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ARTICLE INFO ABSTRACT

Keywords: A growing body of evidence indicates that neutrophil elastase (NE) is involved in the pathogenesis of respiratory
COVID-19 infectious diseases, such as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This study aimed to
SARS’C"]EZI analyze the dynamic changes in serum levels of NE associated with inflammation, disease activity, and mortality
Elef;:rl::; alti:naStase rate in patients with COVID-19. We measured the serum concentrations of NE, C-Reactive protein (CRP),

interleukin (IL)- 4, IL-6, IL-8, IL-10, and vitamin D levels in 83 ICU and 69 non-ICU patients compared with 82
healthy subjects (HS) in three-time points (T1-T3). Serum levels of NE, IL-6, IL-8, and CRP in ICU and non-ICU
patients were significantly higher than HS (P < 0.001) in three-time points. Also, serum levels of NE, IL-6, IL-8,
and CRP in ICU patients were significantly higher than in non-ICU patients (P < 0.05). On the day of admission
(T1), the levels of NE, CRP, IL-6, IL-8 were gradually decreased from T1 to T3. At the same time, IL-4 and IL-10
were gradually increased from T1 to T2 and then reduced to T3. Further analyses demonstrated that the levels of
NE, IL-6, and IL-8 in deceased patients were significantly higher than in recovered patients (P < 0.05). The ROC
curve analysis demonstrated that markers, including NE, IL-6, and IL-8, were valuable indicators in evaluating
the activity of COVID-19. Overall, our results signify the critical role of NE in the pathogenesis of COVID-19, and
also, further support that NE has a potential therapeutic target for the attenuation of COVID-19 severity.

Disease activity

1. Introduction the causative agent of COVID-19, which was first identified in Wuhan,
Hubei province, China, and then was spread worldwide [4-7]. In addi-

Recently, the pandemic coronavirus called SARS-CoV-2 prompted an tion to its critical respiratory destruction, COVID-19 provoked throm-
intimidating disease, which is characterized by high mortality, eco- boembolic issues and multi-organ collapse, including kidneys, heart,
nomic, and well-being burden on the world society [1-3]. SARS-CoV-2 is and liver [8,9]. These outcomes may be due to overactive innate
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Table 1 Table 2
Demographic and laboratory markers of patients with COVID-19 and HS. Demographic and clinical parameters of ICU and non-ICU patients.
Variable N Overall, Group p- Variable N Overall, N = Group p-
N = 234 value” 152! 1 value”
Control, ICU, N Non- ICU, N =83 Non-ICU, N
N = 82' =83’ ICU, N =69’
=69’
Sex 152 0.003
Sex 234 0.011 Female 64 (42%) 44 (53%) 20 (29%)
Female 98 (42%) 34 (41%) 44 20 Male 88 (58%) 39 (47%) 49 (71%)
(53%) (29%) Age 152 56 (38, 68) 58 (40, 70) 53 (36, 63) 0.047
Male 136 (58%) 48 (59%) 39 49 Platelet 152 175 (140, 196 (160, 154 (119, 0.006
(47%) (71%) 232) 234) 227)
Age 234 54 (37, 46 (36, 58 (40, 53 (36, 0.006 MCH 152 27.9 (25.0, 29.0 (27.0, 25.7 (23.7, <0.001
65) 59) 70) 63) 29.9) 30.4) 28.2)
CRP_T1 234 79(2, 2(1,2) 100 84 (78, <0.001 MCV 152 87 (83,91) 88 (85, 91) 86 (79, 90) 0.007
100) (85, 100) Hb 152 12.75(10.60,  13.00 12.40 (9.70, 0.3
127) 14.43) (11.35, 14.50)
IL8_T1 209 145 (49, 32 (23, 168 146 <0.001 14.40)
167) 43) (146, (139, Het 152 40 (34, 43) 40 (34, 44) 40 (36, 43) >0.9
202) 156) WBC 152 6.30 (5.10, 5.90 (4.85, 6.30 (5.40, 0.6
1L6_T1 234 59 (23, 21 (19, 86 (68, 63 (56, <0.001 8.65) 9.05) 8.20)
78) 24) 114) 72) LDH 152 453 (374, 576 (456, 420 (345, <0.001
1L4_T1 234 248 1.20 3.00 2.80 <0.001 650) 708) 452)
(1.30, (0.90, (2.50, (2.45, SGPT 152 19 (15, 32) 23 (16, 36) 17 (13, 22) <0.001
3.10) 1.30) 3.25) 3.14) SGOT 152 24 (18,41) 27 (19, 45) 23 (17, 26) 0.013
1L10_T1 234 4.0 (3.0, 3.0 (2.2, 5.0 4.0 (3.0, <0.001 Cigarette 152 0.014
5.0) 3.2) (4.0, 5.1) Negative 132 (87%) 67 (81%) 65 (94%)
7.0) Positive 20 (13%) 16 (19%) 4 (5.8%)
Elastas T1 234 178 (105, 93 (84, 195 180 <0.001 Opium 152 >0.9
192) 112) (187, (169, Negative 148 (97%) 81 (98%) 67 (97%)
204) 189) Positive 4 (2.6%) 2 (2.4%) 2 (2.9%)
VitD_T2 151  18(15, NA (NA, 17 (15, 18 (15, 0.8 Alcohol 152 >0.9
21) NA) 21) 21) Negative 145 (95%) 79 (95%) 66 (96%)
" - Positive 7 (4.6%) 4 (4.8%) 3 (4.3%)
5 n (%); MEdla.n (QR) i Kidney. 152 0.10
Pearson’s Chi-squared test; Kruskal-Wallis rank sum test failure
Negative 131 (86%) 68 (82%) 63 (91%)
immune reactions [10] and a cytokine storm generated by lymphocyte ;?Siltiv? 152 21 (14%) 15 (18%) 6 (8.7%) 05
. . . ialysis X
and rr}acrophage actlvatlo'n induced by SARS-C.oV-2 [11,12]. The neu- Negative 141 (93%) 78 (94%) 63 (91%)
trophils work as an essential component of the immune defense barrier Positive 11 (7.2%) 5 (6.0%) 6 (8.7%)
linking innate and adaptive immunity among the innate immune cells. Lung. 152 0.2
They cooperate to remove exogenous pathogens and endogenous cell disease ©6% 3% 0%
. . .. . Negative 131 (86% 69 (83% 62 (90%
debr.ls and p(?rform a crucial fu.nct10n 1r.1 the pa.thoge.nesm of numerous Positive 21 (14%) 14 (17%) 7 (10%)
respiratory disorders, such as viral respiratory infections [13-16]. Heart. 152 0.6

Neutrophils have an armory of defensive tactics that comprise disease
neutrophil extracellular traps (NETs), discharge of antimicrobial gran- Negative 127 (84%) 68 (82%) 59 (86%)
ules, and NE (a serine protease) [13,17]. The histone-DNA ingredients of P‘?S‘t‘ve 25 (16%) 15 (18%) 10 (14%)

. . . . X . Discharg 152 7(5,8) 8(7,9) 6 (5, 6) <0.001
falling neutrophils are described as NETs, which are involved in host Death 152 0.002
protection against pathogens [13,17]. An investigation reported that Negative 142 (93%) 73 (88%) 69 (100%)
two markers of NETs, including cell-free DNA and myeloperoxidase Positive 10 (6.6%) 10 (12%) 0 (0%)

(MPO)-DNA, were elevated in hospitalized COVID-19 cases compared CRP_T1 152 90 (79, 120) 100 (85, 84(78,100)  <0.001
. . 127)
with ntrols and rel P, D-dimer, I hydrogen:
th 30 controls a. d related to CR 3 d ; er, lactate dehydrogenase, CRP.T2 152 43(34, 48) 43 (35, 52) 40 (33, 46) 0.015
and total neutrophil number [18]. Besides, in recent work performed on CRP.T3 152 22(19, 26) 22 (18, 26) 23 (19, 26) 0.7
ambulatory cases, it has been found that myeloperoxidase-DNA con- IL8_T1 152 155 (140, 168 (146, 146 (139, <0.001
centration is increased in the initial phase of SARS-CoV-2 infection [19]. 174) 202) 156)
Also, another crucial antimicrobial compound released from neutrophils 1.8 T2 152 204 (184, 267 (212, 188 (178, <0.001
is NE, which is thought to possess antimicrobial properties either by its 276) 301) 199)
» which is thoug p : Properti by IL8_T3 152 101(87,116) 112 (96, 90 (80,102)  <0.001
proteolytic activity or the production of ROS [20]. NE is found in the 126)
serum and airways in hospitalized infants infected with the respiratory IL6_T1 152 72 (59, 90) 86 (68,114) 63 (56, 72) <0.001
syncytial virus (RSV) [21,22]. This finding indicates that during RSV IL6_T2 151 98 (87,123) 107 (89, 90 (87,101)  <0.001
. . . . . 144)
infection, activated neutrophils are recruited and enter the lung. How-
’ . . P L . & 1L6_T3 151 43 (33,53) 41 (32, 51) 44 (36, 53) 0.3
ever, the putative function of neutrophils in prophylaxis versus patho- L4.T1 152 3.00 (2.50, 3.00 (2.50, 2.80 (2.45, 03
genesis is still opaque. [23]. A recent study in the field of inflammation 3.20) 3.25) 3.14)
indicated that air hydrogen sulfide stimulates macrophage extracellular IL4_T2 152 4.71 (4.43, 5.23 (4.56, 4.56 (4.33, <0.001
traps to exacerbate inflammatory damage via the control of miR-15b-5p 11473 151 Z'gg) 044 2'33) 260 i'ég) 530 0.001
on MAPK and insulin signals in the trachea of chickens [24]. Another - 3'1 0)( T 3'20)( e 2'89)( . <0
finding showed that environmental factors including lithium [25] and IL10.T1 152 5.0(3.7,6.0) 5.0(4.0,7.0) 4.0 (3.0, 0.012
contaminant ammonia [26] promote the occurrence of inflammatory 5.1)
responses. 1L10_T2 151  8(6,14) 13 (8, 23) 6 (5, 8) <0.001
Further evidence has highlighted the crucial function of NE in IL10.T3 152 7(5,10) 96,14 5@.7 <0.001
Elastas_T1 152 <0.001

pathologic conditions, including chronic obstructive pulmonary disease .
(continued on next page)
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Table 2 (continued)

Variable N Overall, N = Group p-
152! ) value”
ICU, N = 83 Non-ICU, N
=69’
189 (178, 195 (187, 180 (169,
199) 204) 189)
Elastas_T2 151 165 (158, 172 (166, 158 (152, <0.001
176) 182) 163)
Elastas_T3 151 136 (130, 139 (134, 134 (128, <0.001
142) 145) 137)
VitD_T1 152 17 (13, 21) 17 (13, 21) 18 (14, 23) 0.2
VitD_T2 151 18 (15, 21) 17 (15, 21) 18 (15, 21) 0.8
VitD_T3 151 20 (16, 22) 21 (16, 22) 18 (16, 21) 0.4
Ct_value 151 29 (24, 33) 25 (24, 33) 32 (24, 39 0.15

! n (%); Median (IQR)
2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test

and lung injury [27-29]. Besides, recently, it has been noticed that NE
may be implicated in the pathogenesis of COVID-19 [30]. Therefore, the
present study evaluated the association between dynamic changes in NE
levels associated with inflammatory markers (IL-6 and IL-8), anti-in-
flammatory markers (IL-4, IL-10), and vitamin D levels on the three-time
points (T1-T3) in ICU and non-ICU COVID-19 patients.

2. Methods
2.1. Subjects

A case-control study was intended to analyze whether the dynamic
alterations in the levels of NE are associated with dynamic changes in
the levels of inflammatory markers (CRP, IL-6, and IL-8), anti-inflam-
matory markers (IL-4 and IL-10), and vitamin D levels in ICU and non-
ICU patients with COVID-19 in T1 to T3. Also, we addressed the corre-
lation of dynamic changes in these factors with the disease severity. In
this study, COVID-19 patients were recruited and referred to Firouzgar
Hospital, Tehran, Iran, between November 2020 and April 2021. In
order to obtained the legal and ethical authority for collecting the
specimens, informed consent was obtained from all individuals who
participated in this study. Additionally, this research was confirmed by
the ethics committee of the Iran University of Medical Sciences (IUMS)
(ECIUMS; IR.IUMS.REC.1399.175). A total number of 152 patients with
COVID-19 were admitted to Firouzgar Hospital and classified into two
groups according to the criteria established by Li and colleagues; the
first group comprised 83 cases with COVID-19 (severe patients hospi-
talized in ICU), the second group consisted of 69 patients with COVID-19
(moderate patients). Also, in this study, 82 healthy subjects were
enrolled as the control group.

2.2. Laboratory validation and treatment

The study was performed on three time points as follows: T1: day of
hospitalization, T2: 3 days after hospitalization, T3: 6 days after hospi-
talizations. At each time point, 5 ml peripheral blood was collected from
each patient and quickly following the sample gathering, serum samples
were isolated by centrifugation and kept at — 70C° until use. For RNA
extraction from sputum and throat swab specimens, the QIAamp Viral
RNA Mini Kit (Qiagen, Germany) was utilized according to the manu-
facturer’s instructions. Then, the real-time RT-PCR assay was applied for
the detection of RNA of SARS-CoV-2. The routine biochemical param-
eters of sera obtained from confirmed COVID-19 patients were analyzed
on the day of admission by standard automated methods in a Technicon

International Immunopharmacology 100 (2021) 108137

Dax autoanalyzer (Technicon Instruments, CO, USA).
2.3. The enzyme-linked immunosorbent assay

The levels of inflammatory (CRP; BOSTER BIOLOGICAL TECHNOL-
OGY, EK7040, IL-6; Abcam # ab46027, IL-8; Abcam # ab46032), and
anti-inflammatory (IL-4; IBL International GmbH # BE58041, IL-10; IBL
International GmbH # BE58101) markers were assessed according to
the manufacturer’s structure. We used a quantitative chemiluminescent
immunometric assay for the assessment of Vit D levels in serum speci-
mens (DiaSorin, spA, Via Crescentino, Vercelli, Italy). All specimens
were examined in duplicate, and the mean values were used for the
statistical interpretations.

2.4. Statistical methods

Continuous and categorical variables were presented as median
(IQR) and n (%), respectively. In order to compare the differences be-
tween experimental groups, the Wilcoxon rank-sum test, x2 test, or
Fisher’s exact test were applied, where appropriate. In addition, the
relationship between laboratory measurements was calculated using the
Pearson correlation coefficient. Regarding the total number of Non-ICU
cases in this study (n = 69) and to avoid overfitting in the model, eight
variables were chosen for multivariate analysis based on previous
findings and clinical constraints. A two-sided o 0of<0-05 was regarded
statistically significant. Statistical analyses were performed using R
version 4.0.4 (2021-02-15).

3. Results
3.1. Demographic characteristics

Table 1 summarized the demographics and laboratory characteristics
of COVID-19 patients and HS. The results showed that the sex and age of
individuals infected with COVID-19 were significantly different (P <
0.05). Besides, Table 2 and Fig. 1 indicated the difference between de-
mographics and laboratory findings in ICU and non-ICU patients. Some
factors, such as hospital discharge (duration time of hospitalization),
death rate, mean cell hemoglobin (MCH), lactate dehydrogenase (LDH),
glutamic-oxaloacetic transaminase (SGOT), serum glutamic-pyruvic
transaminase (SGPT), smoking were significantly higher in ICU pa-
tients than in non-ICU patients (P < 0.05). Table 3 illustrated that some
risk factors such as age, lung disease, CRP, IL-4, IL-6, IL-8, IL-10, vitamin
D were significantly different in deceased patients than alive patients.
Further details are displayed in Table 3. Furthermore, we used multi-
variate regression analysis to determine the impact of confounding
factors, such as age and sex. The results of multivariate regression
analysis revealed that age and sex had no significant effects on the ob-
tained results (P > 0.05) Table 2.1 and Table 3.1.Fig. 2.

3.2. Dynamic changes in the CRP, IL-4, IL-6, IL-8, 1L-10, NE, and
vitamin D levels in ICU versus non-ICU patients

The levels of CRP, IL-4, IL-6, IL-8, 1L-10, NE, and Vitamin D in
COVID-19 patients and HS are depicted in Table 2 and Fig. 1. Also, the
levels of mentioned markers as well as demographic and laboratory
results in ICU and non-ICU patients, were illustrated in Table 2. Ac-
cording to Table 2, our results revealed that the CRP, IL-4, IL-6, IL-8, IL-
10, and NE were significantly higher in ICU patients than non-ICU pa-
tients (P < 0.05). Further analyses point out that the levels of IL-4, IL-6,
IL-8, IL-10, and NE on the day of admission to T2 (3 days after
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Fig. 1. The laboratory finding and dynamic changes in CRP levels, IL-4, IL-6, IL-8, IL-10, and vitamin D in ICU and non-ICU patients.
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Table 2.1

Multivariate logistic regression results between ICU and non-ICU patients.
Characteristic OR 95% CI p-value
Age 1.00 0.98, 1.03 0.8
Sex
Female 1.00
Male 0.47 0.18, 1.20 0.12
Cigarette
Negative 1.00
Positive 5.97 1.35, 36.3 0.029
CRP_T1 1.02 1.00, 1.04 0.12
IL8_T1 1.01 0.99, 1.04 0.4
IL6_T1 1.06 1.02, 1.10 0.002
IL10_T1 1.12 0.94, 1.35 0.2
Elastas_T1 1.09 1.05, 1.14 <0.001

admission) were gradually increased in both ICU and non-ICU patients
(P < 0.05), and also these markers were gradually reduced from T2 to T3
(6 days after admission) (P < 0.05). Concurrently, the CRP levels from
the day of admission to T3 were gradually diminished (P < 0.05). We did
not found significant differences in terms of vitamin D levels in ICU
patients when compared with non-ICU patients (P > 0.05). Further de-
tails are shown in Table 2.

3.3. Dynamic alterations in the levels of CRP, IL-4, IL-6, IL-8, 1L-10, NE,
and vitamin D in deceased patients in comparison with alive patients

The levels of CRP, IL-4, IL-6, IL-8, 1L-10, NE, and vitamin D in
deceased patients versus alive patients were shown in Table 3. As shown
in Table 2, the concentrations of the above marker were significantly
higher in deceased patients than alive patients (P < 0.05). However, the
vitamin D levels were significantly lower in deceased patients than in
alive patients in T1 to T3 (P < 0.05). Similar to results obtained from the
comparison between ICU and non-ICU patients, the serum concentra-
tions of IL-4, IL-6, IL-8, IL-10, and NE on T1 were gently increased to T2
and then declined from T2 to T3. Further details are demonstrated in
Table 3.

3.4. The impact of smoking on the dynamic changes in CRP, IL-4, IL-6,
IL-8, 1L-10, NE, and vitamin D levels in patients with COVID-19

The results indicated that the frequency of smoking history in ICU
patients was significantly higher than in non-ICU patients (P < 0.05).
Also, further analyses showed that smoking history did not show any
effects on the changes of CRP levels, IL-4, IL-6, IL-8, 1L-10, NE in
comparison with those who were not smoker (P > 0.05). Of note, the
only factor that was affected by smoking was vitamin D (P < 0.05).
Smoking history was significantly associated with cardiovascular dis-
eases, discharge from the hospital, alcohol consumption, and addiction
(P < 0.05). Further details are displayed in Table 4.

3.5. The correlation between NE levels and pro/anti-inflammatory
markers in ICU and non-ICU patients

In order to determine the correlation between serum NE levels and
the levels of pro/anti-inflammatory markers, we used the matrix model
of relationship. The results showed that on the day of admission (T1),
the patterns of association between NE and pro/anti-inflammatory
markers from low to high orders were IL-4 < IL-10 < IL-6 < IL-8 <
CRP. Also, the correlation patterns on T2 and T3 from low to high orders
were indicated as follows T2: IL-4 < CRP < IL-10 < IL-8 < IL-6, and T3:
IL-4 < IL-6 < CRP < IL-8 < IL10, respectively (Fig. 3).Fig. 4.

3.6. The value of NE compared to other markers in prognosis of patients
with COVID-19

The ROC analysis demonstrated that NE and other indices, such IL-4,

Table 3
Demographic and clinical parameters of deceased patients versus alive patients.
Variable N Overall, N Death p-
= 152! N . value”
Negative, N Positive, N
=142' =10'
Group 152 0.002
ICU 83 (55%) 73 (51%) 10 (100%)
Non-ICU 69 (45%) 69 (49%) 0 (0%)
Sex 152 >0.9
Female 64 (42%) 60 (42%) 4 (40%)
Male 88 (58%) 82 (58%) 6 (60%)
Age 152 56 (38, 68) 54 (37, 66) 77 (72, 83) <0.001
Platelet 152 175 (140, 178 (142, 160 (126, 0.2
232) 234) 174)
MCH 152 27.9 (25.0, 27.8 (24.9, 28.4 (27.3, 0.5
29.9) 29.9) 29.3)
McCv 152 87 (83, 91) 87 (83, 91) 87 (84, 88) 0.6
Hb 152 12.75 12.70 (10.40, 14.75(11.88, 0.068
(10.60, 14.30) 15.88)
14.43)
Hct 152 40 (34, 43) 40 (34, 43) 41 (35, 48) 0.4
WBC 152 6.30 (5.10, 6.30 (5.30, 6.05 (4.85, 0.7
8.65) 8.75) 8.38)
LDH 152 453 (374, 453 (368, 586 (450, 0.15
650) 622) 656)
SGPT 152 19 (15, 32) 19 (15, 32) 18 (15, 30) >0.9
SGOT 152 24 (18, 41) 24 (18, 41) 24 (22, 58) 0.7
Cigarette 152 >0.9
Negative 132 (87%) 123 (87%) 9 (90%)
Positive 20 (13%) 19 (13%) 1 (10%)
Opium 152 >0.9
Negative 148 (97%) 138 (97%) 10 (100%)
Positive 4 (2.6%) 4 (2.8%) 0 (0%)
Alcohol 152 0.4
Negative 145 (95%) 136 (96%) 9 (90%)
Positive 7 (4.6%) 6 (4.2%) 1 (10%)
Kidney. 152 0.6
failure
Negative 131 (86%) 123 (87%) 8 (80%)
Positive 21 (14%) 19 (13%) 2 (20%)
Dialysis 152 0.2
Negative 141 (93%) 133 (94%) 8 (80%)
Positive 11 (7.2%) 9 (6.3%) 2 (20%)
Lung. 152 0.033
disease
Negative 131 (86%) 125 (88%) 6 (60%)
Positive 21 (14%) 17 (12%) 4 (40%)
Heart. 152 0.060
disease
Negative 127 (84%) 121 (85%) 6 (60%)
Positive 25 (16%) 21 (15%) 4 (40%)
Discharg 152 7 (5, 8) 7 (6, 8) 0 (0, 0) <0.001
CRP_T1 152 90 (79, 120) 89 (79, 110) 195 (189, <0.001
208)
CRP_T2 152 43 (34, 48) 42 (34, 46) 143 (126, <0.001
145)
CRP_T3 152 22 (19, 26) 22 (18, 26) 70 (59, 78) <0.001
IL8 T1 152 155 (140, 154 (140, 349 (342, <0.001
174) 168) 359)
IL8_T2 152 204 (184, 200 (182, 489 (465, <0.001
276) 266) 536)
1L8_T3 152 101 (87, 100 (86, 113) 206 (197, <0.001
116) 234)
IL6_T1 152 72 (59, 90) 70 (59, 86) 205 (190, <0.001
264)
IL6_T2 151 98 (87, 123) 97 (87, 111) 204 (191, <0.001
252)
IL6_T3 151 43 (33, 53) 41 (33, 49) 274 (247, <0.001
321)
IL4.T1 152 3.00 (2.50, 3.00 (2.50, 2.65 (2.50, 0.5
3.20) 3.20) 3.08)
1L4_T2 152 4.71 (4.43, 4.69 (4.41, 5.12 (4.52, 0.6
5.40) 5.40) 5.42)
1L4.T3 151 2.80 (2.44, 2.77 (2.44, 3.10 (3.02, 0.018
3.10) 3.10) 3.10)
IL10_T1 152 5.0(3.7,6.0) 4.4 (3.0, 5.8) 22.5 (9.0, <0.001
24.0)

(continued on next page)
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Table 3 (continued)

Variable N Overall, N Death p-
=152! R . value®
Negative, N Positive, N
=142 =10"
IL10_T2 151  8(6,14) 8 (6, 13) 48 (29, 55) <0.001
IL10_T3 152 7 (5,10) 6 (5,9) 22(12,27) <0.001
Elastas_T1 152 189 (178, 189 (178, 235 (190, 0.005
199) 198) 256)
Elastas_T2 151 165 (158, 165 (158, 190 (175, 0.001
176) 172) 201)
Elastas_T3 151 136 (130, 135 (130, 140 (130, 0.3
142) 142) 150)
VitD_T1 152 17 (13, 21) 18 (14, 21) 10 (8, 12) <0.001
VitD_T2 151 18 (15, 21) 18 (15, 21) 12 (8, 15) <0.001
VitD_T3 151 20 (16, 22) 20 (16, 22) 14 (7, 16) 0.002
Ct_value 151 29 (24, 33) 29 (24, 33) 24 (24, 34) 0.7

L n (%); Median (IQR)

2 Fisher’s exact test; Wilcoxon rank sum test

Table 3.1

Multivariate logistic regression results between deceased and alive patients.
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IL-6, IL-8, IL-10, and CRP were significantly different between COVID-
19 cases and HS. Also, according to the ROC curve analysis, area
under the curve (AUC) of NE and other markers, including CRP, IL-4, IL-
6, IL-8, and IL-10, on the first day between ICU and non-ICU patients
were 0.7795, 0.6745, 0.5542, 0.8109, 0.7163, and 0.6174, respectively.
Overall, the ROC results indicated that NE alone or in combination with
IL-6 and IL-8 might be suitable candidates for monitoring the disease
activity in patients with COVID-19.

4. Discussion

Neutrophils are frontier cells of innate immunity in protecting
against pathogens and throughout the acute phase of inflammatory re-
sponses [31]. In current years, experimental data have recommended
that there may be different subtypes of neutrophils with distinct func-
tions in infection, cancer, and autoimmunity [32].

The participation of neutrophils in defense against various bacterial
and fungal diseases is well established. However, the function of neu-
trophils in responses to viruses (which replicate intracellularly) has been
less investigated [23]. Recently, accumulating evidence points out the
critical role of neutrophils in the pathogenesis of COVID-19, especially
in those with acute disease phases [31,33-35]. Therefore, this study

Characteristic OR 95% CI p-value
investigated the possible correlation between NE and inflammatory
Age 1.00 0.98, 1.03 0.7 . . .
Sex markers to elucidate whether a dynamic change in NE levels correlates
Female 1.00 with inflammation and patient outcomes.
Male 0.42 0.18, 0.95 0.040 Our results noted that the levels of NE were significantly higher in
Lung. Disease patients with COVID-19 than HS. Also, our study findings displayed that
Essgi:;:;e (1)'2(1) 0.16 2.74 06 NE levels in ICU patients were significantly elevated than in non-ICU
CRP T1 1.02 101 1.04 0.003 patients. Our results were in line with a recent study conducted by
Louis Guéant et al. [30] who revealed that the NE levels were
R=-0.044, p=0.72 2501 R=-0012,p=092
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Fig. 2. The correlation between NE, IL-6, CRP, and vitamin D with CT value.
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Table 4
Demographic and laboratory findings among smoker and non-smoker patients.
Variable N Overall, N Cigarette p-
= 152! . . value”
Negative, N Positive, N
=132' =20'
Group 152 0.014
ICU 83 (55%) 67 (51%) 16 (80%)
Non-ICU 69 (45%) 65 (49%) 4 (20%)
Sex 152 0.8
Female 64 (42%) 55 (42%) 9 (45%)
Male 88 (58%) 77 (58%) 11 (55%)
Age 152 56 (38, 68) 55 (37, 67) 62 (47, 69) 0.2
Platelet 152 175 (140, 174 (138, 202 (174, 0.072
232) 228) 250)
MCH 152 27.9 (25.0, 27.8 (24.8, 27.9 (26.3, 0.7
29.9) 29.7) 30.2)
Mcv 152 87 (83, 91) 87 (83, 91) 88 (84, 96) 0.3
Hb 152 12.75 12.80 (10.60, 12.55(10.88, >0.9
(10.60, 14.43) 14.25)
14.43)
Hct 152 40 (34, 43) 40 (35, 43) 37 (33, 45) 0.5
WBC 152 6.30 (5.10, 6.15 (5.10, 6.95 (5.23, 0.4
8.65) 8.53) 10.12)
LDH 152 453 (374, 453 (374, 626 (412, 0.14
650) 594) 733)
SGPT 152 19 (15, 32) 19 (15, 32) 22 (17, 32) 0.3
SGOT 152 24 (18, 41) 24 (18, 41) 22 (18, 34) 0.8
Opium 152 <0.001
Negative 148 (97%) 132 (100%) 16 (80%)
Positive 4 (2.6%) 0 (0%) 4 (20%)
Alcohol 152 0.049
Negative 145 (95%) 128 (97%) 17 (85%)
Positive 7 (4.6%) 4 (3.0%) 3 (15%)
Kidney. 152 >0.9
failure
Negative 131 (86%) 113 (86%) 18 (90%)
Positive 21 (14%) 19 (14%) 2 (10%)
Dialysis 152 >0.9
Negative 141 (93%) 122 (92%) 19 (95%)
Positive 11 (7.2%) 10 (7.6%) 1 (5.0%)
Lung. 152 0.2
disease
Negative 131 (86%) 116 (88%) 15 (75%)
Positive 21 (14%) 16 (12%) 5 (25%)
Heart. 152 0.025
disease
Negative 127 (84%) 114 (86%) 13 (65%)
Positive 25 (16%) 18 (14%) 7 (35%)
Discharg 152 7 (5, 8) 6(5,8) 8(6,9) 0.023
Death 152 >0.9
Negative 142 (93%) 123 (93%) 19 (95%)
Positive 10 (6.6%) 9 (6.8%) 1 (5.0%)
CRP_T1 152 90 (79, 120) 90 (79, 120) 100(87,121) 0.2
CRP_T2 152 43 (34, 48) 43 (34, 48) 42 (33, 51) 0.9
CRP_T3 152 22 (19, 26) 22 (19, 26) 22 (17, 26) 0.6
IL8_T1 152 155 (140, 156 (140, 154 (140, >0.9
174) 172) 186)
IL8 T2 152 204 (184, 200 (184, 226 (194, 0.4
276) 278) 270)
IL8_T3 152 101 (87, 100 (87, 114) 110(90, 126) 0.2
116)
1L6_T1 152 72 (59, 90) 72 (59, 89) 72 (62, 94) 0.6
IL6_T2 151 98 (87, 123) 98 (87, 122) 100 (87, 126) 0.8
IL6_T3 151 43 (33, 53) 43 (34, 53) 37 (30, 51) 0.3
1L4_T1 152 3.00 (2.50, 2.94 (2.49, 3.05 (2.50, 0.4
3.20) 3.20) 3.25)
IL4_T2 152 4.71 (4.43, 4.71 (4.40, 4.92 (4.50, 0.8
5.40) 5.40) 5.40)
1L4_T3 151 2.80 (2.44, 2.77 (2.44, 3.05 (2.70, 0.060
3.10) 3.10) 3.24)
IL10_T1 152 5.0(3.7,6.0) 5.0 (4.0, 6.0) 4.5 (3.0, 5.2) 0.7
1L10_T2 151 8 (6,14) 8 (6, 16) 8(6,11) 0.5
IL10_T3 152 7 (5, 10) 7 (5,11) 6(5,7) 0.2
Elastas_T1 152 189 (178, 188 (178, 198 (186, 0.074
199) 198) 206)
Elastas_T2 151 165 (158, 165 (158, 170 (160, 0.2
176) 174) 183)
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Table 4 (continued)

Variable N Overall, N Cigarette p-
=152! R . value”
Negative, N Positive, N
=132 =20’
Elastas_T3 151 136 (130, 135 (129, 138 (134, 0.3
142) 142) 143)
VitD_T1 152 17 (13, 21) 17 (13, 21) 21 (17, 23) 0.035
VitD_T2 151 18(15,21) 17 (14, 21) 20 (17, 21) 0.082
VitD_T3 151 20 (16, 22) 19 (15, 21) 21 (18, 23) 0.026
Ct_value 151 29 (24, 33) 29 (24, 33) 25 (24, 33) 0.5

! n (%); Median (IQR)
2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test

significantly elevated in COVID-19 patients. The recent evidence has
represented the pathogenic role of NE in respiratory viral infections [36]
and lung injury [27,37,38]. NE can lead to lung damage; however, this
protease has not evolved to cause lung tissue injury; the elastin-rich
connective tissue framework of the lungs seems to be especially sensi-
tive to the function of elastolytic proteases. Assuming that NE most
likely represents a function in the immigration of neutrophils toward a
site of inflammation and degeneration of proteins from attacking or-
ganisms or other inflammatory response results, it is the performance of
inhibitors of this protease to preserve normal tissues from its impacts
[29]. These results may reflect the event in which the excessive acti-
vation of neutrophils, followed by the elevated levels of NE which can
result in lung injury via serine protease effects.

The axial role of cytokine storm in the pathogenesis of COVID-19 has
profoundly been appreciated [39-42]. Our data show that the levels of
inflammatory indices, such as CRP, IL-6, and IL-8, were significantly
enhanced in cases with COVID-19 than in HS. Additional analyses
revealed that the serum concentrations of these inflammatory markers
in ICU patients was significantly higher than in non-ICU patients. We
have also showed that the levels of IL-6 and IL-8 were gradually
increased from day O to day 3 in both ICU and non-ICU patients. How-
ever, the CRP levels were gently reduced from day O to day 6 in both
groups of patients. Our finding confirms previous investigations
demonstrating that the IL-6 [43-50], IL-8 [51-54], and CRP [55,56]
were significantly elevated in patients with COVID-19. Besides, our re-
sults revealed that the concentrations of IL-4 and IL-10 were signifi-
cantly elevated in cases with COVID-19 than in HS.

Additional analyses indicated that the levels of IL-4 and IL10 were
significantly higher in ICU patients than non-ICU patients. Our findings
were consistent with several studies that showed the levels of IL-4 [57]
and IL-10 [43,58-60] elevated in patients with COVID-19. Recently, in
infected alveolar macrophages, it has been appreciated that IL-6 and IL-
8 are generated at the same time of NF-kB activation through mecha-
nisms that plausibly involve Bruton tyrosine kinase (BTK). This is rep-
resented by the encouraging clinical outcomes provided by the BTK
inhibitor acalabrutinib in critical COVID-19 patients [61]. IL-8 acts as
neutrophil-activating chemokine when bound to CXCR2, which is a
essential chemokine receptor of neutrophils [62]. Hence, a notable rise
in NE in critical COVID-19 cases may be correlated to the activation of
neutrophils through the IL-8/CXCR2 pathways [63].

The vast majority of observational research has verified a low
vitamin D state associated with the occurrence of the upper respiratory
viral infections [64-67]. Our results revealed that Vit D levels were
significantly lower in COVID-19 cases than in HS. Additionally, there
was no statistically significant difference in serum vitamin D levels be-
tween ICU and non-ICU patients. However, serum vitamin D levels were
significantly lower in deceased patients than in alive patients. Our
findings, in agreement with similar studies, indicate that COVID-19
patients had lower Vit D levels [67-70].

Finally, the ROC curve report shows that AUC from high to low is: IL-
6 > NE > IL-8 > CRP > IL-10 > IL-4. Similarly, matrix correlation
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Fig. 3. The matrix correlation between NE and pro/anti-inflammatory markers.

showed the NE has a high correlation with CRP, IL-6, and IL-8. Overall,
these findings implying that NE, along with IL-6 and IL-8, is a reliable
indicator in differentiating severe SARS-CoV2 infection (ICU patients)
cases from moderate ones (non-ICU patients).

5. Conclusion

Overall, we provided further significant supports for the pathogenic
role of NE in COVID-19. Also, we have addressed a possible link between
NE dynamic changes with inflammatory cytokines, implying that this
enzyme alone or in combination with other markers, such as IL-6 and IL-
8, could be employed for monitoring the disease activity. Ultimately, the
elucidation of the interaction between NE and inflammatory cytokines

may improve our knowledge to shed light on this enzyme’s role in health
and disease state. We have previously mentioned that NE is a serine
proteinase that can damage lung tissue when the balance between
protease and anti-proteases is disturbed, so in the case of COVID-19, the
application of NE inhibitors may open up a therapeutic window for the
treatment of patients with COVID-19.
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