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Purpose: Aspiration pneumonia (AP) challenges public health globally. The primary aim of this study was to ascertain the 
microbiological profile characteristics of patients with AP evaluated by combined detection methods, including conventional micro-
biological tests (CMTs), chips for complicated infection detection (CCID), and metagenomic next-generation sequencing (mNGS).
Patients and Methods: From June 2021 to March 2022, a total of thirty-nine patients with AP or community-acquired pneumonia 
with aspiration risk factors (AspRF-CAP) from 3 hospitals were included. Respiratory specimens, including bronchoalveolar lavage 
fluid (BALF), sputum, and tracheal aspirate, were collected for microorganism detection.
Results: Patients with AP were more inclined to be older, to have a shorter duration from illness onset to admission, to have a higher 
prevalence of different underlying diseases, particularly diabetes mellitus, chronic heart disease, and cerebrovascular disease, and to 
have a higher CURB-65 score (all P < 0.05). A total of 213 and 31 strains of microorganisms were detected in patients with AP and 
AspRF-CAP, respectively. The most common pathogens in AP were Corynebacterium striatum (17/213, 7.98%), Pseudomonas 
aeruginosa (15/213, 7.04%), Klebsiella pneumoniae (15/213, 7.04%), and Candida albicans (14/213, 6.57%). Besides, the most 
common pathogens in AspRF-CAP were Candida albicans (5/31, 16.13%), Pseudomonas aeruginosa (3/31, 9.68%) and Klebsiella 
pneumoniae (3/31, 9.68%). Moreover, Klebsiella pneumoniae (7/67, 10.45%) and Candida glabrata (5/67, 7.46%) were the most 
common pathogens among the 9 non-survived patients with AP.
Conclusion: The prevalent pathogens detected in cases of AP were Corynebacterium striatum, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Candida albicans. Early combined detection methods for patients with AP enhance the positive detection rate of 
pathogens and potentially expedites the initiation of appropriate antibiotic therapeutic strategies.
Keywords: aspiration, pneumonia, microbiology, metagenomic next-generation sequencing, chips, combined detection

Introduction
Aspiration is defined as the inhalation of oropharyngeal or gastric contents into the larynx and lower respiratory tract.1 

Aspiration pneumonia (AP) refers to the process of alveolar and systemic inflammation caused by the inhalation of 
oropharyngeal or gastrointestinal secretions colonized by pathogenic bacteria into the lower respiratory tract.2 Multiple 
risk factors, such as impaired swallowing, impaired cough reflex, impaired consciousness, degenerative neurologic 
diseases, dementia, stroke, and enteral tube feeding, are associated with AP.1,3 Our previous study has reported that 
the incidence rates of hospitalized AP and pneumonia patients with aspiration risk factors (AspRF) were 9.4 and 
102.9 per 100,000 person-years, respectively.4 The incidences of AP increased rapidly with age.4 It has been reported 
that patients with AP have higher morbidity and mortality than those with non-aspiration community-acquired pneumo-
nia (CAP).5 Significant healthcare and economic burdens are foreseeable as the population ages and the prevalence of AP 
increases.
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However, prophylactic use of antibiotics in AP does not provide clinical benefit and may drive resistance, resulting in 
the need for escalation of antibiotic therapy for patients with AP.6 Additionally, inadequate empirical antimicrobial 
therapy may contribute to significant increase of mortality.7 Therefore, early identification and characterization of AP 
pathogens is critical for administering appropriate antimicrobial treatment and improving clinical outcomes. 
Accumulating evidence revealed a fading importance of anaerobic bacteria in AP, with Escherichia coli, 
Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa, becoming common causative 
organisms.5,8 Besides, another study reported that Streptococcus pneumoniae was the leading pathogen in CAP patients 
with AspRF (AspRF-CAP).9 There are many difficulties in the detection of AP and AspRF-CAP pathogens. Firstly, the 
isolation and identification rates of the causative pathogens of AP and AspRF-CAP are usually tend to be low, with poor 
sensitivity and time-consuming due to the application of empirical therapy and antimicrobial agents.10 Secondly, 
polymicrobial infections are common in severe pneumonia, while conventional microbial culture is not easy to detect 
simultaneously. Moreover, conventional microbiological tests (CMTs) utilized in clinical microbiology laboratories have 
certain limitations.11 The technique is time-consuming and limited in their scope for pathogen detection, making it 
unsuitable for identifying unknown or difficult-to-culture pathogens. Advances in molecular diagnostic techniques have 
improved the potential of the identification and characterization of the role of existing and previously unrecognized AP 
and AspRF-CAP pathogens. Chips for complicated infection detection (CCID) is a novel technique for rapid detection of 
pathogenic microorganisms.12 Our previous multicenter prospective observational study has shown that CCID was 
promising in elderly patients with pneumonia due to its potential to rapidly and accurately detect multiple pathogenic 
microorganisms and was less affected by prior antimicrobial therapy.12 In addition, metagenomic next-generation 
sequencing (mNGS), as a hypothesis-free, unbiased, and culture-independent modality, has been progressively applied 
in the etiological diagnosis of respiratory tract infection.13,14 In view of the complexity of the etiology of AP and AspRF- 
CAP and the unsatisfactory detection techniques of pathogens, multiplexed detection techniques with high sensitivity and 
accuracy are required.

Establishing the etiological diagnosis of AP and AspRF-CAP enables individualized treatment, such as appropriate 
selection of antibiotics, mitigating broad-spectrum antibiotic abuse, promoting effective antimicrobial stewardship, and 
ultimately improving patient recovery.15 Increased sensitivity, affordability, and availability of molecular pathogen 
detection techniques have significantly improved the understanding of AP and AspRF-CAP etiology.16 However, there 
is a lack of research on the etiology of Chinese AP and AspRF-CAP. Therefore, the primary objective of this prospective 
study was to describe the microbiological profile and clinical features of adult patients with AP and AspRF-CAP and to 
evaluate the benefit of combined testing for the etiological diagnosis of AP and AspRF-CAP in China.

Materials and Methods
Study Design and Participants
From June 2021 to March 2022, we consecutively recruited patients from 3 hospitals, including Anhui Chest Hospital, 
Beijing Jingmei Group General Hospital, and Aerospace Center Hospital in China. Only inpatients aged ≥18 years with 
a definite diagnosis of CAP were included in the study.17 Patients with hospital-acquired or ventilator-associated 
pneumonia, active tuberculosis or bronchiectasis, immunosuppressed, with missing data, and not sent for mNGS, 
CCID, and CMTs simultaneously were excluded. The subjects were stratified in AP and AspRF-CAP groups. The 
diagnosis of AP primarily rests on the principles of a characteristic clinical history (witnessed macro-aspiration), risk 
factors, and chest radiographic findings.2,3 AspRF includes advanced age, male, dysphagia, head and neck cancer, upper 
gastrointestinal disease, reduced conscious level, degenerative neurologic diseases (parkinsonism, dementia, and multiple 
sclerosis), chronic obstructive pulmonary disease, alcohol dependence, and sedative drug abuse.2,3,18 AspRF-CAP was 
defined as CAP patients with AspRF.3,9

A total of 94 patients with CAP from three hospitals were eligible for screening (Figure 1). After exclusion of 12 
(12.8%) patients with active tuberculosis or bronchiectasis, 9 (9.6%) patients in immunosuppressive condition, 8 (8.5%) 
cases with missing data, and 26 (27.6%) patients not sent for mNGS, CCID, and CMTs simultaneously, 39 (41.5%) 
patients were finally included for the following analysis.
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Study protocols were reviewed and approved by the Ethics Committee of Peking University First Hospital (approval 
number 2021–132). All procedures followed were in accordance with the ethical standards of the responsible committees 
and with Declaration of Helsinki. Informed consents were obtained from each participant or legal guardians.

Data Collection and Definition
Data on demographic and clinical characteristics, including age, sex, smoking status, medical history (including chronic 
obstructive pulmonary disease, diabetes mellitus, hypertension, chronic renal disease, chronic heart disease, cerebrovas-
cular disease, malignant), and duration from illness onset to admission were collected. Respiratory rate and blood 
pressure were measured by professional nurses. Biochemical parameters, including blood routine, liver function, kidney 
function, serum electrolytes, and coagulation function were extracted during hospitalization. In-hospital mortality was 
taken from medical records. BALF amylase levels were measured using an enzyme-linked immunosorbent assay kit 
(ab137969, Abcam, Cambridge, UK). The CURB-65 score was determined in patients with pneumonia for the assess-
ment of severity in CAP, consisting of 5 variables, one point for each item: new onset confusion, Urea > 7 mmol/L, 
respiratory rate ≥ 30 times/minute, systolic blood pressure < 90 mmHg and/or diastolic blood pressure ≤ 60 mmHg, and 
age ≥ 65 years.19 CURB-65 ≥ 3 was defined as severe pneumonia.20

Sample Collection and Pathogen Detection
Blood samples and qualified respiratory specimens, including sputum, tracheal aspirates, and BALF were collected for 
pathogen detection. CMTs included smear, culture, antigen detection, and serological tests. Culture and smear micro-
scopy (except for special staining) were performed on each included specimen. Other CMT tests were performed 
according to the type of specimen and clinically suspected pathogens, and it is not required that every patient receives 
all types of CMTs testing.

Figure 1 Flowchart of the participants included in the present study.
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For CCID, the volume of sputum and BALF should be at least 2 mL and 3 mL, respectively. Pathogens were detected 
by the Pathogenic Bacteria Nucleic Acid Detection Kit (CapitalBio Technology, Beijing, China) and RTisochip-A nucleic 
acid analyzer (CapitalBio Technology, Beijing, China). Data were analyzed by nucleic acid detection software. The chip 
was able to identify 47 bacterial species, 22 fungal species and 21 viruses.12

The workflow of mNGS includes sample pretreatment and nucleic acid extraction, library preparation, high- 
throughput sequencing, and bioinformatics analysis. Nucleic acid extraction and library preparation were performed. 
Sequenced on the BioelectronSeq 4000 sequencer (CapitalBio Corporation, Beijing, China). High-quality sequencing 
data was generated by removing low-quality and short (<50 bp in length) reads. The human host sequence mapping to the 
human reference genome (hg19) was then computationally subtracted using the Burrows-Wheeler alignment. The 
remaining data after the removal of low-complexity reads were classified by simultaneous comparison of four microbial 
genome databases, including bacteria, fungi, viruses, and parasites.21

Statistical Analysis
Continuous variables were presented as median and interquartile range (IQR) and compared by Mann–Whitney U-test. 
Categorical variables were reported as frequency and percentages (%) and analyzed by Fisher’s exact test. The 
concordance between the different detection methods was examined using kappa statistics. Statistical analysis and 
figures were performed using GraphPad Prism 9.0 software (GraphPad Prism Inc., San Diego, CA, USA), R software 
(version 4.3.1, R Development Core Team), and SPSS 26.0 software (SPSS, Chicago, IL, USA), and data were 
transferred to Excel spreadsheets. P values <0.05 signified statistical significance.

Results
Clinical Characteristics
A total of 39 patients were included for the following analysis, including 28 (71.8%) AP patients and 11 (28.2%) AspRF- 
CAP subjects. The median age was 77 years old (IQR: 69–84 years), 25 (64.1%) patients were male, the median duration 
from illness onset to admission was 2 days (IQR: 1–15 days). Besides, 33 (84.6%) cases suffered from different 
underlying diseases, cerebrovascular disease (28/39, 71.8%) and hypertension (21/39, 53.8%) were the most common 
underlying conditions. Compared with AspRF-CAP, patients with AP were more inclined to be older, to have a shorter 
duration from illness onset to admission, to have a higher prevalence of different underlying diseases, especially diabetes 
mellitus, chronic heart disease, and cerebrovascular disease, to have a lower proportion of cough, and to have a higher 
CURB-65 score (all P < 0.05, Table 1). Besides, 11 patients (28.2%) died in hospital, 9 of whom were diagnosed with 
AP. Moreover, the levels of BALF amylase and blood glucose in AP group were significantly higher than those with 
AspRF-CAP, as presented in Table S1. No significant differences were observed in other investigated biochemical 
parameters.

Microorganisms in AP and AspRF-CAP
Of the 28 patients with AP, 1 (3.57%) case was bacterial pathogen only, 27 (96.43%) cases were co-detection, of which 
13 (48.15%) were bacterial and fungal co-detection, 1 (3.70%) was bacterial and viral co-detection, 13 (48.15%) were 
bacterial, fungal and viral co-detection (Figure 2). Among the 213 strains of isolated pathogens, the predominant detected 
microorganisms were Corynebacterium striatum (17/213, 7.98%), Pseudomonas aeruginosa (15/213, 7.04%) and 
Klebsiella pneumoniae (15/213, 7.04%). In addition, the most common fungal pathogen was Candida albicans (14/ 
213, 6.57%) and the most common viral pathogen was herpes simplex virus type 1 (7/213, 3.29%). Moreover, a total of 
31 strains of pathogens were determined in the 11 patients with AspRF-CAP. The most common pathogens were Candida 
albicans (5/31, 16.13%), Pseudomonas aeruginosa (3/31, 9.68%) and Klebsiella pneumoniae (3/31, 9.68%).

Microorganisms in Severe and Non-Severe AP
Of the 16 patients with severe AP, a total of 123 pathogens have been identified, the most common pathogens were 
Corynebacterium striatum (10/123, 8.13%), Klebsiella pneumoniae (10/123, 8.13%), Candida albicans (9/123, 7.32%), 
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and Pseudomonas aeruginosa (9/123, 7.32%). All of them were co-detected, of which bacterial and fungal co-detection 
(9/16, 56.25%) were the most common types. In addition, in 12 patients with non-severe AP, 90 pathogens were 
determined, and Candida glabrata (8/90, 8.89%) and Corynebacterium striatum (7/90, 7.78%) were the most common 
detected pathogens (Figure 3).

Microorganisms in Non-Survived Patients
A total of 67 and 12 strains of pathogens were detected in non-survived patients with AP and AspRF-CAP, respectively. 
Klebsiella pneumoniae (7/67, 10.45%) and Candida glabrata (5/67, 7.46%) were the most common pathogens among the 
9 non-survived patients with AP, whereas Corynebacterium striatum (2/12, 16.67%) and Candida glabrata (2/12, 
16.67%) were the most common pathogens in the 2 non-survived AspRF-CAP patients (Figure 4).

Comparison of Diagnostic Performance
Thirty-eight BALF samples, 30 sputum samples, and 1 tracheal aspirate sample were collected. The positive rate of 
pathogen in BALF was significantly higher than that of sputum samples (97.4% vs 70.0%, P = 0.002, Figure 5A). Among 
the 25 cases with consistent BALF samples, the positive rate of mNGS was significantly higher than that of CMTs 
(88.0% vs 80.0%, P = 0.004, Figure 5B). Figure 5C showed the specific pathogens detected by different detection 
methods. Additionally, the concordance between mNGS and CMTs was moderate (Kappa value = 0.435, Figure S1). 

Table 1 Clinical Characteristics of the Study Participants

Variables All (N=39) AspRF-CAP (N=11) AP (N=28) P

Age, years 77.0 (69.0–84.0) 71.0 (43.0–73.0) 81.0 (72.5–86.5) 0.004
Sex 1.000

Male 25 (64.1) 7 (63.6) 18 (64.3)

Female 14 (35.9) 4 (36.4) 10 (35.7)
Duration from illness onset to admission, days 2.0 (1.0–15.0) 15.0 (2.0–24.0) 2.0 (1.0–5.0) 0.010

Comorbidities 33 (84.6) 7 (63.6) 26 (92.9) 0.042

COPD 3 (7.7) 2 (18.2) 1 (3.6) 0.187
Diabetes mellitus 9 (23.1) 0 (0.0) 9 (32.1) 0.040

Hypertension 21 (53.8) 3 (27.3) 18 (64.3) 0.072
Chronic renal disease 2 (5.1) 0 (0.0) 2 (7.1) 1.000

Malignant 5 (12.8) 2 (18.2) 3 (10.7) 0.609

Chronic heart disease 11 (28.2) 0 (0.0) 11 (39.3) 0.017
Cerebrovascular disease 28 (71.8) 4 (45.5) 23 (82.1) 0.044

Respiratory symptoms

Cough 21 (53.8) 9 (81.8) 12 (42.9) 0.037
Expectoration 17 (43.6) 7 (63.6) 10 (35.7) 0.158

Fever 14 (35.9) 5 (45.5) 9 (32.1) 0.478

Chest pain 1 (2.6) 1 (9.1) 0 (0.0) 0.282
Wheeze 7 (17.9) 1 (9.1) 6 (21.4) 0.649

Dyspnoea 7 (17.9) 0 (0.0) 7 (25.0) 0.159

CURB-65 Score, point, median (IQR) 2 (1–4) 1 (0–2) 3 (2–4) 0.001
CURB-65 Score, n (%) 0.002

0–1 12 (30.8) 8 (72.7) 4 (14.3)

2 9 (23.1) 1(9.1) 8 (28.6)
3–5 18 (46.2) 2 (18.2) 16 (57.1)

Non-invasive mechanical ventilation 9 (23.1) 1 (9.1) 8 (28.6) 0.399

Invasive mechanical ventilation 18 (46.2) 2 (18.2) 16 (57.1) 0.037
In-hospital mortality 11 (28.2) 2 (18.2) 9 (32.1) 0.461

Notes: Value are presented as median (IQR) or n (%). 
Abbreviations: COPD, chronic obstructive pulmonary disease; AP, aspiration pneumonia; AspRF-CAP, community-acquired pneumonia with 
aspiration risk factors.
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Moreover, 27 (69.23%) cases had used antibiotics prior to specimen collection. No significant difference was observed 
between patients treated with antibiotics for ≤3 days and those >3 days (Figure S2).

Discussion
In this prospective study, we evaluated the microbiological profile of AP and AspRF-CAP by combined detection 
techniques, including CMTs, CCID, and mNGS. The most commonly detected pathogens in AP were Corynebacterium 
striatum, Pseudomonas aeruginosa and Klebsiella pneumoniae, whereas the most common pathogens in AspRF-CAP 
were Candida albicans, Pseudomonas aeruginosa and Klebsiella pneumoniae. These findings update our understanding 
of the etiology of AP and may substantially improve the positive rate of clinical pathogen detection.

AP accounts for approximately 10–20% of CAP. Our data showed that patients with AP were more inclined to be 
older and to have a higher prevalence of different underlying conditions, particularly diabetes mellitus, chronic heart 
disease, and cerebrovascular disease, which was generally consistent with previous reports.18,22 The integrity of the 
oropharyngeal sensory system is essential for maintaining swallowing function. With the increase of age and underlying 
diseases, pharyngeal sensitivity and swallowing reactivity impaired, the protective reflex of epiglottis and glottis reduced, 
especially in the setting of cerebrovascular diseases, the swallowing function and cough reflex impaired, leading to an 
increased risk of AP.23–25 Clinically, AP is principally diagnosed relying on clinical history (witnessed macro-aspiration), 
risk factors, and chest radiography findings. It has been reported that bronchoalveolar lavage amylase serve as potential 
diagnostic biomarkers for distinguishing AP.26 In the present study, we observed that the levels of BALF amylase in AP 
group were significantly higher than those with AspRF-CAP (P = 0.004). Amylase was rarely generated in tracheal or 
bronchoalveolar cells. Thus, detection of BALF amylase indicated dysfunction of the swallowing reflex, which may hint 
aspiration of oral secretions. Unexpectedly, no significant difference was observed among the positive rate of CMTs, 

Figure 2 Microorganisms detected in patients with AP and AspRF-CAP. The column chart showed the numbers of microorganisms detected. A total of 213 and 31 strains of 
microorganisms were detected in patients with AP and AspRF-CAP, respectively. The left pie chart showed the detailed proportions of microorganism distribution in AP 
patients, including bacterial pathogen only (1/28, 3.57%), bacteria-fungi co-detection (13/28, 46.43%), bacteria-virus co-detection (1/28, 3.57%), and bacteria-fungi-virus co- 
detection (13/28, 46.43%). The right pie chart showed the detailed proportions of microorganism distribution in AspRF-CAP patients, including not detected (1/11, 9.09%), 
fungal pathogen only (1/11, 9.09%), bacteria-bacteria co-detection (1/11, 9.09%), fungi-fungi co-detection (1/11, 9.09%), bacteria-fungi co-detection (3/11, 27.28%), and 
bacteria-virus co-detection (4/11, 36.36%).
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Figure 3 Comparison and overlap of isolated microorganisms between severe AP and non-severe AP. The column chart showed the numbers of microorganisms detected. 
A total of 123 and 90 strains of microorganisms were detected in 16 severe AP cases and 12 non-severe AP cases, respectively. The left pie chart showed the detailed 
proportions of microorganism distribution in severe AP patients, including bacteria-fungi co-detection (9/16, 56.25%) and bacteria-fungi-virus co-detection (7/16, 43.75%). 
The right pie chart showed the detailed proportions of microorganism distribution in non-severe AP patients, including bacterial pathogen only (1/12, 8.33%), bacteria-virus 
co-detection (1/12, 8.33%), bacteria-fungi co-detection (4/12, 33.33%), and bacteria-fungi-virus co-detection (6/12, 50.00%).

Figure 4 Microorganisms detected in non-survived patients. Klebsiella pneumoniae and Candida glabrata were the most common pathogens among the 9 non-survived AP 
patients, whereas Corynebacterium striatum and Candida glabrata were the most common pathogens in 2 non-survived AspRF-CAP patients.
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CCID, and mNGS between antibiotic treatment >3 days and ≤3 days. This may be partly attributable to the small sample 
size. Moreover, AP is a pulmonary infectious disease with a high mortality rate. The mortality of AP in our study was 
32.1%, which was generally consistent with previous findings.4,27 The higher mortality rate in patients with AP may be 
explained by older age and a higher prevalence of comorbidities. Advanced age was at higher risk of mortality in AP, 
possibly due to reductions in immune responses and alternations in lung function, including age-related decline in 
functional residual capacity, pulmonary elasticity, and mucociliary transport.28,29 In view of the increase of the old 
population and physical degradation and compromised immunity in the elderly, it is necessary to strengthen the nursing 
of AP-related comorbidities.

A complex taxonomic landscape of lung bacteria has been described. However, the role of the microbiome in health 
and disease, especially in the pathogenesis of pneumonia, remains unclarified. Among the eligible patients, co-detection 
was identified in 96.43% and 81.82% of the patients with AP and AspRF-CAP, respectively, in which bacterial, fungal 
and viral co-detection was the most frequent types. A prospective study of 62 older adult hospitalized patients with AP 
revealed that anaerobic bacteria and aerobic bacteria co-existed in 66.7% of the dead patients.30 Moreover, it has been 
reported that polymicrobial infections are common in patients with AP.31

Over the past few decades, there has been a notable shift in the pathogens implicated in AP. In our study, Corynebacterium 
striatum, Pseudomonas aeruginosa, and Klebsiella pneumoniae were the most common pathogens in patients with AP. 

Figure 5 Comparison of diagnostic performance. (A) The positive rate of pathogen in BALF was significantly higher than that of sputum samples (97.4% vs 70.0%, P = 0.002). (B) 
The positive rate of pathogen with consistent BALF samples. The positive rate of mNGS was significantly higher than that of CMTs (88.0% vs 80.0%, P = 0.004). (C) Venn diagrams 
for specific pathogens detected according to different detected methods. Pink for mNGS. Blue for CCID. Cyan for CMTs. The numbers in the circles stand for cases.
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Corynebacterium striatum is part of the human skin and nasal mucosa microbiota that has been increasingly reported as an 
etiologic cause of pulmonary infection.32 A systematic review identified that Escherichia coli, along with Klebsiella 
pneumoniae and Pseudomonas aeruginosa, were pathogenic microorganisms in the oral microbiome of elderly patients 
with AP, especially for those in residential care.33 Klebsiella pneumoniae and Pseudomonas aeruginosa regularly inhabit the 
gut and respiratory tract of healthy individuals and are common causative pathogens of pneumonia. Poor oral hygiene was 
considered to be the primary source of pathogens for AP.34 In addition, the presence of gut microbiota in respiratory specimens 
may connected with the gastro-esophageal reflux experienced by many patients with AP, particularly those with dysphagia. 
A study of patients with AP in respiratory intensive care unit revealed that the predominant isolated microorganisms were 
Candida spp, Pseudomonas aeruginosa, Staphylococcus aureus, Acinetobacter baumannii, and Klebsiella pneumoniae in 
community-acquired cases, whereas Acinetobacter baumannii, Pseudomonas aeruginosa, Candida spp, and Klebsiella 
pneumonia were the main isolates in hospital-acquired AP.35

Viruses play an increasingly important role in the pathogenesis of AP. In the present study, herpes simplex virus type 1 
was the top virus in AP. It has been reported that herpes simplex virus type 1 was in connection with lung disease and 
usually identified in respiratory secretions of critically ill patients.36 A multicenter retrospective study exploited mNGS 
testing of BALF revealed that herpes simplex virus type 1 was one of the most common reactivated viruses in the lower 
respiratory tract of patients with severe pneumonia and was associated with an increased risk of mortality.37 Therefore, 
large-scale prospective studies are required to determine the causative role of herpes simplex virus type 1 and other 
viruses in AP. The management strategies of AP should include rapid detection of viruses and to assess whether 
individual patients need antiviral therapy.

Among patients with AspRF-CAP, Candida albicans, Pseudomonas aeruginosa and Klebsiella pneumoniae were the 
main microorganisms. In contrast to our findings, an analysis of a hospitalized UK cohort reported that the predominant 
microorganisms isolated in patients at risk of aspiration were Streptococcus pneumoniae, Haemophilus influenzae, Gram- 
negative Enterobacteriaceae, and Staphylococcus aureus.38 Patients with AP had a higher rate of Pseudomonas 
aeruginosa (11.3% vs 3.8%, P = 0.015) and a lower rate of Streptococcus pneumoniae (1.4% vs 5.9%, P = 0.032) 
compared to patients with AspRF-CAP.9

Additionally, in our study, Candida spp were a significant emerging microorganism isolated from patients with AP 
and AspRF-CAP, contributing to 18.3% and 19.4% of the AP and AspRF-CAP cases, respectively. Infectious disease 
specialists suggest that pneumonia caused by Candida spp is a “very rare event”.39 These microorganisms normally 
colonize the mouth. Depending on respiratory sample cultures for etiological diagnosis of pneumonia does not always 
distinguish between colonization and infection.40 Recent studies have revealed the potential causative role of the 
combination of Candida spp and bacterial pathogens in pneumonia. Patients with CAP who had large amounts of 
Candida spp in their respiratory samples all had a history consistent with aspiration and in each case was polymicrobial 
infection, suggesting a contributing role of Candida spp in the etiology of AspRF-CAP.41

Moreover, of patients with severe AP, the most common isolated microorganisms were Corynebacterium striatum, 
Klebsiella pneumoniae, Candida albicans, and Pseudomonas aeruginosa. A study included hospitalized elderly patients 
with severe AP, Gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, Serratia spp and Proteus mirabilis) 
were the most pathogens, followed by anaerobic bacteria (Prevotella and Fusobacterium) and Staphylococcus aureus.42 

Another study showed that among the bacterial pathogens of AP pleural infection identified by mNGS, the most common 
was Fusobacterium nucleatum, followed by Parvimonas micra and Filifactor alocis.43 The microbial etiology of AP and 
AspRF-CAP may hinge on multiple aspects. Demographics (such as age, sex, smoking habits), comorbidities (such as 
neurological disorders), laboratory techniques (sample collection and culture techniques, etc.), patient-related factors 
(such as host factors and past antibiotic use), and clinical definitions and diagnostic criteria for AP may contribute to 
differences in pathogen detection results.44,45 Notably, advances in molecular diagnostic techniques have improved the 
potential of the identification and characterization of the role of existing and previously unrecognized AP and AspRF- 
CAP pathogens.

Some limitations are noted. Firstly, while we characterized the microbiological profile of AP using combined 
detection methods, we did not differentiate between colonizing and responsible microorganisms. Future research should 
aim to address this gap by employing additional diagnostic tools and clinical correlations to better understand the role of 
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microorganisms in the pathogenesis of AP. Secondly, our CCID and mNGS assays were sent to the central laboratory 
rather than an in-house microbiological laboratory, which may have sacrificed sensitivity rate due to increased turnaround 
times from bedside to bench. Thirdly, the sample size of the present study was small, and there was a potential selection 
bias. Large multicenter studies are needed to strengthen and improve the findings.

Conclusion
Through the combination of CMTs, CCID and mNGS techniques, the multicenter prospective study clarified the 
microbiological profile of patients with AP and AspRF-CAP. Corynebacterium striatum, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, and Candida albicans were the most common pathogens detected of AP in China, whereas 
Candida albicans, Pseudomonas aeruginosa and Klebsiella pneumoniae were the most common isolated microorganisms 
of AspRF-CAP. In the new era of emerging molecular techniques, early combined detection improves the identification 
rate of pathogens and may facilitate early antibiotic de-escalation, thereby avoiding unnecessary broad-spectrum 
antibiotics and pernicious consequences. Moreover, application of mNGS may facilitate early identification of uncom-
mon pathogens.

Abbreviations
AP, aspiration pneumonia; CMTs, conventional microbiological tests; CCID, chips for complicated infection detection; 
mNGS, metagenomic next-generation sequencing; BALF, bronchoalveolar lavage fluid; AspRF-CAP, community- 
acquired pneumonia with aspiration risk factors.
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