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Objective: Community-acquired pneumonia (CAP) presents a significant public health concern, necessitating timely and precise
diagnosis. Metagenomic next-generation sequencing (mNGS) has shown promise as a powerful tool for pathogen identification in
infectious diseases. This study aimed to evaluate the diagnostic efficacy and clinical applicability of mNGS for immunocompromised
patients with CAP compared to the culture method.

Methods: This study included 168 patients. We used both mNGS and conventional culture methods to identify the pathogen spectrum
and evaluate diagnostic performance. Treatment regimens and clinical outcomes were meticulously documented.

Results: The sensitivity of mNGS was greater than that of the culture method across all samples (79.05% vs 16.03%; p < 0.001). mNGS
identified pathogens missed by culture in 59.52% of patients and detected polymicrobial infections that were not detected by culture in
47.62% of patients. Streptococcus pneumoniae, Candida albicans, and Human herpesvirus 4 at classification level emerged as the
predominant pathogens identified in CAP patients through mNGS. When examining the mNGS results between groups, the proportions
of immunocompromised patients with bacterial (»p <0.001), fungal (p < 0.001), viral (p < 0.05), and mixed infections (p < 0.001) were all
significantly higher than those in immunocompetent patients. Treatment adjustments guided by mNGS were observed in 73.21% of patients.
Specifically, a beneficial clinical effect was observed in 50.60% (85/168) of patients, treatment confirmation in 22.62% (38/168) of patients,
and no clinical benefit in 26.80% (45/168) of patients based on mNGS-guided antibiotic treatment adjustments.

Conclusion: These findings highlight the diagnostic performance of mNGS for identifying pathogens, particularly in immunocom-
promised patients vulnerable to infections, offering valuable insights for clinical decision-making.

Keywords: diagnostic performance, clinical effect, immunocompromised, community-acquired pneumonia, metagenomic next-

generation sequencing

Introduction
Community-acquired pneumonia (CAP) is a clinical syndrome, which present as fever, cough, chest pain and infiltration
of alveolar space, resulting from infections acquired from non-healthcare settings.' It stands as a leading global cause of
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morbidity and mortality, especially in immunocompromised patients.” In China, the incidence of CAP is reported to be
713 per 100,000 person-year across all ages.” In the US, the age-adjusted incidence of CAP requiring hospital admission
is estimated at 240 per 100,000 adults annually, leading to around 1.5 million hospitalizations.* The Global Burden of
Diseases, Injuries, and Risk Factors Study reported that 336.5 million lower respiratory tract infections occurred globally
in 2016, resulting in 32.2 per 100,000 person worldwide.” CAP can be caused by a variety of pathogens, complicating its
diagnosis and management. For instance, a multicenter prospective study on severe CAP in China identified the five most
common pathogens as Influenza virus, Streptococcus pneumoniae, Enterobacteriaceae, Legionella pneumophila, and
Mycoplasma pneumonia.® However, the identification of these microorganisms presents significant challenges for
diagnosis and therapy guidance. Despite these hurdles, further research and surveillance of CAP are essential due to
its prevalence as one of the most common conditions in China and one of the global burden of infectious disease.” Due to
the difficulty in early pathogen diagnosis, initial therapy for infection is often empirical. Moreover, between 11.0% and
20.3% of patients failed to respond to the initial treatment or exhibit exacerbated symptoms within the first 72 hours of
hospitalization.® Initial treatment failure often results from pathogen resistance, polymicrobial infections, respiratory viral
infections, and the inability of the initial drug selection to cover the pathogens.’ Therefore, improving the diagnostic rate
of CAP should improve therapeutic decision-making.

Conventional culture-based microbiology is considered as the cornerstone of diagnosing microbiological infections.'”
However, the low sensitivity and time-consuming nature of standard culture-based tools limit the identification of
microbial pathogens in CAP, posing challenges in meeting clinical requirements. Recently, metagenomic next-
generation sequencing (mNGS) has been widely applied in the detection of pathogenic microorganisms in infectious
diseases, as a method that detects whole nucleic acids directly from patient samples.'' "> This method enables the
simultaneous detection of bacteria, fungi, viruses, and parasites at multiple sites, including the bloodstream, respiratory,
gastrointestinal, and urinary tract."*'” Studies indicate that bronchoalveolar lavage fluid (BALF) mNGS is more
sensitive than blood and sputum mNGS in detecting pathogens, but blood also has advantages in identifying pathogens
of pneumonia, especially for some viruses.'®'” Compared to the conventional culture, mNGS has the advantage of being
less affected by antibiotics, more sensitive and specific, accepting diverse sample types.” It plays a crucial role in
identifying mixed, uncommon, and novel pathogen infections, particularly in immunocompromised patients.”!
Nevertheless, the diagnostic performance and management of immunocompromised patients with CAP has not been
thoroughly assessed.

Therefore, this study aims to compare the diagnostic performance of mNGS and culture methods for pathogen
detection, and the most common pathogens between immunocompromised and immunocompetent patients with CAP,
and evaluate the impact of mNGS results on the diagnosis and anti-infective regimens of CAP patients with different
immune status.

Materials and Methods

Patients and Study Design

From April 2020 to April 2023, this retrospective study enrolled patients suspected of CAP at the Affiliated Hospital of
Chengde Medical College, China. The diagnostic criteria for CAP referred to the 2019 guidelines of the Infectious
Diseases Society of America/American Thoracic Society (IDSA/ATS).* In short, patients were considered for inclusion
if they were >18 years, abnormal imaging findings, and other signs of pulmonary infection, combined with >1 following
items: 1) worsening cough; 2) worsening expectoration of sputum, or dyspnea; 3) hemoptysis; 4) pleuritic chest pain; 5)
abnormalities on chest auscultation and/or percussion; 6) fever (>38.0°C). Exclusion criteria were cystic fibrosis, severe
bronchiectasis, patients with incomplete clinical and laboratory data, or if the patient was not willing or able to provide
sputum and BALF sample, or BALF samples that did not meet the quality standards required for mNGS. The
immunocompromised status was defined based on consensus, determined by meeting the following the previous
study.”® Immunocompromised status was defined by conditions such as neutropenia (<1000 neutrophils/uL), chemother-
apy within the past 30 days, long-term corticosteroid use (=0.3 mg/kg/day of prednisone equivalent for >3 weeks), and
hematologic malignancies. Immunocompetent patients had no history of these conditions.

1224 https: Infection and Drug Resistance 2025:18



Zheng et al

This study was reviewed and approved by the Ethics Committee of the Affiliated Hospital of Chengde Medical
College (approval no. CyFyLL2020262). All procedures followed were in the Helsinki Declaration, and the International
Ethical Guidelines for Biomedical Research Involving Human Subjects. The informed consent was obtained from all
individuals.

Specimen Collection and Infection Indices Testing

Satisfactory sputum samples, BALF samples, blood samples, endotracheal aspirates (ETA) samples, and pleural fluid
samples were collected from patients to identify pathogens. The primary principles guiding sample collection were as
follows: 1) Clinicians strictly adhered to sterile protocols. Collection containers should be strictly sterile, and when
obtaining specimens from non-sterile sites, the possibility of contamination by normal flora or colonized bacteria in these
parts should be reduced as far as possible. 2) All specimens should be sent to the laboratory as soon as possible after
collection. The samples were cultured within a 3-day timeframe. Meantime, BALF samples were used for mNGS

1.2* Various

detection. The culture procedures were conducted following standard protocols as described by Donnelly et a
blood routine parameters were evaluated upon hospital admission, encompassing white blood cell count, neutrophil

count, serum bilirubin, creatinine, lactic acid, C-reactive protein and procalcitonin.

DNA Extraction, Library Construction, and Sequencing

Each sample of BALF was at least 5 mL, collected in a dry sterile tube for cryopreservation and transported on dry ice to
the Shanghai Biotech Co., Ltd (Shanghai, China). Upon receipt of the specimens, BALF DNA was extracted by the
HostZEROTM Microbial DNA Kit (D4310, ZYMO RESEARCH) per the manufacturer’s instructions. To prepare the
library, more than 5 ng of DNA was digested to an appropriate length (200-300 bp). The fragments were then treated to
attach a “Da” tail at the 3’ end and phosphorylate the 5’ end. Next, the fragmented DNA was ligated to adapter sequences
using DNA ligase. To ensure purity, splice dimers, redundant splices, and residual reagents were removed with
purification beads. Finally, all sample DNA libraries with a concentration exceeding 1 nmol/L were mixed and sequenced
on an [llumina NextSeq CN500 sequencer using a single-end strategy with a read length of 75 base pairs. To control the
sequencing quality and contamination of each sequencing run, we added internal control, negative control and positive
control in each run. Internal parameters, derived from Arabidopsis thaliana and provided by the sequencing manufac-
turers, were specific molecular tags placed in the sample prior to nucleic acid extraction to monitor the entire process and
ensure the quality of the workflow. Sterile water, used as a negative control, allowed for the detection of contamination.
Positive controls are real clinical samples proven to contain known pathogens.

Bioinformatic Analysis

High-quality sequencing data were filtered with Fastp software (v0.23.1) by the following steps: 1) removing adapter
sequences from reads and discarding reads without insert fragments caused by connector self-ligation; 2) removing low
quality reads (length < 20 bp) at 3’ end; 3) removing reads that contain over 10% of N; 4) removing sequences shorter
than 15 bp after trimming. Seqtk sdust (v1.3-r106) was used to assess the complexity of each read, and sequences with
low complexity (<0.3) were filtered out. The reads were then aligned against human reference (GRCh38/hg38.p12) using
Bowtie2 (version 2.3.4.1) to filter out the residual human source reads that could not be removed experimentally. After
removing the plasmid sequence and incompletely assembled chromosomal sequences, species with completely assembled
genomes and chromosomes were included in the pathogenic microorganism database. After that, map the microbial reads
via bwa (v0.7.15) and classify pathogenic bacteria with whole genome alignment by Kraken software. Pathogenic
microbial genomic data were downloaded from the NCBI Genome databases (ftp://ftp.ncbi.nlm.nih.gov/genomes/), and

PATRIC (https://www.patricbrc.org/) database. Finally, all identified pathogens underwent analysis to determine align-

ment sequence number, relative abundance, and genome coverage.

Criteria for Identifying mNGS Positive
The microorganisms suspected as colonizers were excluded based on an in-house background database containing
microorganisms detected in more than 50% of samples in the laboratory over the past three months. Suspected
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background microorganisms were removed. Then, the remaining bacteria (mycobacteria excluded), along with viruses
(mycetes excluded) and parasites, underwent subsequent filtration based on the following criteria:

1) Bacteria or virus: coverage rate scored 10-fold greater than that of any other microbes.*’

2) Fungi: coverage rate scored 5-fold higher than that of other fungus,?® or supported by clinical culture.'®

3) Mycobacterium tuberculosis (MTB): for BALF samples, reads >1 since its DNA is hard to extract and unlikely to
be contaminated;?®> Nontuberculous mycobacteria (NTM) were defined positive when the reads >10 or ranked
within the top 10 in the bacteria list.*®

Clinical Evaluation

The clinical impact of mNGS was delineated into three aspects. The initiation of targeted treatment or treatment de-escalation
was deemed to the beneficial clinical effect. Treatment confirmation, involving treatment discontinuation or continuation, was
guided by mNGS to validate current anti-infective therapy aligned with the etiologic diagnosis. No clinical benefit indicated
the pathogen could not be identified via mNGS.

Statistical Analysis
Graphical representations were generated using R Project (R 4.0.2, R Core Team; https://www.RProject.org). Normally

distributed continuous variables were expressed as mean + standard deviation, while non-normally distributed variables
were presented as median and range. Categorical variables were reported as count and percentage, with comparisons
performed using the chi-square test or Fisher's exact test. The McNemar test was used for comparisons of the diagnostic
performance between two diagnostic methods. p <0.05 indicates that the differences were statistically significant. SPSS
software (version 27.0; IBM Corporation, Armonk, NY, USA) was used for the statistical analysis.

Results

Study Design, Demographic and Clinical Characteristics

A total of 168 patients were enrolled in this study and received empiric antibiotic treatment. The 216 samples from those
patients were collected to detect pathogen using culture. The majority (167/216, 77.31%) of the samples were sputum.
The rest included 21 samples from endotracheal aspiration (9.72%), 18 samples from blood (8.33%), 8 samples from
pleural fluid (3.24%), 2 samples from BALF (0.93%) (Figure 1A). Meanwhile, an mNGS method was developed for
pathogen detection from 168 BALF samples.

Demographically, 58 (34.52%) were females, while 110 (65.48%) were males, with an average age of 58.76 years
(Table 1). Immunocompromised patients accounted for 22.02%. Among them, 86 patients had underlying diseases,
predominantly diabetes mellitus (13.70%) and hypertension (23.81%). On admission, the majority of patients displayed
symptoms of fever and cough, while others exhibited fatigue, hemoptysis, and chest pain. Empirical antibiotics therapy
was administered prior to sample collection and detection analysis.

Comparison of Microbiological Pathogens Identified by mNGS and Culture

The patients’microbiological results using culture are presented in Figure 1A. The 30 samples from 25 patients tested
positive. Out of them, 5 patients had positive results from two samples each, with different infection sites. The 14.88%
(25/168) cases tested positive using culture, while 73.21% (123/168) tested positive using mNGS (p < 0.001)
(Figure 1B). Both culture and mNGS contributed to identify 28 and 329 pathogenic microorganisms, respectively
(Supplementary Figure 1A and B). Among the pathogens detected by culture, 86% were bacteria and 14% were fungi.

mNGS identified bacteria as the predominant pathogens (72%), followed by viruses (14%), fungi (12%), and myco-
plasma (2%). Only mNGS detection was positive in 100 patients (59.52%), whereas only culture result was positive in 2
patients (1.19%) (Figure 1C), culture and mNGS were both positive in 23 of 168 (13.69%) patients and both negative in
43 of 168 (25.60%) patients. In double-positive patients, detection results were completely matched in 8 (4.76%) patients
and completely discordant 13 (7.74%) patients. The rest (7.74%) were classified as “partly matched”, indicating that at
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Figure | Positive rate and agreement of BALF metagenomic next-generation sequencing (mMNGS) compared to culture in 168 CAP patients. (A) The composition of sample
types and positive sample distribution for culture detection. (B) Positive rate comparison for mMNGS and culture methods. (C) Concordance analysis of pathogens detected
via two methods. (D) The 80 patients with polymicrobial infections, including 30% patients with bacteria and fungi, 26% patients with bacteria and virus, 35% patients with
multiple bacteria, 1% patient with fungi and virus, and 8% patients with three types pathogen infection.

least one but not all, overlapping pathogens were identified in the polymicrobial results. In 47.62% (80/168) patients,
mNGS contributed to the identification of polymicrobial infections, detecting multiple bacterial infections in 28 of 80
(35%) patients, bacterial-fungal infections in 24 of 80 (30%) patients, and bacterial-viral infections in 21 of 80 (26%)

patients (Figure 1D). Notably, the sensitivity, specificity, positive predictive value and negative predictive value of
mNGS were 79.05% (117/148), 90.00% (18/20), 98.32% (117/119) and 36.73% (18/49), respectively (Table 2).

Table | Demographic and Clinical Characteristics of the 168
Patients With Community-Acquired Pneumonia (CAP)

Age (years, mean+SD) 58.76+15.06

BMI (kg/m?, mean+SD) 22.47+6.86

Sex (n%)

Male 110(65.48%)

Female 58(34.52%)
(Continued)
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Table | (Continued).

Characteristics All Patients

Smoking history (n%)

Yes 99(58.93%)

No 69(41.07%)

Drinking history (n%)

Yes 102(60.71%)

No 66(39.29%)

Immunocompromised (n%)

Yes 37(22.02%)

No 131(77.98%)

Underlying disease

Diabetes mellitus 23(13.70%)
Hypertension 40(23.81%)
Chronic bronchitis 5(2.98%)

Chronic obstructive pulmonary disease (COPD) | 2(1.19%)

Malignancies 16(9.52%)
Severity
CURB-65 score 2(0-5)

Laboratory parameters

White blood cell,10%/L 8.56(3.5-9.5)
Neutrophil, 10%/L 72.85(40.0-75.0)
Bilirubin, umol/L 10.30(0.0-26.0)
Serum creatinine, umol/L 58.60(57.0-97.0)
Blood lactic acid, mmol/L 1.30(0.7-2.3)
C-reactive protein, mg/L 36.52(0.05-274.4)
Procalcitonin, ng/mL 0.12(0.00-0.05)

The distribution of pathogens identified by culture and mNGS is shown in Figure 2. The most commonly detected
bacteria using only mNGS were Streptococcus pneumoniae, Haemophilus parainfluenzae and Neisseria meningitidis.
Mycobacterium, Proteus mirabilis, Streptococcus dysgalactiae, and Streptococcus gordonii were bacteria isolated by
only culture. The most detected fungi were Candida albicans and Pneumocystis jirovecii using mNGS. Additionally,
Human herpesvirus 4 and Human herpesvirus 7 were the most frequently detected viruses (Figure 2).

Clinical Effects of mMNGS Result on Diagnostic Performance and Management

in Immunocompromised Patients
As shown in Figure 3, the spectrum of detected pathogens detected by mNGS varied between immunocompromised patients
and immunocompetent patients. Human herpesvirus 64, fungi (Candida tropicalis and Candida dubliniensis) and bacteria
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Table 2 Diagnostic Performance of
mNGS and Culture Compared With
Clinical Final Diagnosis

mNGS Culture
Sensitivity 79.05%" 16.03%
Specificity 90.00% 100%
PPV 98.32% 100%
NPV 36.73% 25.17%

Notes: p-values were calculated with McNemar-
test. *mNGS vs culture p<0.001.

Abbreviations: mNGS, metagenomic next-genera-
tion sequencing; PPV, positive predictive value; NPV,
negative predictive value.

(Streptococcus tigurinus, Streptococcus agalactiae, Rothia mucilaginosa, etc.) were only identified in immunocompromised
patients. We further compared diagnostic positive rates of mNGS (Figure 4A) between the two groups. Significant differences
were observed in the positive rates of bacteria (p<0.001), fungi (p<0.001), viruses (p<0.05), and mixed infections (p<0.001)
between the two patient groups identified through mNGS analysis. Notably, the proportion of pathogenic microorganisms
detected in immunocompromised patients was higher than that in immunocompetent patients (p<0.05) (data not shown).

All patients in the study were empirically treated with antibiotics. Based on the mNGS results, 123 patients (73.21%),
comprising 93 immunocompetent patients and 30 immunocompromised patients, had their anti-infection treatment
strategies adjusted. There was no significant difference observed in treatment adjustment between the two patient groups
(p = 0.221) (Figure 4B). Among the CAP patients, 50.6% experienced clinically beneficial effects (initiation of targeted
treatment and treatment de-escalation), which led to improvement and discharge following mNGS-guided adjustments.
Additionally, 22.6% of patients had their treatments confirmed, while 26.8% did not experience clinical benefits
(Figure 4C). The beneficial anti-infective adjustments between immunocompromised and immunocompetent patients
showed no significant difference (59.46% vs 48.09%; p = 0.222) (Figure 4D) (data not shown).

Regarding treatment, the mNGS results led to a direct shift in management for 85 patients who experienced
a beneficial clinical effect or to treatment discontinuation for 25 patients who were ultimately discharged based on the
mNGS findings. Moreover, 13 cases received a definitive diagnosis that supported the continuation of the prior treatment
strategy, while 29 cases did not derive clinical benefit from the mNGS results and required empirical adjustments in
antibiotics. It is noteworthy that there were 2 cases of false-positive mNGS results that resulted in incorrect diagnoses,
and 1 case received inappropriate antibiotic treatment (Table 3).

Discussion
Our study evaluated the diagnostic performance and clinical impact of mNGS analysis on 168 samples from BALF taken
from adult CAP patients. Our findings showed that the sensitivity of mNGS technology was significantly higher than that
of culture, demonstrating mNGS as advantageous in diagnosis performance and antimicrobial treatment management.
Although culture is a conventional reference method for assessing diagnostic performance of other tests, its low
sensitivity makes it unsuitable in real clinical practice. However, mNGS has potential advantages in terms of speed and
sensitivity for detecting pathogens.'*?” Our findings showed the sensitivity of mNGS was 79.05%, which was much
higher than that of culture (16.03%). The result observed by Miao et al is consistent with our data in empirically treated
patients (52.7% vs 34.4%).'* Moreover, the sensitivity of mNGS in our study was higher than that reported by Q. Miao
et al, but lower than that observed by Chen et al.?® This discrepancy may be attributed to differences in patient
populations. The high sensitivity of mNGS may be due to the fact that patients with CAP are often initially treated
with antimicrobial therapy, which reduces the positive detection rate by culture methods. The sensitivity of mNGS is
relatively less affected by prior antibiotics therapy compared to culture.'*
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Figure 3 Differences and overlap in the pathogenic spectrum between immunocompromised patients and immunocompetent patients. The detection number of each
microbe was calculated. Bacteria were the most detected, followed by viruses and fungi, special pathogens.

Relevant literature shows that the pathogen detection rate of sputum culture ranges from 14% to 21.4%.%**° The
positive detection rate of BALF mNGS ranged from 66.2% to 100%.>'~*? Our study found that mNGS reported a 73.21%
detection rate for pathogens and was obviously higher than that of the culture (14.88%). This is consistent with previous
reports comparing total positive rate detected by both mNGS and culture.*> mNGS proved to be obviously advantageous
in detecting pathogens missed by culture in our study. The most commonly detected bacteria included Streptococcus
pneumoniae, Haemophilus parainfluenzae and Neisseria meningitidis, conforming to typical bacteria prevalent in CAP.>*
These pathogens are difficult to detect via culture due to their fragility.”” Furthermore, Candida albicans was the most
predominant fungal pathogen detected in CAP patients by the mNGS-based approach. This observation agrees with
others who show that Candida albicans is the most prevalent fungus in BALF samples from ventilator-associated
pneumonia patients.>” It has been reported Pneumocystis jirovecii cannot readily be cultured in the laboratory, which is
consistent with our finding, as Pneumocystis jirovecii was only identified by mNGS in this study.*® Furthermore, the most
frequently detected viruses included Human herpesvirus 4 and Human herpesvirus 7, which were not found to be
associated with prognosis in the lower respiratory tract of patients with severe pneumonia in a previous study.>’ With its
superior microbial detection rate, mNGS exhibits enormous potential in guiding antibiotic selection, monitoring the
pathogen infection in CAP patients unresponsive to empirical therapy.

Pathogens are frequently found in a polymicrobial environment in vivo, suggesting that clinically significant
organisms may not act alone in causing disease. Instead, they may impact pathogenesis by altering the microenvironment

349 MNGS has the apparent

to facilitate colonization or by promoting the expression of virulence genes in other bacteria.
advantages of identifying both polymicrobial infections and unknown infection sources. In this study, mNGS identified
47.62% (80/168) of patients with polymicrobial infection, which primarily multiple bacterial infections, bacterial-fungal
infections, and bacterial-viral infections. Notably, 6 patients exhibited infections involving bacteria, fungi, and viruses

simultaneously. Candida species, Pseudomonas aeruginosa and Staphylococcus aureus are commonly found as
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Figure 4 The comparison of microbiological pathogens between immunocompromised patients and immunocompetent patients and mNGS-guided antibiotic treatment
adjustments in patients. (A) The positive rate difference of bacteria, fungi virus and mixed infection in immunocompromised patients compared to immunocompetent
patients. *p value < 0.05; ***p value < 0.001. (B) The antibiotic treatment adjustment based on mNGS. (C) Clinical effect of mMNGS on treatment in 168 patients with CAP.
(D) Clinical effect evaluation of mMNGS on treatment in immunocompromised (inner circle) and immunocompetent patients (outer circle).

commensals and colonize human mucosal surfaces. Several studies have demonstrated that the interactions of these
opportunistic pathogens can enhance disease severity in various ways.*' ™+

Our study emphasizes the incidence rates of bacteria fungi, viruses and polymicrobial infections in patients with
immunosuppression were significantly higher compared to those in immunocompetent patients. This finding is consistent
with a previous report on the incidence rates in bacterial, fungal and viral infections, with the exception of polymicrobial
infections.** The spectrum of pathogens in CAP differed between immunocompetent and immunocompromised patients.
In immunocompromised patients, Gemella haemolysans, Acinetobacter baumannii and Pneumocystis jirovecii were the
most frequently detected pathogens. Pneumocystis jirovecii was reported to account for 61.2% of confirmed pneumonia
cases in immunocompromised patients,'? a obviously higher proportion compared to our findings (6/37, 16.2%). This
discrepancy may reflect differences in patient populations, diagnostic criteria, or regional pathogen prevalence.
Additionally, mNGS showed remarked advantages for detecting Pneumocystis jirovecii compare to culture, as empha-
sized in the study by Peng et al.'> Moreover, Acinetobacter baumannii infections were found to be significantly more
prevalent among patients in the intensive care unit (ICU) compared to those in non-ICU patients with suspected
pulmonary infection.*> Similarly, the number of cases of Acinetobacter baumannii infection were higher in immuno-

compromised patients compared to immunocompetent patients. Additionally, immunocompromised patients have a more
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Table 3 The Antibiotic Treatment Adjustment by the Diagnosis of mNGS and Clinical Impact in
Immunocompromised Patients and Immunocompetent Patients

Clinical Impact No. (%) of Samples
Immunocompetent | Immunocompromised | Total
(n=131) (n=37) (n=168)
Adjustment
New diagnosis 74(56.49%) 25(67.57%) 99(58.93%)
Medication changed
Beneficial clinical effect 63(48.09%) 22(59.46%) 85(50.60%)
Discontinued 20 (15.27%) 5(13.51%) 25(14.88%)
No clinical benefit 10(7.63%) 3(8.11%) 13(7.74%)

Unadjustment

Medication
Continued treatment (effective outcome) 11(8.40%) 2(5.40%) 13(7.74%)
Empirical treatment (effective outcome) 24(18.32%) 5(13.51%) 29(17.26%)
False-positive result led to incorrect diagnosis | 2(1.53%) 0(0%) 2(1.19%)
Incorrect antibiotic treatment 1(0.76%) 0(0%) 1(0.60%)

complex microbial etiology and are particularly susceptible to polymicrobial infections or uncommon pathogens. For
example, one immunocompromised patient presented with an uncommon polymicrobial infection, including
Pneumocystis jirovecii co-infected with Gemella sanguinis, Torque teno virus, Mycobacterium avium and human
herpesvirus 5. Guided by mNGS results for pathogen detection in clinical decision-making, mNGS demonstrated

1*¢ and Lee et al.¥’

a positive impact in 58.93% of cases, which was higher than the findings reported by Zhu et a
Moreover, 22 (59.46%) of 37 immunocompromised patients and 63 (48.09%) of 131 immunocompetent patients obtained
beneficial clinical effect (initiation of targeted treatment and treatment de-escalation). However, there was no significant
difference in antibiotic treatment adjustment between both groups in our study (p = 0.221). These findings are consistent
with the results of a previous study about severe CAP in immunocompromised adults conducted by Sun et al.** Another
study reports 48.6% of critically ill patients with immunocompromission experienced beneficial clinical effect based on
mNGS results.** As such, mNGS has great potential for targeted therapy and improved the management of empirical
antimicrobial overuse in immunocompromised patients with CAP.

There were some limitations in our study. First, it was a single—center study with a small sample size in both the
immunocompetent patients and immunocompromised patients, and the results may be biased compared to multicenter
studies with large sample sizes. Second, the cost of mNGS is high, with a single detection compared to culture method,
while it may help shorten the time for a definitive diagnosis and increase the positive rate of pathogens. Third, the
patients in this study received empirical antimicrobial treatment prior to mNGS and culture, which may have led to
changes in the bacteria, fungi, viruses and lower clinical impact. Furthermore, the exclusion of microorganisms based on
an in-house background database could further contribute to bias. Finally, we only performed DNA sequencing in our
study and did not include RNA mNGS tests, which may have led to an underestimation of the performance of mNGS in
pathogen identification. Therefore, it is necessary that future studies conduct multicenter explorations with large samples
to address these limitations.

Conclusion

Collectively, mNGS significantly outperformed culture in improving the diagnostic rate of infections, particularly for
pathogens such as Streptococcus pneumoniae, Candida albicans and Human herpesvirus. BALF mNGS demonstrated its
notable advantages in detecting pathogenic microbes missed by sputum culture, which is of great significance for guiding
the usages of antibiotics.

Infection and Drug Resistance 2025:18 hetps: 1233



Zheng et al

Data Sharing Statement
All datasets presented in the current study are available in the NCBI repository, http://www.ncbi.nlm.nih.gov/bioproject/
1131080; BioProject ID: PRINA1131080.

Ethics Approval

The research involving human participants underwent review and approval by the Ethics Committee of the Affiliated
Hospital of Chengde Medical College. The ethical number is No.CyFyLL2020262. Informed consent was obtained from
all individuals included in the study.

Consent for Publication
All authors gave consent for publication.

Funding
This work was supported by Suzhou Gusu Health Talent Program Project (GSWS2022077), and Jiangsu Provincial

Science and Technology Development General Program of Traditional Chinese Medicine (MS2023093).

Disclosure
Pei Peng and Yaoyao Wang are affiliated to Shanghai Biotecan Pharmaceuticals Co., Ltd. The authors confirm that the

study was conducted without any other commercial or financial relationships that could be perceived as a potential

conflict of interest.

References

1.

oo

Mandell L, Wunderink RG, Anzueto A. Infectious diseases society of America; American thoracic society. Infectious diseases society of America/
American thoracic society consensus guidelines on the management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44(2):S27—
S72. doi:10.1086/511159

. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults with community-acquired pneumonia. An official clinical practice

guideline of the American Thoracic Society and Infectious Diseases Society of America. Am J Respir Crit Care Med. 2019;200(7):e45—e67.
doi:10.1164/rccm.201908-1581ST

.Sun Y, Li H, Pei Z, et al. Incidence of community-acquired pneumonia in urban China: a national population-based study. Vaccine. 2020;38

(52):8362-8370. doi:10.1016/j.vaccine.2020.11.004

. Ramirez JA, Wiemken TL, Peyrani P, et al. Adults hospitalized with pneumonia in the United States: incidence, epidemiology, and mortality. Clin

Infect Dis. 2017;65(11):1806—1812. doi:10.1093/cid/cix647

. Troeger C, Blacker B, Khalil 1A, et al. Estimates of the global, regional, and national morbidity, mortality, and aetiologies of lower respiratory

infections in 195 countries, 1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet Infect Dis. 2018;18
(11):1191-1210. doi:10.1016/S1473-3099(18)30310-4

.Qu J, Zhang J, Chen Y, et al. Aectiology of severe community acquired pneumonia in adults identified by combined detection methods: a

multi-centre prospective study in China. Emerg Microbes Infect. 2022;11(1):556-566. doi:10.1080/22221751.2022.2035194

. Liu YN, Zhang YF, Xu Q, et al. Infection and co-infection patterns of community-acquired pneumonia in patients of different ages in China from

2009 to 2020: a national surveillance study. Lancet Microbe. 2023;4(5):¢330—339. doi:10.1016/s2666-5247(23)00031-9

. Ott SR, Hauptmeier BM, Ernen C, et al. Treatment failure in pneumonia: impact of antibiotic treatment and cost analysis. Eur Respir J. 2012;39

(3):611-618. doi:10.1183/09031936.00098411

. Cilléniz C, Ewig S, Ferrer M, et al. Community-acquired polymicrobial pneumonia in the intensive care unit: aetiology and prognosis. Critical

Care. 2011;15(1-10). doi:10.1186/cc10444

. Charalampous T, Kay GL, Richardson H, et al. Nanopore metagenomics enables rapid clinical diagnosis of bacterial lower respiratory infection.

Nat Biotechnol. 2019;37(7):783-792. doi:10.1038/s41587-019-0156-5

. Zheng Y, Qiu X, Wang T, Zhang J. The diagnostic value of metagenomic next—generation sequencing in lower respiratory tract infection. Front Cell

Infect Microbiol. 2021;11(694756). doi:10.3389/fcimb.2021.694756

. Peng JM, Du B, Qin HY, Wang Q, Shi Y. Metagenomic next-generation sequencing for the diagnosis of suspected pneumonia in immunocom-

promised patients. J Infect. 2021;82(4):22-27. doi:10.1016/j.jinf.2021.01.029

. Shi Y, Peng JM, Qin HY, Du B. Metagenomic next-generation sequencing: a promising tool for diagnosis and treatment of suspected pneumonia in

rheumatic patients with acute respiratory failure: retrospective cohort study. Front Cell Infect Microbiol. 2022;12:941930. doi:10.3389/
fcimb.2022.941930

. Miao Q, Ma Y, Wang Q, et al. Microbiological diagnostic performance of metagenomic next-generation sequencing when applied to clinical

practice. Clin Infect Dis. 2018;67(suppl_2):S231-S240. doi:10.1093/cid/ciy693

. Zhou Y, Wylie KM, El Feghaly RE, et al. Metagenomic approach for identification of the pathogens associated with diarrhea in stool specimens.

J Clin Microbiol. 2016;54(2):368-375. doi:10.1128/jcm.01965-15

1234 https: Infection and Drug Resistance 2025:18


http://www.ncbi.nlm.nih.gov/bioproject/1131080
http://www.ncbi.nlm.nih.gov/bioproject/1131080
https://doi.org/10.1086/511159
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1016/j.vaccine.2020.11.004
https://doi.org/10.1093/cid/cix647
https://doi.org/10.1016/S1473-3099(18)30310-4
https://doi.org/10.1080/22221751.2022.2035194
https://doi.org/10.1016/s2666-5247(23)00031-9
https://doi.org/10.1183/09031936.00098411
https://doi.org/10.1186/cc10444
https://doi.org/10.1038/s41587-019-0156-5
https://doi.org/10.3389/fcimb.2021.694756
https://doi.org/10.1016/j.jinf.2021.01.029
https://doi.org/10.3389/fcimb.2022.941930
https://doi.org/10.3389/fcimb.2022.941930
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1128/jcm.01965-15

Zheng et al

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Burnham P, Dadhania D, Heyang M, et al. Urinary cell-free DNA is a versatile analyte for monitoring infections of the urinary tract. Nat Commun.
2018;9(1):2412. doi:10.1038/s41467-018-04745-0

Jing C, Chen H, Liang Y, et al. Clinical evaluation of an improved metagenomic next-generation sequencing test for the diagnosis of bloodstream
infections. Clin Chem. 2021;67(8):1133—1143. doi:10.1093/clinchem/hvab061

Chen X, Ding S, Lei C, et al. Blood and bronchoalveolar lavage fluid metagenomic next-generation sequencing in pneumonia. Can J Infect Dis Med
Microbiol. 2020;2020:6839103. doi:10.1155/2020/6839103

Sanyal S, Smith PR, Saha AC, Gupta S, Berkowitz L, Homel P. Initial microbiologic studies did not affect outcome in adults hospitalized with
community-acquired pneumonia. Am J Respir Crit Care Med. 1999;160(1):346-348. doi:10.1164/ajrccm.160.1.9806048

Li N, Cai Q, Miao Q, Song Z, Fang Y, Hu B. High-throughput metagenomics for identification of pathogens in the clinical settings. Small Methods.
2021;5(1):2000792. doi:10.1002/smtd.202000792

Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. 2019;20(6):341-355. doi:10.1038/s41576-019-0113-7

Olson G, Davis AM. Diagnosis and treatment of adults with community-acquired pneumonia. JAMA. 2020;323(9):885-886. doi:10.1001/
jama.2019.21118

Ramirez JA, Musher DM, Evans SE, et al. Treatment of community-acquired pneumonia in immunocompromised adults: a consensus statement
regarding initial strategies. Chest. 2020;158(5):1896-1911. doi:10.1016/j.chest.2020.05.598

Donnelly JP, Chen SC, Kauffman CA, et al. Revision and update of the consensus definitions of invasive fungal disease from the European
organization for research and treatment of cancer and the mycoses study group education and research consortium. Clin Infect Dis. 2020;71
(6):1367-1376. doi:10.1093/cid/ciz1008

Langelier C, Zinter MS, Kalantar K, et al. Metagenomic sequencing detects respiratory pathogens in hematopoietic cellular transplant patients. Am
J Respir Crit Care Med. 2018;197(4):524-528. doi:10.1164/rccm.201706-1097LE

Schlaberg R, Chiu CY, Miller S, Procop GW, Weinstock G. Validation of metagenomic next-generation sequencing tests for universal pathogen
detection. Arch Pathol Lab Med. 2017;141(6):776-786. doi:10.5858/arpa.2016-0539-RA

Hao J, Li W, Wang Y, Zhao J, Chen Y. Clinical utility of metagenomic next-generation sequencing in pathogen detection for lower respiratory tract
infections and impact on clinical outcomes in southernmost China. Front Cell Infect Microbiol. 2023;13. doi:10.3389/fcimb.2023.1271952

Chen Y, Feng W, Ye K, et al. Application of metagenomic next-generation sequencing in the diagnosis of pulmonary infectious pathogens from
bronchoalveolar lavage samples. Front Cell Infect Microbiol. 2021;11:541092. doi:10.3389/fcimb.2021.541092

Marrie TJ, Poulin-Costello M, Beecroft MD, Herman-Gnjidic Z. Etiology of community-acquired pneumonia treated in an ambulatory setting.
Respir Med. 2005;99(1):60-65. doi:10.1016/j.rmed.2004.05.010

Corréa RD, Lopes R, Oliveira L, Campos FT, Reis MA, Rocha MO. Estudo de casos hospitalizados por pneumonia comunitaria no periodo de um ano [A
study of community-acquired pneumonia inpatients in a period of a year]. J de Pneumologia. 2001;27:243-248. doi:10.1590/S0102-35862001000500003
Shi R, Wang Y, Zhou S, et al. Metagenomic next-generation sequencing for detecting lower respiratory tract infections in sputum and
bronchoalveolar lavage fluid samples from children. Front Cell Infect Microbiol. 2023;13:1228631. doi:10.3389/fcimb.2023.1228631

Li Y, Sun B, Tang X, et al. Application of metagenomic next-generation sequencing for bronchoalveolar lavage diagnostics in critically ill patients.
Eur J Clin Microbiol Infect Dis. 2020;39(2):369-374. doi:10.1007/s10096-019-03734-5

Wei Y, Zhang T, Ma Y, et al. Clinical evaluation of metagenomic next-generation sequencing for the detection of pathogens in BALF in severe
community acquired pneumonia. Ital J Pediatr. 2023;49(1):25. doi:10.1186/s13052-023-01431-w

Brooks LRK, Mias GI. Streptococcus pneumoniae’s virulence and host immunity: aging, diagnostics, and prevention. Front Immunol. 2018;9:1366.
doi:10.3389/fimmu.2018.01366

Fang X, Mei Q, Fan X, et al. Diagnostic value of metagenomic next-generation sequencing for the detection of pathogens in bronchoalveolar lavage
fluid in ventilator-associated pneumonia patients. Front Microbiol. 2020;11(599756). doi:10.3389/fmicb.2020.599756

Catherinot E, Lanternier F, Bougnoux ME, Lecuit M, Couderc LJ, Lortholary O. Pneumocystis jirovecii Pneumonia. Infect Dis Clin North Am.
2010;24(1):107-138. doi:10.1016/j.idc.2009.10.010

Xu J, Zhong L, Shao H, et al. Incidence and clinical features of HHV-7 detection in lower respiratory tract in patients with severe pneumonia:
a multicenter, retrospective study. Crit Care. 2023;27(1):248. doi:10.1186/s13054-023-04530-6

Salipante SJ, Hoogestraat DR, Abbott AN, et al. Coinfection of Fusobacterium nucleatum and Actinomyces israelii in mastoiditis diagnosed by
next-generation DNA sequencing. J Clin Microbiol. 2014;52(5):1789-1792. doi:10.1128/JCM.03133-13

McNally L, Brown SP. Building the microbiome in health and disease: niche construction and social conflict in bacteria. Philos Trans R Soc Lond
B Biol Sci. 2015;370(1675):20140298. doi:10.1098/rstb.2014.0298

Cummings LA, Kurosawa K, Hoogestraat DR, et al. Clinical next generation sequencing outperforms standard microbiological culture for
characterizing polymicrobial samples. Clin Chem. 2016;62(11):1465—1473. doi:10.1373/clinchem.2016.258806

Roux D, Gaudry S, Dreyfuss D, et al. Candida albicans impairs macrophage function and facilitates Pseudomonas aeruginosa pneumonia in rat. Crit
Care Med. 2009;37(3):1062—1067. doi:10.1097/CCM.0b013e31819629d2

Roux D, Gaudry S, Khoy-Ear L, et al. Airway fungal colonization compromises the immune system allowing bacterial pneumonia to prevail. Crit
Care Med. 2013;41(9):e191-9. doi:10.1097/CCM.0b013e31828a25d6

Delisle MS, Williamson DR, Albert M, et al. Impact of Candida species on clinical outcomes in patients with suspected ventilator-associated
pneumonia. Can Respir J. 2011;18(3):131-136. doi:10.1155/2011/827692

He Y, Geng S, Mei Q, et al. Diagnostic value and clinical application of metagenomic next-generation sequencing for infections in critically Il
patients. Infect Drug Resist. 2023;16:6309-6322. doi:10.2147/idr.S424802

Zhou JJ, Ding WC, Liu YC, et al. Diagnostic value of metagenomic next-generation sequencing for pulmonary infection in intensive care unit and
non-intensive care unit patients. Front Cell Infect Microbiol. 2022;12:929856. doi:10.3389/fcimb.2022.929856

Zhu Y, Gan M, Ge M, et al. Diagnostic performance and clinical impact of metagenomic next-generation sequencing for pediatric infectious
diseases. J Clin Microbiol. 2023;61(6):¢0011523. doi:10.1128/jcm.00115-23

Lee RA, Al Dhaheri F, Pollock NR, Sharma TS. Assessment of the clinical utility of plasma metagenomic next-generation sequencing in a pediatric
hospital population. J Clin Microbiol. 2020;58(7). doi:10.1128/jcm.00419-20

Sun T, Wu X, Cai Y, et al. Metagenomic next-generation sequencing for pathogenic diagnosis and antibiotic management of severe
community-acquired pneumonia in immunocompromised adults. Front Cell Infect Microbiol. 2021;11:661589. doi:10.3389/fcimb.2021.661589

Infection and Drug Resistance 2025:18 hetps: 1235


https://doi.org/10.1038/s41467-018-04745-0
https://doi.org/10.1093/clinchem/hvab061
https://doi.org/10.1155/2020/6839103
https://doi.org/10.1164/ajrccm.160.1.9806048
https://doi.org/10.1002/smtd.202000792
https://doi.org/10.1038/s41576-019-0113-7
https://doi.org/10.1001/jama.2019.21118
https://doi.org/10.1001/jama.2019.21118
https://doi.org/10.1016/j.chest.2020.05.598
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1164/rccm.201706-1097LE
https://doi.org/10.5858/arpa.2016-0539-RA
https://doi.org/10.3389/fcimb.2023.1271952
https://doi.org/10.3389/fcimb.2021.541092
https://doi.org/10.1016/j.rmed.2004.05.010
https://doi.org/10.1590/S0102-35862001000500003
https://doi.org/10.3389/fcimb.2023.1228631
https://doi.org/10.1007/s10096-019-03734-5
https://doi.org/10.1186/s13052-023-01431-w
https://doi.org/10.3389/fimmu.2018.01366
https://doi.org/10.3389/fmicb.2020.599756
https://doi.org/10.1016/j.idc.2009.10.010
https://doi.org/10.1186/s13054-023-04530-6
https://doi.org/10.1128/JCM.03133-13
https://doi.org/10.1098/rstb.2014.0298
https://doi.org/10.1373/clinchem.2016.258806
https://doi.org/10.1097/CCM.0b013e31819629d2
https://doi.org/10.1097/CCM.0b013e31828a25d6
https://doi.org/10.1155/2011/827692
https://doi.org/10.2147/idr.S424802
https://doi.org/10.3389/fcimb.2022.929856
https://doi.org/10.1128/jcm.00115-23
https://doi.org/10.1128/jcm.00419-20
https://doi.org/10.3389/fcimb.2021.661589

Zheng et al

Infection and Drug Resistance Dovepress

Taylor & Francis Group
Publish your work in this journal

Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial,
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

. Infection and Drug Resistance 2025:18
1236 B X inO 8


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Patients and Study Design
	Specimen Collection and Infection Indices Testing
	DNA Extraction, Library Construction, and Sequencing
	Bioinformatic Analysis
	Criteria for Identifying mNGS Positive
	Clinical Evaluation
	Statistical Analysis

	Results
	Study Design, Demographic and Clinical Characteristics
	Comparison of Microbiological Pathogens Identified by mNGS and Culture
	Clinical Effects of mNGS Result on Diagnostic Performance and Management inImmunocompromised Patients

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval
	Consent for Publication
	Funding
	Disclosure

