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Abstract
In December 2019 a novel RNA beta-corona virus, highly contagious, was recognized to be the cause of previously pneumonia cases of unknown origin. The virus is 
phylo-genetically similar to SARS-CoV and has been called SARS-CoV-2 (COVID-19). Most common is the emerging of a strong dys-regulation of the immune 
response, that leads to disease severity in COVID-19 patients.

There are a lot of suggestions indicating that mortality, strong in critically ill patients, might be correlated with virally driven hyper-inflammation, due to a cytokine 
storm. Interleukin-6 (IL-6) plays an important role in cytokine release syndrome and elevated IL-6 level is a hallmark inflammatory signature seen in serum of 
patients with severe COVID-19 acute respiratory distress (ARDS).

We analyzed blood inflammation indicators, IL-6 and its receptor complex and TNF-α, in order to demonstrate that cytokines unbalanced systems can be considered 
an early tool to identify critical patients and to predict their poor prognosis.

Our study was conducted on N=23 critically patients with confirmed COVID-19 and admitted in Intensive Care Unit (ICU) from March 10 to April 30 due to 
severe respiratory failure.

Serum levels of IL-6, sIL-6R, sgp130 and TNF-α were determined using CLIA and ELISA as immunoassay.

Our data shown that not all patients have higher values in serum of sIL-6R agonist receptor, compared to the controls. For this reason we have stratified all patients 
in two different group (1 and 2). 

We observed that in GROUP 1 as well as in GROUP 2 the IL-6 and TNF-α serum levels are significantly increased in respect to the controls. Despite, sgp130 
antagonist receptor levels are significantly decreased in all patients.

Further studies are required to better investigate the role of IL-6 and its soluble receptor complex during COVID-19 disease and to evaluate the possible involvement 
of other cytokines also in response to different pharmacological treatment.
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Introduction
Several patients with profound inflammatory response associated 

with the pneumonitis appeared, in December 2019, in the epicenters 
of infection in Wuhan, China, Northern Italy and in USA (the Seattle 
and New York City areas), and a viral pneumonia currently sweeping 
the world was in the process of development [1]. Several days later, 
the highly contagious virus was identified as a new Beta-Coronavirus, 
which was officially named Severe Acute Respiratory Syndrome-
Coronavirus 2 (SARS-CoV-2). The disease caused by SARS-CoV-2 
has been named Coronavirus Disease 2019 (COVID-19) responsible 
for the recent pandemic. To date, COVID-19 has already affected 
numerous (7,82 millions) people globally, with a 18% mortality rate 
[2].

Although most cases were mild to moderate, some patients 
developed severe symptoms characterized by respiratory dysfunction 
and/or multiple organ failure.

The virus then activates the innate and adaptive immune system, 
resulting in the release of a large number of cytokines; in fact it has 
been suggested that one of the possible mechanisms underlying rapid 
disease progression is a “cytokine storm”. Previous retrospective studies 
indicated that an elevated level of Interleukin-6 (IL-6) was associated 
with high case fatality in COVID-19 patients [3].

IL-6 is a polyfunctional cytokine that regulates a very large 
number of cellular activities. IL-6 is one of major immune-modulatory 
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agent, playing active roles in the regulation of acute phase reactions, 
activation of T helper cells, inhibition of T regulatory (Tregs) cells and 
differentiation of B cells by orchestrating innate and adaptive immune 
responses [4,5]. It contributes also to the chronic inflammatory process 
[6]. In fact, high levels of IL-6 have been reported in several chronic 
inflammatory and autoimmune diseases as well as in cancer [7].

The main cellular sources of IL-6 are monocytes and T cells, but it 
can also be produced by other cells including epithelial cells [4].

IL-6 binds to its agonist receptor, which can exist in the trans-
membrane form (IL-6R or gp80) and in the soluble form (sIL-6R or 
gp50). This initial complex can then binds to the trans membrane 
protein gp130 to initiate intracellular signal transduction and gene 
expression [8].

The classical IL-6 signal is limited to cells (hepatocytes, macrophages, 
neutrophils, T cells, etc) that express IL-6R on their cell surface [9].

Cells do not expressing IL-6R, as stromal and epithelial cells, are 
able to respond to IL-6 because the soluble form of the receptor binds 
to IL-6 and then anchors to membrane gp130 receptor, initiating a 
trans-signaling pathway. For this reason, sIL-6R is able to increase the 
function of IL-6 and is considered the agonist form of its receptor.

When the level of IL-6 increases, its effects are widely expressed 
because gp130 molecules are ubiquitous and, therefore, also present in 
cells without IL-6R in the membrane form.

On the contrary, a soluble form of the glycoprotein 130 (sgp130) 
can complex with sIL-6R to prevent the sIL-6R from binding to the 
membrane-bound gp130. In this case sgp130 is able to decrease the 
function of IL-6 and is considered the antagonist form of IL-6 receptor 
system [10].

One of the main activators of IL-6 expression is Tumor Necrosis 
Factor- α (TNF-α), a pleiotropic molecule that plays a central role in 
inflammation, immune system development and in a large number of 
pathological diseases.

Elevated IL-6 level is a hallmark inflammatory signature seen in 
serum of patients with severe COVID-19 acute respiratory distress 
(ARDS) [1].

As no specific anti-viral treatment exists, our confirmed COVID-19 
patients were treated with steroids, in order to decrease inflammation, 
and with tocilizumab that specifically binds soluble and membrane-
bound IL-6 agonist receptors in order to inhibit IL-6 signal transduction 
[11,12].

The aim of this study was the analysis of a possible role of IL-6 and 
its receptor complex and TNF-α in critically ill COVID-19 patients 
with ARDS, by monitoring cytokines blood levels during disease 
progression and evolution. 

Materials and methods
Patients

During the period from March 10 to April 30, 2020, N=23 critically 
patients with confirmed COVID-19 were admitted in Intensive 
Care Unit (ICU) due to severe respiratory failure. The confirmed 
cases of COVID-19 was defined by a positive reverse-transcriptase–
polymerase-chain-reaction (RT-PCR) assay of a specimen collected on 
a nasopharyngeal swab. The demographic and clinical characteristics 
of the patients are shown in Table 1. The mean±S.D. age of the patients 

was 66,88±14,48 years; 78,26% were men. Hypertension, diabetes and 
obesity were the main comorbidities. The mean time from the first 
positive swab to ICU admission was 5 days, while the length of ICU 
stay was 15 days. 

This study was performed in the ICU of the University of Naples 
“Federico II”- Medical School - Italy. The local ethics committee 
(Azienda Ospedaliera Universitaria Policlinico “Federico II”, Naples - 
Ethic Committee, protocol number: 155/20) approved the investigative 
protocol, and written informed consent was obtained from each patient 
or next of kin.

All human study procedures were performed in accordance with 
the principles outlined by the Declaration of Helsinki [13].

Methods

At 08:00 a.m., a fasting venous blood sample was obtained, and 
serum IL-6, sIL-6R, sgp130 and TNF-α levels were measured.

IL-6 serum determination was performed by Chemiluminescent 
Immunoassay (CLIA) by IMMULITE 2000 (SIEMENS Healthcare 
Diagnostics, Italy); serum levels of sIL-6R, sgp130 and TNF-α were 
determined using automated Enzyme-Linked Immuno Sorbent 
Assay (ELISA) by analyzer Triturus System (GRIFOLS, Italy); R&D 
Quantikine ELISA Kits (R&D Systems, Minneapolis, MN - DIACHEM 
s.r.l., Italy distribution) were employed for all determinations.

The intra-assay and inter-assay coefficients of variation were <5% 
for IL-6 and sgp130 serum levels, and <10% for sIL-6R and TNF-α 
evaluation, respectively.

Normal values were observed in 32 age- and sex-matched healthy 
control subjects (mean age 57,92±9,14 years; M:F 22:10) without a 
family history of COVID-19, who were recruited from employees of 
Azienda Ospedaliera Universitaria Policlinico “Federico II”, Naples 
(Table 2). 

Statistical analysis

Data are expressed as mean±S.D. Statistical evaluation of data, by 
InStat 3.0 software (GraphPad Software Inc., San Diego, California, 
USA), was performed by Mann-Whitney test. Two-sided P values less 
than 0.05 were considered significant.

Results
In order to understand the role of inflammatory “cytokine storm” in 

critically ill COVID-19 patients, the serum levels of IL-6 and its soluble 
receptor complex and TNF-α, were determined as the mean value of 
different monitoring determinations at different times in all patients 
and compared to the control values.

N % 

Gender
M 18 78,26%
F 5 21,74%

Hypertension Yes 18 78,26%
Dyabetes Yes 9 39,13%
Obesity Yes 7 30,43%

Tocilizumab Yes 9 39,13%
Steroids Yes 14 60,87%

Mortality
Dead 12 52,17%
Alive 11 47,83%

Table 1. Characteristics of the patients  
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Serum sgp130 levels are decreased in COVID-19 patients compared 
to the healthy group, as shown in Table 2.

On the contrary, the levels of IL-6 and its agonist receptor sIL6R and 
TNF-α were significantly increased in the patients. In particular, the 
amount of IL-6 in patients was about 400 times more than the healthy 
controls, the amount of sIL-6R was almost triple, and the amount of 
TNF-α was almost 5 times, as shown in Table 2.

Focusing our attention on the obtained results, we noticed that 
not all patients have higher values of sIL-6R, compared to the controls. 
Indeed there was a first group of patients (43,5%) with normal levels of 
sIL-6R (31,05±8,22) (GROUP 1). 

On the contrary, another group of patients (56,5%) showed sIL-6R 
very high values (127,65±76,63) (GROUP 2), as shown in Figure 1.

For this reason, we have stratified all patients, based on these 
two different sub-groups, dividing the patients on GROUP 1 (sIL-6R 
normal values) and GROUP 2 (sIL-6R increased values). 

As reported in Figure 2, we observed that in GROUP 1 the IL-6 
levels are 76,58±162,68 pg/ml, that is 42 fold more than the controls, 
and in GROUP 2 the IL-6 levels reached a value of 1076,54±2364,27 pg/
ml (600 fold more than the controls) (P< .001).

On the contrast, in the two sub-groups of patients serum sgp130 
levels (GROUP 1: 207,90±52,53 and GROUP 2: 224,06±52,84) are both 
significantly decreased in respect to the controls (P< .001) (Figure 3).

Always following this grouping, in Figure 4 is shown that TNF-α 
serum levels in GROUP 1 and GROUP 2 respectively are 23,25±14,58 
pg/ml and 57,03±72,16 pg/ml (3 and 7 fold more amount compared to 
the controls) (P< .001).

Controls (mean±S.D.) Patients (mean±S.D.)
IL-6 (pg/ml) 1,81±0,89 702,99±1932,54

sIL-6R (ng/ml) 29,91±8,16 90,42±74,29
sgp130 (ng/ml) 305,24±44,99 217,92±53,14
TNF-α (pg/ml) 8,51±0,54 44,56±60,14

Table 2. Levels of IL-6, sIL-6R, sgp130 and TNF-α in serum of controls and all times 
patients determinations (mean±S.D.)

Figure 1. Analysis of sIL-6 R levels (ng/ml) behavior in patients studied (mean±S.D.)
Group 1: (31,05±8,22); Group 2: (127,65±76,63); C: healthy controls (29,91±8,16)

Figure 2. Analysis of IL-6 levels (pg/ml) in observed patients (mean±S.D.)
Group 1: IL-6 levels (76,58±162,68); Group 2: IL-6 levels (1076,54±2364,27); C: healthy 
controls (1,81±0,89)

Figure 3. Analysis of sgp130 levels (ng/ml) in observed patients (mean±S.D.)
Group 1: sgp 130 levels (207,90±52,53); Group 2: sgp 130 levels (224,06±52,84); C: 
healthy controls (305,24±44,99)
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Discussion and conclusions
Our data show two different conditions in observed patients: 

a GROUP 1 with normal levels of sIL-6R, agonist soluble receptor 
for IL-6, and a GROUP 2 with very elevated levels of this marker. 
This condition modulates the expression of serum IL-6, that results 
dramatically elevated in the GROUP 2, that comprises a very critically 
ill patients with COVID-19.

The modulation of IL-6 levels by sIL-6R serum concentration is 
further accentuated by the observation that levels of sgp130, antagonist 
soluble receptor, decrease in all patients. In this context, the IL-6 levels 
are higher and statistically different between the GROUP 1 and 2. 
Therefore, increased IL-6 levels are substained by sIL-6R up-regulation, 
whereas sgp130 does not exert the antagonist modulation.

We could hypothesize that the lack of sgp130 increase could be the 
main player in IL-6 increase in those patients.

Also the TNF-α, increased in both group of patients, plays a pivotal 
role in cytokines storm.

It is possible to hypothesize that this disregulation in blood 
inflammation mediators may contribute to a different prognosis and a 
different pharmacological response to tocilizumab and steroids. In fact, 
the progression of COVID-19 in the second week of illness is associated 
with the cytokine storm, which is thought to be responsible for the 
clinical exacerbate of many patients.

In particular, the results obtained in critically ill patients with 
COVID-19, where the cytokine storm is already begun, suggested 
that the steroids may be more effective than tocilizumab to control the 
inflammatory reaction (data not showed). 

Further studies are required to better investigate the role of IL-6 and 
its soluble receptor complex during COVID-19 disease, and to evaluate 
the possible involvement of other cytokines as well as IL-17 and IL-
22 by Treg activation, also in response to different pharmacological 
treatment.

At this moment, we have started a supplementary study to verify if 
the cytokine expression due to the different polymorphisms in the IL-6 
gene is involved in a possible mechanism of rapid disease progression 
COVID-19 as well as have demonstrated in different diseases [14-16] 
and to predict their poor prognosis.
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