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Background: Community-acquired pneumonia (CAP) represents a substantial global health burden; however, the characteristics of its 
etiological spectrum remain incompletely defined. Targeted next-generation sequencing (tNGS) has significantly advanced the under
standing of the etiological spectrum. This study aimed to investigate the pathogen characteristics in CAP patients across different age 
groups and severity levels based on tNGS results.
Methods: We retrospectively analyzed the etiological test results of 272 hospitalized CAP patients at the First Hospital of Shanxi 
Medical University (Taiyuan, China) from 2021 to 2024. Patients were stratified by age and Pneumonia Severity Index (PSI) score, 
and their clinical characteristics, etiological spectrum, and infection patterns were systematically evaluated.
Results: Among the 145 patients included in the final analysis, 34.48% had simple infections, while 65.52% had multiple infections. Elderly 
patients (≥80 years) exhibited the highest proportion of mixed infections (81.82%), with the detection rates of viruses and fungi—such 
as Epstein-Barr virus, Human herpesvirus 5, Candida glabrata, and Candida albicans—increasing significantly with advancing age. Younger 
patients (18–39 years) were more susceptible to atypical pathogen infections (eg, Mycoplasma pneumoniae). The proportion of mixed 
infections in severe cases was significantly higher than that in mild cases (76.92% vs 59.14%), and triple co-infections (involving bacteria, 
viruses, and fungi) were significantly concentrated in the severe group. Significant specific differences in the composition of the etiological 
spectrum were also observed among different age and severity groups; for instance, the detection rates of Klebsiella spp. and Acinetobacter 
baumannii were higher in the elderly and severe groups, whereas atypical pathogens were mainly concentrated in the young group.
Conclusion: The etiological spectrum of CAP exhibits significant differences across different age groups and disease severity levels. 
Therefore, stratified diagnosis and therapeutic strategies should be developed based on age and disease severity to optimize prognosis 
and reduce the misuse of antibiotics.
Keywords: community-acquired pneumonia, age stratification, disease severity, pathogen, tNGS

Introduction
Community-acquired pneumonia (CAP) is one of the most common and severe lower respiratory tract infections worldwide, 
with its incidence and mortality increasing markedly with age. In 2021, lower respiratory tract infections—including 
pneumonia and bronchiolitis—accounted for an estimated 344 million cases globally, with a mortality rate of 27.7 per 
100,000 population, peaking at 224.6 per 100,000 among individuals aged ≥70 years.1 The high infection rate in individuals 
aged >70 years may be attributed to multiple factors, including senescence, decline in immune function, comorbidities, 
malnutrition, and long-term antibiotic exposure. In China, CAP poses a particularly heavy burden, with an incidence of 
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7.13 per 1000 person-years and over 9.5 million cases reported in 2016, most frequently affecting the elderly.2 Beyond 
mortality, CAP also leads to substantial healthcare expenditures in Europe, estimated at €10.1 billion annually,3 and 
significantly impairs post-discharge quality of life in older adults with comorbidities or recurrent disease.4

Early identification of the causative pathogen plays a critical role in guiding targeted antimicrobial therapy and 
improving clinical outcomes in CAP.5 Despite the emergence of molecular diagnostic technologies, conventional culture- 
based methods remain the most widely used approach in hospital settings due to their low cost, widespread availability, 
and ability to provide antimicrobial susceptibility testing. However, these methods identify pathogens in only about one- 
third of CAP cases, highlighting the need for more sensitive diagnostic approaches,6 owing to their low sensitivity, long 
turnaround times, and high false-negative rates. This diagnostic gap hampers timely initiation of appropriate therapy, 
particularly in patients with atypical or mixed infections. Moreover, accumulating evidence suggests that pathogen 
distributions in CAP vary by patient age and disease severity,7 underscoring the need for stratified diagnostic strategies.

Next-generation sequencing (NGS) technologies have emerged as powerful tools for infectious disease diagnostics, 
offering broader detection ranges and higher sensitivity than conventional methods.8,9 Among available approaches— 
metagenomic NGS (mNGS), whole-genome sequencing (WGS), and targeted NGS (tNGS)—the latter is particularly 
well suited for clinical practice. By enriching pathogen nucleic acids with specific primers or probes, tNGS achieves 
higher detection rates, reduced host background interference, and faster turnaround at lower cost compared with mNGS, 
while outperforming culture in sensitivity and efficiency.10 These features enable rapid (24–48 hour) results for timely 
treatment decisions and offer cost-effectiveness suitable for routine hospital use, positioning tNGS as an optimal balance 
between comprehensive pathogen detection and clinical practicality—making it an attractive method for real-world 
pathogen identification in CAP.

Despite its promise, limited studies have systematically applied tNGS to delineate the etiological spectrum of CAP across 
different age groups and severity strata. This knowledge gap has important clinical implications, as empirical antibiotic 
selection remains largely based on historical data that may not reflect current pathogen distributions, particularly in the post- 
COVID-19 era. To address this gap, we performed tNGS on bronchoalveolar lavage fluid (BALF) samples from hospitalized 
CAP patients. We characterized the microbial spectrum and infection patterns, stratified by age and Pneumonia Severity Index 
(PSI) score, aiming to provide novel insights into age- and severity-specific pathogen distributions that could inform targeted 
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antimicrobial strategies and personalized clinical decision-making. The findings from this study have the potential to guide 
stratified empirical therapy, optimize antimicrobial stewardship, and ultimately improve clinical outcomes in CAP patients.

Materials and Methods
Participant Recruitment
This retrospective cohort study was conducted with informed consent from all participants. Patients diagnosed with 
community-acquired pneumonia (CAP) who were admitted to the Department of Respiratory and Critical Care Medicine 
at the First Hospital of Shanxi Medical University between August 2021 and August 2024 were enrolled. The diagnosis 
of CAP was based on the Chinese Guidelines for the Diagnosis and Treatment of Community-Acquired Pneumonia in 
Adults (2016 Edition).11

All enrolled patients underwent bronchoscopy and bronchoalveolar lavage (BAL), and the bronchoalveolar lavage 
fluid (BALF) samples were subjected to targeted next-generation sequencing (tNGS). Clinical data were simultaneously 
collected for further analysis.

Patients were stratified into four age groups (18–39, 40–59, 60–79, and ≥80 years) and further categorized by disease 
severity based on the Pneumonia Severity Index (PSI), with classes I–III defined as the mild group and classes IV–V as 
the severe group.12 The exclusion criteria were as follows: (1) incomplete clinical data; (2) coexisting respiratory 
diseases such as pulmonary tuberculosis, pulmonary malignancy, non-infectious interstitial lung disease, bronchiectasis, 
chronic obstructive pulmonary disease (COPD), or asthma; (3) concurrent malignancies; and (4) immunosuppression 
resulting from bone marrow suppression, immunosuppressive therapies, or other causes. These exclusion criteria were 
applied to ensure the homogeneity of the study cohort and to accurately reflect the etiological characteristics of CAP in 
immunocompetent hosts. Patients with coexisting chronic respiratory diseases (eg, COPD, bronchiectasis) were excluded 
to avoid misinterpretation of chronic colonizing flora as acute causative pathogens. Patients with concurrent malignancies 
or immunosuppression were excluded because their underlying conditions predispose them to opportunistic infections, 
which would introduce significant bias into the analysis of pathogen distribution and clinical outcomes.

BALF samples were obtained under local anaesthesia using a standardised flexible bronchoscopy protocol. 
A minimum volume of 10 mL was collected into sterile sampling containers and transported under cold-chain conditions. 
Upon receipt, 2 mL of BALF was transferred into RNA-protecting tubes, and the remaining sample was aliquoted into 
DNA-free tubes for storage at −80 °C.13

Targeted next-generation sequencing (tNGS) was performed using ultra-multiplex PCR and sequencing technology.14 

The panel covered 418 clinically relevant pathogens, including bacteria, fungi, viruses, and atypical pathogens, encom
passing >95% of commonly encountered CAP-related organisms. The reported analytical sensitivity and specificity of the 
assay both exceeded 96% according to internal validation data.

Statistical Analysis
Continuous variables were tested for normality using the Shapiro–Wilk test. Normally distributed data were expressed 
as mean ± standard deviation (SD) and compared using one-way analysis of variance (ANOVA). Non-normally 
distributed data were reported as median with interquartile range (IQR) and compared using the Mann–Whitney 
U-test.

Categorical variables were presented as frequencies and percentages, with group comparisons conducted using the 
chi-square test or Fisher’s exact test as appropriate.

All statistical analyses were performed using SPSS software (version 27.0; IBM Corp., Armonk, NY, USA). A two- 
tailed P value <0.05 was considered statistically significant.

Results
Age- and Severity-Related Variations in Clinical Profiles and Outcomes of CAP
A total of 145 hospitalized patients diagnosed with CAP were included in this study. The flow of patient identification 
and inclusion is detailed in Figure 1. The demographic characteristics, laboratory parameters, length of stay, and 
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mortality rates of patients stratified by age and pneumonia severity index (PSI) classification are presented in Table 1. 
Significant differences in inflammatory responses, physiological indicators, and clinical outcomes were observed across 
age groups and disease severity levels. The median age of patients in the severe group was significantly higher than in the 
mild group (74 vs 58 years, P < 0.01). Among the age strata, patients aged ≥80 years had the highest median age 
(84 years). In the severe group, the proportion of male patients was higher (76.9%), indicating a potential association 

Figure 1 Flow diagram of study identification and inclusion.

Table 1 Clinical Characteristics

Characteristics Age Group P Severity Group P

18–39 (n=24) 40–59 (n=26) 60–79 (n=84) ≥80 (n=11) Mild (n=93) Severe (n=52)

Age 23.5 (18, 34.25) 53.5 (49, 58) 68 (64, 72) 84 (82, 88) 58 (37, 64) 74 (71, 78) <0.01

Male, n(%) 14 (58.3) 10 (38.5) 56 (66.7) 10 (90.9) 0.012 50 (53.8) 40 (76.9) 0.06

Smoking, n(%) (Pack years) 7 (29.2) 3 (11.5) 30 (35.7) 3 (27.3) 0.133 23 (24.7%) 21 (40.4) 0.049

BMI (kg/m2) 23.54±4.56 22.45±4.38 22.56±4.27 20.59±3.14 0.308 22.65±4.02 22.23±4.64 0.572

WBC (×109/L) 6.4 (5.63, 9.43) 6.1 (4.88, 9.03) 7.45 (5.63, 9.75) 10.4 (6, 17.1) 0.11 6.2 (5.2, 8.83) 9.4 (5.85, 12.1) <0.01

LYM (×109/L) 1.44 (1.16, 2.1) 1.45 (0.86, 1.86) 1.23 (0.7, 1.99) 0.8 (0.5, 0.97) 0.03 1.50 (1.09, 1.99) 0.84 (0.52, 1.29) <0.01

NEU (×109/L) 4.05 (3.3, 7.35) 3.95 (2.61, 6.47) 4.63 (3.41, 7.5) 9.11 (4.25, 14.2) 0.026 4.11 (2.78, 5.78) 7.12 (4.41, 10.03) <0.01

PCT (mg/L) 0.01 (0.01, 0.12) 0.01 (0.01, 0.06) 0.08 (0.01, 0.32) 0.40 (0.24, 3.9) <0.01 0.01 (0.01, 0.085) 0.25 (0.08, 1.19) <0.01

pO2 (mmHg) 71.35 (63.83,81.35) 73.65 (65.58, 87.95) 73.15 (62.03, 83.93) 63.70 (57.7, 89.2) 0.474 74.3 (67.45, 84.28) 64.2 (57.78, 86.7) 0.05

pCO2 (mmHg) 36.95 (35.23, 39.48) 36.75 (33.95, 39.8) 34.75 (32, 38.3) 36.8 (26, 45.8) 0.119 36.6 (34.23, 39.25) 33.3 (28.95, 37.2) <0.01

Median hospital stay (day) 10.5 (8.25,13.75) 12.5 (8.75, 18.5) 13 (10, 19) 12 (10, 19) 0.288 11 (9, 15) 14.5 (10.25, 21.75) <0.01

Death cases, n(%) 0 2 (7.69) 7 (8.33) 1 (9.09) 0.529 1 (1.08) 9 (17.3) <0.01

Note: Bold values denote statistical significance at P < 0.05. 
Abbreviations: BMI, body mass index; WBC, white blood cell; LYM, lymphocyte; NEU, neutrophil; PCT, procalcitonin; pO2, partial pressure of oxygen; pCO2, partial 
pressure of carbon dioxide.
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between sex and disease severity. In terms of inflammatory biomarkers, levels of white blood cell count (WBC), 
neutrophil percentage (NEU), and procalcitonin (PCT) were markedly elevated in both the severe and elderly (≥80 
years) groups, suggesting enhanced systemic inflammatory activity. Conversely, lymphocyte counts (LYM) were 
significantly reduced in these groups (P < 0.01), which may reflect immune suppression. Respiratory function parameters 
also differed by severity. Patients in the severe group exhibited lower arterial oxygen partial pressure (pO2) compared to 
those in the mild group (64.2 vs 74.3 mmHg, P = 0.05), indicating more severe oxygenation impairment. Additionally, 
patients aged ≥80 years had elevated arterial carbon dioxide partial pressure (pCO2), potentially reflecting age-related 
decline in ventilatory capacity. Clinical outcomes varied by disease severity. Patients in the severe group had a longer 
median hospital stay (14.5 vs 11 days, P < 0.01) and a significantly higher in-hospital mortality rate (17.3% vs 1.08%, 
P < 0.01) compared to those in the mild group. These findings highlight marked heterogeneity in the clinical profiles of 
CAP patients across age and severity strata, underscoring the need for age- and risk-adapted therapeutic strategies.

Infection Patterns and Pathogen Spectrum in CAP Patients
Among the 145 CAP patients, 50 cases (34.48%) had simple infections, while 95 cases (65.52%) had multiple infections. 
Among simple infections, bacterial pathogens were the most prevalent, accounting for 78%. Within multiple infections, 
bacterial-viral co-infections were the most common, representing 46.32% of cases, followed by co-infections involving 
bacteria, viruses, and fungi, which accounted for 26.31% (Figure 2A and B). In bronchoalveolar lavage fluid samples 
from 145 patients with community-acquired pneumonia (CAP), a total of 106 pathogenic microorganisms were detected 
(Figure 2C), including 64 bacterial species (60.4%), 24 viral species (22.5%), 14 fungal species (13.2%), and 4 atypical 
pathogens (3.8%).

Age-Stratified Differences in the Pathogen Spectrum of CAP
Age was also closely associated with the composition of the pathogen spectrum in CAP patients. A total of 38 
pathogen species were detected in the 18–39 years group, 4 of which were unique to this group; 50 pathogen species (7 
unique ones) were detected in the 40–59 years group; the 60–79 years group had the most abundant pathogens, with 84 
species detected (29 unique ones); and 44 pathogen species (9 unique ones) were detected in the ≥80 years group 
(Figure 3A). The detection rates of some bacteria, such as Klebsiella pneumoniae, Klebsiella oxytoca, Staphylococcus 
aureus, and Enterococcus faecium, were relatively higher in the ≥80 years population. Certain pathogens, including 
Acinetobacter baumannii and Corynebacterium striatum, were only detected in patients over 60 years old, with their 
detection rates gradually increasing with age. Regarding viruses, multiple viruses such as Human coronavirus OC43, 
Human metapneumovirus, Human coronavirus HKU1, and Human mastadenovirus C were only detected in popula
tions over 60 years old, while Human respiratory syncytial virus B and Influenza B virus were only found in patients 
aged 18–39 years. Influenza A virus and Severe acute respiratory syndrome coronavirus 2 were detected in all age 
groups, with relatively uniform distribution. Atypical pathogens (eg, Mycoplasma pneumoniae) were mainly concen
trated in the young groups; the detection rate in patients aged 18–39 years was significantly higher than that in other 
age groups, and it decreased significantly with increasing age, with no detection in the ≥80 years group. Other 
pathogens such as Chlamydia psittaci and Legionella pneumophila were only occasionally detected in middle-aged and 
elderly groups.

Age-Related Patterns of Bacterial, Viral, and Atypical Pathogen Infections in CAP
There were significant differences in the distribution of infection types among different age groups (Figure 3B). The 
proportion of simple infections was relatively higher in the 18–39 years and 40–59 years age groups, accounting for 
41.67% and 53.85%, respectively. In contrast, multiple infections dominated in the 60–79 years and ≥80 years age 
groups, with proportions reaching 71.43% and 81.82%, respectively. Among all simple infections, bacterial infections 
were the most common, with the highest proportion in the 40–59 years group (41.67%) and the lowest in the ≥80 years 
group (9.09%). Notably, monoviral infections had the highest proportion in elderly patients (≥80 years, 9.09%), while no 
monoviral infections were observed in patients aged 18–39 years. In contrast, monotypic atypical pathogen infections 
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Figure 2 Microbial distribution in patients with CAP. (A) Infection patterns in 145 CAP patients. (B) Categorization of pathogenic infections and the proportion of each category. (C) Distribution of microbial infection among patients 
with CAP.
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Figure 3 Microbial distribution among CAP patients in different age groups. (A) Venn diagram showing unique and shared pathogen species across age groups. (B) Categorization of pathogenic infections and the proportion of each 
category. (C) Detection rates of different pathogen categories.
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only occurred in the 18–39 years group, accounting for 25%, indicating that atypical pathogens may specifically affect 
young populations.

Bacterial–Viral and Triple Infections as Dominant Patterns in Elderly CAP
With increasing age, the types of infections in patients tended to be more diverse and complex. multiple infections were 
particularly prevalent in populations over 60 years old, mainly consisting of bacterial-viral co-infections, which 
accounted for 35.71% in the 60–79 years group and 36.36% in the ≥80 years group, respectively. The proportion of 
triple infections (bacteria + virus + fungus) also increased significantly in the elderly groups, reaching 27.28% in the ≥80 
years group (Figure 3B). These findings suggest that elderly CAP patients face a higher risk of co-pathogenicity by 
multiple pathogens, and a more comprehensive assessment of potential pathogens is required during clinical diagnosis 
and treatment.

Age-Dependent Trends in Pathogen Detection
With the change in age, the detection rates of different types of pathogens also varied among age groups. The overall 
detection rate of bacteria remained high, with no significant changes across different age groups. The detection rates of 
viruses and fungi generally increased with age. However, the detection rate of atypical pathogens was the highest in the 
18–39 years age group, and then gradually decreased with increasing age (Figure 3C).

In conclusion, the distribution of infection types and pathogen spectrum in CAP patients shows a significant age 
dependence. Particularly in the elderly population, the risks of multiple infections and viral/fungal infections are 
significantly increased, which requires attention in clinical prevention and control.

Severity-Stratified Differences in Clinical Characteristics and Outcomes
There were differences in pathogen composition between patients with different disease severities. Analysis based on 
the Venn diagram (Figure 4A) showed that a total of 81 pathogen species were detected in the mild group, 31 of which 
were unique to this group; 74 pathogen species were detected in the severe group, with 24 being unique; and 50 
pathogen species were shared between the two groups. These findings suggest distinct differences in the infection 
spectrum between the two groups, emphasizing the need for targeted optimization of pathogen screening strategies for 
each group.

This study found that the severity of CAP was closely associated with the type of infection. The proportion of simple 
infections was 40.86% in the mild group, while it decreased to 23.08% in the severe group. Correspondingly, multiple 
infections were the dominant type in both groups, but their proportion increased significantly in the severe group, rising 
from 59.14% in the mild group to 76.92% in the severe group. This indicates a positive correlation between disease 
progression and the complexity of infection.

Increased Prevalence of Multiple and Triple Infections in Severe CAP
Further analysis revealed that bacterial infections were the most common among simple infections, accounting for 
31.18% in the mild group. Monoviral infections had a slightly higher proportion in the severe group (3.85%), while 
monotypic infections caused by atypical pathogens were only observed in the mild group (6.45%). Among multiple 
infections, bacterial-viral co-infections were the most frequent combination, accounting for 29.03% in the mild group and 
32.69% in the severe group. Notably, the proportion of triple co-infections (involving bacteria, viruses, and fungi) 
increased significantly in the severe group, reaching 28.85%, which was much higher than the 10.75% in the mild group 
(Figure 4B).

Severity-Associated Trends in Pathogen Detection
As shown in Figure 4C, with the aggravation of CAP, the composition of pathogens underwent a structural change. The 
detection rates of fungi and viruses in the severe group were significantly higher than those in the mild group, whereas 
the mild group showed a higher proportion of infections caused by atypical pathogens. This change suggests that in 
clinical practice, pathogen screening directions and anti-infective strategies should be reasonably adjusted according to 
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the severity of patients’ conditions. In particular, the risk of multiple mixed infections in severe patients requires 
heightened vigilance.

Pathogen Spectrum Differences Between Mild and Severe CAP
In terms of microbial composition, there were significant differences in the distribution of the top 20 pathogens between 
mild and severe CAP patients (Figure 4D). For bacteria, Moraxella catarrhalis and Haemophilus haemolyticus were only 
detected in the mild group; the detection rates of Haemophilus influenzae, Haemophilus parainfluenzae, Prevotella 
melaninogenica, Micromonas micros, and Staphylococcus haemolyticus were also higher in the mild group than in the 
severe group. In contrast, Acinetobacter baumannii, Klebsiella oxytoca, Enterococcus avium, Bacteroides fragilis, 
Pseudomonas putida, and Klebsiella aerogenes were only detected in the severe group, showing a strong association 
with disease severity.

For viruses, Human rhinovirus A, Human parainfluenza virus 1, and Human coronavirus OC43 were exclusively found in 
the severe group; the detection rates of Severe acute respiratory syndrome coronavirus 2 (including its variant XXB.1), Human 
rhinovirus C, Human parainfluenza virus 3, and Influenza A virus were also higher in the severe group than in the mild group. 
On the contrary, Influenza B virus, Human metapneumovirus, Human coronavirus 229E, Human mastadenovirus C, Human 
respiratory syncytial virus B, and Human coronavirus HKU1 were only detected in the mild group.

In addition, the distribution of atypical pathogens also differed between groups: the detection rate of Mycoplasma 
pneumoniae was significantly higher in the mild group than in the severe group, while Chlamydia psittaci and Legionella 
spp. were more frequently detected in severe patients.

Discussion
Previous studies have identified Streptococcus pneumoniae and respiratory viruses, such as human rhinovirus and influenza 
virus, as the most common pathogens of CAP,15,16 with other pathogens including Haemophilus influenzae, Moraxella 
catarrhalis, Staphylococcus aureus, and atypical microorganisms such as Legionella spp., Mycoplasma pneumoniae, and 
Chlamydophila pneumoniae.17 However, in recent years, the etiology of CAP has been constantly changing due to the 
extensive use of antibiotics, changes in climate and environment, and particularly the outbreak of the coronavirus disease 
2019 (COVID-19) pandemic. Non-pharmaceutical interventions during the COVID-19 pandemic—including stay-at-home 
orders, school and community closures, and mask mandates—suppressed the circulation of common respiratory viruses such 

Figure 4 Microbial distribution in mild versus severe CAP groups. (A) Venn diagram showing unique and shared pathogen species between severity groups. (B) 
Categorization of pathogenic infections and the proportion of each category. (C) Detection rates of different pathogen categories. (D) Top 20 microorganisms ranked 
by detection frequency.
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as influenza, RSV, and human metapneumovirus, while the subsequent relaxation of these measures led to a re-increase in 
infections, particularly rhinovirus.18 Additionally, COVID-19 has been associated with a higher propensity for bacterial co- 
infections, further complicating clinical management.19 These shifts underscore the need for continuous monitoring of CAP 
etiology in the post-pandemic era. The development of sequencing technologies has also provided new tools for further 
identifying pathogenic bacteria. In this study, tNGS was used to systematically analyze the infection types and pathogen 
spectrum of 145 patients with CAP, revealing significant differences across different age groups and disease severity levels. 
The results showed that both age and disease severity were closely associated with infection complexity and pathogen 
distribution, indicating that the etiological characteristics of CAP exhibit obvious age dependence and stratified features.

We found that with increasing age, the infection type of CAP patients showed a trend of transitioning from simple infection 
to multiple infection. Particularly in the population aged ≥80 years, patients were more prone to multiple infections, and the 
infection types were more complex—among these, bacterial-viral co-infections accounted for the highest proportion, and the 
proportion of triple infections (involving bacteria, viruses, and fungi) also increased significantly with age. This phenomenon 
may be related to factors such as immunosenescence, comorbid chronic underlying diseases, and long-term medical exposure. 
Notably, the detection rates of viruses and fungi were significantly higher in elderly patients, while young populations were 
more susceptible to infections caused by atypical pathogens such as Mycoplasma pneumoniae. The high prevalence of 
M. pneumoniae in young patients may be attributed to multiple factors, including transmission dynamics favoring close- 
contact settings such as schools and workplaces, age-related immunity differences whereby older adults acquire partial 
protection from prior infections while younger individuals lack such antibodies,20 and high macrolide resistance rates in China 
(>90%) that may prolong illness and pathogen shedding, thereby increasing transmission opportunities in socially active 
young populations.21,22 This suggests that age may be a key factor influencing susceptibility to atypical pathogens; therefore, 
when formulating anti-infective treatment regimens for young patients, more attention should be paid to infections caused by 
atypical pathogens, especially Mycoplasma pneumoniae. This finding is consistent with some previous epidemiological 
studies, but it also implies that early detection and intervention of viruses and fungi should be strengthened during the 
diagnosis and treatment of elderly populations to reduce the risks of diagnostic delay and insufficient treatment.

This study also revealed age-specific trends in the pathogen spectrum of CAP patients across different age groups. The 
60–79 years group had the most abundant pathogens, with significantly more unique species than other groups; in contrast, 
young populations showed high susceptibility to atypical pathogens. Such differences may reflect variations in immune 
response, respiratory microbiota, and pathogen exposure patterns among populations of different ages. Clinically, these results 
suggest that patient age should be fully considered when developing diagnosis and treatment strategies to optimize etiological 
detection and anti-infective treatment regimens.

It is important to note that 3 cases of Pseudomonas aeruginosa were detected in young patients in this study, and none of 
these 3 patients were admitted to the intensive care unit (ICU), had structural lung disease, or were immunocompromised. 
Studies have shown that the incidence of CAP caused by Pseudomonas aeruginosa is 2% in patients with no prior 
Pseudomonas aeruginosa infection/colonization and no chronic lung diseases such as bronchiectasis or chronic obstructive 
pulmonary disease (COPD).23 We speculate that Pseudomonas aeruginosa infection in these patients may be related to the 
previous irregular use of broad-spectrum antibiotics, highlighting the need for greater caution in antibiotic use.

Secondly, CAP patients with different severity levels exhibited distinct infection characteristics. Atypical pathogens are 
more common in patients with mild disease severity,7,24 which is consistent with the results of our study, suggesting that CAP 
caused by Mycoplasma pneumoniae is relatively mild. Severe CAP is associated with more complex infection types, higher 
detection rates of viruses and fungi, and a higher prevalence of multiple infections. Studies have shown that the inflammatory 
pattern of CAP patients with multiple infections differs from that of patients with simple infections, with a more intense 
inflammatory response,25 which may be related to Interferon (IFN)-γ-induced protein 10.26 A Spanish study demonstrated that 
among the microbial etiologies of CAP, Gram-negative Enterobacteriaceae, Staphylococcus aureus, and mixed etiologies 
were associated with the highest mortality rates.7 A 2022 Chinese study on severe community-acquired pneumonia showed 
that influenza viruses, Streptococcus pneumoniae, and Enterobacteriaceae bacteria were the main causes of severe 
pneumonia.27 Another multicenter study found that influenza viruses, Klebsiella pneumoniae, Staphylococcus aureus, and 
respiratory syncytial virus (RSV) were closely associated with severe infections, and Klebsiella pneumoniae was linked to 
poor outcomes.28 In our study, Acinetobacter baumannii, Stenotrophomonas maltophilia, Corynebacterium striatum, and 
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Escherichia coli were associated with severe CAP; in addition, the detection rates of Enterococcus avium, Enterococcus 
faecium, and Staphylococcus aureus in the severe group were significantly higher than those in the mild group. This suggests 
that these pathogens may cause more severe pneumonia, which requires further research for verification. Regarding viral 
infections, the detection rates of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), Influenza A virus, parain
fluenza virus, and rhinovirus C in patients with severe pneumonia were significantly higher than those in patients with mild 
pneumonia, and these viruses were mostly accompanied by bacterial co-infections. Therefore, more attention should be paid to 
viral infections when screening pathogens and formulating anti-infective regimens for patients with severe CAP.

Current perspectives suggest that in addition to the previously recognized pathogenic microorganisms, the etiology of CAP 
may also include certain normal respiratory flora, which also have potential pathogenicity.29 However, these normal respiratory 
flora are usually not identified by traditional microbiology laboratories. A study by Daniel M Musher found that the previously 
reported normal respiratory flora appeared to play a pathogenic role in 25.8% of CAP cases, causing CAP under certain 
conditions such as aspiration, decreased immunity, and disruption of respiratory microbiota.30 In our study, the detection rate of 
normal respiratory microorganisms was relatively high: the detection rate of Streptococcus mitis was as high as 44.14%, 
Veillonella parvula was 41.38%, and Streptococcus intermedius and Streptococcus cristatus were both around 14%. Previous 
studies have shown that Streptococcus mitis shares the same molecular characteristics as Streptococcus pneumoniae, can also 
form capsules, and can cause severe infections in humans.31,32 Therefore, we have reason to include these normal respiratory 
flora in the pathogen spectrum of CAP, and further studies are needed to clarify their potential role in the development of CAP.

This study still has certain limitations. First, the sample size was relatively small, and the study subjects were limited to 
a single center; thus, the generalizability of the results to other regions and populations needs to be verified. Second, 
bronchoalveolar lavage fluid (BALF) was used as the detection sample in this study. Although BALF can well reflect the 
pathogen spectrum of the lower respiratory tract, it may still be affected by sampling depth, background flora, and the 
sensitivity of detection technologies. In addition, the inference of pathogenicity for some pathogens was mainly based on 
detection results, lacking further activity verification and correlation analysis with host responses. Therefore, future multi
center studies with larger cohorts are needed to validate our findings across diverse populations. Standardization of BALF 
sampling protocols is also warranted to minimize procedural variability and guide precision diagnostic strategies for CAP.

Conclusion
For elderly patients, clinical practice should prioritize the risk of multiple infections, particularly early identification of 
viruses and fungi; for young patients, screening for atypical pathogens should be emphasized; and for severe patients, 
rapid multi-pathogen detection and optimized empirical anti-infective strategies are essential to reduce mortality.
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