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Take home message (243/256 characters):  Hypercytokinemic immune 

dysregulation in COVID-19 is known as cytokine storm syndrome.  Interleukin-6 

levels ≥ 80 pg/mL predict an increased risk of respiratory failure and death, and 

immunomodulatory therapy is an area of urgent investigation 

The concept of COVID-19 related cytokine storm syndrome (COVID-CSS) 

emerged early in the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) pandemic to explain why some patients exposed to this virus become critically ill 

with acute respiratory distress syndrome, multi-organ failure, and death. A seminal 

study from Wuhan, China reported higher serum concentrations of inflammatory 

cytokines in patients requiring critical care compared to those with milder disease, 

and the authors postulated that “cytokine storm was associated with disease 

severity”.[1]  COVID-19 hypercytokinemia initially invited comparisons to other 

respiratory viral infections that cause a dysregulated immune response, namely 

severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome 

(MERS).  Subsequently, similarities between COVID-CSS and other cytokine storm 

syndromes such as hemophagocytic lymphohistiocytosis (HLH),[2] autoinflammatory 

syndromes, and chimeric antigen T-cell therapy cytokine release syndrome (CAR T-

cell CRS) became apparent.[3-5]  The proposition that hypercytokinemia is 

pathological in some patients with COVID-19 catalyzed numerous clinical trials of 

immunomodulatory and cytokine-inhibitor therapy. However, critics contend that CSS 

is a misleading conceptual framework in COVID-19 and two prominent editorials 

have raised significant doubt about COVID-CSS.[6, 7]  In brief, these authors 

contend that:   

1) there is no definition of cytokine storm syndrome;  

2) median IL-6 levels are relatively low in COVID-19;  

3) COVID-19 should be characterized as a hypoinflammatory vasculopathy 

rather than a hyperinflammatory hypercytokinemia syndrome;  

4) therefore, immunomodulatory therapy may play little or no role in the 

treatment of COVID-19.   

In this editorial, we address these controversies and demonstrate that cytokine storm 

syndrome may play an important role in severe respiratory failure and mortality 

caused by COVID-19.  

1. Definition of cytokine storm syndrome 



Critics of the COVID-CSS concept have claimed that “cytokine storm has no 

definition”,[6] and that there is “no evidence that COVID patients develop a cytokine 

storm”.[7]  In fact, experts define cytokine storm syndrome as a clinical phenotype 

of:[8]  

• immune dysregulation characterized by perpetuated activation of lymphocytes 

and macrophages  

• resulting in secretion of large quantities of cytokines  

• leading to overwhelming systemic inflammation and multi-organ failure with 

high mortality.   

The term CSS was first coined to describe the hypercytokinemia in graft versus host 

disease after allogeneic stem cell transplant.[9]  More recently, CAR T-cell CRS, 

which exhibits markedly elevated interleukin(IL)-6 levels often in excess of 1000 

pg/mL (normal < 7 pg/mL), and responds to IL-6 blockade, has been included in the 

umbrella term CSS.[3]  Many viral, bacterial and parasitic infections can cause CSS.  

Infectious pathogens such as Epstein-Barr virus (EBV) and Mycobacterium 

tuberculosis cause pathological immune activation characterized by markedly 

elevated cytokines and cytokine receptors such as interferon-γ (IFN-γ) and soluble 

interleukin-2 receptor (sIL-2r) in patients with inherited and acquired immune defects, 

leading to the clinical syndrome of hemophagocytic lymphohistiocytosis (HLH).[10, 

11]   

Detailed immunological studies have clearly established that some patients with 

severe COVID-19 indeed meet the general criteria for cytokine storm syndrome in a 

manner which is unique from other infectious CSS.  A recent longitudinal comparison 

in patients with moderate versus severe COVID-19 demonstrated 3 distinct 

signatures of “immunological misfiring” in those with severe disease.[5]  Patients with 

moderate disease (patients admitted to hospital who survived and did not require 

ICU admission) had low expression of inflammatory cytokines and increased tissue 

reparative growth factors such as epidermal growth factor (EGF), platelet-derived 

growth factor (PDGF) and vascular endothelial growth factor (VEGF) (Figure 1A). In 

contrast, patients with severe disease (those who died or required ICU admission) 

had highly elevated pro-inflammatory cytokines including IL-1α, IL-1β, IL-6, IL-18 and 

TNF-α (Figure 1B).[5]  Another study found that, whereas bacterial sepsis-induced 



immunoparalysis is characterized by monocyte deficiency and inability to produce 

cytokines, in severe COVID-19, peripheral blood mononuclear cells (PBMCs) exhibit 

sustained TNF-α and IL-6 production with LPS stimulation ex-vivo and markedly 

elevated IL-6 and CRP concentrations in-vivo.[4]  When compared to other 

respiratory viruses such as SARS-CoV-1, MERS-CoV and human parainfluenza 

virus and respiratory syncytial virus, the transcriptional hyperinflammatory response 

in SARS-CoV-2 is uniquely imbalanced, with low IFN-I and-III levels accompanied by 

very high expression of inflammatory chemokines and cytokines (IL-1, IL-6) and 

severe lymphopenia, resulting in a “high pro-inflammatory, low innate antiviral 

defense” state. [12]  

Although there are not yet standard diagnostic criteria for COVID-CSS, the term 

is generally used to denote the subset of patients who demonstrate excessive 

immune activation characterized by markedly elevated inflammatory markers such 

as C-reactive protein (CRP), interleukin-6 (IL-6) and ferritin, as well as lymphopenia 

and a spectrum of end organ damage from isolated respiratory dysfunction to multi-

organ failure.  Clinical measurement of IL-6 is not widely available at present but is a 

relatively simple and inexpensive assay for many clinical laboratories to implement.  

In the early days of COVID-19 in our own center, when IL-6 was being measured for 

research purposes rather than clinical care, we used the following criteria for COVID-

CSS: 1) COVID-19 pneumonia requiring mechanical ventilation; 2) fever (maximum 

temperature > 38°C); 3) CRP > 100 mg/L; and 4) peak serum ferritin > 1000 

μg/L.[13]  Patients meeting these criteria had markedly elevated research serum IL-6 

levels, median 91 pg/mL, interquartile range (IQR) 54-696 pg/mL (n=15).  However, 

IL-6 does not always correspond to CRP (which is produced by hepatocytes in 

response to IL-6) or ferritin (which is a marker of macrophage activity).[14]  Recently, 

at least two large studies have shown that serum IL-6 is superior to CRP, ferritin, 

liver enzymes, and other simple clinical laboratory markers for predicting clinical 

outcomes such as respiratory failure and death, with an optimal cutoff of 80 and 86 

pg/L, respectively.[15, 16]  Taken together, these data imply that an IL-6 threshold ≥ 

80 pg/mL carries prognostic value in future definitions COVID-CSS.  Ultimately, 

multivariate prognostic models incorporating simple, widely available parameters 

such as SpO2/FiO2, neutrophil/lymphocyte ratio, CRP and ferritin along with 

cytokines/chemokines such as IL-1, IL-6, Interferon gamma-induced protein(IP)-10 



and IL-10 may lead to prognostic scoring systems rather than the binary “yes/no” 

diagnostic model employed in HLH.[16, 17]  

 

2. Interleukin-6 and COVID-CSS  

The modest serum IL-6 elevations reported in early studies of COVID-19 have 

been cited as an argument against the relevance of CSS in this disease.[6, 7]  For 

example, the median (7-45 pg/mL) and IQR for serum IL-6 levels were relatively low 

in four large studies of patients with mild to severe COVID-19.[6]  However, median 

and IQR are estimates of central tendency, and in cytokine storm, the population of 

interest resides within the top quartile of patients. Further, the temporal 

heterogeneity of cytokine analysis in these studies may have missed rapid increases 

in cytokine levels in some patients. Importantly, cytokine storm pertains not to the 

majority of patients who exhibit a physiological response to a given exposure, but to 

the minority who suffer from pathological immune activation or dysfunction.  To 

provide some analogies, only a minute proportion of those exposed to EBV develop 

HLH, and less than 15% of patients undergoing CAR T-cell therapy develop severe 

grade 3-4 CRS requiring IL-6 blockade.  Likewise, a small but highly relevant 

proportion of those exposed to COVID-19 develop CSS.   

In COVID-CSS, many inflammatory cytokines such as IL-1, IL-10 and tumor 

necrosis factor(TNF)-α are elevated approximately 2-100 fold above normative 

values, whereas IL-6 demonstrates much larger increases, in some cases more than 

1000 fold above normal.  Figure 2 illustrates levels of inflammatory cytokines IL-1β, 

IL-6 and TNF-α in 24 patients with severe COVID-19 requiring ICU admission in our 

center, both in absolute quantities and as a “fold elevation” above normative values.  

Several other large studies have reported markedly elevated serum IL-6 levels in the 

100-10,000 pg/mL range in patients with severe disease.[12, 15, 17, 18]  These 

markedly elevated IL-6 levels in COVID-CSS are similar in magnitude to severe CAR 

T-cell CRS,[19] and higher than other hyper-IL-6 syndromes such as multicentric 

Castleman disease, where IL-6 is elevated but typically < 100 pg/mL.[3, 20]  HLH is 

said to encompass a diverse spectrum of “hyperferritinemic hyperinflammatory 

syndromes with a common terminal pathway but with different pathogenetic 

roots”.[21]   Likewise in COVID-CSS, it appears increasingly likely that diverse “root” 



signatures of immune dysregulation lead to a common terminal hyperinflammatory 

pathway characterized by markedly elevated IL-6, severe T-cell lymphopenia, and 

respiratory failure.[4, 5, 17] 

3. Hypercytokinemia, vasculopathy, and endothelialitis 

Some authors have proposed that the markedly elevated D-dimer levels and high 

rates of micro and macrovascular thrombosis, in contrast to modestly elevated 

median IL-6 levels, signify that COVID-19 pathophysiologic sequelae are related to 

hypoinflammatory vasculopathy rather than inflammatory cytokine storm.[7]  The 

central role of the receptor angiotensin-converting enzyme-2 (ACE2) in viral cell 

entry and the complex vascular changes including intussusceptive angiogenesis and 

diffuse endothelial membrane disruption seen in autopsy studies indeed support a 

central role for vasculopathy in COVID related morbidity.[22]  However, recent 

studies have demonstrated that hypercytokinemia and vasculopathy are not an 

either-or proposition.  The pulmonary vasculature is a key site of intravascular 

coagulopathy and thrombotic complications of COVID-19.[23, 24]  Earlier studies of 

the SARS-CoV spike (S) protein to angiotensin-converting enzyme (ACE) 2 

demonstrated that binding of the S protein to ACE2 results in production of 

inflammatory cytokines including IL-1 and IL-6.[25, 26]  

This hyperinflammatory response results in disruption of the endothelial barrier 

and hypercoagulability.  Diffuse occlusion in the microcirculation of the pulmonary 

vascular bed may cause pulmonary hypertension, increased dead space ventilation 

and ultimately right heart failure.  Serum endothelial factors such as soluble 

thrombomodulin, soluble P-selectin (sP-sel) and von Willebrand factor (vWF) play a 

major role in disease progression to acute respiratory distress syndrome 

(ARDS).[27]    Taken together, these findings suggest a model in which COVID-19 is 

best viewed as an inflammatory endothelialitis, with direct viral infection of 

pneumocytes, endothelial and epithelial cells producing inflammatory cytokines and 

immune-mediated damage to the vasculature and surrounding tissue.[25, 27] (Figure 

1B) 

4. Cytokines, respiratory failure, and immunomodulatory therapy in 

COVID-19 



Critics of CSS contend that hypercytokinemia seen in COVID-19 may be a 

necessary physiological response for viral clearance and warn against the use of 

immunomodulatory therapy in this context.[6, 7]  In the more established CSS, the 

central role of particular cytokines is determined not only by studies linking cytokine 

elevation to characteristic organ damage, but also clinical trials demonstrating that 

cytokine blockade results in clinical benefit.  Primary HLH is perhaps the paradigm 

for this model, in that the interferon-γ/chemokine ligand(CXCL)-9 axis is central to 

the pathophysiology of the disease,[28] and blocking this axis with emapalumab 

produces deep and sustained remissions.[29]  Likewise, IL-1 has been shown to play 

a similar role in autoinflammatory syndromes and secondary HLH, and blockade with 

anakinra or canakinumab results in clinical benefit.[30, 31]    

Evidence that IL-6 drives immune dysregulation and respiratory failure in 

COVID-CSS is rapidly accumulating.  Elevated serum IL-6 is associated with 

lymphopenia, impaired lymphocyte cytotoxicity, and endothelial activation (Figure 

1B).  These immune defects can be partially restored by treatment with IL-6 

blockade with tocilizumab.[4, 32]  A German study demonstrated that IL-6 > 80 

pg/mL in combination with C-reactive protein > 97 mg/L is highly predictive of 

respiratory failure.[15]  In our own center IL-6 was found to be inversely related to 

the ratio of arterial oxygen tension to fraction of inspired oxygen (PaO2/FiO2) and 

static lung compliance.[33]  Moreover, a multivariate model generated from a large 

prospective cohort (n=501) showed that early systemic inflammation predicts 

mortality.  Among 15 variables measured at hospital admission, CRP at a cutoff of 

87.5 mg/L was the most sensitive (0.97) and IL-6 at a cutoff of 86 pg/mL was the 

most specific (0.89) for predicting death.[16]   

The RECOVERY trial demonstrating mortality benefit from treatment with 

dexamethasone 6 mg daily, particularly in patients with severe disease, is the first 

randomized controlled trial (RCT) to definitively show benefit for immunomodulatory 

therapy.[34]  Although numerous retrospective studies of cytokine blockade such as 

anakinra and tocilizumab and JAK inhibition such as baricitinib have shown promise, 

ultimately RCTs are needed.  Several of these studies are underway or recently 

completed, and the results are eagerly anticipated.[3]  COVID-19 patients 

demonstrating the CSS phenotype are certainly on the severe end of the disease 

spectrum.  Therefore, trials should aim to target patients with a dysregulated immune 



response to ascertain the true efficacy of immunomodulatory therapies.  On Jul 29, 

2020, a press release for the COVACTA RCT (NCT04320615) comparing 

tocilizumab and placebo in COVID-19 reported no difference in the primary 

outcomes (clinical status and mortality).  However, there were positive trends in 

duration of hospital stay and ventilator free days, not considered significant because 

of the failure to meet the primary endpoints.  The inclusion criteria for the COVACTA 

trial were quite broad, requiring only a definite diagnosis of COVID-19 pneumonia 

with an oxygen saturation of 93% or lower or SpO2/FiO2 < 300 mm Hg, with no 

mention of markers of systemic inflammation such as CRP or IL-6.  Given the 

gradient seen towards more benefit in severely ill patients with dexamethasone 

treatment in the RECOVERY trial, subgroup analysis in the COVACTA trial as well 

as ongoing immunomodulatory RCTs will be of great interest.   
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Figure 1. Schematic representation of mechanisms by which the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) causes mild disease in some patients and severe disease in others.  In both 

cases, the virus enters human cells via binding to angiotensin-converting enzyme 2 (ACE2), a 
transmembrane receptor widely expressed in type II pneumocytes, macrophages, endothelial, and other 
pulmonary cells.[24,25]  A.  Mild disease (low incidence of coagulopathy and thrombosis, shorter hospital 
stay, low critical illness and mortality):  These patients have low serum inflammatory cytokines and high 
tissue reparative growth factors such as epidermal growth factor (EGF), platelet derived growth factor 

(PDGF), and interleukin(IL)-7.[5]B.  Severe disease (high incidence of micro and macrovascular thrombosis, 
longer hospital stay, high critical illness, and mortality):  Many of these patients have cytokine storm, with 

high serum inflammatory cytokines (such as IL-6, IL-1, IFN-γ) and markers of endothelial activation such as 
von Willebrand factor (vWF), factor 8 coagulant (F8) and soluble P-selectin (sP-sel) resulting in 

endothelialitis and microvascular thrombosis.[5,15,27]  Markedly elevated IL-6 leads to lymphopenia and 
immunoparalysis which is partially restored by IL-6 blockade.[4,32] Abbreviations:  NET:  neutrophil 

extracellular trap; IFN-γ:  interferon-γ 





Figure 2. Absolute cytokine levels and their elevation compared to normative values. Depicted are the peak 
levels for interleukin(IL)-6 (panel A), IL-1β (panel B), and tumor necrosis factor(TNF)-α (panel C) from a 

Vancouver cohort of 24 critically ill COVID-19 patients.  Further, we have represented the corresponding fold 
difference between cytokine levels observed in the COVID patients and those of healthy controls (i.e. 

normative values) on the right sided figure for each cytokine. These normative values can be seen as a 
horizontal dashed line for IL-6 (value: 0.71pg/mL), IL-1b (value: 0.064 pg/mL), and TNF-a (value: 2.23 

pg/mL).  All values were derived from the Simoa HD-1 analyzer.[13,33] 




