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Purpose: This study aimed to evaluate the clinical utility of metagenomic next-generation sequencing (mNGS) in sepsis patients who 
received early empirical antibiotic treatment.
Patients and Methods: A retrospective analysis was conducted on clinical data from sepsis patients diagnosed in the Emergency 
Intensive Care Unit (EICU) between April 2019 and May 2023. All patients underwent standard conventional microbiological testing. 
Patients were categorized into either the mNGS group or the control group based on whether they underwent mNGS tests. Baseline 
variables were matched using propensity scores.
Results: Out of 461 sepsis patients screened, 130 were included after propensity matching, with 65 patients in each group. Despite 
prior antibiotic treatment, 57 cases (87.69%) in the mNGS group had positive mNGS results, exceeding the culture detection rate 
(52.31%). Besides, a higher proportion of patients in the mNGS group experienced antibiotic adjustments compared to the control 
group (72.31% vs 53.85%). Mortality rates were also compared based on the duration of antibiotic exposure before mNGS sampling. 
Patients exposed to antibiotics for less than 24 hours had a lower mortality rate compared to those exposed for over 8 days (22.22% vs 
42.86%). COX multivariate analysis identified mNGS testing, underlying diseases, lymphocyte percentage, infection site (respiratory 
and bloodstream) as independent risk factors for mortality in sepsis patients.
Conclusion: With increased antibiotic exposure time, the positive rate of culture testing significantly decreased (44.44% vs 59.52% 
vs 35.71%, P = 0.031), whereas the positive rate of mNGS remained stable (77.78% vs 88.10% vs 92.86%, P = 0.557). mNGS 
demonstrated less susceptibility to antibiotic exposure. Early mNGS detection positively impacted the prognosis of sepsis patients.
Keywords: metagenomic next-generation sequencing, sepsis, antibiotic management, clinical value, prognosis

Introduction
Sepsis is one of the leading causes of infection and mortality among critically ill patients worldwide.1 Despite advances 
in antibiotic development and treatment approaches, the sepsis mortality rate remains persistently high.2 Studies have 
shown that in sepsis patients with documented hypertension within the first 6 hours (h), each one-hour delay in 
administering effective antibiotics results in an average 7.6% decrease in survival.3 Current guidelines strongly recom-
mend that clinicians initiate broad-spectrum antibiotic therapy promptly, ideally within one hour of sepsis diagnosis, even 
in the absence of definitive pathogen identification.4,5 This immediate treatment is essential in the Emergency Intensive 
Care Unit (EICU) and plays a crucial role in controlling disease progression. However, in real-world clinical practice, 
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inappropriate early empiric therapy may increase the risk of antibiotic resistance and toxicity, leading to higher mortality 
rates.6 Therefore, timely and accurate pathogen identification is crucial for guiding early antimicrobial therapy, optimiz-
ing antibiotic stewardship, and clinical outcomes.7

Conventional culture methods remain the gold standard approach for pathogens identification in sepsis cases.8 

However, the positive rate of culture methods is often suboptimal, and further diminishes with prolonged empiric 
antibiotics use.8–10 Although antigen/antibody assays and polymerase chain reaction (PCR) offer high sensitivity, they are 
often specific to certain pathogens and may miss rare or unexpected organisms. In recent years, metagenomic next- 
generation sequencing (mNGS) has rapidly advanced as a technology capable of detecting nearly all nucleic acid 
sequences in body fluid samples without bias,11 providing greater precision and faster pathogen detection.12–14 

Moreover, mNGS exhibits superior sensitivity in diagnosing complex and severe infections and is less affected by 
prior antibiotic exposure.15–17 However, accurate interpretation of mNGS results remains a significant challenge for 
clinicians,11,18 and inappropriate antibiotic use in clinical practice can lead to adverse outcomes. Early targeted antibiotic 
administration, particularly in resource-limited settings such as the EICU, may improve the sepsis patient prognosis. This 
study aims to evaluate the performance of mNGS in early pathogen detection among sepsis patients with prior antibiotic 
exposure and to evaluate its impact on subsequent antibiotic adjustments.

Materials and Methods
Patient Enrolment and Study Design
A retrospective analysis was conducted on sepsis patients admitted to the EICU at the First Affiliated Hospital of the 
Medical College of Shantou University between April 2019 and May 2023. The inclusion criteria were: (1) patients met 
the sepsis 3.0 diagnostic criteria, jointly issued by the Society of Intensive Care Medicine (SCCM) and the European 
Society of intensive care Medicine (ESICM), and (2) the pathogen infection was unclear, no positive microbiological 
results were obtained from laboratory testing after admission, or infection symptoms did not improve following empiric 
treatment. Exclusion criteria were: (1) unqualified specimens or incomplete clinical data; (2) life expectancy of less than 
24 h; (3) uncertain prognosis within 28 d.

Patients were divided into the mNGS group or control group based on whether mNGS testing was performed. In the 
mNGS group, specimens such as sputum, blood, bronchoalveolar lavage fluid (BALF), cerebrospinal fluid (CSF), and 
pleural or peritoneal fluid were collected for culture and mNGS testing. Treatment decisions for these patients were 
guided by the mNGS results. In the control group, samples were solely utilized for routine tests, and treatment plans were 
based on conventional microbiological tests outcomes. The study was conducted in accordance with the Declaration of 
Helsinki.

Clinical Data Collection
Clinical data collected for these patients included demographic data, comorbidities, clinical indicators such as white 
blood cell count (WBC), percentage of neutrophils to total white blood cells (NE%), percentage of lymphocytes to total 
white blood cells (LY%), hemoglobin (Hb), platelet count (PLT), creatinine (Cr), alanine aminotransferase (ALT), lactate 
dehydrogenase (LDH)), procalcitonin (PCT) and C-reactive protein (CRP) levels. Additional data included the sequential 
organ failure assessment (SOFA) score, length of hospital stay (in days), antibiotic regimen, duration of antibiotic 
exposure prior to sampling (in days), ICU admission duration, and outcome. The primary outcome assessed was all-cause 
mortality within 28 d.

Nucleic Acid Extraction, Library Construction, and Sequencing
Nucleic acid was extracted with the PathoXtract® Basic Pathogen Nucleic Acid Kit (WYXM03211S, WillingMed 
Corp, Beijing, China) for DNA isolation and the PathoXtract® Virus DNA/RNA Isolation Kit (WYXM03009S, 
WillingMed Corp, Beijing, China) for RNA isolation following the manufacturer’s protocol. Both DNA and RNA 
was eluted with 50 μL of nuclease-free water, combined, and the RNA underwent reverse transcription to comple-
mentary DNA using SuperScript® Double-Stranded cDNA Synthesis Kit (11917020, Invitrogen). For constructing 
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cfDNA (cell-free DNA) libraries from plasma, the KAPA DNA HyperPrep Kit (KK8504, KAPA, Kapa Biosystems, 
Wilmington, MA, United States) was used as per the manufacturer’s guidelines. Genomic DNA libraries was prepared 
using the Illumina® DNA Prep, (M) Tagmentation (20018705, Illumina). The pooled libraries were sequenced on the 
NextSeq™ 550Dx system using a 75 bp, single-end sequencing kit (Illumina), ensuring a minimum of 20 million 
sequencing reads per sample.19

Bioinformatics Analysis
The raw FASTQ-format data underwent quality control and evaluation using Trimmomatic v0.40 to eliminate low-quality 
or undetected sequences, spliced sequences, high-coverage repeats, and short-read-length sequences.20 The high-quality 
sequencing data were compared with the human reference genome GRCh37 (hg19) using Bowtie2 v2.4.3 to remove 
human host sequences.21 The remaining sequences were aligned with the reference database using Kraken2 v2.1.0 to 
annotate pathogen genomes and identify pathogens in the samples.22

For pathogen identification, a RPTM (reads per ten million) value was used to identify positive pathogens, which 
defined as detected number of pathogen specific reads per ten million. A reads count ≥3 was employed for viral pathogen 
detection, while for bacteria and fungi, a threshold of RPMT ≥8 was applied in blood samples and sterile body fluids.23,24 

Non-sterile samples like BALF, sputum, and other samples required a higher RPTM threshold ≥20 for identifying 
positive bacteria and fungi. Notably, special pathogens (including Cryptococcus and Mycobacterium) with RPTM ≥ 1 
was identified as positive.24

The average total readings produced by all samples, the readings produced by the host and the readings produced by 
the microorganisms were 37,097,326, 1,850,538 and 26,182,780, respectively.

Clinical Adjudication of mNGS Results
The mNGS results were reviewed by two infectious disease specialists. According to the standardized criteria of the 
Karius test study, the results of mNGS were divided into five categories: definite, probable, possible, unlikely, and 
false-negative results.25 (1) Definite: mNGS results were found to be consistent with conventional microbiological 
tests (CMT) results performed within 7 days of mNGS detection; (2) Probably: microorganisms detected by mNGS 
may be the cause of infection; (3) Possible: Microorganisms detected by mNGS show that they may cause infection, 
but this was not a common cause based on the clinical expert’s assessment based on the clinical record; (4) Unlikely: 
Based on other clinical outcomes, the microorganism detected by mNGS was not a possible cause of infection or the 
results are inconsistent with CMT; (5) False negative: The mNGS result was negative, but the case was assessed as 
infectious.19,25,26

Based on the final clinical evaluation, the categories of definite, probable, and possible was considered indicative of 
the disease cause, while unlikely pathogen were classified as a false-positives.

Criteria and Analysis of Antibiotic Changes
Following the microbiological tests results, antibiotic regimens were adjusted based on The Sanford Guide to 
Antimicrobial Therapy. For unsatisfactory clinical response: (A) If the current anti-infective regimen does not cover 
the pathogen, the appropriate antibiotics should be added. (B) If the current regimen covers the pathogen but drug 
resistance is suspected, therapy escalation therapy should be considered. For satisfactory clinical response: (A) If the 
pathogen is not covered by the current regimen, discontinuation of antibiotics is advised to prevent misuse. (B) If the 
pathogen is covered, therapy de-escalation should be implemented by transitioning from broad-spectrum to narrow- 
spectrum antibiotics.27

We evaluated the percentage of patients undergoing antibiotic de-escalation or escalation in both the mNGS and 
control groups. Antibiotic escalation involved adding at least one antibiotic or broadening the spectrum (from narrow- 
spectrum to broad-spectrum) in the treatment regimen. Antibiotic de-escalation entailed discontinuing at least one 
antibiotics or narrowing the spectrum (from broad-spectrum to narrow-spectrum) in the current treatment regimen. 
Meanwhile, “same level replacement” indicated no change in the number or spectrum of antibiotics.28
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Statistical Analysis
The normality of distribution and homogeneity of variances were assessed using the t-test. Chi-square tests or Fisher’s exact 
test were applied for categorical variables, while t-tests were used for continuous variables. To enhance the accuracy of NGS 
diagnostic efficacy, propensity score matching (PSM) was performed. Data analysis was conducted using SPSS 26.0 software 
(IBM, USA), with a p-value of less than 0.05 considered statistically significant. Independent risk factors for sepsis were 
identified using the Cox proportional hazards model, constructed with the “survival” package in R version v4.2.2.

Results
Baseline Characteristics of Participants
A total of 461 sepsis patients were enrolled in this study, with 78 in the mNGS group and 383 in the control group 
(Figure 1). Baseline characteristics for both groups were presented in Supplementary Table 1. Patients in the control 
group had significantly higher SOFA scores compared to those in the mNGS group (9 vs 5, P < 0.001). The most 
common infection site in both groups was the respiratory tract infection. Additionally, the control group showed a higher 
prevalence of genitourinary infections (22.72% vs 7.69%, P = 0.002), bloodstream infections (35.77% vs 20.51%, P = 
0.009), and gastrointestinal infections (42.04% vs 11.54%, P<0.001), while the mNGS group had a higher prevalence of 
central nervous system (CNS) infections (8.97% vs 1.31%, P = 0.001). Hypertension was more prevalent in the mNGS 
group compared to the control group (48.72% vs 35.25%, P=0.029). Additionally, the control group exhibited signifi-
cantly higher NE%, PCT and CRP levels than the mNGS group. Patients in the mNGS group had longer hospitalization 
and ICU stays compared to the control group. But they had a notably lower mortality rate (35.9% vs 51.44%, P = 0.013). 
There were no statistical differences between the groups for the remaining indicators.

A 1:1 PSM was performed for age, sex, SOFA score and underlying diseases to ensure comparable baseline characteristics 
between the two groups and reduce potential bias. After PSM, 65 patients were included in each group (Figure 1). While 
baseline characteristics were similar post-matching, some differences remained in specific variables (Table 1). A greater 

Figure 1 Flow diagram of patients enrolled in the study. Abbreviations: mNGS, metagenomic next-generation sequencing; PSM, propensity score matching, SOFA, sequential 
organ failure assessment.
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proportion of patients in the control group developed sepsis due to genitourinary infection compared to the mNGS group 
(23.08% vs 6.15%, P = 0.006). Conversely, CNS infections were more common in the mNGS group than in the control group 
(9.23% vs 0.00%, P = 0.012). Patients in the mNGS group exhibited significantly lower NE% (59.61 ± 40.04 vs 82.74 ± 11.45, 
P < 0.001) and PLT levels (167.52 ± 92.80 vs 207.83 ± 111.52, P = 0.027) compared to the control group. Furthermore, ICU 
stays were also longer for mNGS patients (10 days vs 6 days, P = 0.002). No significant differences were observed between the 
two groups for the remaining baseline characteristics, underlying diseases, infection sites, biochemical indicators, or mortality.

Comparison of mNGS and Culture for Pathogen Detection
Of the 65 patients in the mNGS group, mNGS identified 57 positive cases (87.69%, 57/65), significantly surpassing the 
detection rate of culture (52.31%, 34/65, P < 0.001) (Figure 2A). Notably, mNGS had a higher positivity rate than culture 
across most sample types, except for BALF samples (Figure 2B). Patients were categorized into three groups based on 

Table 1 Demographics and Clinical Characteristics of Study Patients After PSM Balancing

Characteristic mNGS Group  
(n=65)

Control Group  
(n=65)

P-value

Age, median (IQR) 64 (51–72) 65 (53–74) 0.659

Sex, n (%)

Male 51 (78.46%) 44 (67.69%) 0.166
SOFA score, median (IQR) 5 (4–6) 6 (3–8) 0.076

Site of infection

Respiratory 42 (64.62%) 38 (58.46%) 0.471
Genitourinary 4 (6.15%) 15 (23.08%) 0.006**

Skin and Soft Tissue 3 (4.62%) 5 (7.69%) 0.465
Bloodstream 15 (23.08%) 18 (27.69%) 0.546

CNS 6 (9.23%) 0 (0.00%) 0.012*

Gastrointestinal 8 (12.31%) 14 (21.54%) 0.161
Underlying diseases, n (%)

Hypertension 29 (44.62%) 32 (49.23%) 0.598

Diabetes 24 (36.92%) 32 (48.57%) 0.122
CAD 15 (23.08%) 18 (27.69%) 0.546

CKD 7 (10.77%) 2 (3.08%) 0.084

Biochemical indicators
WBC 12.46±9.05 11.72±6.65 0.594

NE% 59.61±40.04 82.74±11.45 <0.001***

LY% 8.84±16.14 11.06±10.26 0.350
Hb 105.58±28.47 110.57±26.05 0.300

PLT 167.52±92.80 207.83±111.52 0.027*

Cr 166.46±145.16 185.88±172.27 0.488
ALT 100.97±270.28 42.13±55.20 0.088

LDH 500.53±649.61 400.75±473.27 0.319

PCT 18.65±33.18 26.36±42.60 0.252
CRP 117.96±112.99 151.45±118.64 0.102

Outcomes, median (IQR)

Hospital length of stay (days) 21 (9–34) 16 (10–28) 0.106
ICU length of stay (days) 10 (7–19) 6 (4–11) 0.002**

Mortality (%) 21 (32.31%) 23 (35.38%) 0.711

Duration of Antibiotic Exposure (Days, IQR) 3 (1–8) —— ——

Notes: The data were presented as n (%) or median (interquartile range, IQR). Differences with *P<0.05 were considered 
statistically significant. ** P<0.01, *** P<0.001. 
Abbreviations: ALT, Alanine transaminase; CAD, coronary artery disease; CKD, Chronic Kidney Disease; CNS, Central 
Nervous System; Cr, Creatinine; CRP, C-reactive protein; Hb, hemoglobin; LDH, lactated hydrogenase; LY%, Percentage of 
lymphocytes and total white blood cell; mNGS, metagenomics next-generation sequencing; NE%, Percentage of neutrophils in 
blood; PCT, procalcitonin; PLT, blood platelet; SOFA, Sequential Organ Failure Assessment; WBC, white blood cell.
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the duration of antibiotic exposure prior to mNGS sampling: less than 24h, 1–8d, and more than 8d. Remarkably, no 
significant difference in mNGS positivity rate was observed among these groups (P = 0.557) (Figure 2C). Conversely, the 
culture positivity rate was significantly influenced by antibiotic exposure (P = 0.031), particularly in the group with more 
than 8d exposure, where the rate dropped to 35.71%. Across all time group, mNGS consistently showed a higher 
positivity rate than culture (Figure 2C).

mNGS detected a total of 79 pathogenic microorganisms, including 56 bacterial, 13 fungal, and 10 viral species 
(Supplementary Table 2). Culture identified 17 pathogenic microorganisms, including 15 bacteria and 2 fungi. Notably, 
15 out of the 17 pathogens detected by culture were also identified by mNGS (Figure 3A). Among sepsis patients with 
prior antibiotic exposure, bacteria were the most frequently detected microorganisms, followed by fungi and viruses 
(Figure 3B). When combining results from both methods, the most detected bacteria were Klebsiella pneumoniae (16), 
Escherichia coli (10), Enterococcus faecium (8), and Acinetobacter baumannii (8), with the majority identified by mNGS 
(Figure 3C). Specifically, Mycobacterium tuberculosis complex (3) was exclusively detected by mNGS. Candida 
albicans and Candida tropicalis were the most prevalent fungi detected by both mNGS and culture methods. 
Furthermore, mNGS detected additional cases of Candida glabrata (3), Aspergillus fumigatus (3), and Candida 

Figure 2 Comparison of pathogen positivity rates between mNGS and culture in the mNGS group. (A) Pathogens positivity rates identified by mNGS and culture in the 
mNGS group. (B) Pathogen positivity rates of mNGS and culture stratified by different sample types. (C) Positive rates of mNGS and culture stratified by different durations 
of antibiotic exposure. Abbreviations: BALF, bronchoalveolar lavage fluid; CSF, cerebrospinal fluid; mNGS, metagenomic next-generation sequencing.
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parapsilosis (2). Since viral detection is not feasible through culture, only the viral results from mNGS were analyzed. 
The most detected viruses by mNGS were Human gammaherpesvirus 4 (4), Human alphaherpesvirus 1 (3), and Human 
betaherpesvirus 5 (3). Additionally, mNGS identified several RNA viruses in sepsis patients, including Human immu-
nodeficiency virus 1, Influenza A virus, and Rhinovirus C (Figure 3C).

Comparison of Antibiotic Adjustments Between the mNGS and Control Group
The mNGS group had a significantly higher number of patients who adjusted their antibiotic regimens according to 
pathogen identification compared to the control group (P = 0.029) (Figure 4A and Supplementary Table 2). Among those 
who made adjustments, a larger proportion of patients in the control group increased antibiotic use compared to the 
mNGS group (28.57% vs 21.28%, P = 0.447) (Figure 4B and Supplementary Table 3). In contrast, the mNGS group had 

Figure 3 Pathogen distribution identified using mNGS and culture in the mNGS group. (A) Comparison of the quantity of pathogenic species identified by mNGS and 
culture detection. (B) Number of detection times for different types of pathogens identified by mNGS and culture detection. (C) Pathogens identified exclusively by mNGS, 
culture or both methods in the mNGS group.
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a greater number of patients with reduced or de-escalated antibiotic regimens (12.77% vs 8.57%, P = 0.548). 
Furthermore, a higher percentage of patients in the mNGS group received targeted antibiotic substitution (65.96% vs 
62.86%, P = 0.772). However, none of these differences reached statistical significance.

Impact of mNGS Sampling Time on the Prognosis of Sepsis Patient
The impact of mNGS sampling time on sepsis patient prognosis was evaluated by analyzing patients in the mNGS group 
with different durations of antibiotic exposure before sampling. Significant differences were observed in mortality rates, 
hospital stays, and ICU stays among the three exposure groups (P < 0.05) (Table 2). Our findings unveiled a positive 
correlation between longer antibiotic exposure and increased patient mortality, rising from 22.22% to 42.86%. 
Specifically, patients with less than 24 hours of antibiotic exposure had significantly shorter hospital stays and ICU 
stays compared to those exposed for more than 8 days.

Risk Factors Affecting Sepsis Patients Prognosis
To comprehensively evaluate the independent risk factors influencing the mortality of sepsis patients and the impact of mNGS 
testing on prognosis, we conducted a COX multivariate analysis. Variable included in the analysis were age, SOFA score, 
underlying diseases, absence of mNGS testing, culture positivity, WBC count, NE%, LY%, CRP, PCT levels, and infection 
sites (Table 3). The results identified the absence of mNGS testing (HR = 8.998, P < 0.001), presence of underlying diseases 
(HR = 2.916, P = 0.042), LY% (HR = 0.950, P = 0.046), respiratory tract infection (HR = 7.578, P=0.003), and bloodstream 
infection (HR = 7.246, P=0.003) as significant independent risk factors. No significant associations were found with the other 
parameters.

Figure 4 A comparison of antibiotic adjustments between the mNGS and control group. (A) Rates of antibiotic adjustments between the mNGS group and Control group 
based on the test results. (B) Forms of antibiotic adjustments in patients from the mNGS and control group who underwent antimicrobial adjustments. Differences with 
*P<0.05 were considered statistically significant.

Table 2 Comparison of Outcomes with Different Durations of Antibiotic Exposure

Outcomes <24h Group  
(n=9)

1–8d Group  
(n=42)

>8d Group  
(n=14)

P-value

Mortality (%) 22.22% 30.95% 42.86% 0.022

Hospital length of stay (days) 9 (4–12) 18 (9–28) 40 (24–83) <0.001
ICU length of stay (days) 7 (4–8) 9 (7–15) 24 (22–40) <0.001

Notes: The data were presented as median (interquartile range, IQR).
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Discussion
Our study aimed to compare the diagnostic efficacy of mNGS with culture in patients who had received prior empiric 
antimicrobial treatment. Furthermore, we assessed the impact of mNGS on antibiotic adjustments, prognosis, and sepsis 
risk factors in the EICU. The findings showed that mNGS demonstrated superior detection capabilities and was less 
affected by prior antimicrobial exposure. This early diagnostic advantage could enable more precise antibiotic manage-
ment, consequently improving the prognosis of sepsis patients.

In the mNGS group, positivity rates for mNGS and culture were 87.69% and 52.31%, respectively. Interestingly, the 
mNGS positivity rate remained consistent regardless of the duration of prior antibiotic exposure time, whereas culture 
positivity significantly decreased in patients exposed to antibiotics for more than 8 days. This finding support that mNGS 
is less affected by antibiotic exposure compared to culture. Previous studies have similarly demonstrated the superior 
pathogen detection of mNGS, particularly in patients receiving antibiotic.29,30 For example, a study on meningitis 
reported a considerable decrease in pathogen detection via CSF and blood cultures three days after antibiotic adminis-
tration, while mNGS detection rates in CSF remained stable during the first five days of exposure, minimally affected by 
antibiotics treatment.11 Similarly, Miao et al reported that mNGS maintained a higher positivity rate than culture in 
patients with prior antibiotic use.15 These findings indicated the indispensable value of mNGS in diagnosing infections in 
patients with prior antibiotic exposure.

In our study, bacteria represented the largest proportion of pathogens, with Klebsiella pneumoniae and Escherichia 
coli being the most prevalent species, consistent with the epidemiology of sepsis in the ICU.31,32 Candida and 
Cryptococcus were the predominant fungal pathogens, and mNGS exhibited superior sensitivity for detecting fungi 
compared to culture. This aligns with previous research highlighting the ability of mNGS in identifying fungi in patients 
receiving antifungal therapy.33 The complexity of viral infections during sepsis is closely associated with the disease 
severity.34 Additionally, mNGS has exhibited advantages in viral detection, including various RNA viruses and herpes-
viruses. While culture remains a cornerstone for diagnosing sepsis, mNGS provides rapid, unbiased pathogen detection, 
complementing clinical data.

Previous studies have often lacked clarity regarding the influence of mNGS on antibiotic management due to 
variability in the timing of empirical antibiotic treatment before mNGS testing. This inconsistency has affected decision- 

Table 3 Selection of Prognostic Risk Factors in Sepsis 
Patients Using a Multivariable Cox Proportional Hazards 
Model

Items HR (95% CI) P-value

Age 1.024 (0.999–1.054) 0.095

SOFA Score 0.983 (0.830–1.164) 0.844
Underlying diseases 2.916 (1.041–8.166) 0.042*

Not performing mNGS 8.998 (3.090–26.200) <0.001***

Culture positive 1.394 (0.551–3.526) 0.483
WBC 0.983 (0.933–1.035) 0.506

NE% 0.989 (0.977–1.002) 0.102
LY% 0.950 (0.903–0.999) 0.046*

CRP 1.001 (0.997–1.004) 0.764

PCT 1.002 (0.992–1.012) 0.663
Respiratory tract infection 7.578 (2.018–28.447) 0.003**

CNS infection 6.695 (0.851–52.678) 0.071

Bloodstream infection 7.246 (1.970–26.651) 0.003**
Genitourinary infection 1.009 (0.314–3.249) 0.988

Gastrointestinal 1.052 (0.248–4.458) 0.945

Skin and Soft Tissue 1.709 (0.344–8.490) 0.512

Notes: Differences with *P<0.05 were considered statistically significant. ** 
P<0.01, *** P<0.001. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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making regarding antimicrobial therapy.14 The use of mNGS has the potential to significantly influence clinical decisions 
by providing critical diagnostic insights. In our study, a higher percentage of patients in the mNGS group had their 
antibiotics adjusted based on mNGS findings compared to the control group (72.31% vs 53.85%). Among these patients, 
a higher proportion reduced or substituted antibiotics (78.73% vs 71.43%), with antibiotic reduction helping to prevent 
overtreatment and decrease healthcare burden, whereas substitution facilitated targeted therapy.27 The data suggest that 
mNGS results can enhance the evaluation of empiric antimicrobial regimens, promoting targeted therapy, and improving 
patient prognosis by promptly adjusting antimicrobial treatment.35

Our study revealed a significantly lower mortality rate in the mNGS group compared to the control group before 
matching (35.9% vs 51.44%, P = 0.013). Post-matching, the mortality rate in the mNGS group remained lower, yet the 
difference was not statistically significant. Lu et al studied 158 patients with severe community-acquired pneumonia and 
found that those who received mNGS-guided therapy had a significantly lower mortality rate compared to patients treated 
with culture-based or empirical therapies.36 Similarly, another study involving ICU patients with pneumonia found no 
significant difference in mortality between the mNGS and non-mNGS groups, but there was a trend toward reduced 
mortality in the mNGS group after PSM.35 These findings, along with ours, indicate mNGS-based approaches may 
improve patient prognosis due to the faster and more accurate pathogen identification they provide.

Furthermore, our investigation demonstrated the advantages of early mNGS testing in reducing mortality. Patients who 
underwent mNGS within 24h of empirical antibiotic exposure experienced significantly lower mortality rates, shorter hospital 
stays, and reduced ICU stays compared to those exposed to antibiotics for over 8 days. Several studies have emphasized the 
importance of early, targeted treatment in improving patient outcomes and reducing mortality.37 Therefore, we recommend 
conducting mNGS testing within 24h for individuals in severe conditions to achieve a more favorable prognosis.

We also conducted a risk factor analysis for sepsis patients in the EICU, providing valuable insights for patient 
management. Our analysis identified several independent risk factors for mortality, including mNGS testing, underlying 
diseases, LY% index, respiratory tract infections and bloodstream infections. Xi et al also found that the absence of 
mNGS testing was an independent risk factor for 28-day mortality in ICU patient with suspected infectious diseases 
undergoing mechanical ventilation.37,38 Additionally, previous study has shown that decreased lymphocyte counts are 
associated with a three-fold increase risk of severe sepsis,39 while underlying diseases have been identified as significant 
risk factors in bacterial sepsis patients.40,41 An epidemiological study of sepsis patients in the Chinese ICU also identified 
specific infection sites (such as pneumonia and bloodstream infections) as risk factors for 90-day mortality in sepsis 
patients.42 These studies strongly support the conclusions of our study.

However, our study has several limitations. First, due to the time-sensitive nature of sepsis diagnosis, not all patients 
underwent mNGS and culture testing from the same sample, although all tests were performed within 5 days. The lack of 
simultaneous sample collection may introduce variability between mNGS and culture results. Second, despite conducting 
propensity matching to equilibrate potential confounding factors, differences remained in the proportion of patients with 
genitourinary or CNS infections, as well as the prevalence of hypertension, which could affect the reliability of our results. 
Additionally, the allocation of patients to the mNGS and control groups were not fully randomized, as the decision was made 
by the patients themselves. Given the high cost of mNGS, patients with better financial status might have been more likely to 
choose mNGS, potentially introducing bias. The cost of mNGS also limited its broader application in sepsis patients, leading 
to a smaller sample size in the mNGS group. Therefore, our findings should be validated in larger prospective studies.

Conclusion
Our study indicates that mNGS can comprehensively identify pathogens in sepsis patients who have received early 
empirical antibiotic treatment. By guiding more precise antibiotic therapy, mNGS has the potential to significantly 
improve patient outcomes. We strongly recommend the timely use of mNGS testing in EICU sepsis patients who exhibit 
insufficient response to early empirical treatment.

Data Sharing Statement
The original contributions presented in the study are included in the article/Supplementary Materials Further inquiries 
can be directed to the corresponding authors.
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