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Purpose: To evaluate the potential relationships between serum interleukin (IL)-2, IL-4, IL-6, IL-10, IL-17, interferon (IFN)-y, and
tumor necrosis factor (TNF)-a levels and occurrence of respiratory failure in patients with early-stage COVID-19 disease.

Patients and Methods: We analyzed clinical characteristics, laboratory parameters, and immunoinflammatory markers in 302
patients diagnosed with SARS-CoV-2 infection who required hospitalization at Changshu Hospital of Nantong University. IL-2, IL-4,
IL-6, IL-10, IL-17, IFN-y, and TNF-a levels in the peripheral blood of patients hospitalized five days after disease onset were
measured using multiplex bead-based flow fluorescent immunoassay (MBFFI).

Results: Patients with respiratory failure had higher serum IL-4 [0 (0, 0.54) pg/mL], IL-6 [40.76 (12.33, 90.28) pg/mL], IL-10 [6.65
(4.12, 11.34) pg/mL], and IL-17 [9.48 (4.31, 12.13) pg/mL] levels than patients without respiratory failure (P=0.042, P<0.0001,
P=0.012, and P=0.036, respectively). Serum IL-2, IFN-y, and TNF-a levels were not significantly different between the two groups.
The occurrence of respiratory failure was positively correlated with sex (R=0.122, P=0.034), lactic acid (R=0.193, P=0.007), white
blood cell count (R=0.121, P=0.038), erythrocyte distribution width (R=0.131, P=0.024), thyrocalcitonin (R=0.280, P<0.0001), and
D-dimer levels (R=0.214, P<0.0001) but negatively correlated with oxygen partial pressure (R=—0.208, P=0.004), oxygen saturation
(R=-0.220, P=0.002), lymphocyte count (R=-0.129, P=0.026), and calcium (R=—0.152, P=0.042). Among the immunoinflammatory
biomarkers, the occurrence of respiratory failure was positively correlated with IL-4 (R=-0.117, P=0.042), IL-6 (R=0.206, P<0.0001),
IL-10 (R=0.145, P=0.012), and IL-17 (R=0.121, P=0.036) levels.

Conclusion: Serum levels of pro-inflammatory cytokines IL-6 and IL-17 and anti-inflammatory cytokines IL-4 and IL-10 were
significantly elevated in patients with respiratory failure and weakly positively correlated with the occurrence of respiratory failure.
Further studies are required to explore these key immune mechanisms to help clinicians better manage acute complications, long-term
sequelae, and possible future COVID-19 variants and be flexible in managing future epidemics and similar public health threats.
Keywords: COVID-19, respiratory failure, hypoxemia, biomarkers, cytokines, disease progression

Introduction

Coronavirus disease 2019 (COVID-19) is the most serious acute respiratory infectious disease globally in recent years,'
and the resulting pandemic has affected patients in various ways. The symptoms of COVID-19 are typically caused by
viral replication and disappear within 1-2 weeks.”> Most patients had self-limiting infections and recovered without
hospitalization, while 15-20% of them face excessive inflammation caused by a large number of cytokines, which is
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known as a cytokine storm and eventually leads to alveolar damage and respiratory failure (RF).> Following acute
infection, more serious events occur when myeloid cells such as monocytes and macrophages generate a cytokine storm
with the swift release of IL-6, IL-1b, CXCL10, CCL7, and other inflammatory molecules.* Thus, hyperinflammation is
a major problem in COVID-19 cases.” As the pathological damage caused by COVID-19 involves the immune system,
any factor that regulates the immune response may likewise regulate the consequences of COVID-19.° The pathological
features of human severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) remain to be completely
discovered; however its immune pathogenesis is known to be related to the feedback imbalance of the immune system.
Extensive systemic inflammatory feedback has been found in severe COVID-19 cases, which is regarded as cytokine
release syndrome (CRS).” CRS is common in severe cases of COVID-19, and the increase of serum IL-6 is associated
with RE, ARDS, and adverse clinical outcomes.®

In late November 2021, the SARS-CoV2 Omicron (B.1.1.529/21K) variant was detected in South Africa and was
associated with rapidly increasing case numbers worldwide. The Omicron variant carries more than 50 mutations and
does not appear to change its capacity to induce cytokine release.’ During the initial three-year period of the epidemic,
the number of COVID-19 cases in China remained low, primarily due to stringent control measures.”'® Upon the
reconfiguration of China’s zero-COVID approach in December of 2022, the initial countrywide episode of Omicron cases
arose shortly following the relaxation of non-pharmaceutical interventions. The peak of the outbreak was swiftly
surpassed within one month, resulting in over 50,000 fatalities.'' To explore what changes in cytokines and clinical
characteristics occurred in Changshu patients during this infection peak, we analyzed the laboratory indicators of 302
patients with laboratory-confirmed SARS-CoV2 Omicron variant at the time of admission in December 2022.
Additionally, we evaluated serum interleukin (IL)-2, IL-4, IL-6, IL-10, IL-17, interferon (IFN)-y, and tumor necrosis
factor (TNF)-a levels in the peripheral blood of patients with COVID-19 to analyze the potential value of these indicators
for predicting the risk of RF.

Materials and Methods

This study was approved by the Ethics Review Committee of Changshu Hospital of Nantong University (Changshu,
China; approval number: 2022-KYW-K51) and was conducted in accordance with the principles of the Declaration of
Helsinki. Informed consent was obtained from all patients. The informed consent form was signed by the patient or their
agent after admission.

Study Population

This retrospective study included patients admitted with mild to severe or critical COVID-19 who received inpatient
treatment at Changshu Hospital of Nantong University between December 29, 2022, and January 11, 2023 during the
epidemic period in Changshu caused by the SARS-CoV-2 BA.5.2 lineage. We aimed to investigate cytokine levels (pg/
mL) in the peripheral serum of COVID-19 patients in the Changshu area during this phase of the pandemic. The
estimated standard deviation (o) was 40 pg/mL, which required two-sided testing. The o was 0.05 and the acceptable

error () was 5 pg/mL. The sample size was calculated using the following formula,

ZaPxo?

n= 5
According to the above requirements, an infinite sample size calculation method was required, and the sample size was
calculated as 246 cases. Taking into account the 15% drop-out and refusal rate, a minimum of 283 COVID-19 patients
was determined to be optimal for the study.

The inclusion criteria were as follows: 1) patients aged 18 years or older, 2) chest computed tomography (CT) scan
performed at the time of admission that revealed a new inflammatory lesion; this method of diagnosing pneumonia was
consistent with previous reports,'*'? 3) positive pharyngeal swab specimen test for SARS-CoV?2 infection using qPCR,
and 4) first blood collection within 5 days after disease onset. Patients who did not undergo an initial CT evaluation or
related testing were excluded. RF was defined as hypoxemia demonstrated by arterial blood gas or by pulse oximetry that
required oxygen supplementation according to the individual trial’s criteria. After breathing indoor air at rest, patients
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with intracardiac anatomical shunt and primary cardiac output reduction, those for which the arterial partial pressure of
oxygen (PaO,) was lower than 8k Pa (60 mmHg) or the partial pressure of carbon dioxide (PaCO,) was higher than 6.65
kPa (50 mmHg) were excluded.

Assessments

Patients were diagnosed with COVID-19 based on quantitative reverse transcription PCR (RT-gPCR) results.
A pharyngeal swab was collected on admission for RT-qPCR, and CT was performed. None of the patients included
in this study had received antiviral therapy at the time of laboratory examination. A minimum of 1.0 mL of serum was
collected from each patient within 5 days of symptom onset and analyzed. The Seven-link detection kit (Cellgene
Biotech, Jiangxi, China) was used for the detection of IL-2, IL-4, IL-6, IL-10, IL-17, IFN-y, and TNF-o based on MBFFI.
Data on patient demographics, comorbidities, clinical manifestations, and laboratory results were collected from medical
records. Fasting (>8 h) blood samples were collected for analysis. Blood (cell) counts were assessed using a blood cell
analyzer (ADVIA 2120i Hematology System; Siemens Healthcare Diagnostics Inc., USA). Serum biochemical variables
were assessed using conventional automated blood analyses (calcium and magnesium: AUS5800 Series Chemistry
Analyzers; Beckman Coulter, USA; thyrocalcitonin, ferritin and C-reactive protein: IMMULITE 2000 XPi
Immunoassay System Siemens Healthcare Diagnostics Inc., USA; oxygen partial pressure, oxygen saturation and lactic
acid: RAPID Point 500 Systems, Siemens Healthcare Diagnostics Inc., USA; D-dimer: STA Compact Max, STAGO,
France).

Statistical Analysis

For quantitative variables, histograms, box graphs, and Shapiro—Wilk tests were used to evaluate the normal distribution.
Normally distributed measurement data were represented by mean + standard deviation values. Comparisons between
groups were performed using an independent-sample #-test, and skewed distribution data were represented by quartiles.
The Mann—Whitney U-test was used for intergroup comparisons. Categorical variables were expressed as frequency
(percentage) and compared between groups using the y> or Fisher’s exact test. Spearman’s rank correlation was used for
correlation analysis. Statistical analyses were performed using SPSS 19.0 statistical software (IBM Corp., Armonk, NY,
USA) and GraphPad Prism 8.0 (GraphPad Software Inc., USA). All tests were two-sided, and statistical significance was
set at P<0.05.

Results

Baseline Characteristics

In total, 302 patients with COVID-19 participated in this study, 31 of whom experienced RF. Among them, patients with
COVID-19 over 60 years old accounted for 82.1%. Compared with patients without RF, the proportion of males in
patients with RF was higher (80.6%, P=0.034). After stratified analysis of age, the difference was not statistically
significant. Demographic data are summarized in Table 1.

Different Laboratory Findings in Patients with COVID-19

In laboratory examination, patients with RF had a lower oxygen partial pressure (70.54+24.82 mmHg, P=0.007)
compared to patients without RF. The serum levels of thyroid calcitonin [0.30 (0.10, 0.95)] and D- dimer [0.30 (0.10,
0.95)] in patients with RF were higher than those in patients without RF (P<0.0001 and P<0.0001, respectively). Lactic
acid (2.49+£1.15) increased in all patients with RF, and the difference was statistically significant (P=0.048), but it was not
statistically significant in patients over 60 years old.

Patients with RF had a higher peripheral white blood cell count (9.34+5.80 x 10°/L), neutrophil count (8.28+5.76 x
10°/L), platelet volume distribution width (16.65+£0.70%) than those without RF (P=0.043, P=0.024, P=0.023, respec-
tively). In patients over 60 years old, the difference was statistically significant (P=0.004, P=0.002, and P=0.004,
respectively). Patients with RF had a lower lymphocyte count (0.64£0.34 x 10°/L) than those without RF (0.87+0.54
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Table | Demographic Data of Patients in the Study

Variable Total Respiratory Failure P-value
(N=302) YES (N=31) NO (N=271)
Population, n (%) 302 (100%) 31 (10.3%) 271 (89.7%) -
18—44 years 6 (2.0%) 0 (0%) 6 (2.2%) 0.360
45-60 years 48 (15.9%) 4 (12.9%) 44 (16.2%)
>60 years 248 (82.1%) 27 (87.1%) 221 (81.5%)
Age (years) 73.35£12.82 74.68+9.71 73.20%13.13 0.446
18—44 years 33.17+7.08 - 33.17+7.08 -
45-60 years 53.83+4.72 55.00+6.16 53.73+4.64 0.611
>60 years 78.10+7.68 77.59+6.01 78.17+7.87 0.714
Male, n (%) 191 (63.2%) 25 (80.6%) 166 (61.3%) 0.034*
18—44 years 5 (83.3%) 0 (0%) 5 (83.3%) -
45-60 years 29 (60.4%) 4 (10.0%) 25 (56.8%) 0.142
>60 years 157 (63.3%) 21 (77.8%) 136 (61.5%) 0.138
Hypertension, n (%) 86 (28.5%) 7 (22.6%) 79 (29.2%) 0.443
18—44 years 1 (16.7%) 0 (0%) 1 (16.7%) -
45-60 years 7 (14.6%) | (25.0%) 6 (13.6%) 0.480
>60 years 78 (31.5%) 6 (22.2%) 72 (32.6%) 0.380
Diabetes, n (%) 41 (13.6%) 3 (9.7%) 38 (14.0%) 0.695
18—44 years 0 (0%) 0 (0%) 0 (0%) -
45-60 years 2 (4.2%) 0 (0%) 2 (4.5%) 0.839
>60 years 39 (15.7%) 3(11.1%) 36 (16.3%) 0.779
Coronary heart disease, n (%) 6 (2.0%) 0 (0%) 6 (2.2%) 0.875
18—44 years 0 (0%) 0 (0%) 0 (0%) -
45-60 years 0 (0%) 0 (0%) 0 (0%) -
>60 years 6 (2.4%) 0 (0%) 6 (2.7%) 0.497
Stroke, n (%) 26 (8.6%) 3 (9.7%) 23 (8.5%) 0.739
18—44 years 1 (16.7%) 0 (0%) 1 (16.7%) -
45-60 years 1 (2.1%) 0 (0%) I (2.3%) 0.480
>60 years 24 (9.7%) 3(11.1%) 21 (9.5%) 0.192

Notes: *P<0.05, significant difference.

x 10°/L, P=0.022), and the difference was statistically significant among patients younger than 60 years of age (P=0.022).

Patient laboratory test data are summarized in Table 2.

Different Immunoinflammatory Biomarker Levels in Patients with COVID-19

Patients with RF had higher levels of serum IL-4 [0 (0, 0.54)], IL-6 [40.76 (12.33, 90.28)], IL-10 [6.65 (4.12, 11.34)],
and IL-17 [9.48 (4.31, 12.13)] than those without RF (P=0.042, P<0.0001, P=0.012, and P=0.036, respectively).
According to the stratified analysis of age, there was no significant difference in IL-4 between the groups with and
without RF, regardless of whether the patient was over 60 years old (P=0.07, P=0.114). In the two different age groups,
IL-6 was increased in patients with RF [71.07 (20.37, 271.77), 37.60 (12.33, 81.42)], and the difference was statistically
significant (P=0.019, P=0.005).

Among the patients over 60 years old, IL-10 was increased in the patients with RF [6.65 (4.12, 14.01)], and the
difference was statistically significant (P=0.012). In patients younger than or equal to 60 years old, IL-17 was increased
in patients with RF [11.35 (10.56, 14.97)], and the difference was statistically significant (P=0.023). However, there was
no significant difference in the levels of serum IL-2, IFN-y, and TNF-o between the two groups with and without RF.

Table 3 presents the levels of the immunoinflammatory biomarkers.
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Table 2 Laboratory Findings of Study Patients
Variable Total Respiratory Failure P-value
(N=302) YES (N=31) NO (N=271)

Oxygen partial pressure (mmHg) 85.01+34.43 70.54+24.82 87.09+35.17 0.007*
<60 years 84.69+29.91 59.55+2.47 87.97+30.31 <0.0001*
>60 years 85.06+35.17 72.11£26.21 86.94+£35.98 0.028*

Oxygen saturation (%) 93.50+£8.42 91.89+£5.20 93.74+8.77 0315
<60 years 91.92+16.03 93.10£1.21 91.77£17.08 0.895
>60 years 93.75%6.51 91.71£5.54 94.05+6.61 0.125

Calcium (mmol/L) 2.07£0.21 1.99+0.13 2.07£0.22 0.172
<60 years 2.10£0.37 1.94+0.10 2.11£0.38 0.540
>60 years 2.06+0.14 2.01£0.13 2.06+0.14 0.150

Magnesium (mmol/L) 0.89+0.16 0.87+0.24 0.90+0.15 0.620
<60 years 0.91£0.12 0.78+0.11 0.93%0.11 0.296
>60 years 0.89+0.18 0.88+0.25 0.89+0.16 0.852

Thyrocalcitonin (mmol/L) 0.10 (0, 0.20) 0.30 (0.10, 0.95) 0.10 (0, 0.20) <0.0001*
<60 years 0(0, 0.10) 0.60 (0.3, 0.81) 0 (0, 0.10) 0.023*
>60 years 0.10 (0.10, 0.20) 0.20 (0.1,0.80) 0.10 (0,0.20) 0.001*

Ferritin (mmol/L) 766.25+498.80 765.74+465.80 766.29+502.88 0.997
<60 years 794.28+583.05 740.00+441.71 804.43+591.13 0.628
>60 years 761.07+483.60 784.01+477.78 758.82+485.76 0.853

Lactic acid (mmol/L) 2.05%1.16 2.49%1.15 1.99+1.15 0.048*
<60 years 1.88+0.69 2.64+1.22 1.77+0.55 0.037*
>60 years 2.08+1.21 2.46%1.17 2.02+1.21 0.117

C-reactive protein (mmol/L) 36.40 (11.50, 82.60) | 55.30 (14.60, 93.70) 35.45 (11.20, 79.80) | 0.224
<60 years 19.10 (3.80, 47.75) 89.80 (20.50, 168.78) | 17.10 (3.50, 43.15) 0.047%*
>60 years 42.35 (14.68, 89.68) | 47.10 (14.60,83.30) 42.20 (14.70, 89.90) | 0.813

D-dimer (mg/L) 0.47 (0.22, 1.20) 1.17 (0.38, 3.24) 0.43 (0.21, 1.10) <0.0001*
<60 years 0.22 (0.15, 0.42) 0.43 (0.26,2.35) 0.21 (0.14,0.37) 0.029*
>60 years 0.58 (0.26, 1.46) 1.41 (0.37,7.08) 0.54 (0.25,1.27) 0.003*

Erythrocyte distribution width (%) 13.43+2.07 13.60+1.04 13.41£2.15 0.630
<60 years 13.23+1.82 14.00+0.45 13.17x1.87 0.382
>60 years 13.47+2.12 13.54+1.09 13.46+2.22 0.866

White blood cell (x10°/L) 7.31+£4.52 9.34+£5.80 7.07+4.29 0.043*
<60 years 6.93£4.10 6.05+£3.40 7.00+4.18 0.660
>60 years 7.40+4.61 9.82+5.96 7.09+4.33 0.004*

Neutrophil (x10°/L) 6.02+4.36 8.28+5.76 5.76+4.10 0.024*
<60 years 5.35£3.83 5.40£3.69 5.35+3.88 0.979
>60 years 6.17+4.47 8.70+£5.94 5.86+4.15 0.002*

Lymphocyte (x10°/L) 0.85+0.53 0.64+0.34 0.87+0.54 0.022*
<60 years 1.12+0.59 0.48+0.38 1.17+0.58 0.022%*
>60 years 0.79+£0.50 0.67+0.33 0.80+0.51 0.067

Monocyte (x10°/L) 0.42+0.36 0.37£0.21 0.43+0.37 0.350
<60 years 0.52+0.54 0.18+0.05 0.55+0.55 0.188
>60 years 0.40+0.29 0.39£0.21 0.40+0.30 0.904

Platelet volume distribution width (%) | 16.09+1.47 16.65+0.70 16.02+1.52 0.023*
<60 years 15.59+1.98 16.70+0.67 15.50+2.03 0.247
>60 years 16.20%1.31 16.65+0.71 16.15x1.36 0.004*

Notes: *P<0.05, significant difference.

Clinical Parameters and Immunoinflammatory Biomarkers Correlated with RF
Among the clinical parameters, the occurrence of RF was positively correlated with sex (R=0.122, P=0.034), lactic acid
(R=0.193, P=0.007), white blood cell count (R=0.121, P=0.038), erythrocyte distribution width (R=0.131, P=0.024),
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Table 3 Immunoinflammatory Biomarker Levels of Study Patients

Variable Total Respiratory Failure Z-value P-value
(N=302) YES (N=31) NO (N=271)

IL-2 (pg/mL) 0.29 (0, 0.50) 0.32 (0, 0.68) 0.27 (0, 0.50) —0.902 0.367
<60 years 0.30 (0, 0.54) 0.57 (0.08, 1.02) 0.29 (0,0.50) —0.920 0.357
>60 years 0.27 (0,0.50) 0.32 (0,0.66) 0.01 (0, 0.50) —0.661 0.508
IL-4 (pg/mL) 0 (0, 0.85) 0 (0, 0.54) 0 (0, 0) —2.029 0.042*
<60 years 0 (0,0.54) 0.75 (0.14, 0.96) 0 (0,0.54) —-1.813 0.070
>60 years 0 (0, 0) 0 (0,0.54) 0 (0, 0) —-1.579 0.114
IL-6 (pg/mL) 14.31 (4.45, 49.62) 40.76 (12.33, 90.28) 12.58 (4.06, 45.29) —3.568 <0.0001*
<60 years 8.24 (2.53, 38.00) 71.07 (20.37, 271.77) 7.89 (2.25, 33.14) —2.345 0.019*
>60 years 16.57 (5.23, 57.07) 37.60 (12.33, 81.42) 16.02 (4.46, 49.58) —2.802 0.005*
IL-10 (pg/mL) 4.75 (2.61, 8.64) 6.65 (4.12, 11.34) 4.33 (247, 8.20) -2.517 0.012*
<60 years 4.24 (2.77, 8.64) 6.92 (2.72, 10.70) 4.07 (2.77, 8.20) —0.628 0.530
>60 years 4.75 (2.60, 8.71) 6.65 (4.12, 14.01) 4.54 (247, 8.24) —2.507 0.012*
IL-17 (pg/mL) 6.27 (0, 10.05) 9.48 (431, 12.13) 6.27 (0, 9.67) —2.099 0.036*
<60 years 6.64 (0,10.56) 11.35 (10.56, 14.97) 5.99 (0, 9.61) —2.282 0.023*
>60 years 6.27 (0,9.918) 8.05 (2.20, 11.93) 6.27 (0, 9.67) —1.284 0.199
IFN-y (pg/mL) 0.56 (0, 1.31) 0.56 (0, 1.62) 0.56 (0, 1.29) —0.863 0.388
<60 years 0.60 (0.24,1.36) 1.09 (0.41,3.68) 0.58 (0.22,1.36) —0.994 0.320
>60 years 0.56 (0,1.29) 0.55 (0,1.62) 0.56 (0, 1.27) —0.579 0.563
TNF-o (pg/mL) 0 (0, 0.50) 0 (0, 0.71) 0 (0, 0.50) —0.769 0.442
<60 years 0.22 (0,0.73) 0.25 (0,0.66) 0.22 (0, 0.77) —0.158 0.875
>60 years 0 (0, 0.50) 0 (0,0.71) 0 (0,0.50) —0.992 0.321

Note: *P<0.05, significant difference.

thyrocalcitonin (R=0.280, P<0.0001), and D-dimer levels (R=0.214, P<0.0001) but negatively correlated with oxygen
partial pressure (R=—0.208, P=0.004), oxygen saturation (R=—0.220, P=0.002), lymphocyte count (R=—0.129, P=0.026),
and calcium (R=—0.152, P=0.042). No association was found between the occurrence of RF and age, C-reactive protein
level, monocyte count, platelet volume distribution width, erythrocyte sedimentation rate, ferritin level, or magnesium
level. Among the immunoinflammatory biomarkers, the occurrence of RF was positively correlated with IL-4 (R=—0.117,
P=0.042), IL-6 (R=0.206, P<0.0001), IL-10 (R=0.145, P=0.012), and IL-17 (R=0.121, P=0.036) levels; however, there
was no association between the occurrence of RF and IL-2, IFN-y, and TNF-a (Table 4).

Prediction Value of Immunoinflammatory Biomarker Levels for RF in Patients with

COVID-19
As illustrated in Figure 1, the marked total had the largest area under the curve (0.806; 95% CI, 0.718-0.895; Table 5)
and a greater risk prediction value.

Discussion
In this study, of 302 patients who were diagnosed with SARS-CoV-2 and required hospitalization at Changshu Hospital
affiliated with Nantong University, 31 developed hypoxemic RF during the course of their disease.

The main features of COVID-19 include pulmonary and systemic inflammations. Due to the superiority of the female
X chromosome and the protective effects of female sex hormones, men are considered more susceptible to COVID-19
than women.'* In our research, the proportion of males in patients with RF was higher (80.6%, P=0.034) than that among
patients without RF. After stratified analysis of age, this difference was not statistically significant. This may be related to
the decrease of statistical power due to the reduction of sample size in each group after stratified analysis. However,
Spearman correlation analysis showed that the occurrence of RF was weak related to sex (R=0.122, P=0.034). The
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Table 4 Clinical Parameters and Immunoinflammatory Biomarkers
Correlated with Respiratory Failure

Variable R P-value
Age 0.017 0.767
Sex 0.122 0.034*
Oxygen partial pressure —0.208 0.004*
Oxygen saturation -0.220 0.002*
Lactic acid 0.193 0.007*
C-reactive protein 0.071 0.224
White Blood Cell 0.121 0.038*
Neutrophil 0.137 0.019*
Lymphocyte -0.129 0.026*
Monocyte —0.045 0.438
Erythrocyte distribution width 0.131 0.024*
Platelet Volume Distribution Width 0.160 0.006*
Thyrocalcitonin 0.280 <0.0001*
Erythrocyte Sedimentation 0.035 0.674
Ferritin 0.017 0817
D-dimer 0.214 <0.0001*
Calcium —0.152 0.042*
Magnesium —0.054 0.609
IL-2 0.052 0.368
IL-4 0.117 0.042%*
IL-6 0.206 <0.0001*
IL-10 0.145 0.012%*
IL-17 0.121 0.036*
IFN-y 0.050 0.389
TNF-a 0.044 0.443

Note: *P<0.05, significant difference.

patients’ mean age was higher, primarily because we collected data on hospitalized patients, which also reflected that
older patients were more likely to be hospitalized due to COVID-19.

It has been previously reported that approximately 90% of deaths from COVID-19 pneumonia are associated with at
least one comorbidity such as hypertension, obesity, diabetes, hyperlipidemia, dementia, coronary artery disease,
nephropathy, atrial fibrillation, chronic obstructive pulmonary disease, cancer, or stroke.' In our research, the differences
in the composition of diabetes, hypertension, coronary heart disease, and smoking history between the two groups were
not statistically significant.

Our study revealed that patients with RF had elevated white blood cell counts at an earlier stage than those without
RF, and this elevation was attributed to an increased neutrophil count. Moreover, patients with RF had lower lymphocyte
counts than those without RF, which is consistent with previous studies.'®!”

Elevated erythrocyte and platelet distribution widths have often been reported in patients with severe COVID-19.'8
Our results showed no statistically significant difference in erythrocyte volume width between the two groups; however,
erythrocyte volume width was negatively correlated with the occurrence of RF; the platelet distribution width data were
consistent with those of previous studies.

The overall serum lactic acid level was above the normal range and higher in patients with COVID-19 who developed
RF, suggesting that elevated lactic acid levels may presage a worse prognosis. Elevated serum lactic acid levels have
been reported as a distinct feature of COVID-19, with pathway analysis showing disorders of energy production and
amino acid metabolism.'® Recent findings demonstrated that elevated D-dimer levels, which are common in patients with
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Figure | Prediction value of serum immunoinflammatory biomarker levels for respiratory failure in patients with COVID-19.

COVID-19, can predict the clinical severity of COVID-19.%° In our study, serum D-dimer levels were significantly
elevated in patients with RF and were associated with the development of RF. This discovery of high serum D-dimer
levels provided evidence of a hypercoagulable state in SARS-CoV-2 infection.?’ This may be a sign of increased risk and
may even indicate the presence of thrombotic events. These findings support the use of prophylactic anticoagulation
therapy in patients with moderate-to-severe COVID-19. This hypercoagulable state can be attributed to the activation of
neutrophil extracellular traps, which trigger immune thrombosis during COVID-19.*

After acute infection with SARS-CoV-2, inflammatory cytokines, such as interleukin IL-2, IL-6, TNF-a, and IFN-y
are overproduced and secreted. The levels of anti-inflammatory cytokines such as IL-4 and IL-10 are also elevated.”>**
Simultaneously, monocytes, macrophages, and cells of the adaptive immune system such as CD8" and CD4'T cells are
mobilized to the respiratory tract to promote the secretion of IFN-y, promote additional inflammation, and establish
a sustained pro-inflammatory response.”* Inflammatory changes known as CRS are associated with different clinical
features of COVID-19. Furthermore, they are associated with the progression of the acute phase of SARS-CoV-2

Table 5 Predictive Value of the Serum Immunoinflammatory Biomarker Levels for the Occurrence
of Respiratory Failure

Variables AUC (95% CI) Youden Index Sensitivity Specificity P-value
IL-2 0.552 (0.430-0.674) 0.145 0.621 0.525 0.3926
IL-4 0.585 (0.459-0.711) 0.180 0414 0.766 0.1576
IL-6 0.650 (0.555-0.745) 0.398 0.931 0.467 0.0133*
IL-10 0.624 (0.509-0.739) 0.307 0.828 0.480 0.0403*
IL-17 0.634 (0.519-0.749) 0.586 0.639 0.226 0.0263*
IFN-y 0.527 (0.405-0.650) 0.136 0.387 0.749 0.6521
TNF-a 0.546 (0.428-0.665) 0.084 0.290 0.793 0.4455
Total 0.806 (0.718-0.895) 0.477 0.609 0.868 <0.0001*

Note: *P<0.05, significant difference.
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infection.”**> Exacerbation of lung inflammation caused by cytokine imbalance is a fundamental cause of RF in patients
with SARS-CoV-2 infection.'*

In this study, we found that the serum levels of pro-inflammatory cytokines IL-6 and IL-17 and anti-inflammatory
cytokines IL-4 and IL-10 in patients with RF were significantly increased; and positively correlated with the occurrence
of RF, compared to patients without RF in COVID-19. The correlation coefficients were all weak R (<0.3) but still
significant. Significant increases in IL-6 levels have been described as important biomarkers in critically ill patients.'® IL-
6 is a major cytokine associated with various inflammatory diseases. In addition to acting as a pro-inflammatory cytokine,
IL-6 promotes resistance to pathogens and tissue homeostasis.”® Previous studies have shown a significant correlation
between high serum IL-6 levels and adverse clinical outcomes.”’*® In addition, several have recommended early
detection of serum IL-6 levels after admission to identify patients with the highest risk of disease progression and
death.?”-* These results are consistent with our findings in hospitalized patients.

IL-17 is considered a biomarker of disease severity and a potential therapeutic target for alleviating the damage
caused by SARS-CoV-2, especially in the lungs.* Our study showed that serum IL-17 levels were higher in patients with
RF, and IL-17 was associated with the occurrence of RF (R=0.121).

A unique feature of the COVID-19 cytokine storm is a dramatic increase in IL-10 levels. This is considered to be
a negative feedback mechanism for the inhibition of inflammation. However, multiple lines of clinical evidence suggest
that a significant increase in early pro-inflammatory IL-10 may play a pathological role in COVID-19 severity.*!**

In contrast, our results showed no significant differences in IL-2, TNF-a, and IFN-y between the two groups, and no
correlation with the occurrence of RF. Our results are similar to those reported by another team of scholars from
Harbin.*> However, IL-4 levels were elevated early in the course of the disease and were associated with RF. The
secretion and activation of IL-4 ultimately stimulates IL-4 receptors; inhibits the secretion of other inflammatory
cytokines including TNF-a, IL-1, and PGE 2; increases LDL oxidation; and ultimately reduces inflammation.>* In
COVID-19, one of the pathways of inflammation in vivo is increased apoptotic activity due to increased activity of Th2
cells and the IL-4-induced JAK-STAT6 signaling pathway by the virus.*> Based on the receiver operating characteristic
curves in our results, the cytokine combination assay had the largest AUC value. Therefore, combined cytokine detection
at the time of admission may predict patient prognosis and guide treatment according to changes in individual cytokines.

In this study, we aimed to mitigate selection bias by clearly defining the inclusion and exclusion criteria as well as
specifying the selection scope. To prevent information bias, we also developed rigorous and thorough data collection
methods that include the use of blind techniques during research information gathering and the utilization of quantitative
objective indicators when recording research information. The testing instruments and equipment functioned as expected
and underwent regular calibration checks, and the reagents met the necessary requirements. A stratified analysis approach
was used to minimize the impact of any potential mixed bias, taking into account age differences between participants.

Nonetheless, this study had a few limitations. First, it was a single-center study. Additionally, data were from clinical
patients after admission; therefore, we lacked data on mild cases that did not arrive at the hospital. Moreover, although
our samples were from within 5 days after onset, earlier data were lacking. As the COVID-19 pandemic evolved, our
study was conducted on a seemingly milder variant of Omicron infection. Therefore, further studies are warranted to
explore these key immune mechanisms to help clinicians better cope with acute complications, long-term sequelae, and
possible future COVID-19 variants and to be flexible in dealing with future epidemics and similar public health threats.

Conclusion

In this study, we analyzed the clinical characteristics, laboratory parameters, and inflammatory markers of 302 patients with
SARS-CoV-2. We found that sex, oxygen partial pressure, oxygen saturation, lactic acid, white blood cell, neutrophil,
lymphocyte, platelet volume distribution width, thyrocalcitonin, and D-dimer were all weakly correlated with RF in patients
with COVID-19. The serum levels of pro-inflammatory cytokines IL-6 and IL-17 and anti-inflammatory cytokines IL-4 and IL-
10 in patients with RF were significantly increased and weakly positively correlated with the occurrence of RF compared with
patients without RF in COVID-19. Our results also showed that there was no significant difference in IL-2, TNF-0, and IFN-y
levels between the two groups, and no correlation with the occurrence of RF.
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Patients admitted in the hospital assessed
for eligibility (All
patients with COVID-19 infection between
December 29, 2022, to January 11, 2023,
> 18 years were included)

N =705
Patients with COVID-19 who had
incomplete clinical records, who had only
COVID-19 antigen testing but not PCR
-« testing, and who did not consent to serum

cytokine level testing were excluded.

N =403
In total, 302 patients with COVID-19
participated in this study.
No respiratory failure N =271 Respiratory failure N = 31

Figure 2 Study population flowchart. The final study cohort comprised 302 patients.
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