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1 | INTRODUCTION

To date, COVID-19 has infected over 20 million people worldwide

since it appeared in December 2019, and case numbers continue to
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Abstract

Background: Many laboratory parameters have been associated with morbidity and
mortality in SARS-CoV-2 (COVID-19), which emerged in an animal market in
Wuhan, China in December 2019 and has infected over 20 million people. This study
investigated the relationship between serum interleukin (IL)-18, IL-1 receptor an-
tagonist (IL-1Ra), and alpha defensin levels and the clinical course and prognosis of
COVID-19.

Materials and Methods: This study included 100 patients who were admitted to the
chest diseases department and intensive care unit of our hospital and diagnosed
with COVID-19 by real-time polymerase chain reaction (PCR) of nasopharyngeal
swab samples between March 24 and May 31, 2020. The control group consisted of
50 nonsymptomatic health workers with negative real-time PCR results in routine
COVID-19 screening in our hospital.

Results: Serum alpha defensin, IL-1Ra, and IL-18 levels were significantly higher in
patients who developed macrophage activation syndrome (MAS) and acute re-
spiratory distress syndrome (ARDS) compared to patients who did not (p < .001 for
all). Alpha defensin, IL-1Ra, and IL-18 levels were significantly higher in COVID-19
patients with and without MAS or ARDS when compared to the control group
(b < .001 for all). When the 9 patients who died were compared with the 91 surviving
patients, IL-1Ra and IL-18 levels were found to be significantly higher in the non-
survivors (p < .001).

Conclusion: Our findings of correlations between alpha defensin and levels of IL-1Ra
and IL-18, which were previously shown to be useful in COVID-19 treatment and

follow-up, indicates that it may also be promising in treatment.

KEYWORDS
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rise daily. Infected individuals may be asymptomatic or may exhibit
mild symptoms such as fatigue, muscle, and joint pain, decreased
appetite, and loss of smell and taste. However, the clinical pre-

sentation can be severe in certain individuals, especially older adults,
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people with hypertension, diabetes mellitus, or chronic kidney failure,
patients receiving immunosuppressive therapy, and pregnant
women.'?

The main severe clinical manifestations of COVID-19 are acute
respiratory failure and macrophage activation syndrome (MAS). In
both presentations, excessive production of proinflammatory cyto-
kines can cause endothelial dysfunction in many vital organs, espe-
cially the lungs. This state of intense cytokine discharge is known as a
cytokine storm, and helper T cells are instrumental in its formation.
Th-1 cells synthesize many of the major proinflammatory cytokines
involved in the cytokine storm, particularly interleukin (IL)-1, IL-6,
IL-12, and IL-17. Failure to maintain the pro-/anti-inflammatory
balance is the most important cause of morbidity and mortality in
patients with COVID-19.5*

The proinflammatory side of this equilibrium also includes IL-18,
which is a member of the IL-1 family and similar to IL-12 in its cy-
totoxic effect. In conjunction with IL-12, IL-18 stimulates interferon-
gamma synthesis from natural killer cells and T cells, thereby acti-
vating the macrophages that play an important role in cellular
immunity.” IL-18 dysregulation has been associated with several
autoimmune and inflammatory diseases.®” IL-1 receptor antagonist
(IL-1Ra) is involved in the antagonization of IL-1, which plays an
important role in the cytokine storm syndrome. An attenuated form
of this protein is now able for use in patients with COVID-19 asso-
ciated cytokine storm syndrome.®

Alpha defensin is another cytokine that helps prevent the ex-
cessive cytokine response from macrophages that contributes to the
cytokine storm. Alpha defensin is a protein mainly synthesized by
apoptotic and necrotic neutrophils as a part of the innate immune
defense against viral and bacterial infections.” Studies have shown
that alpha defensin has an important role in preventing virus entry
into cells and in the transmission of viral infection between cells. This
antiviral effect has been interpreted as evidence that it may be used
as a part of treatment to prevent and control viral infections.”*°

The aim of this study was to investigate the relationships be-
tween clinical course, prognosis, and mortality in COVID-19 patients
and their levels of IL-18, IL-1Ra, and alpha defensin, which are im-
portant players in the inflammatory/anti-inflammatory balance in
viral infections.

2 | MATERIALS AND METHODS

The study included patients who presented to the emergency de-
partment of Atatlirk University with suspicious symptoms such as
fever, cough, dyspnea, fatigue, and sudden loss of smell and taste and
had a history of travel abroad or contact with a suspected COVID-19
patient within the past 14 days.

High-resolution computed tomography (HRCT) was performed
routinely in all patients at high risk for COVID-19. Patients whose
HRCT results suggested COVID-19 and those whose radiologic
findings were atypical but had consistent clinical symptoms were
admitted. COVID-19 diagnosis was established by real-time

2091
oo WILEY—
polymerase chain reaction (PCR) testing of nasopharyngeal swab
samples. The study group comprised 121 patients who were followed
up in the chest diseases department between March 24, 2020 (the
date of admission of the first COVID-19-positive patient to Atatiirk
University) and May 31, 2020. The control group consisted of 50
nonsymptomatic health workers in our hospital who tested negative
in routine real-time PCR screening for COVID-19. As inflammatory
dysregulation is more common in COVID-19 patients with co-
morbidities, for our study focusing on inflammatory parameters, we
excluded 10 patients presenting with uncontrolled diabetes mellitus,
two patients who presented with COVID-19 and concomitant acute
coronary syndrome, one patient with COVID-19 and concomitant
infarction in the temporoparietal region, and eight patients who were
active smokers.

Following admission, the patients' hematological parameters,
biochemical parameters including liver and kidney function tests,
coagulation parameters, ferritin, b-dimer, troponin-I, C-reactive pro-

tein (CRP), and arterial blood gas parameters were examined.

2.1 | Definitions and treatment

Fever was defined as an axillary temperature of 37.3°C or higher.
Secondary bacterial infection was defined as the presence of signs
and symptoms of bacteremia or pneumonia with endotracheal aspi-
rate or lower respiratory tract sputum culture positive for a new
pathogen. Patients diagnosed as having ventilator-associated or
hospital-acquired pneumonia were treated according to current
guidelines. Acute respiratory distress was diagnosed and graded
using the Berlin 2015 diagnostic criteria. Cardiac-specific troponin
was checked daily and patients whose values were above the normal
range were evaluated by echocardiography for emerging cardiac
pathologies. Coagulopathy was defined as prothrombin and partial
thromboplastin times prolonged by 3's and 5 s, respectively. Based on
disease severity, the treatment was planned according to the COVID-
19 adult diagnosis and treatment guidelines published by the Turkish
Ministry of Health. Patients exhibiting findings such as persistent
fever, CRP, and ferritin levels that remained high or continued to
increase, p-dimer elevation, lymphopenia or thrombocytopenia, ab-
normal liver function tests, hypofibrinogenemia, or elevated trigly-
ceride levels despite treatment were evaluated as having MAS. If
these parameters deteriorated in repeated measures and could not
be explained by a secondary bacterial infection, the patients were
treated with 400 mg tocilizumab for MAS if not contraindicated.
Patients who did not show significant improvement in laboratory
parameters and vital signs after 24 h were given another dose of
400 mg tocilizumab.

2.2 | Measurement of biochemical markers

After 15 min of semi-supine rest, blood samples were collected from the

antecubital vein into tubes containing ethylenediaminetetraacetic acid
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to prevent coagulation. Troponin-l concentrations were measured by a
chemiluminescent immunoassay using an Immulite 2500 (Siemens
Medical Solutions). Alpha defensin, IL-1Ra, and IL-18 levels were mea-
sured by enzyme-linked immunosorbent assay (Elabscience Human
ELISA Kit).

2.3 | Statistical analysis

The data were analyzed using IBM SPSS Statistics for Windows
version 24.0 (IBM Corp.). Pearson's x2 test and Mann-Whitney U test
were used for intergroup comparisons of parametric data and non-
normally distributed numerical data, respectively. An independent-
samples t-test was used to compare demographic data and laboratory
parameters between groups. Analysis of variation was used to com-
pare levels of alpha defensin, IL-1Ra, and IL-18 between patient
groups with and without MAS and ARDS and the control group.

Pearson's correlation analysis was used to evaluate relationships

Non-MAS patients

MAS patients admission admission

between laboratory parameters. A p-value of less than .05 was

considered statistically significant.

3 | RESULTS

Of the 100 patients with COVID-19 included in the study, 55 were
women and 45 were men. The control group comprised of 25 men
and 25 women. The mean age of the female patients with COVID-19
was 46.2 + 19.1 years and that of the male patients was 51.9 +21.5
years. There was no statistically significant difference in mean age
according to sex (p=.171). The mean age of the participants in the
control group was 49.2 + 17.6 years. There was no statistically sig-
nificant difference in age between the patient and control
groups (p =.09).

In the COVID-19 group, 33 patients had hypertension, 16 had
diabetes mellitus, 5 had coronary artery disease, and 20 patients

were ex-smokers. In the subgroup of patients who developed MAS,

TABLE 1 Comparison of laboratory
parameters at admission in patients with

(mean £ SD; n=21) (mean £ SD; n=79) p COVID-19 who did and did not develop
macrophage activation syndrome (MAS)
Age (year) 69.6+12.6 434 +18.2 .001
WBC (/ul) 8770+ 7007.7 6641.5+2244.3 .02
Lymphocytes (/ul) 831.4+388.6 1779.4+870.4 .001
Neutrophils (/ul) 7159.1+6189.3 4201.5 + 1883.2 .001
NLR 12.8+14.8 3.1+27 .001
AST (U/L) 415+188 29.9+19.1 .01
ALT (U/L) 35.1+£27.2 28.6£23.5 .33
LDH (U/L) 439.2+205.4 268.1+111.9 .001
GGT (U/L) 61.2+517 332+226 .001
ALP (U/L) 84.8+36.9 785+41.9 .54
Sodium (mmol/L) 137.9+6 139.1+3.1 22
Potassium (mmol/L) 41+0.7 42+04 72
Creatine (mg/dL) 1.6+17 0.9+0.5 .001
Prothrombin 20.1+12.1 147+ 3.3 .001
time (s)
CRP (mg/dL) 176.4+87.6 24.7 £36.6 .001
Troponin-I (ng/dL) 253+580.7 10.6 +£26.2 .001
PaO,/FiO, 209.4+64.8 3254+47.2 .001
p-Dimer (ng/ml) 2947.1+3642.8 876.2+1706.9 .001
Ferritin (ng/ml) 1093.8 + 1485.5 3224+ 1519 .001

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; COVID-19, coronavirus disease 2019; GGT, gamma-glutamyltransferase; LDH,
lactate dehydrogenase; MAS, macrophage activation syndrome; NLR, neutrophil/lymphocyte ratio;
SD, standard deviation; WBC, white blood cells.
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15 of the patients had hypertension (HT), eight had diabetes mellitus
(DM), and one had coronary artery disease (CAD); in the ARDS
subgroup, 30 patients had hypertension, 10 had diabetes mellitus,
and three had coronary artery disease. There were 15 nonsmokers in
each subgroup. Participants in the control group had no comorbid-
ities and 10 were ex-smokers.

Comparisons of laboratory data and age between patients with
and without MAS are shown in Table 1. The patients who developed
MAS showed a significantly higher mean age, white blood cell (WBC)
count, neutrophil count, neutrophil/lymphocyte ratio (NLR), aspar-
tate transaminase (AST), lactate dehydrogenase (LDH), gamma-
glutamyltransferase (GGT), creatine, prothrombin time, CRP,
Troponin-l, PaO,/FiO,, p-dimer, and ferritin levels and a significantly
lower lymphocyte count compared with those who did not develop
MAS (p = .01 for AST, p <.001 for all other parameters). Comparisons
of laboratory data and age between patients with and without ARDS
are shown in Table 2. The patients who developed ARDS showed a
significantly higher mean age, WBC count, neutrophil count, neu-
trophil/lymphocyte ratio, AST, LDH, GGT, creatine, prothrombin

time, CRP, Troponin-I, PaO,/FiO,, b-dimer, and ferritin levels and a

TABLE 2 Comparison of laboratory

parameters at admission in patients with

COVID-19 who did and did not develop

acute respiratory distress syndrome (ARDS) Age (year)

WBC (/pl)
Lymphocytes (/ul)
Neutrophils (/pl)
NLR

AST (U/L)

ALT (U/L)

LDH (U/L)

GGT (U/L)

ALP (U/L)
Sodium (mmol/L)
Potassium (mmol/L)
Creatine (mg/dL)

Prothrombin
time (s)

CRP (mg/dL)
Troponin-I (ng/dL)
PaO,/FiO,
p-Dimer (ng/ml)

Ferritin (ng/ml)
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significantly lower lymphocyte count compared with those who did
not develop ARDS (p =.05 for WBC, p = .02 for creatine, p =.008 for
ferritin, and p <.001 for all other parameters).

The alpha defensin, IL-1Ra, and IL-18 levels of patients with and
without MAS and ARDS are shown in Table 3. All parameters were
significantly higher in patients who developed MAS and ARDS com-
pared with patients who did not (p <.001 for all). Alpha defensin, IL-1Ra,
and IL-18 levels were significantly higher in COVID-19 patients with
and without MAS or ARDS when compared with the control group
(p <.001 for all). When the nine patients who died were compared with
the 91 surviving patients, IL-1Ra and IL-18 levels were found to be
significantly higher in the nonsurvivors (p<.001), but there was no
significant difference in alpha defensin levels (p =.08).

When analyzed by sex, alpha defensin levels were
863.8 £ 326.5 pg/ml in men and 649.8 + 360.5 pg/ml in women, while
IL-1Ra levels were 318.1 +401.4 pg/ml in men and 161 + 256.6 pg/ml
in women. Both parameters were significantly higher among male
patients (p=.03, p=.02). Twelve of the 21 patients who developed
MAS and 21 of the 45 patients who developed ARDS were male.

Although the difference in MAS development between the sexes was

ARDS patients (n = 35; Non-ARDS patients (n = 65;

mean * SD) mean * SD) p
67.9+122 38.3+15.6 .001
8109.1+5749.5 6535.3+2070.6 .05
960 +467.3 1927.6 +874.1 .001
6411.4+5117.7 39514+ 1595.8 .001
9.8+11.9 24+16 .001
42.9+25.1 26.6+128 .001
34.1+30.6 27.9+20.3 .23
427.7 +186.9 234.6 + 64.5 .001
55.2+44.6 30.4+198 .001
90.1+55.1 745+29.9 1
137.3+4.9 139.7+2.9 .04
4.1+0.6 42+04 4
13+14 0.9+0.5 .02
19.1+9.8 13.9+2 .001
132.1+924 15.9+26.1 .001
160.5 +460.3 8.1+£257 .009
228.5+58.8 342.6+29.2 .001
2401.9 +£3097.1 707.3+1655.2 .001

7424 £ 1204.9A

327.5+154.6

.008

Abbreviations: ARDS, acute respiratory distress syndrome; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019; GGT,

gamma-glutamyl transferase; LDH, lactate dehydrogenase; NLR, neutrophil/lymphocyte ratio;
SD, standard deviation; WBC, white blood cells.
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TABLE 3 Comparison of alpha defensin, IL-1Ra, and IL-18 levels at admission between COVID-19 patients with and without MAS and ARDS
and the control group

MAS ARDS

+ = + = Control

(n=21) (n=79) (n=35) (n=65) (n=50)

(mean = SD) (mean = SD) (mean % SD) (mean % SD) (mean % SD) p*
Alpha defensin (pg/ml) 1021.1+£260.5 674.5+347.6 984.8+254.7 613.7+342.6 348.4+120.1 .001
IL-1Ra (pg/ml) 704.7 £488.1 110.2+87.9 493.9 £ 460.6 87.6+459 65.4+488 .001
IL-18 (pg/ml) 239.7 +£153.7 145.5+45.5 2044+119.3 139.4+43.3 90.4+25.6 .001

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; IL, interleukin; IL-1Ra, IL-1 receptor antagonist;
MAS, macrophage activation syndrome.

*p: Comparisons of all parameters within each disease subgroup and with the control group were significant at the p <.001 level.

not statistically significant (p =.3), the prevalence of ARDS was sig- 15 patients with HT and the six patients without HT who developed
nificantly higher among male patients (p =.03). MAS (p=.08, p=.09, p=.2, respectively). Likewise, no statistically
Comparisons of alpha defensin, IL-1Ra, and IL-18 levels based significant differences were observed when comparing the eight

on comorbidities revealed no significant differences between the patients with DM and the 13 patients without DM in the MAS group,
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FIGURE 1 Correlation analysis of PaO,/FiO, ratios and alpha defensin, IL-1Ra, and IL-18 levels in patients with COVID-19 at admission.
COVID-19, coronavirus disease 2019; IL-18, interleukin-18; IL-1Ra, IL-1 receptor antagonist
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which was a more homogeneous grouping (p =.2, p=.12, p =.07). This
analysis could not be done for CAD due to the small number of
patients.

Correlation analysis showed that alpha defensin, IL-1Ra, and IL-
18 levels were negatively correlated with PaO,/FiO, (r=-.437,
p=.01; r=-.629, p=.01; r=-.475, p=.01, respectively) and posi-
tively correlated with CRP (r=.445, p=.01; r=.676, p=.01; r =.344,
p =.01, respectively; Figures 1 and 2). Alpha defensin, IL-1Ra, and
IL-18 levels were positively correlated with both LDH (r=.576,
p=.01; r=.499, p=.01; r=.547, p=.01) and ferritin levels (r=.2,
p=.05,r=.519, p=.01, r=.751, p=.01). Positive correlations were
also detected between alpha defensin level and IL-1Ra (r=.552,
p=.01) and IL-18 (r=.285 p=.01) and between IL-1Ra and IL-18
(r=.552, p=.01; Figure 3).

NLR was found to be positively correlated with CRP (r=.527,
p=.01) and LDH levels (r=.281, p=.01) and negatively correlated
with PaO,/FiO, ratio (r=-.468, p=.01). Positive correlations were
detected between ferritin level and CRP (r=.547, p=.01), o-Dimer

R? Linear = 0,198
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(r=.54, p=0.01), and Troponin-l (r=.453, p=.01), whereas a nega-
tive correlation was observed between ferritin and PaO,/FiO, ratio
(r=-.418, p=.01).

4 | DISCUSSION

In this study, we determined that alpha defensin, IL-1Ra, and IL-18
levels were elevated in patients with COVID-19. We also observed
that this elevation was more pronounced in patients with MAS and
ARDS compared with those without. In addition, IL-1Ra and IL-18
levels were higher in nonsurvivors compared to surviving patients.
Alpha defensin, IL-1Ra, and IL-18 levels were positively correlated
with CRP and negatively correlated with the PaO,/FiO, ratio.
SARS-CoV-2 was discovered in the Wuhan province of China in
December 2019. This virus was found to be closely related to SARS-
CoV and Middle East respiratory syndrome-related coronavirus,
viruses that previously caused outbreaks with high rates of morbidity

R? Linear = 0,457
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100,007

T T T
1000,00 1500,00 2000,00
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FIGURE 2 Correlation analysis between CRP level and alpha defensin, IL-1Ra, and IL-18 levels in patients with COVID-19 at admission.
COVID-19, coronavirus disease 2019; CRP, C-reactive protein; IL-18, interleukin-18; IL-1Ra, IL-1 receptor antagonist
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and mortality.** The rapid spread of this viral disease, named COVID-
19 by the World Health Organization, resulted in a global pandemic
that has infected over 20 million people and claimed over 700,000
lives to date.

SARS-CoV-2 infects the human respiratory tract and vascular
and immune cells and can cause severe damage to the respiratory
tract, especially in the lungs.'? Disease severity is linked to immune
system activity. The currently available data suggest that viral in-
fection can lead to an exaggerated immune reaction in the host in
some cases that is severe enough to be labeled as MAS, which is a
hyperinflammatory condition.*®

Numerous proinflammatory cytokines are released in MAS,
particularly tumor necrosis factor-a (TNF-o), IL-1, IL-2, IL-6, IL-18,
and nitric oxide. These cytokines can increase vascular permeability,
leading to impaired tissue perfusion, as well as endothelial damage
and microthrombus formation.’® This increase in vascular perme-
ability causes fluid to accumulate in the lung tissue and interstitial

spaces, which manifests clinically with acute respiratory failure.

Suppression of these pro-inflammatory cytokines has been ther-
apeutically beneficial in many inflammatory conditions, including viral
infections.’®> MAS has a proven role in severe COVID-19, and early
identification of hyperinflammation and the use of currently available
and approved therapies such as steroids, intravenous im-
munoglobulins, and selective inhibitors of cytokines such as IL-1 and
IL-6 can prevent morbidity and mortality in COVID-19 patients.**
Alpha defensin, a component of innate immunity that plays a role in
the anti-inflammatory balance and acts as a brake in MAS, is released by
apoptotic and necrotic neutrophils at the site of inflammation.’**®
Defensins have antimicrobial activity against bacteria, fungi, and
enveloped viruses such as influenza A, SARS-CoV, and HIV. During
inflammation, neutrophil granules release large amounts of alpha-
defensins, which are called human neutrophil peptides 1, 2, and 3.2¢%’
Defensins released from the site of inflammation have a chemotactic
effect on monocytes, T cells, and dendritic cells. According to studies on
the action of alpha defensin, levels of this peptide rise in response to

influenza A infection and it increases neutrophil uptake of the virus.'®
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In addition, it has also been found to minimize oxidative damage while
increasing viral uptake.*” In a study conducted on animals infected with
Pseudomonas aeruginosa, it was found that alpha defensin synthesized by
apoptotic and necrotic neutrophils led to a decrease in levels of TNF-c,
IL-1 beta, IL-6, and IL-8, which are important proinflammatory
cytokines.”®

Consistent with previous SARS-CoV-2 studies, we observed in
the present study that prothrombin time, PaO,/FiO,, and levels of
CRP, Troponin-I, b-dimer, and ferritin, which are known to be asso-
ciated with morbidity and mortality, were relatively higher during
hospitalization in patients who developed MAS and ARDS than those
who did not. Furthermore, the older age of these patients again de-
monstrates the importance of age as a risk factor in the COVID-19
pandemic. The present study focused on alpha defensin, IL-1Ra, and
IL-18 levels and showed that these are also higher in patients who
develop MAS and ARDS. This may be interpreted as a sign of a more
intense inflammatory/anti-inflammatory battle in these patients. Gi-
ven the data indicating that IL-1 antagonists may vyield positive
treatment outcomes, alpha defensin increasing with IL-1Ra in the
anti-inflammatory balance suggests that alpha defensin may also be
utilized as a part of treatment. Elevated CRP levels and increased
oxygen demand during follow-up are important in the administration
of IL-1 antagonist therapy in SARS-CoV-2. As with IL-1Ra, the posi-
tive correlation between alpha defensin and CRP and its negative
correlation with the PaO,/FiO, ratio suggests that it might be a
useful parameter in the diagnosis and follow-up of COVID-19 and
MAS. NLR was found to be positively correlated with CRP (r=.527,
p=.01) and LDH levels (r=.281, p=.01) and negatively correlated
with the PaO,/FiO, ratio (r=-.468, p=.01). Positive correlations
were detected between ferritin level and CRP (r=.547, p=.01),
p-Dimer (r=.54, p=.01), and Troponin-I (r=.453, p=.01), whereas a
negative correlation was observed between ferritin and PaO,/FiO,
ratio (r=-.418, p=.01).

The most important limitation of the present study was that the
patients who developed MAS and ARDS were older and had more
comorbidities. However, the fact that SARS-CoV-2 causes higher
morbidity and mortality especially in older adults and those with
chronic diseases may complicate attempts to form study groups that
are homogeneous in terms of age and comorbidities.

In conclusion, with a steady stream of new information about its
diagnosis and treatment and no sign of it losing virulence, the treatment
of COVID-19 remains an important issue today. Alpha defensin has
been shown to have anti-inflammatory activity in viral infections such as
influenza A and SARS-CoV, and its elevation in correlation with agents
used in the diagnosis and treatment of patients infected with SARS-
CoV-2 may be a new beacon of hope for treatment.
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