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Introduction: Severe pneumonia progresses rapidly, so early assessment of the severity and prognosis is crucial for reducing 
mortality rates.
Objective: We explore the role of serum microRNA-24 (miR-24) and microRNA-223 (miR-223) in the prognosis of severe 
pneumonia.
Methods: There were a total of 96 patients with general pneumonia, 94 patients with severe pneumonia, and 93 healthy people, who 
were enrolled in this study. The levels of serum miR-24 and miR-223 were detected by real-time fluorescent quantitative PCR in all 
groups.
Results: The serum miR-223 level in the severe group was higher than that in the common group and the control group, and the miR- 
24 level was lower than that in the common group and the control group (P<0.05). The serum miR-223 levels and APACHEII scores in 
the death group were higher than those in the survival group on the first, third, and seventh day after admission, while the miR-24 
levels were lower than those in the survival group (P<0.05). The proportion of patients with mechanical ventilation in the death group 
was higher than that in the survival group (P<0.05). The level of serum miR-24 was negatively correlated with APACHEII score and 
mechanical ventilation in patients who died of severe pneumonia (P<0.05), and miR-223 was positively correlated with APACHEII 
score and mechanical ventilation (P<0.05). The AUC predicted by serum miR-24, miR-223, and APACHEII scores alone and jointly 
were 0.867, 0.839, 0.791, and 0.952, respectively. MiR-24 and miR-223 are protective and independent risk factors for mortality in 
severe pneumonia patients, respectively (P<0.05). MiR-24 was a protective factor affecting the death of patients with severe 
pneumonia, and miR-223 was an independent risk factor affecting the death of patients with severe pneumonia (P<0.05).
Conclusion: The combination of serum miR-24 and miR-223 levels on the first day after admission and APACHEII score can 
effectively predict prognosis.
Keywords: severe pneumonia, micro RNA-24, micro RNA-223, prognosis

Introduction
Severe pneumonia is a common critical disease of respiratory system that can involve the functions of multiple organs 
other than the lung. With a high fatality rate, it is a major disease among patients in intensive care unit.1,2 It is important 
to implement disease monitoring and assess prognosis early, which helps determine the therapy and plays a key role in 
saving patients’ lives and improving prognosis. In previous studies, acute physiology and chronic health evaluation 
scoring system II (APACHE II) was used to evaluate the disease severity of pneumonia patients. Nevertheless, with more 
involved contents, strong subjectivity, and low evaluation efficiency, it cannot provide effective reference for doctors to 
grasp the optimal treatment opportunity.3,4 In recent years, studies have shown that microRNA (miRNA) and other 
biological indexes are closely related to the occurrence and development of pneumonia, which can offer reliable 
information for pneumonia diagnosis and treatment.5–7 MiR-24 is a miRNA associated with inflammation, lung injury, 
and pneumonia progression.8 Research by Houshmandfar et al shows that miR-223, as an inflammatory regulator and 
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NLRP3 inflammatory body, participates in the immune inflammatory mechanism of COVID-19.9 Accordingly, this study 
aims to investigate the expression and clinical significance of miR-24 and miR-223 in severe pneumonia patients.

Data and Methods
General Data
The clinical data of 190 pneumonia patients admitted to our hospital from December 2020 to November 2022 were 
retrospectively analyzed. According to whether the criterion for severe pneumonia was met, the patients were divided 
into 96 common pneumonia cases (common group) and 94 severe pneumonia cases (severe group). The common group 
and the severe group had an age of 18–76 years and 18–78 years, respectively. According to whether patients died 28 
days after admission, severe pneumonia patients were divided into survival group (62 cases) and death group (32 cases). 
In the same period, 93 healthy subjects aged from 18 to 75 years old were selected as the control group. The study was 
approved by the ethics committee of our hospital (GZSRMYY2019070309) and gained informed consent from the 
patients and their families. The case collection flow chart is shown in Figure 1.

Inclusion criteria: ① Pneumonia patients met the diagnostic criteria10; ② Hospital stay lasted more than 28 d; (3) 
Patients had complete clinical data, and informed consent was obtained from family members or the patient. Exclusion 
criteria: ① Patients with severe cardiovascular and cerebrovascular diseases; ② Patients with malignant tumors, 
abnormal coagulation, or blood system diseases; ③ Patients with diffuse pulmonary hemorrhage; ④ Patients with 
pulmonary embolism, pulmonary tuberculosis, and other lung diseases.

Research Methods
General Data Collection
Data were collected from severe pneumonia patients, including gender, age, body mass index, smoking history, 
hypertension history, diabetes history, primary disease, mechanical ventilation, partial pressure of carbon dioxide, 
APACHE II score.

Determination of Serum miR-24 and miR-223 Levels
A total of 3 mL peripheral venous blood was collected from each group at the time of inclusion (the first, third, and 
seventh days. after admission) and centrifuged at 3000 r/min at 4°C for 15 min. The upper serum was collected and 
stored at −80°C in ultra-low temperature refrigerator. Total serum RNA was extracted using miRNA extraction kit 
(Shanghai Yaji Biotechnology Co., LTD., 51076) and reverse transcription kit (Jiangxi IBIO Biotechnology Co., LTD., 
IBO1164G). Template cDNA was obtained by reverse transcription. Specific procedures followed the instructions. 
Quantitative real-time PCR (qRT-PCR) was performed using cDNA as a template. The reaction system was as follows:                 

Figure 1 Case collection flow chart.
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qPCR SYBR® Green Master Mix (Beijing Bovols Biotechnology Co., LTD., G3325-01) 10 µL, template cDNA (50 ng/ 
µL) 1 µL, upstream and downstream primers (10 µmol/L) 0.8 µL each, ddH2O supplemented to 20 µL. Reaction 
conditions were as follows: predenaturation at 95°C for 5 min; denaturation at 95°C for 30s, annealing at 58°C for 30s, 
extension at 72°C for 30s, for a total of 40 cycles. The relative expression levels of serum miR-24 and miR-223 were 
calculated by 2−∆∆CT method, with primer sequences shown in Table 1.

Statistical Analysis
SPSS 25.0 statistical software was used to analyze and process the data. The measurement data conformed to normal 
distribution and were expressed as mean ± standard deviation (x� s). Independent sample t-test was used for comparison 
between the two groups, univariate analysis of variance was used for comparison of multiple groups at the same time 
point, while repeated measurement analysis of variance was used for comparison of multiple time points. The count data 
was represented by n (%), and χ2 test was used for comparison between groups. Pearson or Spearman correlation analysis 
was performed to examine the correlation between serum miR-24 and miR-223 levels and APACHEII scores, and 
mechanical ventilation in severe pneumonia death cases. Receiver operating curve (ROC) was plotted to test the 
predictive value of serum miR-24 and miR-223 levels and APACHEII score for prognosis of severe pneumonia patients. 
Multivariate logistic regression analysis was performed to examine the factors influencing the prognosis of severe 
pneumonia patients. P < 0.05 indicated statistically significant difference.

Results
Comparison of Serum miR-24 and miR-223 Levels in the Three Groups
The severe group had higher miR-223 level and lower miR-24 level than the normal group and control group (P < 0.05), 
as shown in Table 2.

Comparison of Serum miR-24 and miR-223 Levels and APACHEII Scores in Severe 
Pneumonia Patients with Different Prognosis at Different Time Points
The survival group had lower serum miR-223 level and APACHEII score and higher miR-24 level on day 3 and 7 after 
admission than on day 1 after admission (P < 0.05). The death group had higher serum miR-223 level and APACHEII 
score and lower miR-24 level on day 3 and 7 after admission than on day 1 after admission (P < 0.05). In addition, the 

Table 1 Primer Sequence

Gene Name Forward Primer 5’-3’ Reverse Primer 5’-3’

miR-24 CGCATGTTGCAGCCGTGGT GAGAGAAGGTGAGGCTCGTG
miR-223 AGCTACGTGCCGAGCACGT CCGTGATGAGTGACCGACCGTA

U6 CCTGCAGCGTATCTACTCT AGAGGTGCTGTACGCGATG

Table 2 Comparison of Serum miR-24 and miR-223 Levels in 
the Three Groups (x� s)

Group Number miR-24/U6 miR-223/U6

Control group 93 1.02±0.22 1.01±0.23

Normal group 96 0.76±0.19a 1.49±0.28b

Severe group 94 0.60±0.14ab 1.74±0.37ab

F - 121.145 143.782

P - 0.000 0.000

Notes: Compared with the control group, aP < 0.05; Compared with the 
normal group, bP < 0.05.
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death group had higher serum miR-223 level and APACHEII score and lower miR-24 level than the survival group at all 
time points (P < 0.05), as shown in Table 3.

Univariate Analysis of Prognosis in Severe Pneumonia Patients
There were no statistically significant differences between the survival group and the death group in terms of gender, age, 
body mass index, smoking history, hypertension history, diabetes history, primary diseases, and partial pressure of carbon 
dioxide (P > 0.05). The death group had a higher proportion of mechanical ventilation patients than the survival group (P 
< 0.05), as shown in Table 4.

Correlation Between Serum miR-24 and miR-223 Levels and APACHEII Scores, 
Mechanical Ventilation in Severe Pneumonia Death Cases
Pearson and Spearman correlation analyses revealed that serum miR-24 level was negatively correlated with APACHEII 
score and mechanical ventilation in severe pneumonia death cases (P < 0.05), while miR-223 was positively correlated 
with APACHEII score and mechanical ventilation (P < 0.05), as shown in Table 5.

Predictive Value of Serum miR-24 and miR-223 Levels and APACHEII Scores for the 
Prognosis of Severe Pneumonia Patients
Serum miR-24 and miR-223 levels and APACHEII score on the first day after admission were used as test variables, and 
whether severe pneumonia patients died was used as state variable to draw the ROC curve. The results showed that, 
separately, combined predicted AUC of serum miR-24, miR-223, and APACHEII scores were 0.867, 0.839, 0.791, and 

Table 3 Comparison of Serum miR-24 and miR-223 Levels and APACHEII Scores Between Survival Group and 
Death Group at Different Time Points (x� s)

Group Number miR-24/U6

Day 1 After Admission Day 3 After Admission Day 7 After Admission

Survival group 62 0.69±0.18 0.81±0.16b 0.93±0.15bc

Death group 32 0.43±0.16a 0.31±0.12ab 0.23±0.09abc

F - Finteractive=44.164, Ftime=53.126, Finterblock=646.600

P - Pinteractive<0.001, Ptime<0.001, Pinterblock<0.001

Group Number miR-223/U6

Day 1 After Admission Day 3 After Admission Day 7 After Admission

Survival group 62 1.56±0.33 1.41±0.25b 1.27±0.20bc

Death group 32 2.09±0.42a 2.38±0.45ab 2.62±0.52abc

F - Finteractive=29.714, Ftime=56.467, Finterblock=477.615

P - Pinteractive<0.001, Ptime<0.001, Pinterblock<0.001

Group Number APACHEII (score)

Day 1 After Admission Day 3 After Admission Day 7 After Admission

Survival group 62 19.30±4.17 16.04±4.10b 12.81±3.61bc

Death group 32 25.73±5.65a 30.94±6.13ab 37.85±5.67abc

F - Finteractive=83.842, Ftime=97.893, Finterblock=692.227

P - Pinteractive<0.001, Ptime<0.001, Pinterblock<0.001

Notes: Compared with survival group, aP < 0.05; Compared with the same group on day 1 after admission, bP < 0.05; Compared with the same 
group on day 3 after admission, cP < 0.05.
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0.952, respectively, with combined predicted AUC significantly higher than separately predicted AUC (Z=1.998, 2.235, 
2.871, P < 0.05), as shown in Figure 2 and Table 6.

Multivariate Logistic Regression Analysis on Factors Affecting the Prognosis of Severe 
Pneumonia Patients
Whether severe pneumonia patients died was used as the dependent variable, statistically significant miR-24, miR-223, 
APACHEII score, and mechanical ventilation in the above univariate analysis were used as independent variables to 
perform multivariate logistic regression analysis. The results showed that miR-24 was a protective factor affecting death 
of severe pneumonia patients, while miR-223 was an independent risk factor in death of severe pneumonia patients (P < 
0.05), as shown in Table 7.

Discussion
Pneumonia is a pulmonary inflammatory respiratory disease mainly due to pathogenic microbial infection, immune 
system damage, drugs, allergies, and so on.11 For common pneumonia mainly involving the pulmonary respiratory 
system, good therapeutic effects are possible through clinical anti-inflammatory programs. Nonetheless, the prevalence 
rate of severe pneumonia tends to grow due to aggravating aging population, antibacterial drug abuse, and so on.12 

Inflammatory cytokines infiltrate the lungs in severe pneumonia patients, thereby causing endothelial cell dysfunction 
and greater pulmonary capillary permeability, which in turn causes pulmonary vascular microthrombus and acts as the 
main factor in respiratory failure and acute respiratory distress syndrome.13 Hence, it is particularly important to choose 
positive and correct diagnosis and treatment methods in clinical practice.

Table 4 Univariate Analysis of Prognosis in Severe Pneumonia Patients [(x� s) /n (%)]

Index Survival Group (n=62) Death Group (n=32) t/χ2 P

Gender [n (%)] 0.028 0.866
Male 36 (58.06) 18 (56.25)

Female 26 (41.94) 14 (43.75)

Age (years old) 50.24±9.78 50.06±8.22 0.089 0.929
Body mass index (kg/m2) 22.48±2.76 22.61±2.52 0.223 0.824

History of smoking [n (%)] 33 (53.23) 15 (46.88) 0.341 0.559

History of hypertension [n (%)] 24 (38.71) 13 (40.63) 0.032 0.857
History of diabetes [n (%)] 10 (16.13) 5 (15.63) 0.004 0.950

Primary disease [n (%)] 0.302 0.960
Hematencephalon 18 (29.03) 9 (28.13)

Cerebral infarction 22 (35.48) 11 (34.37)

Ischemic hypoxic encephalopathy 13 (20.97) 6 (18.75)
Spinal cord injury 9 (14.52) 6 (18.75)

Mechanical ventilation [n (%)] 11 (17.74) 13 (40.63) 5.813 0.016

Partial pressure of carbon dioxide (mmHg) 36.89±3.75 37.11±4.08 0.262 0.794

Table 5 Correlation Between Serum miR-24 and miR-223 Levels and 
APACHEII Score, Mechanical Ventilation in Severe Pneumonia Death Cases

Index miR-24 miR-223

r P r P

APACHEII −0.526 0.000 0.502 0.000
Mechanical ventilation −0.514 0.000 0.518 0.000
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miRNA, a class of highly conserved endogenous non-coding single-stranded RNA with a length of 21–25 nt, can 
mediate gene silencing after transcription.14 miRNA takes part in many biological processes of metabolism, cell 
differentiation, apoptosis, and disease control, involving multiple systems, including respiratory system, cardiovascular 
system, nervous system, and hematopoietic system.15 Excessive studies have confirmed the correlation of miRNA with 
the growth and development of lung, as well as onset, development, and outcome of pulmonary fibrosis, pneumonia, lung 

Figure 2 ROC curve of prognosis of severe pneumonia patients predicted by serum miR-24, miR-223 levels and APACHEII scores.

Table 7 Multivariate Logistic Regression Analysis on Factors Affecting Prognosis of Severe Pneumonia 
Patients

Influence Factor B SE Wald OR 95% CI P

miR-24 −0.264 0.082 10.363 0.768 0.624~0.902 0.001

miR-223 1.000 0.305 10.740 2.717 1.494~4.940 0.001
APACHEII 0.076 0.122 0.388 1.079 0.850~1.370 0.533

Mechanical ventilation 0.101 0.092 1.199 1.106 0.924~1.325 0.273

Table 6 Predictive Value of Serum miR-24 and miR-223 Levels and APACHEII Scores for 
the Prognosis of Severe Pneumonia Patients

Index AUC 95% CI Sensitivity (%) Specificity (%) Cutoff

miR-24 0.867 0.795~0.840 81.3 77.4 0.60

miR-223 0.839 0.749~0.929 68.8 90.3 1.89
APACHEII 0.791 0.688~0.894 53.1 98.4 23.29 score

Combined 0.952 0.910~0.993 96.9 77.4 -
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cancer, chronic obstructive pulmonary disease, and so on.16,17 Lin et al8 demonstrated that miR-24 inhibited inflamma-
tory response in neonatal rats with lipopolysaccharide-induced acute lung injury by targeting NLRP3. Ren et al18 found 
that miR-24-3p exhibited down-regulated expression in patients with acute lung injury complications caused by severe 
COVID-19. This study found that severe pneumonia patients had lower serum miR-24 level than common pneumonia 
patients and healthy people. Studies have shown that severe pneumonia patients are in a state of systemic inflammatory 
stress with unbalanced anti-inflammatory and pro-inflammatory effects, and inflammatory response mediated by inflam-
matory mediators is involved in disease progression.19 From previous studies, it is speculated that pneumonia patients 
infected with pathogenic microorganisms have unbalanced anti-inflammatory and pro-inflammatory effects, and a variety 
of pathological factors lead to lower serum miR-24 level, so it is unable to effectively inhibit the inflammatory response 
in acute lung injury, which in turn aggravates patients’ disease.

miR-223 is a hematopoietic cell-derived miRNA involved in the regulation of monocyte-macrophage differentiation, 
neutrophil recruitment, and pro-inflammatory response.20 Zhang et al21 found that miR-223 secretion was significantly 
enhanced in the pathogenesis of pulmonary macrophage-mediated inflammatory response, which could be detected in 
bronchoalveolar fluid and serum. In this study, serum miR-223 was highly expressed in severe pneumonia patients, 
suggesting that miR-223 may also play a pro-inflammatory role in the progression of severe pneumonia. miR-223 acts as 
a pro-inflammatory factor in lung infiltration, and inflammatory cascade response mediates endothelial cell dysfunction, 
as well as disease progression in patients. In addition, this study showed that both miR-24 and miR-223 were factors 
influencing death in severe pneumonia patients, whose detection levels could be used to predict death. Where, miR-223 
has a specificity of up to 90.3%. In clinical practice, miR-24 and miR-223 can be used as auxiliary biological indexes for 
the evaluation of severe pneumonia to increase accuracy in prognosis assessment.

Conclusions
To sum up, the low expression of serum miR-24 and high expression of miR-223 in severe pneumonia patients are correlated 
factors affecting the prognosis of severe pneumonia patients, which can effectively predict the prognosis and should be clinically 
popularized. The changes of miR-24 and miR-223 levels can reflect the progression of pneumonia and predict the prognosis. In 
clinical practice, by closely monitoring the two levels and taking timely targeted measures, it is possible to improve the physical 
function of patients and therefore reduce mortality. However, the sample size of this study is small, whether miR-24 and miR-223 
can serve as prognostic biological indexes of severe pneumonia waits to be confirmed in future large-sample clinical studies.
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