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Abstract
Background  Infection are the leading cause of intensive care unit (ICU) admission, yet conventional microbiological 
methods frequently fail to identify the causative pathogen. Metagenomic next-generation sequencing (mNGS) is an 
emerging, unbiased, pan-pathogen diagnostic tool. However, its real-world microbiological and clinical impact in the 
ICU remains poorly characterized. This study aimed to assess the microbiological yield and clinical impact of mNGS 
when implemented in routine ICU practice.

Methods  This retrospective multicenter study was conducted across ten tertiary-care ICUs in the Greater Paris area 
between January 2018 and April 2024. All patients for whom an mNGS analysis was requested by clinicians from a 
microbiological sample were included. Any additional pathogens identified by mNGS were independently classified 
as causative, possibly causative, or non-causative by two reviewers. The independent reviewers also categorised 
therapeutic changes attributable to mNGS as escalation, de-escalation, discontinuation, or other decision support. 
Discrepancies were adjudicated by a third reviewer.

Results  A total of 144 mNGS analyses were performed in 132 critically ill patients (median age 55 years), 31% of 
whom were immunocompromised. The number of mNGS analyses requested increased each year. The most common 
sample types were cerebrospinal fluid (CSF) (n = 60/144, 41.7%) and pleural fluid (n = 21/144, 14.6%). Pathogens were 
identified by mNGS in 58 samples (40.3%), with a higher yield in pleural fluid (n = 11/21, 52.4%) than in CSF (n = 16/60, 
26.6%). Of the 107 pathogens identified, 43 (40.2%) were detected exclusively by mNGS, notably anaerobic bacteria 
in pleural fluid and abscess samples. mNGS identified an additional pathogen in 34 cases (25.8%) of the 132 patients 
included, which was deemed causative in 18 cases (13.6%). mNGS findings influenced therapeutic management in 
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Introduction
Infections are the leading cause of admission to the 
intensive care unit (ICU) [1]. Early and accurate identi-
fication of the causative pathogen(s) is essential in order 
to guide timely and targeted antimicrobial therapy. How-
ever, conventional microbiological techniques fail to 
identify the causative pathogen(s) in approximately one-
third of patients with a confirmed or suspected infection 
[2]. More specifically, no pathogen is isolated in almost 
two-thirds of community-acquired pneumonia [3], and 
around 30% of sepsis episodes [4, 5]. This lack of micro-
biological documentation often leads to the continua-
tion of empirical therapy, exposing patients to two major 
risks. First, the prolonged use of potentially ineffective 
antimicrobial treatment due to the natural or acquired 
resistance of the causative pathogen. Second, the unnec-
essary administration of broad-spectrum molecules, with 
well-known consequences such as resistance selection, 
toxicity, and increased cost [6]. Importantly, this diag-
nostic gap is particularly striking in conditions such as 
meningoencephalitis, where viral or fungal pathogens are 
frequent and often remain unidentified by conventional 
methods [7].

Several molecular diagnostic tools have been developed 
to improve microbiological yield in the ICU, including 
syndromic PCR panels targeting respiratory, gastroin-
testinal, and neurological pathogens [8], pathogen-spe-
cific PCRs, and broad-range 16S rRNA or ITS PCRs (for 
bacterial and fungal detection, respectively). However, 
these targeted approaches may fail cases involving novel 
or unexpected pathogens—particularly viruses due to 
the absence of universal molecular target—or in immu-
nocompromised patients, who may present with a wide 
range of opportunistic infections and atypical clinical 
symptoms.

In this context, metagenomic next-generation sequenc-
ing (mNGS) has emerged as a novel, unbiased, pan-
pathogen approach based on the sequencing of all the 
genetic material present in a biological sample [9]. Its 
diagnostic performance seems of interest in various clini-
cal scenarios, including meningoencephalitis [10–13], 
blood culture-negative endocarditis [14, 15], osteoarticu-
lar infections [16], pleural infections [17], liver abscesses 
[18], pneumonia [19], and necrotizing soft tissue 

infections [20], especially in patients who have received 
prior antimicrobial therapy [15]. Nevertheless, the real-
world microbiological and therapeutic impact and yield 
of mNGS when implemented in routine ICU practice 
remains unclear.

This study aimed to assess the microbiological yield 
and clinical impact of implementing mNGS in routine 
ICU practice.

Methods
Settings and patients
This retrospective multicenter study was conducted 
across ten ICUs in tertiary teaching hospitals in the 
Greater Paris area, including Paris and its metropolitan 
area, from January 2018 to April 2024. Patients were eli-
gible for inclusion if they met all of the following criteria: 
age ≥ 18 years and admission to one of the participating 
ICUs for which an mNGS analysis was requested by the 
attending physician based on a microbiological speci-
men. Patients were identified through the metagenom-
ics platform database by selecting samples sent from 
the participating ICUs during the study period. Patients 
who underwent mNGS testing exclusively as part of a 
research protocol were excluded. When multiple sam-
ples were collected from the same patient during a single 
ICU admission, each mNGS result was analyzed inde-
pendently initially; subsequently, results were pooled to 
assess the overall microbiological and clinical impact at 
the patient level. Data regarding demographics, clini-
cal examinations, biology, microbiology, radiology, and 
treatment characteristics were collected from electronic 
medical records.

Clinical metagenomics
Samples collected from the participating ICUs were 
transported at + 4 °C to the metagenomics platform at 
Henri Mondor Hospital (Créteil, France). Upon arrival, 
all samples were stored at − 20 °C until the start of the 
weekly sequencing run. The employed mNGS workflow 
was a semi-quantitative, pan-microorganism, DNA-, 
and RNA-based approach called MetaMIC [21].  This 
protocol has been independently validated [22] and its 
performance has been compared with that of molecu-
lar approaches in various clinical scenarios [18, 20, 

seven patients (5.3%) including five cases of antibiotic de-escalation, one appropriate antibiotic escalation, and one 
case of clinical decision support.

Conclusion  In this real-life ICU cohort, mNGS identified additional pathogens in 25.8% of patients, deemed causative 
in 18 cases (13.6%), and a direct therapeutic impact was observed in 5.3% of cases. However, the median turnaround 
time of 14 days likely limited its clinical impact. Further studies are needed to better define the role of mNGS in the 
diagnostic management of critically ill patients.

Keywords  Metagenomics, Clinical metagenomics, Intensive care unit, Infections
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21].  Briefly, samples underwent mechanical, chemical, 
and enzymatic lysis. Then, DNA and  RNA  extractions 
were performed using the QIAsymphony DSP DNA Midi 
kit protocol (Qiagen, Hilden, Germany). Next, DNA and 
RNA libraries were constructed using the Nextera XT 
kit, and the Human RiboZero  TruSeq  Stranded Total 
RNA Library Prep Kit (Illumina, San Diego, CA, USA), 
respectively. Sequencing was performed on a NextSeq 
500 sequencer (Illumina), with a NextSeq 500/550 High 
Output v2.5, 2 × 150 bp tape.

Data analysis was performed using METAMIC 
(V2.2.1) bioinformatic pipeline [21] (Supplemental 
Methods).  Only samples with a cumulative read count 
exceeding 15 million (comprising reads from both DNA 
and RNA libraries) were included, as per the prevailing 
guidelines [23, 24], which propose a threshold of 10 mil-
lion reads per sample. According to our routine activ-
ity, a threshold of one read per million of total reads was 
retained in order to consider a viral, bacterial or fungal 
species. Details regarding taxonomic assignment are pro-
vided in the Supplemental Methods.

Our method is accredited according to the ISO15189 
norm and used in routine practice, and the results 
were provided to clinicians by a team of microbi-
ologists composed of bacteriologists, virologists and 
parasitologist-mycologists.

Conventional microbiological analyses
Conventional microbiological analyses included all non-
mNGS diagnostic techniques performed during the 
infectious episode presumed to have led to the mNGS 
request. These analyses included standard culture tech-
niques, molecular assays (e.g., pathogen-specific PCRs, 
syndromic panels, and 16S rRNA PCR), and serological 
tests.

Microbiological and clinical impact of mNGS
The microbiological and clinical impact of mNGS results, 
in addition to conventional microbiological findings, was 
independently assessed for each patient by two experts in 
infectious disease and intensive care medicine (RL and 
DC, respectively) who were not associated with any of 
the participating ICUs. In cases of disagreement between 
the two experts, a third investigator (GM) made the final 
decision. Detected microorganisms were classified into 
two categories: pathogens and organisms without estab-
lished pathogenic potential. Pathogens were further sub-
classified as causative, possibly causative, or unlikely to be 
responsible for the clinical presentation [25]. This classi-
fication was based on literature review and concordance 
with the patient’s clinical features. The clinical impact of 
mNGS results was categorized as follows: discontinua-
tion of antimicrobial therapy, appropriate de-escalation 
of antimicrobial treatment, appropriate escalation of 

antimicrobial treatment, facilitation of therapeutic deci-
sion-making (e.g., initiation of immunosuppressive ther-
apy), or inappropriate therapeutic management directly 
attributable to mNGS results.

Statistical analysis
Descriptive results are presented as means (± standard 
deviation) or medians (interquartile range) for continu-
ous variables, and as counts (percentages) for categorical 
variables. Statistical analyses were performed using IBM 
SPSS Statistics v22.0 (IBM Corp., Armonk, NY), Graph-
Pad Prism v8 (GraphPad Software, San Diego, CA, USA), 
and RStudio v4.2.0 (https://www.r-project.org/). The 
methods and results of this study are reported according 
to the STROBE guidelines [26].

Ethical considerations
This observational study was approved by the Eth-
ics Committee of the French Intensive Care Society (CE 
SRLF 24- 036, IRB N°00014135). Patients were informed 
of their inclusion in the study and written consent was 
waived in accordance with French law.

Results
Population
From January 2018 to April 2024, a total of 144 diagnos-
tic mNGS analyses were performed in 132 patients dur-
ing their ICU stays (see flowchart eFigure 1). The median 
age was 56 years [44–68] (Table 1). Patients had few car-
diovascular comorbidities, while 31.1% (n = 41/132) were 
immunocompromised, primarily due to onco-hema-
tological malignancies. The most common reason for 
ICU admission was coma. During the ICU stay, 63.6% of 
patients (n = 84/132) required invasive mechanical ven-
tilation (Table 1). ICU mortality was 19.7% (n = 26/132), 
with a median ICU length of stay of 13 days [8–24].

Characteristics of mNGS sampling
The characteristics of mNGS analyses are summarized in 
Table  2. The number of samples increased steadily over 
the years (Fig. 1A). The most frequently analysed sample 
types were cerebrospinal fluid (CSF) (n = 60/144, 41.7%) 
and pleural fluid (n = 21/144, 14.6%) (Fig.  1B), reflecting 
the most common suspected sites of infection at the time 
of sampling: neurological (n = 74/144, 51.4%) and respira-
tory (n = 58/144, 40.3%). Samples were collected early in 
the ICU stay, with a median delay of 2 days [1–9] after 
admission. mNGS results were returned after a median 
of 14 days [13–20] following sample collection (Table  2 
and eFigure 2). Most samples (88.9%, n = 128/144) were 
collected while patients were receiving antibiotics, with a 
median duration of 5 days [3–9].

https://www.r-project.org/
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Fig 1.  Characteristics of mNGS sampling and identified pathogens (A). annual number of NGS analyses and distribution according to sample type. the 
year 2024 was not shown as the inclusion period covered only january to april. (B). distribution of mNGS sample types in the study cohort. (C). distribution 
of pathogen types: bacteria (green), viruses (blue), fungi (yellow), parasites (pink) identified by mNGS, according to sample type. (D). number of samples 
with no or at least one pathogen identified by mNGS, stratified by sample type. abbreviations: BAL, bronchoalveolar lavage CSF, cerebrospinal fluid
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mNGS findings
Among the 144 samples analyzed, NGS detected 81 
pathogens and 6 microorganisms without a known 
pathogenic role, all corresponding to Torque Teno Virus. 
The 81 pathogens were identified in 58 positive samples 
(40.3%), including 49 bacteria, 28 viruses, 3 fungi, and 1 
parasite (Fig.  1C). The distribution of microorganisms 
according to sample type is shown in Fig.  1D. Patho-
gens were detected in 52.3% of pleural fluid samples 
(n = 11/21) and in 26.7% of CSF samples (n = 16/60). The 
concordance between conventional microbiology and 
mNGS results is detailed in Fig. 2. In 70 samples (48.6%), 
no pathogen was identified by either method. Of the 107 
pathogens identified overall, 43 (40.2%) were detected 
exclusively by mNGS, 34 (31.8%) by both mNGS and 

conventional microbiology, and 30 (28.0%) by conven-
tional microbiology alone. Notably, mNGS detected sev-
eral additional anaerobic bacteria (e.g., Fusobacterium 
nucleatum) particularly in pleural fluid and abscess sam-
ples. A complete list of all identified microorganisms is 
provided in eTable 1.

Microbiological impact of mNGS
Of the 132 patients included, mNGS identified at least 
one additional pathogen not detected by conventional 
methods in 34 patients (25.8%). Based on an independent 
expert assessment, these additional pathogens were clas-
sified as non-causative to the clinical presentation in 13 
patients (9.8%), possibly causative in 3 patients (2.3%), 
and causative in 18 patients (13.6%) (Fig.  3A). Concor-
dance between the first two experts regarding the micro-
biological impact was 96.9% (n = 128/132). The pathogens 
deemed non-causative were predominantly viruses 

Table 1  Characteristics of patients
Variable Patients, N=132
Demographic and baseline characteristics of patients
Age, years 56 [44–68]
Gender women 49 (37.1)
Body mass index, kg/m2 24 [21–27]
Medical admission 119 (90.2)
SAPS II at ICU admission 42 [28–56]
Comorbidities
Charlson comorbidity index 1 [0–2]
Hypertension 38 (28.8)
Diabetes 24 (18.2)
Chronic heart failure 12 (9.1)
COPD 8 (6.1)
Immunosuppressive conditions 41 (31.1)
 Solid organ transplantation 10 (7.6)
 Onco-hematological malignancies 20 (15.2)
 Solid tumors 2 (1.6)
 HIV infection 7 (5.3)
 Immunosuppressive treatments1 9 (6.8)
Reason for admission
Shock 24 (18.2)
Acute respiratory failure 42 (31.2)
Coma 50 (37.8)
Cardiac arrest 3 (2.3)
Scheduled surgical 2 (1.6)
Unscheduled surgical 11 (8.3)
Management and outcomes of patients
Invasive MV 84 (64)
MV duration, days 12 [6–28]
Vasopressor support 64 (48.5)
Renal replacement therapy 22 (16.7)
In-ICU mortality 26 (19.7)
Duration of ICU stay, days 13 [8–24]
Duration of hospital stay, days 29 [19–61]
Results are N (%), means (± standard deviation) or medians (interquartile range, 
i.e., quartile 1; quartile 3).
1Includes long-term corticosteroid treatment

ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; HIV, 
human immunodeficiency virus; MV, mechanical ventilation

Table 2  Characteristics of the 144 samples analyzed by mNGS
Variable
Time from ICU admission to sampling, days 2 [1–9]
Time from sampling to lab reception, days 1 [0–5]
Time from sampling to mNGS results, days 14 [13–20]
Antibiotic therapy received before sampling 128 (88.8)
 Number of antibiotics administered before sampling 2 [2–4]
 Duration of antibiotic treatment before sampling, days 5 [3–9]
Suspected site of infection
 Bone and joint 10 (6.9)
 CNS 74 (51.4)
 Cardiovascular 26 (18.1)
 Digestive 10 (6.9)
 Disseminated disease 19 (13.2)
 Genito-urinary 11 (7.6)
 Hepatitis and ocular 21 (14.6)
 Pulmonary 58 (40.3)
 Skin and soft tissue 16 (11.1)
Type of sample
 Abscess1 13 (9.0)
 Blood 4 (2.8)
 Bronchoalveolar lavage 14 (9.7)
 Cardiovascular sample2 16 (11.1)
 Cerebrospinal fluid 60 (41.7)
 Pleural fluid 21 (14.6)
 Tissue3 15 (10.4)
 Bone marrow 1 (0.7)
Results are N (%), means (± standard deviation) or medians (interquartile range, 
i.e., quartile 1; quartile 3)

CNS, central nervous system; ICU, intensive care unit; mNGS, metagenomic 
next-generation sequencing
1Liver abscess (N = 7), muscular abscess (N = 3), pulmonary abscess (N = 1), 
splenic abscess (N = 1), peri renal abscess (N = 1)
2Endomyocardial biopsy (N = 3), aortic prosthesis (N = 1), mediastinal collection 
(N = 2), periaortic collection (N = 1), pericardial effusion (N = 6), arterial stent 
(N = 1), thrombosis (N = 1), cardiac valve sample (N = 1)
3Colonic sample (N = 1), liver biopsy (N = 4), lung biopsy (N = 4), lymph node 
(N = 1), Skin biopsy (N = 3), bone biopsy (N = 2)
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(Epstein Barr virus n = 8, Pegivirus n = 2, and Rhinovirus 
C n = 1). In contrast pathogens considered causative were 
mainly anaerobic bacteria (Fusobacterium spp. n = 9, Par-
vimonas micra n = 1, Prevotella spp. n = 1) and Entero-
bacterales (K. pneumoniae n = 2, E. coli n = 1). Detailed 
microbiological findings for all samples with additional 
mNGS-detected pathogens are provided in eTable 2. The 
type of sample analyzed (p < 0.01, Fig. 4) was significantly 
associated with the microbiological impact of mNGS 
(defined as the detection of at least one additional caus-
ative or possibly causative pathogen). Specifically, mNGS 
yielded a microbiological impact in 46.2% (n = 6/13) of 
abscess samples, 28.6% (n = 6/21) of pleural fluid sam-
ples and 26.7% (n = 4/15) of tissue samples, compared 
with only 5.0% (n = 3/60) of CSF samples, none (n = 0/4) 
of blood samples and 6.2% (n = 1/16) of cardiovascular 
samples. Prior antibiotic therapy (p = 0.99), and immu-
nosuppression status (p = 0.66) showed no significant 
association.

Therapeutic impact of mNGS
Of the 132 patients, seven (5.3%) had mNGS results that 
prompted changes in therapy, as determined by indepen-
dent, blinded adjudication. Concordance between the 
first two experts regarding the therapeutic impact was 
94.7% (n = 125/132). Three patients underwent antibiotic 
de-escalation, two with discontinued antibiotic therapy, 
one with appropriate therapeutic escalation, and one 
benefited from clinical decision support (Fig.  3B). The 
presence of antibiotic therapy prior sampling (p = 0.52), 
the type of sample analyzed (p = 0.77), immunosuppres-
sion status (p = 0.098) and turnaround time (p = 0.7) were 
not significantly associated with therapeutic impact 
(eTable 3). The clinical scenarios in which mNGS findings 
influenced patient management are detailed in eTable 4. 
No patient had inappropriate therapeutic management 
directly attributable to mNGS results.

43 pathogens

70 samples without pathogen
iden�fied by both approaches

34 pathogens 30 pathogens

Metagenomics (mNGS) Conven�onal tests (CM)

• Pneumonia: Aspergillus fumigatus, 
Mycoplasma pneumonia, Aspergillus ustus, 
S. aureus*, E. cloacae, K. oxytoca, Prevotella 
intermedia, Stenotrophomonas Maltophilia*, 
P. aeruginosa, S. epidermidis

• Pleural infec�on: Parvimonas micra, 
Enterococcus raffinosus, Bacillus 
licheniformis, Streptococcus ves�bularis, S. 
aureus

• Disseminated infec�on: Peptoniphilus, 
Bacillus cereus, EBV, Rhizomucor,
Mycobacterium tuberculosis*

• Encephali�s: EBV, HIV, Japanese Encephali�s 
Virus, Treponema pallidum

• Bone and joint infec�on: S. lugdunensis, 
• Liver abscess: Gemella morbillorum*
• Cardiovascular infec�on: S. haemoly�cus, 

E. coli, E. faecalis, Lactobacillus rhamnosus

Addi�onal diagnos�c by conven�onal 
approach

• Pneumonia: S. haemoly�cus, type 3 Parainfluenzae, HSV-1 (x2)
• Pleural infec�on: Parvimonas micra, E. coli (x2), K. pneumoniae, S. 

constellatus, S. anginosus (x2), Stenotrophomonas maltophilia, Rhinovirus
• Disseminated infec�on: Leptospira interrogans, Nocardia cyriacigeorgica, 

Erysipelothrix rhusiopathiae, Histoplasma capsulatum, HHV8, Adenovirus, 
EBV, Lichtheimia sp., Plasmodium falciparum

• Encephali�s: S. constellatus, Cryptococcus neoformans, EBV, Nocardia 
brasiliensis

• Liver abscess: E. coli, Fusobacterium nucleatum, Parvimonas micra
• Splenic abscess: Cu�bacterium avidum
• Cardiovascular infec�on: S. agalac�ae, S. aureus, S. epidermidis
• Muscular abscess: Bacteroides vulgatus

Posi�ve diagnos�c by both approaches

• Pneumonia: anaerobic flora, Fusobacterium 
necrophorum, HIV, EBV, Stenotrophomonas 
maltophilia

• Pleural infec�on: Fusobacterium nucleatum
(x4), EBV (x4), anaerobic flora (x2), S. aureus,
Parvimonas micra, Lactococcus lac�s, 
Prevotella sp.

• Disseminated infec�on: CMV, pegivirus, K. 
pneumoniae

• Encephali�s: EBV (x5), Rhinovirus C, Pegivirus
(x2), HIV, E. coli

• Bone and joint infec�on: Fusobacterium 
nucleatum, Mycoplasma hominis

• Liver abscess: K. pneumoniae, Fusobacterium 
nucleatum (x2), S. anginosus

• Cardiovascular infec�on: Fusobacterium 
nucleatum, EBV

• Peri renal abscess : E. faecalis
• Muscular abscess: Desulfovibrio fairfieldensis, 

Fusobacterium nucleatum

Addi�onal diagnos�c by mNGS
approach

144 samples

74 samples with ≥ 1 pathogen
iden�fied  by mNGS and/or CM

CMmNGS

Fig 2.  Concordance between mNGS and conventional microbiology. venn diagram illustrating the overlap of microorganism identification between 
metagenomic mNGS and conventional microbiological techniques. abbreviations: BAL, bronchoalveolar lavage CSF, cerebrospinal fluid; CM, conventional 
microbiology; CMV, cytomegalovirus; EBV, epstein-barr virus; HIV, human immunodeficiency virus; HHV-8, Human herpes virus 8; HSV, herpes simplex 
virus; mNGS, metagenomic next-generation sequencing; TTV, Torque teno virus.*four pathogens also detected by mNGS but not reported because read 
counts were below the reporting threshold or the organism was considered a contaminant
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A • CSF (n=7): EBV (x5), Rhinovirus C, 
Pegivirus

• Pleural fluid (n=3): EBV (x2), 
pegivirus

• Blood (n=1): Pegivirus
• Aor�c prosthesis (n=1): EBV
• Liver biopsy (n=1): CMV

• Pericardial effusion(n=1):
Fusobacterium nucleatum

• Lung biopsy (n=1): 
Stenotrophomonas maltophilia

• CSF (n=1): HIV

• Pleural fluid (n=6): Fusobacterium 
nucleatum (x4), anaerobic flora,  S. 
aureus, Parvimonas micra, Prevotella
sp.

• Liver abscess  (n=3): K. pneumoniae, 
Fusobacterium nucleatum (x2), S. 
anginosus

• Bone biopsy (n=2): Fusobacterium 
nucleatum, Mycoplasma hominis

• BAL (n=2): anaerobic flora, 
Fusobacterium necrophorum

• CSF (n=2): K. pneumoniae, E. coli
• Muscular abscess (n=1):

Desulfovibrio fairfieldensis, 
Fusobacterium nucleatum

• Lung biopsy (n=1): EBV
• Peri renal abscess (n=1): E. faecalisPa	ents, n=132

None

Non causa�ve pathogen

Possibly causa�ve pathogen

Causa�ve pathogen

98 (74.3%)

13 (9.8%)

3 (2.3%)

18 (13.6%) 

B
Endocardi	s (n=1):

• CM: S. agalac�ae, S. aureus
• mNGS: S. agalac�ae, 

Staphylococcus sp. 

Encephali	s (n=2):
• Case 1: nega�ve CM findings and 

mNGS
• Case 2: mNGS EBV / nega�ve CM

Pleural infec	on (n=1):
• CM: nega�ve
• mNGS: S. aureus, EBV

Encephali	s (n=1):
• CM and mNGS: nega�ve

Liver abscess (n=1):
• mNGS: K. pneumoniae
• CM: nega�ve

Periaor	c collec	on (n=1):
• CM and mNGS: nega�ve

Guidance for clinical management

Discon�nua�on

Escala�on

De-escala�on

None

125 (94.7%)

Pa	ents, n=132

Fig 3.  Microbiological and clinical impact of mNGS (A). microbiological impact of mNGS, defined as the identification of at least one additional patho-
gen not detected by conventional methods. (B). clinical impact of mNGS, defined as any documented change in antimicrobial management (escalation, 
de-escalation, discontinuation) or other therapeutic decision directly attributable to mNGS results. abbreviations: BAL, bronchoalveolar lavage CSF, cere-
brospinal fluid; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HIV, human immunodeficiency virus; HHV-8, Human herpes virus 8; mNGS, metagenomic 
next-generation sequencing
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Discussion
This retrospective multicenter study involved 144 
mNGS analyses performed in 132 critically ill patients. 
In 74 positive samples by mNGS and/or conventional 
microbiology, 107 pathogens were identified: 43 (40.2%) 
exclusively by mNGS, 34 (31.7%) by both mNGS and con-
ventional microbiology, and 30 (28.0%) by conventional 
microbiology alone. Overall, mNGS identified at least 
one additional pathogen in 34 patients (25.7%) including 
21 (15.9%) with possibly or causative pathogen according 
to expert assessment mostly in abscess, tissue or pleu-
ral fluid samples. mNGS directly influenced therapeutic 
management in seven patients (5.3%). As observed in our 
cohort, the use of mNGS in the ICU is steadily increas-
ing, underscoring the need for robust real-world assess-
ment of its clinical and microbiological impact.

The main strength of this study lies in its evaluation 
of mNGS in a real-life ICU clinical context, with test 
requests initiated by the treating physicians based on 
their individual clinical judgment. The multicenter design 
of the study further enhances the generalizability of the 
findings. Additionally, the microbiological and clinical 
impact of mNGS was assessed independently by exter-
nal experts in infectiology and intensive care medicine. 
These methodological features strengthen the objectivity 
and robustness of the evaluation of this emerging diag-
nostic tool in routine ICU practice.

In our study, mNGS identified an additional pathogen 
in one-quarter of patients, including 18 cases (13.6%) 
where the detected pathogen was considered caus-
ative of the clinical presentation. This microbiological 

yield appears more limited than that reported in previ-
ous studies, which often evaluated mNGS in narrowly 
defined clinical settings, such as meningoencephalitis 
[12, 13], respiratory infections in ICU patients [19], liver 
abscesses [18], or pneumonia in immunocompromised 
hosts [27]. However, these studies frequently applied 
mNGS systematically within a predefined diagnostic 
framework, rather than based on the clinical judgment of 
the treating physician. This distinction makes the assess-
ment of real-world clinical impact more challenging. Two 
recent studies [25, 28], have explored the microbiologi-
cal contribution of mNGS in routine practice. The French 
study by Fourgeaud et al. [25], conducted primarily in 
paediatric and immunocompromised populations, inte-
grated mNGS early in the diagnostic process. Many of 
the pathogens identified were specific to these population 
(e.g., Aichi virus, adenovirus), and causal relationship 
with the clinical presentation was sometimes uncertain, 
particularly for herpesviruses. Consistently, in our study, 
additional pathogens identified exclusively by mNGS and 
classified as non-causative were most often viruses (e.g., 
Pegivirus, Cytomegalovirus). Tang et al.’s study [28], con-
ducted in China, focused on hospitalized patients and 
tissue samples, with lung biopsies being the most fre-
quently collected specimens—a setting that differs sub-
stantially from ICU practice. They identified a wide range 
of pathogens, included anaerobic bacteria and organisms 
commonly involved in pneumonia (e.g., S. aureus, P. aeru-
ginosa). Similarly, in our cohort, additional pathogens 
identified by mNGS and considered as causative were 
predominantly anaerobic bacteria, particularly in pleural 

None

Non causa�ve pathogen

Possibly causa�ve pathogen

Causa�ve pathogen

Sample, n=144

Fig 4.  Microbiological impact of mNGS according to sample type. abbreviations: BAL, bronchoalveolar lavage CSF, cerebrospinal fluid
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fluid and abscess samples. The superiority of mNGS over 
conventional microbiology in the detection of anaerobes 
has already been demonstrated in liver abscesses [18]. 
However, beyond abscess or pleural fluid samples, the 
added microbiological value of mNGS should be inter-
preted with caution. mNGS can also detect organisms of 
uncertain clinical relevance. This is particularly the case 
for viruses such as EBV or CMV, where latent carriage 
cannot be distinguished from active infection, or for 
highly prevalent viruses such as Pegivirus, whose patho-
genic role remains unclear. These findings, especially in 
immunocompromised patients with complex presenta-
tions, complicate the clinical interpretation of results. 
In our cohort, CSF was the most frequently analyzed 
sample, reflecting the diagnostic challenges of meningo-
encephalitis in ICU patients which have infectious and 
non-infectious etiologies [29]. Of the 60 CSF samples, 
only two (3.3%) yielded an additional pathogen (one K. 
pneumoniae and one E. coli). The limited added value 
of mNGS in this setting contrasts with previous reports 
and may be explained by our study’s use of mNGS as a 
last resort (i.e., after negative results from conventional 
microbiology) or by a low pre-test probability of infec-
tion (i.e., suspected autoimmune meningoencephalitis). 
mNGS has shown higher diagnostic performance in 
brain biopsy samples compared to CSF samples [30], but 
such invasive procedures are rarely performed in criti-
cally ill patients. In critically ill patients, our findings sug-
gest that the microbiological yield of mNGS is highest for 
abscess, tissue and pleural fluid samples, while it appears 
lower for other specimen types, particularly blood, car-
diovascular and cerebrospinal fluid samples.

In the present study, 30 of the 118 identified pathogens 
were detected exclusively by conventional microbiologi-
cal methods. This finding underscores that metagenom-
ics cannot replace standard diagnostic approaches but 
should instead be considered a complementary tool. The 
risk of false negatives with mNGS has been reported in 
several previous studies [12, 13, 19, 31], particularly in 
cases of invasive fungal infections. Several hypotheses 
may explain such detection failures: a high human DNA 
background in the sample [32], prior administration of 
antimicrobial therapy, clearance of the pathogen before 
sampling (with subsequent diagnosis confirmed only by 
serology), or detection of the causative agent in a dif-
ferent anatomical site than the one sampled for mNGS. 
Additional technical limitations may also contribute, 
such as low pathogen titres in the sample or DNA extrac-
tion challenges related to the structural characteristics of 
certain organisms, such as the thick, polysaccharide-rich 
cell walls of fungi like Aspergillus spp. [31, 33].

In our study, mNGS findings influenced therapeu-
tic management in fewer than 10% of patients. This rate 
is lower than that in previous studies, where reported 

therapeutic impact reached up to 50%. However, those 
studies investigated very different settings, such as 
rapid-turnaround nanopore sequencing in critically-ill 
patients with pneumonia [19], or tissue biopsies (mainly 
lung biopsies) in non-ICU hospitalized patients [28]. 
Similarly, two recent studies have reported a high simu-
lated therapeutic impact (20–30%) of plasma microbial 
cell-free DNA sequencing used as a first-line diagnostic 
tool in patients with a high pre-test probability of infec-
tion [34, 35]; yet, these were simulation-based analyses 
rather than real-world evaluations of mNGS. Conversely, 
the reported therapeutic impact of mNGS in menin-
goencephalitis by Wilson’s et al. [12] was similar to that 
observed in our study (3.4%). Several factors may explain 
this limited clinical impact. First, the prolonged turn-
around time reduced the clinical impact of mNGS results 
in many cases. Sixty-three patients in the cohort had been 
discharged or had died by the time the results were avail-
able. Second, the identification of an additional pathogen 
did not always lead to a therapeutic modification, partic-
ularly in cases such as liver hepatic abscesses or pleural 
infections, where the involvement of anaerobic bacteria 
is already well established. In other instances, the clinical 
relevance of the detected pathogen remained uncertain. 
Finally, the high performance of conventional diagnostic 
methods (e.g., targeted cultures, pathogen-specific PCRs, 
multiplex PCR panels) may have further limited the 
added value of mNGS in routine practice. mNGS should 
therefore be integrated into a thoughtful, stepwise diag-
nostic strategy, particularly in situations where conven-
tional microbiological approaches have failed, and where 
identifying an additional pathogen is likely to directly 
influence clinical management. Moreover, it is important 
to emphasize that mNGS does not refer to a single, uni-
form technique but rather to a variety of approaches that 
differ greatly in terms of performances (extraction effi-
cacy, depletion of human sequences, sequencing depth, 
…), cost and turnaround time. Optimizing mNGS for the 
specific needs of critically ill patients is a major challenge 
for the future. For instance, patients with a high pathogen 
load could benefit from rapid, lower-depth sequencing 
strategies to speed up reporting. In contrast, those with 
complex symptoms, particularly when rare or opportu-
nistic pathogens such as fungi are suspected, may require 
deeper sequencing to maximize sensitivity. Finally, other 
potential applications of mNGS were not explored in this 
study [9]. These include the detection of antimicrobial 
resistance genes [36, 37], the analysis of host–pathogen 
interaction through transcriptomics or metatranscrip-
tomics approaches [38], and the characterization of the 
microbiota and commensal organisms at the sampled site 
[39, 40]. Identifying clinical scenarios in which mNGS 
is likely to provide a meaningful clinical impact remains 
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challenging and requires further studies, along with con-
tinued efforts to optimise turnaround times.

Our study has several limitations. First, it is a retro-
spective study, which requires cautious interpretation 
of the results. Second, the decision to perform mNGS 
testing was left to the discretion of the treating physi-
cians and was not protocolized. This approach resulted 
in considerable heterogeneity in clinical scenarios and 
pre-test probabilities of infection. In some cases, mNGS 
was used as a last-resort diagnostic tool after multiple 
conventional diagnostic tests had already been per-
formed. Nevertheless, this reflects the real-life conditions 
of mNGS use in critically-ill patients. Third, the mNGS 
median turnaround time was longer than that previously 
described [13, 19, 25, 28] and may have limited its clini-
cal impact. Several factors may explain this delay: (i) the 
frequent use of mNGS as a second-line test after awaiting 
conventional microbiology results, (ii) the weekly batch 
sequencing schedule used in our workflow and (iii) this 
workflow was designed as a “universal” sequencing pipe-
line, rather than being optimized specifically for criti-
cally ill patients. However, this delay allowed mNGS to 
be incorporated into a broader diagnostic strategy and, 
importantly, never led to inappropriate clinical decision-
making in our cohort. Finally, mNGS analyses were per-
formed at a single center, which may appear to limit the 
external validity and the cross-platform generalizability. 
However, this center is an accredited national reference 
laboratory, that regularly participates in external assess-
ments and reproducibility of our workflow has been vali-
dated and benchmarked in published comparative studie 
[22, 41].

Conclusion
In this multicenter cohort of 132 critically ill patients, the 
real-life use of mNGS identified an additional pathogen 
in 25.7% of cases, of which 18 (14%) were deemed caus-
ative, and influenced therapeutic management in 5.3% 
of cases. However, the median turnaround time of 14 
days likely limited its clinical impact. CSF was the most 
frequently analyzed sample type. Further prospective 
studies are needed to better define the role of mNGS in 
diagnosing critically ill patients.

Abbreviations
CSF	� Cerebrospinal fluid
ICU	� Intensive care unit
mNGS	� Metagenomic next-generation sequencing (mNGS)

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​4​-​0​2​5​-​0​5​7​6​4​-​2.

Additional file1 eFigure 1. Flow chart of the study. abbreviations: ICU, 
intensive care unit

Additional file2 eFigure 2. Distribution of turnaround time from sample 
collection to result reporting for the 144 mNGS tests

Additional file 3

Additional file 4

Additional file 5

Additional file 6

Additional file 7

Additional file 8

Acknowledgements
None

Author contributions
PB, KR, PC, CR, CA and PLW designed the study and analysed the data. RL, DC 
and GM analysed the data. PB, NM, MP, GV, RS, MPdC, TU, TP, MD, FP, NdP, AMD, 
and KR included the patient and were responsible for clinical data collection. 
PB, PC, CR, PLW and KR wrote the first draft of the article. All authors revised 
and approved the article. The corresponding author attests that all listed 
authors meet authorship criteria and that no others meeting the criteria have 
been omitted. PB is the guarantor.

Funding
None.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This observational study was approved by the Ethics Committee of the French 
Intensive Care Society (CE SRLF 24- 036, IRB N°00014135). Patients were 
informed of their inclusion in the study and written consent was waived in 
accordance with French law.

Consent for publication
Not applicable.

Competing interests
KR received lecture fees from MSD, Shionogi, and a travel grant from Pfizer 
outside the submitted work. MD has served as a speaker for Fisher and Paykel 
and Isis Medical. NdP has served as an advisor or speaker for Moderna and 
AstraZeneca, outside of the submitted work. GV reports research grants from 
BioMérieux and SOS Oxygene, and support for attending meetings from 
Oxyvie and SOS oxygène, outside of the submitted work. CR reports having 
served as a speaker for Pfizer and Tecan, outside of the submitted work. AMD 
reports grants from Fischer Paykel, Baxter, Philips, Ferring and GSK, personal 
fees from Air Liquide, Baxter, Amomed, Getingue and Addmedica, outside 
the submitted work. All other authors declare that they have no competing 
interests.

Author details
1DMU Médecine, Service de Médecine Intensive Réanimation, AP-HP 
(Assistance Publique-Hôpitaux de Paris), Hôpitaux Universitaires Henri 
Mondor, 1 Rue Gustave Eiffel, Créteil 94010, France
2Faculté de Santé de Créteil, UPEC (Université Paris Est Créteil), IMRB, GRC 
CARMAS, Créteil 94010, France
3UPEC (Université Paris Est Créteil) INSERM, Unité U955, Équipe 18,  
Créteil 94010, France
4Department of Microbiology, GenoBioMICS Platform, Hôpital Henri 
Mondor, AP-HP, Université Paris-Est, Créteil, France
5Université Paris Est Créteil, INSERM, IMRB, Créteil F-94010, France
6École Nationale Vétérinaire d’Alfort, IMRB, AfterROSC Network,  
Maisons-Alfort F-94700, France

https://doi.org/10.1186/s13054-025-05764-2
https://doi.org/10.1186/s13054-025-05764-2


Page 11 of 12Bay et al. Critical Care           (2026) 30:18 

7Service d’Anesthésie-Réanimation Et Médecine Péri-Opératoire, DMU 
CARE, Hôpitaux Universitaires Henri Mondor, Assistance Publique-
Hôpitaux de Paris (AP-HP), Créteil 94010, France
8Medical Intensive Care Unit, Ambroise Paré Hospital, APHP Inserm, CESP, 
University Versailles Saint Quentin, University Paris Saclay,  
Guyancourt U1018, France
9GRC 40 SoLID, Assistance Publique – Hôpitaux de Paris, Hôpital Tenon, 
Service de Médecine Intensive Réanimation, INSERM CRSA UMRS_938 
Team 5PMed, Sorbonne Université, Paris, France
10UMR 1137, Université Paris Cité, INSERM, Paris 75018, France
11APHP.Nord, Department of Intensive Care Medicine, Bichat-Claude 
Bernard University Hospital, Paris 75018, France
12UMRS_1166-ICAN, Service de Medecine Intensive Reanimation, iCAN, 
Institute of Cardiometabolism and Nutrition, INSERM, Hôpital de La Pitié-
Salpêtrière, Sorbonne Universités, 47, Bd de L’Hôpital,  
Paris Cedex 13 75651, France
13Medical Intensive Care Unit, Assistance Publique-Hôpitaux de Paris, 
Pitié-Salpêtrière Hospital, Paris Cedex 13 75651, France
14Medical Intensive Care, Unit Hôpital Saint-Antoine Assistance Publique-
Hôpitaux de Paris , Paris, France
15Service de Médecine Intensive-Réanimation, DMU CORREVE, Groupe 
de Recherche CARMAS, AP-HP, Hôpital de Bicêtre, FHU SEPSIS, Hôpitaux 
Universitaires Paris-Saclay, Le Kremlin-Bicêtre, France
16Inserm U1018, Equipe d’Epidémiologie Respiratoire Intégrative, 
Université Paris-Saclay, UVSQ, Univ. Paris-Sud, CESP, Villejuif 94807, France
17Service de Médecine Intensive-Réanimation-SRPR, AP-HP, Groupe 
Hospitalier Universitaire APHP-Sorbonne Université, Site Pitié-Salpêtrière, 
Département R3S, Paris, France
18UMRS1158 Neurophysiologie Respiratoire Expérimentale Et Clinique, 
Sorbonne Université, INSERM, Paris, France
19Service de Médecine Intensive - Réanimation, Hôpital Cochin, 
Assistance Publique-Hôpitaux de Paris. Centre, Université Paris Cité, 27 
Rue du Faubourg Saint-Jacques, Paris 75014, France
20INSERM U1016, CNRS UMR8104, Institut Cochin, Université Paris Cité, 
Paris, France
21Service de Réanimation Polyvalente, CH Victor Dupouy, Argenteuil, 
France
22Département Prévention Diagnostic Et Traitement Des Infections, 
AP-HP, Unité Transversale de Traitement Des Infections, Hôpital Henri 
Mondor, Créteil 94000, France
23Service de Maladies Infectieuses Et Immunologie Clinique, Hôpital Henri 
Mondor, 94000 Créteil, France
24Dynamyc UR 7380, Faculté de Santé, USC Anses, Univ. Paris-Est Créteil 
(UPEC), Créteil, France

Received: 29 September 2025 / Accepted: 11 November 2025

References
1.	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et 

al. Surviving sepsis campaign: international guidelines for management of 
sepsis and septic shock 2021. Intensive Care Med. 2021;47(11):1181–247.

2.	 Vincent JL, Sakr Y, Singer M, Martin-Loeches I, Machado FR, Marshall JC, et al. 
Prevalence and outcomes of infection among patients in intensive care units 
in 2017. JAMA. 2020;323(15):1478–87.

3.	 Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM, et al. Commu-
nity-acquired pneumonia requiring hospitalization among U.S adults. N Engl 
J Med. 2015;373(5):415–27.

4.	 Nannan Panday RS, Lammers EMJ, Alam N, Nanayakkara PWB. An overview 
of positive cultures and clinical outcomes in septic patients: a sub-analysis 
of the prehospital antibiotics against sepsis (PHANTASi) trial. Crit Care. 
2019;23(1):182.

5.	 Nannan Panday RS, Wang S, van de Ven PM, Hekker TaM, Alam N, Nanayak-
kara PWB. Evaluation of blood culture epidemiology and efficiency in a large 
European teaching hospital. PLoS One. 2019;14(3):e0214052.

6.	 Arulkumaran N, Routledge M, Schlebusch S, Lipman J, Conway Morris A. 
Antimicrobial-associated harm in critical care: a narrative review. Intensive 
Care Med. 2020;46(2):225–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​1​3​4​-​0​2​0​-​0​5​9​2​9​-​3.

7.	 Ramachandran PS, Wilson MR. Metagenomics for neurological infections — 
expanding our imagination. Nat Rev Neurol. 2020;16(10):547–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​8​2​-​0​2​0​-​0​3​7​4​-​y.

8.	 Rader TS, Stevens MP, Bearman G. Syndromic multiplex polymerase chain 
reaction (mPCR) testing and antimicrobial stewardship: current practice and 
future directions. Curr Infect Dis Rep. 2021;23(4):5.

9.	 Neyton LPA, Langelier CR, Calfee CS. Metagenomic sequencing in the ICU for 
precision diagnosis of critical infectious illnesses. Crit Care. 2023;27(1):90.

10.	 Rodriguez C, Gouilh MA, Weiss N, Stroer S, Mokhtari K, Seilhean D, et al. Fatal 
measles inclusion-body encephalitis in adult with untreated aids, France. 
Emerg Infect Dis. 2020;26(9):2231–4.

11.	 Rodriguez C, Gricourt G, Ndebi M, Demontant V, Poiteau L, Burrel S, et al. Fatal 
encephalitis caused by cristoli virus, an emerging orthobunyavirus, France. 
Emerg Infect Dis. 2020(6). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​0​1​​/​e​​i​d​2​6​0​6​.​1​9​1​4​3​1.

12.	 Wilson MR, Sample HA, Zorn KC, Arevalo S, Yu G, Neuhaus J, et al. Clinical 
metagenomic sequencing for diagnosis of meningitis and encephalitis. N 
Engl J Med. 2019;380(24):2327–40.

13.	 Benoit P, Brazer N, et al. Seven-year performance of a clinical metagenomic 
next-generation sequencing test for diagnosis of central nervous system 
infections. Nat Med. 2024;30(12):3522–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​1​-​0​2​
4​-​0​3​2​7​5​-​1.

14.	 Haddad SF, DeSimone DC, Chesdachai S, Gerberi DJ, Baddour LM. Utility 
of metagenomic next-generation sequencing in infective endocarditis: a 
systematic review. Antibiot. 2022;11(12):1798.

15.	 Flurin L, Wolf MJ, Mutchler MM, Daniels ML, Wengenack NL, Patel R. Targeted 
metagenomic sequencing-based approach applied to 2146 tissue and body 
fluid samples in routine clinical practice. Clin Infect Dis. 2022;75(10):1800–8.

16.	 Hong HL, Flurin L, Thoendel MJ, Wolf MJ, Abdel MP, Greenwood-Quaintance 
KE, et al. Targeted versus shotgun metagenomic sequencing-based detection 
of microorganisms in sonicate fluid for periprosthetic joint infection diagno-
sis. Clin Infect Dis Off Publ Infect Dis Soc Am. 2023;76(3):e1456–62.

17.	 Kanellakis NI, Wrightson JM, Gerry S, Ilott N, Corcoran JP, Bedawi EO, et al. 
The bacteriology of pleural infection (TORPIDS): an exploratory metage-
nomics analysis through next generation sequencing. Lancet Microbe. 
2022;3(4):e294-302.

18.	 Kimseng H, Rossi G, Danjean M, et al. Evaluation of the contribution of 
shotgun metagenomics in the microbiological diagnosis of liver abscesses. J 
Infect. 2023;87(5):365–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​i​n​f​.​2​0​2​3​.​0​8​.​0​0​4.

19.	 Charalampous T, Alcolea-Medina A, Snell LB, Alder C, Tan M, Williams TGS, et 
al. Routine metagenomics service for ICU patients with respiratory infection. 
Am J Respir Crit Care Med. 2024;209(2):164–74.

20.	 Rodriguez C, Jary A, Hua C, Woerther PL, Bosc R, Desroches M, et al. Pathogen 
identification by shotgun metagenomics of patients with necrotizing soft-
tissue infections. Br J Dermatol. 2020;183(1):105–13.

21.	 Lamoureux C, Surgers L, et al. Prospective comparison between shotgun 
metagenomics and Sanger sequencing of the 16S rRNA gene for the etio-
logical diagnosis of infections. Front Microbiol. 2022;13:761873. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​3​3​8​9​​/​f​​m​i​c​b​.​2​0​2​2​.​7​6​1​8​7​3.

22.	 de Vries JJC, Brown JR, Fischer N, Sidorov IA, Morfopoulou S, Huang J, et al. 
Benchmark of thirteen bioinformatic pipelines for metagenomic virus diag-
nostics using datasets from clinical samples. J Clin Virol. 2021;141:104908.

23.	 de Vries JJC, Brown JR, Couto N, Beer M, Le Mercier P, Sidorov I, et al. Recom-
mendations for the introduction of metagenomic next-generation sequenc-
ing in clinical virology, part II: bioinformatic analysis and reporting. J Clin Virol. 
2021;138:104812.

24.	 López-Labrador FX, Brown JR, et al. Recommendations for the introduction of 
metagenomic high-throughput sequencing in clinical virology, part I: wet lab 
procedure. J Clin Virol. 2021;134:104691. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​v​.​2​0​2​0​.​1​0​
4​6​9​1.

25.	 Fourgeaud J, Regnault B, Ok V, Da Rocha N, Sitterlé É, Mekouar M, et al. 
Performance of clinical metagenomics in France: A prospective observational 
study. Lancet Microbe. 2024;5(1):e52-61.

26.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 
The strengthening the reporting of observational studies in epidemiology 
(STROBE) statement: guidelines for reporting observational studies. Lancet. 
2007;370(9596):1453–7.

27.	 Azar MM, Schlaberg R, Malinis MF, Bermejo S, Schwarz T, Xie H, et al. Added 
diagnostic utility of clinical metagenomics for the diagnosis of pneumonia in 
immunocompromised adults. Chest. 2021;159(4):1356–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​j​​.​c​h​​e​s​t​​.​2​0​2​​0​.​​1​1​.​0​0​8.

28.	 Tang H, Chen Y, Tang X, Wei M, Hu J, Zhang X, et al. Yield of clinical metage-
nomics: insights from real-world practice for tissue infections. eBioMedicine 

https://doi.org/10.1007/s00134-020-05929-3
https://doi.org/10.1038/s41582-020-0374-y
https://doi.org/10.1038/s41582-020-0374-y
https://doi.org/10.3201/eid2606.191431
https://doi.org/10.1038/s41591-024-03275-1
https://doi.org/10.1038/s41591-024-03275-1
https://doi.org/10.1016/j.jinf.2023.08.004
https://doi.org/10.3389/fmicb.2022.761873
https://doi.org/10.3389/fmicb.2022.761873
https://doi.org/10.1016/j.jcv.2020.104691
https://doi.org/10.1016/j.jcv.2020.104691
https://doi.org/10.1016/j.chest.2020.11.008
https://doi.org/10.1016/j.chest.2020.11.008


Page 12 of 12Bay et al. Critical Care           (2026) 30:18 

[Internet]. 2025; Jan 1 [cited 2025 June 3];111. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​t​​h​
e​l​​a​n​c​​e​t​.​c​​o​m​​/​j​o​​u​r​n​​a​l​s​/​​e​b​​i​o​m​​/​a​r​​t​i​c​l​​e​/​​P​I​I​S​2​3​5​2​-​3​9​6​4​(​2​4​)​0​0​5​7​2​-​3​/​f​u​l​l​t​e​x​t

29.	 Sonneville R, de Montmollin E, Contou D, Ferrer R, Gurjar M, Klouche K, et al. 
Clinical features, etiologies, and outcomes in adult patients with meningo-
encephalitis requiring intensive care (EURECA): an international prospective 
multicenter cohort study. Intensive Care Med. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​
0​0​1​3​4​-​0​2​3​-​0​7​0​3​2​-​9.

30.	 Brown JR, Bharucha T, Breuer J. Encephalitis diagnosis using metagenomics: 
application of next generation sequencing for undiagnosed cases. J Infect. 
2018;76(3):225–40.

31.	 Peng JM, Du B, Qin HY, Wang Q, Shi Y. Metagenomic next-generation 
sequencing for the diagnosis of suspected pneumonia in immunocompro-
mised patients. J Infect. 2021;82(4):22–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​i​n​f​.​2​0​2​1​.​0​1​
.​0​2​9.

32.	 Kim M, Parrish RC, Tisza MJ, Shah VS, Tran T, Ross M, et al. Host DNA depletion 
on frozen human respiratory samples enables successful metagenomic 
sequencing for microbiome studies. Commun Biol. 2024;7(1):1–15.

33.	 Angebault C, Payen M, Woerther PL, Rodriguez C, Botterel F. Combined bac-
terial and fungal targeted amplicon sequencing of respiratory samples: does 
the DNA extraction method matter? PLoS One. 2020;15(4):e0232215. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​2​3​2​2​1​5.

34.	 Madut DB, Chemaly RF, Dadwal SS, Hill JA, Lee YJ, Haidar G, et al. Clinical utility 
of plasma microbial cell-free DNA sequencing among immunocompromised 
patients with pneumonia. Open Forum Infect Dis. 2024;11(8):ofae425.

35.	 Brenner T, Decker SO, Vainshtein Y, Grumaz S, Manoochehri M, Feißt M, et 
al. Improved pathogen identification in sepsis or septic shock by clinical 
metagenomic sequencing. J Infect. 2025; Aug 6;106565.

36.	 Chng KR, Li C, Bertrand D, Ng AHQ, et al. Cartography of opportunistic patho-
gens and antibiotic resistance genes in a tertiary hospital environment. Nat 
Med. 2020;26(6):941–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​1​-​0​2​0​-​0​8​9​4​-​4.

37.	 Serpa PH, Deng X, Abdelghany M, Crawford E, Malcolm K, Caldera S, et al. 
Metagenomic prediction of antimicrobial resistance in critically ill patients 
with lower respiratory tract infections. Genome Med. 2022;14(1):74.

38.	 Kalantar KL, Neyton L, et al. Integrated host-microbe plasma metagenomics 
for sepsis diagnosis in a prospective cohort of critically ill adults. Nat Micro-
biol. 2022;7(11):1805–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​6​4​-​0​2​2​-​0​1​2​3​7​-​2.

39.	 Dickson RP, Singer BH, Newstead MW, Falkowski NR, Erb-Downward JR, Stan-
diford TJ, et al. Enrichment of the lung microbiome with gut bacteria in sepsis 
and the acute respiratory distress syndrome. Nat Microbiol. 2016;1(10):1–9.

40.	 Martin FP, Poulain C, Mulier JH, Motos A, Gourain V, Ogan I, et al. Identifica-
tion and validation of robust hospital-acquired pneumonia subphenotypes 
associated with all-cause mortality: a multi-cohort derivation and validation. 
Intensive Care Med. 2025. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​0​7​​/​s​0​0​​1​3​4​-​​0​2​5​-​0​​7​8​8​4​-​3.

41.	 Lopez-Labrador FX, Huber M, Sidorov IA, Brown JR, Cuypers L, Laenen L, et 
al. Multicenter benchmarking of short and long read wet lab protocols for 
clinical viral metagenomics. J Clin Virol. 2024;173:105695.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(24)00572-3/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(24)00572-3/fulltext
https://doi.org/10.1007/s00134-023-07032-9
https://doi.org/10.1007/s00134-023-07032-9
https://doi.org/10.1016/j.jinf.2021.01.029
https://doi.org/10.1016/j.jinf.2021.01.029
https://doi.org/10.1371/journal.pone.0232215
https://doi.org/10.1371/journal.pone.0232215
https://doi.org/10.1038/s41591-020-0894-4
https://doi.org/10.1038/s41564-022-01237-2
https://doi.org/10.1007/s00134-025-07884-3

	﻿Real-life impact of clinical metagenomics in the intensive care unit: a multicenter retrospective study in greater paris area hospitals
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Settings and patients
	﻿Clinical metagenomics
	﻿Conventional microbiological analyses
	﻿Microbiological and clinical impact of mNGS
	﻿Statistical analysis
	﻿Ethical considerations

	﻿Results
	﻿Population
	﻿Characteristics of mNGS sampling
	﻿mNGS findings
	﻿Microbiological impact of mNGS
	﻿Therapeutic impact of mNGS

	﻿Discussion
	﻿Conclusion
	﻿References


