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Purpose: The purpose of this study was to explore dynamic changes of respiratory microbiome in elderly patients undergoing
prolonged mechanical ventilation (PMV) by isothermal microfluidic amplification chip technology (IAMC).

Methods: The study enrolled patients in six general hospitals in Beijing. Patients who developed Ventilator-associated pneumonia
(VAP) within the observation period were enrolled in the VAP group, while those without VAP were categorized in non-VAP group.
The study adopted IAMC technology to dynamically monitor the differences in the detection rates of bacteria, fungi, and viruses in the
two groups. The conventional microbiological tests (CMT) were performed to clarify the correlation between KPC and drug resistance
phenotype of K. pneumoniae.

Results: Among 218 patients, 78 were diagnosed with VAP. The pulmonary microbiota composition of patients without VAP was
relatively stable. Compared with the non-VAP group, the detection rates of Enterococcus faecalis, Epstein—Barr virus, and Herpes
simplex virus were significantly increased in the VAP group, whereas those of Haemophilus influenzae and Serratia marcescens were
significantly reduced. In the VAP group, the detection rates of Enterococcus faecalis and Epstein—Barr virus were higher after the
occurrence of VAP than before. A high correlation was observed between the KPC genotype of K. pneumoniae and its resistance
phenotype.

Conclusion: Viruses and Gut microbes might be closely related to the development of VAP in elderly undergoing PMV. The detection
of the KPC gene of K. pneumoniae can guide antibiotic selection, and IAMC can aid in quickly identifying pathogens and facilitate
targeted treatment.

Clinical Trial Registration Number: ChiCTR2100051343.
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Introduction

Mechanical ventilation is an important modality for saving the lives of critically ill patients, and up to 10%—50% of
mechanically ventilated patients require prolonged mechanical ventilation (PMV) (>21 days).'” Elderly patients
receiving mechanical ventilation generally experience immune senescence caused by aging, the coexistence of multiple
diseases, and the repeated application of broad-spectrum antibiotics 3 months before diagnosis. Consequently, they are
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prone to chronic respiratory failure, and they often require PMV. The incidence of PMYV is highest in patients older than
85 years.*°

The incidence of ventilator-associated pneumonia (VAP) ranges 5%—60%, and the fatality rate ranges 15%—76%." '°
PMV carries a higher risk of VAP. Studies have illustrated that microbes in the lower respiratory tract in mechanically
ventilated patients are widely involved in the development of VAP, and dynamic microbial changes in the lower
respiratory tract are associated with VAP."""'* However, most studies only focused on the bacterial changes in the
lower respiratory tract in patients receiving short-term mechanical ventilation, and they rarely focused on the dynamic
changes of bacteria, fungi, and viruses.'*'* Recent research on PMV also emphasized the importance of standardized
weaning and rehabilitation management, but limited attention was given to alterations in the lower respiratory micro-
biota, particularly among elderly patients. According to 2023 CHINET surveillance data in China, Klebsiella pneumo-
niae was the predominant pathogen isolated from respiratory specimens (17.1%), with a significant drug resistance
burden.'”

This prospective, multicenter study employed isothermal microfluidic amplification chip (IAMC) technology, which
was based on the loop-mediated isothermal amplification (LAMP) technology and microfluidic chip. The objective of the
study was to (1) compare pathogen profiles between VAP and non-VAP groups, (2) characterize longitudinal microbial
shifts preceding and following VAP diagnosis, and (3) validate the concordance of KPC genotype with carbapenem
resistance phenotypes in Klebsiella pneumoniae isolates, contrasting IAMC with conventional microbiological methods.

Methods

Research Design

This prospective, multicenter, observational study enrolled patients who received PMV between September 2021 and
October 2023 at six institutions in Beijing, China: The Second Medical Center and the Seventh Medical Center of
Chinese People’s Liberation Army General Hospital, Xuanwu Hospital, Capital Medical University; Beijing Shijitan
Hospital, Capital Medical University; Beijing Tiantan Hospital, Capital Medical University; and Beijing Tsinghua
Changgung Hospital.

The inclusion criteria were as follows: age > 65 years; receipt of invasive mechanical ventilation >21 days; absence of
pneumonia (confirmed by X-ray or CT); and no use of antibiotics within 72 h prior to enrollment. Enrollment was
defined as the first ventilation event within one year of study entry. The exclusion criteria were as follows: terminal stage
of disease (survival time < 7 days); presence of tracheal stenosis or malformation or tracheoesophageal fistula; active
tumor within 3 months or undergoing chemotherapy; extrapulmonary organ infection after enrollment; or novel
coronavirus infection within 3 weeks before or during enrollment. The study followed the guidelines of the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Chinese People’s Liberation
Army General Hospital. Written informed consent was obtained from all participants or their legal agents (Informed
consent was obtained from legal agents because the elderly participants undergoing prolonged mechanical ventilation
were often critically ill or cognitively impaired, rendering them unable to provide consent themselves).

Definition and Specimen Retention and Collection
The expert consensus from the US National Association for Medical Direction of Respiratory Care (NAMDRC) defines
prolonged mechanical ventilation as requiring continuous mechanical ventilation for >21 days, with a daily duration of
>6 hours.” The diagnostic criteria for VAP are as follows: 1. Chest X-ray or CT showing new infiltrative shadows,
consolidation shadows, or ground glass shadows, excluding diseases such as atelectasis, heart failure (pulmonary edema),
and pulmonary embolism; 2. At least two of the following criteria must be met simultaneously: 1) Fever, body
temperature >38°C; 2) Purulent airway secretions; 3) The peripheral blood white blood cell count is higher than 10 x
10°/L or less than 4 x 10°/L."2

The observation period without VAP was 28 days. Lower respiratory tract aspirates were taken at 1-3 and 7-10 days
after enrollment, as well as at other times at the discretion of the medical staff. The observation period for VAP lasted
until 2 weeks after VAP was diagnosed. Lower respiratory tract aspirates were taken at 1-3 days after the diagnosis of
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VAP, as well as at other times at the discretion of the medical staff. Tracheal aspirates were collected per clinical
guidelines. Specimen quality was assessed using sputum smear microscopy, with acceptability defined as: squamous
epithelial cells <10 per low-power field (LPF); leukocytes >25 per LPF; or squamous epithelial cell/leukocyte ratio
<1:2.5 under LPE.'®!” Five milliliters of lower respiratory aspirate samples were retained each time. The qualified lower
respiratory tract aspiration samples were divided into two parts, with one used for conventional microbiological tests
(CMT) (sputum culture, combining drug susceptibility test, et al) and one applied for IAMC technology.'®'’

CMT was performed in clinical laboratories of tertiary hospitals, with results independently validated by a certified
microbiologist and a senior physician holding the rank of associate chief physician or higher.

The IAMC detection process was conducted by CapitalBio Technology (Beijing, China), encompassing nucleic acid
extraction, sample loading, isothermal amplification, data analysis, and result interpretation. Specimens were transported
at 4°C and delivered to the laboratory within 72 hours. The workflow of IAMC detection is illustrated in Supplementary
Figure S1, and the comprehensive list of detectable pathogens is provided in Supplementary Table S1.

Identification of Pathogens and Their Potential Clinical Impact

The TAMC detection results were combined with the traditional microbial detection results, and then the clinical,
imaging, and laboratory findings were used to make an assessment. The specific implementation was first determined
by two deputy chief physicians in the research team and then discussed by four chief physicians, including one
microbiology expert and one microfluidic chip technical expert, to determine the final result (presence of pathogenic
bacteria, bacterial infection, Candida or virus colonization, and mixed infection; need to adjust the antibiotic
regimen).

Dynamic Comparison of Results from the IAMC Method in the Non-VAP and VAP
Groups

The IAMC method was employed to analyze and compare the differences in pathogens between VAP patients and non-
VAP patients; For VAP patients, microbial changes before and after the occurrence of VAP were compared.

Statistical Analysis

Based on the occurrence of VAP during the observation period, patients were divided into the non-VAP and VAP groups.
Clinical characteristics including pre-existing pulmonary comorbidities (COPD, bronchiectasis) and immunosuppressive
conditions (long-term corticosteroid use >0.5 mg/kg/day, chemotherapy within 6 months) were documented for baseline
assessment. To address multiple comparisons, the Benjamini—Hochberg procedure was applied with a false discovery rate
(FDR) threshold of <0.05 for all inter-group pathogen comparisons. Missing data were handled through complete-case
analysis, with <5% missingness in baseline variables confirmed by Little’s MCAR test. Statistical analysis was performed
using IBM SPSS Statistics 23.0 (IBM, Armonk, NY, USA). Normally distributed measurement data were expressed as
the mean + standard deviation, and comparisons between the groups were performed using the independent-samples
t-test. Non-normally distributed measurement data were expressed as the median (interquartile range), and comparisons
between the groups were performed using the non-parametric Mann—Whitney U-test. Countable data were expressed as
percentages, and comparisons were performed using the %> test. P < 0.05 indicated statistical significance.

Results

The study included 218 patients. The inclusion process is presented in Figure 1. The demographic data and clinical
characteristics of the cohort are presented in Table 1. The median patient age was 94 (91, 98) years, and the median
duration of invasive mechanical ventilation was 249.50 (106.75, 747.00) days. The cohort included 212 (97.25%) men
and six (2.75%) women. Seventy-eight (35.78%) patients were diagnosed with VAP during the observation period. There
were no significant differences in age, sex, the duration of invasive mechanical ventilation, the prevalence of common
diseases, and the history of drug use between the groups (all P > 0.05).
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434 elderly patients received prolonged mechanical
ventilation

Enclude

1. Had pneumonia in enrolliment (n=69)

2. Antibiotics within 72 hours (n=93)

—® 3. Difficulty in suctioning the trachea (n=15)
4. Active tumors within 3 months (n=10)

5. Extrapulmonary Infection (n=18)

6. Lake of aspiration specimens (n=11)

y

218 patients enrolled

1-3days
202 patients 16 patients
without VAP occured VAP
4-10days
4 4
182 patients 36 patients
without VAP occured VAP
>11days
4 4
140 patients 78 patients
without VAP occured VAP

Figure | Screening of patients receiving prolonged mechanical ventilation the study period.

Comparison of the Diagnostic Performance of the Test methods

One hundred and thirty-eight lower airway aspirate samples were collected from 78 patients in the VAP group, and 245
samples were obtained from 140 patients in the non-VAP group, as presented in Figure 1. The lower respiratory tract
aspirates were tested by CMT and IAMC (Tables 2-3). In total, 314 (81.98%) samples were positive in both tests (18
complete, 59 inconsistent, and 237 partially consistent with at least one pathogen), and 22 (5.74%) were negative in both
tests. Thirty-seven (9.66%) samples were positive only in the IAMC test, and 10 (2.61%) samples were positive only in
CMT (Supplementary Table S2). The ability of IAMC to detect Klebsiella pneumoniae, Stenotrophomonas maltophilia,
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Table | Clinical Characteristics and Laboratory Findings of 218 Older Adult Patients

Characteristics Total (n = 218) | Non-VAP (n = 140) | VAPa (n = 78) P*
Age, years, median (IQR) 94 (91,98) 94 (90,97) 94.5 (92.75,98) | 0.205
Gender, male, N (%) 212 (97.25%) 136 (97.14%) 76 (97.44%) 1.000
Ventilation days,median (IQR) 249.5 (106.75,747) | 218.50 (97.75,628.25) 207 (94,495) 0.288
History of underlying disease, N (%)
COPD 50 (22.94%) 33 (23.57%) 17 (21.79%) 0.765
Gastroesophageal reflux 16 (7.34%) 7 (5%) 9 (6.43%) 0.076
Diabetes 83 (38.07%) 52 (37.14%) 31 (39.74%) 0.705
Hypertension 146 (66.97%) 97 (69.29%) 49 (62.82%) 0.331
Coronary heart disease 144 (66.06%) 92 (65.71%) 52 (66.67%) 0.887
Cerebrovascular disease 80 (36.70%) 52 (37.14%) 28 (35.90%) 0.855
Renal failure 41 (18.81%) 27 (19.29%) 14 (17.95%) 0.809
History of drug use, N (%)
Proton-pump inhibitor 55 (25.23%) 30 (21.43%) 25 (32.05%) 0.083
Hypnotics and sedatives 70 (32.11%) 40 (28.57%) 30 (38.46%) 0.168
Glucocorticoid 15 (6.89%) 7 (5.00%) 8 (10.26%) 0.142

Note: *Non-VAP Versus VAP,

Table 2 Results of CMTs of 635 Pathogens in
383 Lower Respiratory Tract Aspirated
Samples from 218 Patients

CMTs Cases N%
Gram-negative bacteria 517 81.42%
Pseudomonas otitidis 187 29.45%
Pseudomonas aeruginosa 185 29.13%
Burkholderia cepacia | 0.16%
Others | 0.16%
Klebsiella michiganensis 108 17.01%
Klebsiella oxytoca 4 0.63%
Klebsiella pneumoniae 71 11.18%
Others 33 5.20%
Stenotrophomonas maltophilia 65 10.24%
Proteus 42 6.61%
Proteus mirabilis 14 2.20%
Achromobacter xyloxide 6 0.94%
Others 22 3.46%
Escherichia coli 35 5.51%
Enterobacter mori 32 5.04%
Enterobacter aerogenes 5 0.79%
Enterobacter cloacae 3 0.47%
Others 24 3.78%
Serratia marcescens 23 3.62%
Acinetobacter baumannii 15 2.36%
Elizabethia meningosepticus 4 0.63%
Acinetobacter pittii 3 0.47%
Serratia insectophila | 0.16%
Others 2 0.31%
Candida 62 9.76%
Candida albicans 13 2.05%
Candida parapsilosis 6 094%
(Continued)
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Table 2 (Continued).

CMTs Cases N%

Candida orthopsilosis 5 0.79%
Candida tropicalis 4 0.63%
Candida glabrata 2 0.31%
Candida kruseii 2 0.31%
Others 30 4.72%
Neisseria 31 4.88%
Enterococcus 24 3.78%
Enterococcus faecalis | 0.16%
Staphylococcus 10 1.57%
Staphylococcus aureus 9 1.42%
Others | 0.16%
Others 13 2.05%

Aspergillus fumigatus | 0.16%

Table 3 Results of IAMC of 1312 Pathogens in 383 Lower
Respiratory Tract Aspirated Samples from 218 Patients

IAMC Cases N%
Stenotrophomonas maltophilia 252 | 19.21%
Pseudomonas aeruginosa 223 | 17.00%
Klebsiella pneumoniae 171 | 13.03%
Escherichia coli 114 8.69%
Enterococcus faecalis 71 5.41%
Candida albicans 63 4.80%
Human herpes virus 4 68 5.18%
Serratia marcescens 49 3.73%
Staphylococcus aureus 40 3.05%
Proteus mirabilis 37 2.82%
Haemophilus influenzae 37 2.82%
Enterococcus faecium 22 1.68%
Alcaligenes faecalis 21 1.60%
Mycobacterium chelonis/Mycobacterium abscess 21 1.60%
Cytomegalovirus 20 1.52%
Klebsiella oxytoca 18 1.37%
Enterobacter aerogenes 15 1.14%
Acinetobacter baumannii I 0.84%
Herpes simplex virus | 6 | 0.46%
Staphylococcus capitis 6 | 0.46%
Candida tropicalis 6 0.46%
Nocardia 6 0.46%
Candida parapsilosis 6 | 0.46%
Herpes simplex virus 2 3 0.23%
Mastadenovirus B group 3 0.23%
Cryptococcus neoformans 3 0.23%
Staphylococcus haemolyticus 3 0.23%
Streptococcus pneumoniae 3 0.23%
Neisseria meningitidis 2| 0.15%

(Continued)
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Table 3 (Continued).

IAMC Cases N%
Staphylococcus epidermidis 2 | 0.15%
Aspergillus niger 2 | 0.15%
Alcaligenes faecalis | 0.08%
Staphylococcus hominis | 0.08%
Borrelia burgdorferi | 0.08%
Staphylococcus sciuri | 0.08%
Varicella zoster virus | 0.08%
Mycobacterium marinum/Mycobacterium ulcerans | 0.08%
Mycobacterium intracellulare/Mycobacterium avium | 0.08%
Streptococcus pyogenes | 0.08%

Pseudomonas aeruginosa, Enterococcus, Viruses and other pathogens was stronger than CMT (all P < 0.05, Figure 2,
Supplementary Table S3).
IAMC analysis of lower respiratory tract aspirates from elderly PMV patients revealed a predominance of Gram-

negative bacilli, accounting for 67.92% of all detected microorganisms. The top four isolates were Stenotrophomonas
maltophilia (19.21%), Pseudomonas aeruginosa (17%), Klebsiella pneumoniae (13.03%), and Escherichia coli (8.69%).
Gram-positive cocci constituted 11.36%, viruses 7.42%, fungi 6.58%, and other organisms 6.72% (Table 3).

Effect of Antibiotics on the Detection Method
In the VAP group, the most commonly used antibiotics were B-lactams, prescribed to 51 patients (65.4%), followed by
quinolones in 8 patients (10.3%), macrolides in 4 patients (5.1%), and aminoglycosides in 3 patients (3.8%). We

Stenotrophomonas maltophilia
Pseudomonas aeruginosa
Klebsiella pneumoniae
Escherichia col i
Enterococcus faecalis
Serratia marcescens

Candida albicans

Proteus mirabilis
Staphylococcus aureus
Nontuberculous mycobacteria
Enterobacter aerogenes
Acinetobacter baumanni i
Candida tropicalis

Candida parapsilosis
Cryptococcus neoformans

Streptococcus pneumoniae

Virus

150 300

S
8
8
N
8
N
8

= |AMC+ = |AMC+CMT+ = CMT+

Figure 2 Comparison of the ability of CMT and IAMC to detect microorganisms in 383 lower respiratory tract aspirated samples from 218 patients.
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collected 58 lower respiratory tract aspirate samples in which the antibiotics were used for more than 3 days. Pathogens
were detected by the IAMC and CMT in 53 and 45 samples, respectively (91.4% vs 77.6%, P < 0.001).

Potential Impact of IAMC on Treatment
Analysis of the JAMC results of the first lower airway aspirate samples obtained after 1-3 days in the VAP group
signaled a potential change in the antibiotic management strategy in 17 patients (21.79%, Supplementary Table S4).

Dynamic Comparison of Results from the IAMC Method in the Non-VAP and VAP
Groups

Stable-phase samples were collected from 74 of 140 patients in the non-VAP group at both 1-3 and 7-10 days.
Longitudinal comparison of the results revealed no statistical difference in the proportion of microorganisms detected
in the two groups (P > 0.05, Figure 3a). Compared with samples obtained at 1-3 days in the non-VAP group,
Enterococcus faecalis, Epstein—Barr virus, and Herpes simplex virus were detected more frequently in the VAP group
(all P < 0.05), whereas the detection rates of Haemophilus influenzae and Serratia marcescens were significantly
decreased (both P < 0.05, Figure 3b). Meanwhile, stable-phase samples were collected before the occurrence of VAP
in 50 patients in the VAP group. Compared with the findings before the occurrence of VAP, the positivity rates of
E. faecalis and Epstein—Barr virus at 1-3 days after the occurance of VAP were significantly increased (both P < 0.05),
whereas the positivity rates of H. influenzae and S. marcescens were significantly decreased (both P < 0.05, Figure 3c).
No significant differences were observed in the detection rate of Klebsiella pneumoniae between the VAP and non-VAP
groups, or before and after the onset of VAP (Figure 3).

Drug Resistance Genotype and Phenotype of K. pneumoniae

In total, 171 K. pneumoniae strains were detected using IAMC technology, among which 98 (57.31%) expressed KPC,
OMPK35, or other resistance genes (Figure 4). Seventy-four strains (43.27%) expressed KPC. Using the results of CMT,
the sensitivity of the KPC gene for determining carbapenem resistance in K. pneumoniae was 69.09%, and the specificity

was 68.97% (Supplementary Table S5). Thirty-eight strains of carbapenem-resistant K. pneumoniae (CRKP) expressing
KPC were further typed as KPC-2.

Discussion

This study longitudinally investigated the dynamic changes in the bacterial, fungal, and viral flora in elderly patients
undergoing PMV in real-world settings. We found that the lung microbial composition in elderly patients without VAP
was relatively stable. Some studies found that the microbial composition of the lower respiratory tract of mechanically
ventilated patients changes greatly because of the influence of endotracheal intubation.'®'” These studies usually enrolled
patients intubated within 2 weeks, and the damaged airway barrier was not significantly repaired yet. Oropharyngeal
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Figure 3 (a) IAMC microbial results distribution of 148 lower respiratory aspirate samples from non-VAP group. (b) IAMC microbial results distribution of 140 non-VAP
and 78 VAP lower respiratory aspirate samples. (c) IAMC microbial results distribution of 50 pre-VAP and 50 post-VAP lower respiratory aspirate samples.
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Figure 4 Distribution of Klebsiella pneumoniae antibiotic resistance genes detected by IAMC.

microorganisms were extensively inhaled into the lower respiratory tract during endotracheal intubation, leading to sharp
changes in its microbial composition. However, the duration of mechanical ventilation duration exceeded 21 days in this
study, and the impact of invasive procedures gradually waned.

The study also compared the microbial composition of the lower respiratory tract between the VAP group and the
non-VAP group, and found significantly higher detection rates of Enterococcus faecalis, EB virus, and Herpes simplex
virus in the VAP group (P < 0.05). The detection rate of common bacteria such as Haemophilus influenzae and Serratia
marcescens in community-acquired pneumonia'® was significantly reduced (P < 0.05). Some studies'*** have also found
that the microbiota structure of VAP patients differs significantly compared to non-VAP patients. They suggested that the
pathogen spectrum of early-onset VAP (mechanical ventilation less than 5 days) is closer to community-acquired
pneumonia, while the pathogen spectrum of late-onset VAP (mechanical ventilation greater than or equal to 5 days) is
similar to hospital acquired pneumonia. Yet, the population enrolled in this study is clearly late-onset VAP. The higher
detection rates of Epstein—Barr virus and Herpes simplex virus in the VAP group suggested a potential link between viral
infections and the development of VAP. Viral reactivation was a well-documented phenomenon in critically ill patients.
Particular attention has been paid to the frequent detection of non-respiratory viruses in individuals under invasive
mechanical ventilation. Meta-analysis showed that antiviral therapy might result in lower hospital and 30-day all-cause
mortality in mechanically ventilated ICU patients.”'** A study of critically ventilated patients found that 21% of patients
with worsening respiratory conditions during mechanical ventilation had evidence of Herpes simplex virus pneumonia on
histopathological examination.”® Shorr et al found that the most common viral infections in mechanically ventilated
patients are rhinovirus, influenza A virus, and Epstein—Barr virus.* In our study, the positivity rate of E. faecalis was also
significantly higher in the VAP group. The connection between the gut and lung microbiomes is termed the “gut-lung
axis”.?®> Research has found that in healthy individuals, the lungs and intestines contain significantly different micro-
biomes. However, in critically ill patients such as sepsis, severe trauma, or ARDS, the permeability of the intestines and
alveoli increases, and potential pathogens may transfer from the intestines into the lungs. The resulting microbial
dysbiosis further promotes inflammation and acute lung injury.**?’ E. faecalis is a normal microbe present in the
intestine, and some studies have isolated this microbe from the lower respiratory tract specimens of patients with
VAP.?®?% A prior study found a close association between enterococci and VAP, leading to prolonged ventilation.*
Together with the current results, we suggest that VAP is associated with the displacement of the intestinal microflora.

The stable presence of Klebsiella pneumoniae in the lower respiratory tract indicates a high rate of background
colonization in this patient population. In this study, 171 K. pneumoniae strains were detected using an IAMC, of which
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55 (32.16%) were CRKP. In China and Singapore, the majority of highly virulent K. pneumoniae strains that exhibit
resistance to carbapenems expressed KPC.*' Our study initially investigated the contribution of the KPC gene to
resistance in CRKP using sputum culture and drug sensitivity tests; further genetic typing of 38 KPC-carrying isolates
demonstrated that all were KPC-2. Zhang et al reported that KPC-2 strains are resistant to all B-lactams and that they are
only sensitive to ceftazidime/avibactam.>* According to the expert consensus, when the sequencing depth is sufficient, it
is advised to use resistance gene, with species specificity, prediction for antibiotic-resistant phenotype.>® To date, most
studies initially used traditional culture techniques to identify carbapenemase-producing K. pneumoniae, followed by
confirmation of the presence of KPC through genetic testing, which is time-consuming. This study discovered that KPC
is highly specific and sensitive, enabling clinicians to identify CRKP and select appropriate antibiotics within a few
hours.

The TAMC test used in this study is a novel method for the efficient and rapid amplification of DNA under isothermal
conditions. In this study, IAMC technology was applied to an elderly population requiring PMV. Compared with sputum
culture, the IAMC test had higher ability to detect pathogens such as K. pneumoniae, Enterococcus, S. maltophilia, fungi,
and viruses in 2 hours, consistent with the results of related studies.** The study also found that the IAMC was less
affected by antibiotic treatment, maintaining detection rates exceeding 90% for pathogenic bacteria when antibiotics were
used for more than 3 days. By combining traditional sputum culture and IAMC technology, the study results illustrated
that 21.7% of elderly patients with VAP needed adjustment, which is crucial for the precise treatment of antibiotics.

Strengths and Limitations

The median duration of mechanical ventilation in this study cohort was 249.5 days, and the median age at enrollment was
94 years. Additionally, this was the largest multicenter, prospective study of elderly patients requiring PMV to date. In
previous researches on PMV, normally the patients enrolled were below 60 years of age or within 3 months of
mechanical ventilation.*>*® This study fills a gap in the microbiological study of the lower respiratory tract in super-
elderly patients requiring PMV. However, some limitations must be acknowledged. First, although the microbial species
was determined, the microbial load was not assessed. In addition, the cohort had a male predominance, indicating
selection bias.

Conclusion

The four most frequently detected organisms in the tracheal aspirates of elderly PMV patients were the Gram-negative
bacilli Stenotrophomonas maltophilia, Pseudomonas aeruginosa, Klebsiella pneumoniae and Escherichia coli. This study
observed the dynamic changes in the microbial composition in different stages in elderly patients requiring PMV. The
findings suggested that virus and gut microorganisms might be closely related to VAP. In addition, KPC-positive can
guide antibiotic selection. IAMC technology was helpful for the rapid diagnosis of pathogens and administration of
targeted therapy.
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