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Introduction: We aimed to explore the differences of neutrophil elastase (NE) levels between intensive care unit (ICU) and non-ICU
patients with COVID-19 infection, as well as its predictive value for COVID-19 progression.

Methods: We enrolled the patients admitted with a primary diagnosis of COVID-19. All patients in ICU were diagnosed with the
critical type upon admission. Blood was taken within 24 hours, followed by examination of the blood NE level and urine NE level.
Other clinical features were recorded. A logistic regression model was used to predict ICU admission.

Results: A total of 83 patients were diagnosed, including 52 non-ICU cases and 31 ICU cases. The ICU group showed significantly
elevated levels of Neutrophil%, Cr, D-dimer (DD), Procalcitonin (PCT), and C-reactive protein (CRP). Meanwhile, the CD3-cell,
T4-cell, and Lymphocyte% levels were lower in the ICU group. Notably, the blood NE levels were similar between groups, whereas
the urine NE level was highly significantly higher in the ICU group vs the non-ICU group. After dimension reduction, we
constructed a logistic model (UD) using only two factors: the urine NE level and the blood DD level. The overall accuracy of was
86.1%. The urine NE has a strong efficacy in ICU prediction (AUC = 0.893), and the performance of the UD model was even better
(AUC = 0.933).

Conclusion: Urine NE level is a useful predictor of COVID-19 progression, particularly in patients requiring ICU care. Urine NE has
a significantly positive correlation with neutrophil%, DD, and PCT, as well as a negative correlation with lymphocyte levels.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic has caused substantial death worldwide, and it is currently still
without any specific drug treatment. After infection, more than 20% of patients admitted to the hospital require intensive
care unit (ICU) admission, with an in-hospital mortality between 5% and 20%."? Generally, patients admitted to the ICU
are the critical type of COVID-19 with a more intense inflammatory response and more severe organ injuries. Over the
course of more than three years of the epidemic, many biomarkers indicative of COVID-19 criticality, organ injury, and
inflammation have been explored, such as D-Dimer, Tnl, IL-6, KIM-1, MCP-1, NGAL, miR-21, miR-146a, miR-155,
miR-let-7, and miR-223, in urine, serum, and nasopharyngeal samples.” > In particular, compared with blood indicators,
urine indicators have the unique advantages of less invasive, easy to repeat sampling, easy to observe continuously, and
reflecting the metabolic capacity of the liver and kidneys, which are clinical features worth emphasizing. Although the
outbreak of COVID-19 has been widely controlled, there is still a need to explore more valuable urinary markers for
early warning in at-risk populations.

Neutrophils play a pathogenic role in COVID-19 by releasing neutrophils extracellular traps (NETs) and neutrophil
elastase (NE).*” NE is a serine protease mainly expressed in primary neutrophils. NE cleaves neutral, non-aromatic
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dipeptides, and so on.*? It has a broad array of substrates, and its typical substances include elastin, collagen, and
fibronectin. NE induces the disruption of the gingival epithelial barrier and bacterial invasion in periodontal tissues,
aggravating periodontitis.'® NE hydrolysis plays a role in inflammation and infection progression, and the level/activity
of NE can reflect disease state and severity, as well as cancer progression and inflammation resistance.'''® In lung
diseases, NE facilitates neutrophil transmigration to the site of infection, and it is involved in clearance of Gram-negative
bacteria.'” NE activates inflammation when released into the airway milieu. For example, in chronic obstructive
pulmonary disease (COPD), NE may trigger the airway neutrophil extracellular traps (NETs) formation and activates
airway inflammation through different mechanisms.'® Plasma NE and elafin imbalance are associated with acute
respiratory distress syndrome (ARDS) development.'® High levels of NE have been found in both nasopharyngeal
swabs and in the peripheral blood of patients infected by COVID-19.'"*° Meanwhile, this protease may be involved in
SARS-CoV-2 virulence, that it may be necessary during the cleavage of the spike protein to enter host cells.'” 2! In
COVID-19 treatment, NE inhibition may be a feasible strategy. In China, Sivelestat, a specific inhibitor of NE with
several clinical applications, has been approved for using in patients with COVID-19.>*>?* Therefore, NE may play
a pivotal role in COVID-19 infection and progression.

To date, the association between NE and COVID-19 has been confirmedly observed. However, specifically, some
questions remain to be clarified, such as: how is NE (at the blood level and at the urine level) related to COVID-19
progression? Can NE serve as a predictive marker for COVID-19 progression or adverse outcomes? And how does NE
correlate with COVID-19-related inflammatory markers? In this study, we enrolled patients with moderate to critical
COVID-19 infection and grouped them by whether or not they were admitted to the ICU due to progression of the
critically ill type. We focused on the differences and predictive value of NE (as well as other relevant characteristics)
between ICU and non-ICU patients.

Methods

Participants

The ethical approval of this study was obtained from our hospital. All participants have signed the informed consent
prior to recruitment. We enrolled the patients admitted with a primary diagnosis of COVID-19 in the Department of
Intensive Care Medicine of the First Hospital of Harbin Medical University from December 2022 to September 2023.
According to whether admitted in the intensive care unit (ICU), the patients were divided into two groups: the non-
ICU group and the ICU group. For the ICU group, all patients were confirmed the critical type when admitted in the
ICU. The inclusion criteria were: (1) microbiologically confirmed COVID-19 infection (SARS-CoV-2 PCR positivity
in nasopharyngeal swab samples), and (2) typical of viral pneumonia in lung imaging, (3) from the moderate type to
the critical type; and (4) age >18 years. Blood was taken within 24 hours after admission to the hospital, and following
examinations were conducted: the blood routine test, liver and kidney function indices, examination of the blood NE
level and urine NE level. The exclusion criteria were: (1) refusal to sign informed consent or (2) lacking the NE level
of the blood sample.

Information Collection

For each patient, the following clinical features were recorded: gender, age, body height, body weight, with hypertension
or not, with diabetes or not, the total white blood cell level in the peripheral blood routine (WBC), the neutrophil ratio in
the peripheral blood routine (Neutrophil%), the lymphocyte ratio in the peripheral blood routine (Lymphocyte%), the
platelet level in the peripheral blood routine (PLT), the CD3 Cell level in the peripheral blood, the T4 Cell level in the
peripheral blood, the alanine aminotransferase (ALT) level, the aspartate aminotransferase (AST) level, the creatinine
(Cr) level, the albumin (ALB) level, the total bilirubin level, the direct bilirubin level, the indirect bilirubin level, the
D-dimer (DD) level, the procalcitonin (PCT) level, the Cystatin C level, the C-reactive protein (CRP) level, the IL-6
level. Besides, the NE levels in blood and urine were examined. For the ICU group, following Features were recorded:
whether Shock occurred, Death in 28 days, the SOFA Score at admission, and the APACHE-II Score at admission.
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Statistical Analysis

The SPSS software (25.0) was used for statistical analysis. Categorical data were described by percentages, and
numeric variables were expressed as (1) Median with (25-75% interquartile range), and (2) mean + standard
deviation (SD). For the numeric variables, ¢-test and Mann—Whitney U were used for comparison of two groups.
For categorical data, Chi-square analysis was used for comparison of the incidence of two groups. A P value
<0.05 was considered statistically significant. The logistic regression model was used to predict the admission to
the ICU. The AUC of operating characteristic curve (ROC) was calculated for each import feature regarding the
ICU admission.

Results

The Clinical Characteristics and Differences Between Non-ICU and ICU Groups

As Table 1 shows, a total of 83 patients were diagnosed, including 52 in the non-ICU group and 31 in the ICU
group. The proportion of females (19.35%) admitted to the ICU was significantly lower than that of males
(48.08%) (P = 0.0089). The median ages of two groups were 75 (67-79.5) and 73 (61-85), respectively

Table | Clinical Characteristics of Two Groups of Patients

Features Non-ICU ICU
Number (%) Number (%) x2 P
Gender Male 27 (51.92) 25 (48.08) 6.8472 | 0.0089
Female | 25 (80.65) 6 (19.35)
Hypertension No 20 (58.82) 14 (41.18) 0.3605 | 0.5482
Yes 32 (65.31) 17 (34.69)
Diabetes No 31 (67.39) 15 (32.61) 0.9911 0.3195
Yes 21 (56.76) 16 (43.24)
Features N Median (25-75%) N | Median (25-75%) x2 P
Age 52 75 (67-79.5) 31 | 73 (61-85) 0.1118 | 0.7381
BMI 51 23.44 (20.55-27.01) 31 | 25.39 (22.86-26.23) | 2.1552 | 0.1421
WBC (10°/L) 52 7.42 (5.08-10.17) 31 | 83 (6.32-11) 2.0476 | 0.1524
Neutrophil% 52 80.2 (71.55-88.6) 31 | 86.8 (79.6-92.4) 4.8742 | 0.0273
Lymphocyte% 52 11.86 (6.8-18.75) 31 | 6.2 (4-104) 9.5067 | 0.002
PLT (10°/L) 52 174.5 (133-231) 31 | 176 (122-205) 0.2443 | 0.6211
CD3 (cells/ul) 51 614.75 (306.72-924.25) | 28 | 317.45 (201.5-511.2) | 11.4046 | 0.0007
T4 (cells/ul) 51 361.94 (180.66—470.91) | 28 | 171 (97.4-289.7) 9.3909 | 0.0022
ALT (U/L) 52 24.65 (16.7-31.2) 31| 21.7 (15.741.2) 0.0287 | 0.8654
AST (U/L) 52 25.2 (17.35-32.25) 31 | 40 (24-54) 7.7915 | 0.0052
Cr (umol/L) 52 68.75 (53-88.7) 31 | 79.2 (62.7-105) 4.1933 0.0406
ALB (g/L) 52 33.55 (31.3-36.9) 31 | 33 (28-35.6) 2.1299 | 0.1445
Total bilirubin 52 11.26 (8.57—13.45) 31| 11.2(7.7-20) 1.2031 0.2727
Direct bilirubin 52 3.61 (2.61-5.04) 31 | 4.6 (3.5-7.9) 2.8564 | 0.091
Indirect bilirubin 52 6.87 (5.43-9.34) 31 | 7 (45-10.9) 0.1916 | 0.6616
D-Dimer (mg/L) 51 0.74 (0.46-1.33) 31 | 1.9 (0.78-4.8) 13.5223 | 0.0002
Procalcitonin (PCT, ng/mL) 47 0.11 (0.06-0.35) 31 | 04 (0.2-1) 12.2771 | 0.0005
C-reactive protein (CRP, mg/L) | 28 64.25 (28.04-111.77) 31| 119 (75-195) 5.9729 0.0145
IL-6 (pg/mL) 50 28.95 (10.346.5) 29 | 38 (19-70.3) 1.5651 0.2109
Cystatin C (pg/mL) 14 1.22 (1.07-1.44) 31 | 1.46 (1.05-2.14) 0.5233 0.4695
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Table 2 Differences in NE Levels Between NON-ICU and ICU Patients
(t-Test)

Non-ICU ICU

Features N [ Mean(SD) | N | Mean (SD) | t P

Blood NE (ng/mL) | 52 | 646.7 (467.9) | 31 | 797.5 (576.1) | 1.301 | 0.197
Urine NE (ng/mL) | 49 | 6.27 (645) | 31 | 215.4 (5745) | 2.027 | 0.052

(P > 0.05). No significant differences were found in the ratio of hypertension and diabetes. Also, two groups had
the comparable levels of BMI, WBC, PLT, ALT, ALB, bilirubin, IL-6, Cystatin C, and the blood NE. The ICU
group had significantly higher levels of Neutrophil% (86.8 vs 80.2), Cr (79.2 umol/L vs 68.75 umol/L), D-dimer
(1.9 mg/l vs 0.74 mg/l), PCT (0.4 ng/mL vs 0.11 ng/mL), and CRP (119 mg/L vs 64.25 mg/L). Meanwhile, the
CD3-cell, T4-cell, and Lymphocyte% levels were lower in the ICU group. These results suggest that more severe
neutrophil activation may be present in the ICU group. Notably, the blood NE levels were similar between groups,
whereas the urine NE level was highly significantly higher in the ICU group vs the non-ICU group. Using the
t-test, we confirmed that the blood NE levels were similar between groups, while the urine NE was dramatically
higher in the ICU group vs the non-ICU group (215.4 ng/mL vs 6.27 ng/mL) (Table 2). This result suggests, on
the one hand, that urinary NE can be used as an early and non-invasive warning indicator of the ICU outcome,
and on the other hand, that ICU patients may have a fragile ability to regulate neutrophil activation (which is
especially represented by NE expression).

Logistic Regression Models for ICU Prediction

Next, the associated factors were applied for the logistic regression models for ICU prediction. After dimension
reduction, we constructed a logistic model using only two factors: the Urine NE level and the blood DD level. The
details of this two-parameter model are presented in Table 3. Besides, in combination of the PCT level, the
performance (accuracy) can be enhanced slightly, however, there were many lack values in PCT, and the three-
parameter had a higher requirement towards the samples (and accordingly a smaller sample size). The details of the
three-parameter model are shown in Table 3. The confusion matrix of the two-parameter model (Urine-NE and DD, or
UD) and the three-parameter model (Urine-NE, DD, and PCT, or UDP) was presented in Table 4. The overall accuracy
of the UD model was 86.1%, and that of the UDP model was 87.8%. Considering the performance of the UDP model
hardly outperformed the UD model while the sample-size loss was obvious, the UD model was proposed as a practical
model for ICU prediction. The ROC curves of the UD model, Urine NE, DD and PCT with AUC values were shown in
Figure 1. The urine NE has a strong efficacy in ICU prediction (AUC = 0.893), and the performance of the UD model

Table 3 Logistic Regression for ICU Prediction by the UD
Two-Parameter Model

B Wald | P value | Exp (B)

Features of the UD model

Urine NE 0.000 12.948 | 0.000 1.000
D-Dimer 0.320 3.340 | 0.068 1.377
Constant —3.878 | 19.296 | 0.000 0.021

Features of the UDP model

Urine NE 0.000 12.418 | 0.000 1.000
D-Dimer 0.413 3.294 | 0.070 1511
Procalcitonin (PCT) | —0.063 | 0.839 0.360 0.939
Constant —3.998 | 16.747 | 0.000 0.018
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Table 4 The Performance of the UD Two-
Parameter Model and UDP Three-Parameter
Model for ICU Prediction

Prediction | Prediction | Correct%
Non-ICU ICU
UD model
Non-ICU | 43 5 89.6%
ICU 6 25 80.6%
Overall 86.1%
UDP model
Non-ICU | 39 4 90.7%
ICU 5 26 83.9%
Overall 87.8%

was even better (AUC = 0.933). Together, it is reasonable to assume that this UD model can be used in the treatment of
COVID-19 infection, and the detection of urine NE and blood DD should be performed as early as possible for the
hospitalized COVID-19 patients.

1.0
0.8
& 0.6
2
)
o
o 0.4-
—— Urine NE (AUC = 0.893)
— DD (AUC =0.726)
0.2
— PCT (AUC = 0.715)
— UD-Model (AUC = 0.933)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure | The ROC curves of the UD model, Urine NE, DD, and PCT. The urine NE has a high predictive value in ICU admission (AUC = 0.893), and the performance of the
UD two-parameter model (in combination with DD) was even better (AUC = 0.933).
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Table 5 The Correlation Between NE Levels and
Other Inflammation Factors

R (Blood NE) | R (Urine NE)
Blood NE | 0.128
Urine NE 0.128 |
WBC 0.062 0.091
Neutrophil% 0.131 0.262
Lymphocyte% —0.121 —0.310%*
PLT 0.028 -0.19
CD3 Cells —0.066 —0.358**
T4 Cells =0.11 —0.372%*
ALT —0.133 —0.104
AST —0.035 0.138
Cr 0.16 0.151
ALB 0.064 —0.195
Total Bilirubin —0.036 —-0.029
Direct Bilirubin 0.083 0.02
Indirect Bilirubin —0.085 —0.064
D-Dimer —0.066 0.356%*
Procalcitonin (PCT) | 0.165 0.371**
Cystatin C 0.078 0.005
CRP 0.295* 0.223
IL-6 0.228* -0.017

Note: **P < 0.01.

The Correlation Between NE Levels and Other Inflammation Factors

For the ICU patients, we have explored the association between blood/urine NE and the outcomes (including shock
occurrence, death in 28 days or 2 months), but no links have been observed. Finally, to deepen the understanding of the
impact of NE on COVID-19 progression, we analyzed the correlation between NE levels and other blood parameters or
inflammation factors (Table 5). The blood NE showed a significantly positive correlation with CRP and IL-6. And the
urine NE had a significantly positive correlation with Neutrophil%, DD, and PCT, which is in line with the results
mentioned above, that the urine NE is a superior indicator of the inflammation and severity condition in COVID-19
patients (moderate, severe, and critical types). And the urine NE is negatively correlated with lymphocyte levels
(including Lymphocyte%, CD3 Cells, and T4 cells). Taken together, NE may reflect an imbalance between neutrophils
and lymphocytes, and it may be involved in neutrophil-associated amplification of inflammatory signals that drives the
progression of COVID-19.

Discussion

The main findings of this study are as follows. The ICU patients had significantly higher levels of urine NE and
neutrophil percentage, as well as other classic inflammatory factors. Urine NE has a significantly positive correlation
with neutrophil%, DD, and PCT. Urine NE and DD can be used to construct a two-parameter model (the UD model) for
prediction of ICU admission.

Elastase for viral pathogenesis (especially for SARS-CoV-2 activation) has been proposed and reported by different
scholars.>* NE is generally considered the main contributor of neutrophil protease activity.>> During viral infection, NE
attacks the proteins of invading microorganisms, but it also enables the hydrolyzation of proteins in the host extracellular
matrix. Therefore, it drives degenerative pathology and inflammatory signals. Theoretically, NE, at least in part, is a risk
factor of COVID-19 infection/progression. Since 2021, Tehran scholars have proposed a possible pathogenic correlation
between NE and inflammation in the pathogenesis of COVID-19, and they have examined clinical samples at different
time points.?® In that study, serum levels of NE, IL-6, IL-8, and CRP in ICU and non-ICU patients were significantly
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higher than healthy controls in three-time points; and levels of NE, IL-6, IL-8, and CRP in ICU patients were
significantly higher than non-ICU patients; moreover, the levels of NE, CRP, IL-6, IL-8 were gradually decreased
from the day of admission to later time. There are very few in-vivo studies of NE in the lungs of COVID-19 patients. In
2023, the PET tracer 11C-NES has been made for detection of NE in the clinical setting.”” Recently, targeting NE has
been regarded as a promising strategy in COVI-19 treatment. The NE inhibitor sivelestat may be a new option for
management of acute lung injury/acute respiratory distress syndrome or disseminated intravascular coagulation in
COVID-19.% Besides, scholars have previously proposed that oxidation of ol-antitrypsin (AAT) may prevent the
binding of NE and play a therapeutic role in COVID-19, for that in healthy individuals, NE activity is balanced by
AAT.*® However, the actual effect of targeting AAT is limited.***

Although previous studies have implied the relationships between NE and COVID-19, and group differences in blood
NE have been reported as mentioned above, the role of urine NE in COVID-19 is poorly understood so far. We here, for
the first time, show that the urine NE is an indicator with better performance than blood NE. The blood NE levels were
similar between groups in our results, while the median urine NE of the ICU group was 6.58 times that of the non-ICU
group (P < 0.0001), and the mean value of NE vs non-ICU was as high as 34.35 times. This result is very novel and
interesting. However, at present we cannot confirm the mechanism of this phenomenon. One possible reason is that
patients in the ICU group may have had worse renal function. However, this hypothesis awaits support from more
detailed test indicators.

Moreover, the AUC of the ROC curve using only one variable, urine NE, was as high as 0.893, and that using urine
NE plus DD was 0.933. In comparison, with previous studies,”*>° our results support the role for NE for COVID-19
infection and progression, however, we found the correlation is not significant at the blood level, instead, for the first
time, we here report an indicative role for NE in urine. Higher urinary NE levels in ICU patients suggest that this group
may be poorer to metabolize NE, which may be one of the mechanisms for the progression of COVID-19. However, it
remains to be explored regarding the exact mechanism as to why there was no change in blood NE but a significant
increase in urinary NE levels in high-risk patients. According to Table 5, urine NE had a significantly positive correlation
with Neutrophil%, DD, and PCT, while it is negatively correlated with lymphocyte levels, which suggests that the high
expression of NE may be due to continuous activation of neutrophils with a decreased proportion of lymphocytes.

Still, this study has some limitations. First, although we reported for the first time the important role of urinary NE,
there was no difference in blood NE levels between the two groups, which is inconsistent with previous studies. This
remains to be explained by more follow-up studies. One of the possible reasons is that our sample size is still small, and
the difference is not yet significant. Besides, the performance of our models (UD and UDP) was satisfactory for the non-
ICU population (89.6-90.7%). But the accuracy in the ICU cohort was lower than 90% (80.6-83.9%). Considering the
consequences of ICU admission, the prevention and treatment of this population is even more important, and, therefore,
the efficacy of our model still needs to be optimized by additional clinical indicators.

Conclusion

The ICU patients had significantly higher levels of urine NE and neutrophil percentage. Urine NE has a significantly
positive correlation with neutrophil%, DD, and PCT, as well as a negative correlation with lymphocyte levels. Urine NE
and DD can be used to construct a two-parameter model for prediction of ICU admission.
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