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ARTICLE INFO ABSTRACT

Keywords: Background: Patients infected by SARS-CoV-2 can develop interstitial pneumonia, requiring hospitalisation or

Coronavirus mechanical ventilation. Increased levels of inflammatory biomarkers are associated with development of acute

IC)OVID-l? respiratory distress syndrome (ARDS). The aim of the present study was to determine which cytokines are
neumonia

associated with respiratory insufficiency in patients hospitalised for COVID-19.

Patients and methods: Data on 67 consecutive patients were collected between March 8 and March 30, 2020.
Pa0,/FiO, ratio (P/F) was calculated at hospital admission. The following cytokines were analysed: interleukin
(IL)-6, IL-1a, IL-18, tumour necrosis factor (TNF)-B, macrophage colony-stimulating factor (M-CSF), macrophage
migration inhibitory factor (MIF), soluble IL-2 receptor alpha (sIL-2Ra; CD25), IL-12p, IL-3, interferon (IFN) a2a,
monokine induced by gamma interferon (MIG), monocyte-chemotactic protein 3 (MCP3) and hepatocyte growth
factor (HGF).

Resuits: P/F lower than 300 was recorded in 22 out of 67 patients (32.8%). P/F strongly correlated with IL-6 (r =
—0.62, P < 0.0001), M-CSF (r = —0.63, P < 0.0001), sIL-2Ra (r = —0.54, P < 0.0001), and HGF (r = —0.53, P <
0.0001). ROC curve analyses for IL-6 (AUC 0.83, 95% CI 0.73-0.93, P < 0.0001), M-CSF (AUC 0.87, 95% CI
0.79-0.96, P < 0.0001), HGF (AUC 0.81, 95% CI 0.70-0.93, P < 0.0001), and sIL-2Ra (AUC 0.80, 95% CI,
0.69-0.90, P < 0.0001) showed that these four soluble factors were highly significant. All four soluble factors
correlated with LDH, white blood cell count, neutrophil count, lymphocyte count, and CRP.

Conclusion: IL-6, M-CSF, sIL-2Ra, and HGF are possibly involved in the main biological processes of severe
COVID-19, mirroring the level of systemic hyperinflammatory state, the level of lung inflammation, and the
severity of organ damage.

Interleukin 6

Hepatocyte growth factor
M-CSF

Interleukin 2

1. Introduction investigations have revealed that the virus spreads into many organs due

to effective engagement of the virus spike protein with the ubiquitous

Novel coronavirus (SARS-CoV-2) infection causes a severe respira-
tory syndrome called COVID-19. COVID-19 symptoms are similar to
those observed in previous coronavirus outbreaks [1] and have led to
alarmingly large numbers of patients admitted to the intensive care unit
(ICU), where lethality rates are high [2]. Histopathological
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human ACE-2 receptor [3,4]. COVID-19 shows three stages of severity
[5,6]. The early stage is characterised by infection with SARS-CoV-2
when flu-like symptoms can occur. The second phase is characterised
by viral pneumonia, which can cause patients to require hospitalisation
and mechanical ventilation. During this phase, pulmonary inflammation
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and coagulopathy can develop. The worst outcome in this phase is often
associated with increased levels of inflammatory biomarkers such as C-
reactive protein (CRP), ferritin, IL-6, IL-1, and D-dimer [5-7]. Finally,
the third stage is characterised by fibrosis. Recent studies on SARS-CoV-
2 pathogenesis have highlighted the role of proinflammatory monocytes
and lymphocytes as key mediators of the hyperinflammatory response
produced by viral shedding in the first phases; these proinflammatory
monocytes and lymphocytes are also involved in the hyperinflammatory
state observed in severe cases [8]. The aim of the present study was to
determine the cytokine profile associated with respiratory failure in
COVID-19 patients at time of hospitalisation by evaluating a set of cy-
tokines associated with hyperinflammation, monocyte and lymphocyte
activation, and organ damage.

2. Patients and methods

This study retrospectively analysed blood samples from 67 consec-
utive COVID-19 patients. All patients were diagnosed for SARS-CoV-2
infection by positive RT-PCR test on nasopharyngeal swab samples. In-
clusion criteria were age > 18 years and admission to our hospital S.
Maria della Misericordia of Udine, Italy at the Infectious Disease Clinic
or ICU. All patients were admitted between March 8 and March 30,
2020. The mean age of patients was 58.6 + 13.4 years, and 49 of the 67
patients were male. Hospitalisation occurred after a mean time of 6.3 +
4.1 days from disease onset. In 9 patients (13.4%), Charlson’s comor-
bidity index was above 2. Hypertension was recorded in 26 patients
(38.8%). The mean weight of this cohort was 92.3 + 17.3 kg. Eighteen
patients (26.9%) were treated with intravenous tocilizumab due to
increased IL-6 levels [9]. Thirteen patients (19.4%) were admitted or
transferred to the ICU. Thirty-four patients (50.7%) required oxygen
therapy, 18 patients (26.9%) required non-invasive ventilation (NIV),
and 12 patients (17.9%) were intubated. As of June 30, 2020, none of
the 67 patients had died and all were discharged. PaO,/FiO; ratio (P/F)
was calculated in all of patients upon hospital admission. Routine lab-
oratory test results were collected. On the basis of previous findings [8]
on the main soluble drivers of systemic inflammation, organ damage,
and immune response to the virus, the following cytokines, chemokines,
and growth factors were analysed in all patients: IL-6, IL-1a, IL-18,
tumour necrosis factor (TNF)-f, macrophage colony-stimulating factor
(M-CSF), macrophage migration inhibitory factor (MIF), soluble IL-2
receptor alpha or CD25 (sIL-2Ra), IL-12f, IL-3, interferon (IFN) o2a,
monokine induced by gamma interferon (MIG), monocyte-chemotactic
protein 3 (MCP3), and hepatocyte growth factor (HGF).

Serum IL-6 (pg/mL) was measured by CE-IVD electro-
chemiluminescence immunoassay (Elecsys IL6, Cobas, Roche; physio-
logical range < 7 pg/mL). All other soluble factors were quantified in the
same sera of patients with a magnetic bead-based multiplex assay (Bio-
Plex Pro™ Custom Human Cytokines and Chemokine Panel, procarta-
Plex, Bio-Rad Laboratories) according to the manufacturer’s in-
structions. All dosages were done in sera stored in aliquots at —80 °C.

Continuous variables are reported as mean and standard deviation or
median and interquartile range (IQR); categorical variables are reported
as frequency. For continuous variables, comparisons between groups
were made by parametric tests (t-test for independent samples) or non-
parametric tests (Mann-Whitney test); chi-square test or Fisher’s exact
test was used for comparison of proportions. Bivariate correlations were
made by two-tailed Pearson or Spearman tests. All statistical analyses
were performed in SPSS version 15.0 software (SPSS Inc.). A 2-sided a <
0.05 was considered statistically significant. Correction for multiple
comparisons was not performed due to the explorative nature of the
study. Only cytokines that demonstrated a moderate to high level of
correlation (r > 0.5) were selected for ROC curve analyses. P/F < 300
was chosen as the cut-off value to distinguish patients with the most
severe respiratory symptoms and highest risk of mortality [10]. Ethical
approval for the present retrospective observational study was given by
Comitato Etico Unico Regionale (CEUR) (registration number: CEUR-
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3. Results

The median P/F for patients was 319.5 (IQR = 277-374.5). P/F<300
was recorded in 22 out of 67 patients (32.8%).P/F was significantly
lower in patients undergoing tocilizumab treatment (median = 254,
IQR = 150.25-291) compared with other patients (median = 341, IQR
= 309.75-380; P < 0.0001); 14 out of 18 patients

(77.8%) undergoing tocilizumab treatment had a P/F value<300.
Characteristics of patient cohorts with P/F < 300 and > 300 are reported
in Table 1. Notably, the two groups of patients did not show any dif-
ference with regard to age, sex, comorbidity index, and time from

Table 1
Characteristics of COVID-19 patients.
Features Patients with P/F < Patients with P/F > P value
300 300
(N =22) (N =45)
Age at admission, years 57.9 +11.3 58.9 + 14.4 0.77
Proportion of male 17/22 (77.3%) 32/45 (71.1%) 0.59
patients
Charlson’s index > 2 1/21 (4.5%) 8/45 (17.8%) 0.25
Patients requiring 11/22 (50%) 1/45 (2.2%) <0.0001
ventilators
Patients requiring NIV 14/22 (63.6%) 4/41 (8.9%) <0.0001
Patients requiring 20/22 (90.9%) 14/45 (31.1%) <0.0001
oxygen therapy (non-
NIV)
Time from onset to 5.7 £3.9 6.6 £ 4.2 0.41
hospitalisation, days
WBC, cell/mm® 6440.4 + 1759.1 4935.3 + 1723.7 0.001
Neutrophil count, cell/ 5143.2 +1734.9 3453.9 +1724.9 0.0003
mm®
Lymphocyte count, 792.3 £ 311.2 964.1 + 306.8 0.04
cell/mm?®
CRP, mg/L 112.5 24.1 (9.8-67.34) 0.001
(53.9-201.05)
D-dimer*, ng/mL 939 (479-1923) 754 (308.5-932) 0.39

LDH**, IU/L 573
(439.25-847.75)

442 (375.75-581.5)  0.005

CK***, TU/L 134 (78.5-246.5) 93 (56.75-150) 0.008

IL-6, pg/mL 51.5 (32.75-106.5) 19 (8.5-34.5) <0.0001

IL-lo, pg/mL 0.01 (0.01-0.01) 0.01 (0.01-0.01) 0.89

IL-18, pg/mL 192.89 108.58 0.02
(97.04-292.35) (77.8-181.47)

TNFp, pg/mL 1.6 (0.8-7.6) 0.29 (0.01-1.88) 0.001

M-CSF, pg/mL 55.5 (42.32-75.92)  24.52 <0.0001

(16.16-33.78)

MIF, pg/mL 220.81 158.88 0.06
(144.89-321.46) (121.49-203.82)

SIL-2Rq, pg/mL 191.82 119.33 <0.0001
(141.13-269.78) (84.84-165.52)

IL-12b p40, pg/mL 0.01 (0.01-231.27)  0.01 (0.01-0.01) 0.003

IL-3, pg/mL 104.41 (41.93-146) 34 (1.74-86.19) 0.001

IFNo2a, pg/mL 76.7 (60.1-95.93) 63.38 0.03

(46.24-86.48)

MIG 1496.97 1036 0.002
(863.11-2649.01) (573.45-1378.56)

MCP-3 0.01 (0.01-104.46)  0.01 (0.01-0.01) 0.04

HGF, pg/mL 1438.42 715.22 0.001

(957.94-2707.33) (532.09-1123.53)

Results are expressed in mean + standard deviation or median (25-75 inter-
quartile range).

Legend: NIV, non-invasive ventilation; WBC, white blood cell; CRP, C-Reactive
Protein; LDH, lactate dehydrogenase; CK, creatine kinase; IL, interleukin; HGF,
hepatocyte growth factor; IFN, interferon; M-CSF, monocyte colony stimulator
factor; MIF, migration inhibitory factor; MIG, monokine induced by gamma
interferon; MCP-3, monocyte-chemotactic protein; TNF, tumour necrosis factor.
*Measured in 29 patients (11 and 18 in P/F < 300 and P/F > 300, respectively);
**measured in 66 patients (22 and 42 in P/F < 300 and P/F > 300, respectively);
***measured in 63 patients (21 and 42 in P/F < 300 and P/F > 300,
respectively).
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disease onset to hospitalisation. On the other hand, routine laboratory
parameters were significantly different between the two groups, with
the exception of D-dimer values. Significant differences were also
observed in all other soluble factors, with the exception of IL-1a and MIF
(Table 1).

P/F significantly correlated with IL-6 (r = —0.62, P < 0.0001)
(Fig. 1A), IL-18 (r = —0.37, P = 0.003), TNFp (r = —0.40, P = 0.001), M
CSF (r = —0.63, P < 0.0001) (Fig. 1B), MIF (r = —0.37, P = 0.002), sIL-
2Ra (r = —0.54, P < 0.0001) (Fig. 1C), IL-3 (r = —0.29, P = 0.02), MIG
(r = —0.40, P = 0.001), and HGF (r = —0.53, P < 0.0001) (Fig. 1D);
there was no significant correlation of P/F with IL-12p (r = —0.24, P =
0.06), IFN«2a (r = —0.22, P = 0.08), MCP3 (r = —0.14, P = 0.26), and
IL-1a (r = —0.11, P = 0.37). Of note, IL-6 highly correlated with both M-
CSF (r = 0.67, P < 0.0001) and HGF (r = 0.67, P < 0.0001), and M-CSF
was highly correlated with HGF (r = —0.80, P < 0.0001). In addition,
sIL-2Ra correlated with IL-6 (r = 0.44, P = 0.0002), HGF (r = 0.54, P <
0.0001) and M-CSF (r = 0.67, P < 0.0001). ROC curve analyses for IL-6
(AUC 0.83, 95% CI 0.73-0.93, P < 0.0001), M-CSF (AUC 0.87, 95% CI
0.79-0.96, P < 0.0001), HGF (AUC 0.81, 95% CI 0.70-0.93, P <
0.0001), and sIL-2Ra (AUC 0.80, 95% CI, 0.69-0.90, P < 0.0001)
showed that these four soluble factors were highly significant (Fig. 2).
The best cut-off values to distinguish patients with P/F lower than 300
from patients with P/F higher than 300 were: 37.5 pg/mL (sensitivity
73%, specificity 80%) for IL-6, 1002.5 pg/mL (sensitivity 73%, speci-
ficity 69%) for HGF, 43.1 pg/mL (sensitivity 77%, specificity 84%) for
M-CSF, and 152.0 pg/mL for sIL-2Ra (sensitivity 73%, specificity 67%).

All four soluble factors correlated with LDH, white blood cell count,
neutrophil count, lymphocyte count, and CRP. All but sIL-2R« correlated
with D-dimer, whereas only HGF slightly correlated with creatine kinase
(CK) (Table 2).
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Fig. 2. ROC curve analysis of IL-6, M-CSF, sIL-2Ra and HGF for predicting P/F
below 300.

4. Discussion

During SARS-CoV-2 infection, 25% of patients develop pneumonia
and 10% require mechanical ventilation and ICU admission [1]. Virus
lethality has been linked to the occurrence of a hyperinflammatory state

r “cytokine storm” [2] characterised by abnormal production of
proinflammatory cytokines which leads to respiratory failure and
widespread tissue damage, resulting in multiorgan failure and death [3].
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Table 2
Spearman’s Rho correlation between soluble factors and laboratory parameters in COVID-19 patients.
IL-6 M-CSF sIL-2Ra HGF
Rho P value Rho P value Rho P value Rho P value
CRP 0.547 <0.0001 0.731 <0.0001 0.474 <0.0001 0.722 <0.0001
LDH 0.525 <0.0001 0.416 0.0005 0.292 0.02 0.549 <0.0001
CK 0.246 0.05 0.245 0.05 0.166 0.19 0.315 0.01
D-dimer 0.451 0.01 0.389 0.04 -0.017 0.93 0.414 0.025
WBC 0.368 0.002 0.585 <0.0001 0.377 0.002 0.601 <0.0001
Neutrophil 0.461 <0.0001 0.659 <0.0001 0.452 0.0001 0.648 <0.0001
Lymphocyte —0.343 0.005 —-0.319 0.009 —0.293 0.02 —0.246 0.046

Legend: CRP, C-Reactive Protein; LDH, lactate dehydrogenase; CK, creatine kinase; WBC, white blood cell; IL, interleukin; HGF, hepatocyte growth factor; M-CSF,

monocyte colony-stimulating factor.

Therapies that target specific cytokines could improve survival rates
from COVID-19, although results are variable and still preliminary
[11,12].

Early analyses of plasma cytokine levels in Chinese cases showed that
COVID-19 patients had increased levels of many cytokines, including IL-
1B, IL-8, G-CSF, GM-CSF, IFNy, IP-10, MCP-1, MIP, PDGF, TNFq, and
VEGF, compared with healthy controls [1]. Increased cytokines recruit
macrophages, neutrophils, and T-lymphocytes to the infection site,
which can cause vascular barrier damage, capillary and endothelial
damage, diffuse alveolar damage, multiorgan failure, and death [3]. The
lungs are the main target organ of the hyperinflammatory state, and this
process may progress into acute lung injury [12]. Although the mech-
anisms underlying severe pneumonia in COVID-19 patients are not yet
fully understood, excessive proinflammatory cytokine production is
considered to be one of the most important contributing factors [13-15].

In the present work, in patients admitted to the hospital with COVID-
19 pneumonia, the soluble factors IL-6, M-CSF, sIL2Ra, and HGF showed
the strongest association with P/F levels below 300, the recognised cut-
off value for the definition of respiratory failure [10]. Moreover, ROC
curve analyses determined the best cut-off values for these four soluble
factors, including IL-6 (37.5 pg/mL), which is the target of several
biologic agents (i.e., tocilizumab, sarilumab, sirukumab, and siltux-
imab) used to treat COVID-19 patients. IL-6 together with IL-8 and TNF«
have been correlated with survival prediction in COVID-19 patients
[16]. Importantly, in this study, all four soluble factors correlated with
biomarkers that are clearly emerging as crucial factors for the definition
of severe forms of COVID-19 disease [17].

Therapies that target GM-CSF could be a suitable approach to reduce
the hyperinflammatory state upstream of IL-1 and IL-6 and target both
neutrophils and macrophages. In fact, GM-CSF can be included in the
group of proinflammatory cytokines. GM-CSF is synthesised by many
immune cells, including macrophages, T-cells, fibroblasts, endothelial
cells, and epithelial cells [18,19], and it is released in large amounts at
sites of inflammation [20]. GM-CSF is also implicated in lung physi-
ology. Increased circulating levels of GM-CSF have been described in
patients with COVID-19 compared with healthy controls [1]. A recent
study reported rapid activation of lung CD4+ T lymphocytes to patho-
genic T helper (Th) 1 cells in the lungs of COVID 19 patients, especially
in those admitted to the ICU, resulting in production of GM-CSF and IL-
6. This potent proinflammatory environment strongly induced
CD14+CD16+ monocytes, which in turn also contributed to GM-CSF
and IL-6 release, further exacerbating the cytokine storm. These aber-
rant and numerous GM-CSF+-IL-6+ cells may access the pulmonary
environment, which could explain the detrimental effects of hyper-
inflammation in severe and fatal COVID-19 cases [21]. While we did not
directly study GM-CSF, GM-CSF and M-CSF share some biological
functions, although it is currently unclear whether they perform
redundant functions in the body [22]. Both GM-CSF and M-CSF play
important roles in alveolar macrophage differentiation and proliferation
[23-25]. In mice, lung levels of GM-CSF and M-CSF are low but increase
during inflammation, and these cytokines may have a role in macro-
phage polarisation [22]. M-CSF, but not GM-CSF, showed increased

serum levels in symptomatic COVID-19 patients compared with
asymptomatic or convalescent patients [8]. Thus, elevated M-CSF levels
in serum may mirror lung inflammation status in COVID-19 infections.
Targeting GM-CSF in COVID-19 patients has shown encouraging results,
which indirectly supports this hypothesis [26].

Another cytokine, sIL-2Ra, also known as CD25, appears to play a
role in the biology of COVID-19. High levels of sIL-2Ra are associated
with low levels of circulating lymphocytes characteristic of COVID-19
patients, particularly severely ill patients [27]. Exhausted lymphocytes
have been associated with elevated inflammatory cytokines in COVID-
19 [28]. However, the mechanism of lymphopenia in COVID-19 is un-
clear. IL-2 is critical for proliferation, differentiation, and function of
many subsets of T cells, including Tregs, CD4+, and CD8+ cells [29].
Recently, a negative correlation between serum sIL-2Ra levels and T-cell
number in COVID-19 patients has been described [27]. It has been
hypothesised that IL-2 signalling induces lymphopenia in COVID-19.
Severe COVID-19 patients show increased levels of sIL-2Ra/CD25
[30], which could be released from cell surfaces due to inflammation-
induced enhanced proteolytic cleavage, leading to lymphopenia often
reported in severe COVID-19 pneumonia. Therefore, agents that
enhance activity of T cells such as Tregs might represent a possible
strategy for management of COVID-19 pneumonia [31].

Finally, the present study reports for the first time elevated HGF
levels in COVID-19 pneumonia patients and correlates HGF with P/F.
Only a non-peer-reviewed preprint study has addressed this issue [32].
HGF is produced by stromal cells and stimulates epithelial cell prolif-
eration, motility, morphogenesis, and angiogenesis in several organs
[33]. Endogenous HGF is required for self-repair after organ damage in
the liver, lungs, and kidneys [33]. During organ damage, plasma HGF
levels significantly increased, while anti-HGF antibody administration
strongly increased tissue destruction in animal models. Thus, HGF is
required for limiting disease extent, and insufficient HGF production
leads to organ failure [33]. Therefore, HGF supplementation ameliorates
pathological conditions [33], inhibiting inflammation by interfering
with proinflammatory NF-kB signalling [33]. In COVID-19, this may
represent a consequence of inflammation leading to organ damage,
particularly in the lung. IL-6 and TNFa seem to upregulate HGF in a
negative feedback loop of damage and repair [34]. Interestingly, in our
study, HGF was the sole soluble factor that correlated with CK, a possible
index of cardiac damage. This feature could contribute to novel ap-
proaches to address treatment of severe COVID-19 cases by favouring
biological repairing processes.

This study has some limitations. It included only patients with
COVID-19 pneumonia, and thus analysis of other subpopulations of
infected patients have not been performed (e.g., asymptomatic or
convalescent patients). The cytokine profile panel was chosen on the
basis of current knowledge of COVID-19 pathophysiology and biology;
however, many other soluble factors such as IL-8 are probably impli-
cated in the disease [35]. In addition, the patient cohort was small, and
thus the results need further validation in larger, independent studies.

To conclude, we identified four soluble biomarkers involved in the
main biological processes leading to severe COVID-19 manifestations.
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Some of these biomarkers are currently being tested in ongoing clinical
trials as potential targets for future therapies. IL-6 could mirror the
levels of systemic hyperinflammatory state, and sIL-2Ra can be directly
implicated in lymphopenia; M-CSF may reflect levels of lung inflam-
mation. Moreover, HGF appears to be a consequence of inflammation
and an indirect biomarker of widespread organ damage and healing
process attempt.
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