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Abstract: (1) Background/Aim: People infected with SARS-CoV-2 may develop COVID-19 in a
wide range of clinical severity. Pulmonary fibrosis is characterized by several grades of chronic
inflammation and collagen deposition in the interalveolar space. SARS-CoV-2 infection has been
demonstrated to cause lung fibrosis without a currently elucidated mechanism. Some studies
emphasize the role of proinflammatory cytokines. This research studies the correlation of the released
cytokines with mortality or lung injury in COVID-19 patients. (2) Methods: Electronic medical record
data from 40 patients diagnosed with COVID-19 in the COVID-19 Department, Galilee Medical
Center, Nahariya, Israel, were collected. Epidemiological, clinical, laboratory, and imaging variables
were analyzed. The cytokine levels were measured upon admission and discharge. A correlation
between cytokine levels and severity and mortality or lung involvement was undertaken. (3) Results:
IFN-gamma and IL-10 are the most powerful risk factors for mortality in the COVID-19 patient
groups in a multivariate analysis. However, in a univariate analysis, TGF-β, CXCL-10, IFN gamma,
and IL-7 affected mortality in COVID-19 patients. MMP-7 was significantly correlated with a cytokine
storm and a high 4-C (severity) score in COVID-19 patients. MMP-7, TGF-β, IL-10, IL-7, TNF-α,
and IL-6 were correlated with high lung involvement in COVID-19 patients. Serum concentrations
of IGF-1 were significantly increased upon discharge, but MMP-7 was decreased. (4) Conclusions:
Proinflammatory cytokines predict clinical severity, lung fibrosis, and mortality in COVID-19 patients.
High concentrations of TGF-β, CXCL-10, IL-10, IL-6, and TNF-α are correlated to severity and lung
injury. However, certain cytokines have protective effects and higher levels of these cytokines increase
survival levels and lower lung damage. High levels of INF-γ, IL-7, MMP-7, and IGF-1 have protection
probabilities against lung injury and severity.
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1. Introduction

SARS-CoV-2 infection may develop into COVID-19 with a wide range of clinical
severity, from a mild upper respiratory tract inflammation to a diffuse viral pneumonia
causing acute respiratory failure, including lung injury, multiorgan failure, sepsis, and
death [1–3]. Acute respiratory distress syndrome (ARDS) is mediated through lung fibrosis,
sepsis, septic shock, and acute kidney injury [4–8].

Pulmonary fibrosis is characterized by several grades of chronic inflammation and
collagen deposition in the inter-alveolar space [9–11]. Lung fibrosis is a well-known
complication of ARDS that is histologically characterized by diffuse alveolar damage. Some
studies have demonstrated that, while the majority of patients recover without residual
lung damage, some patients experience residual fibrotic lesions that are reversible in some
cases [10,11]. Several mechanisms have been shown to play a role in the fibrosis cascade
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and in its progression. However, the pathophysiology of the fibrotic processes is still
incompletely defined [10–12].

COVID-19 infection has been associated with the super-activation of the host im-
mune system cells. This activation mediates excessive production of proinflammatory
cytokines, which may cause tissue injury, particularly lung tissue. The proinflammatory
cytokine levels can impact on the clinical performance of the patients [10–13]. The activated
macrophages and neutrophils release profibrotic mediators that promote the accumulation
of myofibroblasts [10]. These cells produce an extracellular matrix (ECM) [11–13], which
establishes a fibrosis loop, and the fibrotic process becomes irreversible [13]. Endothe-
lial injury also causes a release of profibrotic factors and cytokines, such as transforming
growth factor–β (TGF-β), which sustains all the fibrotic processes [13,14]. However, the
mechanism of fibrosis in COVID-19 disease is still not fully known. Furthermore, there is
no explanation for the changes in the cytokine profile upon infection with the virus. The
cytokines’ pattern in SARS-CoV-2 infection and their role in the fibrosis and mortality in
COVID-19 patients is still not clearly understood.

The purpose of this research is to study the correlation between proinflammatory
cytokine levels and the severity of pneumonia, mortality, and lung involvement in COVID-
19 patients.

2. Materials and Methods
2.1. Study Population

Electronic medical record (EMR) data from 40 patients diagnosed with COVID-19
from June 2021 to August 2021, in the Galilee Medical Center’s COVID-19 Department,
Nahariya, Israel, were used as the database. The patients were diagnosed based on a
positive polymerase chain reaction (PCR) assay for the SARS-CoV-2 virus. None of these
patients were vaccinated. It is likely that most of the patients were infected with the Delta
strain of the COVID-19 virus.

2.2. Study Design

This research is a continuous study to past research (N 231-20) [15]. The analyzed
parameters from the EMR data were demographic background, past medical history
and treatments, weight, BMI, symptoms before admission (fever, myalgia, dyspnea, and
diarrhea), and blood laboratory tests (biochemistry, CBC, blood gases, blood type, coagu-
lation tests, and inflammatory markers). Cytokine storms were defined as described by
Caricchio et al. [16]. New predictive criteria were developed, with sensitivity and speci-
ficity of 0.85 and 0.80, respectively, comprising three clusters of laboratory results that
involve: (1) inflammation, (2) cell death and tissue damage, and (3) pre-renal electrolyte im-
balance. The criteria identified patients with longer hospitalization and increased mortality.
The 4-C score was calculated as described by Knight et al. [17]. This score contains param-
eters such as age, sex at birth, number of co-morbidities, respiratory rate on admission,
peripheral saturation in room air, Glasgow coma scale, urea, and C-Reactive Protein.

2.3. Luminex-Based Multiplex Assay for Serum Cytokine Concentration

Serum cytokine concentrations were measured including CCL-2, CCL-3, CXCL-10,
GCSF, IFN-gamma, IL-10, IL-2, IL-4, IL-6, IL-7, TGF-beta, IGF-1, and TNF-α.

Blood samples were withdrawn from moderately ill patients (total of 34) and severely
ill patients (total of 6) upon admission and discharge. These samples were kept in a freezer
(−30 ◦C). The samples were incubated for 30 min at room temperature. After coagulation,
the blood samples were centrifuged at 1500× g at 4 ◦C for 15 min and the serum was
separated and aliquoted into 2 mL tubes and stored in a −80 ◦C freezer. For cytokine
testing, the sera were thawed on ice and pipetted into cryotubes until the assay was
done. To assess serum cytokine levels, human high sensitivity cytokine Luminex custom
8-plex kits (R&D Systems, Inc., Minneapolis, MN, USA) were used. Test samples were
run in singles, while standard samples were run in duplicates. In brief, color-coded super-
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paramagnetic beads coated with analyte-specific antibodies were utilized by the Luminex
assay. Beads which recognize different target analytes were mixed together and were
incubated with the serum sample. Captured analytes were subsequently detected using a
cocktail of biotinylated detection antibodies conjugated to streptavidin–phycoerythrin. The
magnetic beads were then isolated and measured using the Luminex MAGPIX® Analyzer
(R&D Systems, Inc., Minneapolis, MN, USA).

2.4. Outcomes

We defined severity upon admission according to the 4-C score. A 4-C score above
10 was considered severe and accounted for a 30% probability of death. We defined
critical COVID-19 illness as a composite of admission to the intensive care unit, invasive
mechanical ventilation, ARDS, or death. The mortality is most likely to be mediated by
lung involvement, hypoxia-mediated arrhythmia, and death.

2.5. Ethics

This study was approved by our medical center’s local ethics committee (N 231-20).
Retrospective analysis of data from our electronic medical record database was performed
under the oversight of the ICH guidelines for good clinical practice.

2.6. Statistical Analysis

Statistical analysis was performed using the WinSTAT program. Results are presented
as mean + SE for continuous variables. For categorical variables, the frequency and corre-
sponding diagnosis percentage are provided. The Spearman test was used for correlations
between two quantitative variables. Univariate direct regression analysis and multivariate
stepwise regression analysis were performed for individual variables, including clinical and
biochemical variables as an independent variable, and survival or death as the dependent
variable. Tests of significance were two-tailed, with a significance level set at less than 0.05.
WinSTAT is the statistical add-on program for Microsoft Excel (Kalmia Co., California, MA,
USA).

3. Results
3.1. Clinical Characteristics of the Patients

The patient data are presented in Table 1. The majority of the patients were male and
obese. They suffered from hypertension, diabetes mellitus type 2, lung disease (like COPD
and IPF), and hemodialysis and had a past medical use of aspirin. The majority of the
patients were diagnosed as having severe symptoms upon admission (Table 1). Six patients
died (Table 1).

Table 1. Clinical characteristics of the surviving and non-surviving patients with COVID-19 infection.

VARIABLE

Total N = 40

Age 63 ± 18

Male (%) 56%

BMI 29.4 ± 6

Comorbidities %

Diabetes (%) 42

Hypertension (%) 53

Lung disease (%) 7

Hemodialysis (%) 0

Aspirin use (%) 50
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Table 1. Cont.

VARIABLE

Symptom’s duration before admission to hospitals
(days) 6 ± 4

Symptoms before admission
(% of total)

Fever % 61

Diarrhea % 0

Dyspnea % 58

Clinical severity upon admission % 23

Lab Findings upon admission

Hemoglobin (mg/dL) 12.5 ± 1.5

Absolute neutrophil count (×103/µL) 4.4 ± 2.6

Absolute lymphocyte count (×103/µL) 1.07 ± 0.7

Neutrophil to lymphocyte ratio (NLR) 5.7 ± 4.7

Platelet (×103/µL) 190 ± 92

BUN (mg/dL) 17.5 ± 8.8

Creatinine (mg/dL) 1.01 ± 1.0

Triglycerides (mg/dL) 140 ± 57

HDL (mg/dL) 28 ± 10

C-reactive protein (CRP) (mg/dL) 99 ± 86

Ferritin (µg/L 466 ± 325

D-dimer (ng/mL) 1080 ± 813

Fibrinogen (mg/dl) 677 ± 165

ALT (U/L) 24 ± 16

4-C score 7.0 ± 4.5

O2 supplement upon admission % 11

High flow use (% of total) 11

Survival (% of total) 85
Abbreviation: BMI: Body mass index, ALT: Alanine transaminase.

3.2. Association between Inflammatory Cytokine Levels and Mortality in COVID-19 Patients

MMP-7, TGF-β, CCL2, CCL-3, CXCL-10, G-CSF, IFN gamma, IL-10, IL-2, IL-4, IL-6,
IL-7, TNF-α, IL-6, and IGF-1 were studied for their correlation with mortality in all
40 COVID-19 patients. The results show that TGF-β, CXCL-10, IFN gamma, and IL-7
affect mortality in COVID-19 patients in a univariate regression analysis (Table 2A). Multi-
variate analysis shows that IFN gamma and IL-10 are the most powerful risk factors for
mortality in the COVID-19 patient group (Table 2B). There is a good correlation between
IL-10 and INF-γ upon admission, with disease severity and mortality in the COVID-19
patients (Table 2C). The accuracy of the calculations is 96%.



Curr. Issues Mol. Biol. 2022, 44 4739

Table 2. Correlations between inflammatory cytokine levels upon admission and mortality in COVID-
19 patients. The cytokines are: MMP-7, TGF-β, CCL2, CCL-3, CXCL-10, G-CSF, IFN gamma, IL-10,
IL-2, IL-4, IL-6, IL-7, TNF-α, IL-6, and IGF-1. A: Univariate analysis of the strength of cytokine
with mortality prediction. B: Multivariate analysis of the strength of cytokine levels with mortality
prediction. SE are the standard errors of the regression coefficients. T is the quotient of the coefficient.
Two-sided p values or observed significance levels. C: The validity (predictive power) of IL-10 and
INF-γ upon mortality in COVID-19 patients. The accuracy of the calculations is 96%.

A.

Coefficient 95% Conf.
(±) Std. Error T p-Value

Constant

MMP-7 −0.02 0.05 0.02 −0.81 0.44

TGF-β 2.4 0.0001 7.19 3.34 0.01

CCL2 0.0002 0.0005 0.00002 −1.06 0.32

CCL3 0.01 0.018 0.007 1.9 0.1

CXCL-10 0.000 0.00 0.0001 3.81 0.008

G-CSF 0.002 0.05 0.002 1.22 0.26

IFN gamma −1.85 1.95 0.79 −2.32 0.049

IL-10 −0.008 0.001 0.0005 −1.64 0.15

IL-2 -0.01 0.03 0.01 −0.761 0.47

IL-4 5.67 5.89 2.4 2.35 0.056

IL-6 0.002 0.006 0.002 0.99 0.358

IL-7 −0.02 0.02 0.008 −2.44 0.04

TNF-α −0.005 0.01 0.007 −0.67 0.52

IL-6 0.004 0.006 0.002 1.7 0.13

IGF-1 0.001 0.004 0.001 0.688 0.51

B.

Coefficient 95% Conf.
(±) Std. Error T p-Value

Constant

IFN gamma 0.07 0.048 0.023 −2.98 0.007

IL-10 0.0005 0.0002 0.0001 3.87 0.001

C.

Actual Count 0 1

Died patients 3 3 0

Survived patients 22 1 21

3.3. MMP-7 Correlates with Cytokine Storm and 4-C Score Levels

MMP-7, TGF-β, CCL2, CCL-3, CXCL-10, G-CSF, IFN gamma, IL-10, IL-2, IL-4, IL-6,
IL-7, TNF-α, IL-6, and IGF-1 were studied for their correlation to the cytokine storm (as
defined by Caricchio, R et al. [15]) and to higher 4-C scores (as detailed by Knight, S.R
et al. [16]) in the COVID-19 patient group. The results show that MMP-7 is significantly
correlated with the cytokine storm and with a high 4-C score in the COVID-19 patient
group (Table 3 and Figure 1).
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Table 3. The MMP-7 cytokine level upon admission is correlated with the cytokine storm (A) and
with a higher 4-C scores (B), respectively. SE are the standard errors of the regression coefficients. T is
the quotient of the coefficient. Two-sided p values or observed significance levels.

A.

Coefficient 95% Conf. (±) Std. Error T p-Value

Constant

MMP-7 0.097 0.084 0.04 2.42 0.025

B.

Coefficient 95% Conf. (±) Std. Error T p-Value

Constant

MMP-7 1.48 0.56 0.27 5.44 0.00002
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Figure 1. Correlation between MMP-7 concentrations in admission and 4-C score and lung injury (%
of consolidation relative to the lung volume involvement).

3.4. Association between Inflammatory Cytokine Levels and Lung Involvement (% of
Consolidation) in COVID-19 Patients

MMP-7, TGF-β, CCL2, CCL-3, CXCL-10, G-CSF, IFN gamma, IL-10, IL-2, IL-4, IL-6,
IL-7, TNF-α, IL-6, and IGF-1 were studied for their correlation to lung involvement in
COVID-19 patients. The results show that MMP-7, TGF-β, IL-10, IL-7, TNF-α, and IL-6
were significantly correlated with high lung involvement in COVID-19 patients (Table 4).
Il-10 and MMP-7 were shown to have protection properties (Table 4).
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Table 4. Association between inflammatory cytokine levels upon admission and lung involvement
(% of consolidation) in COVID-19 patients. SE are the standard errors of the regression coefficients. T
is the quotient of the coefficient. Two-sided p values or observed significance levels.

Coefficient 95% Conf. (±) Std. Error T p-Value

Constant

MMP-7 −18.027 8.5 0.38 −4.7 0.0008

TGF-β 0.001 0.0008 0.0003 2.7 0.022

IL-10 −0.04 0.042 0.019 −2.45 0.033

IL-7 1.5 0.93 0.41 3.56 0.005

TNF-α 2.01 1.52 0.686 2.9 0.014

IL-6 0.97 0.44 0.199 4.8 0.0006

3.5. The Dynamics in the Cytokine Concentrations in COVID-19 Patients upon Admission
and Discharge

MMP-7 and IGF-1 cytokine levels were measured upon admission and again upon
discharge. IGF-1 significantly increased upon discharge, but MMP-7 decreased as seen in
Figure 2.
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Figure 2. MMP-7 and IGF-1 levels in COVID-19 patients: cytokine levels were measured upon
admission and upon discharge. * p < 0.05. (A,B): the dynamics in IGF-1 and MMP-7 upon admission
and discharge, respectively.

3.6. Correlation between IGF-1 Concentrations in Admission and Lung Injury

IGF-1 did not significantly affect the severity or mortality in COVID-19 patients.
However, low concentrations of IGF-1 were weakly correlated (R = 0.46) with high lung
involvement, and conversely (Figure 3).
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Figure 3. Correlation between IGF-1 concentrations upon admission and % of lung injury.

3.7. Correlation between Cytokine Levels, Gender, and Mortality

The sex of the individuals is associated with a particular type of response. The
correlation between cytokine levels, gender, and mortality was measured. Males have high
levels of proinflammatory cytokines such as IL-10, IFN-γ, IL-6, IL-7, IL-6, and IGF-1 in the
non-survival group (Figure 4). TGF-B and CXCL-10 were higher in female patients in the
non-survival group (Figure 4). The differences between the groups are not significant, with
the exception of the IL-6 which was significantly higher in the non-survival male group
(Figure 4H).
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4. Discussion

The majority of patients with COVID-19 are asymptomatic or experience mild respira-
tory illness. Some patients develop a more aggressive disease characterized by fulminant
sepsis and acute respiratory failure [17–20]. The cytokine storm is a critical phase in the
deterioration of COVID-19 patients [20].
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The purpose of this research was to study the correlation between proinflammatory
cytokines and the severity of pneumonia, mortality, and lung involvement in COVID-19
patients. Our results show that IFN-gamma and IL-10 are the most powerful risk factors for
mortality in the COVID-19 patient groups in our multivariate analysis (Table 1). However,
in univariate analysis, the cytokines TGF-β, CXCL-10, IFN gamma, and IL-7 significantly
affected mortality in COVID-19 patients (Table 2).

MMP-7 cytokine levels were correlated with cytokine storm severity and high 4-C
scores in the COVID-19 patients (Table 3). MMP-7, TGF-β, IL-10, IL-7, TNF-α, and IL-6
were correlated with high lung involvement in COVID-19 patients (Table 4). Serum concen-
trations of IGF-1 were significantly increased upon discharge, but MMP-7 levels decreased
upon discharge (Figure 2).

When the SARS-CoV-2 virus migrates to the lower respiratory tracts, a secretion of
proinflammatory cytokines is released. This mediates the septal terminal fibrosis pro-
cess, characterized by exacerbated proliferation of fibroblasts and excessive deposition of
ECM [17]. M2 macrophages, one of the main immune cells, lead to fibrosis through the
secretion of growth-transforming factor-beta (TGF-β). Pulmonary epithelial cell injury
and the consequent exposure of the alveolar basal membrane leads to an accumulation of
TGF-β1, which induces the recruitment of fibroblasts and ECM production [15,19–22]. Our
results also confirm that high concentrations of TGF-β1 is correlated with severity, lung
involvement, and mortality in COVID-19 patients (Tables 2 and 3).

Interleukin-6 is a cytokine produced during acute and chronic inflammation [23].
Targeting this cytokine is one of the major treatments in treating COVID-19 patients [20,23].
This cytokine induces a transcriptional inflammatory response and is involved in promoting
specific differentiation of CD4 naïve T-cells. IL-6 also affects B-cells, T-cells, hepatocytes,
hematopoietic progenitor cells, and cells of the central nervous system [23]. Many studies
have confirmed the importance of this cytokine in the dangerous cytokine storm phase in
COVID-19 patients [2,23,24]. These results align with our results, which show that IL-6 is
highly correlated with lung involvement and high mortality rates in COVID-19 patients
(Tables 2 and 3).

High levels of matrix metalloproteinase-7 (MMP-7) have been reported as an inflam-
matory marker in viral infections [25,26]. MMP-7 is a protease that breaks down the
extracellular matrix deposited in the lung after injury [25–27]. This cytokine is overex-
pressed in the lung micro-environment and is increased in the serum of patients with
several interstitial lung diseases that may evolve into fibrosis, particularly idiopathic pul-
monary fibrosis [27–31]. Our results show that MMP-7 is significantly correlated with the
cytokine storm and high 4-C scores in COVID-19 patients (Table 3, Figure 2) and lung
involvement, as seen in Table 4. Chun H.J. et al. have shown that MMP-7 levels are
significantly increased in patients with severe COVID-19, and these markers could be
helpful for distinguishing patients that need invasive mechanical ventilation from those
who do not [26]. In our study, MMP-7 levels were higher only in patients that required
invasive mechanical ventilation. MMP-7 levels correlated with severity as seen in our
results. MMP-7 levels were measured upon admission and again upon discharge. Serum
concentrations of MMP-7 significantly decreased upon discharge, as seen in Figure 2. The
decrease in MMP-7 levels could be used as a marker of improvement in lung injury, as
there is no need for recruiting metalloproteinases to degrade the ECM.

CXCL10 is a powerful recruiter of macrophages [32]. It was recently identified as the
chemokine playing a crucial role in COVID-19 [33–35]. Elevated serum levels of CXCL10
found in COVID-19 patients are positively correlated with increased disease severity and,
more importantly, with an increased risk of mortality [33–36] as seen in our results above
(Tables 2 and 3).

Interferon-gamma (IFN-γ) is essential for antiviral defense. IFN-γ downregulates
viral replication and activates cytokine production by T cells, augmenting the cytotoxic
T lymphocyte killing activity [37,38]. However, persistently high levels of IFN-γ worsen
systemic inflammation and increase tissue injury and organ failure [39,40]. Nevertheless,
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persistent low concentrations are problematic in defending against viruses [37–40]. Our
results show that low concentrations of this cytokine are highly correlated with mortality
in COVID-19 patients (Table 2).

Interleukin 7 (IL-7) is a cytokine essential for lymphocyte survival and expansion [41].
IL-7 can be safely administered to critically ill COVID-19 patients without exacerbating
inflammation or pulmonary injury [41–46]. IL-7 is associated with lymphocytes returning
to a reference level, appearing to reverse a pathologic hallmark of COVID-19. IL-7 not only
restores lymphocyte counts but also reverses T-cell exhaustion [31–46]. Decreases in IL-7
levels correlated with severity and mortality in critically ill patients, as seen in Table 2, and
are highly correlated with lung involvement (Table 4).

One of the important contrasting cytokines is insulin-like growth factor 1 (IGF-1),
which has contrasting effects on cell-cycle regulation and proliferation [46]. TGF-β fibrosis
is inhibited by IGF-1 (14). IGF-1 could be anti-fibrotic treatment. Our results show that
high concentrations of IGF-1 are correlated with low lung involvement (Figure 2). The
concentrations of this cytokine were increased upon discharge when patients improved.
The recovery in IGF-1 levels is an important phase in lung improvement. Thus, a better
understanding of how IGF-I and TGF-β signaling pathways are mutually interconnected is
likely to unveil novel targets for the therapeutic intervention of many mediators of lung
fibrosis [14].

The uncontrolled production of cytokines, i.e., the cytokine storm, has the strongest
link between morbidity and mortality in COVID-19 patients. The cytokine storm is usually
a warning sign of COVID-19 escalation and severity, characterized by rapid releases of
inflammatory cytokines and chemokines. Table 5 summarizes the cytokines which are
protectors against severity and lung injury and cytokines which are predictors of lung
injury and severity of COVID-19 patients.

Table 5. Summary of cytokines which are protectors against severity and lung injury, and cytokines
which are predictors of lung injury and severity of COVID-19 patients. High concentrations of TGF-β,
CXCL-10, IL-10, IL-6, and TNF-α are correlated with severity and lung injury. On the other hand,
high levels of INF-γ, IL-7, MMP-7, and IGF-1 have protection probabilities against lung injury and
severity.

Protectors Predictors

IFN-γ TGF-β

IL-7 CXCL-10

MMP-7 IL-10

IGF-1 IL-6

TNF-α

Worldwide COVID-19 epidemiology data indicate differences in disease incidence
amongst sex and gender demographic groups. Specifically, male patients are at a higher
death risk than female patients [15,46]. Our results also indicate that male patients produce
high levels of cytokines, especially the proinflammatory ones (Figure 4). Tianyuan Liu et al.
also showed that men exhibit higher levels of proinflammatory cytokines. These data
suggest the existence of different basal immunophenotypes amongst different demographic
groups, which are relevant to COVID-19 progression and may contribute to explaining sex
biases in disease severity [46].

5. Limitations

The sample size in this study is small and the association between clinical charac-
teristics and cytokine levels was not evaluated in the current study. Thirty-four patients
survived the disease versus six who did not. Follow-up was also not performed, as it would
be interesting to evaluate the changes of cytokines according to days after discharge from
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the hospital. A large sample size should be used in order to emphasize the results. How-
ever, even with 40 patients, our study demonstrates the pattern of cytokines in COVID-19
patients.

6. Conclusions

Proinflammatory cytokines predict clinical severity, lung fibrosis and mortality in
COVID-19 patients. The uncontrolled production of cytokines, the cytokine storm, has links
between morbidity and mortality in COVID-19 patients. However, other cytokines have
protective effects and higher levels of these cytokines increase the likelihood of survival.

Author Contributions: Conceptualization, M.B. (Maamoun Basheer); methodology, M.B. (Maamoun
Basheer); software, M.B. (Maamoun Basheer), E.S., M.K., L.A., O.K., A.B., Z.A., N.A. (Nada Arraf),
F.M., T.B. and M.B. (Mariana Boulos); validation, M.B. (Maamoun Basheer); formal analysis M.B.
(Maamoun Basheer); investigation, M.B. (Maamoun Basheer); resources, M.B. (Maamoun Basheer);
data curation, M.B. (Maamoun Basheer); project administration, M.B. (Maamoun Basheer); funding
acquisition, N.A. (Nimer Assy). All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by medical center’s local ethics committee (N 231-20).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy of the patient.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, J.M.; McGinn, T.; Davidson, K.W.; Barnaby, D.P.; Becker, L.B.; Chelico, J.C.;

Cohen, S.L.; et al. Presenting characteristics, comorbidities and outcomes among 5700 patients hospitalized with COVID-19 in the
New York City area. JAMA 2020, 323, 2052–2059. [CrossRef]

2. Duan, K.; Liu, B.; Li, C.; Zhang, H.; Yu, T.; Qu, J.; Zhou, M.; Chen, L.; Meng, S.; Hu, Y.; et al. Effectiveness of convalescent plasma
therapy in severe COVID-19 patients. Proc. Natl. Acad. Sci. USA 2020, 117, 9490–9496. [CrossRef]

3. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062. [CrossRef]

4. Tan, B.K.; Mainbourg, S.; Friggeri, A.; Bertoletti, L.; Douplat, M.; Dargaud, Y.; Grange, C.; Lobbes, H.; Provencher, S.; Lega, J.-C.
Arterial and venous thromboembolism in COVID-19: A studylevel meta-analysis. Thorax 2021, 76, 970–979. [CrossRef]

5. Mai, V.; Tan, B.K.; Mainbourg, S.; Potus, F.; Cucherat, M.; Lega, J.-C.; Provencher, S. Venous thromboembolism in COVID-19
compared to nonCOVID-19 cohorts: A systematic review with meta-analysis. Vascul. Pharmacol. 2021, 2, 106882. [CrossRef]
[PubMed]

6. Miró, Ò.; Jiménez, S.; Mebazaa, A.; Freund, Y.; Putze, G.; Martin, A.; Martin-Sanchez, F.J.; Garcia, E.J.; Alquezar-Arbe, A.;
Jacob, J.; et al. Pulmonary embolism in patients with COVID-19: Incidence, risk factors, clinical characteristics, and outcome. Eur.
Heart J. 2021, 24, 1148. [CrossRef] [PubMed]

7. Liu, P.P.; Blet, A.; Smyth, D.; Li, H. The science underlying COVID-19: Implications for the cardiovascular system. Circulation
2020, 142, 68–78. [CrossRef] [PubMed]

8. Hendren, N.S.; Drazner, M.H.; Bozkurt, B.; Cooper, L.T., Jr. Description and proposed management of the acute COVID-19
cardiovascular syndrome. Circulation 2020, 141, 1903–1914. [CrossRef] [PubMed]

9. McDonald, L.T. Healing after COVID-19: Are Survivors at Risk for Pulmonary Fibrosis? Am. J. Physiol. Lung Cell. Mol. Physiol.
2021, 320, L257–L265. [CrossRef] [PubMed]

10. Li, X.; Shen, C.; Wang, L.; Majumder, S.; Zhang, D.; Deen, M.J.; Li, Y.; Qing, L.; Zhang, Y.; Chen, C.; et al. Pulmonary fibrosis and
its related factors in discharged patients with new corona virus pneumonia: A cohort study. Respir. Res. 2021, 22, 203. [CrossRef]
[PubMed]

11. Zou, H.; Li, S.-Q. Pulmonary Fibrosis in Critically Ill Patients with Novel Coronavirus Pneumonia during the Convalescent Stage
and a Proposal for Early Intervention. Acta Pharmacol. Sin. 2021, 42, 1376–1378. [CrossRef] [PubMed]

12. Ali, R.M.M.; Ghonimy, M.B.I. Post-COVID-19 pneumonia lung fibrosis: A worrisome sequelae in surviving patients. Egypt. J.
Radiol. Nucl. Med. 2021, 52, 101. [CrossRef]

http://doi.org/10.1001/jama.2020.6775
http://doi.org/10.1073/pnas.2004168117
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1136/thoraxjnl-2020-215383
http://doi.org/10.1016/j.vph.2021.106882
http://www.ncbi.nlm.nih.gov/pubmed/34087481
http://doi.org/10.1093/eurheartj/ehab314
http://www.ncbi.nlm.nih.gov/pubmed/34164664
http://doi.org/10.1161/CIRCULATIONAHA.120.047549
http://www.ncbi.nlm.nih.gov/pubmed/32293910
http://doi.org/10.1161/CIRCULATIONAHA.120.047349
http://www.ncbi.nlm.nih.gov/pubmed/32297796
http://doi.org/10.1152/ajplung.00238.2020
http://www.ncbi.nlm.nih.gov/pubmed/33355522
http://doi.org/10.1186/s12931-021-01798-6
http://www.ncbi.nlm.nih.gov/pubmed/34243776
http://doi.org/10.1038/s41401-020-00566-4
http://www.ncbi.nlm.nih.gov/pubmed/33188277
http://doi.org/10.1186/s43055-021-00484-3


Curr. Issues Mol. Biol. 2022, 44 4746

13. Wu, X.; Liu, X.; Zhou, Y.; Yu, H.; Li, R.; Zhan, Q.; Ni, F.; Fang, S.; Lu, Y.; Ding, X.; et al. 3-month, 6-month, 9-month, and 12-month
respiratory outcomes in patients following COVID-19-related hospitalisation: A prospective study. Lancet Respir. Med. 2021,
9, 747–754. [CrossRef]

14. Sarenac, T.; Trapecar, M.; Gradisnik, L.; Rupnik, M.S.; Pahor, D. Single-cell analysis reveals IGF-1 potentiation of inhibition of the
TGF-β/Smad pathway of fibrosis in human keratocytes in vitro. Sci. Rep. 2016, 6, 34373. [CrossRef]

15. Basheer, M.; Saad, E.; Hagai, R.; Assy, N. Clinical Predictors of Mortality and Critical Illness in Patients with COVID-19 Pneumonia.
Metabolites 2021, 11, 679. [CrossRef]

16. Caricchio, R.; Gallucci, M.; Dass, C.; Zhang, X.; Gallucci, S.; Fleece, D.; Bromberg, M.; Criner, G.J.; Temple University COVID-19
Research Group. Preliminary predictive criteria for COVID-19 cytokine storm. Ann. Rheum. Dis. 2021, 80, 88–95. [CrossRef]
[PubMed]

17. Knight, S.R.; Ho, A.; Pius, R.; Buchan, I.; Carson, G.; Drake, T.M.; Dunning, J.; Fairfield, C.J.; Gamble, C.; Green, C.A.; et al.
Stratification of patients admitted to hospital with COVID-19 using the ISARIC WHO Clinical Characterization Protocol:
Development and validation of the 4-C Mortality Score. BMJ 2020, 370, m3339. [CrossRef] [PubMed]

18. Murthy, K.; Sivashanmugam, K.; Kandasamy, M.; Subbiah, R.; Ravikumar, V. Repurposing of histone deacetylase inhibitors:
A promising strategy to combat pulmonary fibrosis promoted by TGF-β signalling in COVID-19 survivors. Life Sci. 2021,
266, 118883.

19. Abbul, K.A.; Andrew, H.; Lichtman, S.P. Imunologia Celular e Molecular, 8th ed.; Elsevier: Rio de Janeiro, Brazil, 2012.
20. Walton, K.L.; Johnson, K.E.; Harrison, C.A. Targeting TGF-β Mediated SMAD Signaling for the Prevention of Fibrosis. Front.

Pharmacol. 2017, 8, 461. [CrossRef]
21. Basheer, M.; Saad, E.; Assy, N. The Cytokine Storm in COVID-19: The Strongest Link to Morbidity and Mortality in the Current

Epidemic. COVID 2022, 2, 540–552. [CrossRef]
22. Costela-Ruiz, V.J.; Illescas-Montes, R.; Puerta-Puerta, J.M.; Ruiz, C.; Melguizo-Rodríguez, L. SARS-CoV-2 infection: The role of

cytokines in COVID-19 disease. Cytokine Growth Factor Rev. 2020, 54, 62. [CrossRef] [PubMed]
23. Kimura, A.; Kishimoto, T. Il-6: Regulator of Treg/Th17 Balance. Eur. J. Immunol. 2010, 40, 1830–1835. [CrossRef] [PubMed]
24. Tanaka, T.; Narazaki, M.; Kishimoto, T. Immunotherapeutic Implications of IL-6 Blockade for Cytokine Storm. Immunotherapy

2016, 8, 959–970. [CrossRef]
25. Letizia, A.; Eller, M.A.; Polyak, C.; Eller, L.A.; Creegan, M.; Dawson, P.; Bryant, C.D.K.; Crowell, T.A.; Lombardi, K.; Rono, E.; et al.

Biomarkers of inflammation correlate with clinical scoring indices in Human Immunodeficiency Virus-Infected Kenyans. J. Infect.
Dis. 2019, 219, 284–294. [CrossRef]

26. Chun, H.J.; Coutavas, E.; Pine, A.B.; Lee, A.I.; Yu, V.L.; Shallow, M.K.; Giovacchini, C.X.; Mathews, A.M.; Stephenson, B.;
Que, L.G.; et al. Immuno-fibrotic drivers of impaired lung function in post-acute sequelae of SARS-CoV-2 Immuno-fibrotic
drivers of impaired lung function in post-acute sequelae of SARS-CoV-2. JCI Insights 2021, 6, e148476. [CrossRef]

27. Davey, A.; McAuley, D.F.; O’Kane, C.M. Matrix metalloproteinases in acute lung injury: Mediators of injury and drivers of repair.
Eur. Respir. J. 2011, 38, 959–970. [CrossRef]

28. Pardo, A.; Cabrera, S.; Maldonado, M.; Selman, M. Role of matrix metalloproteinases in the pathogenesis of idiopathic pulmonary
fibrosis. Respir. Res. 2016, 17, 23. [CrossRef]

29. Buendía-Roldán, I.; Fernandez, R.; Mejía, M.; Juarez, F.; Ramirez-Martinez, G.; Montes, E.; Pruneda, A.K.S.; Martinez-Espinosa, K.;
Alarcon-Dionet, A.; Herrera, I.; et al. Risk factors associated with the development of interstitial lung abnormalities. Eur. Respir. J.
2021, 14, 2003005. [CrossRef]

30. Safont, B.; Tarraso, J.; Rodriguez-Borja, E.; Fernandez-Fabrellas, E.; Sancho-Chust, J.; Molina, V. Lung function, radiological
findings and biomarkers of fibrogenesis in a Cohort of COVID-19 patients six months after hospital discharge. Arch. Bronchoneumol.
2022, 58, 142–149. [CrossRef]

31. Chavez-Galan, L.; Ruiz, A.; Martinez-Espinosa, K.; Aguilar-Duran, H.; Torres, M.; Falfan-Valencia, R.; Perez-Rubio, G.; Selman, M.;
Buendia-Roldan, I. Circulating Levels of PD-L1, TIM-3 and MMP-7 Are Promising Biomarkers to Differentiate COVID-19 Patients
That Require Invasive Mechanical Ventilation. Biomolecules 2022, 12, 445. [CrossRef]

32. Coperchini, F.; Chiovato, L.; Ricci, G.; Croce, L.; Magri, F.; Rotondi, M. The Cytokine Storm in COVID-19: Further Advances in
Our Understanding the Role of Specific Chemokines Involved. Cytokine Growth Factor Rev. 2021, 58, 82–91. [CrossRef] [PubMed]

33. Yang, L.; Han, Y.; Nilsson-Payant, B.E.; Gupta, V.; Wang, P.; Duan, X.; Tang, X.; Zhu, J.; Zhao, Z.; Jaffre, F.; et al. A Human
Pluripotent Stem Cell-Based Platform to Study SARS-CoV-2 Tropism and Model Virus Infection in Human Cells and Organoids.
Cell Stem Cell. 2020, 27, 125–136. [CrossRef] [PubMed]

34. Blanco-Melo, D.; Nilsson-Payant, B.E.; Liu, W.C.; Uhl, S.; Hoagland, D.; Møller, R.; Jordan, T.X.; Oishi, K.; Panis, M.; Sachs, D.; et al.
Imbalanced Host Response to SARS-CoV-2 Drives Development of COVID-19. Cell 2020, 181, 1036–1045. [CrossRef] [PubMed]

35. Altara, R.; Manca, M.; Brandão, R.D.; Zeidan, A.; Booz, G.W.; Zouein, F.A. Emerging Importance of Chemokine Receptor CXCR3
and its Ligands in Cardiovascular Diseases. Clin. Sci. 2016, 130, 463–478. [CrossRef] [PubMed]

36. Jiang, Y.; Xu, J.; Zhou, C.; Wu, Z.; Zhong, S.; Liu, J.; Luo, W.; Tao, C.; Qin, Q.; Deng, P. Characterization of Cytokine/Chemokine
Profiles of Severe Acute Respiratory Syndrome. Am. J. Respir. Crit. Care Med. 2005, 171, 850–857. [CrossRef]

37. Gimenez, E.; Albert, E.; Torres, I. SARS-CoV-2-reactive interferon-gamma-producing CD8+ T cells in patients hospitalized with
coronavirus disease 2019. J. Med. Virol. 2020, 93, 375–382. [CrossRef]

http://doi.org/10.1016/S2213-2600(21)00174-0
http://doi.org/10.1038/srep34373
http://doi.org/10.3390/metabo11100679
http://doi.org/10.1136/annrheumdis-2020-218323
http://www.ncbi.nlm.nih.gov/pubmed/32978237
http://doi.org/10.1136/bmj.m3339
http://www.ncbi.nlm.nih.gov/pubmed/32907855
http://doi.org/10.3389/fphar.2017.00461
http://doi.org/10.3390/covid2050040
http://doi.org/10.1016/j.cytogfr.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32513566
http://doi.org/10.1002/eji.201040391
http://www.ncbi.nlm.nih.gov/pubmed/20583029
http://doi.org/10.2217/imt-2016-0020
http://doi.org/10.1093/infdis/jiy509
http://doi.org/10.1172/jci.insight.148476
http://doi.org/10.1183/09031936.00032111
http://doi.org/10.1186/s12931-016-0343-6
http://doi.org/10.1183/13993003.03005-2020
http://doi.org/10.1016/j.arbres.2021.08.014
http://doi.org/10.3390/biom12030445
http://doi.org/10.1016/j.cytogfr.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33573850
http://doi.org/10.1016/j.stem.2020.06.015
http://www.ncbi.nlm.nih.gov/pubmed/32579880
http://doi.org/10.1016/j.cell.2020.04.026
http://www.ncbi.nlm.nih.gov/pubmed/32416070
http://doi.org/10.1042/CS20150666
http://www.ncbi.nlm.nih.gov/pubmed/26888559
http://doi.org/10.1164/rccm.200407-857OC
http://doi.org/10.1002/jmv.26213


Curr. Issues Mol. Biol. 2022, 44 4747

38. Levy, D.E.; Garcia-Sastre, A. The virus battles: IFN induction of the antiviral state and mechanisms of viral evasion. Cytokine
Growth Factor Rev. 2001, 12, 143–156. [CrossRef]

39. Yin, K.; Gribbin, E.; Wang, H. Interferon-gamma inhibition attenuates lethality after cecal ligation and puncture in rats: Implication
of high mobility group box-1. Shock 2005, 24, 396–401. [CrossRef]

40. Chen, G.; Wu, D.; Guo, W. Clinical and immunological features of severe and moderate coronavirus disease 2019. J. Clin. Investig.
2020, 130, 2620–2629. [CrossRef]

41. Mackall, C.L.; Fry, T.J.; Gress, R.E. Harnessing the biology of IL-7 for therapeutic application. Nat. Rev. Immunol. 2011, 11, 330–342.
[CrossRef]

42. Barata, J.T.; Durum, S.K.; Seddon, B. Flip the coin: IL-7 and IL-7R in health and disease. Nat. Immunol. 2019, 20, 1584–1593.
[CrossRef] [PubMed]

43. Francois, B.; Jeannet, R.; Daix, T.; Walton, A.H.; Shotwell, M.S.; Unsinger, J.; Monmeret, G.; Rimmele, T.; Blood, T.; Morre, M.; et al.
Interleukin-7 restores lymphocytes in septic shock: The IRIS-7 randomized clinical trial. JCI Insights 2018, 3, 3. [CrossRef]
[PubMed]

44. Laterre, P.F.; François, B.; Collienne, C.; Hantson, P.; Jeannet, R.; Jenneth, E.R.; Hotchkiss, R.S. Association of Interleukin 7
Immunotherapy with Lymphocyte Counts Among Patients with Severe Coronavirus Disease 2019 (COVID-19). JAMA Netw.
Open 2020, 3, e2016485. [CrossRef] [PubMed]

45. Monneret, G.; de Marignan, D.; Coudereau, R.; Bernet, C.; Ader, F.; Frobert, E.; Gossez, M.; Viel, S.; Venet, F.; Wallet, F. Immune
monitoring of interleukin-7 compassionate use in a critically ill COVID-19 patient. Cell Mol. Immunol. 2020, 17, 1001–1003.
[CrossRef] [PubMed]

46. Liu, T.; Balzano-Nogueira, L.; Lleo, A.; Conesa, A. Transcriptional Differences for COVID-19 Disease Map Genes between Males
and Females Indicate a Different Basal Immunophenotype Relevant to the Disease. Genes 2020, 11, 1447. [CrossRef] [PubMed]

http://doi.org/10.1016/S1359-6101(00)00027-7
http://doi.org/10.1097/01.shk.0000175556.03300.c6
http://doi.org/10.1172/JCI137244
http://doi.org/10.1038/nri2970
http://doi.org/10.1038/s41590-019-0479-x
http://www.ncbi.nlm.nih.gov/pubmed/31745336
http://doi.org/10.1172/jci.insight.98960
http://www.ncbi.nlm.nih.gov/pubmed/29515037
http://doi.org/10.1001/jamanetworkopen.2020.16485
http://www.ncbi.nlm.nih.gov/pubmed/32697322
http://doi.org/10.1038/s41423-020-0516-6
http://www.ncbi.nlm.nih.gov/pubmed/32728202
http://doi.org/10.3390/genes11121447
http://www.ncbi.nlm.nih.gov/pubmed/33271804

	Introduction 
	Materials and Methods 
	Study Population 
	Study Design 
	Luminex-Based Multiplex Assay for Serum Cytokine Concentration 
	Outcomes 
	Ethics 
	Statistical Analysis 

	Results 
	Clinical Characteristics of the Patients 
	Association between Inflammatory Cytokine Levels and Mortality in COVID-19 Patients 
	MMP-7 Correlates with Cytokine Storm and 4-C Score Levels 
	Association between Inflammatory Cytokine Levels and Lung Involvement (% of Consolidation) in COVID-19 Patients 
	The Dynamics in the Cytokine Concentrations in COVID-19 Patients upon Admission and Discharge 
	Correlation between IGF-1 Concentrations in Admission and Lung Injury 
	Correlation between Cytokine Levels, Gender, and Mortality 

	Discussion 
	Limitations 
	Conclusions 
	References

