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Abstract
Coronavirus disease 2019 (COVID-19) is an infectious respiratory disorder caused by a new coronavirus
called SARS-CoV-2. The pathophysiology of severe COVID-19 is associated with a “cytokine storm”,
characterized by anomalous release of various pro-in�ammatory cytokines which contribute to alveolar
exudation and lung damage. Overproduction of the proin�ammatory cytokines IL-1, IL-6, IL-8 and TNF-α
and low of expression IFN-γ have been found in severe COVID-19 patients. The mechanism by which IL-
32 exerts its signalling properties is unclear. IL-32 is a key modulator in the pathogenesis of various
clinical conditions and is mostly induced by IL-8. IL-32 modulates important in�ammatory pathways
(including TNF-α, IL-6 and IL-1b), contributing to the pathogenesis of in�ammatory diseases. A total of 64
COVID-19 patients, stratifying as mild moderate and severe patients and 27 healthy controls were
consecutively enrolled in the study. Serum concentrations of biomarkers including IL-1β, IL-10, IFN-γ, TNF-
α and IL-6 were quanti�ed by bead-based multiplex analysis and Serum concentration of IL-8 and IL-32
were determined by enzyme-linked immunosorbent assay (ELISA) kits. Interestingly, among the blood
parameters, neutrophil and lymphocyte counts were signi�cantly lower in severe COVID-19 patients than
in the other, on the contrary, CRP was signi�cantly higher in severe patients than in other groups. The
cytokines that best distinguished controls from COVID-19 patients were IL-8 and IL-32.

The best model performance for severe group was obtained by the combination of IL-32, IL-6 and IFN-γ,
and serum concentrations of CRP increased model performance, showing AUC=0.83. New insights into
the cytokine storm in COVID-19 patients, highlighting speci�c cytokine signatures among patients with
different severity of infection. 

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious respiratory disorder caused by a new coronavirus
called SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), that broke out in 2019 and quickly
became pandemic [1]. SARS-CoV-2 infection may cause a respiratory syndrome associated with
pneumonia, which has different clinical phenotypes, varying from mild to critical. Severe forms are
characterized by acute respiratory distress, requiring hospitalization and mechanical ventilation[2–4]. The
individual clinical course and prognosis of SARS-CoV-2 infection remain unpredictable [5]. The
pathophysiology of severe COVID-19 is associated with a “cytokine storm”, characterized by anomalous
release of various pro-in�ammatory cytokines [6] which contribute to alveolar exudation and lung
damage [7]. However, it is unclear whether all patients show the same type of cytokine release [8]. Efforts
have recently been made to predict which patients will develop severe COVID-19. 

Clinical and biochemical indices and cytokines have been widely investigated. Low lymphocyte and
neutrophil percentages and elevated C-reactive protein (CRP) are the most common abnormalities related
to SARS-CoV-2 infection and correlated with acute lung injury [9]. Regarding cytokine production, many
cytokines and chemokines have been evaluated to improve patient management and enable a targeted
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personalized approach. Overproduction of the proin�ammatory cytokines IL-1, IL-6, IL-8 and TNF-α and
low of expression IFN-γ have been found in severe COVID-19 patients   [9,10]

Another proin�ammatory cytokine, IL-32, activates signalling pathways of mitogen-activated protein
kinases (MAPKs) and of nuclear factor (NF)-κB. It is produced by various epithelial and immune cells
such as T lymphocytes, NK cells and monocytes. The IL-32 gene is transcribed as six alternative splice
variants [11,12]. The mechanism by which IL-32 exerts its signalling properties is unclear [13] IL-32 is a
key modulator in the pathogenesis of various clinical conditions and is mostly induced by IL-8 [14]. IL-32
modulates important in�ammatory pathways (including TNF-α, IL-6 and IL-1b), [14] contributing to the
pathogenesis of in�ammatory diseases. 

Although the role of IL-32 in several viral infections has been investigated in recent years, no evidence is
yet available for COVID-19 [14]. In the present study, we analysed cytokine production pro�les in serum of
patients with COVID-19 at the time of hospitalization. These pro�les were compared with those of healthy
controls. A panel of cytokines emerged as predictive of disease severity. The IL-8 – IL-32 axis could be
involved in the pathogenesis of COVID-19 and may be linked to acute lung damage.

Materials And Methods
Patients and samples 

This prospective study was performed at Siena University Hospital between October 2020 and April 2021.
Patients with positive nasopharyngeal swab associated with clinical and lung manifestations were
enrolled upon admission to hospital. A total of 64 COVID-19 patients (46 male, 65 (59-67) years) and 27
healthy controls (9 male, 58 (36-78) years) were consecutively enrolled in the study. Upon hospitalization,
patients were divided into three groups according to the severity of lung involvement: i) “mild” for patients
treated without oxygen support, ii) “moderate” for patients requiring non-invasive mechanical ventilation
and iii) “severe” for patients requiring orotracheal intubation. Signs, symptoms, radiological data,
immunological features and serum concentrations of in�ammatory biomarkers were entered in a
database. 

Serum samples were all collected on the day of hospital admission, before any treatment or infusion of
intravenous steroids or invasive ventilation. Serum aliquots were stored at -80°C until assay. 

All patients gave their written informed consent to the study that was approved by our local ethics
committee (BIOBANCA-MIU-2010).

Immunoassays 

Serum concentrations of biomarkers including IL-1β, IL-10, IFN-γ, TNF-α and IL-6 were quanti�ed by bead-
based multiplex LEGENDplex™ analysis (LEGENDplex™ Custom Human Assay, Biolegend) according to
the manufacturer’s instructions. Reactions were run in duplicate with a BD FACSCantoII �ow cytometer



Page 4/15

(BD-Biosciences San Jose, CA, USA). The data was processed with Legendplex V8.0 software (Biolegend)
and concentrations were expressed in pg/ml.

ELISA kit

Serum concentration of IL-8 and IL-32 were determined by enzyme-linked immunosorbent
assay (ELISA) kits by Invitrogen and Mybiosource, USA, following the manufacturers'
instructions. The concentrations were read at 450 nm with a Perkin Elmer Victor X4
fluorimeter and expressed in pg/ml.

Statistical analysis

The results were expressed as means and standard deviations (SD) or medians and 25th and 75th
percentiles as appropriate. One-way ANOVA non-parametric test (Kruskal-Wallis test) and Dunn test were
performed for multiple comparisons. The Chi-squared test was used for categorical variables. A p value
less than 0.05 was considered statistically signi�cant. Principal component analysis (PCA) was used to
determine the cytokine combinations associated with severity. We also assessed the validity of variables
used to distinguish controls from COVID-19 patients through Heatmap, and COVID-19 severity groups, by
areas under the receiver operating characteristic curve (AUC ROC). Sensitivity, speci�city and positive and
negative predictive values (PPV and NPV, respectively) were calculated for cut-offs of the different
variables. The Youden index (J = max [sensitivity+speci�city-1]) was used to establish the best cut-offs
for diagnosis. Statistical analysis and graphic representation of the data were performed by GraphPad
Prism 4.0 software and BioVinci software (BioTuring Inc., San Diego, CA, USA). 

Results
Patients features

Demographic data, blood cell count, clinical data and immunological �ndings are reported in Table 1.
There was a prevalence of males in the three groups of patients: 73%, 70% and 73% in the mild, moderate
and severe groups, respectively. All patients underwent chest X-ray within the �rst two days of
hospitalization: bilateral diffuse pneumonia was detected in 65%, 57.2% and 52.6% of patients in the
severe, mild and moderate groups, respectively. Regarding symptoms, 30 out of 32 severe patients, 10 out
of 17 mild patients and 12 out of 15 moderate patients showed at least two symptoms at onset, with a
prevalence of fever. In the total population of 64, only 17 patients were without speci�c medical or
surgical comorbidities. 

Interestingly, among the blood parameters, neutrophil and lymphocyte counts were signi�cantly lower in
severe COVID-19 patients than in the other groups (p=0.002 and p=0.03 respectively). On the contrary,
CRP was signi�cantly higher in severe patients than in other severity groups (p=0.02).

Cytokine levels in relation to severity of pulmonary involvement
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Serum concentrations of the cytokines considered in our study are reported in Figure 1 and
supplementary Table 1. We observed that IL-8 concentrations were signi�cantly higher in COVID-19
patients than in controls. On the contrary, IL-32 concentrations were signi�cantly higher in  controls than
in COVID-19 patients (p=0.02). IL-6 concentrations were higher in severe COVID-19 patients than in the
mild, moderate and control groups (p=0.0002). Higher concentrations of IL-1β were recorded in the severe
group than in mild and moderate COVID-19 patients (p=0.048; p=0.042) Finally, lower concentrations of
IL-10 were detected in severe COVID-19 patients than in other groups (p<0.05). No differences in
concentrations of TNF-α and INF-γ were found between COVID severity groups and controls.

Cytokine pro�les in controls and COVID-19 patients

Concentrations of cytokines were measured in serum from COVID-19 patients on admission, and from
healthy controls. As expected, PCA emphasized important overall cytokine pro�le differences between
COVID-19 patients and healthy controls (Fig2). The �rst and second principal components explained
95.8% and 4.2% of the total variance. The heatmap,  based on hierarchical clustering applied to row and
columns, is reported as Euclidean distance. Heatmap colours vary from white, indicating relative under-
representation to red, indicating relative over-representation. The cytokines that best distinguished
controls from COVID-19 patients were IL-8 and IL-32.

The cytokine pro�les of controls and COVID-19 patients were used to create a decision tree to determine
which variables clustered best by the Gini criterion. The tree indicated IL-8 concentrations.

ROC curves were plotted to assess the discriminatory value of the parameters and to determine cut-off
values with su�cient sensitivity and speci�city. IL-8 and IL-32 were con�rmed as the best discriminatory
markers to distinguish controls from COVID-19 patients. IL-8 showed AUC=0.88, 95%CI: 0.81-0.96;
p<0.001, while IL-32 showed AUC=0.71, 95%CI:0.64-0.77; p=0.01. IL-6 also showed good discriminatory
potential with AUC=0.70, 95%CI: 0.57-0.85 p=0.007. 

IL-8 values below a cut-off of 343.5 pg/ml had 66% sensitivity and 96% speci�city in discriminating
COVID-19 patients from controls. IL-32 below a cut-off of 54 pg/dl showed 59% sensitivity and 71%
speci�city in discriminating COVID-19 patients from controls. IL-6 below a cut-off of 5 pg/ml showed 59%
sensitivity and 88% speci�city in discriminating COVID-19 patients from controls. 

Interestingly, although the ROC curve did not show statistical signi�cance for other cytokines, in the
logistic regression, when COVID-19 patient was tested as dependent variable and all cytokines as
independent variables, ROC curve analysis of model performance showed AUC=0.91 (95%CI: 0.84-0.98;
NPP(%): 92.5, PPP(%): 73.3; p<0.0001).

Cytokine pro�les in COVID-19 patients in relation to severity

PCA was performed to identify different cytokine pro�les in COVID-19 patients with mild, moderate and
severe lung involvement using the Barnes-Hut algorithm (Fig3). The �rst and second principal
components explained 23.54% and 19.37% of the total variance. The heatmap showed good clustering of
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IL-8, INF-γ and IL-6. Heatmap colouring was the same as above. The cytokine pro�les of COVID-19
severity groups were used to create a decision tree to determine the variables that clustered best by the
Gini criterion. The cytokine that best distinguished severity groups proved to be IL-6 (Fig3c).

ROC curves were plotted to assess the discriminatory value of the parameters and to determine cut-off
values with su�cient sensitivity and speci�city. IL-6 was con�rmed to be the cytokine that best
distinguished COVID-19 severity groups, showing an AUC=0.69, 95%CI: 0.53-0.86; p=0.02.

IL-6 values below a cut-off of 15 pg/ml had 65% sensitivity and 67% speci�city in discriminating severe
from non-severe COVID-19.

The logistic regression model was applied in order to identify the variables that best distinguished the
group of severe COVID-19 patients. The severe COVID-19 group was tested as dependent variable, and the
cytokines as independent variables. The best model performance was obtained by the combination of IL-
32, IL-6 and IFN-γ, which showed AUC=0.80 p=0.0015 (95%CI: 0.67-0.92; NPP(%): 81.2, PPP(%): 60;
p=0.0015). Interestingly, when we also added blood parameters to this model, only serum concentrations
of CRP increased model performance, showing AUC=0.83 (95%CI: 0.68-0.97; NPP(%): 81.2, PPP(%): 60;
p=0.0029) (Fig.4).

Survival curve analysis

Figure 5 shows the results of the log-rank (Mantel-Cox) test for COVID-19 patients, strati�ed by IL-6
concentrations. For IL-6 median values and a cut-off of 15 pg/ml, the severity groups of COVID-19
patients showed a signi�cant difference in survival rate (p=0.008, hazard ratio: 0.25 (95%CI 0.0003-27)).

Discussion
This monocentric study examined blood parameters and cytokine levels of a population of patients
admitted to Siena University Hospital with COVID-19. We evaluated serum concentrations of IL-6, TNF-α,
INF-γ, IL-10 and IL-1β, the best-known pro-in�ammatory markers, and IL-8, known to play a key role in the
development of this infection. For the �rst time, we also evaluated serum concentration of IL-32 in a
cohort of COVID-19 patients.  

In con�rmation of studies already reported in the literature, we found that IL-8 was signi�cantly elevated
in COVID-19 patients and was the marker that best discriminated patients from healthy controls [15,16].
On the other hand, we observed lower concentrations of IL-32 in COVID-19 patients than controls,
irrespective of disease severity. These two cytokines therefore showed opposite trends in terms of
concentration. What do other studies in the literature have to say? Interestingly, Imaeda et al. reported that
a new isoform of IL-32 suppresses IL-8 expression [17]. Heinhuis et al. [18] reported that overexpression
of some isoforms of IL-32 result in enhanced expression of IL-8 and in line with our results, Ouhara et al.
reported that IL-32 plays a role in the downregulation of in�ammatory responses, such as IL-8
production [19]. Our �ndings are evidence of converse effects of IL-8 and IL-32, suggesting that an
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imbalance in the expression of these two cytokines (favouring IL-8) may be associated with the need for
hospitalization of COVID-19 patients. Rasool et al. demonstrated that elevated levels of IL-32 during HIV
infection may block viral replication [20].

Among blood parameters, low neutrophil and lymphocyte counts together with an increase in CRP
already proved to be associated with severity on admission to hospital, as previously demonstrated by
others [21–23]. On the other hand, among the cytokines analysed, IL-6 and IL-10 seemed to be the best
for discriminating severe COVID-19 from mild and moderate groups. These observations were in line with
the literature, where IL-6 has been demonstrated to be associated with severity and survival in patients
with COVID-19[24,25]. 

Low concentrations of IL10 were associated with severe lung involvement in our COVID 19 patients.
These results are in line with the properties of IL-10, a cytokine with powerful anti-in�ammatory properties
that plays a central role in limiting host immune response to pathogens and maintaining normal tissue
homeostasis [26]. 

In our study, we also analysed a panel of biomarkers to pinpoint the best combination of cytokines for
strati�cation of COVID-19 severity. First of all, the combination of all the cytokines considered showed
excellent discrimination between COVID-19 patients and controls, together with remarkable sensitivity
and speci�city. The panel of IL-6, IL-32, INF-γ and CRP proved to be the best combination, showing high
accuracy in discriminating severe forms of COVID-19. In our previous study, we evaluated the best
combination markers in a small cohort of patients, con�rming IL-6 and CRP as reliable biomarkers of
disease severity [27].

In conclusion, our results provide new insights into the cytokine storm in COVID-19 patients, highlighting
speci�c cytokine signatures among patients with different severity of infection. An emerging role of IL-32
is outlined, suggesting complex roles of these cytokines in viral infection and possible cross-talk with IL-
8.
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Table 1 demographic data and blood parameters of analyzed cohort.
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  HC
(n=27)

Mild (n=32) Moderate
(n=17)

Severe
(n=15)

P
values

Sex (m/f) 12/15 23/9 12/5 11/4 ns

Age (years)  58 (36-
78)

69 (60-83) 62 (57-71) 66 (60-70) ns

Past medical history – no.
(%)

         

Cardiovascular Diseases - 4 (12.5) 3 (17) 2 (13.3)  

Type 2 Diabetes - 3 (9.3) 4 (23.5) 2 (13.3)  

Obesity (<30) - 5 (15.6) 3 (17.6) 4 (26.6)  

Hypertension - 10 (31) 6 (35) 4 (26.6)  

Other conditions* - 9 (28) 4 (23.5) 7 (46)  

Blood Count -        

Neutrophils (%) - 78 (67.5-84)

 

78.2 (70-85) 60.5 (51-73) 0.002

Monocytes (%) - 5.9 (4.7-9.8) 7.2 (5.3-8.4) 6.6 (5.3-8.4) ns

Lymphocytes (%) - 16.5 (10.1-
24)

15.1 (9-19) 9.4 (6-13.4) 0.03

Eosinophils (%) - 0.1 (0-0.7) 0 (0-0.2) 0 (0-0.1) ns

Basophils (%) - 0.3 (0.2-0.4) 0.2 (0.1-0.25) 0.2 (0.1-0.2) ns

RBC (106 /mm3) - 4.7 (4.2-5) 4.7 (4-5) 4.6 (4.4-4.8) ns

WBC (103 /mm3) - 6 (4.9-6) 6 (4.3-7.3) 6.2 (4.7-7.6) ns

Hb (g/dl) - 13.8 (11.7-
14.5)

13.7 (12.7-
14.5)

14.2 (13.3-
14.5)

ns

HCT (%) - 42.5 (35.5-
43.4)

41.5 (37.7-
42.3)

42.2 (40.2-
43)

ns

PLT (103 /mm3) - 199 (167-
242)

169 (124-210) 227 (178-
351)

ns

CRP (mg/dl)   3.3 (1.8-6.2) 4 (2.2-12) 4.8 (3.9-10.9) 0.02

Figures
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Figure 1

Cytokines concentrations in the three groups.

Figure 2
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a) PCA analysis between HC (orange) and Covid19 patients (blue) b) Heatmap analysis between COVID-
19 and HC c) Decision tree model.

Figure 3

a) PCA analysis between Covid19 patients groups: severe , moderate and mild. b) Heatmap analysis
between COVID-19 severity groups. c) Decision tree model.

Figure 4

a). ROC curve analysis of IL-6 (blue), CRP (Red) and INF-γ (green) and IL-32 (black) represent the better
combination in discriminate COVID-19 severity group.
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Figure 5

Kaplain meyer curve of severity for IL-6 below of high tha 15 ng/ml.
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