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Abstract. — OBJECTIVE: Cytokines are in-
volved in the inflammatory/anti-inflammatory
balance and have been shown to play an import-
ant role in the course of COVID-19. This study
aimed to evaluate the relationship of periostin,
transforming growth factor-beta (TGF-B), inter-
leukin-18 (IL-18), and matrix metalloproteinase 7
(MMP-7) levels with clinical course and mortal-
ity in patients with early COVID-19 pneumonia.

PATIENTS AND METHODS: A total of 150 hos-
pitalized patients were diagnosed with COVID-19
between June and October 2021, and a control
group of 30 healthy individuals were included in
our study. The COVID-19 patients were divided in-
to those who developed macrophage activation
syndrome (MAS) in Group 1 and those who did
not in Group 2. Serum periostin, MMP-7, TGF-f,
and IL-18 levels were measured from blood sam-
ples obtained at admission using Enzyme-Linked
Immunosorbent Assay (ELISA).

RESULTS: Periostin, MMP-7, and IL-18 lev-
els were significantly higher in COVID-19 pa-
tients compared to the control group (p<0.001
for all). Periostin and MMP-7 levels were also
significantly higher in Group 1 than in Group
2 (p<0.001 for both). Periostin, MMP-7, IL-18,
and TGF-B levels were significantly higher in
non-surviving patients compared to survivors
(p=0.04, p<0.001, p<0.001, and p<0.001, respec-
tively). In the receiver operating characteristic
(ROC) curve analysis, MMP-7 was found to have
high sensitivity (90%) at a predictive value of
2.66 ng/mL.

CONCLUSIONSS: It is still not possible to pre-
dict which patients with early COVID-19 pneu-
monia will go on to develop MAS despite receiv-
ing standard treatment. The results of our study
suggest that elevation of periostin and MMP-
7 levels in the early period may predict the de-
velopment of macrophage activation syndrome.
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Introduction

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is the seventh member of the
coronavirus (CoV) family that infects humans.
As a novel betacoronavirus, it is in the same CoV
subgroup as Middle East respiratory syndrome
coronavirus (MERS-CoV) and SARS-CoV but is
distinct from both viruses'.

COVID-19 symptoms vary between individ-
uals, ranging from asymptomatic infection to
severe respiratory failure’. Many patients with
severe COVID-19 infection rapidly develop dys-
pnea and hypoxemia, followed by progressive
respiratory failure. Severe COVID-19 patients
may exhibit systemic hyperinflammatory fea-
tures described under the umbrella term macro-
phage activation syndrome (MAS) or cytokine
storm syndrome (CSS), also known as secondary
hemophagocytic lymphohistiocytosis (sSHLH)**.
Controlling the cytokines that cause CSS in the
early period is essential in preventing early mor-
tality and later morbidity as a result of lung
sequelae.

Although biomarkers for COVID-19 have been
the subject of much research since the start of
the pandemic, none of these tests are sensitive or
specific to COVID-19°. Periostin is a matricel-
lular protein, which is a group of nonstructural
extracellular matrix (ECM) components typical-
ly expressed at sites of inflammation or injury®.
Periostin mediates various pathophysiological
processes of idiopathic pulmonary fibrosis, in-
cluding myofibroblast differentiation, collagen-1
production, and fiber cross-linking within the
lung matrix’. Significant pulmonary responses to
lung injury include increased expression and ac-
tivation of enzymes in the matrix metalloprotein-
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ase (MMP) family®. Since SARS-CoV-2 infection
triggers a characteristic cytokine storm in which
molecules such as MMPs are overexpressed, they
are believed to have an important role in the patho-
genesis of severe COVID-19 infection sequelae’.
Transforming growth factor-beta (TGF-B) is a
multifunctional cytokine that is a key player in
tissue repair after injury'® and is known to inhibit
hyperinflammatory responses by exhibiting pro-
fibrinogenic, anti-inflammatory, and immunosup-
pressive activity during and after both sepsis and
COVID-19"., Interleukin-18 (IL-18) is produced
by macrophages in the very early stages of viral
infection and induces the production of 1L.-6 and
interferon-gamma (IFN-y), which are considered
critical for optimal viral host defense'>". A study
analyzing the immune responses of a series of
113 patients with moderate and severe COVID-19
showed that the increase in IL-18 level was as-
sociated with the severity of COVID-19". The
inflammatory/anti-inflammatory balance plays
an important role in the clinical course and
prognosis of COVID-19. In this study, we aimed
to determine the relationship between levels of
periostin, MMP-7, TGF-f, and IL-18, which are
important factors in this balance, and the early
clinical course and prognosis of patients hospital-
ized for COVID-19.

Patients and Methods

Study Design

This prospective study was conducted with
patients who were diagnosed with COVID-19 by
real-time polymerase chain reaction (RT-PCR)
and were admitted to the COVID-19 isolation
wards of Atatiirk University Faculty of Medicine
Hospital and Erzurum Regional Training and Re-
search Hospital and a control group comprising
healthy volunteers. The study was approved by
the Erzurum Atatiirk University Faculty of Med-
icine Ethics Committee (meeting number: 10, de-
cision No.: 27, date: 17.12.2020). All participants
were informed about the purpose of the study and
its procedures, and their written consent was ob-
tained before sampling. Funding for the study was
provided by the Atatiirk University Scientific Re-
search Projects Commission (project No.: 9704).
The study was conducted in accordance with the
Declaration of Helsinki. A total of 1,496 patients
were hospitalized in the COVID-19 wards of both
hospitals between June and October 2021. Serum
periostin, MMP-7, TGF-B, and IL-18 levels were

analyzed from blood samples collected for rou-
tine laboratory tests at the time of admission for
inpatient treatment for COVID-19. All patients
were followed until discharge or death.

Study Groups

A total of 1,496 patients who met the inclusion
criteria during the specified study dates were
evaluated according to the exclusion criteria in
the wards where they were hospitalized after
admission. According to these criteria, 418 pa-
tients were excluded from the study. Of the other
1,078 patients admitted for inpatient follow-up,
105 patients developed MAS and were treated
accordingly. The remaining 973 patients were
discharged after completing inpatient follow-up.
Microsoft Excel was used to randomly select 75
of the 105 patients who developed MAS (Group
1) and 75 of the 973 patients without MAS (Group
2), and their serum samples were retrieved for
analysis (Figure 1). The healthy volunteers com-
prising the control group were selected from
companions of the patients hospitalized in the
chest diseases ward of Atatiirk University who
were compatible in sex and age with the patient
sample (n=30).

Exclusion Criteria

Patients meeting the following criteria were
excluded from the study: under 18 years of age;
presence of acute respiratory distress syndrome
at the time of admission; use of steroid-con-
taining drugs before or during hospitalization;
being pregnant or breastfeeding; presence of he-
matological disease; need for intensive care at
admission; history of fibrotic lung disease or
past COVID-19 with sequelae changes on chest
computed tomography; presence of acute cere-
brovascular event and acute coronary syndrome
with COVID-19 infection.

Measurement of Serum Periostin,
MMP-7, TGF-f, and IL-18 Levels
Commercial enzyme-linked immunosorbent
assay (ELISA) kits designed for use with serum,
plasma, urine, cell culture supernatant, and tis-
sue homogenate were used to measure serum
levels of the markers of interest in this study. The
periostin ELISA kit (Human Periostin ELISA
kit, Catalog No.: E3226Hu, Bioassay Technology
Laboratory, China) has a measurement range of
0.5-150 ng/mL and sensitivity of 0.251 ng/mL.
The MMP-7 ELISA kit (Human Matrix metallo-
proteinase 7 ELISA kit, Catalog No.: EO906Hu,
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Figure 1. Study flowchart.

Bioassay Technology Laboratory, China) has a
measurement range of 0.05-15 ng/mL and sensi-
tivity of 0.026 ng/mL. The TGF-B ELISA kit (Hu-
man TGF-f ELISA kit, Catalog No.: E3051Hu,
Bioassay Technology Laboratory, China) has a
measurement range of 5-2,000 pg/mL and a
sensitivity of 2.51 pg/mL. The IL-18 ELISA kit
(Human IL-18 ELISA kit, Catalog No.: EO147Hu,
Bioassay Technology Laboratory, China) has a
measurement range of 0.5-100 ng/L and a sen-
sitivity of 0.2 ng/L. All kits have intra-assay
coefficient of variation (CV) values <8% and
inter-assay CV values <10%.

Definitions and Treatment

In our study, all decisions regarding admis-
sion to COVID-19 isolation wards, treatment
administered during hospitalization, and the cri-
teria for MAS were determined according to
the COVID-19 Guidelines®® published and up-
dated as necessary by the Ministry of Health
of the Republic of Tirkiye. The Anti-cytokine/
Anti-inflammatory Therapies and Coagulopathy
Management section of the guidelines states that
some COVID-19 patients may exhibit MAS-like
findings, that these findings may not always be
consistent with scoring systems or diagnostic cri-
teria used for MAS/HLH in other diseases, that it
is a serious condition that requires close monitor-

ing and early treatment, and it is very difficult to

suppress the cytokine storm and prevent endothe-

lial damage if it is not recognized and treatment

initiated in a timely manner. Supporting signs of

MAS development despite treatment are defined

as follows:

* Persistent refractory fever

* Persistent or worsening CRP elevation

* Elevated and increasing ferritin levels (>700
pg/L)

* D-dimer elevation

» Lymphocytopenia,
neutrophilia

* Impaired liver function (abnormal ALT, AST,
LDH).

thrombocytopenia, and

The guidelines also state that unlike in MAS
presentations associated with other causes, hy-
pofibrinogenemia may be seen in the late period,
and triglyceride elevation and organomegaly may
not be detected in COVID-19 patients. Other
important points for clinicians are that concom-
itant secondary infection should be ruled out by
negative cultures and normal procalcitonin values
and that procalcitonin elevation accompanied by
increased ferritin and D-dimer values, especially
during sepsis, can be misleading. As specified
in the guideline, methylprednisolone treatment
was initiated at a dose of 250 mg/day for three



Serum periostin, MMP-7, TGF-8, and IL-18 levels in COVID-19 patients

days in patients who met the criteria for MAS.
For patients whose proinflammatory cytokine
levels were not adequately suppressed and did
not show clinical improvement on the third day
of treatment, a request for the off-label use of
tocilizumab was sent to the Ministry of Health.
Patients considered eligible for treatment were
given 400 mg/day of tocilizumab. If no response
was observed after 24 hours, tocilizumab was
increased to the maximum dose of 800 mg.

Statistical Analysis

Statistical analyses were performed using SPSS
Statistics for Windows version 24.0 (IBM Corp.,
Armonk, NY, USA). Pearson’s Chi-square test
was used to compare normally distributed numer-
ical data between groups, and the Mann-Whitney
U test was used to compare nonnormally dis-
tributed numerical data. Kruskal-Wallis’ analy-
sis was used to compare laboratory parameters
among the groups. An independent-sample #-test
was used for pairwise comparisons of demo-
graphic data and laboratory parameters between
the groups. Pearson correlation analysis was used
to evaluate correlations between laboratory data.
Receiver operating characteristic (ROC) curve
analysis was used to analyze the sensitivity and
specificity of serum periostin, MMP-7, IL-18, and
TGF-p levels between patients with and without
MAS. p<0.05 was accepted as significant in all
statistical analyses.

Results

The patients’ mean ages were 64.21+16.56
years in Group 1, 66.75+14.83 years in Group 2,
and 62.73£7.04 years in the control group, with no
significant difference between the groups accord-
ing to statistical analysis (p>0.05). There were 38
men (51%) in Group 1, 39 men (52%) in Group 2,
and 16 men (53%) in the control group. The sex
distribution did not differ statistically among the
groups (p>0.05).

The most common comorbidities in both
Groups 1 and 2 were hypertension (37% and
40%, respectively), diabetes mellitus (29% and
32%, respectively), and chronic obstructive pul-
monary disease (17% and 15%, respectively).
There was no statistically significant difference
between Groups 1 and 2 in terms of comorbidi-
ties (p>0.05).

The routine laboratory test results and hos-
pital length of stay of the patients in Groups 1
and 2 during hospitalization are shown in Table
I. Compared to Group 2, Group 1 had signifi-
cantly higher neutrophil count (p=0.01), AST
(p<0.001), ALT (p<0.001), LDH (p=0.001), ALP
(p=0.02), GGT (p=0.001), troponin-I (p=0.03),
PCT (p=0.03) values, and longer length of hospi-
tal stay (p=0.04).

The comparison of periostin, MMP-7, IL-18,
and TGF-p levels of the groups is shown in Table
II. Periostin, MMP-7, and IL-18 levels were sig-

Table I. Comparison of routine laboratory parameters obtained at hospital admission and length of hospital stay in Groups 1

and 2.

Group 1 (n = 75) mean = SD Group 2 (n = 75) mean = SD P
WBC count (/uL) 11,009.6 £ 5,759.8 8,717.9 £ 4,110.3 0.06
Lymphocyte count (/uL) 876.7 = 604.9 756.7 + 604.9 0.2
Neutrophil count (/uL) 9,582.1 £ 5,470 7,533.3+3,931.9 0.01
NLR 17.8 £ 18.8 158 +15.2 0.49
AST (U/L) 36 £26.8 22.6+13.6 <0.001
ALT (U/L) 574 +549 32.4+22 <0.001
LDH (U/L) 390+ 182.5 295.9 + 134 0.001
ALP (U/L) 88.2 £47.5 73.6 +£25.1 0.02
GGT (U/L) 102.4+114.4 73.6 £56.8 0.001
Troponin-I (pg/mL) 185.4 + 655 99+ 15 0.03
D-dimer (ng/mL) 2,756.7 £ 5,614.5 2,160.8 £2,614 0.4
Ferritin (ng/mL) 708 + 561.9 671.9 +930.9 0.78
Fibrinogen (mg/dL) 384.8 +171.7 4329+ 148.3 0.07
CRP (mg/L) 457 +58.8 44.6 +50.5 0.89
PCT (ng/mL) 05+1.1 0.2+03 0.03
Length of hospital stay (days) 28 £14.7 20.6 £ 16.1 0.04

Values are presented as mean + standard deviation. WBC: White blood cells; NLR: Neutrophil-to-lymphocyte ratio; AST:
Aspartate transaminase; ALT: Alanine transaminase; LDH: Lactate dehydrogenase; ALP: Alkaline phosphatase; GGT: Gamma-

glutamy] transferase; CRP: C-reactive protein PCT: Procalcitonin.
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Table Il. Levels of periostiny MMP-7, TGF-f, and IL-18 in Groups 1 and 2 and the Control Group.

Group 1 (n = 75) Group 2 (n = 75) Control Group (n = 30)
mean = SD mean = SD mean = SD P
Periostin (ng/mL) 43.9 £ 20%° 372 +£22° 274 +14.1 <0.001
MMP-7 (ng/mL) 3.7+ 1.5% 3+1.7° 25+1.1 <0.001
TGF-B (pg/mL) 4674 +293.9 507.8 £342.4 376.5 +201.8 0.4
IL-18 (ng/L) 157+ 8.7 15.6 +£10.5 82+39 <0.001

p*: Group 1 vs. Group 2; p®: Group 1 and 2 vs. Control Group. Values are presented as mean + standard deviation. MMP-7: Matrix
metalloproteinase-7; TGF-f: Transforming growth factor-beta; IL-18: Interleukin-18.

nificantly higher in COVID-19 patients compared
to the control group (p<0.001 for all). In the com-
parison between COVID-19 patients, periostin
and MMP-7 levels were significantly higher in
Group 1 compared to Group 2 (p<0.001 for both).

Comparisons of serum periostin, MMP-7, IL-
18, and TGF-B levels between surviving and
non-surviving patients in Group 1 are shown
in Table III. All non-surviving patients in our
study were in Group 1. Serum periostin, MMP-
7, TGF-B, and IL-18 levels were significantly
higher in non-surviving patients (»p=0.04, <0.001,
<0.001, and <0.001, respectively).

The results of correlation analysis between
periostin, MMP-7, 1L-18, and TGF-f levels,
which were the focus of our study, and routine
laboratory parameters of COVID-19 patients in
Groups 1 and 2 at hospital admission are shown
in Table I'V. Periostin, MMP-7, IL-18, and TGF-p
levels were positively correlated with one another
(p=0.01 for all). CRP levels were also positively
correlated with NLR (r=0.311, p=0.01), ferritin
(r=0.252, p=0.01), and fibrinogen levels (r=0.659,
p=0.01). Lymphocyte level decreased with in-
creasing age (r=-0.221, p=0.01).

In the ROC curve analysis for predicting the
development of MAS in COVID-19 patients,
MMP-7, periostin, and IL-18 levels could signifi-

cantly discriminate between Groups 1 and 2 (Fig-
ure 2). MMP-7 had an area under the ROC curve
of 0.73, and a predictive value of 2.66 ng/mL had
90% sensitivity and 61% specificity. Periostin had
an area under the curve of 0.685, and a predictive
value of 28.8 ng/mL had 80% sensitivity and 57%
specificity. For IL-18, the area under the curve
was 0.641, and at a predictive value of 12.4 ng/L
its sensitivity and specificity were 58% and 68%,
respectively.

Discussion

In our study, it was observed that periostin,
MMP-7, and IL-18 levels were higher in the early
COVID-19 period compared to the healthy con-
trol group. However, only periostin and MMP-7
levels were found to be effective in predicting
the development of MAS in early COVID-19
patients. All parameters at the time of diagnosis
were higher in non-surviving MAS patients com-
pared to those who survived. When determining
the predictive value of the markers in differenti-
ating patients who did and did not develop MAS,
we observed that the MMP-7 level showed higher
sensitivity and specificity compared to periostin
and IL-18.

Table Ill. Comparison of serum periostin, MMP-7, TGF-f3, and IL-18 levels between surviving and non-surviving patients in

Group 1.
Non-surviving Surviving
Group 1 patients (n = 11) Group 1 patients (n = 64)
mean = SD mean = SD P
Periostin (ng/mL) 45.1+154 39.9+19.6 0.04
MMP-7 (ng/mL) 34+18 3+£19 <0.001
TGF-B (pg/mL) 528.4+200.4 4434 £212.5 <0.001
IL-18 (ng/L) 194+72 15.2+8.1 <0.001

Values are presented as mean + standard deviation. MMP-7: Matrix metalloproteinase-7; TGF-f: Transforming growth factor-beta;

1L-18: Interleukin-18.
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Table IV. Correlation analysis of the laboratory parameters of COVID-19 patients in Groups 1 and 2.

IL-18 MMP-7 Periostin TGF-p Lymphocytes NLR D-dimer Ferritin Fibrinogen CRP Age
r 1
IL-18
)4
r .818™ 1
MMP-7
p .000
r .818™ .823™ 1
Periostin
)4 .000 .000
r 871" 799" .828™ 1
TGF-p
p .000 .000 .000
r -.088 -.106 -.084 -.063 1
Lymphocytes
p 284 .200 310 443
r .086 .003 .086 -.072 -.529" 1
NLR
4 293 972 299 384 .000
r -.058 -.066 -.005 -.107 -.046 .183" 1
D-dimer
) 478 425 .949 195 577 .025
. r .019 .023 -.002 -.010 -.175° 369" 277" 1
Ferritin
)4 821 781 983 907 .034 .000 .001
r .075 .010 .001 -.013 -.103 .052 -.159 159 1
Fibrinogen
)4 .359 .904 994 872 210 .524 .051 .054
r 128 .087 .086 .030 -.122 311 -.046 252" .659™ 1
CRP
4 121 293 .300 714 137 .000 576 .002 .000
A r -.063 -.043 -.067 -.075 -221" 151 -.035 -.081 .054 163" 1
e
g P 400 .570 371 321 .007 .065 .674 332 512 .046

*p<0.05, **p<0.01; IL-18: Interleukin-18; MMP-7: Matrix metalloproteinase-7; TGF-B: Transforming growth factor-beta; NLR: Neutrophil-to-lymphocyte ratio, CRP: C-reactive
protein.
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Figure 2. Receiver operating characteristic (ROC) curve
analysis of IL-18, TGF-B, MMP-7, and periostin levels
between patients with and without macrophage activation
syndrome (MAS).

Since December 2019, SARS-CoV-2 infection
has been confirmed in more than 650 million
people worldwide and has caused more than 6.5
million deaths. In Turkey, it has caused approxi-
mately 17 million cases, with more than 100,000
deaths as of December 2022'°. One of the main
challenges in determining initial treatment for
COVID-19 patients is the early identification of
patients who will develop more severe forms of
the disease and need specific interventions or
treatments'’. Numerous studies are being con-
ducted in literature to determine whether the
presence of specific biomarkers makes a patient
more susceptible to severe infection. The identi-
fication of such biomarkers can help predict the
expected clinical severity of infection, thereby
helping to anticipate the level of medical inter-
vention that will be most beneficial and enabling
its early administration'®.

Many cytokines are involved in the regenera-
tion of both the lung parenchyma and ECM at the
onset and after COVID-19 infection. Periostin is
a matricellular protein. Matricellular proteins are
ECM proteins with nonstructural properties that
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are largely expressed at sites of inflammation or
injury®. Periostin synthesis can be induced by
important cytokines such as IL-4, IL-13, and
TGF-B. In a study conducted on COVID-19 pa-
tients, it was observed that periostin levels were
higher in severe patients compared to the mild/
moderate and control groups, while there was
no significant difference in TGF-f levels. The
increase in periostin levels was attributed to in-
tense inflammation in the parenchyma and ECM
in patients with severe disease. TGF-f is thought
to reduce excessive immune response and restore
or maintain immune homeostasis'**’. Other stud-
ies compared TGF-f levels in mild, severe, and
critical COVID-19 patients with healthy control
groups and showed that TGF-f levels increased
with disease severity!*??2, TL-18, mostly in com-
bination with IL-12, activates T lymphocytes and
natural killer cells to produce IFN-y and replicate,
which is crucial in defending against infections.
IL-18 regulates Thl and Th2 responses, and its
increased production may exacerbate the disease
because of inflammation***. Many studies have
analyzed IL-18 in infections (especially viral),
metabolic and inflammatory diseases (adult-on-
set Still’s disease, systemic juvenile idiopathic
arthritis, HLH/MAS), where it is an important
factor in host response?’. MMP-7, another import-
ant biomarker in viral infections, is a protease
involved in the progressive ECM degradation
that occurs after intense lung damage. MMP-7
was shown to be significantly associated with
cytokine storm and intense lung involvement in
COVID-19 patients, with higher levels observed
in patients who require mechanical ventilation®.

In our study, liver function tests and cardiac
biomarkers were higher in patients with severe
disease than in patients with mild disease, con-
sistent with previous COVID-19 studies. This
is related to the hepatotropic and cardiotropic
activity of the viral agent causing COVID-19 in-
fection. Our analysis of the cytokines of interest
in this study showed that periostin, MMP-7, and
IL-18 levels were higher in COVID-19 patients
compared to the control group, and only peri-
ostin and MMP-7 levels were higher in severe
patients in the initial period. The lack of cytokine
discharge in the initial period may have been
responsible for the lack of increase in TGF-f,
which plays a role in balancing extreme immune
responses. Interstitial pneumonia, which presents
with ECM involvement in atypical infections
such as COVID-19 infection, may have caused
an increase in periostin and MMP-7 levels, which
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play a role in ECM formation and degradation
of over-synthesized ECM at the onset of the dis-
ease. The rise in IL-18 level may have occurred
to induce an increase in IFN-y, which plays a
role in antiviral activity. Although the number
of non-surviving patients was low in our study,
we observed that periostin, MMP-7, IL-18, and
TGF-p levels were higher in these patients in the
early period. This may be related to the intense
viral activity in non-surviving patients and the
subsequent increase in cytokine levels. In the
correlation analysis, we observed no correlation
between our cytokines of interest and routine lab-
oratory parameters considered important in the
prognosis of COVID-19. This may be due to the
fact that in the early period, the hypermetabolic
activity evidenced by increasing cytokine levels
is not yet reflected in laboratory parameters. It
also demonstrates once again the importance
of cytokine levels in early prognosis estimation
compared to routine laboratory parameters. In the
ROC analysis between patients with and without
MAS, MMP-7 and periostin levels showed high
sensitivity. This may be due to ECM progression
(increased periostin) caused by viral infections
and the increase in MMP-7 level in an attempt to
balance it.

Limitations

A limitation of this study was that samples
were obtained at diagnosis, and there were no
post-treatment follow-up samples. However, we
believe that the revision of treatment based on
the patients’ clinical condition and the national
COVID-19 guidelines may affect their cytokine
levels during follow-up. Therefore, we only ana-
lyzed serum samples from the time of diagnosis.

Conclusions

In conclusion, early diagnosis and treatment
play an important role in bacterial and viral infec-
tions that show a progressive course, especially
COVID-19. Clinical follow-up of patients has
yielded many parameters associated with prog-
nosis in routine practice. The search continues for
laboratory parameters that can provide early in-
sight into the patient’s risk of disease progression.
As observed in our study, MMP-7, periostin, and
IL-18 in the early period may be valuable markers
for predicting the clinical course and prognosis
of atypical pneumonia that manifests with ECM
progression, especially COVID-19.

Conflict of Interest
None to declare.

Informed Consent
Patients or their legal representatives provided written and
verbal consent to the study.

Ethics Approval

The Institutional Review Board at Erzurum Atatiirk Uni-
versity Faculty of Medicine Ethics Committee approved
this study (meeting number: 10, decision No.: 27, date:
17.12.2020), which was conducted in compliance with the
2013 version of the Helsinki Declaration.

Authors’ Contributions

Bugra Kerget: conceptualization, methodology, data cura-
tion, investigation, resources, writing, and original draft
preparation. Mehmet Eren Tuna: methodology, data cura-
tion, investigation, resources. Esra Egilmez: data curation,
investigation. Alperen Aksakal: data curation, writing, re-
viewing and editing. Omer Araz: methodology, data cu-
ration. Elif Yilmazel Ugar: investigation, resources. Leyla
Saglam: investigation, resources.

Data Availability
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Funding
This research was supported by the Ataturk University Sci-
entific Research Project Office (Project Number: 9704).

ORCID ID

Mehmet Eren Tuna: 0000-0003-2658-7754
Bugra Kerget: 0000-0002-6048-1462
Alperen Aksakal: 0000-0001-6883-3314
Esra Egilmez: 0000-0003-2706-7101
Omer Araz: 0000-0002-3476-4506

Elif Yilmazel Ugar: 0000-0001-8284-1038
Leyla Saglam: 0000-0002-7040-3433

References

1) Yesudhas D, Srivastava A, Gromiha MM.
COVID-19 outbreak: history, mechanism, trans-
mission, structural studies and therapeutics. In-
fection 2021; 49: 199-213.

2) Pascarella G, Strumia A, Piliego C, Bruno F, Del
Buono R, Costa F, Scarlata S, Agro F. COVID-19
diagnosis and management: a comprehensive re-
view. J Intern Med 2020; 288: 192-206.

3) McGonagle D, Sharif K, O’'Regan A, Bridgewood
C. The Role of Cytokines including Interleukin-6

2967



M.E. Tuna, B. Kerget, A. Aksakal, E. Egilmez, O. Araz, EY. Ucar, L. Saglam

5)

6)

10)

11)

12)

13)

14)

in COVID-19 induced Pneumonia and Macro-
phage Activation Syndrome-Like Disease. Auto-
immun Rev 2020; 19: 102537.

Pasrija R, Naime M. The deregulated immune
reaction and cytokines release storm (CRS) in
COVID-19 disease. Int Immunopharmacol 2021;
90: 107225.

Safiabadi Tali SH, LeBlanc JJ, Sadiq Z, Oyewun-
mi OD, Camargo C, Nikpour B, Armanfard N, Sa-
gan M, Jahanshahi-Anbuhi S. Tools and Tech-
niques for Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2)/COVID-19 Detec-
tion. Clin Microbiol Rev 2021; 34: e00228.

Liu AY, Zheng H, Ouyang G. Periostin, a multi-
functional matricellular protein in inflammatory
and tumor microenvironments. Matrix Biol 2014;
37: 150-156.

Alzobaidi N, Rehman S, Naqvi M, Gulati K, Ray A.
Periostin: A Potential Biomarker and Therapeutic
Target in Pulmonary Diseases. J Pharm Pharm
Sci 2022; 25: 137-148.

Greenlee KJ, Werb Z, Kheradmand F. Matrix
metalloproteinases in lung: multiple, multifarious,
and multifaceted. Physiol Rev 2007; 87: 69-98.

Ramirez-Martinez G, Jiménez-Alvarez LA,
Cruz-Lagunas A, Ignacio-Cortés S, Gomez-Garcia
IA, Rodriguez-Reyna TS, Chorefio-Parra JA, ZUfi-
ga J. Possible Role of Matrix Metalloproteinases
and TGF-B in COVID-19 Severity and Sequelae. J
Interferon Cytokine Res 2022; 42: 352-368.

Ojo AS, Balogun SA, Williams OT, Ojo OS. Pul-
monary Fibrosis in COVID-19 Survivors: Predic-
tive Factors and Risk Reduction Strategies. Pulm
Med 2020; 2020: 6175964.

Russell B, Moss C, George G, Santaolalla A,
Cope A, Papa S, Hemelrijck V. Associations
between immune-suppressive and stimulating
drugs and novel COVID-19-a systematic review of
current evidence. Ecancermedicalscience 2020;
14: 1022.

Lagunas-Rangel FA, Chavez-Valencia V. High IL-
6/IFN-y ratio could be associated with severe dis-
ease in COVID-19 patients. J Med Virol 2020; 92:
1789-1790.

Slaats J, Ten Oever J, van de Veerdonk FL, Netea
MG. IL-1B/IL-6/CRP and IL-18/ferritin: Distinct In-
flammatory Programs in Infections. PLoS Pathog
2016; 12: e1005973.

Lucas C, Wong P, Klein J, Castro TBR, Silva J,
Sundaram M, Ellingson MK, Mao T, Ah JE, is-
raelow B, Takahashi T, Tokuyama M, Lu P, Ven-
kataraman A, Parki A, Mohanty S, Wang H, Wy-
lie LA, Vogels BFC, Earnest R, Lapidus S, Ott
MI, Moore JA, Minker MC, Fournier JB, Camp-
bell M, Odio CD, Casanovas-Massana A, Herbst
R, Shaw CA, Medzhitov R, Schulz LW, Grubaugh
DN, Cruz CD, Farhadian S, Ko Al, Omer SB, lwa-

2968

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

saki A. Longitudinal analyses reveal immunolog-
ical misfiring in severe COVID-19. Nature 2020;
584: 463-469.

Kurulu TCSBBD. Antisitokin-Antiinflamatuar Te-
daviler, Koagulopati Yonetimi Turkey 2022 [updat-
ed 7 KASIM 2020. Available from: https://covid19.
saglik.gov.tr/Eklenti/39296/0/covid-19rehberiant-
isitokin-antiinflamatuartedavilerkoagulopatiyone-
timipdf.pdf.

WHO. WHO Coronavirus (COVID-19) Dashboard
2022 [cited 2022 22 december]. Available from:
https://covid19.who.int/.

Melo AKG, Milby KM, Caparroz A, Pinto A, San-
tos RRP, Rocha AP, Ferreria GA, Souza VA, Va-
ladares ADL, Vieira RMRA, Pileggi GS, Trevisani
VFM. Biomarkers of cytokine storm as red flags
for severe and fatal COVID-19 cases: A living
systematic review and meta-analysis. PLoS One
2021; 16: e0253894.

Lynch SM, Guo G, Gibson DS, Bjourson AJ, Rai
TS. Role of Senescence and Aging in SARS-
CoV-2 Infection and COVID-19 Disease. Cells
2021; 10: 3367.

Travis MA, Sheppard D. TGF-B activation and
function in immunity. Annu Rev Immunol 2014;
32: 51-82.

Cabalak M, Dogan S, Bal T, Dikmen N. Serum
periostin levels in COVID-19: Is it useful as a new
biomarker? Int J Clin Pract 2021; 75: e14728.

Laloglu E, Alay H. Role of transforming growth
factor-beta 1 and connective tissue growth factor
levels in coronavirus disease-2019-related lung
Injury: a prospective, observational, cohort study.
Rev Soc Bras Med Trop 2022; 55: e06152021.

Ghazavi A, Ganji A, Keshavarzian N, Rabiemajd
S, Mosayebi G. Cytokine profile and disease se-
verity in patients with COVID-19. Cytokine 2021;
137: 1553283.

Vecchié A, Bonaventura A, Toldo S, Dagna L,
Dinarello CA, Abbate A. IL-18 and infections: Is
there a role for targeted therapies? J Cell Physiol
2021; 236: 1638-1657.

Kerget B, Kerget F, Aksakal A, Askin S, Saglam
L, Akgin M. Evaluation of alpha defensin, IL-1 re-
ceptor antagonist, and IL-18 levels in COVID-19
patients with macrophage activation syndrome
and acute respiratory distress syndrome. J Med
Virol 2021; 93: 2090-2098.

Perricone C, Bartoloni E, Bursi R, Cafaro G,
Guidelli GM, Shoenfeld Y, Gerli R. COVID-19 as
part of the hyperferritinemic syndromes: the role
of iron depletion therapy. Immunol Res 2020; 68:
213-224.

Mohammadi A, Balan |, Yadav S, Matos WF,
Kharawala A, Gaddam M, Sarabia N, Koneru SC,
Suddapalli SK, Marzban S. Post-COVID-19 Pul-
monary Fibrosis. Cureus 2022; 14: e22770.



