]

SARS-CoV-2 penetration into target lung cells occurs 
through binding of viral surface S-proteins with the cellular 
receptor for angiotensin-converting enzyme 2 (ACE2) [19]. 
Attachment to ACE2 receptor triggers an internalization of 

the complex into the target cell, leading to the subsequent 
suppression of ACE2 [20]. This further leads to the unim-
peded function of angiotensin II (AngII) and a decrease 
in the level of angiotensin-(1–7) [21]. Because angioten-
sin-(1–7) plays a key counterregulatory role in many angio-
tensin type 1 receptor (AT1R)–related physiopathological 
functions, SARS-CoV-2-mediated downregulation of ACE2 
and, as a result, increased total Ang II to angiotensin-(1–7) 
result in poor lung function and damage.

An imbalance of ACE2/ACE levels during COVID-19 
infection and the dysregulation of the angiotensin II/AT1R 
axis of the renin–angiotensin–aldosterone system (RAAS) 
(a signaling pathway responsible for the regulation of blood 
pressure) underlie the cytokine storm and the associated acute 
lung damage [22]. These events result in a decrease of angio-
tensin [20]; an increase in the secretion of TFG-β, IL-1, IL-10, 
IL-12, and TNFα cytokines [21]; and activation of a comple-
ment system, including C5a and C5b (a complex of proteolytic 
enzymes of humoral immunity) [23], which in turn activates a 
kinin-kallikrein system (a group of proteins involved in inflam-
mation, coagulation, and blood pressure control) [23].

Thus, caused by a COVID-19 infection, an imbalance of 
ACE2/ACE levels, and dysregulation of the angiotensin-
II/AT1R axis of a renin–angiotensin–aldosterone system 
(RAAS) underlie the cytokine storm and associated acute 
lung injury [21].

The abovementioned cascade of biochemical reactions 
in patients with COVID-19 results in an increase level of 
cytokines: IL-1, IL -2, IL -6–10, IL -12, IL -17, IL -18, 
CSF, GM-CSF, and 4TNF-α [24]. As mentioned earlier, it 
is IL-6 that is considered pivotal to the development of a 
cytokine storm and mediates many of the biological effects 
shown in Fig. 1.

The mechanism of IL-6 action is quite complex: it is known 
that the cytokine interaction between the membrane protein 
IL-6R and the co-receptor gp130 has tissue homeostatic and 
reparative responses [25]. However, many non-immune cells, 
including stromal and epithelial cells, can induce pronounced 
inflammatory responses when the soluble IL-6R-IL-6 com-
plex anchors on the gp130 membrane in what is known as 
trans-signaling, thus activating inflammatory responses [26]. 
Experimental studies show that murine lung stromal cells, 
including myofibroblasts, signal through both IL-6R and 
trans-signaling, but type 2 pneumocytes lack the soluble 
membrane receptor IL-6, indicating that these signals are 
transmitted exclusively through IL-6R trans-signaling [27]. 
Considering that trans-signaling usually causes inflammatory 
responses, this fact proves the importance of IL-6 in the devel-
opment of ARDS in COVID-19 and disease outcomes [28].

With regard to the mechanism of action of IL-1, the 
SARS-Cov-2 virus causes damage to the epithelium, lead-
ing to the release of IL-1α [29], which in turn causes neutro-
phils and monocytes to move to the site of infection and [30] 
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induces the release of IL-1β in monocytes/macrophages. 
In addition, pro-IL-1β in monocytes/macrophages even 
strongly activates the IL-1 release, which will in turn acti-
vate more innate immune cells. This autoinflammatory loop, 
in which IL-1 (IL-1α and IL-1β) can induce the production 
and release of more IL-1, must be tightly regulated as the 
ongoing loop activates more innate immune cells regardless 
of the initial trigger. Accordingly, blocking the IL-1 receptor 
(IL-1R) prevents autoinflammation by blocking the effects 
of IL-1α released from dead epithelial cells, as well as IL-1β 
produced by immune cells [29, 30].

It is also important to say that the soluble TNF-α recep-
tor plays a large role in the development of the cytokine 
storm. TNF-α receptor is produced primarily by monocytes/
macrophages as a transmembrane precursor, and a number 
of other immune and structural cell types such as T and B 
lymphocytes, mast cells, neutrophils, fibroblasts, and airway 
epithelial cells secrete it as a precursor. All these cell types 
produce cytokines [31, 32]. The TNF-α precursor is split by 
TNF-α-converting enzyme (TACE) to release TNF-α, which 
acts by binding to two different membrane receptors on tar-
get cells: TNFR1 and TNFR2 [33].

TNFR1 is widely expressed in the lymphoid system and 
in almost every cell in the body, which probably explains the 
wide range of functions of TNF-α. TNFR2 expression is lim-
ited to certain lymphocyte populations, including regulatory 
T cells [34]. Generally, binding of TNF-α to TNFR1 results 
in apoptosis due to the presence of death domains, and bind-
ing to TNFR2 results in cell survival, although there is some 
degree of overlap depending on the cell’s activation state and 
other factors [35]. Circulating TNFR1 immune complexes 

have been shown to be associated with adverse outcomes 
and severity of COVID-19 infection [36].

Thus, the effects of IL-6, IL-1, and TNFα on the devel-
opment of a cytokine storm can be summarized using the 
scheme in Fig. 2.

2.2  Clinical Manifestations

Despite the fact that etiological causes of a cytokine storm 
may differ, clinical manifestations are often similar [37]. 
The most common symptoms are fever, fatigue, anorexia, 
headache, rash, diarrhea, arthralgia, myalgia, and neu-
ropsychiatric disorders [38]. Respiratory symptoms are 
also reported: cough and tachypnea, which can progress to 
acute respiratory distress syndrome (ARDS). Renal failure, 
acute liver injury, or cholestasis may develop in severe cases 
of cytokine storm [39]. Cytokine storm syndrome can also 
cause disseminated intravascular coagulation, multiple organ 
failure, which can eventually lead to death [13].

As for laboratory diagnostics, it is rather difficult to mark 
any pathognomonic markers that would definitely predict the 
development of a cytokine storm. To a certain extent, levels 
of non-specific markers of inflammation, such as C-reactive 
protein (CRP) increase, correlate with severity of the dis-
ease [40]. Many patients develop hypertriglyceridemia and 
various changes in parameters of a complete blood count, 
such as leukocytosis or leukopenia, anemia, and thrombo-
cytopenia, and—in biochemical panel—an increase in the 
level of ferritin and D-dimer. There is also an increase of 
certain serum inflammatory cytokines, such as IFN-γ, IL-6, 
and IL-10 [38].

Fig. 1  A schematic summary of biological effects of IL-6 on the human body



 BioNanoScience

1 3

It is extremely important to predict cytokine storm and 
find the adequate treatment [41]. However, finding the cor-
rect treatment proved to be complicated. Theoretically, it 
can include three main steps: identifying the underlying dis-
ease that caused the development of cytokine storm; deter-
mining the severity of a patient’s condition; and finding an 
appropriate treatment [40]. Since cytokine hyperproduction 
is fundamental in the pathophysiology of cytokine storm, 
direct blockade of these molecules may be one of the pos-
sible ways for cytokine storm treatment. Drugs, based on 
targeted blocking of certain molecules, have been widely 
used for the treatment of cytokine storm, including COVID-
19-associated cytokine storm [42].

3  The Possibility of Using Monoclonal 
Antibody Drugs for COVID‑19

The main idea behind monoclonal antibody (mAB) drugs 
is their targeted effect on the specific molecules, achieved 
through theirs specificity to a certain antigen [43]. Targeted 

removal of specific molecules made it possible to use these 
drugs not only for autoimmune diseases, but also in the 
complex treatment of patients with severe COVID-19, by 
directly blocking the action of cytokines. However, it is also 
important to take into account the side effects and contrain-
dications that these drugs have [15].

Despite the fact that mABs can be extremely effective 
in the treatment of many infectious diseases, including 
COVID-19, large-scale production of such drugs is rather 
expensive, requires a lot of resources, which makes produc-
tion expensive and not widely spread [44]. It should also be 
noted that nowadays there are many ongoing clinical studies 
aimed to determine the pharmacokinetics and pharmacody-
namics of new monoclonal antibodies that could be benefi-
cial for patients with COVID-19 [45].

It is already known that interleukin (IL)-6, as well as 
IL-1β, tumor necrosis factor-α, and interferon-γ play the 
key roles in the cytokine storm development in patients 
with COVID-19 [2, 3]. Moreover, according to a study 
conducted at the Wuhan Hospital, China, led by Chen X 
et al., it was found that an increase in IL-6 over 80 pg/ml 

Fig. 2  The influence of pro-inflammatory cytokines (IL-6, IL-1, and TNFα) on the “cytokine storm” development and macrophage activation 
syndrome (MAS) under the effect of the SARS-CoV-2
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increased the risk of developing respiratory failure by 22 
times [46]. Therefore, the use of monoclonal antibodies that 
block the main cytokine storm mediators should improve 
the course of a disease in patients with COVID-19. Previ-
ously, in a prospective observational study conducted by a 
team of scientists from Spain, the main effect of monoclonal 
antibodies was studied in patients with autoimmune diseases 
such as polymyalgia rheumatica (PMR), vasculitis, systemic 
sclerosis (SS), Sjogren’s syndrome (SjS), systemic lupus 
erythematosus (SLE), and chronic inflammatory arthri-
tis (rheumatoid arthritis (RA) inflammatory polyarthritis, 
psoriatic arthritis (PA), and ankylosing spondyloarthritis 
(AS)). The authors concluded that there was a blockade 
of an IL-6-dependent pro-inflammatory cascade, and, as 
a result, there is a decrease in the level of IL-6 and acute 
phase proteins (C-reactive protein, serum protein amyloid 
A, hepcidin, fibrinogen, etc.) [47]. According to a study led 
by Santos et al., the use of monoclonal antibodies in patients 
with rheumatism was not associated with severe manifesta-
tions of COVID-19; moreover, IL-6 inhibitors could show a 
protective effect [48].

3.1  Indications for Use

Nowadays the US Food and Drug Administration (FDA) 
granted an emergency use approvals for five investiga-
tional mABs [49]: bamlanivimab-etesevimab, casirivimab-
imdevimab, sotrovimab, tixagevimab-silgavimab, and 
bebtelovimab. Bamlanivimab-etesevimab, casirivimab-
imdevimab, sotrovimab, and bebtelovimab are approved for 
treatment of patients with mild to moderate COVID-19 dis-
ease who are at a high risk of progression to severe COVID-
19 and/or hospitalization [50]. Casirivimab-imdevimab and 
bamlanivimab-etesevimab can be used for patients who had 
been recently exposed to COVID-19, immunocompromised, 
or unvaccinated [51].

According to the latest Russian clinical guidelines dated 
February 22, 2022, there are certain specific criteria for the 
use of IL-6 receptor blockers in the COVID-19 treatment. 
An IL-6 blocker or an IL-1α/IL-1β receptor antagonist is 
typically prescribed when a patient has a moderate course of 
COVID-19 and/or having risk factors for a severe course in 
the presence of pathological changes in lungs, in combina-
tion with two or more abnormal parameters. These include 
blood oxygen saturation (SpO2), CRP, body temperature, 
leukocyte count, absolute lymphocyte count, serum ferritin 
level, and lactate dehydrogenase (LDH) level [52].

3.2  Therapy Efficiency

Although IL-6 inhibitors have not yet been officially regis-
tered in clinical guidelines for the treatment of COVID-19, 

they have been widely used in pilot studies. For example, 
levilimab (an IL-6 blocker) was assessed in critically ill 
patients with COVID-19 who did not require artificial lung 
ventilation [53]. There were also randomized controlled tri-
als using IL-6 blockers versus standard treatment or placebo 
for people with COVID-19 regardless of disease severity 
[54]. There is a lot of information available on the effective-
ness and safety of these drugs.

Thus, according to the results of a multicenter, rand-
omized, double-blind, placebo-controlled phase III clinical 
trial evaluating IL-6 blockers, which included 217 patients in 
total, levilimab was effective in achieving clinical improve-
ment in patients hospitalized with severe COVID-19 pneu-
monia. Of patients in levilimab and placebo groups, 63.1% 
and 42.7%, respectively, achieved stable clinical improve-
ment on day 14 (P = 0.0017). The frequency of adverse reac-
tions was comparable between the groups [53].

There is also a systematic review made on the basis of 
the World Health Organization’s international clinical trial 
registry platform and the Living Overview of the Evidence 
(L-OVE) platform, as well as the Cochrane COVID-19 
research registry. A total of 10 randomized controlled tri-
als (RCTs) were included in the review with a total of 6896 
people who were treated with IL-6 blocking agents such as 
tocilizumab and sarilumab compared to the standard treat-
ment alone or placebo, regardless of the disease severity. 
The authors concluded that tocilizumab reduced the mortal-
ity rate (from any cause) after 28 days; whereas, sarilumab, 
on the contrary, did not show a statistically significant effect 
because the data on the effect of sarilumab are uncertain 
since RCTs have low reliability [55].

In addition to IL-6 receptor blockers, IL-1 blockers 
are currently being used, which are also being studied at 
the moment [56]. Anakinra, a recombinant interleukin-1 
receptor antagonist, is effective in reducing clinical signs 
of hyperinflammation in critically ill COVID-19 patients. 
However, additional studies are needed for a more accurate 
conclusion [57, 58]. It has also been studied that an early 
treatment with anakinra under the control of soluble plasmi-
nogen urokinase activator receptor (suPAR) reduced severe 
respiratory failure and restores pro- and anti-inflammatory 
balance [56].

IL-17 participates in the development of hyperinflamma-
tory syndrome, and it may be a new target in the treatment 
of COVID-19. The efficacy and safety of the IL-17 inhibitor 
natakimab was demonstrated in a retrospective case–control 
study in patients with severe COVID-19 outside the inten-
sive care unit. Study demonstrated that the therapy reduced 
and moderated the inflammatory response and improved 
oxygenation, but did not affect the need for mechanical ven-
tilation or mortality rate [59].
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3.3  Side Effects and Long‑Term Effects

Despite the large evidence base for the effectiveness mABs, 
these drugs have a wide range of side effects [16, 52, 56].

Usually side effects are associated with a drug action 
mechanism. The first thing to consider in when prescribing 
mABs is the possibility of developing an allergic reaction 
during the first and repeated injection of the drug. More 
often, local reactions, such as itching, rash, edema, ery-
thema, and pain, occur when administered subcutaneously 
[15].

Depletion of T and B lymphocyte pools is possible, which 
leads to a decrease in barrier functions and activation of 
opportunistic infections. This is typical for tocilizumab [56].

For blockers of interleukins, systemic complications were 
noted: an increase in blood pressure, thromboembolism, a 
decrease in the filtration capacity of kidneys, changes in the 
production of thyroid hormones, and an inadequate func-
tioning of the nervous system and gastrointestinal tract. 
Moreover, studies indicated a risk of developing secondary 
autoimmune diseases such as psoriasis and demyelinating 
diseases [60]. Violation of lipid metabolism is also one of 
the side effects of the use of IL-6 blockers [52].

According to the latest guidelines of the Ministry of 
Health of the Russian Federation (February 2022) contrain-
dications for using mAbs (IL-6 receptor, Janus kinase block-
ers, IL-1) are sepsis that did not develop due to COVID-19; 
hypersensitivity to the components of a drug; and presence 
of a viral hepatitis B. Contraindications also include the 
presence of a concomitant diseases associated with an unfa-
vorable prognosis; use of immunosuppressive therapy in 
organ transplantation; an increase in the activity of aspartate 
aminotransferase (AST) or alanine aminotransferase (ALT) 
by more than 5 times in contrast to the normal range; throm-
bocytopenia < 50 × 109 /l; neutropenia < 0.5 × 109 /l; [52].

3.4  Features of a New SARS‑CoV‑2 Variant 
and the Effectiveness of Monoclonal Antibodies 
Used

Adaptive mutations in the SARS-CoV-2 genome change its 
pathogenic potential. This can have a significant effect on 
the course of the pandemic as a whole. Several variants of 
SARS-CoV-2 have been described since the beginning of 
the pandemic [61]:

• Alpha (B.1.1.7): first variant of concern reported in the 
United Kingdom (UK) at the end of December 2020.

• Beta (B.1.351): first reported in South Africa in Decem-
ber 2020.

• Gamma (P.1): first reported in Brazil early January 2021.
• Delta (B.1.617.2): first reported in India in December 

2020.

• Omicron (B.1.1.529): first registered in South Africa in 
November 2021.

Omicron is known to have more than 30 changes in the 
spike protein [62]. New mutations resulted in an increase 
in viral infectivity by 13 times, making it 2.8 times more 
infectious than the Delta variant [63]. It also has a shorter 
incubation period—only 3 days. Additionally, because the 
virus replicates in the upper respiratory tract, it causes less 
lung damage than previous variants of concern [64].

Scientists believe that a higher transmission rate com-
bined with a very low pathogenicity of the Omicron variant 
will contribute to the formation of a herd immunity, giving 
hope for the end of the pandemic [65]. Among the main 
symptoms exhibited by patients, contracted Omicron vari-
ant, there is no loss of taste or smell; most patients do not 
present severe symptoms and do not require hospitalization 
[66]. According to the ICMR study, people infected with 
Omicron have a strong immune response capable of neutral-
izing not only Omicron but also other SARS-CoV-2 variants 
of concern. This may help to reduce the risk of reinfection 
with the Delta variant [67].

Previously approved monoclonal antibodies showed a 
reduced efficacy against the Omicron variant and their emer-
gency use authorization was subsequently withdrawn. Sotro-
vimab is currently the only approved monoclonal antibody 
as it remains effective against this SARS-CoV-2 variant of 
concern [51]. Currently, only bebtelovimab remains effective 
against the Omicron BA.2 SARS-CoV-2 variant, so it is the 
only monoclonal antibody used to treat patients, infected 
with the new strain. Nevertheless, according to the FDA, 
the Omicron variant of SARS-CoV-2 is not treatable with 
the drugs casirivimab-imdevimab and bamlanivimab-etese-
vimab; therefore, it cannot be used as an effective therapy 
[49].

3.5  Efficacy and Safety of IL‑6 Receptor Inhibitors 
in COVID‑19 Patients With or Without 
Autoimmune Diseases

Nowadays there is a lot of information available about the 
correlation of elevated levels of pro-inflammatory cytokines 
such as IL-6, IL-1β, TNF-α, interferon-γ, macrophage 
inflammatory proteins 1α and 1β, and other cytokines with 
an acute, life-threatening respiratory injury, observed in 
patients with COVID-19 [2, 3]. Among these cytokines, 
interleukin (IL)-6 appears to play the key role in the patho-
genesis of acute respiratory distress syndrome associated 
with COVID-19. The results of a meta-analysis showed that 
53% of patients with COVID-19 had an elevated concen-
tration of IL-6 [68]. A meta-analysis of 23 clinical trials 
involving 3400 patients showed that patients with severe 
COVID-19 had higher concentrations of IL-6 compared to 



BioNanoScience 

1 3

the patients with a mild form. Even higher concentrations 
were observed in patients who died from COVID-19 com-
plications [69]. Two additional meta-analyses [70, 71] and a 
large prospective cohort study of patients admitted to hospi-
tal with COVID-19 [72] also found an association between 
elevated IL-6 levels and COVID-19-related mortality rate. 
Many of these results were published during the first months 
of the pandemic. Since it was the elevated level of IL-6 that 
attracted attention among other cytokines, the majority of 
studies are focused on IL-6 and monoclonal antibodies that 
block this cytokine [73, 74]. Since Omicron to a lesser extent 
causes the development of respiratory distress syndrome, it 
does not lead to the development of severe stages of COVID-
19, therefore monoclonal antibodies are almost not used for 
the treatment of the Omicron variant of SARS-CoV-2. More-
over, Omicron is not neutralized by monoclonal antibodies 
so they are not currently recommended [49].

Drugs that block IL-6 include levilimab, tocilizumab, and 
sarilumab or olokizumab, a monoclonal antibody belong-
ing to the immunoglobulin G4/kappa isotype (it binds more 
selectively to human IL-6) [52]. The use of tocilizumab in 
the USA began in 2017 for a treatment of cytokine release 
syndrome (CRS) and macrophage activation syndrome 
(MAS) that developed in patients with autoimmune dis-
eases. The first data on its effectiveness in the treatment of 
COVID-19 appeared in March 2020. A Russian innovative 
biotechnology company BIOCAD registered the IL-6 recep-
tor inhibitor levilimab under the brand name Ilsira in 2020 
[72].

Up to date, the use of IL-6 receptor inhibitors was mainly 
studied in patients with autoimmune diseases. For exam-
ple, tocilizumab is approved by the European Alliance of 
Associations of Rheumatologists for the treatment of rheu-
matoid arthritis, juvenile idiopathic arthritis, giant cell arte-
ritis, cytokine release syndrome, and idiopathic multicentric 
Castleman’s disease (iMCD) [75, 76], while siltuximab was 
only approved for iMCD [77] and sarilumab for rheumatoid 
arthritis [74].

Nevertheless, there is a number of studies [53, 74, 78, 79] 
confirming the effectiveness of IL-6 receptor inhibitors not 
only as a treatment in patients with impaired functioning of 
the immune system, but also for COVID-19.

A double-blind, placebo-controlled phase III clinical trial 
of the use of levilimab in patients with severe COVID-19 
was conducted in the Russian Federation [53]. A total of 206 
patients hospitalized for severe COVID-19 pneumonia were 
included in the study: 103 patients received levilimab and 
103 patients received placebo. The proportion of patients 
who achieved sustained clinical improvement at day 14 and 
did not require rescue therapy was significantly higher in the 
levilimab group than in the placebo group (63.1% (65/103) 
versus 42.7% (44/ 103); P = 0.0017). The difference in the 
rate of sustained clinical improvement between the levilimab 

and placebo groups was 20.4%, with a one-sided 97.5% CI 
(7–100) (P = 0.0017); its lower limit was above the estab-
lished superiority limit. Thus, the hypothesis of the efficacy 
of levilimab over placebo was confirmed [53].

There is an international clinical study, led by Cham-
lagain et al., that studied the use of sarilumab in patients 
admitted to the hospital with severe or extremely severe 
COVID-19 [74]. A randomized, double-blind, placebo-
controlled, multinational study was conducted over 60 days 
at 45 hospitals located in Argentina, Brazil, Canada, Chile, 
France, Germany, Israel, Italy, Japan, Russia, and Spain. 
Patients were randomized (2:2:1) to a single dose of intra-
venous sarilumab 400 mg, sarilumab 200 mg, and placebo. 
On day 29, there was no significant difference in patients’ 
improvement between placebo (12 × 0 days [95% CI 9 × 0 
to 15 × 0]) and sarilumab 200 mg (10 × 0 days [9 × 0 to 12 
0] and higher dose of sarilumab 400 mg (10 0 days [9 0–13 
0]; RR 1 14 [95% CI 0 84—1 54]; log-rank p = 0 34). There 
was no difference in survival rate (77 [92%] of 84 patients 
in the placebo group; 143 [90%] of 159 patients in the sari-
lumab 200 mg group; difference -1 7 [-9 3–5 8]; p = 0 63 
versus placebo; and 159 [92%] of 173 patients in the sari-
lumab 400 mg arm; difference 0 2 [-6 9–7 4]; p = 0 × 85 
versus placebo.) On day 29, there were non-significant dif-
ferences in survival rate between sarilumab 400 mg (88%) 
and placebo (79%; + 8 × 9% difference [95% CI -7 7–25 5]; 
p = 0 25) in patients with critical illness. The incidence of 
treatment-related adverse events was 65% (55 of 84) in the 
placebo group, 65% (103 of 159) in the sarilumab group 
200 mg, and 70% (121 of 173) in the sarilumab 400 mg 
group. Despite small clinical improvements in patients, the 
authors reported that day 29 survival was 9% higher in the 
sarilumab group than in the placebo group, specifically in 
patients who required non-invasive or invasive mechanical 
ventilation or extracorporeal membrane oxygenation. Thus, 
the results of this study did not exclude a possible benefit of 
sarilumab in patients admitted to the hospital with COVID-
19 pneumonia [74].

One of the IL-6 receptor blockers that may be used for 
COVID-19 treatment is tocilizumab. It was introduced in 
the early 2000s for the treatment of autoimmune diseases 
such as refractory rheumatoid arthritis and systemic juvenile 
idiopathic arthritis (SJIA) [80, 81] and since 2017 has been 
approved by the FDA for the treatment of cytokine release 
syndrome (CRS), which can occur after certain forms of 
CAR-T cell-induced immunotherapy.

With regard to tocilizumab, several clinical guidelines, 
such as the Chinese guideline written by the National Health 
Commission and Public Administration [82] and the Ital-
ian Society for Infectious and Tropical Diseases (SIMIT) 
[83], already include tocilizumab as a therapeutic option 
for COVID-19. In a systematic review led by A. Cortegiani 
et al., 3 indirect preclinical studies and 28 clinical studies 
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were identified, eventually including 5776 patients with 
COVID-19 using tocilizumab as treatment, but no signifi-
cant effect on improving the course of the disease was found 
[84]. However, recent Chinese guidelines [82] suggested 
using tocilizumab 4–8 mg/kg when treating patients with 
extensive lung disease and severe conditions with elevated 
IL-6 or complications. The Italian Society for Infectious and 
Tropical Diseases does not reject the use of tocilizumab in a 
COVID-19 treatment [83] but recommends to select patients 
who have an initial high viral load, or patients with high IL-6 
levels (> 40 pg/mL), patients with elevated D-dimer, C-reac-
tive protein, ferritin, or fibrinogen levels and those requiring 
mechanical ventilation [83]. However, the National Insti-
tutes of Health (NIH) argued that the evidence was insuf-
ficient to make recommendations for the use of tocilizumab 
in COVID-19 [78]. The World Health Organization (WHO) 
and the Infectious Diseases Society of America (IDSA) rec-
ommend the use of tocilizumab only in the context of clini-
cal trials [84, 85].

A team of researchers from Russia [79] analyzed the use 
of olokizumab in patients with COVID-19. They studied 
the efficacy and safety of Artlegia (olokizumab) in real 
clinical practice. The study included 610 patients aged 
55.08 ± 12.68 years who received only 1 dose of olokizumab 
160 mg/ml—0.4 ml subcutaneously as an anti-inflammatory 
therapy. The comparison group consisted of 511 patients 
aged 55.23 ± 11.23 years who received standard therapy 
without the use of IL-6 inhibitors. As a result, the use of 
olokizumab in COVID-19 demonstrated a positive effect on 
clinical and laboratory parameters. There was a registered 
general condition improvement on the first day of observa-
tion: a decrease in body temperature to normal values. Also, 
the marker of the acute phase of inflammation (C-reactive 
protein) decreased after treatment with IL-6 blockers, which 
indicates their positive effect [79].

When comparing different IL-6 receptor inhibitors used 
in the COVID-19 treatment, it must be said that they have 
different molecular structure. For example, tocilizumab and 
olokizumab were obtained in a humanized way, but levili-
mab has the greatest affinity for humans, and sarilumab has 
the least affinity for humans [54]. The mechanism of action 
of levilimab, tocilizumab, and sarilumab is based on the 
blockade of soluble and membrane IL-6 receptors, whereas 
olokizumab inhibits IL-6 directly, resulting in the sup-
pression of the IL-6-dependent pro-inflammatory cascade. 
Moreover, there is a specific feature of levilimab which is 
a rapid increase in blood concentration (therapeutic values 
are reached by the 2nd day, the maximum by the 4th day), 
and the blockade of 90% of IL-6 membrane receptors occurs 
already in the first hours after the injection of this drug [54].

The COVID-19 pandemic has had a significant impact 
on people with rheumatoid arthritis (RA). Many of 
them are being treated with synthetic disease-modifying 

antirheumatic drugs (DMARDs) [86]. Although DMARDs 
are important in controlling autoimmune disease activity, 
their impact on COVID-19 outcomes in people with RA 
remains unclear. This uncertainty led to unnecessary anxiety, 
social isolation, and discontinuation of DMARD treatment, 
which may result in RA outbreaks [87–89]. The impact of 
DMARDs on COVID-19 outcomes is of particular inter-
est because some of these drugs, such as tocilizumab and 
baricitinib, have been studied as repurposed treatment for 
COVID-19. For example, treatment with interleukin-6 (IL-6) 
inhibitors and baricitinib improved outcomes in some clini-
cal trials among patients with COVID-19 [90–93].

According to a study led by the Rheumatological Alli-
ance Global Registry of Physicians [94], patients who took 
IL-6 blockers as a treatment for autoimmune diseases had 
significantly better disease outcome than patients on other 
immunosuppressive drugs. A total of 2869 people with rheu-
matoid arthritis were analyzed (mean age 56.7 years, 80.8% 
women). Prior to the diagnosis of COVID-19, there were 
237 people taking abatacept, 364 rituximab, 317 IL-6 inhibi-
tors, 563 -anus kinase inhibitors, and 1388 tumor necrosis 
factor inhibitors [95]. People with rheumatoid arthritis who 
used rituximab or Janus kinase (JAK) inhibitors early in 
their COVID-19 disease were more likely to experience poor 
COVID-19 outcomes, ranging from hospitalization to death, 
compared to those using tumor necrosis factor inhibitors. In 
the end, 80 patients (22.0%) among those using rituximab 
required hospitalization with oxygen or ventilation support, 
and 54 (14.8%) died [95–97]. One hundred three patients 
(7.4%) who were taking tumor necrosis factor inhibitors 
required hospitalization and 36 people died (2.6%). Among 
JAK inhibitor users, 86 patients (15.3%) who needed oxy-
gen/ventilation were hospitalized and 40 patients (7.1%) 
died. Only 9 (2.8%) patients who used IL-6 blockers died, 
which proves their best efficacy [94–97].

3.6  Use of IL‑1 Receptor Inhibitors in COVID‑19 
Patients

The pro-inflammatory cytokine interleukin IL-1β is well 
known to play an important role in the development of mac-
rophage activation syndrome (MAS), as it triggers cytokine 
production, including IL-1β itself, activates endothelial acti-
vation with fluid extravasation, and can lead to hypotension 
and even death [98]. Macrophage activation syndrome is 
an acute episode of overwhelming inflammation charac-
terized by the activation and expansion of T lymphocytes 
and hemophagocytic macrophages. In rheumatology, it 
most commonly occurs in patients with systemic juvenile 
idiopathic arthritis (SJIA) and systemic lupus erythemato-
sus [99]. However, there were cases of an increased IL-1 
in patients with COVID-19 [100]. The group of mediators 
that control inflammatory responses to tissue damage during 
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COVID-19 includes IL-1α and IL-1β: IL-1α is released by 
dying epithelial and endothelial cells, while IL-1β is pro-
duced by infiltrating monocytes, macrophages, and neutro-
phils [101]. The main endogenous regulatory mechanism 
preventing excessive IL-1-mediated inflammation is an IL-1 
receptor antagonist [102]. In an ARDS study evaluating 
bronchoalveolar lavage cytokines in patients with COVID-
19, it was shown that IL-1β concentrations reached peak 
levels at the onset of the disease; however, the physiologi-
cal mechanism for dampening the excessive inflammatory 
response in the lung in COVID-19 was ultimately carried out 
by the antagonist IL-1 receptor [103]. Currently, there are 
several drugs blocking IL-1, but the most studied and widely 
used drug is anakinra [49].

Anakinra, a recombinant IL-1 receptor antagonist (IL-
1RA), is currently used in the treatment of patients with RA, 
cryopyrin-associated periodic syndrome, and Still’s disease. 
It was shown to be effective in treating a subset of severe 
patients with bacterial sepsis associated to macrophage acti-
vation syndrome [102]. However, the FDA and the European 
Medicines Agency have already approved anakinra, in the 
treatment of COVID-19, but only in the context of a clinical 
study [49]. It is widely available and may represent a safe 
and controlled way to reduce inflammation in patients with 
COVID-19 [104]. But with the Omicron variant of SARS-
CoV-2, there is no data confirming the use of IL-1 blockers 
as a treatment due to its resistance to monoclonal antibodies 
[49].

Moreover, there is a number of studies [105–107] con-
firming that anakinra may be effective in the treatment of 
COVID-19 patients that show signs of macrophage activa-
tion syndrome, especially those with persistent high fever 
and elevated plasma ferritin levels [108].

In December 2021, the European Medicines Agency 
approved the use of anakinra for the treatment of COVID-19 
in adults with pneumonia who required supplemental oxygen 
(low or high flow oxygen) and were at risk of developing 
severe respiratory failure, determined by blood levels of a 
protein called suPAR (soluble urokinase plasminogen activa-
tor receptor) at least 6 ng per ml [105].

In a study based in Italian hospital, researchers assessed 
the use of anakinra in seriously ill patients with confirmed 
COVID-19. The total number of patients was 594 people: 
the experimental group received 100 mg per day of anakinra 
as an addition to the treatment for 10 days and the control 
group received 100 mg of placebo drug with the standard 
therapy. As a result, it was shown that an early adminis-
tration of anakinra resulted in an improvement in overall 
clinical status in moderate and severe COVID-19 patients 
by 2.78 times and a decrease in 28-day mortality. At the 
same time, the medians of the main laboratory parameters 
of macrophage activation syndrome were as follows: CRP, 
mean (SD)-mg/l, 50.6 (25.3–99.7); IL-6, mean (SD)-pg/

mL, 16.8 (7.0–39.8); and ferritin, mean (SD)-ng/ml, 585.2 
(294.5–1.047.0) [105].

There is a study [106] that evaluated the efficacy of 
anakinra combined with methylprednisolone (a synthetic 
glucocorticoid drug) compared with the standard therapy 
(hydroxychloroquine, an antimalarial drug, azithromycin, a 
semi-synthetic antibiotic, low molecular weight heparin, an 
anticoagulant, and corticosteroids) in COVID-19 patients. 
The total number of patients was 120 with hyperinflamma-
tion syndrome and laboratory parameters: ferritin ≥ 1000 ng/
ml and/or C-reactive protein > 10 mg/dl, including respira-
tory failure due to COVID-19. In this case, the dose of intra-
venous administration of anakinra was 200 mg for 3 days, 
and then 100 mg until the 14th day. After 28 days, the mor-
tality rate was 13.9% in patients who received anakinra and 
methylprednisolone as a treatment and 35.6% in the control 
group. However, there was no significant difference in labo-
ratory parameters [106].

Moreover, there is a study [107] in which patients with 
COVID-19-associated acute respiratory distress syndrome 
(ARDS), treated with anakinra, were retrospectively evalu-
ated and compared with a cohort of control patients who 
did not receive immunomodulatory drugs. The primary end-
point was survival at day 28. The population consisted of 
112 patients (56 received anakinra and 56 were in the control 
group). Survival on the 28th day in the experimental group 
was 61.6% and was significantly higher in patients treated 
with anakinra than in the control group (48.2%). Univariate 
analysis identified the use of anakinra (odds ratio 3.2; 95% 
confidence interval 1.47–7.17) as a significant predictor of 
survival. The frequency of adverse events associated with 
infectious complications was similar between the groups. 
Thus, anakinra improved overall survival rate, invasive ven-
tilation-free survival rate, and was well tolerated by patients 
with ARDS in COVID-19 [107].

Since patients with autoimmune disorders infected with 
the SARS-CoV-2 have a high probability of a severe course 
of the disease and adverse outcomes, they need to be vac-
cinated [109]. In addition, there is data on the use of IL-1 
receptor blockers during COVID-19 vaccination of patients 
with autoimmune diseases [107, 110, 111]. According to 
these studies, the authors highlighted three observations 
supporting the need for IL-1 blockade in patients with auto-
immune rheumatic diseases during COVID-19 vaccination: 
(1) the presence of very high levels of IL-1 caused by the 
disease activity itself; (2) an additional increase in IL-1 in 
patients with COVID-19-associated cytokine storm; (3) 
better survival rates in patients with macrophage activation 
syndrome when treated with anakinra [102, 110, 111]. Simi-
larly, data taken from a registry of children with multisystem 
inflammatory syndrome indicate that neither the underlying 
autoinflammatory disease no ongoing treatment with IL-1 
blockers increase the risk of SARS-CoV-2 infection [109].
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Anakinra, like other IL-1 blocking drugs, is used to treat 
COVID-19 because the rise in IL-1 levels precedes the 
increase in IL-6 levels in mice models of cytokine release 
syndrome, so according to these studies treatment with 
anakinra resulted in a decrease of both cytokines [112–114]. 
Anakinra has several additional advantages: (1) the short 
half-life time of anakinra allows the drug to be quickly with-
drawn from the circulation [49]; (2) opportunistic infections 
in patients treated with anakinra are rare [115, 116].

3.7  Efficacy and Safety of the of the IL‑17 Receptor 
Inhibitors Used in COVID‑19 Patients With 
or Without Autoimmune Diseases

It is known that an increase of IL-17 stimulates the T cell 
response and in turn increases the production of other 
inflammatory mediators: IL-1β, IL-6, TNF-α, growth fac-
tors (G-CSF, GM-CSF). and various chemokines that play 
an important role in development of ARDS and MAS in 
COVID-19 patients [77]. IL-17A (commonly known as 
IL-17) is the best studied member of the IL-17 family 
of cytokines. It is secreted by T helper (Th)-17 lympho-
cytes [117]. In a recently published study by Parackova 
et  al., Th-17 pathway activation was shown in patients 
with COVID-19 [45, 118]. Activation of the Th-17 path-
way and production of IL-17 increased the reproduction of 
neutrophils and prevented their apoptosis, which ultimately 
increased the damage of the lung parenchyma and contrib-
uted to the development of pulmonary edema [77, 119]. In 
addition, it was suggested that IL-17 was involved in the 
development of endothelial dysfunction and thrombophilia 
in COVID-19 patients [120].

In addition, according to the methodological recommen-
dations of the Russian Ministry of Health, netakimab, an 
IL-17 inhibitor, can be used in the treatment of non-severe 
COVID-19 patients [52]. A retrospective case–control study 
was conducted at the Sechenov Moscow Medical University 
and included 171 hospitalized patients with severe COVID-
19. All patients were divided into 2 groups: experimental 
and control. The control group was comparable with the 
experimental group in terms of age, C-reactive protein 
level, oxygenation index ratio (SpO2/FiO), and the NEWS2 
(National Early Warning Score) score. Patients in both study 
groups received standard therapy in the form of hydroxy-
chloroquine (an antimalarial drug), azithromycin (a semi-
synthetic antibiotic), low molecular weight heparin (an anti-
coagulant), and corticosteroids. In the experimental group, 
in addition to the standard therapy, patients also received 
netakimab (Efleira®, Biocad). In this study, administration 
of anti-IL-17 therapy to patients with severe COVID-19 was 
associated with improved clinical and laboratory parameters, 
although no significant effect on clinical outcomes, includ-
ing mortality, was observed [121]. But with the Omicron 

variant of SARS-CoV-2, there is no data confirming the 
use of IL-17 blockers as a treatment due to its resistance to 
monoclonal antibodies [49].

There is not so much information about the outcome of 
COVID-19 in patients with autoimmune diseases receiving 
systemic therapy with IL-17 blockers [122, 123]. However, 
there is a retrospective, multicenter, observational study 
from northern Italy that included patients with chronic 
plaque psoriasis (n = 5206) who received a regular anti-
IL-17 therapy and did not develop severe COVID-19 symp-
toms or died, which indirectly indicates a possible therapeu-
tic effect of IL-17 blockers in the treatment of patients with 
COVID-19 [124].

3.8  Efficacy and Safety of IL‑23 Receptor Inhibitors 
in COVID‑19 Patients with Autoimmune 
Diseases

Similar to IL-17, IL-23 is an important cytokine in the main-
tenance of T helper cells that mediate defense mechanisms 
against pathogens. Although it is not thought to be a central 
cytokine in defense against viral infections, decreased levels 
of IL-23 may contribute to impaired mucosal barrier immu-
nity, leading to an increased risk of respiratory infections 
[123]. Studies showed that Th17 may be involved in severe 
immune damage in COVID-19 patients [124, 125]. IL-23 
inhibitors, through their action on Th17, may play an impor-
tant role in attenuating key cytokines, possibly leading to a 
milder presentation of COVID-19 [119]. Currently, drugs 
specifically targeting IL-23 in the treatment of COVID-19 
have been studied only in isolated cases in the treatment of 
people with psoriasis, who then suffered a coronavirus infec-
tion and had a more favorable course of COVID-19 disease 
[119, 126]. Therefore, there is no reliable data on the treat-
ment of people with the Omicron variant of SARS-CoV-2 
with IL-23 blockers.

A case of a COVID-19 patient with psoriasis who 
received an IL-23 inhibitor in the form of two Guselkumab 
injections was published. Within 2 months of the confirmed 
COVID-19, the patient was successfully cured without any 
complications. The authors concluded that inhibition of 
IL-23 did not have side effects under conditions of COVID-
19 infection [119].

There is also a case of a 37-year-old man with a history 
of psoriasis who was hospitalized to the emergency depart-
ment with a positive SARS-CoV-2 PCR test. He received 
risankizumab treatment for 4 months. The patient was dis-
charged after 1 week without any complications, and after 
2 weeks he fully recovered. According to the recommended 
dosing schedule for risankizumab (every 12 weeks after the 
initial loading dose at weeks 0 and 4), the patient received 
his next dose in April and experienced no adverse effects 
thereafter [126].
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3.9  Efficacy and Safety of TNF‑α Inhibitors 
in COVID‑19 Patients With or Without 
Autoimmune Diseases

An animal study led by Karki R et al. showed that only the 
combination of TNF-α and IFN-γ induced inflammatory cell 
death characterized by panoptosis. Panoptosis is defined as 
an innate immune inflammatory programmed cell death 
pathway dependent on panoptosomes [127]. Panoptosomes 
are caspase-containing complexes [128]. TNF-α and IFN-γ 
caused a lethal effect due to the development of a cytokine 
storm in mice that reflected tissue damage and inflamma-
tion in COVID-19. Treatment with neutralizing antibodies 
against TNF-α and IFN-γ protected mice from mortality 
during SARS-CoV-2 infection, sepsis, hemophagocytic 
lymphohistiocytosis (an excessive activation of cytotoxic 
lymphocytes leading to functional tissue failure), and 
cytokine storm. The authors found that in a mice model of 
SARS-CoV-2, administration of a combination of anti-TNF 
and IFN-γ neutralizing antibodies increased survival from 
≈14% to 50%. The authors concluded that blockade of these 
cytokines together or separately could prevent development 
of a severe COVID-19 [129]. Since TNF-α inhibitors are 
only being studied and are not included in the FDA clinical 
recommendations, their use in the omicron variant is also 
not reliably confirmed.

There are large studies databases on the use of TNF-α 
inhibitors in patients with COVID-19: there are 3 large reg-
istries, such as the Global Rheumatology Alliance (GRA), 
PsoProtect, and the Inflammatory Bowel Disease Registry 
(SECURE-IBD), which collected data on patients diagnosed 
with COVID-19 and immune-mediated inflammatory dis-
eases treated with TNF-α inhibitors [130–132].

A registry called the Global Rheumatology Alliance 
(GRA) collected information from clinicians about patients 
with RA, diagnosed with COVID-19. Patients with an under-
lying rheumatic disease, who were treated with TNF-α inhib-
itors had a significantly lower odds of COVID-19-related 
hospitalization compared with no therapy (adjusted odds 
ratio [OR] 0.40, 95% confidence interval [CI] 0.19–0.81) 
[130].

The PsoProtect registry included clinically reported cases 
of SARS-CoV-2 infection in people with psoriasis. Patients 
who refused treatment with TNF-α inhibitors had a signifi-
cantly higher chance of hospitalization (RR 2.84, 95% CI 
1.31–6.18), reflecting the results of the GRA registry [131].

In the Inf lammatory Bowel Disease Registry 
(SECURE-IBD) [133], there was no significant asso-
ciation with the use of TNF-α inhibitors (compared to 
no use) for the primary outcome of severe COVID-19, 
defined as the pool of admission to the intensive care 
unit, ventilator use and/or death (adjusted OR 0.9, 95% 
CI 0.4–2.2). However, drug use was inversely associated 

with a secondary outcome of hospitalization or death 
(adjusted RR 0.60, 95% CI 0.38–0.96), consistent with 
the other two registries [133, 134].

According to the study led by Stallmach et al., which ret-
rospectively studied seven patients with severe COVID-19 
but without any underlying immune-mediated inflammatory 
disease, patients received a single dose of infliximab 5 mg/
kg 0 to 3 days after hospitalization. As a result, a drop in the 
level of pro-inflammatory cytokines was observed during the 
first 10 days after taking infliximab. And only 1 patient out 
of 7 died, but the authors noted that he was from an older 
age group [135].

3.10  The Effect of Genetically Engineered Cytokine 
Storm Suppressing Drugs on Vaccination 
Against COVID‑19

There are several COVID-19 vaccines approved by WHO 
for use (subject to the emergency use list) [49]. The humoral 
immune response caused by the vaccine, especially those 
associated with the production of neutralizing antibodies, 
are crucial for limiting infection and preventing reinfection. 
Therefore, their use is justified. But at the same time, the 
vaccine against SARS-Cov-2 can lead to cytokine storm syn-
drome in some vaccinated people. So, scientists from the 
USA [136] studied the level of interleukins in 33 monkeys 
and 200 mice that were vaccinated and found that these ani-
mals were able to fight the virus well, which led to the rapid 
removal of the virus from their lungs, with the exception 
of two monkeys and 9 mice. These two monkeys, together 
with mice, had cytokine storm syndrome in the lungs. This 
result is extremely important for human vaccination. This 
syndrome was acute in one of the monkeys and in 4 mice. 
Two animals showed elevated plasma levels of IL-6 com-
pared to baseline levels [136].

The first goal of all alternative vaccines against SARS-
CoV-2 is to strengthen the immune system as much as pos-
sible, with often two vaccinations to create a strong immu-
nization against COVID-19. It was, however, reported to 
worsen the cytokine syndrome. Therefore, it may be useful 
to use interleukin blockers when vaccinating people; alter-
natively, it might be helpful to develop a “smart” vaccine 
against SARS-Cov-2, which can deliver only the necessary 
dose of the virus to different people so as not to cause a 
cytokine storm.

As for people with autoimmune diseases receiving anti-
cytokine therapy who require mandatory vaccination against 
COVID-19, there are several opinions. The most commonly 
accepted opinion is that the effectiveness of the COVID-19 
vaccine will be lower in patients receiving interleukin block-
ers; however, limited data show that patients with chronic 
rheumatic diseases under immunosuppression develop ade-
quate levels of antibody responses. With patients’ consent, 
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vaccination can be recommended even without interrupting 
anti-cytokine therapy, especially in people with continuing 
high disease activity in order to avoid its relapses [137, 138].

4  Conclusion

In conclusion, monoclonal antibodies against IL-6, IL-1, 
IL-17, IL-23, and TNF-α receptors may reduce mortality 
rate in people with COVID-19 and are a promising addition 
to COVID-19 treatment. Moreover, they do not have strong 
side effects and are not associated with a severe course of 
the disease.

IL-6 inhibitors are currently the most studied GEDs; they 
are also included in the standards of pathogenetic treatment 
of cytokine release syndrome in COVID-19 in many coun-
tries (USA, Italy, China, and Russia). Therapy that is car-
ried out in advance and includes IL-6 inhibitors provides 
inhibition of systemic inflammation and contributes to the 
suppression of cytotoxic shock syndrome and is also aimed 
at reducing the risk of multiple organ failure and death. Cur-
rently, the only monoclonal antibody used to treat patients 
infected with the new strain of SARS-CoV-2 Omicron BA.2 
is bebtelovimab; the other monoclonal bodies have not 
shown their effectiveness.

Less studied are monoclonal antibodies against IL-1, 
IL-17, IL-23, and TNF-α receptors. However, recent system-
atic reviews and meta-analyses do not describe the negative 
effects of using these drugs in patients with severe COVID-
19 or in people with autoimmune diseases. There is still no 
consensus on the timing, dosage, and applicability of these 
drugs to the world population, which requires further study.

Also, based on the analyzed data regarding patients who 
have previously been treated with monoclonal antibodies 
due to autoimmune diseases, it can be concluded that no side 
effects or aggravation of the disease were observed, moreo-
ver, it is not recommended to stop taking these drugs, as they 
can become a warning cytokine storm therapy (Table 1).
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