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Purpose: The aim of this study was to investigate the level of serum tumor suppressor factor (Oncostatin-M, OSM) in patients with 
community-acquired pneumonia (CAP) and evaluate its predictive value for the severity and prognosis of pneumonia, so as to improve 
the ability to identify the risk of death in CAP patients.
Patients and Methods: A total of 110 patients with CAP admitted to the hospital from November 2020 to November 2021 were 
enrolled in this prospective study. Clinical data of all patients were collected. According to the 2016 edition of “Guidelines for the 
Diagnosis and Treatment of Community-acquired Pneumonia in Chinese Adults”, the patients were divided into non-severe CAP 
(NSCAP)(n=55) and severe CAP (SCAP)(n=55). At the same time, they were divided into a survival group (n=96) and a death group 
(n=14) by tracking the survival of patients in the hospital. The OSM concentration of CAP patients on the first day after admission was 
determined by enzyme-linked immunosorbent assay. All clinical data were statistically and graphed using SPSS V23.0 and Grahpad 
Prim 8.
Results: Compared with NSCAP, patients with SCAP had higher serum OSM concentration on the day of admission, which was 
negatively correlated with LYM and positively correlated with WBC, NEU, CRP, IL-6, IL-8, IL-10, CURB-65 score, and PSI score. 
The level of OSM in the dead patient group was significantly higher than that in the surviving patient group. OSM and PSI scores were 
independent risk factors for in-hospital mortality in CAP patients. Kaplan-Meier survival curve showed that OSM≥76pg/mL was more 
advantageous in predicting mortality in patients with CAP.
Conclusion: The level of the OSM is closely related to the severity and prognosis of CAP and may be a new biomarker for the 
prognosis of CAP patients.
Keywords: community-acquired pneumonia, severity of disease, oncostatin-M, mortality

Introduction
Community-acquired pneumonia (CAP) is a common respiratory infectious disease, which is one of the main 
causes of high morbidity and mortality worldwide, especially in children and adults over 60 years of age. 
According to the retrospective data analysis of adult CAP cases in 23 provinces in 2016 by Cao Bin et al, the 
total incidence of CAP in China was 7.13 person-years per thousand.1 Despite the implementation of measures 
such as early vaccination and antimicrobial treatment, the high incidence and mortality of CAP still bring serious 
health problems and economic burdens to the world. Although pneumonia severity index (PSI) and confusion, 
urea, respiratory rate, blood pressure, and age 65 (CURB-65) score are widely used in clinical diagnosis, it is 
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difficult to use them together due to the inconsistency, specificity or complexity of different scoring systems. 
Therefore, there is an urgent need for a new, rapid, and effective biomarker to identify the progression of mild 
pneumonia to severe CAP (SCAP), so as to reduce the mortality rate of CAP patients and improve the survival 
rate and the prognosis of patients.

Oncostatin-M (OSM), a pleiotropic-cytokine in the IL-6 family, was first released and isolated from U937 
histiocytic lymphoma cells in 1986 and was named for its ability to inhibit the proliferation of melanoma cells.2,3 

Previous literature has also reported that the secretion of OSM is involved in the immunopathogenesis of various 
tumors, and abnormal expression of this cytokine has been reported in various cancers.2,4–6 In addition, OSM is 
closely related to the pathogenesis of a variety of human inflammatory diseases, including inflammatory bowel 
disease,7,8 sepsis,9 acute intestinal ischemia-reperfusion injury,10 pulmonary interstitial fibrosis,11 etc. In recent 
years, studies on the regulatory mechanism of OSM in mouse models of pneumonia have become increasingly 
apparent.12–14 At the same time, in this convalescent and serum-antibody positive COVID-19 patient, the 
significant increase in serum OSM may be related to activated macrophage monocytes. Studies on the immune 
regulatory mechanisms of OSM in various signaling pathways in animal models are relatively mature. Many 
studies have confirmed that blocking OSM activity may reduce abnormal inflammatory damage, delay disease 
progression, and improve prognosis. However, studies on the level of serum OSM in pneumonia patients and its 
correlation with inflammatory indicators and prognosis are still scarce, and there is still a lack of relevant 
population epidemiological and laboratory research support.

Therefore, it is necessary to conduct this study to further detect the serum OSM level and evaluate its correlation with 
disease severity and prognosis of hospitalized CAP patients, which is expected to greatly improve the ability to identify 
the death risk of CAP patients and provide a certain reference value for clinical diagnosis and treatment.

Materials and Methods
Ethics
The protocol of this study was approved by the Ethics Committee of the Qingdao Municipal Hospital (Approval 
No. 2020CXJJ001-052). This study was in compliance with the Declaration of Helsinki and informed consent was 
obtained from all patients or their families before this study. For some patients with severe pneumonia, especially in cases 
of consciousness disturbance, tracheal intubation, etc., where the patient is unable to express his or her subjective will, 
the opinion of the immediate family (spouse, parents, or children) is sought and the consent of the hospital ethics 
committee is obtained.

Patients and Inclusion Criteria
This is a prospective study, whose subjects were hospitalized CAP patients who were finally diagnosed in the department 
of respiratory and critical care medicine, emergency ward, and ICU of Qingdao Municipal Hospital from November 2020 
to November 2021.

The diagnostic criteria of all included subjects strictly met the Guidelines for the Diagnosis and Treatment of 
Community-Acquired Pneumonia in Chinese Adults (2016 revision).15 Patients with CAP had to meet criterion A, 
criterion C, and any one the conditions of criterion B to be included in the study. (A) Onset in the community setting. 
(B) Relevant clinical manifestations of pneumonia, including (1) new onset of cough or expectoration or aggravation 
of existing symptoms of respiratory tract diseases, with or without purulent sputum, chest pain, dyspnea, or 
hemoptysis; (2) fever; (3) signs of pulmonary consolidation and/or moist rales; and (4) peripheral white blood cell 
(WBC) count >10 × 109/L or <4 × 109/L, with or without a left shift. (C) Chest radiograph showing new patchy 
infiltrates, lobar or segmental consolidation, ground-glass opacities, or interstitial changes, with or without pleural 
effusion.

Severe pneumonia definition (Severe pneumonia was diagnosed if one of the following major criteria or three or more 
of the following minor criteria were met.):
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Major criteria: 1) Mechanical ventilation with tracheal intubation is required; 2) Septic shock still requires vasoactive 
drug therapy after active fluid resuscitation. 2. Secondary criteria: 1) Respiratory rate ≥30 times/min; 2) Oxygenation 
index (PO2/FiO2) ≤250mmHg; 3) Multiple lung lobe infiltration; 4) Disturbance of consciousness and/or disorienta
tion; 5) Blood urea nitrogen ≥7.14mmol/L; 6) Systolic blood pressure < 90mmHg requires active fluid resuscitation.

Exclusion criteria: 1) patients with hospital-acquired pneumonia or ventilator-associated pneumonia; 2) non- 
infectious diseases, such as pulmonary infarction, pulmonary interstitial disease, pulmonary vasculitis, tumor or pul
monary edema; 3) severely immunocompromised patients, including HIV infection, chemotherapy/radiotherapy within 
three to six months, 10 mg prednisone or equivalent per day for ≥ 2 weeks (receiving immunosuppressive therapy), active 
tuberculosis, organ/bone marrow transplantation, splenectomy, malignancy; 4) have been hospitalized within 4 weeks; 5) 
pregnant or lactating pregnant women; 6) use of antibiotics (including oral and intravenous fluids) in the 3 days prior to 
admission.

Data Collection
Clinical data of the patients were collected, including demographic data, clinical symptoms and signs, laboratory 
examination items (blood routine, C-reactive protein, biochemistry, procalcitonin, etc.) within 24 hours of admission, 
imaging features, treatment plan, and prognosis. At the same time, the corresponding CURB-65 score and PSI score were 
performed for each patient’s condition. According to the severity of the disease, the patients were divided into non-severe 
CAP (NSCAP) and SCAP, and according to the survival situation in the hospital, they were divided into survival group 
and death group.

Measurement of Serum OSM, IL-6, IL-8 and IL-10 Levels
4 mL of peripheral venous blood was collected in a non-anticoagulant sterile test tube within 24 hours after 
admission, centrifuged at 4°C (3000 r/min) for 10 minutes, and the supernatant was taken, labeled and subpacked, 
and frozen at −80 °C. ELISA was used to determine its concentration. The kit was purchased from Wuhan Bode 
Biological Engineering Co., LTD.

Statistical Analysis
All data were recorded into SPSS 23.0 software for statistical analysis. Continuous variable data with non-normal 
distribution were represented by median and quartile, and the difference between the two groups was compared by 
Manne-Whitney U-test. The categorical variables were represented by frequency and percentage, and Chi-square test or 
Fisher exact probability method was used for comparison between groups. P < 0.05 indicates that the difference was 
statistically significant. Spearman correlation analysis was used to analyze the correlation between OSM and inflamma
tory factors or disease severity scores. The variables were divided into two groups, and the variables with P < 0.05 were 
included in the binary Logistic regression model for multi-factor analysis. To compare the predictive value of biomarkers 
and severity scores, the receiver operating curve (ROC) was constructed and the area under the curve (AUC) was 
determined. Kaplan-Meier survival curve was used to analyze the optimal variables affecting in-hospital mortality in 
CAP patients.

Results
Patient Characteristics
According to the inclusion and exclusion criteria, a total of 110 patients with pneumonia were statistically analyzed. 
Among them, 55 cases were NSCAP and 55 cases were SCAP. Compared with the NSCAP group, patients in the SCAP 
group were older, had more underlying diseases, a higher risk of inhalation, and had more severe disease severity (P < 
0.001), as shown in Table 1.

Patients with SCAP had higher rates of fever, altered consciousness, increased respiratory rate (RR ≥ 30 beats/min), 
and increased heart rate (> 100 beats/min). Compared with the NSCAP group, patients with SCAP were more likely to 
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show multiple pulmonary infiltration (78.2%) and pleural effusion (43.6%). There were no significant differences in 
cough/sputum, chest pain, muscle soreness, and blood pressure, as shown in Table 2.

Compared with NSCAP patients, patients with SCAP had higher inflammatory indicators (WBC, NEU, PCT, CRP, 
etc.), significantly lower LYM, and were more likely to have “hematocrit < 30%, hypoproteinemia, hepatic and renal 
insufficiency, and elevated blood glucose”. There was no significant difference in platelet count between the two groups 
(P > 0.05). It was worth noting that compared with the NSCAP group, the concentrations of cytokines OSM, IL-6, IL-8, 
and IL-10 in patients with SCAP were higher on the day of admission, with significant statistical significance (P < 0.01), 
as shown in Table 3 and Figure 1.

Treatment with hormones, vasoactive drugs, the need for mechanical ventilation, hospitalization in ICU, hospitaliza
tion mortality, and the proportion of hospital days were significantly higher in SCAP patients than in the NSCAP group. 
Respiratory failure (47.3%), new heart failure (34.5%), and multiple organ failure (25.5%) were the most common 
complications in the SCAP group, and the incidence of respiratory failure was significantly higher than that in the 
NSCAP group (P < 0.001), as shown in Table 4.

Spearman correlation analysis was conducted between OSM level and WBC, NEU, LYM, CRP, and PCT. The results 
showed that OSM level was negatively correlated with LYM (r = −0.49, P < 0.0001) (Figure 2c), and positively 
correlated with WBC, NEU, CRP, PCT, IL-6, IL-8, and IL-10 (P < 0.05) (Figure 2a, b and d-h). OSM level was 

Table 1 Demographic Characteristics of the CAP Patients

Variable NSCAP (%) SCAP (%) p value

Male 39 (70.9) 42 (76.4) 0.516

Age≥65years 22 (40) 49 (89.1) < 0.001

Underlying diseases 29 (52.7) 54 (98.2) < 0.001

COPD 0 6 (10.9) 0.012

Coronary heart disease 5 (9.1) 31 (56.4) < 0.001

Chronic heart failure 1 (1.8) 15 (27.3) < 0.001

Hypertension 23 (41.8) 33 (60) 0.056

Diabetes mellitus 6 (10.9) 22 (40) < 0.001

Cerebrovascular disease 5 (9.1) 31 (56.4) < 0.001

Chronic renal disease 2 (3.6) 6 (10.9) 0.142

Smoking history 23 (41.8) 16 (29.1) 0.163

Inhalation factor 1 (1.8) 8 (14.5) 0.015

CURB-65 Score < 0.001

0–2 54 (98.2) 18 (32.7)

3–5 1 (1.8) 37 (67.3)

PSI (Risk class) < 0.001

I–III level 45 (81.8) 1 (1.8)

IV–V level 10 (18.2) 54 (98.2)

Abbreviations: CAP, community acquired pneumonia; NSCAP, non-severe community acquired pneumo
nia; SCAP, severe community acquired pneumonia; COPD, Chronic Obstructive pulmonary disease; CURB- 
65, confusion, uremia, respiratory rate, blood pressure, and age ≥65 years; PSI, pneumonia severity index.
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Table 3 Comparison of Laboratory Indexes Between the Two Groups

laboratory Indexes NSCAP SCAP p value

WBC (×109/L) 7.6 (6.1–10.2) 11.6 (8.6–15.6) < 0.001

NEU (×109/L) 5.0 (3.7–7.5) 10.1 (7.2–14.0) < 0.001

LYM (×109/L) 1.6 (0.9–2.1) 0.7 (0.5–1.2) < 0.001

PLT (×109/L) 210 (173–265) 185 (138–267) 0.09

CRP (mg/dl) 22.3 (8.5–103.6) 66.8 (29.1–122.3) 0.004

PCT (ng/mL) 0.1 (0.1–0.3) 0.5 (0.2–3.1) < 0.001

AST (U/L) 19.2 (14.7–29.0) 26.5 (18.0–41.3) 0.012

OSM (pg/mL) 26.0 (12.2–35.2) 72.3 (36.0–148.2) < 0.0001

IL-6 (pg/mL) 3.9 (3.1–6.2) 11.1 (6.2–17.7) < 0.001

IL-8 (pg/mL) 10.5 (7.9–14.1) 26.7(17.8–49.0) < 0.001

IL-10 (pg/mL) 11.1 (7.9–34.1) 14.7(10.2–49.7) 0.009

HCT < 30% (%) 1 (1.8) 11(20.0) 0.002

ALB <35g/L (%) 2 (3.6) 25(45.5) < 0.001

BUN >7mmol/L (%) 9 (16.4) 41(74.5) < 0.001

Glu > 11mmol/L (%) 1 (1.8) 11(20.0) 0.002

Abbreviations: CAP, community acquired pneumonia; NSCAP, non-severe community acquired pneumo
nia; SCAP, severe community acquired pneumonia; WBC, white blood cells; LYM, lymphocyte; NEU, 
neutrophils; HCT, hematocrit; PLT, platelet; CRP, C-reactive protein; PCT, procalcitonin; ALB, albumin; 
AST, aspartate aminotransferase; BUN, blood urea nitrogen; Glu, blood glucose; OSM, oncostatin-M; IL-6, 
interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10.

Table 2 Clinical and Imaging Characteristics of the CAP Patients

Variable NSCAP (%) SCAP (%) p value

Fever 34 (61.8) 45 (81.8) 0.02

Cough/expectoration 39 (70.9) 33 (60) 0.229

Chest pain 7 (12.7) 2 (3.6) 0.082

Dyspnea 16 (29.1) 33 (60) 0.001

Muscle soreness 7 (12.7) 2 (3.6) 0.082

Confusion 1 (1.8) 44 (80) < 0.001

Respiratory frequency≥30 breaths/min 0 7 (12.7) 0.006

Heart rate>100 beats/min 1 (1.8) 20 (36.4) < 0.001

SBP < 90 mm Hg or DBP ≤ 60 mmHg 2 (3.6) 6 (10.9) 0.142

Pleural effusion 4 (7.3) 24 (43.6) < 0.001

Multiple lobar infiltration 28 (50.9) 43 (78.2) 0.003

Abbreviations: CAP, community acquired pneumonia; NSCAP, non-severe community acquired pneumonia; SCAP, severe community 
acquired pneumonia; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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positively correlated with CURB-65 score (r = 0.57, P < 0.0001) and PSI score (r = 0.59, P < 0.0001), as shown in 
Figure 3a and b.

Comparison of Clinical Characteristics Between Dead and Surviving Groups
Patients with pneumonia were divided into survival and death groups, and the overall clinical characteristics of the 
two groups were analyzed. The results showed that the in-hospital fatality rate of pneumonia patients was 12.7%. 
Most of the dead group were male (85.7%), and they were more prone to dyspnea, disturbance of consciousness, 
rapid respiratory rate, and pleural effusion (P < 0.05). Also, there were statistically significant differences between 
the two groups with elevated inflammatory indexes, hypoproteinemia, and renal insufficiency (P < 0.05). The levels 
of OSM, IL-6, IL-8, and IL-10 in the dead group were significantly higher than those in the surviving group (P < 
0.05), as shown in Table 5.

Table 4 Comparison of Treatment and Complication Between the Two Groups

Treatment NSCAP SCAP p value

Application of steroids (%) 4 (7.3) 16 (29.1) 0.003

Application of vasoactive drugs (%) 2 (3.6) 18 (32.7) < 0.001

Mechanical ventilation (%) 0 13 (23.6) < 0.001

ICU admission (%) 0 18 (32.7) < 0.001

Hospital Mortality (%) 0 14 (25.5) < 0.001

Hospitalization days 8(7–10) 14 (9–21) < 0.001

Complication

Respiratory failure (%) 0 26 (47.3) < 0.001

Cardiac failure (%) 1(1.8) 19 (34.5) < 0.001

Arrhythmia cordis (%) 3(5.5) 10 (18.2) 0.039

Coagulation disorders (%) 0 6 (10) 0.363

Multiple organ failure (%) 0 14 (25.5) < 0.001

Abbreviations: NSCAP, non-severe community acquired pneumonia; SCAP, severe community acquired 
pneumonia; ICU, Intensive Care Unit.

Figure 1 Comparison of serum OSM levels between the two groups on the first day of admission.
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Binary Logistics Risk Regression Analysis of Factors Affecting in-Hospital Mortality 
Rate in CAP Patients
The variables with P < 0.05 in the single factor statistical analysis were included in the binary Logistic multivariate regression 
analysis, and the results showed that OSM (OR: 1.01, 95% CI: 1.003–1.018, P = 0.006) and PSI score (OR: 1.027, 95% CI: 1.009– 
1.045, P = 0.004) were independent risk factors for death in patients with CAP, as shown in Table 6.

Figure 2 Scatter plot of correlation analysis between OSM and inflammatory indicators.(a-h) Analysis of correlation between OSM concentration and lymphocyte count, 
neutrophil count, C-reactive protein, procalcitonin, interleukin-6, interleukin-8 and interleukin-10, respectively.

Figure 3 Scatter plot of correlation analysis between OSM and CAP disease severity scores.(a and b) Analysis of correlation between OSM concentration and CURB-65 
score and PSI score, respectively.

Table 5 Comparison of Clinical Features Between Dead and Surviving Groups

Variable Dead Group (n=14) Survival Group (n=96) p value

Age ≥ 65 years(%) 12 (85.7) 59 (61.5) 0.132

Male (%) 12 (85.7) 39 (40.6) 0.002

Clinical feature

Fever (%) 8 (57.1) 71 (74.0) 0.212

Chest pain (%) 2 (14.3) 7 (7.3) 0.321

(Continued)
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Table 5 (Continued). 

Variable Dead Group (n=14) Survival Group (n=96) p value

Dyspnea (%) 9 (64.3) 40 (41.7) 0.112

Confusion (%) 10 (71.4) 35 (36.5) 0.013

Respiratory frequency ≥ 30 breaths/min (%) 3 (21.4) 4 (4.2) 0.043

Heart rate >100 beats/min (%) 6 (42.9) 15 (15.6) 0.026

Pleural effusion (%) 9 (64.3) 20 (20.8) 0.007

WBC (×109/L) 13.2 (8.5–18.0) 8.9 (6.6–12.0) 0.028

NEU (×109/L) 12.3 (7.4–16.7) 8.9 (6.6–12.0) 0.004

LYM (×109/L) 0.6 (0.3–0.7) 1.2 (0.7–1.7) 0.002

OSM (pg/mL) 114.0 (84.7–199.0) 32.7 (20.0–61.4) < 0.0001

IL-6 (pg/mL) 11.1 (6.7–27.4) 5.3 (3.4–11.1) 0.024

IL-8 (pg/mL) 45.5 (21.5–91.9) 13.6 (9.4–23.4) < 0.0001

IL-10 (pg/mL) 20.6 (10.8–70.1) 12.3 (8.5–33.5) 0.028

PCT >0.5ng/mL (%) 6 (42.9) 68 (70.8) 0.064

ALB <35g/L (%) 12 (85.7) 48 (50.0) 0.012

BUN >7mmol/L (%) 10 (71.4) 40 (41.7) 0.006

Glu >11mmol/L (%) 3 (21.4) 12 (12.5) 0.403

CURB-65 score (%) 0.073

0–2 6 (42.9) 66 (68.8)

3–5 8 (57.1) 30 (31.3)

PSI (Risk class) (%) 0.001

I–III Level 0 46 (47.9)

IV–V Level 14 (100) 50 (52.1)

Abbreviations: WBC, white blood cells; LYM, lymphocyte; NEU, neutrophils; OSM, oncostatin-M; IL-6, interleukin-6; IL-8, interleukin-8; IL- 
10, interleukin-10; PCT, procalcitonin; ALB, albumin; BUN, blood urea nitrogen; Glu, blood glucose; CURB-65, confusion, uremia, 
respiratory rate, blood pressure, and age ≥65 years; PSI, pneumonia severity index.

Table 6 Independent Risk Factors for in-Hospital Mortality in Patients with CAP

Variable B OR (95% CI) p value

OSM level (pg/mL) 0.01 1.01 (1.003–1.018) 0.006

PSI score 0.026 1.027 (1.009–1.045) 0.004

Constant −6.297

Abbreviations: CAP, community acquired pneumonia; OSM, oncostatin-M; PSI, pneumonia severity index; 
B, regression coefficient; OR, odds ratio.
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The Area Under the Curve for Predicting Death in CAP Patients with Different Risk 
Factors
Based on the binary logistic multivariate regression analysis of the regression coefficients of the two independent 
variables related to hospitalization mortality, a new prognostic score - OSM+PSI score - was derived using the following 
mathematical formula: OSM+PSI score = constant (−6.297) + PSI score × 0.026 + OSM concentration (pg/mL) × 0.01. 
To determine whether OSM concentration, PSI score, and OSM+PSI score can predict death in patients with pneumonia 
and applied clinically, a receiver operating curve (ROC) was established. The area under the curve (AUC) was OSM 
(AUC = 0.8824, 95% CI: 0.8183–0.9466, P < 0.0001), OSM+PSI score (AUC = 0.8750, 95% CI: 0.8067–0.9433, P < 
0.0001), PSI score (AUC = 0.8404, 95% CI: 0.7631–0.9178, P < 0.0001), as shown in the Figure 4.

Analysis of Kaplan-Meier Survival Curves for OSM Levels Predicting Mortality in 
Patients with CAP
The cut-off value of OSM was calculated as 76pg/mL, corresponding to a sensitivity of 0.929 and a specificity of 0.823. 
Kaplan-Meier survival curves for patients diagnosed with CAP were analyzed based on OSM ≥ 76 pg/mL and OSM < 76 
pg/mL in the derived cohort. The results showed that OSM ≥ 76 pg/mL was more advantageous in predicting the 
mortality of CAP patients (P < 0.0001), as shown in Figure 5.

Discussion
It has been recognized worldwide that CAP is a common respiratory disease with high incidence and is an important 
cause of death from infectious diseases, with a heavy disease burden and great social harm. When NSCAP develops into 
SCAP, it can lead to systemic multiple organ failure.16 Studies have found that the morbidity and mortality of patients 
with moderate to SCAP are high, and the mortality of critically ill patients hospitalized with CAP ranges from 5% to 30– 
50%.17 Therefore, early assessment of disease severity in CAP patients and identification of major risk factors affecting 

Figure 4 ROC curve of death in patients with CAP predicted by different risk factors.

Figure 5 Survival curves of OSM concentrations predicting mortality in patients with CAP.
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the prognosis of patients can improve the success rate of treatment, improve the efficiency of medical resources and 
reduce the burden of disease. The clinical scoring system has its own limitations, and the emergence of biomarkers in the 
early identification of SCAP high-risk groups plays an important role in the development of the potential.

OSM is a very important pleiotropic cytokine in the IL-6 family, and its secretion has been found to be involved in the 
immune pathogenesis of various tumors. OSM is involved in the pathogenesis of a variety of human inflammatory diseases 
including lung disease, including intestinal perfusion injury, inflammatory bowel disease, and pulmonary interstitial fibrosis. 
In recent years, more and more studies have been conducted on the role of OSM in pulmonary infectious diseases, especially 
on the regulation of immune mechanisms in mouse models of pneumonia. A prospective study of adenovirus-infected mouse 
models reported that IL-6 plays a pivotal role in the immunomodulation of pulmonary infection, but OSM was shown to 
induce B cell activation and broncho-associated lymphoid tissue independently of IL-6 and exert pro-inflammatory effects.12 

Machiyama et al proved for the first time that OSM-mediated pulmonary inflammation depended on TRAF5, which induced 
the expression of VCAM-1 through OSM signal.13 The OSM-TRAF5-VCAM-1 axis is expected to be a new target for the 
treatment of pulmonary inflammation.13 In addition, it was also found in a mouse model of pneumonia infected by 
experiments on mouse lung tissue and alveolar lavage fluid confirmed that OSM can rapidly induce pulmonary epithelial 
cells to activate transcription and activate STAT3, promote the expression of neutrophil chemokine CXCL5, and then play 
a pro-inflammatory role.14 Studies on the immune regulatory mechanisms of OSM in various signaling pathways in animal 
models are relatively mature. However, there have been few studies on the severity of disease in OSM and CAP patients. This 
study analyzed the difference in OSM across disease severity and its predictive value for mortality in hospitalized patients with 
CAP, which is expected to become a new clinical biomarker for CAP patients.

A prospective study of 49 patients found that on the first day of ICU admission, serum OSM levels in patients with 
sepsis were significantly higher than those in controls (patients with multiple injuries, brain trauma, intracranial 
hemorrhage, cerebrovascular accident, and hypertension in emergency departments) and healthy volunteers.9 Another 
study showed that bacterial DNA content in severe COVID-19 patients was significantly correlated with inflammatory 
mediators IL-6 and OSM.18 In this study, OSM levels in patients with SCAP on the first day of admission were 
significantly higher than those in patients without SCAP, which was consistent with the above findings, suggesting that 
OSM levels were elevated in patients with severe infection regardless of the site of infection. Part of the apparent 
increase in cytokines release may be due to increased bacterial products in the lung or other tissues, in conjunction with 
activated macrophage monocytes. Another study of 50 antibody-positive patients (39 asymptomatic and 11 symptomatic) 
who were included in the 7-8-month recovery period of SARS-CoV-2 infection found that serum OSM levels were 
elevated in the antibody-positive group.19 This suggests that it is necessary to monitor OSM levels in CAP patients with 
or without clinical symptoms at a later stage, and the clinical value of OSM in the prognosis of CAP patients can be 
studied by increasing the samples in the future.

During the progression of CAP disease, a variety of inflammatory mediators (WBC, NEU, CRP, IL-6, IL-8, IL-10, etc.) 
are increased, resulting in systemic inflammatory response, which can lead to multiple organ failure or even death in severe 
cases. As the severity of CAP increases, the above inflammatory mediators can partly reflect the severity of CAP and predict 
the prognosis of the disease. In previous sepsis patients, OSM level was significantly correlated with the increase of PCT 
and WBC on the day of admission.18 In this study, OSM levels were positively correlated with inflammatory mediators 
(WBC, NEU, CRP, PCT) and cytokines (IL-6, IL-8, IL-10), but negatively correlated with LYM. At present, clinical 
assessment of disease severity of CAP patients relies on the CURB-65 score and PSI score. Especially in the outpatient 
consultation process, where the steps of CURB-65 score are relatively simple. It is more helpful for doctors to have 
a preliminary understanding of the patient’s condition before deciding on a diagnosis and treatment plan. This study found 
that OSM level was positively correlated with CURB-65 score (r=0.57, P < 0.0001) and PSI score (r=0.59, P < 0.0001). In 
summary, there is a significant correlation between the level of OSM and the degree of inflammation and the severity of the 
disease during the progression of CAP disease. Clinical detection of OSM levels can provide a basis for the development of 
further treatment plans.

This study found that the level of OSM on the first day of admission was significantly higher in patients with death 
than in patients with survival, and OSM concentration was an independent risk factor for death in patients with CAP. 
A prospective study conducted by Chongqing Medical University to explore the possibility of OSM as a biomarker for 
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predicting mortality in sepsis patients found by binary logistic regression analysis that the level of OSM in sepsis patients 
on the day of admission to ICU (B = 0.000, OR = 1.000, P = 0.015) and SOFA score (B = 0.180, OR = 1.110, P = 0.020) 
were independent risk factors for 28-day mortality.9 The addition of a specific biomarker, OSM, may improve the 
accuracy of risk stratification and prognosis assessment in patients with CAP.

In this study, OSM concentration (AUC = 0.8824, 95% CI: 0.8183–0.9466, P < 0.0001) was a simple and reliable 
predictor of CAP inpatient mortality, significantly better than the current PSI score (AUC = 0.8404, 95% CI: 0.7631– 
0.9178, P < 0.0001) and OSM+PSI score (AUC = 0.8750, 95% CI: 0.8067–0.9433, P < 0.0001). Especially when the 
OSM concentration is ≥76 pg/mL, clinicians should attach great importance to the possibility of death in patients with 
SCAP and have better clinical diagnostic efficacy. China’s 2016 Adult CAP Guidelines clearly point out that it is 
recommended to combine CURB-65 score with clinical practice to predict the risk of death, especially high-risk 
patients with scores≥3 should be hospitalized early. The 2019 American Infectious Diseases Society/Thoracic Society 
(ATS/IDSA) Guidelines for the management and treatment of CAP patients suggest that PSI score can better predict 
mortality.20 A prospective study published in Chest in 2021 for predicting mortality in patients with SARS-CoV-2 CAP 
and non-SARS-CoV-2 CAP performed ROC analysis on PSI scores.21 AUC values for SARS-CoV-2 CAP and non- 
SARS-CoV-2 CAP patients were 0.82 (95% CI: 0.78–0.86) and 0.79 (95% CI: 0.77–0.80). For the CURB-65 score, 
ROC analysis showed an AUC of 0.79 (95% CI: 0.75–0.84) and 0.75 (95% CI: 0.73–0.77) for both groups, 
respectively.

Therefore, the authors suggest that the PSI and CURB-65 scores are sufficient to predict mortality in clinical practice. 
Marta et al also came to the same conclusion.22 The severity score of PSI is largely dependent on advanced age and 
complications,23,24 but the reported occurrence of 2009 H1N1 influenza virus infection in healthy young adults (32–35 
years of age) may be one of the reasons why PSI scores do not predict case fatality. Another possible explanation is that 
current CAP severity scores are focused on CAP patients with both typical and atypical bacterial pneumonia. It is worth 
noting that the calculation of PSI score is relatively complicated, which limits its application to some extent. As for the 
CURB-65 score, although it is simple to operate in outpatient applications, its specificity is relatively poor. In addition, 
the CURB-65 and PSI scores were biased in evaluating the severity of viral pneumonia, and in fact, preferred the 
oxygenation index combined with the absolute reduction of peripheral blood lymphocytes to predict the mortality of viral 
pneumonia. The clinical value of detecting OSM concentration in predicting mortality in patients with CAP should not be 
underestimated.

In recent years, serum IL-37,25 IL-17,26 soluble urokin-type plasminogen activator receptor (suPAR),27 progranulin 
(PGRN),28 and other new cytokines are predicted CAP patients have important value in disease severity and prognosis. 
However, a cytokine with high specificity and sensitivity for the prognosis of SCAP has not yet been identified, and the 
use of a new biomarker, OSM, has the potential to stratify patients with CAP and identify patients with severely life- 
threatening infections earlier and better, which is important for personalized treatment in the future.

In SCAP, the search for biomarkers of severity and response to treatment will intensify as research into 
immunomodulatory therapies intensifies. Only when combined with disease severity scores and biomarkers is it 
possible to increase diagnostic and predictive value. Identifying risk factors may help develop better strategies for 
prevention and early identification of SCAP and help identify patients requiring ICU admission to reduce the disease 
burden of CAP.

This is a single-center study with a small sample size. Larger sample sizes and multi-center studies are needed to 
compensate for the influence of confounding factors on OSM protein concentrations, which will further confirm the value 
of OSM in evaluating the disease severity and prognosis of CAP patients. Moreover, the OSM concentrations have been 
only measured in the serum of CAP patients, and the OSM levels in sputum and bronchial lavage were unknown. No 
microbiological data were provided, so we could not determine whether the presence of a highly virulent or drug- 
resistant pathogen had an impact on the outcome of patients with CAP. In the future, we will expand the sample size, set 
up the control group, and find the critical value of OSM concentration more accurately, so as to provide more favorable 
evidence for clinical diagnosis and treatment.
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Conclusion
Serum OSM has a certain value for the early diagnosis of CAP patients. As a risk factor for the prognosis of CAP 
patients, OSM has a suggestive and predictive effect on the severity and prognosis of CAP patients.
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