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ABSTRACT
The emergent outbreak of coronavirus disease 2019 (COVID-19) is a global health problem and has been recognized 
as a pandemic. Although COVID-19 leads to mild flu-like symptoms in most patients, the disease may cause frequently 
fatal, severe complications, such as acute respiratory distress syndrome and cytokine release syndrome. In these pati-
ents, defects in lymphocytic cytolytic activity trigger the proinflammatory cytokine cascade, and then “cytokine storm” 
begins. As a result, it leads to uncontrolled active macrophage entry into the tissues and hemophagocytosis. Here, the 
responses of host cells, cytokine release syndrome and the therapeutic approaches to alleviate the cytokine storm in 
COVID-19 will be reviewed.
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ÖZ
Yeni ortaya çıkan coronavirus hastalığı 2019 (COVID-19) küresel bir sağlık sorunudur ve pandemi olarak kabul edilmiştir. 
COVID-19, hastaların çoğunda hafif grip benzeri semptomlara yol açmasına rağmen, hastalık akut solunum sıkıntısı 
sendromu ve sitokin salınım sendromu gibi sıklıkla ölümcül, ciddi komplikasyonlara neden olabilir. Bu hastalarda lenfositik 
sitolitik aktivitedeki defektler proinflamatuar sitokin kaskadını tetiklemekte ve “sitokin fırtınasını” başlatmaktadır. Sonuç 
olarak, dokulara kontrolsüz aktif makrofaj girişine ve hemofagositoza yol açmaktadır. Burada, COVID-19’da konakçı 
hücrelerin yanıtları, sitokin salınım sendromu ve sitokin fırtınasını durdurmak için tedavi yaklaşımları ele alınmıştır.
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INTRODUCTION

The SARS-CoV-2 infection (COVID-19), which causes severe 
acute respiratory syndrome, was accepted by the World Health 
Organization as a pandemic on March 11, 2020 and is an 
important global health problem. Due to the rapid increase in 
the number of cases and deaths, the load on the emergency 
services and intensive care units is increasing day by day. 
Here, the definition, pathogenesis and treatment of cytokine 
release syndrome (CRS), a life-threatening condition in severe 
COVID-19, will be discussed.

Cytokine Release Syndrome

Macrophage activation syndrome (MAS) and hemophagocytic 
lymphohistiocytosis (HLH) are life-threatening conditions 
with different etiological causes, which can lead to systemic 
hyperinflammation and rapidly progressive multisystem organ 
failure. HLH occurs familial (primary; pHLH) or secondary 
to infection, malignancy, autoimmune or autoinflammatory 
disease. Secondary HLH (sHLH) associated with autoimmune 
or autoinflammatory disease is called MAS. The mortality 
rate of sHLH is lower than that of pHLH. However, if sHLH is 
diagnosed early and effective treatment is not given, it may be 
life-threatening.
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apoptosis, vascular leakage, altered tissue homeostasis. CRS 
is associated with necrosis and tissue destruction, pulmonary 
edema, acute bronchopneumonia, alveolar hemorrhage, 
reactive hemophagocytosis, and ARDS (5). In autopsies 
of COVID-19 patients, it has been shown that infiltration of 
macrophages and activation of alveolar macrophages. It was 
found that interstitial mononuclear inflammatory infiltrates, 
dominated by lymphocytes in the lungs of a patient who died 
due to COVID-19 (6). In addition, virus clearance from cells is 
impaired by suboptimal T cell response (7).

Lymphocytopenia and Cytokine Levels in Cytokine 
Release Syndrome

Clinical studies of COVID-19 have shown that there is 
lymphocytopenia and many cytokines, particularly IL-6, are 
significantly elevated (1,8).

In two different studies, 35 (99%) of 99 patients and 97 (70.3%) 
of 138 patients had lymphocytopenia (lymphocyte count 
<1.5x109 / L). It has been reported that lymphocytopenia can 
be used as a risk factor in determining cytokine storm and 
disease severity in these patients (9,10). It has been reported 
that lymphocytopenia can be used as a risk factor in determining 
cytokine storm and disease severity in these patients (9,

10). Yu, and Xu et al. (11) reported that lymphocytopenia and 
cytotoxicity are associated with the severity of hypoxemia (12).

Many cytokines levels such as IL-1β, IL-1RA, IL-7, IL-8, IL-9, IL-
10, granulocyte colony stimulating factor (G-CSF), granulocyte 
macrophage colony stimulating factor (GM-CSF), IFN-γ, 
interferon-inducible protein (IP10), macrophage inflammatory 
protein (MIP1), MIP1A, MIP1B, TNF-α, vascular endothelial 
growth factor were higher in COVID-19 patients than in 
healthy adults. In addition, the levels of cytokines were higher 
in intensive care unit (ICU) patients than non-ICU patients (1, 
3). Huang et al. (13) reported that patients with severe disease 
have higher concentrations of G-CSF, IP-10, MCP-1, MIP1, 
TNF-α levels, ie cytokine storm. In another study from China, 
increased expression of IL-2R and IL-6 in serum predicted the 

In these patients, defects in lymphocytic cytolytic activity trigger 
the proinflammatory cytokine cascade, interleukin-1 (IL-1), IL-6, 
IL-18, soluble IL-2 receptor, tumor necrosis factor-α (TNF-α) 
and interferon-γ (INF-γ) levels increase, then “cytokine storm” 
begins. As a result, it leads to uncontrolled active macrophage 
entry into the tissues and hemophagocytosis. Similarly, there 
was an increase in cytokines such as IL-1, IL-6, IL-12 and 
TNF-α in COVID-19, and with this increase, sepsis, multiorgan 
failure, tissue damage and acute respiratory distress syndrome 
(ARDS) has been shown (1).

Cytokine release syndrome or cytokine storm can be defined 
as uncontrolled release of cytokines that can be triggered by 
viruses, bacterial components, sepsis, toxins (2). This syndrome 
can lead to devastating effects such as life-threatening capillary 
leak, tissue toxicity / edema, organ failure and shock. Resistant 
and persistent fever, liver dysfunction, coagulopathy, cytopenia, 
hepatomegaly, skin rash and neurological symptoms may 
occur in CRS (Table I) (3). Leukocyte, lymphocyte, platelet 
count, IL-6 and ferritin levels guide the determination of those at 
risk for CRS development in severe COVID-19 patients. Elderly 
patients with chronic disease were found to be the most risky 
group for CRS in COVID-19. CRS in children is not as common 
as in adults.

Pathogenesis of Cytokine Release Syndrome

The innate immune system constitutes the first line of defense 
against invading microbial pathogens by releasing multiple 
inflammatory cytokines to antagonize the pathogens. After 
SARSCoV-2 infection, CD4+ T lymphocytes are rapidly 
activated to transform into pathogenic T helper (Th) 1 cells 
and the production of cytokines begins. The cytokines induce 
inflammatory CD14+ CD16+ monocytes with high level of IL-6 
and inflammation becomes evident (2, 4). These T cells and 
monocytes enter the pulmonary circulation, where monocytes 
become macrophages. It is considered that activated 
macrophages are the source of cells releasing the cytokines 
which are at the center of CRS immunopathology. CRS may 
lead to detrimental effects such as epithelial and endothelial cell 

Table I: Clinical and laboratory findings in cytokine release syndrome (38).

System Involvement / Findings
General symptoms Fever, malaise
Hematological findings Cytopenia, coagulopathy, neutropenia, disseminated intravascular coagulation
Cardiac findings Hypotension, arrhythmia, QT prolongation, troponin elevation, cardiomyopathy, heart failure
Lung findings Hypoxia, tachypnea, pulmonary edema, respiratory failure
Liver / spleen Hepatomegaly, elevated liver enzymes, hypofibrogenemia, liver failure, splenomegaly
Renal findings Acute kidney injury
Gastrointestinal findings Diarrhea, nausea, vomiting
Central nervous system findings Headache, confusion, hallucination, delirium, paresis, seizure
Musculoskeletal system findings Myalgia, arthralgia, rash, edema
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severity and prognosis of patients with COVID-19 (14). It has 
been shown that T cells decrease significantly (especially CD8 + 
T cells) and IL-6, IL-10, IL-2 and IFN-γ levels increase in severe 
COVID-19. In addition, neutrophil / CD8 + T cell ratio has been 
defined as a very strong prognostic factor in severe COVID-19 
(15). Peripheral blood flow cytometric analysis showed that T 
cells have over activation to contribute severe immune system 
damage (7).

Increased cytokine levels, C-reactive protein (CRP), ferritin and 
lymphopenia help the clinician in diagnosing CRS in COVID-19 
patients. Inflammation in the liver triggers the release of CRP 
release and this is known to occur in response to systemic 
IL-6 elevation (16). It has been reported that CRP levels in 
COVID-19 patients positively correlate with the size of lung 
lesions detected on computed tomography, which may predict 
the severity of the disease (17).

Treatment in Cytokine Release Syndrome

In order to control cytokine storm, it is important early diagnosis, 
rapid initiation of treatment, but treatment options are limited for 
severe COVID-19. It has not been shown that antiviral drugs 
such as lopinavir / ritonavir have significant benefits compared 
to standard treatments in patients who develop cytokine 
storm (18). Antiviral treatments and immunomodulatory drugs 
should be used together to control cytokine storm in COVID-19 
patients.

As is known, corticosteroids are commonly used drugs 
for immunomodulatory therapy in infectious diseases. 
Corticosteroids are known to reduce lung inflammation in 
patients with pneumonia, but can also inhibit immune response 
and pathogen clearance. Significant benefits have not been 
demonstrated in respiratory tract infections caused by 
influenza, RSV, SARS-CoV or MERS-CoV. Higher viremia levels 
were found in SARS-CoV patients treated with steroids. It has 
also been shown to higher mortality, longer hospitalization and 
increased risk of secondary infections in influenza patients (19). 
Similarly, the use of corticosteroids in the treatment of COVID-19 
is controversial as it can cause suppression of the immune 
system and delayed viral clearance. Zha et al. (20) demonstrated 
that the use of corticosteroids in mild COVID-19 patients does 
not affect viral clearance, hospitalization or symptom duration. 
On other hand, in a trial that included 201 COVID-19 patients, 
methylprednisolone therapy was associated with reduced the 
risk of death in patients with ARDS. Based on these findings, 
corticosteroid use is considered to be particularly effective in 
severe COVID-19 cases with ARDS, but it does not provide 
significant benefit in mild cases (21). Corticosteroids should be 
used only in critically ill patients at low / moderate doses (1-2 
mg / kg / day) for a short time (3-5 days) (22).

The use of chloroquine and hydroxychloroquine has been 
found to be effective in the treatment of COVID-19. In February 

2020, more than 100 patients diagnosed with COVID-19 
had positive results with chloroquine phosphate (23). The 
efficacy of hydroxychloroquine treatment in 20 patients with 
COVID-19 patients has been demonstrated in an open-label 
non-randomized clinical study in France (24). Both chloroquine 
and hydroxychloroquine are weak bases and accumulate in 
acidic organelles; they can increase endosomal / lysosomal pH 
and inhibit viral replication (25). Both drugs can inhibit major 
tissue suitability complex II expression, antigen presentation, 
and immune system activation via Toll-like receptor and cGAS-
STING signaling in B, T and other immune cells (26). The major 
proposed immunomodulatory mechanisms of both drugs are 
the following: inhibition of cytokine production, reduced levels 
of chemokines, inhibition of micro-RNA expression, decreased 
TH17-related cytokines, upregulated levels of IFN-α and 
IL-2 and IL-10, inhibition of cytotoxic T cell and self-reactive 
CD4+ lymphocyte activities. As a result, they can reduce the 
production of proinflammatory cytokines such as IL-1, IL-6, 
IFN-γ and TNF-α, which are involved in CRS (26).

The use of immunomodulatory agents that directly target 
cytokines in severe COVID-19 patients may contribute to 
control symptoms related to hyperinflammation (27). It has 
been reported that the increase in IL-6 levels in the blood of 
COVID-19 patients predicts fatal outcome (28). Herold et al. 
(29) showed that patients with IL-6 levels of ≥ 80 pg / ml had 
a 22-times higher risk of respiratory failure than those with 
low IL-6 levels. In addition, IL-6 levels have been shown to be 
3-fold higher in ICU than non-ICU patients in a metanalysis 
evaluating the results of ten studies involving data from 1700 
COVID-19 patients (30). IL-6 binds to transmembrane IL-6 
receptors (mIL6R) and soluble IL-6 receptors (sIL-6R), and this 
complex combines with the signal transduction component 
gp130 to activate the inflammatory response. Tocilizumab, a 
specific monoclonal antibody that blocks IL-6, specifically binds 
to sIL-6R and mIL-6R and thereby blocks signal transmission 
(31). Tocilizumab, sarilumab, siltuximab are IL-6 antagonists 
with different pharmacologic properties. In recent years, since 
anti-IL-6 drugs such as tocilizumab and sarilumab have been 
used in the treatment of rheumatological diseases, it has been 
focused on these treatment options for SARS-CoV-2 and it 
has been observed that the hyperinflammatory syndrome in 
severe SARS-CoV-2 infection can be controlled. In a study from 
China, a single dose (400 mg) of tocilizumab was used in 21 
infected patients with SARS-CoV-2, and fever was controlled 
within 5 days, a rapid decrease in CRP, oxygen requirement, 
and improvement in lymphocyte counts and radiological 
findings (32). However, in this study, the lack of a control group, 
treatment of all patients with lopinavir and methylprednisolone 
prior to receiving tocilizumab is considered as an important 
limitation.  There is emerging evidence that tocilizumab may 
also be useful in COVID-19. It has been suggested to be used 
in patients with multiple lesions in the lungs, high IL-6 level and 
critical disease (22).
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However, clinical experience and studies with the use of 
tocilizumab in viral diseases are very limited. In a study on 
patients with juvenile idiopathic arthritis infected with influenza 
A, reduced fever and level of CRP were demonstrated in 
patients who received tocilizumab compared with patients who 
did not receive tocilizumab (33).

It should be noted that tocilizumab increases the risk of 
opportunistic infections (34). Therefore, it is necessary to 
monitor patients for potential side effects. In addition, high costs 
are a problem for the wide use of tocilizumab in the treatment of 
COVID-19 in low- or middle-income countries.

Although a monoclonal antibody against IL-6 receptor, is 
shown to be effective in treating CRS, the results of studies 
currently ongoing with sarilumab, tocilizumab, combination of 
tocilizumab and favipiravir are expected.

IL-1 is another proinflammatory cytokine that increases in CRS. 
Anakinra and other IL-1R antagonists are used in the treatment 
of autoinflammatory diseases, systemic juvenile idiopathic 
arthritis and MAS. It is predicted that it may be beneficial in 
CRS patients with high IL-1 levels (35).

The antibody against GM-CSF has also been shown to be 
effective in the treatment of cytokine release syndrome (36).

JAK-STAT signaling pathway; it is a critical component of 
cytokine receptor systems, and many HLH-related cytokines 
use this pathway. Therefore, JAK inhibitors such as tofacitinib 
and baricitinib can reduce hyperinflammation caused by CRS. 
However, their effectiveness in the treatment of COVID-19 
patients is still uncertain (37). Moreover, it should be noted 
that these inhibitors also inhibit the activity of inflammatory 
cytokines, such as INF-α, which are known to play an important 
role in viral clearance (37).

CONCLUSIONS

Severe COVID-19 can cause hyperinflamation and cytokine 
release syndrome. Although it is not common in childhood as 
in adults, early diagnosis and treatment is very important due 
to the high mortality rate. In severe COVID-19 patients, CRP, 
ferritin, D-dimer increase and cytopenia should be monitored 
as signs of hyperinflamation. These values will be useful in 
identifying patients for whom cytokine suppression is required.
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