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Abstract
Studies have shown that SARS-CoV-2 has the ability to activate and mature proinflammatory cytokines in the body. Cytokine 
markers are a group of polypeptide signalling molecules that can induce and regulate many cellular biological processes by 
stimulating cell receptors at the surface. SARS-CoV-2 has been shown to be associated with activation of innate immunity, 
and an increase in neutrophils, mononuclear phagocytes, and natural killer cells has been observed, as well as a decrease 
in T cells including CD4+ and CD8. It is noteworthy that during the SARS-CoV-2 infection, an increase in the secretion or 
production of IL-6 and IL-8 is seen in COVID-19 patients along with a decrease in CD4+ and CD8+ and T cells in general. 
SARS-CoV-2 has been shown to significantly increase Th2, Th1/Th17 cells and antibody production in the body of patients 
with COVID-19. Specific immune profiles of SARS-CoV-2 infection can lead to secondary infections and dysfunction of 
various organs in the body. It has been shown that Interleukins (such as IL-1, IL-4, IL-6, IL-7, IL-10, IL-12, IL-17, and 
IL-18), IFN-γ, TNF-α,TGF-β and NF-κB play major roles in the body’s inflammatory response to SARS-CoV-2 infection. 
The most important goal of this review is to study the role of inflammatory cytokines in COVID-19.

Keywords COVID-19 · Cytokines · Inflammatory response

History of COVID‑19

Huang et al. (2020) and Fajgenbaum and June (2020) exam-
ined and analysed the clinical manifestations of patients with 
SARS-CoV-2 and found in their studies that the prognosis 
for individuals with COVID-19 is associated with high con-
centrations of inflammatory agents. Another similar study 
found that serious patients with COVID-19 had high levels 
of neutrophils and low lymphocyte concentrations, which 
caused a cytokine storm in these patients. This inverse corre-
lation between the numbers of neutrophils versus the number 
of lymphocytes may be characteristic of an acute systemic 
inflammation in patients (Qin et al. 2020). Cytokine mark-
ers are a group of polypeptide signalling molecules that can 
induce and regulate many cellular biological processes by 
stimulating cell receptors at the surface (Bartee and McFad-
den 2013). Primary and important cytokines include those 
that can play an important role in the types of adaptive 

immunity, proinflammatory cytokines, and interleukins 
and anti-inflammatory cytokines. However, host cells may 
secrete cytokines that can induce processes in the body as a 
defence response to cell metabolism (O'Neill 2015; Vabret 
et al. 2020). Studies have shown that SARS-CoV-2 infection 
has the ability to induce specific and disparate inflammatory 
responses in the body. Research has shown that an inappro-
priate immune response most often occurs in patients with 
certain diseases or other diseases such as diabetes, heart, and 
kidney disease. This condition increases the virus’ ability 
to multiply and, in turn, increases its associated side effects 
(Blanco-Melo et al. 2020).

IL‑1

Interleukin-1 has been shown to play a major role in the 
body’s inflammatory response to infection (Turner et al. 
2014), while active macrophages and monocytes are its main 
sources (Borne et al. 1997). The IL-1 family, which includes 
IL-1α, IL-1β, and IL-18, plays an important and central role 
in the regulation of immune or inflammatory responses, 
including infectious or non-infectious inflammations in the 
body. It has been shown that upon initiation of inflammation, 
the enzyme caspase-1 can convert pro-interleukin-1 beta to 
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IL-1β and also to pro-interleukin-18 to IL-18 (Dinarello and 
Meer 2013). Studies have shown to some extent that SARS-
CoV-2 has the ability to activate and mature IL-1β, which 
in turn can trigger the activation of other proinflammatory 
cytokines in the body (Siu et al. 2019; Nieto-Torres et al. 
2014; DeDiego et al. 2014). Hence, IL-1β forms part of the 
cytokine storm produced by coronavirus infections (Chu 
et al. 2016; Conti et al. 2020). SARS-CoV-2, in addition to 
activating the cytokine storm, can cause pyroptosis, which 
is a form of cell death associated with inflammation. This 
type of cell death is associated with activation of proinflam-
matory signals. Interestingly, one of the main characteristics 
of pyroptosis is the need to activate caspase-1, and cells 
with this type of cell death are also able to release more 
IL-1β and IL-18 (Ferreira et al. 2021). Studies have shown 
that patients with COVID-19 are associated with high lev-
els of SARS-induced interleukin-1 beta, complications of 
intravascular coagulation, or excessive coagulation in their 
body with levels of 1-beta interleukin (Zhang et al. 2020b). 
In diseases such as rheumatoid arthritis, Anakinra is used 
as an interleukin-1 receptor antagonist to treat and prevent 
cytokine storms caused by it (Miettunen et al. 2011; Ye et al. 
2020). Anakinra has been shown to inhibit the activity of 
IL-1α and IL-1β by antagonising the receptor (Cavalli and 
Dinarello 2015). In patients with COVID-19 who showed 
severe inflammation, mortality was significantly reduced by 
inhibiting the activity of interleukin-1 (Cavalli et al. 2021). 
Studies have shown that taking a high dose of Anakinra in 
a completely safe manner can increase the efficiency of res-
piratory function in COVID-19 patients (Cavalli et al. 2020). 
On the other hand, another study showed that taking Anak-
inra with complete safety and without side effects reduces 
mortality in COVID-19 patients or requires mechanical ven-
tilation (Huet et al. 2020). Canakinumab, like Anakinra, is 
an interleukin-1 antagonist shown to have anti-inflammatory 
effects with long-lasting effects (Dinarello and Meer 2013).

IL‑4

Another proinflammatory cytokine that activates its receptor, 
causing cellular interactions, is interleukin-4) IL-4(, which 
has been shown to utilise Janus kinase (JAKs). It is important 
to note that different signalling pathways that play an impor-
tant role in regulating cell proliferation have been shown to 
be activated by IL-4 (Jiang et al. 2000). Various important 
cytokines that may be secreted by proinflammatory mono-
cytes, inhibiting the cytotoxic activity of macrophages and 
even producing nitric oxide are inhibited by activation of 
interleukin (Renu et al. 2020a; Opal and DePalo 2000). The 
secretion and activation of IL-4, and ultimately the stimu-
lation of the IL-4 receptor, inhibits the secretion of other 
inflammatory cytokines, including TNF-α, IL-1, and PGE 2, 
as well as increasing LDL oxidation and ultimately reducing 

inflammation (Bhattacharjee et al. 2013). On the other hand, 
IL-4 can well activate JAK-STAT, one of the side effects of 
which is induction of infertility disorders in men, and it has 
also been shown that this interleukin is activated by Th2 
cells and induces apoptosis by stimulating the STAT signal-
ling pathway (Renu et al. 2020a). Studies and evidence at 
the time of SARS-CoV-2 has been shown to significantly 
increase Th2, Th1/Th17 cells and antibody production in 
the body of patients with COVID-19 and however, if Th2 
levels were elevated, patients should receive intensive care 
(Renu et al. 2020b). In summary, during COVID-19 disease, 
one of the pathways of inflammation in the body is that the 
virus increases apoptotic activity by inducing the activity of 
the JAK-STAT6 signalling pathway by increasing Th2 and 
IL-4 cells, and this can Justify one of the complications of 
this disease, which is infertility in men (Renu et al. 2020a).

IL‑6

SARS-CoV-2 has been shown to be associated with acti-
vation of innate immunity, and an increase in neutrophils, 
mononuclear phagocytes, and natural killer cells has 
been observed, as well as a decrease in T cells including 
CD4 + and CD8. It is noteworthy that during the SARS-
CoV-2 infection, an increase in the secretion or produc-
tion of IL-6 and IL-8 is seen in COVID-19 patients along 
with a decrease in CD4+ and CD8+ and T cells in general 
(Zhang et al. 2020a; Rabaan et al. 2021). Studies by Ruan 
et al. have shown that IL-6 and ferritin levels were higher 
in patients who lost their lives due to COVID-19 than in 
patients who recovered (Ruan et al. 2020). Studies have 
shown that increasing the secretion and activity of IL-6 in 
the bloodstream can increase blood pressure and subsequent 
complications (Furuya et al. 2010). Studies show that people 
with high blood pressure as well as high levels of interleu-
kin-6 and COVID-19 have a very high risk of developing 
severe respiratory failure (Zheng et al. 2020). In addition 
to the previous study, it was found that severe lung dam-
age can be caused by an overproduction of IL-6 produc-
tion (Zhang et al. 2004). However, one of the most exciting 
tasks in treating cytokine storms in patients with COVID-19 
can be to inhibit the IL-6 receptor using tocilizumab to pre-
vent serious complications from SARS-CoV-2 (Pelaia et al. 
2021). The administration of IL-6 receptor blockers is one 
of the best-suggested treatments for COVID-19, which can 
be very promising (Zhang et al. 2020c). Various studies have 
shown that tocilizumab can be effective in treating SARS-
CoV-2 patients and reducing its complications by inhibiting 
interleukin-6 receptors in patients with COVID-19 (Colaneri 
et al. 2020; Ramaswamy et al. 2020; Morena et al. 2020). 
In clinical trials of a large number of patients with COVID-
19, which were associated with severe pneumonia with 
severe inflammatory effects, it was found that tocilizumab 



COVID-19 and the role of cytokines in this disease  

1 3

administration accelerated the recovery of patients with a 
rapid and significant response (Toniati et al. 2020). Another 
study in Italy found that tocilizumab reduced mortality com-
pared to expectations in COVID-19 patients (Perrone et al. 
2020). By collecting various data from clinical trials, prom-
ising reports of reduced mortality or reduced side effects of 
COVID-19 have been published in various patients. This 
showed that inhibition of interleukin 6 receptor can play an 
effective role in the treatment of these patients (Luo et al. 
2020; Gupta et al. 2021). Considering that tocilizumab can 
be one of the most important treatment options in critically 
ill patients with high levels of interleukin 6, it can be used 
to treat these patients effectively (Luo et al. 2020). Finally, 
interleukin-6 antagonist drugs can be used either as a single 
drug or in combination with other drugs such as antiviral 
drugs, and the effects of these combination therapies can be 
investigated (Ascierto et al. 2021).

IL‑7

Interleukin-7 (IL-7) is a cytokine produced by stromal 
cells that plays an important role in the survival or main-
tenance of T cells in the body (ElKassar and Gress 2010; 
Al-Rawi et al. 2003). By stimulating its specific receptors, 
interleukin 7 can increase the amount of proteins that are 
anti-apoptotic and prevent memory CD4 + T cell apoptosis 
(Chetoui et al. 2010). In some diseases, including chronic 
HIV-1, interleukin-7 levels rise and IL-7Ra expression 
and activity decrease, which is due to the high activity 
of interleukin-7 (Huet et al. 2020), However, the progres-
sion of the disease is associated with an increase in the 
plasma level of interleukin-7 (Park et al. 2004). However, 
by increasing and strengthening IL-7-dependent lympho-
cytes, the activity of antiviral factors in the body can be 
increased (Francois et al. 2018). But in Corona, a study 
in Switzerland found that patients with SARS-CoV-2 lost 
their T cells and had impaired antiviral activity in their 
bodies (Adamo et al. 2021). Serum IL-7 levels were also 
shown to be significantly increased in patients with severe 
COVID-19, whereas in patients with milder symptoms 
this was not the case (Adamo et al. 2021). Importantly, 
IL-7 production is usually constant and controlled by T 
cells, and when the number of T cells decreases, serum 
IL-7 levels increase (Kim et al. 2011; Martin et al. 2017). 
On the other hand, patients with SARS-CoV-2 have been 
identified with innate lymphoid cell abnormalities (García 
et al. 2020), which can be associated with interleukin-7 
signalling pathway disorders and its receptor (Sheikh and 
Abraham 2019). Researchers have shown experimentally 
that a vaccine combined with interleukin-7 can produce 
more antibody levels in the body by activating and spread-
ing T and B cells. Interestingly, administration of anti-IL-7 
drugs significantly reduces B cells and ultimately reduces 

antibody production in the body (Seo et al. 2014). The 
use of IL-7 as an adjunct drug in the treatment of various 
diseases has been shown to have many benefits and mini-
mal side effects. It has been suggested that IL-7 can be 
used as a drug, vaccine, or even a biomarker in the treat-
ment of patients with COVID-19, and that future studies 
may clarify this therapeutic role for IL-7 (Bekele et al. 
2021). Laterre PF et al. showed that IL-7 administration in 
patients with severe COVID-19 deficiency can be associ-
ated with increased lymphocytes and increased recovery 
without increasing the rate of inflammation, infection, or 
lung damage (Laterre et al. 2020).

IL‑10

Studies have shown that serum levels of interleukin-10 
(IL-10) in the cytokine storm in patients with COVID-19 
infection increase significantly (Huang et al. 2020; Zhao 
et al. 2020; Wang et al. 2020). It has also been shown 
that COVID-19 patients admitted to the intensive care 
unit (ICU) have significantly more elevated serum lev-
els of interleukin-10 than other non-ICU patients (Huang 
et al. 2020; Diao et al. 2020). A study of 2157 patients 
in various studies found that interleukin-10 is one of the 
most important criteria for identifying the severity of the 
disease and predicting the course of the disease in people 
with COVID-19 (Dhar et al. 2020). Importantly, elevated 
serum interleukin-10 levels in patients with COVID-19 
infection can be both an anti-inflammatory mechanism 
and an immunosuppressive biomarker (Zhao et al. 2020; 
Diao et al. 2020). Studies have shown that recombinant 
IL-10 can be used with anti-fibrotic activity as well as 
modulating immune-regulating functions in patients with 
COVID-19 (Lu et al. 2021). Several studies have shown 
that the production and increase of IL-10 during COVID-
19 can play a detrimental pathological role in this period 
(Lu et al. 2021). Evidence has shown that in the early 
stages of COVID-19 and before the increase in other 
cytokines, the amount of interleukin-10 increases (Zhao 
et al. 2020). On the other hand, in patients with severe 
COVID-19, the expression of bacterial DNA and LPS, 
which are important pathological markers and activators of 
inflammation, have been shown to increase (Arunachalam 
et al. 2020). On the one hand, increased gene expression 
in macrophages, which may be due to LPS, is inhibited by 
IL-10 (Murray 2006). On the other, the increase in the effi-
ciency of inflammatory responses induced by LPS occurs 
with increasing IL-10 concentration (Lauw et al. 2000), 
and finally, these are the cases can support the hypothesis 
that a combination of high concentrations of IL-10 and 
bacterial derivatives ultimately increases inflammation in 
patients with SARS-CoV-2.
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IL‑12

Another important cytokine secreted mainly by macrophages 
and dendritic cells is interleukin-12, which has two impor-
tant subunits, including IL-12p35 and IL-12p40. Interleu-
kin-12 can activate IFN-γ secretion in the body through CD4 
T cells (King and Segal 2005). IL-12 has been shown to 
inhibit the replication of viruses by increasing and inducing 
IFN-γ activity, and can increase the quality of the CD8 + T 
cell response (Costela-Ruiz et al. 2020). This type of inter-
leukin acts on its receptor (IL-12R) after being secreted 
against stimuli such as microbial or viral derivatives. One 
thing to keep in mind is that it has been shown that these 
receptors are usually expressed by certain cells, including 
T and NK cells, and it has also been shown to increase the 
serum concentration of this interleukin in patients with high 
COVID-19 infection (Young et al. 2021; Liu et al. 2021). 
The p35 and p40 subunits incorporate the structure of IL-12 
and the induction of IL-12 production, and secretion is asso-
ciated with virus entry into the cell and it rapidly induces 
the gene expression of IL-12. In addition, the next impor-
tant point, this interleukin has the ability to establish links 
between innate and adaptive immune responses (Coutelier 
et al. 1995; Barna et al. 1996; Kanangat et al. 1996; Guo 
et al. 2019). Studies in patients with COVID-19 have shown 
that serum titters of interleukin-12 are increased (Huang 
et al. 2020; Chen et al. 2020a, 2020b) and in other infec-
tions similar to the coronavirus, such as SARS-CoV, this 
increase in serum interleukin-12 has been observed (Wong 
et al. 2004). It has been suggested that due to its inhibi-
tory effect on mesenchymal stem cells against IL-12, IFN-γ 
and TNF-α, it can be used to treat COVID-19 infections 
(Costela-Ruiz et al. 2020).

IL‑17

Another important interleukin, which plays a key role in 
adaptive immunity and inflammatory responses in the body 
during infection and is produced by Th17 cells, is IL-17 
(Robins et al. 2021). IL-17A and IL-17F are important com-
ponents of the IL-17 cytokine family that, as mentioned, 
can be expressed by Th17 cells (Brevi et al. 2020). Studies 
have shown that IL-17 can have protective and pathological 
effects in the body (Amatya et al. 2017). Studies in patients 
have shown that IL-17 can be a therapeutic indicator for 
reducing complications, especially pulmonary complica-
tions in patients with COVID-19 (Pacha et al. 2020). Sev-
eral studies have shown that increased neutrophil infiltration 
into the lungs is associated with increased IL-17 titters and 
ultimately pathological complications (Wiche Salinas et al. 
2020; Mikacenic et al. 2016; Muir et al. 2016). Researchers 
have found that activation of the IL-17A signalling path-
way is closely related to an increase in the severity of viral 

respiratory infections and ultimately inflammatory side 
effects (Mangodt et al. 2015). Studies have shown that baric-
itinib has the potential to inhibit the release of viral specific 
cytokines in blood samples taken from patients with SARS-
CoV-2 (Petrone et al. 2021). Baricitinib, under the brand 
name Olumiant, is a drug used to treat autoimmune and 
inflammatory diseases and its mechanism of action is a Janus 
kinase (JAK) 1/2 inhibitor (Assadiasl et al. 2021). Fedratinib 
is another drug that, by inhibiting the Janus kinase 2 pathway 
and ultimately reducing Th17 pathway activity, has the abil-
ity to control cytokine storms as well as improve COVID-19 
side effects and ultimately increase survival in patients with 
SARS-CoV-2 infection (Wu and Yang 2020). Other drugs, 
including ruxolitinib, have been shown to have the potential 
to reduce cytokine storm activity, increase oxygen delivery, 
and reduce COVID-19 complications in patients with SARS-
CoV-2 infection (Goker Bagca and Biray 2020; Yeleswaram 
et al. 2020; Avdeev et al. 2021).

IL‑18

Another large family of interleukins is interleukin-18, which 
has been shown to have an important ability in the body 
against infections (Yasuda et al. 2019). Various cells of the 
gastrointestinal tract, including cells of the intestinal nerv-
ous system or intestinal epithelium, are able to make and 
secrete interleukin (IL)-18 in the body (Stadnyk 2002; Edgar 
2010), and However, studies have shown that IL-18 titters 
in patients with SARS-CoV-2 infection are elevated and are 
associated with the severity of COVID-19 (Rognes et al. 
2016; Lucas et al. 2020). The researchers found that there 
was a specific link between IL-18 and NK cells, γδ T cells, 
and CD4+ and CD8+ T cells, which could induce and acti-
vate innate and adaptive T cells and This ability may be due 
to increased IL-18 receptor response and signalling pathway 
(Cox et al. 2013; Nakanishi 2018; Tsai et al. 2015). The 
findings indicate that an increase in IL-18 levels as well as a 
response to its signalling pathway and an increase in T cells 
during SARS-CoV-2 infection may indicate the occurrence 
or increase in COVID-19 side effects and according to what 
has been said, the role of anti-interleukin-18 therapies for 
this disease can be considered (Yasuda et al. 2019; McKie 
et al. 2016). It should be noted that when a viral infection 
occurs in the body, the secretion of IL-18 triggers the pro-
duction of ferritin, which well justifies hyperferritinemia 
during viral infections with these explanations, it is possible 
to understand the relationship between interleukin-18 and 
hyperferritinemia and cytokine storms during patients with 
COVID-19 infection (Slaats et al. 2016). Anakinra is one of 
the most important drugs that can indirectly inhibit the pro-
duction of IL-18 by inhibiting the expression of caspase-1 
(Slaats et al. 2016). Studies have shown that Anakinra can 
safely reduce severe respiratory failure, acute hypoxemia and 
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ultimately reduce mortality in COVID-19 patients (Kyriazo-
poulou et al. 2021a, 2021b; King et al. 2020; Navarro-Millán 
et al. 2020).

IFN‑γ

IFN-γ is another important cytokine that can be made and 
secreted by NK cells and T lymphocytes and plays an impor-
tant role in the body's immunity (Robinson et al. 2010). The 
cytokine IFN-γ is one of the important cytokines that is 
important and vital for the body's defence against viruses. 
It has been shown that this cytokine, when the virus enters 
the body, inhibits the replication of the virus on the one 
hand and increases the cytotoxic T lymphocyte killing activ-
ity in the body on the other hand (Levy and García-Sastre 
2001). Various studies have shown that T and NK cells 
reduce IFN-γ expression in the body when the patient has 
immunodeficiency disorders (Chen et al. 2020c). During 
SARS-CoV-2 infection and in various studies of patients, it 
was found that the level of T cells was lower than normal. 
But another study found the opposite, showing that IFN-γ-
producing T cell levels were higher than in healthy people 
(Biasi et al. 2020). Studies in patients have shown that the 
level of IFN-γ has increased in children with COVID-19, 
which has not been high compared to adults with COVID-
19, this indicates that COVID-19 infection is not severe in 
children with the disease (Xiong et al. 2020). During SARS-
CoV-2 infection-related cytokine storms, IFN-γ irregulari-
ties are visible and cell transcripts are seen with overexpres-
sion of the COVID-19-related gene (Gadotti et al. 2020).

TNF‑α

TNF-α is one of the most important cytokines in the body, 
which can be made or secreted by different types of immune 
cells, including monocytes, lymphocytes, fibroblasts, etc. 
(Grivennikov et al. 2005; Tay et al. 2020). TNF-α has been 
shown to have different receptors, and TNF1 receptors are 
expressed and scattered almost throughout the body, indi-
cating different functions. However, TNF2 receptor expres-
sion is restricted in T cells or other lymphocytes and can 
signal NFκB, and it has also been shown to lack inducing 
inherent cell death in the body (Ware et al. 1991; Wicovsky 
et al. 2009). During the course of SARS-CoV-2 infection, 
studies have shown that sTNFR1 expression is increased in 
patients with COVID-19 (McElvaney et al. 2020) and, on 
the other hand, studies have shown that serum TNF-α levels 
in these patients are increased and associated with increased 
disease severity (Qin et al. 2020; Huang et al. 2020; Chen 
et al. 2020c). Zhang et al. proposed that the administration of 
certolizumab, an anti-TNF-α antibody, might have beneficial 
effects on patients with COVID-19 (Zhang et al. 2020d). 
A recent study in a clinical trial showed that umbilical 

cord mesenchymal stem cells reduced their inflammation 
in patients with COVID-19 with acute respiratory distress 
syndrome by acting on the sTNF2 receptor (Kouroupis et al. 
2021) and it has also been shown that TNFR2 has strong 
anti-inflammatory and protective effects on the skin and 
nerves (Medler and Wajant 2019).

TGF‑β

TGF-β, another family of cytokines that has a wide range of 
activities in the body, including the induction of low-grade 
fever (Matsumura et al. 2007). Complications of TGF-β 
secretion in patients with SARS-CoV-2 infection can include 
induction of interstitial lung change, increased pulmonary 
secretion, sputum, dry cough, bronchial asthma and finally 
inhibition of normal respiration (Costela-Ruiz et al. 2020; 
Shen et al. 2021). In addition, based on analyses performed, 
it has been seen that this cytokine can reduce the recovery of 
the disease in the body by suppressing and inhibiting immu-
nity in the body (Sheng et al. 2015). During the outbreak of 
SARS-CoV-2 infection, examination of TGFβ titter showed 
that the serum level of this cytokine increased in patients and 
in turn, inhibited the activity of the immune system of these 
patients (Ferreira-Gomes et al. 2020). Researchers have 
shown that activating the bone morphogenetic protein sig-
nalling pathway can counteract the effects or complications 
of TGF-β in patients with COVID-19, such as inflammatory 
processes, pulmonary fibrosis, and apoptosis (Carlson et al. 
2020; Chen 2020).

NF‑kappa B

The cytokine NF-kB is another important cytokine that can 
induce transcription of various genes associated with inflam-
mation (Lawrence 2009). High levels of TNF-α and TNF1 
receptor activation have been shown to increase abnormal 
NF-κB activity, which can lead to pulmonary oedema and 
pneumonia in patients (Mozafari et al. 2020; Quickelberghe 
et al. 2018; Kircheis et al. 2020). Cytokines such as TNF-α 
and IL1β have also been shown to activate granulocyte col-
ony-stimulating factor (G-CSF) via the NF-κB signalling 
pathway and, studies have shown that G-CSF administra-
tion may have dangerous pulmonary side effects for patients 
with COVID (Cao et al. 2014; Nawar et al. 2020; Taha et al. 
2020). Studies show that the progression of inflammation 
in COVID-19 patients may be related to the amount of 
G-CSF and GM-CSF (Huang et al. 2020; Zhu et al. 2020). 
Considering the role of NF-kB signalling pathway and its 
inflammatory processes, by inhibiting NF-kB, beneficial 
and therapeutic effects can be considered in patients with 
SARS-CoV-2 infection (Davies et al. 2021). By inhibiting 
the NF-κB signalling pathway in laboratory animals with 
SARS-CoV infection, it was determined that this cytokine 
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could play an important role in inducing inflammation and 
infection (DeDiego et al. 2014). Studies have shown that 
modulating immunity at the level of NF-κB activation and 
NF-κB degradation inhibitors (IκB) can well reduce the level 
of cytokine storm and its effects and established a potential 
and effective therapeutic role in patients with SARS-CoV-2 
infection (Hariharan et al. 2021). Studies have shown that 
taking cromolyn, an NF-κB inhibitor, can reduce inflamma-
tion in patients with SARS-CoV-2 infection (Mahase 2020; 
Yousefi et al. 2021). Various studies have shown that cro-
molyn has high anti-tumour and anti-inflammatory effects 
and can attenuate the production of inflammatory cytokines 
mediated by NF-κB (Sinniah et al. 2017). Viroporins are ion 
channels in viruses, which have been shown to depend on 
the level of viral infections and their proliferation in corona-
viruses, and cromolyn and nonsteroidal anti-inflammatory 
drugs (such as diclofenac) can show their anti-inflammatory 
effects by blocking this canal (Prasher et al. 2021; Wang 
et al. 2011; Ramalingam et al. 2018; Castaño-Rodriguez 
et al. 2018). In addition to the above, several experiments 
have shown that salicylates can also inhibit the NF-κB sig-
nalling pathway and ultimately reduce inflammation (Gold-
fine et al. 2008). In addition, in another study, researchers 
examined the anti-inflammatory role of salicylates and the 
progression of coronary plaque and its volume (Hauser et al. 
2016). Studies have shown that acetylsalicylic acid attenu-
ates the activation of inflammatory cytokines dependent on 
the NF-κB signalling pathway and, on the other hand, can 
improve respiratory function in patients with SARS-CoV-2 
infection (Taha et al. 2020; Alegbeleye et al. 2020). Con-
sidering the effects of salicylates in various studies, in a 
large clinical trial, its effects in reducing various inflam-
matory cytokines caused by cytokine storm and therapeutic 
effects in COVID-19 can be investigated. Finally, various 
drugs, including Kaletra, have been shown to be able to 
treat patients with SARS-CoV-2 infection by inhibiting the 
NF-κB signalling pathway (Kariya et al. 2014; Dewan et al. 
2009).

Conclusion

Patients with SARS-CoV-2 infection have high levels of 
various cytokines that can be identified as an indicator of 
disease progression and a therapeutic goal. Specific immune 
profiles of SARS-CoV-2 infection can lead to secondary 
infections and dysfunction of various organs in the body. 
Therefore, understanding the role of different cytokines 
in inducing infection and inflammation in patients with 
COVID-19 may reveal effective treatment strategies. In 
addition to the above, in the field of drug and treatment, 
more activities should be done to find a solution to control 

and replicate the COVID-19 virus and ultimately reduce its 
side effects.
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