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Cytokine storm or cytokine release syndrome: definition and features

Inflammation is a universal protective mechanism that activates in response to a path-
ogen invasion. In some pathologies, the immune system inability to eliminate pathogen
can lead to its overstimulation and cytokine storm syndrome (CSS) development [1].
This severe condition is characterized by overwhelming systemic inflammation and he-
modynamic instability, leading to a multiple organ dysfunction syndrome (MODS) and
fatal outcomes in many cases. Common manifestations include sustained fever, spleno-
megaly, hepatomegaly with liver dysfunction, lymphadenopathy, coagulopathy, cyto-
penia, skin rash, and variable neurologic symptoms [2]. The documented conditions
causing CSS are hemophagocytic lymphohistiocytosis (HLH), septic shock (SS), toxin-
mediated shock syndrome (e.g., staph toxic shock), some acute viral infections, and graft
versus host disease [3].

The main cytokine classes include interleukins, interferons, chemokines, mesenchymal
growth factors, the tumor necrosis factor (TNF) family, and adipokines. Cytokines are
secreted biologically active molecules that regulate cell growth and metabolism, as well as
cellular interactions through their specific binding to certain receptors and subsequent induc-
tion of intracellular signaling. There exists cytokines that are involved in adaptive immunity
(IL-2 and IL-4), proinflammatory cytokines and interleukins (interferon-I, -II and -III; IL-1,
IL-6, and IL-17; and TNF-a) and antiinflammatory cytokines (e.g., IL-10). In response to
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stressful internal processes (such as cancer or microbial infection), host cells secrete cytokines
that play a very important role in reprogramming cellular metabolism as a defense response
[4]. Interferons, interleukins, chemokines, and TNF a are the main components involved in
the development of the CSS.

Cytokines affect nearly every biological process, including embryonic development,
disease pathogenesis, nonspecific and specific response to antigen, changes in cognitive
functions and aging [5]. Under a pathogen invasion, cytokines serve as intercellular messen-
gers in the immune system, integrating function of several cell types into a coherent im-
mune response, targeted to eliminate infectious agent [6]. In the process of an innate
immune response, the production and secretion of cytokines occurs due to the nonspecific
stimulation of pattern-recognition receptors (PRRs), which detect distinct evolutionarily
conserved structures on pathogens, termed pathogen-associated molecular patterns
(PAMPs). These receptors are based in antigen-presenting cells (APCs), such as granulo-
cytes, macrophages, and dendritic cells (DCs), where they are located on the cell surface,
in endosomes or in cytoplasm according to the receptor subclass [7]. It is considered that
key proinflammatory cytokines in different hyperinflammatory states are IFN-g, TNF, IL-
1b, IL-6, IL-10, and IL-18, and their metabolic effects explain most of manifestations, appear-
ing during CSS development.

In March 2020, the World Health Organization announced a pandemic of new coronavirus
disease 2019 (COVID-19), which in most severe cases was characterized by pulmonary infil-
tration, accompanied by CSS [8]. According to recent data, impaired clearance of SARS-CoV-
2 due to its genetic characteristics and virulence factors, delayed, and weakened interferon
response to SARS-CoV-2 in the early stages of the disease, increased nettosis and pyroptosis
induced by the virus created background for a severe course of viral infection complicated by
CSS syndrome [9e11]. A distinctive feature of CSS was an uncontrolled and dysfunctional
immune response associated with constant activation of lymphocytes and macrophages,
which produced large number of cytokines, causing CSS. Many clinical features of CS can
be explained by the effects of proinflammatory cytokines such as interferon (INF)-gamma,
TNF, interleukin (IL) -1, IL-6, and IL-18 [12e17].

The severity of COVID-19 is associated with robust systemic inflammatory response
that can initiate a CSS including circulating cytokines and chemokines, such as IL-1a,
IL-1b, IL-2, IL-7, IL-6, IL-8, IL-10, TNF, interferon (IFN)-g, granulocyte colony-
stimulating factor (G-CSF), IFN-inducible protein-10 (IP-10), CCL2 (monocyte chemo-
tactic protein [MCP]-1), CCL3 (macrophage inflammatory protein one alpha [MIP1a]),
CXC-chemokine ligand 10 (CXCL10), etc. [18e21]. Features of CSS and pathogenesis of
COVID-19 have been proposed to be a consequence of immune hyperactivity and/or a
failure to resolve the inflammatory response because of ongoing viral replication or im-
mune dysregulation [22]. On the one hand, a correlation was found between viral load
in the nasopharynx and levels of cytokines (e.g., IFN-a, IFN-g and TNF). On the other
hand, CSS associated with reduced cytotoxic CD4 þ and CD8 þ T cells, NK cells, memory
T cells and regulatory T cells, B cells [23,24]. Probably CSS during COVID-19 is the result
of a defective (or delayed) first line of defense, followed by persistent hypercytokinemia
and dysfunctional T-cell response. This consequences in impaired clearance of apoptotic
cells or infected/activated macrophages, increased viral replication, followed by IL-18/
IFN-g synthesis, activating macrophages, resulting in the release of multiple cytokines,
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hemophagocytosis, coagulopathy, and ARDS. An unbalanced immune response in
COVID-19 illustrates by a weak production of type I interferons (IFN-Is) [25]. Antagonism
occurs at various phases in IFN signaling pathway, including by preventing pattern
recognition by the viral RNA recognizing receptor (RRR), by preventing RRR signaling
via TBK1/nuclear factor kB kinase-subunit-ε inhibitor (IKKε), TRAF3 and IRF3, prevent-
ing downstream interferon signaling through STAT1; and promoting host mRNA degra-
dation and inhibiting host protein translation. Antagonism of the interferon response
promotes viral replication, which leads to an increase in the release of pyroptosis prod-
ucts, which can further cause aberrant inflammatory reactions [26].

Clinical examples of cytokine storm syndrome

The term CSS was frequently used to describe the severe course of a number of diseases
that led to an uncontrolled inflammatory response. Initially CSS was described as a part of
excessive inflammatory response in graft versus host disease (GvHD) in 1993, and further
the term was adopted for severe cases of viral and bacterial infections [27]. Pathological
immune activation may occur under infectious, iatrogenic triggers or malignancies, and
usually requires some latent or diagnosed preexisting conditions, such as genetic immune
defects, prolonged immunosuppression, or chronic aberrant immune activity like in rheu-
matic diseases and persistent infections. Since the avian influenza epidemic in 2003e08
with high mortality rate, this term has become widespread [28]. Since the pandemic
was recognized COVID-19-associated CSS development has become the major health
problem [8].

The documented conditions, leading to CSS, also include genetically mediated immuno-
logical disorders, such as hemophagocytic lymphohistiocytosis (HLH) and its particular
variantdmacrophage activation syndrome (MAS), but also bacterial sepsis, toxin-mediated
shock syndrome, some viral infections, Kawasaki disease, thrombocytopenic purpura [29].
Occasionally the term CSS is used to refer «cytokine release syndrome» (CRS), which occurs
in result of targeted antitumor therapy (e.g., anti-CD19 CAR T-cell therapy), though this con-
dition is considered to affect distinct immunological pathway and may be delayed until days
or weeks after treatment [30]. Clinical examples of CSS presents in Table 5.1.

Although CSS and sepsis can cause deep endothelial activation and disseminated intravas-
cular coagulation, some patients with primary immune-mediated vasculopathies develop
syndromes similar to CSS (fever, disseminated intravascular coagulation, and organ dysfunc-
tion). This is perhaps best described in Kawasaki disease [31]. A significant proportion of pa-
tients with thrombotic thrombocytopenic purpura often develop characteristic signs of CSS
such as prolonged fever, hemodynamic instability, central nervous system involvement,
and coagulopathy.

Clinical signs of CSS include persistent fever, splenomegaly, hepatomegaly with liver
dysfunction, lymphadenopathy, coagulopathy, cytopenia, skin rash, and various neurolog-
ical symptoms. Symptoms of CSS are difficult to distinguish from those caused by underlying
diseases [4,32e36]. Observation of patients with pathology associated with CSS is critical for
the diagnosis of this condition. All signs are nonspecific in themselves, however, a combina-
tion of clinical symptoms and laboratory manifestations, their severity and changes over time
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underlie the diagnosis of CSS. Comparison of clinical and laboratory characteristics of
different types of CSS is shown in Table 5.2.

Prognostic value of cytokine measurement in COVID-19

In a number of studies of cytokines in COVID-19, it was shown that in patients with severe
COVID-19 and those who died from this infection, the levels of cytokines such as IL-1b, IL-2
and its soluble receptor, IL-6, IL-8, IL-17, IL-18, TNF-a, monocyte chemoattractant protein 1
(MCP1 or CCL2), macrophage inflammatory protein 1-alpha (MIP-1a or CCL3)), as well as
the antiinflammatory cytokine IL-10, were significantly higher than in the group of patients
with milder forms of SARS-CoV-2 [16,37].

During the first wave of coronavirus epidemic that developed in St. Petersburg,
Russia, late spring of 2020 we collected serum samples, clinical data, and disease out-
comes of 226 patients hospitalized in clinics of Pavlov State Medical University with viral
pneumonia (CT severity score �2). In all COVID-19 patients, a SARS-CoV-2 nucleic acid
sample was confirmed by PCR using samples from oropharyngeal swabs before hospital-
ization (Table 5.3). All serum samples were obtained at the time of hospitalization. This
study was approved by the local ethics committee of Pavlov First Saint Petersburg State
Medical University. The studied cohort of COVID-19 pneumonia included 138 (61%) men
and 88 (39%) women, whose mean age was 56.82 � 13.9 (from 23 to 87 years old). Any of
the patients were vaccinated at that time. All examined patients had fever above 38�C,
cough (158 [69.9%]), pain and chest pressure (31 [13,7%]). Diarrhea (11 [25%]) and
anosmia (18.5 [42%]) were more common among patients with a favorable course of
COVID-19.

In our cohort IL-1b, IL-2, IL-6, IL-8, IL-10, IL-18, TNF-a, IFNa, IFNy were measured
with ELISA. The concentrations of IL-2, IL-1b, TNF-a, and IL-8 in patients with COVID-19-
associated pneumonia were significantly higher than in healthy donors, but no differences

TABLE 5.1 Clinical examples of cytokine storm syndrome.

Disease/Condition Damaging factor

Primary hemophagocytic lymphohistiocytosis Mutations in genes PRF1, UNC13D or MUNC13-4,
STX11 and STXBP2, UNC18B

Secondary HLH in the presence of malignant neoplasms,
infections, autoimmune or autoinflammatory pathologies

Difficulty eliminating an infectious agent with a
weakened T-cell response; cytokines produced by
tumor cells, etc.

Macrophage activation syndrome Disruption of perforin-mediated target cell lysis

Sepsis and septic shock Lipopolysaccharide and other microbial components

Cytokine release syndrome (post-CAR-T cell therapy) Hyperactivation of antigen-presenting cells upon
infusion of antitumor T cells

Kawasaki disease and other primary vascular causes of
CSS

Superantigen (viruses and bacteria)
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TABLE 5.2 Comparison of clinical and laboratory characteristics of CSS.

Characteristics Primary HLH
Post CAR-T
cell therapy Sepsis

Macrophage
activation syndrome COVID-19

Clinical Fever;
Hepatosplenomegaly;
Hepatobiliary
dysfunction;
Generalized
lymphadenopathy;
Coagulopathy;
Neurologic
symptoms;
Headache;
Cognitive changes;
Focal neurologic
deficits;
Seizure

Fever;
hypotension;
Hypoxia;
Malaise;
Anorexia;
Myalgias;
Tachycardia;
Widened
pulse
pressure;
Capillary leak
syndrome;
Renal
impairment;
Hepatic
failure;
DIC;
Multiorgan
dysfunction;

Fever (more than 38.5�C) or hypothermia
(less than 36�C);
Hypotension; tachycardia;
Tachypnea;
Rigors; altered mental status;
Mottled skin on inspection; petechiae;
diaphoresis;
Respiratory (cough, hemoptysis at el.);
Gastrointestinal (abdominal distention on
inspection, abdominal pain et al.);
Genitourinary (costovertebral tenderness and
suprapubic pain on palpatio, caginal
discharge, or bleeding);
Skin and soft tissue (erythema and/or edema,
lymphadenopathy, wounds, ulcerations
et al.);
Meningismus; septic arthritis; endocarditis;

Fever
hepatosplenome-galy,
lymphadenopathy
Hemorrhages
(purpura, easy
bruising, mucosal
bleeding)
Rash
Central nervous
system manifestations
(lethargy, irritability,
disorientation,
headache, seizures,
and coma)

Fever;
Hypotension;
Hypoxia;
ARDS;
Cardiomyopathy;
Multi-organ dysfunction;
Thrombosis;

Laboratory Cytopenia (2 lineages
in the peripheral
blood);
hypofibrinogenemia;
[Ferritin;
Hypertriglyceridemia;
Hyperbilirubinemia;
[ ALT, AST;
[Cell count and/or
protein content in
CSF;
[sCD25;
[sCD163;
Low or absent
natural killer cell
activity;

[CRP;
[[Ferritin;
[D dimer;
[Fibrinogen;
[Triglycerides;

[[[WBC;
Y Platelet;
[Glucose;
[Creatinine;
[ ALT, AST;
[Serum lactate;
[Procalcitonin; blood, urine, stool, sputum,
skin, cerebrospinal fluid cultures;

Pancytopenia;
Hypofibrinogenemia;
[ ALT, AST;
Hypertriglyceridemia,;
[[[ ferritin;
Coagulopathy;
Hyponatremia;
Hyperfibrinogenemia
(and low ESR)

Leukopenia/
lymphopenia/anemia;
Thrombocytopenis (or
Tr-cytosis);
[CRP;
Hyperferritinemia;
Hypoalbminemia;
Cytolysis (transaminases,
direct bilirubin, and
ammonia)
[Alkaline phosphatase;
[Triglycerides;
CSF pleocytosis;
[D-dimer;
Hyperfibrinogenemia
(and low ESR)
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were found between the deceased and surviving patients. In our study, the patients who died
were more likely to have initially elevated concentrations of IL-6, IL-10, IL-18, and PCT than
recovered patients (Fig. 5.1).

Clinical significance of cytokine concentration was confirmed by a number of studies. It
was known that IL-6 is synthesized by T-lymphocytes, fibroblasts, endothelial cells, mono-
cytes and was an important mediator during the acute phase response in sepsis and other in-
fections [38]. It was found that this cytokine is elevated in both severe and mild COVID-19,
while it has a direct correlation with the volume of the affected lung tissue in patients with
ARDS. E. Giofoni et al. (2020) showed that PZ IL-6 25 pg/mL in blood is an independent risk
factor for the progression of severe COVID-19 [39]. In another study, IL-6 levels> 80 pg/mL
were associated with the need for mechanical ventilation [40].

Several studies have shown that the concentration of IL-18 in the blood has a significant
correlation with the severity of COVID-19 and damage to vital organs [41]. Noteworthy is
the fact that the increase in blood levels of IL-18, due to the activation of NLRP3/

TABLE 5.3 Demographic and clinical characteristics of COVID-19 patients (n ¼ 226).

Characteristics
All patients
(n[ 226)

Recovery
(n[ 190)

Death
(n[ 36) P value

Demographic

Age 0e45 years, % (n) 17.8 (41) 18.9 (36) 8.3 (3) ns

Age 45e65 years,% (n) 50.4 (114) 52.6 (100) 30.5 (11) 0,01

Age 65e85 years,% (n) 31.4 (71) 26.8 (51) 58.3 (21) < 0,0005

Men, %,n) 61.0 (138) 60.5 (115) 63.8 (23) ns

BMI (kg/m2), median (25e75th) 29.41 (8e33) 29.7 (2e34) 27.9 (24.9e31.96) ns

Clinical symptoms

Fever (�C), median (25e75th) 38.9 39.0 38.8 ns

Cough, % (n) 69.9 (158) 70.5 (134) 66.6 (24) < 0,0001

Pain/tightness in the chest, % (n) 13,731) 13,1 (25) 16,6(6) NS

Diarrhea, % (n) 11 (25) 12.1 (23) 5.55 (2) Nns

Anosmia, % (n) 18.58 (42) 21.57 (41) 2.7 (1) 0,01

CT severity score (Estimation of lung parenchymal involvement)

CT-2, moderate (25-50% ) 42.47 (96) 44.2 (84) 33.3 (12) 0,02

CT-3, severe (50-75%) 39.8 (90) 41.5 (79) 30.5 (11) 0,02

CT-4, critical (>75%) 6.19 (14) 14.2 (27) 33.3 (12) 0,01

SpO2,%,median (25e75th) 89.5 (84e94) 91 (86e94) 81(70e87.5) < 0,0001

NEWS2 >4, median (25e75th) 6 (3e7) 5 (3e7) 7 (6e8) < 0,0001
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inflammasome, is characteristic of both COVID-19 and autoinflammatory diseases. In the
cohort we studied, in those who died the concentration of IL-18 was significantly higher
than in those patients who survived. It was noted that the levels of IL-18 in our study had
correlations with the severity of respiratory failure, the degree of lung damage according
to CT data, as well as the NEWS and SOFA scores.

A unique feature of COVID-19 is an increase in the level of IL-10 in patients with severe
disease [14,42,43]. It should be noted that IL-10 is also one of the key cytokines in sepsis
and systemic inflammatory processes. On the one hand, the induction of IL-10 synthesis at
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FIGURE 5.1 Concentration of procalcitonin (a, PCT), interleukin 6 (b,IL-6), interleukin 18 (c,IL18), interleukin 10
(d,IL10) in healthy individuals, recovered and deceased patients with COVID-19-associated pneumonia. Cytokine
concentrations are presented in ng/mL on vertical axis as log10. Notes: IL-6dinterleukin 6, IL-18dinterleukin 18, IL-
10dinterleukin 10, PCTdprocalcitonin.
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the initial stage of COVID-19 inhibits cellular immunity. However, as the production of
endogenous IL-10 increases, as in endotoxemia and sepsis, IL-10 can enhance the hyperin-
flammatory response [44]. The results of our study indicate that IL-10, according to the
ROC analysis, is a more informative indicator of a poor prognosis in patients with
COVID-19-associated pneumonia compared to other biomarkers.

Many studies have shown that an increased PCT level is significantly associated with the
severity of COVID-19 [13,45,46]. It is assumed that the cascade of inflammatory reactions trig-
gered by the coronavirus through the release of proinflammatory cytokines such as IL-1b and
IL-6 can induce the release of PCT in patients even without bacterial coinfection. A meta-
analysis showed that the severe form of COVID-19 can be distinguished from the moderate
one by a slightly higher PCT (by 0.2 ng/mL). In our cohort, the procalcitonin level of 0.32 ng/
mL or higher was recorded in almost half of the patients who died, which confirms its high
predictive value. An increase in both CRP and PCT may be associated not only with a huge
inflammatory process, but also with a higher incidence of bacterial superinfections among
critically ill patients with COVID-19 (up to 50% among deceased patients).

Immunological patterns of secondary hemophagocytic lymphohistiocytosis,
bacterial sepsis, and COVID-19

Secondary HLH (sHLS) and sepsis are both typical hyperinflammatory diseases associated
with CSS. Some common features were found in CSS caused by COVID-19 and sHLH due to
the severity of their clinical course, frequent lungs involvement [6], and similar immunolog-
ical profile including elevated IL-1b, IL-2, IL-8, IL-10, IL-17, TNF-a, IFN-g et al. [7]. Further-
more, both COVID-19 and HLH also has common immunological and clinical characteristics
with septic shock (SS), caused by bacterial infection [8,9]. Although an elevation of many
inflammatory parameters is essential for all mentioned conditions, some of them could
be combined and serve as patterns, reflecting immunopathological characteristics of underly-
ing diseases.

There were also available retrospective collections of 49 samples from patients with sec-
ondary hemophagocytic syndrome and 52 samples from patient with septic shock collected
a year before. Serum samples and clinical data of 39 sHLH and 47 SS consecutive fatal cases
that had been collected within 2018e2019 years were analyzed retrospectively and
compared to fatal COVID-19 group. The median number of days from admission and taking
blood until the end point was 6.0 days in sHLH and 1.0 day in SS. 7-day and 28-day CFRs
consisted 50.0% and 75.0% in sHLH, and 95.4% and 100.0% in SS, respectively. The sHLH
diagnosis was established with the use of HLH-2004 criteria [12] and H-Score [13]. The me-
dian number of points was 5.0 (4.0e6.0) by HLH-2004 criteria and 227 (178.5e256.0) by
H-Score. The diagnosis of sepsis was established according to ACCP/SCCM sepsis criteria
and confirmed based on the positive blood culture result in 57.45% (27/47) cases [14]. The
median value on the Sequential Organ Failure Assessment (SOFA) Score in SS patients con-
sisted 12.0 points. Assessing the risk of developing a severe course of COVID-19 has evalu-
ated using previously developed National Early Warning Score 2 (NEWS2). The median
value on National Early Warning Score 2 (NEWS2) Score in fatal COVID-19 patients con-
sisted seven points.
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Serum samples, demographic, and clinical data were collected from 37 lethal cases of
COVID-19, 39 retrospective fatal cases sHLH and 47 retrospective fatal SS (Table 5.4). Second-
ary HPS with hyperferrininemia was related to hemato-oncology diseases, and in over half of
septic patients the microbial agent was known. The samples came from patients during last
two weeks of the disease before death.

Serum cytokine levels in patients with fatal COVID-19, SS, and sHLH are presented in a
Table 5.5:

Hypercytokinemia is essential component of systemic inflammation and by itself is not
specific for any definite pathology; however, the proportions of certain parameters may
vary depending on the pathogen type, underlying disease, and patient’s individual features.
It was noticed, that WBC rate [47], CRP [48], and PCT values [49] are typically higher, while
NPT and ferritin are lower in bacterial infections compared to viral [50]. The novel concept
divides infectious pathogens into intracellular and extracellular due to their ability to affect
different PPRs and induce different inflammatory pathways [7]. In particular, Slaats J et al.
have proposed IL-1/IL-6/CRP pattern for extracellular pathogen-induced response and IL-
18/ferritin pattern for intracellular pathogen-induced response [51]. In this view, CSS may
be considered as a condition prevalently induced by extracellular parasites, though the cases
of intracellular sepsis were also reported [52]. Meanwhile, hyperinflammation in sHLH is

TABLE 5.4 Demographic parameters of patients with fatal COVID-19, SS, and sHLH outcomes.

Study

Secondary hemophagocytic syndrome
(N [ 39)

Bacterial sepsis and septic
shock (N [ 47)

Pneumonia COVID-19
(N[ 36)

Retrospective, 2018e19 Retrospective, 2018e19 Prospective, 2020

Age,
median

58.0 65.0 69.0

Gender
(m/f)

19/20 30/17 24/13

Etiology • Hemato-oncology: 71.8%
• Infections(Leishmania spp., HIV,

EpsteineBarr virus): 15.4%
• Idiopathic: 12.8%

• Klebsiella pheumoniae:
21.3%

• Staphylococcus spp:
19.2%

• Acinetobacter baumannii:
10.6%

• Pseudomonas aeruginosa:
6.4%

• Streptococci spp.: 6.4%
• Othersd6.3%

SARS-CoV-2:
100.0%

Cause of
death

• Poly-organic failure: 61.6%
• Oncology progression: 33.3%
• Stroke: 5.13%

• Polyorganic failure:
100.0%

• ARDS: 73.0%
• Poly-organ failure 21.6%
• Heart attack 5.4%

Therapy Chemotherapy (etoposide), IVIG,
cyclosporin A, steroids

Antibiotics Anticytokine treatment, Jak
inhibitors, steroids,

Note: AMI, Acute Myocardial Infarction; ARDS, Acute Respiratory Distress Syndrome; COVID-19, coronavirus disease 2019;
MODS, Multiple Organ Dysfunction Syndrome; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; sHLH, second-
ary Hemophagocytic Lymphohistiocytosis; SS, Septic Shock (caused by bacteria).
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TABLE 5.5 Cytokine levels in patients with fatal COVID-19, SS, and sHLH outcomes.

Parameter Donor values sHLH SS COVID-19
sHLH/
SS

sHLH/
COVID-19

SS/
COVID-19

IL-1b, pg/mL,median (25
e75th)

0.20 (0.10e0.87) 0.13 (0.1e1.47) 0.36 (0.11e19.95) 0.88 (0.15e1.67) ns ns ns

IL-2, pg/mL,median (25
e75th)

0.15 (0.10e0.20) 1.46 (0.32e43.07) 0.01 (0.01e0.14) 0.07 (0.01e0.18) * ns ns

IL-6, pg/mL,median (25
e75th)

0.63 (0.25e1.37) 24.23 (7.91e122.90) 99.80 (16.94e512.3) 75.27 (24.30e166.1) ** ** ns

IL-8, pg/mL,median (25
e75th)

2.90 (2.21e3.98) 141.3 (74.31e343.5) 498.1 (80.47e643.2) 23.78 (14.86e32.28) ns **** ****

IL-10, pg/mL,median (25
e75th)

1.43 (0.89e1.79) 64.70 (17.90e236.8) 42.33 (15.87e500.0) 20.00 (11.16e29.80) ns * *

IL-17A, pg/mL,median (25
e75th)

4.85 (0.19e21.57) 51.32 (6.89e101.5) 8.11 (0.21e30.53) 31.95 (30.29e33.66) * ns ns

IL-18, pg/mL,median (25
e75th)

81.40 (67.06e133.80) 2690.0 (2042.0e2741.0) 1575.0 (942.4e2368.0) 783.9 (537.4e1117.0) * **** ****

IFN-g, pg/mL,median (25
e75th)

0.20 (0.10e0.52) 35.24 (21.00e55.62) 19.35 (11.02e36.61) 4.55 (0.21e10.19) * **** *

TNF-a, pg/mL,median (25
e75th)

0.71 (0.30e1.04) 36.90 (22.13e60.73) 19.33 (9.58e37.62) 3.77 (2.17e6.11) ns ** *

Note: P values for each pair are presented as ns (P > 0.04, not significant), *(P < 0.05), ** (P < 0.01), *** (P < 0.001), and **** (P < 0.0001). COVID-19, coronavirus disease
2019; sHLH, secondary Hemophagocytic Lymphohistiocytosis; SS, Septic Shock (caused by bacteria). The groups were compared by KruskaleWallis one-way analysis of
variance and Dunn’s pairwise posttest.
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triggered by either intracellular infectious agents (viral, bacterial, or protozoan) or malig-
nancies [53] and inflated in result of genetic defect of CD8þT-cells or natural killers [54].
Both viruses and malignancies are known to activate IFN-g mediated cell immunity [55].
The distributions of inflammatory biomarkers in deceased patients with COVID-19,
sHLH, and SS and in different COVID-19 outcomes (fatal v/s nonfatal) are presented
in Figs. 5.2e5.3 .

Considering the chart in a Fig. 5.2, it was noted that each hyperinflammatory condition
had distinct increased and decreased parameters, suggesting that this imbalance may be a
better differentiating marker compared to a set of the most increased parameters. Figs. 5.2
and 5.3 illustrated that despite deceased COVID-19 patients had significantly higher IL-6,
IL-8, IL-10, IL-18, PCT, CRP, and NPT levels compared to survived, some of these parameters
were lower compared to SS and sHLH. In particular, patients with COVID-19 had the lowest
IFN-gmedian concentration compared to other fatal conditions, what can be explained by the
fact that SARS-CoV-2 is able to suppress both interferon types I and II expression in mono-
cytes and epithelial cells [27,28].

Although both COVID-19 and sHLHwere provoked by intracellular pathogens, the pattern
of COVID-19 was more similar to SS. In particular, deceased patients with COVID-19 and SS
had comparable IL-6, ferritin, %GF, and NLR values. Recently NLR was identified as an

FIGURE 5.2 Rose Plote describing inflammatory parameters in patients with fatal COVID-19, sHLH, and SS
outcomes. Median values of laboratory parameters are transformed into percentile values of these parameters in total
group of patients with fatal conditions.
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independent risk factor for critical illness in patients with COVID-19 infection (with a
threshold value of 3.13 in early stage) [29], and in the current study deceased COVID-19
patients demonstrated its highest level. Revealed disproportions in COVID-19 included
high IL-6, IL-17A, WBC, NLR, and low IFN-g, TNF-a, IL-8, IL-2 concentrations that seemed
to be the sign of its unfavorable course. Previously Bert NL and al. reported an imbalanced
response in symptomatic COVID-19 patients with elevated IL-6, TNF-a, IL-1b, and IL-10,
but decreased IL-2 and IFN-g production, whereas asymptomatic patients had proportionally
high IL-2 and IFN-g levels [30]. Nevertheless, both decreased [31] and increased [32] IFN-g
levels in severe COVID-19 compared to its mild form were reported. Low IL-2 and IFN-g
levels most likely reflected cytotoxic immunity suppression, while an activation of IL-6/IL-
17 pathway with subsequent neutrophil recruitment may play the role of an alternative mech-
anism of antiviral defense. Recent studies revealed a range of effects of these cells, aimed at
eliminating intracellular pathogens via binding their extracellular forms by neutrophil extra-
cellular traps [33], shuttling to the lymph nodes and presenting to lymphocytes [34], expres-
sion chemokines for macrophages and T-lymphocytes [4], etc.

FIGURE 5.3 Rose Plot describing inflammatory parameters in patients with fatal and nonfatal COVID-19 out-
comes. Median values of laboratory parameters are transformed into percentile values of these parameters in total
COVID-19 group.Note: %GF, the percent of Glycosylated Ferritin fraction; COVID-19, coronavirus disease 2019; CRP,
C-reactive protein; NLR, Neutrophil to Lymphocyte ratio; NPT, neopterin; PCT, procalcitonin; sHLH, secondary
Hemophagocytic Lymphohistiocytosis; SS, Septic Shock (caused by bacteria); TRG, triglycerides; WBC, White Blood
Cells.
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As it was said above, hyperinflammation is a result of immune system inability to elimi-
nate pathogen that also manifests as imbalanced response. Each fatal condition has demon-
strated some immunological pattern: high IL-6/NLR and low IFN-g/TNF-a in COVID-19;
high IL-8/IL-6 and low IL-17A/IL-2/sTfR in SS; high IL-18/ferritin/IL-17A and low IL-6/
PCT/NLR%GF in sHLH.

Cytokine storm syndrome score for disease prognosis

Predicting the course of COVID-19 infection is of fundamental importance for the timely
and adequate distribution of treatment efforts in the face of limited time and material re-
sources caused by the massive admission of patients. A significant number of new clinical al-
gorithms and models have been proposed to solve this problem. A number of studies have
evaluated the use of previously developed clinical scales for assessing the risk of developing
a severe course, including the pneumonia severity index (PSI), the CURB-65 and CRB-65 pneu-
monia severity scores, A-DROP and SMART-COP, the severity rating score patient NEWS2,
sequential assessment of organ failure qSOFA, and criteria for systemic inflammatory response
syndrome [56]. Thus, the NEWS2 scale was superior to qSOFA and other scales in terms of
predicting the critical course in hospitalized patients [57]. New scales for assessing the severity
of COVID-19 were also developed, based on demographic data, the presence of concomitant
diseases, instrumental studies, saturation, and laboratory parameters [56]. A large-scale study
of the informativeness of this approach was carried out in China, where the area under the
ROC curve of the clinical risk scale was 0.88 (95% CI, 0.85e0.91), and when validated it
was also 0.88 (95% CI, 0.84e0.93). The American 10-point scale for assessing the severity of
COVID-19, including age, oxygen saturation, blood pressure, blood urea, CRP, and interna-
tional normalized ratio, showed similar prognostic indicators [58]. Despite the decisive role
of cytokines and the development of CSS, they are not included in risk stratification algorithms
due to the inaccessibility of their routine measurement in most clinical laboratories.

Since IL-6, IL-10, IL-18, and PCT were associated with disease severity and death, these
indicators were integrated into a 12-point scale called the CSS score. The f ranges of IL-6,
IL-18, IL-10, PCT, and the corresponding score are presented in Table 5.4. Cut-off of these
ranges was established on the basis of ROC analysis. The cut-off between low and medium
levels were determined on the basis of the concentrations of the studied laboratory parame-
ters and were characterized by a sensitivity of 60% and a specificity of 75%, and values be-
tween the medium and high levelsda sensitivity of 40% and a specificity of 90%. The CSS
score represents the sum of IL-6, IL-10, IL-18, and PCT scores (Table 5.6), from 0 to 12. Pa-
tients who score 6 points or more have a high risk of an unfavorable outcome of the disease.
According to the ROC analysis, the area under the curve for the CSS score was superior to for
each of the four markers separately (AUC 0.90 (95% CI 0.84e0.95), P < 0.001).

To assess the prognosis of the outcome of the disease, we carried out an analysis of labo-
ratory data, which revealed significant differences between patients who died from COVID-
19 and those who survived (Table 5.3). Thus, among patients with a poor outcome, the
following were significantly more frequent: leukocytosis (26 patients [72%] versus 55
[28.9%]; P < 0.001), as well as lymphopenia (25 [69.4%] patients versus 69 [36%];
P < 0.001). The average number of leukocytes and neutrophils in deceased patients was
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significantly higher, and the average number of lymphocytes and platelets was significantly
lower than in recovered patients (Table 5.2). There was also a significant difference in the
levels of a number of biochemical and coagulation parameters. It should be noted that 16
(44%) of 36 deceased patients and 53 (27%) of 190 recovered patients had a D-dimer concen-
tration above 1000 ng/mL. The levels of C-reactive protein and ferritin in the blood in
deceased patients was significantly higher than in the group of recovered individuals (60
vs 144 mg/L and 605 vs 1243 mg/L, P < 0.0005, respectively).

To compare the predictive value of the CSS score and other pro-inflammatory and other
biomarkers, ROC curves of the levels of D-dimer, neutrophils, C-reactive protein, ferritin,
and LDH were constructed (Fig. 5.4). The area under the curve was the largest for CSS score
and amounted to 0.90 (0,85- 0,96) with sensitivity of 83.33% (62.62-95.26) and specificity
84.48% (78.23e89.52). For the diagnosis of critical COVID-19, the area under the curve for
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TABLE 5.6 Cytokine storm syndrome score.

Biomarkers

Score[ 0 Score[ 1 Score[ 2 Score[ 3

Normal range Borderline increase Moderately increase Ultimately high

IL-6, pg/mL 0e10 10e40 40e100 >100

IL-18, pg/mL 0e300 300e650 650e1000 >1000

IL-10,pg/mL 0e5 5e10 10e30 >30

PCT, pg/mL 0e0.25 0.25e0.99 1.0e2.0 >2.0

Notes: IL-10, interleukin 10; IL-18, interleukin 18; IL-6, interleukin 6; PCT, procalcitonin; The score of cytokine storm is a 12-point
score that includes different levels of concentrations of IL-6, IL-18, IL-10, PCT. Scores from one to three correspond to normal,
borderline, medium and high level of these biomarkers. A value of six and more points is associated with a high risk of unfavor-
able outcome.
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neutrophils was 0.80 (0.73-0.88), for LDH - 0.77 (0.66e0.88), for D-dimerd0.70 (0.57e0.82).
Proinflammatory markers such as CRP and ferritin showed an area under the ROC curve
of 0.69 (0.59e0.78) and 0.74 (0.64e0.83), respectively.

Validation of cytokine storm syndrome score and its clinical relationship

To validate the CSS score and to prove its prognostic significance, we have also tested sam-
ples of 121 patient collected during second wave of the epidemic that happened in St. Peters-
burg, Russia, during the winter of 2020. There were 48 hospitalized patients with COVID-19
pneumonia not required ICU and 80 hospitalized patients with COVID-19 severe and critical
pneumonia.

To identify patients at risk of death in the validation cohort, the integration of markers into
the CSS score showed a relatively high sensitivity (78.79%, 95% CI% 0.61e0.91) and signifi-
cantly increased the specificity (81.12%, 95% CI 71.24e88.80). Clinical sensitivity of CSS score
(�6 points) for fatal outcomes was 78.79% and specificity of 81.12% (Table 5.7). The CSS score
positively and statistically significantly correlates with the NEWS2 (0.56, P < 0.05), the dura-
tion of oxygen therapy (R ¼ 4.49, P < 0.05) and the degree of lung damage based on CT re-
sults (3.48, P < 0.05).

Thus, we have confirmed the predictive value of the CSS score in relation to the risk of an
unfavorable prognosis of the course of COVID-19. The combined prognostic capabilities of
IL-6, IL-18, IL-10, and PCT, integrated into CSS score, can help identify patients at high
risk of death in COVID-19-associated pneumonia. Important clinical issue of COVID-19
pneumonia is the relationship between severe disease and older age and the number of
comorbidities.

TABLE 5.7 Diagnostic test evaluation of IL-6, IL-10, IL-18, PCT, cytokine storm syndrome score.

Marker Cut-off P
Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Odds ratio
(95% CI)

Relative risk
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

IL-6 (pg/
mL)

16.53 < 0.0001 94.23
(79.77e99.26)

52.0
(42.96e64.00)

18.28
(4.11e81.33)

10.63
(2.66e42.34)

0.44
(0.32
e0.56)

0.95
(0.85
e0.99)

IL-18
(pg/mL)

535.9 0.0235 75.76
(0.57e0.88)

47.06
(36.13e58.13)

2.77
(1.12e6.85)

2.14
(1.05e4.34)

0.35
(0.24
e0.48)

0.83
(0.69
e0.92)

IL-10
(pg/mL)

17.45 < 0.0001 78.79
(0.61e0.91)

74.12
(0.63e0.83)

10.64
(4.04e27.94)

5.41
(2.56e11.46)

0.54
(0.39
e0.68)

0.90
(0.80
e0.95)

PCT (pg/
mL)

0.56 < 0.0001 45.71
(28.83e63.35)

87.06
(78.02 93.36)

5.66
(2.26e14.20)

2.90
(1.74e4.82)

0.59
(0.38
e0.77)

0.79
(0.69
e0.87)

CSS score >6 < 0.0001 78.79
(61.09e0.91)

81.1
(71.2e88.84)

16.02
(5.90e43.38)
5.914 to 43.38

6.71
(3.19e14.16)

0.62
(0.45
e0.76)

0.88
(0.82
e0.96)

Note: NPV, negative predictive value; PPV, positive predictive value; CSS, cytokine storm syndrome.
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We have studied the prevalence of comorbidity, that was found in 70% among hospital-
ized patients, while hypertension (HD) was observed in 57.8% (n ¼ 130), coronary heart dis-
ease (IHD)din 27% (n ¼ 61), diabetes mellitus (DM)din 16.2% (n ¼ 36), chronic heart
failure (CHF)din 8.6% (n ¼ 19). About 9.6% (n ¼ 21) of patients had oncological diseases
in the active stage, and 3.7% (n ¼ 8) had chronic kidney disease. It should be noted that a
high incidence of comorbidities was observed in critically ill patients, as well as in the group
of patients with fatal outcome (Fig. 5.5). Chronic kidney disease, coronary heart disease,
and cancer were directly correlated with number of deaths.

The number of deaths of patients under 45 years old was 3 (7.31%), from 45 to 65 years
oldd12 (10.5%), while the largest number of deaths was observed in the group of patients
aged 65e85 years (21 [58, 3%]). Body mass index (BMI) in 42% of cases exceeded 30 kg/m2.
BMI in women was 33.0 � 1.4 kg/m2 and was significantly (P < 0.01) higher than the average
BMI in men (29.3 � 0.7 kg/m2). We have found the association between CSS score and age
group and the presence of life threating comorbidities (Fig. 5.6).
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Conclusion remarks

• СOVID19 in characterized by unique pattern of proinflammatory cytokine synthesis
including IL-18/ferritin and IL-17A; IL-6/CRP and IL-8/TNFa/procalcitonin; IL-10/
lymphopenia;

• Profiles of cytokines and laboratory biomarkers resemble both sepsis and hemophago-
cytic (MAS) syndrome;

• Levels of proinflammatory monocytic cytokines are higher in patients further transferred
to ICU for pulmonary support and are associated with high mortality;

• Cytokine storm parameters are higher in patients belonging to risk groups (higher age
and with higher number of comorbidities);

• Integrated Cytokine Storm Score can help to predict most severe cases of COVID-19
disease.

References
[1] Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into the eye of the cytokine storm. Microbiol

Mol Biol Rev 2012;76(1):16e32. https://journals.asm.org/doi/10.1128/MMBR.05015-11.
[2] Cron RQ, Behrens EM. Cytokine Storm Syndrome. Cham: Springer International Publishing; 2019. http://link.

springer.com/10.1007/978-3-030-22094-5.
[3] Nazinitsky A, Rosenthal KS. Cytokine storms. Infect Dis Clin Pract 2010;18(3):188e92. https://journals.lww.

com/00019048-201005000-00011.
[4] Minoia F, Davì S, Horne A, Demirkaya E, Bovis F, Li C, et al. Clinical features, treatment, and outcome of macro-

phage activation syndrome complicating systemic juvenile idiopathic arthritis: a multinational, multicenter
study of 362 patients. Arthritis Rheumatol 2014 г;66(11):3160e9. https://doi.org/10.1002/art.38802.

[5] Dinarello CA. Historical insights into cytokines. Eur J Immunol 2007;37(S1):S34e45. https://onlinelibrary.wiley.
com/doi/10.1002/eji.200737772.

[6] Ray A. Cytokines and their role in health and disease: a brief overview. MOJ Immunol [Jнтернет] 2016;4(2).
https://medcraveonline.com/MOJI/cytokines-and-their-role-in-health-and-disease-a-brief-overview.html.

[7] Mogensen TH. Pathogen recognition and inflammatory signaling in innate immune defenses. Clin Microbiol
Rev. 2009;22(2):240e73.

Age

C
S
S
S
co
re

0 -4 5 4 5 -6 5 6 5 -8 5
0

5

1 0

1 5 **

C
S
S
S
co
re

W
ith
o u
t C
M

W
ith

C M
0

5

1 0

1 5 *

а ) b )

FIGURE 5.6 Relationship between SCC score points and age (A) and presence of life threating comorbidities (B)
Notes: CM, comorbidities; CSS, cytokine storm syndrome.

References 157

https://journals.asm.org/doi/10.1128/MMBR.05015-11
http://link.springer.com/10.1007/978-3-030-22094-5
http://link.springer.com/10.1007/978-3-030-22094-5
https://journals.lww.com/00019048-201005000-00011
https://journals.lww.com/00019048-201005000-00011
https://doi.org/10.1002/art.38802
https://onlinelibrary.wiley.com/doi/10.1002/eji.200737772
https://onlinelibrary.wiley.com/doi/10.1002/eji.200737772
https://medcraveonline.com/MOJI/cytokines-and-their-role-in-health-and-disease-a-brief-overview.html


[8] Canedo-Marroquín G, Saavedra F, Andrade CA, Berrios RV, Rodríguez-Guilarte L, Opazo MC, et al. SARS-CoV-
2: immune response elicited by infection and development of vaccines and treatments. Front Immunol 2020;11.
https://www.frontiersin.org/articles/10.3389/fimmu.2020.569760/full.

[9] Snijder EJ, van der Meer Y, Zevenhoven-Dobbe J, Onderwater JJM, van der Meulen J, Koerten HK, et al. Ultra-
structure and origin of membrane vesicles associated with the severe acute respiratory syndrome coronavirus
replication complex. J Virol 2006;80(12):5927e40. https://jvi.asm.org/content/80/12/5927.

[10] Dias Junior AG, Sampaio NG, Rehwinkel J. A balancing act: MDA5 in antiviral immunity and autoinflamma-
tion. Trends Microbiol 2019;27(1):75e85. http://www.ncbi.nlm.nih.gov/pubmed/30201512.

[11] Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue J, Crawford JM, et al. Targeting potential
drivers of COVID-19: neutrophil extracellular traps. J Exp Med 2020;217(6). https://rupress.org/jem/article/
doi/10.1084/jem.20200652/151683/Targeting-potential-drivers-of-COVID19-Neutrophil.

[12] Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al. Baseline characteristics and outcomes
of 1591 patients infected with SARS-CoV-2 admitted to ICUs of the lombardy region, Italy. JAMA
2020;323(16):1574. https://jamanetwork.com/journals/jama/fullarticle/2764365.

[13] Zhang J, Dong X, Cao Y, Yuan Y, Yang Y, Yan Y, et al. Clinical characteristics of 140 patients infected with SARS-
CoV-2 in Wuhan, China. Allergy 2020;75(7):1730e41. https://onlinelibrary.wiley.com/doi/10.1111/all.14238.

[14] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coro-
navirus in Wuhan, China. Lancet (London, England) 2020;395(10223):497e506. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7278637/.

[15] Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19: consider cytokine storm syn-
dromes and immunosuppression. Lancet 2020;395(10229):1033e4. https://linkinghub.elsevier.com/retrieve/
pii/S0140673620306280.

[16] McGonagle D, Sharif K, O’Regan A, Bridgewood C. The role of cytokines including interleukin-6 in COVID-19
induced pneumonia and macrophage activation syndrome-like disease. Autoimmun Rev 2020;19(6):102537.
http://www.ncbi.nlm.nih.gov/pubmed/32251717.

[17] Jamilloux Y, Henry T, Belot A, Viel S, Fauter M, El Jammal T, et al. Should we stimulate or suppress immune
responses in COVID-19? Cytokine and anti-cytokine interventions. Autoimmun Rev 2020;19(7):102567. https://
linkinghub.elsevier.com/retrieve/pii/S1568997220301294.

[18] Del Valle DM, Kim-Schulze S, Huang H-H, Beckmann ND, Nirenberg S, Wang B, et al. An inflammatory cyto-
kine signature predicts COVID-19 severity and survival. Nat Med 2020;26(10):1636e43. https://www.nature.
com/articles/s41591-020-1051-9.

[19] Chen Y, Wang J, Liu C, Su L, Zhang D, Fan J, et al. IP-10 and MCP-1 as biomarkers associated with disease
severity of COVID-19. Mol Med 2020;26(1):97. https://molmed.biomedcentral.com/articles/10.1186/s10020-
020-00230-x.

[20] Azzout M, Dietrich C, Machavoine F, Gastineau P, Bottier A, Lezmi G, et al. IL-33 enhances IFNg and TNFa
production by human MAIT cells: a new pro-Th1 effect of IL-33. Int J Mol Sci 2021;22(19):10602. https://
www.mdpi.com/1422-0067/22/19/10602.

[21] Ye Q, Wang B, Mao J. The pathogenesis and treatment of the ‘Cytokine Storm’ in COVID-19. J Infect
2020;80(6):607e13. https://linkinghub.elsevier.com/retrieve/pii/S0163445320301651.

[22] Fajgenbaum DC, June CH. Cytokine storm. Longo DL, редактор. N Engl J Med 2020;383(23):2255e73. http://
www.nejm.org/doi/10.1056/NEJMra2026131.

[23] Qi C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of immune response in patients with corona-
virus 2019 (COVID-19) in Wuhan, China. Clin Infect Dis 2020;71(15):762e8. https://academic.oup.com/cid/
article/71/15/762/5803306.

[24] Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, et al. Characteristics of peripheral lymphocyte subset alter-
ation in COVID-19 pneumonia. J Infect Dis 2020;221(11):1762e79. https://academic.oup.com/jid/article/221/
11/1762/5813618.

[25] Sa Ribero M, Jouvenet N, Dreux M, Nisole S. Interplay between SARS-CoV-2 and the type I interferon response.
Stapleford K, редактор. PLOS Pathog 2020;16(7):e1008737. https://dx.plos.org/10.1371/journal.ppat.1008737.

[26] Bourdon M, Manet C, Montagutelli X. Host genetic susceptibility to viral infections: the role of type I interferon
induction. Genes Immun 2020;21(6e8):365e79. http://www.nature.com/articles/s41435-020-00116-2.

[27] Ferrara JL, Abhyankar S, Gilliland DG. Cytokine storm of graft-versus-host disease: a critical effector role for
interleukin-1. Transplant Proc 1993;25(1 Pt 2):1216e7. http://www.ncbi.nlm.nih.gov/pubmed/8442093.

5. Laboratory characteristics of cytokine storm syndrome in COVID-19 infection158

https://www.frontiersin.org/articles/10.3389/fimmu.2020.569760/full
https://jvi.asm.org/content/80/12/5927
http://www.ncbi.nlm.nih.gov/pubmed/30201512
https://rupress.org/jem/article/doi/10.1084/jem.20200652/151683/Targeting-potential-drivers-of-COVID19-Neutrophil
https://rupress.org/jem/article/doi/10.1084/jem.20200652/151683/Targeting-potential-drivers-of-COVID19-Neutrophil
https://jamanetwork.com/journals/jama/fullarticle/2764365
https://onlinelibrary.wiley.com/doi/10.1111/all.14238
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278637/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278637/
https://linkinghub.elsevier.com/retrieve/pii/S0140673620306280
https://linkinghub.elsevier.com/retrieve/pii/S0140673620306280
http://www.ncbi.nlm.nih.gov/pubmed/32251717
https://linkinghub.elsevier.com/retrieve/pii/S1568997220301294
https://linkinghub.elsevier.com/retrieve/pii/S1568997220301294
https://www.nature.com/articles/s41591-020-1051-9
https://www.nature.com/articles/s41591-020-1051-9
https://molmed.biomedcentral.com/articles/10.1186/s10020-020-00230-x
https://molmed.biomedcentral.com/articles/10.1186/s10020-020-00230-x
https://www.mdpi.com/1422-0067/22/19/10602
https://www.mdpi.com/1422-0067/22/19/10602
https://linkinghub.elsevier.com/retrieve/pii/S0163445320301651
http://www.nejm.org/doi/10.1056/NEJMra2026131
http://www.nejm.org/doi/10.1056/NEJMra2026131
https://academic.oup.com/cid/article/71/15/762/5803306
https://academic.oup.com/cid/article/71/15/762/5803306
https://academic.oup.com/jid/article/221/11/1762/5813618
https://academic.oup.com/jid/article/221/11/1762/5813618
https://dx.plos.org/10.1371/journal.ppat.1008737
http://www.nature.com/articles/s41435-020-00116-2
http://www.ncbi.nlm.nih.gov/pubmed/8442093


[28] Us D. Cytokine storm in avian influenza. Mikrobiyol Bul. 2008;42(2):365e80.
[29] Rodríguez-Pintó I, Espinosa G, Cervera R. The catastrophic antiphospholipid Syndrome. C: antiphospholipid

antibody Syndrome. 2015. p. 249e62. с.
[30] Porter D, Frey N, Wood PA, Weng Y, Grupp SA. Grading of cytokine release syndrome associated with the CAR

T cell therapy tisagenlecleucel. J Hematol Oncol 2018;11(1):35.
[31] Sharma C, Ganigara M, Galeotti C, Burns J, Berganza FM, Hayes DA, et al. Multisystem inflammatory syndrome

in children and Kawasaki disease: a critical comparison. Nat Rev Rheumatol 2021;17(12):731e48. https://www.
nature.com/articles/s41584-021-00709-9.

[32] Janka GE. Familial and acquired hemophagocytic lymphohistiocytosis. Annu Rev Med 2012;63(1):233e46.
http://www.annualreviews.org/doi/10.1146/annurev-med-041610-134208.

[33] Haddad E, Sulis ML, Jabado N, Blanche S, Fischer A, Tardieu M. Frequency and severity of central nervous sys-
tem lesions in hemophagocytic lymphohistiocytosis. Blood 1997;89(3):794e800. https://doi.org/10.1182/
blood.V89.3.794.

[34] Jovanovic A, Kuzmanovic M, Kravljanac R, Micic D, Jovic M, Gazikalovic S, et al. Central nervous system
involvement in hemophagocytic lymphohistiocytosis: a single-center experience. Pediatric Neurology
2014;50(3):233e7. https://doi.org/10.1016/j.pediatrneurol.2013.10.014.

[35] Parodi A, Davì S, Pringe AB, Pistorio A, Ruperto N, Magni-Manzoni S, et al. Macrophage activation syndrome
in juvenile systemic lupus erythematosus: a multinational multicenter study of thirty-eight patients. Arthritis &
Rheumatism 2009;60(11):3388e99. https://doi.org/10.1002/art.24883.

[36] Gavand PE, Serio I, Arnaud L, Costedoat-Chalumeau N, Carvelli J, Dossier A, et al. Clinical spectrum and ther-
apeutic management of systemic lupus erythematosus-associated macrophage activation syndrome: a study of
103 episodes in 89 adult patients. Autoimmun Rev 2017;16(7):743e9. https://doi.org/10.1016/
j.autrev.2017.05.010.

[37] Xie Y, Wang Z, Liao H, Marley G, Wu D, Tang W. Epidemiologic, clinical, and laboratory findings of the
COVID-19 in the current pandemic: systematic review and meta-analysis. BMC Infect Dis 2020;20(1):640.
https://doi.org/10.1186/s12879-020-05371-2. https://bmcinfectdis.biomedcentral.com/articles/10.1186/
s12879-020-05371-2.

[38] Song J, Park DW, Moon S, Cho H-J, Park JH, Seok H, et al. Diagnostic and prognostic value of interleukin-6,
pentraxin 3, and procalcitonin levels among sepsis and septic shock patients: a prospective controlled study ac-
cording to the Sepsis-3 definitions. BMC Infect Dis 2019;19(1):968.

[39] Grifoni E, Valoriani A, Cei F, Lamanna R, Gelli AMG, Ciambotti B, et al. Interleukin-6 as prognosticator in pa-
tients with COVID-19. J Infect 2020;81(3):452e82. https://linkinghub.elsevier.com/retrieve/pii/
S0163445320303881.

[40] Herold T, Jurinovic V, Arnreich C, Lipworth BJ, Hellmuth JC, von Bergwelt-Baildon M, et al. Elevated levels of
IL-6 and CRP predict the need for mechanical ventilation in COVID-19. J Allergy Clin Immunol
2020;146(1):128e136.e4.

[41] Satıs H, Özger HS, Aysert Yıldız P, Hızel K, Gulbahar Ö, Erbas G, et al. Prognostic value of interleukin-18 and its
association with other inflammatory markers and disease severity in COVID-19. Cytokine 2021;137:155302.
https://linkinghub.elsevier.com/retrieve/pii/S1043466620303185.

[42] Lu L, Zhang H, Dauphars DJ, He Y-W. A potential role of interleukin 10 in COVID-19 pathogenesis. Trends
Immunol 2021;42(1):3e5. https://linkinghub.elsevier.com/retrieve/pii/S1471490620302568.

[43] Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and functional exhaustion of T cells in patients
with coronavirus disease 2019 (COVID-19). Front Immunol 2020;11:827. https://www.frontiersin.org/article/
10.3389/fimmu.2020.00827/full.

[44] Han H, Ma Q, Li C, Liu R, Zhao L, Wang W, et al. Profiling serum cytokines in COVID-19 patients reveals IL-6
and IL-10 are disease severity predictors. Emerg Microbes Infect 2020;9(1):1123e30. https://www.tandfonline.
com/doi/full/10.1080/22221751.2020.1770129.

[45] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138 hospitalized patients with 2019
novel coronavirus-infected pneumonia in Wuhan, China. JAMA 2020;323(11):1061e9. http://www.ncbi.nlm.
nih.gov/pubmed/32031570.

[46] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with
COVID-19 inWuhan, China: a retrospective cohort study. Lancet 2020;395(10229):1054e62. http://www.ncbi.nlm.
nih.gov/pubmed/32171076.

References 159

https://www.nature.com/articles/s41584-021-00709-9
https://www.nature.com/articles/s41584-021-00709-9
http://www.annualreviews.org/doi/10.1146/annurev-med-041610-134208
https://doi.org/10.1182/blood.V89.3.794
https://doi.org/10.1182/blood.V89.3.794
https://doi.org/10.1016/j.pediatrneurol.2013.10.014
https://doi.org/10.1002/art.24883
https://doi.org/10.1016/j.autrev.2017.05.010
https://doi.org/10.1016/j.autrev.2017.05.010
https://doi.org/10.1186/s12879-020-05371-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05371-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05371-2
https://linkinghub.elsevier.com/retrieve/pii/S0163445320303881
https://linkinghub.elsevier.com/retrieve/pii/S0163445320303881
https://linkinghub.elsevier.com/retrieve/pii/S1043466620303185
https://linkinghub.elsevier.com/retrieve/pii/S1471490620302568
https://www.frontiersin.org/article/10.3389/fimmu.2020.00827/full
https://www.frontiersin.org/article/10.3389/fimmu.2020.00827/full
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1770129
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1770129
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://www.ncbi.nlm.nih.gov/pubmed/32171076
http://www.ncbi.nlm.nih.gov/pubmed/32171076


[47] Korppi M, Kröger L, Laitinen M. White blood cell and differential counts in acute respiratory viral and bacterial
infections in children. Scand J Infect Dis. 1993;25(4):435e40.

[48] Korppi M, Kröger L. C-reactive protein in viral and bacterial respiratory infection in children. Scand J Infect Dis.
1993;25(2):207e13.

[49] Delevaux I. Can procalcitonin measurement help in differentiating between bacterial infection and other kinds of
inflammatory processes? Ann Rheum Dis. 2003;62(4):337e40.

[50] Ip M, Rainer TH, Lee N, Chan C, Chau SSL, Leung W, et al. Value of serum procalcitonin, neopterin, and C-
reactive protein in differentiating bacterial from viral etiologies in patients presenting with lower respiratory
tract infections. Diagn Microbiol Infect Dis. 2007;59(2):131e6.

[51] Slaats J, ten Oever J, van de Veerdonk FL, Netea MG. IL-1b/IL-6/CRP and IL-18/ferritin: distinct inflammatory
programs in infections. Bliska JB, редактор. PLOS Pathog. 2016;12(12):e1005973.

[52] Mckinlay AW, White N, Buxton D, Inglis JM, Johnson FWA, Kurtz JB, et al. Severe Chlamydia psittaci sepsis in
pregnancy. QJM An Int J Med. 1985;57(1):689e96.

[53] Karlsson T. Secondary haemophagocytic lymphohistiocytosis: experience from the uppsala university hospital.
Ups J Med Sci 2015;120(4):257e62.

[54] de Saint Basile G, Moshous D, Fischer A. Genetics and Pathogenesis of Hemophagocytic Lymphohistiocytosis.
C: histiocytic disorders. Cham: Springer International Publishing; 2018. p. 197e214.

[55] Gujar S, Pol JG, Kim Y, Lee PW, Kroemer G. Antitumor benefits of antiviral immunity: an underappreciated
aspect of oncolytic virotherapies. Trends Immunol. март 2018 г;39(3):209e21.

[56] Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al. Development and validation of a clinical risk score to pre-
dict the occurrence of critical illness in hospitalized patients with COVID-19. JAMA Intern Med 2020;180(8):1081.
http://118.126.104.170/.

[57] Myrstad M, Ihle-Hansen H, Tveita AA, Andersen EL, Nygård S, Tveit A, et al. National Early Warning Score 2
(NEWS2) on admission predicts severe disease and in-hospital mortality from Covid-19 - a prospective cohort
study. Scand J Trauma Resusc Emerg Med 2020;28(1):66. https://pubmed.ncbi.nlm.nih.gov/32660623/.

[58] Altschul DJ, Unda SR, Benton J, de la Garza Ramos R, Cezayirli P, Mehler M, et al. A novel severity score to
predict inpatient mortality in COVID-19 patients. Sci Rep 2020;10(1):16726. http://www.nature.com/articles/
s41598-020-73962-9.

5. Laboratory characteristics of cytokine storm syndrome in COVID-19 infection160

http://118.126.104.170/
https://pubmed.ncbi.nlm.nih.gov/32660623/
http://www.nature.com/articles/s41598-020-73962-9
http://www.nature.com/articles/s41598-020-73962-9

