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Abstract. Introduction: To analyze the significance of lung ultrasound score (LUS) combined with 

serum inflammatory indexes in different severities of severe pneumonia and its clinical value on 

prognosis.  

Methods: 100 patients with severe pneumonia treated in the Gansu Provincial Hospital from June 

2017 to June 2021 were selected as the research objects. According to the acute physiology and 

chronic health (APACHE II) score, they were divided into a low-risk group (28 cases), a medium-

risk group (39 cases) and a high-risk group (33 cases). The general clinical data of the patients 

(age, gender, smoking history, and underlying diseases) were collected, the lung ultrasound score 

(LUS) of the patients was measured, and the serum inflammatory indicators (IL-6, IL-10, TNF-α, 

CRP and NLR) levels; Pearson correlation analysis to evaluate the correlation between LUS score, 

serum inflammatory index levels and disease severity; receiver operating characteristic (ROC) 

curve analysis to evaluate the prognostic value of the combined diagnosis of LUS score and serum 

inflammatory index for the severity of severe pneumonia.  

Results: With the increase in the severity of severe pneumonia, the LUS score and the level of 

inflammation in the body continued to increase, and LUS combined with serum inflammatory 

indexes could distinguish the severity of low-risk, medium-risk and high-risk severe pneumonia 

and had high diagnostic value. In addition, the combined diagnosis of LUS and serum 

inflammatory markers is also closely related to the prognosis of patients with severe pneumonia, 

which can distinguish the prognosis.  

Conclusion: LUS combined with serum inflammatory indicators (IL-6, IL-10, TNF-α, CRP and 

NLR) can differentiate the severity and prognosis of severe pneumonia, which may be a new 

direction for diagnosing severe pneumonia and guide early clinical intervention. 
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Introduction. Pneumonia is one of the most common 

clinical infectious diseases, which refers to the terminal 

pulmonary airway, which occurs after the body is 

damaged by pathogens, drugs, physical and chemical  
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Table 1. Diagnostic criteria for severe pneumonia. 

Major criteria Minor criteria 

1. Mechanical ventilation with endotracheal intubation; 

2. Septic shock requiring vasoactive drugs. 

1. Respiratory rate ≥ 30 times/min; 

2. Oxygenation index (PaO2/FiO2)≤250mmHg; 

3. Multilobar infiltration; 

4. Confusion and/or disorientation; 

5. Azotemia (BUN≥20mg/dL); 

6. Leukopenia (WBC≤4×109/L); 

7. Thrombocytopenia (PLT≤100000/mm3); 

8. Hypothermia (central body temperature <36°C); 

9. Decreased blood pressure requiring fluid resuscitation. 

Severe pneumonia can be diagnosed if any one of the major criteria or more than or equal to three minor criteria is met 

factors, and immune factors.1-3 Bacterial pneumonia is 

the most common inflammation of the alveoli and 

pulmonary interstitium.4 Severe pneumonia is a 

pulmonary infection that progresses from lung tissue 

inflammation to a certain stage to form organ 

dysfunction.5 According to statistics, about 20% of 

hospitalized patients with pneumonia are severe patients, 

and the disease develops rapidly, with a fatality rate as 

high as 30%-50%, which seriously endangers the life and 

health of patients.6-8 At present, most of the criteria for 

clinical diagnosis of severe pneumonia refer to the 2009 

Infectious Diseases Society of America (IDSA)/ 

American Thoracic Society (ATS) guidelines. In order to 

simplify procedures, an attempt is made to optimize the 

clinical diagnosis of severe pneumonia by adopting new 

simplified standards; however, it is relatively time-

consuming and may cause delays in the treatment of 

critically ill patients.9,10 Therefore, continuously 

optimizing the clinical diagnosis of severe pneumonia 

has become a research hotspot in recent years.11 

Lung ultrasound is a means of analyzing lung lesions 

based on ultrasound artefacts.12 When lung lesions occur, 

the total amount of gas in the alveoli decreases, and the 

mixture of liquid and gas produces high-acoustic 

impedance ultrasound artefacts.13 The normal and 

abnormal images are judged according to the artefacts.14 

With the rapid development of modern ultrasound 

technology, it has a wide range of clinical application 

prospects.15 Lung ultrasound score (LUS) has gradually 

become one of the green means of lung disease 

examination.16 In addition to obtaining accurate imaging 

results, necessary laboratory inflammatory markers are 

also very important, including interleukin-6 (IL-6), 

interleukin-10 (IL-10), tumor necrosis factor-α (TNF-α), 

C-reactive protein (CRP), neutrophil/ lymphocyte ratio 

(NLR) and other large release are important factors that 

cause secondary injury, which not only helps in the 

clinical assessment of the condition but also can 

determine the prognosis and outcome of patients.17-19 In 

recent years, the research on LUS and serum 

inflammatory indicators has been increasing, and it is 

believed that the combination of the two can reflect the 

degree of infection and disease status of patients.20 

However, there are few studies on applying LUS and 

serum inflammatory indicators in severe pneumonia, and 

no obvious answer has been given. This article will 

analyze the clinical data of 100 patients with severe 

pneumonia treated in our hospital from June 2017 to June 

2021 and analyze the significance of LUS combined with 

serum inflammatory indexes in different severities of 

severe pneumonia and its clinical value on prognosis. 

 

Materials and Methods. 

General information. One hundred patients with severe 

pneumonia treated in Gansu Provincial Hospital from 

June 2017 to June 2021 were selected as the research 

objects. Inclusion criteria: meet the diagnostic criteria 

established by the American Society of Infectious 

Diseases and Thoracic Society in 2007 (Table 1); age 

18-70; good patient compliance; complete clinical data. 

Exclusion criteria: patients with severe liver and kidney 

insufficiency; patients with low immune function; 

patients with severe diseases of the blood system and 

immune system; patients with immunosuppression; 

patients with advanced liver cirrhosis, acute stroke, and 

malignant tumors. The study conformed to clinical 

ethical standards and was approved by the Gansu Baoshi 

Flower Hospital ethics committee (Approval 

Number:201703GS71). All patients or their families 

gave informed consent to this study. 

 

Collecting data. Electronic medical records were used to 

collect general information about all patients, including 

age, gender, smoking history, and underlying diseases. 

Acute Physiological and Chronic Health Score 

(APACHE II) was performed within 24 hours of 

admission to assess the severity of the disease. 

 

Grouping method. According to the severity of the 

disease, patients with severe pneumonia were divided 

into low-risk (LR) group (APACHE II score <20 points), 

medium-risk (MR) group (APACHE II score of 20-30 

points) and high-risk (HR) group (APACHE II score ≥30 

points). All patients were followed up for 30 days and 

were divided into a good prognosis (GP) group 

(recovered and discharged without sequelae) and a poor 

prognosis (PP) group (patients died or survived but had 

severe sequelae) according to their prognosis. 

http://www.mjhid.org/
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Table 2. Lung ultrasound scoring criteria. 

Scoring Ultrasound Image Appearance 

0 Clear A-line and lung sliding sign or 1-2 B-lines 

1 ≥3 B-lines or small subpleural consolidation separated by smooth pleural lines 

2 Multiple combined B-lines or small subpleural consolidations separated by thickened, irregular pleural lines 

3 Subpleural consolidation greater than 1 × 2 cm 

 

Table 3. Comparison of general data among groups of different severity. 

Item 
Low-risk group 

(n=28) 

Medium-risk group 

(n=39) 

High-risk group 

(n=33) 
p-value 

Age (years) 41.71±13.01 45.90±11.29 45.06±13.01 NS 

Gender (M/F) 13/15 22/17 20/13 NS 

Smoking history (yes/no) 11/17 26/13 17/16 NS 

Concomitant underlying disease (yes/no)       12/14 24/15 21/9 NS 

Lung Ultrasound Score (LUS). Lung ultrasonography 

was performed within 24 hours after admission using a 

SonoSound portable ultrasonograph (Sonosite, USA). 

The reference method was used to perform lung 

ultrasound division. The patient is supine and examined 

using the twelve-zone method. Each side is divided into 

three zones: anterior, lateral, and posterior, through the 

anterior and posterior axillary lines. Further division 

occurs within these zones; the three zones are divided 

into upper and lower parts at the horizontal position of 

the fourth rib space of the anterior chest (second or third 

rib space for women) connected by two nipples.21,22 

Examination field: Examine each lung area in the 

longitudinal plane, examine each intercostal space 

present in this area in the transverse plane, and examine 

at least one complete respiratory cycle at each point. 

Each area was scored according to the examination 

results (Table 2), and all areas were aggregated to 

calculate the final score.23 When there were multiple 

ultrasound findings in one area, the maximum value was 

taken. The lowest score is 0, and the highest score is 36. 

The higher the score, the more severe the mixed lung 

disease. 

 

Detection of serum inflammatory markers. 5 mL of 

peripheral blood was drawn from the patient 24 h after 

admission, and serum samples were collected by 

centrifugation at 3000 g for 15 min. Serum IL-6, IL-10, 

TNF-α, CRP and NLR (neutrophil/lymphocyte) were 

detected using a Multiskan FC microplate reader 

(Thermo Company, USA) and ELISA kit (Nanjing et al., 

China). According to the ELISA kit instructions, add 50 

μL of the diluted standards and samples to a 96-well plate 

and incubate at 37 °C for 30 min. After washing five 

times with the washing solution, add 50 μL of Reagent A 

(negative control tube) and 50 μL of Reagent B (assay 

tube) and incubated at 37 °C for 10 min, then 50 μL of 

stop solution was added to each well. Read the 

absorbance on a microplate reader and determine the 

sample concentration according to the standard curve. 

Statistical methods. SPSS 22.0 statistical software was 

used to analyze and process the data, and GraphPad 8.0 

software was used for drawing. T-test or chi-square test 

was used to compare two groups, and the one-way 

analysis of variance or Kruskal Wallis test was used to 

compare multiple groups. p < 0.05 was considered 

statistically significant. 

 

Results. 

Comparison of general data among groups of different 

severity. Among all 100 patients with severe pneumonia, 

there was no significant difference in age, gender, 

smoking history and underlying diseases between groups 

of different severity (p>0.05) (Table 3). 

 

Comparison of APACHE Ⅱ and LUS scores among 

groups with different severity. The APACHE II and LUS 

scores exhibited significant variations across the three 

groups as the disease severity escalated. (p < 0.05) 

(Figure 1A-B). The relationship between the APACHE 

II score and the LUS score was examined by performing 

the Pearson correlation analysis; the results showed that 

the LUS score was positively correlated with the 

APACHE II score (p < 0.0001) (Figure 1C). 

 

Comparison of serum inflammatory index levels among 

groups with different severity. Subsequently, we 

analyzed the expression patterns of serum inflammatory 

markers among patients with severe pneumonia. The 

results showed that with the increase in the severity of 

severe pneumonia, the levels of IL-6, IL-10, TNF-α, 

CRP and NLR in serum gradually increased (p < 0.0001, 

p < 0.01, p < 0.05, p < 0.001) (Figure 2). Moreover, the 

results showed that the APACHE Ⅱ score was closely 

related to IL-6, IL-10, TNF-α, CRP and NLR levels, 

suggesting that with the increase in the severity of severe 

pneumonia, the level of inflammation in the body was 

also increasing (p < 0.0001) (Figure 3). 

 

The diagnostic value of LUS combined with serum 

http://www.mjhid.org/
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Figure 1. Comparison of APACHE II and LUS scores among groups with different severity. (A-B) Comparison of APACHE II scores (A) and 

LUS scores (B) among groups of different severity; (C) Correlation analysis of APACHE II and LUS scores. *p<0.05, ***p<0.0001. 

 

 
Figure 2. Comparison of serum inflammatory index levels among groups with different severity. (A-E) Comparison of serum IL-6 levels (A), 

IL-10 levels (B), TNF-α levels (C), CRP levels (D), and NLR levels (E) among groups with different severity. *p<0.05, **p<0.01, ***p<0.001, 

****p<0.0001. 

 

inflammatory markers for severity. Unsupervised PCA 

analysis and supervised PLS-DA discriminant analysis 

were conducted on severe pneumonia patients with LUS 

(Figure 4A-B), and the results showed that patients with 

severe pneumonia of different severity were similar 

within groups and significantly different between groups. 

The heat map of cluster analysis showed that the LR, MR, 

and HR groups were hierarchically clustered, suggesting 

that LUS combined with serum inflammatory markers 

could distinguish different severity of severe pneumonia 

(Figure 4C). 

The diagnostic value of LUS and serum inflammatory 

index on the severity of severe pneumonia was analyzed 

by ROC curve and AUC. The results showed that the 

diagnostic value of LUS combined with serum 

inflammatory markers for severity was higher than the 

single diagnostic value of LUS score and serum IL-6, IL-

10, TNF-α, CRP and NLR levels (Figure 4D-E). 

 

Comparison of LUS scores and serum inflammatory 

factor levels between different prognostic groups. All 

patients were followed up for 30 days; 43 cases were in 

the GP group, and 57 were in the PP group. Among them, 

the LUS score and the serum inflammatory factor levels 

of the PP group were significantly higher than those of 

the GP group (p < 0.0001, p < 0.0001, p < 0.01) (Figure 

http://www.mjhid.org/
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Figure 3. Correlation analysis between APACHE Ⅱ score and serum inflammatory index levels. (A-E) Correlation analysis between APACHE 

Ⅱ score and serum IL-6 levels (A), IL-10 levels (B), TNF-α levels (C), CRP levels (D), and NLR levels (E). ****p<0.0001. 

 

 
Figure 4. The diagnostic value of LUS combined with serum inflammatory markers for severity. (A) PCA analysis of LUS combined with 

serum inflammatory markers of different severity in patients with severe pneumonia; (B) PLS-DA discriminant analysis of LUS combined 

with serum inflammatory markers of different severity in patients with severe pneumonia; (C) Groups of patients with different severity of 

severe pneumonia Inter-clustering heat map; (D) ROC curve analysis of LUS combined with serum inflammatory markers in the low-risk 

group and medium-risk group of severe pneumonia patients; (E) ROC curve analysis of LUS combined with serum inflammatory markers in 

medium-risk group and high-risk group of severe pneumonia patients. 
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Figure 5. Comparison of LUS scores and serum inflammatory factor levels between different prognostic groups. (A-F) Comparison of LUS 

scores (A), serum IL-6 levels (B), IL-10 levels (C), TNF-α levels (D), CRP levels (E), and NLR levels (F) between different prognosis groups. 

**p<0.01, ****p<0.0001. 

 

5A-F), suggesting that the LUS score and serum 

inflammatory factor levels are also related to the 

prognosis of patients with severe pneumonia. 

 

The diagnostic value of LUS combined with serum 

inflammatory markers for prognosis. Unsupervised PCA 

and PLS-DA discriminant analyses were performed on 

the prognosis of severe pneumonia patients with LUS 

combined with serum inflammatory indicators. The 

results suggested that the prognosis of patients with 

severe pneumonia was similar within the group, and the 

difference between the groups was significant (Figure 

6A-B). The diagnostic value of LUS and serum 

inflammatory markers in the prognosis of severe 

pneumonia was analyzed by ROC curve and AUC. The 

results showed that the diagnostic value of LUS 

combined with serum inflammatory markers for 

prognosis was higher than the single diagnostic value of 

LUS score and serum IL-10, TNF-α, CRP and NLR 

levels, suggesting that LUS combined with serum 

inflammatory markers had a higher prognosis for severe 

pneumonia (Figure 6C). 

 

Discussion. Severe pneumonia is one of the most 

common critical infectious diseases in clinical practice .24 

It is mainly characterized by ferocity and rapid progress. 

Most patients often develop from a simple pulmonary 

infection to a systemic one.25 The local inflammation in 

pneumonia results from pathogen infection and the 

body's reactivity. The entry of infectious agents into the 

lungs can stimulate alveolar macrophages, produce a 

large number of inflammatory factors, and mediate the 

migration of inflammatory cells in the peripheral 

circulation, exacerbating the severity of pneumonia. 

Therefore, timely and effective assessment of the 

severity of the patient's disease and constant treatment 

guidance to achieve clinical stability as soon as possible 

are of great significance in reducing the mortality rate 

and improving the prognosis of patients with severe 

pneumonia. This study analyzed the diagnostic value of 

LUS combined with serum inflammatory markers for the 

severity and prognosis of severe pneumonia and 

evaluated its feasibility in the prevention and 

management of severe pneumonia. The results showed 

that with the increase in the severity of severe  

pneumonia, the LUS score and the level of inflammation 

in the body continued to increase, and the combination 

of   LUS   and   serum  inflammatory   indicators   could

http://www.mjhid.org/
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Figure 6. The diagnostic value of LUS combined with serum inflammatory markers for prognosis. (A) PCA analysis of prognostic LUS 

combined with serum inflammatory markers in patients with severe pneumonia; (B) PLS-DA discriminant analysis of prognostic LUS 

combined with serum inflammatory markers in patients with severe pneumonia; (C) Prognostic LUS combined with serum inflammatory 

markers in patients with severe pneumonia ROC curve analysis. 

 

distinguish the severity of low-risk, medium-risk and 

high-risk severe pneumonia, with a higher diagnosis 

value. In addition, the combined diagnosis of LUS and 

serum inflammatory markers is also closely related to the 

prognosis of patients with severe pneumonia, which can 

distinguish the prognosis and guide early clinical 

intervention. 

IL-6, IL-10, TNF-α, and CRP are widely recognized 

as canonical inflammatory factors and significantly 

contribute to the pathogenesis of diverse inflammatory 

disorders. These factors possess the ability to stimulate 

human neutrophils and lymphocytes, thereby eliciting 

immune responses.26 Moreover, NLR represents a 

promising biomarker that can effectively reflect immune 

dysregulation and systemic inflammatory reactions 

within the organism.27 Studies in recent years have 

shown that the levels of IL-6, IL-10, TNF-α, CRP and 

NLR are closely related to the pathogenesis of 

pneumonia.28,29 Some studies have shown that in cases of 

COVID-19, especially in severe cases, the level of such 

inflammatory-related factors and indicators is valuable 

for judging the prognosis of severe COVID-19 and is 

closely related to the severity of the disease.30,31 

Consistent with the results of this study, as the severity 

of severe pneumonia increases, the levels of IL-6, IL-10, 

TNF-CRP and NLR were significantly increased. 

Additionally, patients with an unfavorable prognosis 

exhibited heightened levels of pro-inflammatory factors. 

The serum inflammatory factor levels were closely 

related to the severity and prognosis of severe pneumonia. 

http://www.mjhid.org/
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To some extent, it partially reflects the immune 

inflammatory characteristics exhibited by patients with 

severe pneumonia, thereby holding substantial 

importance in elucidating the pathogenesis and 

forecasting outcomes. However, the integration of 

multiple inflammatory factors with clinical practice has 

the potential to enhance the accuracy and precision of 

predictions. Based on this, we explored the clinical 

utility of combining inflammatory factors with LUS in 

predicting the severity and prognosis of severe 

pneumonia.  

The lung ultrasound (LUS) significance in the 

diagnosis and assessment of pneumonia has been 

acknowledged.32-34 Our findings indicate a positive 

association between the disease severity and the LUS 

score. Additionally, we performed correlation analysis, 

which revealed a positive correlation between the LUS 

score and the clinical Acute Physiology and Chronic 

Health Evaluation II (APACHE II) score. Furthermore, 

LUS, in conjunction with clinical manifestations and 

laboratory findings, exhibits a notable level of sensitivity 

and specificity, thereby serving as a valuable tool for 

guiding pneumonia treatment and monitoring disease 

progression.34,35 In order to assess the diagnostic and 

predictive efficacy of serum inflammatory factor levels 

and LUS scores, we employed unsupervised PCA 

analysis, supervised PLS-DA analysis, and cluster 

heatmap analysis. Our findings indicate that integrating 

serum factor levels and NLR with LUS scores effectively 

differentiates the severity and prognosis of patients with 

severe pneumonia. Furthermore, using ROC curves and 

AUC to examine the combination of serum 

inflammatory-related factors and NLR with LUS scores 

demonstrates a heightened diagnostic value. The 

combined diagnosis of LUS and serum inflammatory 

markers helps judge the disease progression of patients 

with severe pneumonia, identifying disease prognosis as 

early as possible and providing guidance for early 

clinical diagnosis and treatment. 

 

Conclusions. LUS combined with serum inflammatory 

indicators (IL-6, IL-10, TNF-α, CRP and NLR) can 

differentiate the severity and prognosis of severe 

pneumonia, and that may be a new direction for severe 

pneumonia diagnosis and early clinical intervention 

guide. 
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