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Abstract

Background: There are limited investigations on the general patho-
gen features, clinical characteristics, and predicted clinical markers 
of secondary lower respiratory tract infection of chronic respiratory 
disorders.

Methods: A total of 154 adult inpatients with chronic respiratory dis-
eases between 2019 and 2022 were enrolled. Clinical data were ret-
rospectively collected and analyzed. Multivariate logistic regression 
analysis was used to analyze the susceptibility factors of infection 
secondary to chronic respiratory diseases.

Results: Among the patients with chronic respiratory diseases, the 
most prevalent condition was chronic obstructive pulmonary disease 
(44.2%, 68/154). Cough, expectoration, chest tightness, and wheez-
ing were the predominant symptoms irrespective of infection. Pseu-
domonas aeruginosa accounted for 37% (20/54) in pathogen infec-
tion. Aspergillus fumigatus was the primary cause of filamentous 
fungal infection. The combination of low body mass index, increased 
tricuspid regurgitation pressure, and decreased lymphocyte count 
could accurately predict infection secondary to chronic respiratory 
diseases (area under curve (AUC): 0.788, 95% confidence interval 
(CI): 0.689 - 0.887, P = 0.000).

Conclusions: This study focused and explored the common features 
between secondary infections of various chronic respiratory diseases. 
The prediction model is expected to enable timely detection and treat-
ment of secondary infections in clinical practice.

Keywords: Chronic respiratory disease; Secondary infection; Lower 
respiratory tract infection; Clinical features; Prediction model

Introduction

Chronic respiratory diseases are still the third leading cause of 
disability and death worldwide, after cardiovascular diseases 
and tumors, including chronic obstructive pulmonary disease 
(COPD), bronchiectasis, bronchial asthma, cystic pulmonary 
fibrosis, interstitial pneumonia, pulmonary fibrosis, pulmo-
nary cavity, chronic tuberculosis, and other diseases [1]. Pul-
monary inflammation predisposes to secondary respiratory 
tract infections [2]. The timing of diagnosing infection, the 
characteristics of pathogen infection, and the choice of empiri-
cal antibiotics have brought challenges to clinical treatment.

Clinical characteristics, rapid clinical diagnosis, and anti-
biotic treatment options have been better understood for com-
munity-acquired pneumonia [3-5]. Previous studies on chronic 
respiratory diseases with secondary infections have often fo-
cused on specific conditions, such as COPD [6, 7]. However, 
given the current global aging population and the pervasive 
use of antibiotics, there is a lack of research examining the 
prevalence, epidemiology, clinical manifestations, and predic-
tive markers of infections associated with various chronic res-
piratory diseases. Meanwhile, efforts have been made to illus-
trate the potential efficacy of early interventions in preventing 
the severe or rapid deterioration of the disease, particularly in 
avoiding the increased medical and economic burden that may 
result from delays in the timing of treatment. Further research 
into the management of secondary infections in patients with 
chronic respiratory diseases would be valuable and warrants 
further investigation.

In the study, we retrospectively included adult patients di-
agnosed with chronic respiratory diseases and collected general 
information, underlying diseases, clinical symptoms, laboratory 
infection indicators, microbiological tests, echocardiography 
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results, imaging characteristics, and information on infections 
during hospitalization. The aim was to describe the clinical fea-
tures of secondary infections in patients with chronic respiratory 
diseases and to identify predictive risk factors for infections.

Materials and Methods

Patients’ enrollment

Patients diagnosed with chronic respiratory diseases were 
retrospectively collected from the First Affiliated Hospital 
of Soochow University between 2019 and 2022. The chronic 
respiratory diseases included asthma, COPD, interstitial lung 
disease (ILD), pulmonary nodular disease (PND), pneumoco-
niosis, and other chronic respiratory diseases [8]. Diagnostic 
criteria were in accordance with the Infectious Diseases So-
ciety of America (IDSA)/American Thoracic Society (ATS) 
guidelines [9]. The inclusion criteria were: 1) patients with 
a confirmed diagnosis of chronic respiratory disease; 2) age 
≥ 18 years. Exclusion criteria were: 1) patients with repeated 
hospitalization (> 4 times in 90 days); 2) patients with right 
ventricular outflow tract obstruction and/or mitral stenosis; 
3) patients with comorbid malignant hematological disorders; 
4) patients with consumptive diseases such as combined ma-
lignant tumors, human acquired immunodeficiency, etc. The 
number of cases in the center during the study period deter-
mined the sample size. The diagnosis of infection and patho-
gen findings of the patients with chronic respiratory diseases 
were reviewed and they were divided into observation and 
control groups. The observation group had a combined lower 
respiratory tract infection with evidence of pathogenesis. The 
control group did not have a combined lower respiratory tract 
infection and the culture results of the respiratory specimens 
showed normal flora. The diagnosis of lower respiratory tract 
infection referred to guideline of IDSA/ATS [10].

Ethical compliance with human/animal study

This study involving human participants was performed in ac-
cordance with the Declaration of Helsinki and was approved by 
Ethics Committee of the First Affiliated Hospital of Soochow 
University (No. 2024056). Informed consent was obtained 
from all participants and/or their legal guardians. All methods 
were performed in accordance with the relevant guidelines and 
regulations.

Clinical data collection

The following clinical information were collected: age, gen-
der, underlying diseases such as hypertension, diabetes, body 
mass index (BMI), age of onset, laboratory indicators includ-
ing white blood cell count (WBC, (3.5 - 9.5) × 109/L), lympho-
cyte count (LY, (1.10 - 3.20) × 109/L), neutrophil count (NE, 
(1.80 - 6.30) × 109/L), percentage of neutrophil count (NE%, 
40.0-75.0%), C-reactive protein (CRP, 0 - 4 mg/L), procalci-

tonin (PCT, 0 - 0.5 ng/mL), albumin (ALB, 40-55g/L), and N-
terminal pro-brain natriuretic peptide (NT-proBNP, 0 - 125 pg/
mL). Additional information included echocardiography re-
sults such as left ventricular ejection fraction (LVEF, 52-74%), 
tricuspid regurgitation pressure gradient (TRPG), and findings 
from the initial chest computed tomography (CT) examination.

Detection of pathogens

Pathogen detection and antimicrobial susceptibility assessment 
were both conducted in the initial phase of hospitalization, us-
ing the first qualified sputum or bronchoalveolar lavage fluid 
samples collected from patients upon admission. The Columbia 
blood agar and chocolate-colored blood agar plates were inocu-
lated respectively at 35 °C with 5% carbon dioxide to isolate 
common Gram-positive and Gram-negative bacteria. Aspergillus 
and Candida were isolated and cultivated on Sabouraud’s agar 
plates at 28 and 35 °C, respectively. The isolated strains were 
identified by biological Merieux Vitek MS mass spectrometer. 
Viridans group streptococci, non-pathogenic Neisseria and Ro-
thia mucilaginosa were reported in the form of “normal flora”. 
Acid-fast staining was used to find Mycobacterium tuberculosis. 
In instances where multiple sputum or bronchoalveolar lavage 
fluid samples yielded positive cultures and the same strain was 
identified, only the initial data were subjected to analysis.

Antimicrobial susceptibility testing

The Vitek 2 compact 60 automatic microbial identification 
and drug sensitivity analyzer (Biomerieux, France) was used 
to test the drug sensitivity of the strains in vitro, and the disk 
diffusion method was used to supplement and review some 
drug sensitivity results. The test results were judged and ex-
plained according to the CLSI-M100 30th document of the 
American Clinical Laboratory Standardization Committee. 
The quality control strains were Escherichia coli ATCC25922 
and ATCC8739, Pseudomonas aeruginosa ATCC27853, and 
Staphylococcus aureus ATCC29213.

Statistical analysis

SPSS29.0 statistical software was used for statistical analysis. 
Considering retrospective collection of clinical data, patients 
with more than four missing data were excluded from statisti-
cal analyses, and the remaining default values were expressed as 
within-group means. If the continuous variables were normally 
distributed, they were expressed as the mean ± standard deviation 
(SD). The independent sample t-test was used for comparison be-
tween groups. The skewed distribution was expressed as median 
and quartile. The Mann-Whitney U test was used for compari-
son between groups. The categorical variables were expressed 
as frequency and percentage. The Chi-square test or Fisher exact 
probability method was used for comparison between groups. 
Multivariate logistic regression analysis was used to analyze the 
susceptibility factors of infection secondary to chronic respira-
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tory diseases. The receiver operating characteristic (ROC) curve 
was drawn with SPSS software to evaluate the predictive value. 
P value < 0.05 was considered statistically significant.

Results

Patients’ enrollment

An initial retrospective collection of 298 adult patients with 
chronic respiratory diseases diagnosed at the First Affiliated 
Hospital of Soochow University between 2019 and 2022 was 
performed. One hundred nine patients were excluded accord-
ing to the exclusion criteria, including four pediatric patients, 
33 multiple hospitalizations, 27 right ventricular outflow tract 
obstruction and/or mitral stenosis, two patients with hemato-
logical disorders, and 43 patients combined with consumptive 
diseases. Then 189 patients fulfilled the enrolment criteria and 
clinical diagnosis of infection, etiological, and clinical data 
were collected. After the final exclusion of 35 patients with 
excessive missing clinical data, 154 patients were included in 
the final data analysis. Based on the clinical infection diagno-
sis and pathogen findings of sputum or bronchoalveolar lavage 
fluid, 154 patients with chronic respiratory diseases were split 
into two groups: the observation group with infection (n = 54) 
and the control group without infection (n = 100) (Fig. 1).

Among 154 patients with chronic respiratory diseases, 
there were 68 cases of COPD, five cases of bronchiectasis, 
seven cases of bronchial asthma, 55 cases of interstitial pneu-
monia, five cases of pulmonary cavity, two cases of pulmonary 
tuberculosis and 15 cases of pulmonary fibrosis, and four pa-
tients with two chronic respiratory diseases (Table 1).

General features between the observation group and the 
control group

The control group consisted of 100 uninfected cases (64.9%) 
with normal flora (viridans group Streptococcus viridans, non-
pathogenic Neisseria and Rothia mucilaginosa), and the ob-
servation group covered 54 cases with pathogenetic evidence 
of infection (35.1%) (Table 2). The ratio of male to female 
was 2.21:1, with 106 males and 48 females. The range of ages 
was 30 to 100. The control group’s median age was 67 years 
old, while the observation group’s median age was 72 years 
old, and the difference was statistically significant (P < 0.001). 
There was no significant difference in the age and gender be-
tween the two groups at the time of diagnosis of chronic res-
piratory diseases (P > 0.05). The onset age range ≥ 55 years 
old was the highest in both groups. The BMI in the observation 
group was significantly lower than the control group (19.65 
vs. 23.13, P < 0.001). Smoking history, diabetes, and hyperten-
sion rates in the observation group were slightly higher than 

Figure 1. Enrolment flowchart.
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those the control group, but with no significant difference (P > 
0.05). Both groups had similar rates of diabetes and hyperten-
sion, and there was no significant difference between them (P 
> 0.05). The number of acute exacerbation ≥ 2/year did not 
significantly differ between the two groups (P > 0.05).

In the observation group, there were 32 cases of non-fer-
menting bacteria, eight cases of Aspergillus fumigatus, six cas-
es of Enterobacteriaceae, five cases of acid-fast bacilli (sus-
pected Mycobacterium tuberculosis), three cases of Candida, 
one case of Staphylococcus aureus, one case of Corynebacte-
rium striatum, and one case of Hemophilus. Pseudomonas aer-
uginosa constituted the majority of non-fermenting bacteria in 
20 instances, and only found in COPD. Klebsiella pneumoniae, 
the predominant species in the Enterobacteriaceae family, was 
present in three cases and was more common in pulmonary 
fibrosis. Among Candida, two cases were Candida albicans 
and one case was Candida tropicalis, which were mostly dis-
tributed in interstitial pneumonia. Three cases of mixed infec-
tions were found in COPD, two of which were Burkholderia 
cepacia and Acinetobacter baumannii, and the other case was 
Corynebacterium striatum and Burkholderia contaminans.

Clinical presentation and laboratory indicators between 
the two groups

Cough and expectoration were the most prevalent clinical 

signs in both groups with similar incidences of > 75%. Chest 
tightness and wheezing were also frequent clinical presenta-
tions. The proportions of fever and respiratory distress in both 
groups were lower than 30%. There was no significant differ-
ence of these presentations between the two groups (P > 0.05) 
(Table 2).

The laboratory indicators including NE% (P < 0.001), CRP 
(P = 0.003), PCT (P = 0.005), ALB (P < 0.001), and TRPG (P = 
0.001) in the observation group were significantly higher than 
those in the control group. While the LY of the observation 
group was significantly lower than that of the control group (P 
< 0.001). There was no significant difference in other indica-
tors between the two groups, such as WBC, NE, NT-proBNP, 
and LVEF (P > 0.05) (Table 2).

Drug resistance characteristics of Pseudomonas aerugi-
nosa infection secondary to chronic respiratory diseases

Pseudomonas aeruginosa constituted the majority of infection 
in the observation group and we further collected its suscep-
tibility test results. Pseudomonas aeruginosa exhibited resist-
ance rates of 35.0%, 35.0%, 30.0%, and 33.3% to imipenem, 
meropenem, quinolones ciprofloxacin, and levofloxacin, re-
spectively. And it was susceptible to amikacin, tobramycin, 
ceftazidime, and cefepime, with the susceptibility rates of 
90.0%, 94.4%, 80.0%, and 80.0%, respectively (Table 3).

Table 1.  The Diseases Type and Culture Result of 154 Patients With Chronic Respiratory Diseases

Characteristics N (%) Note
Chronic respiratory diseases
    Interstitial pneumonia 55 (35.7)
    Chronic obstructive pulmonary disease 68 (44.2)
    Pulmonary fibrosis 15 (9.7)
    Asthma 7 (4.5)
    Bronchiectasis 5 (3.2)
    Pulmonary cavity 5 (3.2)
    Pulmonary tuberculosis 2 (1.3)
Culture results
    Normal flora 100 (64.9)
    Pseudomonas aeruginosa 20 (13.0) Nonfermenters
    Klebsiella pneumoniae 3 (1.9) Enterobacteriaceae
    Other Enterobacteriaceae 3 (1.9) Enterobacteriaceae
    Burkholderia cepacia and Acinetobacter baumannii 2 (1.3) Nonfermenters
    Burkholderia cepacia 1 (0.6) Nonfermenters
    Other nonfermenters 7 (4.5) Nonfermenters
    Staphylococcus aureus 1 (0.6) Gram-positive bacteria
    Aspergillus fumigatus 8 (5.2) Filamentous fungi
    Candidiasis 3 (1.9) Yeast-like fungi
    Acid-fast bacillus 5 (3.2) Mycobacterium tuberculosis
    Hemophilus 1 (0.6) Hemophilus
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Table 2.  The Common Clinical Characteristics of the Observation Group and the Control Group

Variables Observation group (n = 54, 35.1%) Control group (n = 100, 64.9%) P value
Male (%) 42 (77.8) 64 (64.0) 0.078
Age (years, M (P25, P75)) 72.0 (67.0, 80.0) 67.0 (58.0, 73.9) < 0.001
Age of onset (years, M (P25, P75)) 60.5 (50.0, 70.3) 57.0 (48.3, 69.0) 0.398
BMI (kg/m2, M (P25, P75)) 19.65 ± 3.87 23.13 ± 3.74 < 0.001
Hypertension (%) 22 (40.7) 36 (36.0) 0.562
Diabetes (%) 10 (18.5) 12 (12.0) 0.27
Smoking history (%) 15 (27.8) 22 (22.0) 0.423
The number of acute exacerbations ≥ 2/year (%) 18/35(51.4) 31/59 (52.5) 0.917
Clinical presentation (%)
    Cough 44 (81.5) 83 (83.0) 0.813
    Sputum 44 (81.5) 77 (77.0) 0.518
    Chest tightness and asthma 38 (72.2) 61 (61.0) 0.164
    Fever 15 (27.8) 20 (20.0) 0.272
    Difficulty in breathing 12 (22.2) 12 (12.0) 0.095
Laboratory indicators (M (P25, P75))
    WBC (× 109/L) 9.0 (5.5, 13.6) 8.0 (5.9, 9.8) 0.275
    LY (× 109/L) 0.8 (0.4, 1.2) 1.4 (1.0, 1.8) < 0.001
    NE (× 109/L) 7.3 (3.9, 11.9) 6.0 (4.0, 7.9) 0.084
    NE (%) 85.1 (72.8, 90.9) 74.2 (64.6, 82.1) < 0.001
    CRP (mg/L) 18.9 (3.6, 93.1) 4.0 (1.9, 17.3) 0.003
    PCT (ng/mL) 0.06 (0.03, 0.14) 0.03 (0.03, 0.08) 0.005
    ALB (g/L) 33.0 (30.0, 36.4) 38.0 (33.8, 40.6) < 0.001
    NT-proBNP 385.5 (152.6, 136.3) 180.4 (55.4, 560.7) 0.051
    LVEF (%) 62.0 (59.5, 64.5) 64.0 (60, 67.8) 0.156
    TRPG (mm Hg) 30.7 (30.7, 36.0) 30.7 (25.0, 30.7) 0.001

ALB: albumin; BMI: body mass index; CRP: C-reactive protein; LY: lymphocyte count; NE: neutrophil count; PCT: procalcitonin; NT-proBNP: N-
terminal pro-brain natriuretic peptide; LVEF: left ventricular ejection fraction (52-74%); TRPG: tricuspid regurgitation pressure gradient; WBC: white 
blood cell count.

Table 3.  Susceptibility Results of Pseudomonas aeruginosa to Common Antibiotics

Antibiotics Resistant (%) Intermediate (%) Susceptible (%)
Piperacillin (n = 18) 21.1 15.8 63.2
Piperacillin tazobactam (n = 20) 15.0 10.0 75.0
Ceftazidime (n = 20) 10.0 10.0 80.0
Cefepime (n = 20) 5.0 15.0 80.0
Cefoperazone sulbactam (n = 20) 20.0 10.0 70.0
Imipenem (n = 20) 35.0 0.0 65.0
Meropenem (n = 20) 35.0 0.0 65.0
Gentamicin (n = 18) 0.00 44.4 55.6
Amikacin (n = 17) 0.0 10.0 90.0
Tobramycin (n = 18) 5.6 0.0 94.4
Ciprofloxacin (n = 20) 30.0 0.0 70.0
Levofloxacin (n = 18) 33.3 11.1 55.6
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Multivariate analysis of infection secondary to chronic 
respiratory diseases

The meaningful indicators of univariate analysis were incor-
porated into the multivariate binary logistic regression analy-
sis model as independent variable X, including BMI, TRPG, 
NE%, CRP, age, LY, and ALB, and secondary infection of 
chronic respiratory diseases was used as the dependent vari-
able Y. There was a negative correlation between infection and 
LY (odds ratio (OR) = 0.122, P = 0.024), BMI (OR = 0.789, 
P = 0.023), and NE% (OR = 0.908, P = 0.015), and positively 
correlated with TRPG (OR = 1.116, P = 0.025) (Table 4).

Prediction model

BMI and peripheral blood LY had high predictive value for 
infection in hospitalized patients with chronic respiratory dis-
eases. The predictive value of TRPG was general. The com-
bined prediction model (area under curve (AUC) = 0.788, 95% 
confidence interval (CI): 0.689 - 0.887, P < 0.001) performed 
better than any single indicator (Table 5, Fig. 2).

Discussion

Chronic respiratory diseases have a high global incidence and 
death rate, which places a significant financial and clinical 
treatment burden. This article aims to reflect the general epide-
miological features, clinical characteristics, and establishment 
of predictive infection models of secondary pathogenic bac-

teria infection in chronic respiratory diseases. The combined 
model of low body weight, elevated tricuspid regurgitant pres-
sure, and reduced LY had a good predictive value for second-
ary infections in chronic respiratory disease.

Patients with chronic respiratory diseases had repeated 
airway inflammation and airway structure damage, which 
weakened their clean self-purification ability and low local 
resistance. Pathogens are challenging to eradicate yet simple 
to colonize [11]. The research showed that long-term damage 
to the anatomy of the airways has been found to increase the 
risk of recurrent hospitalization for antibiotic therapy [12]. 
The majority of Gram-negative bacteria are resistant to many 
drugs, making them the most prevalent cause of bacterial ill-
nesses. Therefore, it is crucial for the prevention and treat-
ment of patients with this group of diseases, early detection of 
infection and empirical treatment to prevent disease exacer-
bation and reduce the medical burden by analyzing the distri-
bution of pathogenic bacteria, drug resistance characteristics, 
and susceptibility factors of pathogen in patients with chron-
ic respiratory diseases. In this study, the secondary infection 
proportion of patients with secondary infection of chronic 
respiratory illnesses was 35.1%, mainly bacterial infection. 
Pseudomonas aeruginosa was the most common bacteria, 
followed by Klebsiella pneumoniae. Aspergillus fumigatus 
was the leading cause of fungal infection. According to stud-
ies, Pseudomonas aeruginosa is hard to get rid of in COPD 
[13, 14]. It can also be easily re-infected, and its strains’ rates 
of mutation and antibiotic resistance are trending upward. 
The pathogenicity of Aspergillus depends on the host’s ca-
pacity to fight against infection. In addition to the host im-
munological status, the initial condition of the lung structure 
is a significant influence, and the risk of it will rise with the 

Table 4.  Multivariate Logistic Regression Analysis of Chronic Respiratory Diseases With Infections

Variables β SE Wald χ2 value OR value P value 95% CI
Age 0.02 0.03 0.236 1.015 0.627 0.956 - 1.078
BMI -0.237 0.10 5.200 0.789 0.023 0.644 - 0.967
TRPG 0.109 0.05 5.015 1.116 0.025 1.014 - 1.228
NE% -0.097 0.04 5.882 0.908 0.015 0.840 - 0.982
LY -2.105 0.93 5.119 0.122 0.024 0.020 - 0.755
CRP 0.022 0.01 4.177 1.023 0.041 1.001 - 1.045
ALB 0.063 0.08 0.566 1.065 0.452 0.904 - 1.254

ALB: albumin; BMI: body mass index; 95% CI: 95% confidence interval; CRP: C-reactive protein; LY: lymphocyte count; NE: neutrophil count; OR: 
odds ratio; TRPG: tricuspid regurgitation pressure gradient.

Table 5.  The Predictive Value of BMI, LY, and TRPG for Infection in Patients With Chronic Respiratory Diseases

Variables AUC 95% CI P value Sensitivity (%) Specificity (%)
BMI 0.734 0.625 - 0.844 0.000 66.0 76.9
LY 0.713 0.598 - 0.829 0.000 65.4 71.4
TPRG 0.672 0.547 - 0.797 0.007 34.6 90.1
Combination 0.788 0.689 - 0.887 0.000 65.4 81.3

AUC: area under curve; BMI: body mass index; 95% CI: 95% confidence interval; LY: lymphocyte count; TRPG: tricuspid regurgitation pressure 
gradient.
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deterioration of lung parenchyma and airway structure [15]. 
Fungal infection is more common in autoimmune interstitial 
pneumonia, and can also be related to long-term oral hor-
mones in patients. The high resistance that Pseudomonas 
aeruginosa exhibits to carbapenems (such as imipenem and 
meropenem) and quinolones (such as ciprofloxacin and levo-
floxacin), may be attributed to the widespread use of these 
drugs in clinical settings. The high susceptibility of ceftazi-
dime and cefepime may be attributed to the medication’s 
properties as well as Pseudomonas aeruginosa’s drug resist-
ance mechanism. Currently, aminoglycosides have relatively 
few clinical applications and remain highly sensitive. They 
can be used as an option or in combination with other drugs 
in anti-infective treatment.

Patients with chronic respiratory diseases are more likely 
to be middle-aged and older men, with age of over 55. Patients 
with infections were typically malnourished (lower BMI) and 
exhibit non-typical clinical manifestations, such as cough and 
expectoration, tightness in the chest, and wheezing. Fever is 
less common than simple pulmonary infections, which may 
be related to the complementary use of antibiotics, long-term 
use of oral hormones, and decreased immunity in patients with 
these conditions [16-18]. This also makes it difficult for such 
patients to detect infection in time in clinical practice, delay-
ing the timing of treatment. The immune function of diabetic 
patients is low, and hyperglycemia is beneficial to bacterial re-
production [19]. However, this study did not find significant 

association between the diabetes and the presence of harmful 
microorganisms. Hypertension, smoking history, and acute ex-
acerbations ≥ 2 times/year were not associated with the sec-
ondary infection of chronic respiratory diseases in this study. 
But some studies have shown that long-term smoking could 
lead to the dysfunction of alveolar macrophages, and the de-
struction of airway structure is prone to bacterial infection 
[20]. This may be due to the fact that this was a retrospective 
case-control study and the patient was in a state of smoking 
cessation when the history was taken, with recall bias.

Among the laboratory indicators of the two groups, there 
was no significant difference in the WBC. PCT was statistically 
higher in the observation group, but it was distributed in the nor-
mal range (< 0.5 ng/mL). This phenomenon may be associated 
with the premature use of broad-spectrum antibiotics in patients 
with chronic respiratory diseases: early intervention with anti-
biotics prevents the sustained release of inflammatory factors, 
and the PCT concentration requires 12 - 24 h to reach its peak, 
thus posing certain challenges to the detection of early infec-
tion signs [21-23]. Detecting infection signs is more challenging 
in this situation. CRP response is more sensitive than PCT in 
individuals with chronic respiratory illnesses coupled with in-
fection. In the early stages, CRP was significantly higher than 
control group and more suggestive. CRP is a sensitive indicator 
of the systemic inflammatory response. A previous study sug-
gested that elevated CRP levels are not affected by steroids and 
PCT is more related to the severity of the disease [24].

Figure 2. ROC curve of a predictive model for infections in patients with chronic respiratory diseases. BMI: body mass index; LY: 
lymphocyte count; ROC: receiver operating characteristic; TRPG: tricuspid regurgitation pressure gradient.
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In clinical practice, TRPG is frequently utilized as a non-
invasive technique to assess pulmonary hypertension, chronic 
respiratory diseases often have irreversible changes in the 
lung structure, and are prone to repeated airway infections. 
The normal airway structure is gradually destroyed. Hypoxia 
causes pulmonary vasoconstriction and vascular remodeling. 
Long-term recurrent peribronchial inflammation accumulates 
adjacent pulmonary arterioles, resulting in pulmonary vascular 
stenosis, occlusion, vascular fibrosis, and pulmonary capil-
lary bed reduction. Pulmonary hypertension aggravates right 
ventricular load [25, 26]. Numerous inflammatory mediators 
are simultaneously produced during the acute infection phase, 
leading to myocardial damage, exacerbating pulmonary hyper-
tension, and intensifying moderate-to-severe tricuspid regurgi-
tation, all of which raise TPRG [27, 28]. Furthermore, research 
has demonstrated a negative correlation between pulmonary 
function and TRPG [29]. Patients with chronic respiratory dis-
eases, particularly those with COPD, exhibited underweight, 
atrophy of the skeletal muscle, and gradually increased LY 
and disease duration and progression [30-32]. Malnutrition, 
poor respiratory muscle function, and low immunity lead to 
increased risk of pathogen infection [33-35]. The results of this 
study demonstrated that the secondary infection of chronic res-
piratory diseases could significantly affect the levels of TPGR 
and LY, and BMI could be used as a long-term index to evalu-
ate the status of patients. The combination of these could have 
a good predictive value for the occurrence of pathogen infec-
tion in this group of patients.

There are not many studies on the general characteristics 
of secondary infection and early prediction of infection in pa-
tients with chronic respiratory diseases. This study reflected 
the clinical features, and facilitated the rapid identification of 
infection, enabling prompt treatment. But it also had certain 
limitations. Due to its retrospective case-control design, this 
study was susceptible to recollection and selection bias. Ad-
ditionally, the samples were retrospectively collected from a 
single center, and data collection may result in the absence of 
clinical information for some patients, thereby reducing the 
sample size in the observation group. The observation group 
comprises only 54 patients, a size smaller than the minimum 
sample size recommended in similar studies. Therefore, the 
study conclusions may only be applicable to patients with sim-
ilar characteristics in this center and are difficult to generalize 
to patients with chronic respiratory diseases in other regions 
or hospitals with varying levels of diagnosis and treatment. 
For future research, a multi-center prospective cohort design is 
recommended. Establishing standardized data collection pro-
tocols in advance will help minimize potential biases, such as 
clarifying the timing of measurements for indicators like vital 
capacity and oxygen saturation, and incorporating additional 
influencing factors like hemoglobin levels and medication ex-
posure history.
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