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s u m m a r y

Background: Metagenomic next-generation sequencing (mNGS) is an effective method for detecting pa
thogenic pathogens of bloodstream infection (BSI). However, there is no consensus on whether the use of 
antibiotics affects the diagnostic performance of mNGS. We conducted a prospective clinical study aiming 
to evaluate the effect of antimicrobial treatment on mNGS.
Methods: Blood samples were collected for mNGS testing within 24 h of culture-confirmed with BSI, with 
re-examination conducted every 2–3 days.
Results: A total of 38 patients with BSI were enrolled. The mNGS positive (mNGS-pos) rate declined sharply after 
the use of antibiotics, with only 17 (44.78%) patients remaining mNGS-pos while the rest were mNGS negative 
(mNGS-neg). The median duration of pathogen identification was significantly longer for mNGS compared to 
blood culture (BC) (4 days vs 1 days; P < 0.0001). A positivity duration of ≥ 3 days was an independent risk factor 
of septic shock (OR, 20.671; 95% CI, 1.958–218.190; P = 0.012). Patients with mNGS-pos and mNGS-neg differed by 
the median duration of fever (6 days vs 3 days; P = 0.038), rates of drug resistance (35.3% vs 4.8%; P = 0.017), rates 
of septic shock (47.1% vs 14.3%; P = 0.029), and 28-day mortality (29.4% vs 4.8%; P = 0.041).
Conclusions: The antimicrobial treatment will greatly reduce the positive rate of mNGS. The duration of 
mNGS is significantly longer than that of BC. The prolonged duration of mNGS suggests an increased risk of 
septic shock and could be identified as a high-risk factor of adverse infection outcome, requiring more 
aggressive anti-infective treatment measures.
© 2025 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. This is an open 

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Most patients with hematological malignancies experience im
munosuppression, making infections a common problem for hematol
ogists.1 Bloodstream infection (BSI), one of the most severe infections, 
poses a serious threat to patient prognosis. Blood culture (BC) is the gold 
standard for diagnosing BSI. However, in patients with severe sepsis, BC 
sensitivity remains less than 40%.2 Traditional BC relies on viable or
ganisms in the blood; however, the amount of viable organisms de
creases rapidly after antibiotic treatment, which may affect the 
sensitivity of BC. Missed or misdiagnosis of pathogens may lead to in
appropriate antimicrobial therapy and poor outcomes. Metagenomic 
next-generation sequencing (mNGS), which analyses circulating cell-free 

deoxyribonucleic acid (cfDNA) from blood samples, effectively detects 
most known pathogens.3 Since mNGS does not require pathogens to be 
viable, the detection may be less affected by antibiotic treatment.4,5

However, no consensus exists on whether antibiotic use affects the di
agnostic performance of mNGS, and the optimal time window for mNGS 
testing remains controversial. This prospective clinical study aimed to 
evaluate the impact of antibiotic use on mNGS and identify the optimal 
timing for mNGS testing; it involved hospitalized patients with hema
tological malignancies and culture-confirmed BSI.

Materials and methods

Study population

Patient data were derived from a prospective and observational 
study of hospitalized patients with hematological malignancies 
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(Chinese Clinical Trials Registry, ChiCTR2100042992). All patients 
were in a post-chemotherapy myelosuppressed state and received 
treatment at the Department of Hematology, the Affiliated Drum 
Tower Hospital of Nanjing University Medical School, between 
March 11, 2021 and February 19, 2023. This study was approved by 
the Medical Ethics Committee of the Affiliated Drum Tower Hospital 
of Nanjing University Medical School (IRB No. 2020–377-02). 
Patients or their family members were informed of the study in 
detail and signed informed consent to participate. 

Study design 

All patients were analyzed by BC and mNGS simultaneously on 
the day of fever, which was defined as day 0. Given their hematologic 
malignancies and immunosuppressed status, blood samples were 
collected after fever onset, followed by immediate empirical anti
microbial therapy. The assays performed on the collected blood 
samples included BC, mNGS, and a suite of conventional tests, such 
as Epstein-Barr virus DNA (EBV-DNA), cytomegalovirus DNA (CMV- 
DNA), galactomannan (G), β-D-glucan (GM), C-reactive protein, and 
procalcitonin assays. Once the patient was culture-confirmed with 
BSI, an additional blood sample for mNGS testing was collected 
within 24 h, with repeated mNGS testing every day for the next 3 
days. Afterwards, mNGS re-examination was conducted every 2–3 
days until negative results were obtained. The duration of positivity 
for BC or mNGS was counted from day 0 (Fig. 1). 

Clinical data 

Physicians collected clinical data for each patient through case 
report forms. The information collected includes demographic 
characteristics, past comorbidities, and results of clinical laboratory 
tests. Time to positivity for BC refers to the time interval from 
sample collection to the occurrence of a positive culture result. 
Sepsis shock was defined as sepsis accompanied by hypotension 
(systolic blood pressure ≤ 90 mmHg) and abnormal hemodynamic 
perfusion.6 Eastern Cooperative Oncology Group Performance Status 
(ECOG PS) scores were calculated on the day of the index positive BC. 

Clinical sample collection and DNA extraction 

BCs were tested by the Department of Laboratory Medicine at 
Nanjing Drum Tower Hospital using standard techniques for species 
identification of bacterial isolates. DNA extraction and library pre
paration were performed using an NGS Automatic Library 
Preparation System (Matridx Biotechnology Co., Ltd.; Hangzhou, 
China). The quality of DNA was assessed using a BioAnalyzer 2100 
(Agilent Technologies; Santa Clara, CA, United States) combined with 
quantitative PCR to measure the adapters before sequencing. 

Metagenomic next-generation sequencing 

Qualified DNA libraries were pooled and sequenced on the 
Illumina NextSeq500 system (50 bp single-end; San Diego, CA, 
United States). Negative and positive controls were conducted in 
parallel to control the quality of each sequencing run. A total of 
10–20 million reads were generated for each sample. The raw se
quenced reads underwent quality control to remove short (length < 
35 bp), low quality, and low complexity reads and those corre
sponding to adapters. Host sequences were filtered out based on the 
alignment to the human-specific database in NCBI using Bowtie2 
(version 2.3.5.1). The clean reads were aligned to a manually curated 
microbial database using Kraken2 (version 2.1.2; confidence = 0.5) 
for rapid taxonomic classification. The classified reads of interested 
microorganisms were further validated through a second alignment 
to the microbial database using Bowtie2. The candidate reads were 

classified using BLAST (version 2.9.0) whenever the results of 
Kraken2 and Bowtie2 were inconsistent. mNGS analysis for each 
sample was completed within 24 h of sample collection.7–10 

Pathogen identification 

A panel of clinical experts, including three experienced physi
cians and a clinical microbiologist, evaluated the etiological 
screening results of patients. mNGS results were interpreted ac
cording to the standard data processing workflow of MatriDx 
Biotechnology Co., Ltd. Infectious agents were identified based on 
microbiological tests, mNGS results and clinical review results. 
mNGS reporting criteria required the negative control (NC) in the 
same sequencing run to exclude the species or the RPM (sample)/ 
RPM (NC) ≥ 5, which was determined according to previous studies 
as a cutoff for discriminating true-positives from background con
taminations.11 

Statistical analyses 

Continuous variables are represented as medians and quartiles, 
while categorical variables are presented as counts and percentages. 
Comparisons of continuous variables between groups were con
ducted using the Mann–Whitney test, while categorical variables 
were analyzed with the chi-squared test. Independent risk factors 
for septic shock were identified using binary logical regression 
analysis, with odds ratios and 95% confidence intervals (CI). Survival 
curves for fever and positivity duration were compared using the 
Breslow (Wilcoxon) test. Statistical analyses were conducted using 
SPSS software (version 22.0) and GraphPad Prism 5.0 (GraphPad 
Software). Statistical significance was set at P < 0.05. 

Results 

Clinical characteristics 

This clinical study enrolled 38 patients with positive BCs, in
cluding 21 with acute myeloid leukemia, 1 with myelodysplastic 
syndrome, 8 with acute lymphoblastic leukemia, 5 with non- 
Hodgkin lymphoma, and 3 with multiple myeloma (Table 1). All 
patients were in a myelosuppressed state, and their median neu
trophil count and lymphocyte count were 0 (0, 0.15) ×109/L and 0.1 
(0, 0.4) ×109/L, respectively (Table 1). The median time from BC 
sample collection to the reporting of positive BC result was 11.9 (9.5, 
13.1) h, approximately equal to the time of antibiotic use before the 
second mNGS test was submitted. 

Pathogens characteristics 

Among 38 patients, 39 positive pathogens result were identified 
by BC, including one patient with two kinds of bacteria poly
microbial infection on day 0 (before antibiotic use). All 39 pathogens 
identified by BC were found in mNGS on day 0. In addition to results 
consistent with BC, mNGS detected an additional Pneumocystis jir
ovecii in 1 patient, Aspergillus fumigatus in 2 patients, Aspergillus 
flavus in 1 patient, Klebsiella pneumoniae in 1 patient, and additional 
viruses in 14 patients. These viruses included cytomegalovirus (7 
cases), Epstein-Barr virus (4 cases), JC polyomavirus (3 cases), BK 
polyomavirus (1 case), human herpesvirus type 1 (HHV-1) (3 cases), 
HHV-2 (1 case), HHV-6 (1 case), HHV-7 (1 case), and TS poly
omavirus (1 case) (Table 2). However, the positive rate of mNGS 
dropped sharply after antibiotic use. Only 17 patients remain mNGS 
positive (mNGS-pos), while the others were mNGS negative (mNGS- 
neg). The positive rate of mNGS after antimicrobial therapy was only 
44.7% (17/38). Baseline characteristics of the mNGS-pos or mNGS- 
neg group showed no significant differences (Table 1). The 
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Fig. 1. (A) Study workflow. (B) The timeline of sample distribution. P indicates patient. For example, Day 0 indicates the day of fever. Day 3 indicates the third day after the onset of 
fever. Abbreviations: mNGS, metagenomic next-generation sequencing; EBV, Epstein-Barr virus; CMV, cytomegalovirus; G, galactomannan; GM, β-D-glucan; PCT, procalcitonin; 
CRP, C-reactive protein. Parts of this figure were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 
3.0 Unported License (https://creativecommons.org/licenses/by/3.0/). 
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characteristics of the pathogenic microorganisms of BSI are listed in  
Table 3 and Fig. 2. Overall, 12 bacteria and 1 fungus were identified 
by BC, with Escherichia coli and Klebsiella pneumoniae being the most 
frequent bacterial pathogens. Additionally, 7 (17.9%) drug-resistance 
cases were identified among the 39 pathogenic microorganisms, 
including 3 (7.7%) carbapenem-resistant Klebsiella pneumoniae 
(CRKP), 2 (5.1%) pan-drug resistant Acinetobacter baumannii 
(PDRAB), 1 (2.6%) methicillin-resistant Staphylococcus aureus (MRSA) 
and 1 (2.6%) azole-resistant Candida. The rate of drug resistance was 
significantly higher in the mNGS-pos group than in the mNGS-neg 
group (35.3% vs 4.8%; P = 0.017; Table 1). 

Antibiotic utilization protocols 

Consistent with the Infectious Diseases Society of America (IDSA) 
guidelines,12 28 of the 38 patients received antibiotic prophylaxis 
before developing a fever, with 11 patients (64.7%) in the mNGS-pos 
group and 17 (81.0%) in the mNGS-neg group, demonstrating no 
significant difference between the two groups (Table 1, Table 2). The 
prophylactic regimens targeted a spectrum of pathogens, including 

bacteria, fungi, viruses, and Pneumocystis jirovecii. Following the 
onset of fever, the initial empirical antibiotic therapy was pre
dominantly targeted against Gram-negative bacteria (GNB), with a 
subset of patients also receiving concomitant therapy against Gram- 
positive bacteria and fungi. Based on the BC and antimicrobial sus
ceptibility data, empirical treatment failed to cover the causative 
pathogens in 12 patients (7 [41.2%] in the mNGS-pos group and 5 
[23.8%] in the mNGS-neg group). Although the failure rate was 
higher in the mNGS-pos group, the difference was not statistically 
significant (Table 1, Table 2). The duration of antibiotic administra
tion did not differ significantly between these two groups (Table 1). 
We hypothesized that it might be related to the higher mortality rate 
in the mNGS-pos group, which experienced rapid disease progres
sion to death; thus, the duration of antibiotic administration may 
not truly reflect the disease severity. 

Duration of positivity 

Of the 17 patients who were mNGS-pos, 3 remained positive for 2 
days after the use of antibiotics, 5 for 3 days, 7 for 4 days, and 2 after 
10 days (Fig. 3). The median duration of positivity was significantly 
longer for mNGS (4 days, IQR 3–4) compared to BC (1 day, IQR 1–1) 
(P < 0.0001, Breslow test; Fig. 4). The median duration of positivity 
for mNGS in patients with septic shock was 4 (0, 5) days, sig
nificantly longer than that in patients without shock, which was 0 (0, 
2) days (P = 0.003, Breslow test; Fig. 5). 

Risk factors for septic shock 

Independent risk factors for septic shock were investigated 
through multivariate binary logistic regression analysis (Table 4). 
The duration of pathogen identification by mNGS ≥ 3 days was one of 
the independent risk factors of septic shock (OR, 20.671; 95% CI, 
1.958–218.190; P = 0.012). Additionally, corticosteroid-containing 
chemotherapy regimens used within 14 days prior to fever were 
associated with a higher risk of septic shock (OR, 9.430; 95% CI, 
1.477–60.199; P = 0.018). 

Persistent positive results of mNGS and infection outcome 

The median duration of fever in the mNGS-pos group was 6 (4, 
11) days, significantly longer than that in the mNGS-neg group 
which was 3 (2, 9.5) days (P = 0.038 by Breslow test; Table 1, Fig. 6). 
Patients with mNGS-pos and mNGS-neg differed by rates of drug 
resistance (mNGS-pos 35.3% vs mNGS-neg 4.8%; P = 0.017), rates of 
septic shock (mNGS-pos 47.1% vs mNGS-neg 14.3%; P = 0.029), and 
28-day mortality (mNGS-pos 29.4% vs mNGS-neg 4.8%; P = 0.041) (  
Table 1, Fig. 7). 

Factors influencing the prognosis of anti-infective treatment in
clude whether the initial empirical therapy can successfully cover 
the causative pathogens. Compared to the 26 patients with suc
cessful empirical treatment (emp-succ group), the 12 patients with 
failed empirical treatment (emp-fail group) had a longer duration of 
fever [ 9 (4.3, 14.0) days vs 4 (2.0, 7.0) days; P = 0.029], and higher 28- 
day mortality (33.3% in emp-fail group vs 7.7% in the emp-succ 
group; P = 0.047) (Table 2, Table 5). 

Discussion 

BSI is a serious infectious disease caused by pathogenic micro
organisms entering the bloodstream and is a common complication 
in patients with hematological malignancies, predisposing patients 
to septic shock and death. BC is the generally accepted gold standard 
for diagnosing BSI; however, it is time-consuming and usually has a 
sensitivity of less than 30%. BC relies on microbiological growth, 
meaning that empirical antibiotic therapy may produce false- 

Table 1 
Clinical characteristics of the study population.       

Overall Study Cohort n=38   

mNGS-pos  
n = 17 

mNGS-neg  
n = 21 

P  

Age (years), median (Q1, Q3) 52 (28, 61) 51 (29.5, 56.5) 0.777 
Sex (male), n (%) 11 (64.7) 11 (52.4) 0.523 
Diagnosis, n (%)    

AML 9 (52.9) 12 (57.1) 0.798 
MDS 0 1 (4.8) 0.386 
ALL 4 (23.5) 4 (19.0) 0.740 
NHLa 2 (11.8) 3 (14.3) 0.822 
MM 2 (11.8) 1 (4.8) 0.432 

Comorbidities    
Diabetes mellitus, n (%) 3 (17.6) 3 (14.3) 0.780 
Autoimmune disease, n (%) 1 (5.9) 1 (4.8) 0.879 

ECOG PS, n (%)    
0 4 (23.5) 6 (28.6) 0.729 
1 10 (58.8) 12 (57.1) 0.918 
2 2 (11.8) 3 (14.3) 0.822 
3 1 (5.9) 0 0.266 

Corticosteroid use (within 14 days), 
n (%) 

7 (41.2) 7 (33.3) 0.623 

Allo-HSCT recipient, n (%) 5 (29.4) 5 (23.8) 0.772 
Neutrophil count (×109/L), median 

(Q1, Q3) 
0 (0, 0.1) 0 (0, 0.6) 0.351 

Lymphocyte count (×109/L), median 
(Q1, Q3) 

0.1 (0, 0.4) 0.2 (0.1, 0.5) 0.311 

Prophylactic Treatment, n (%) 11 (64.7) 17 (81.0) 0.264 
Etiology characteristics    

Time to positivity for blood 
cultureb (hours), median (Q1, Q3) 

11.6 (6.7, 12.7) 12.1 (10.2, 13.2) 0.223 

Drug resistance, n (%) 6 (35.3) 1 (4.8) 0.017 
Failed empirical therapy, n (%) 7 (41.2) 5(23.8) 0.258 
Outcomes of infection    

Septic shock, n (%) 8 (47.1) 3 (14.3) 0.029 
28-day mortality, n (%) 5 (29.4) 1 (4.8) 0.041 
Antipyretic time (days), median 

(Q1, Q3) 
6 (4.0, 11.0) 3 (2.0, 9.5) 0.038 

Duration of antibiotic administration 
(days), median (Q1, Q3) 

11(8.0, 35.5) 14 (8.0, 17.0) 0.445 

Abbreviations: mNGS-pos, metagenomic next-generation sequencing positive; 
mNGS-neg, metagenomic next-generation sequencing negative; AML, acute myeloid 
leukemia; MDS, myelodysplastic syndrome; ALL, acute lymphoblastic leukemia; NHL, 
non-Hodgkin lymphoma; MM, multiple myeloma; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; Allo-HSCT, allogeneic hematopoietic stem cell 
transplantation. 
Bold value indicates significant value (P-value < 0.05).  

a NHL included mantle cell lymphoma (MCL), diffuse large B-cell lymphoma 
(DLBCL) and Burkitt lymphoma (BL).  

b Time interval from BC sample collection to the occurrence of a positive culture 
result.  
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negative results.2,13,14 Unlike conventional BC, mNGS analyses cfDNA 
from plasma samples do not hinge on culturing live organisms from 
blood, addressing the limitations of BC.5,15–18 Since the impact of 
antimicrobial treatment on the diagnostic efficacy of mNGS and the 
optimal timing of mNGS in BSIs are still controversial, we performed 
this prospective clinical study to evaluate mNGS in patients with 
concurrent BSI and made four important discoveries. 

Firstly, we found that the positive rate of mNGS significantly de
creased after antibiotic use. Although the median time of antibiotic use 
before the second mNGS test was approximately 11.9 h, the positive rate 
of mNGS was greatly affected and dropped below 50%. While previous 
studies have suggested that mNGS analyses cfDNA from plasma samples 
do not hinge on culturing live organisms from blood,5,15–18 our study 
suggests that the sensitivity of mNGS can be reduced after the anti
microbial treatment. We speculate this may be related to the short half- 
life of pathogenic microorganism nucleic acids in human blood. Cur
rently, no systematic study exists on the half-life of free pathogenic 
microbial DNA or RNA in the human body. Dennis et al.19 reported that 
in most cases, the concentration of circulating fetal DNA in the plasma of 
pregnant women is undetectable within 2 h after delivery, with a mean 
half-life of 16.3 min. Plasma nucleases and other organ systems were 
involved in fetal DNA clearance. The half-life of circulating tumor DNA 
(ctDNA) in the human body is less than 2.5 h.20–22 Unlike human cfDNA, 
microbial cfDNA cannot be protected from degradation by binding to 
histones. Therefore, the half-life of microbial cfDNA may even be shorter 
than that of human cfDNA.23,24 Christina Hartwig et al. found that the 
level of pathogen-derived cfDNA changed rapidly during acute sepsis in 
mice, suggesting its short half-life.25 We believe that after antibiotics kill 
pathogenic microorganisms, the released nucleic acid fragments are 
quickly eliminated from the human body, decreasing the detection ef
ficiency of mNGS. 

Secondly, we discovered that even if the detection efficiency of 
mNGS is reduced after the antimicrobial treatment, its duration of 
pathogen identification is significantly longer than that of Ta

bl
e 

2 
(c

on
ti

nu
ed

) 
   

   
   

Pa
ti

en
t 

ID
 

G
ro

up
 

BC
 

m
N

G
S 

Pr
op

hy
la

ct
ic

 T
re

at
m

en
t 

(P
ri

or
 t

o 
D

ay
 0

) 
Em

pi
ri

ca
l 

tr
ea

tm
en

t 
(P

re
-r

es
ul

t 
of

 B
C)

 
D

ur
at

io
n 

of
 a

nt
ib

io
ti

c 
ad

m
in

is
tr

at
io

n（
d)

 
(P

os
t-

D
ay

 0
)a 

   

Ba
ct

er
ia

 (
re

ad
s)

 
Fu

ng
i 

(r
ea

ds
) 

V
ir

us
 (

re
ad

s)
   

  

Pt
 3

6 
m

N
G

S-
ne

g/
 e

m
p-

su
cc

 
En

te
ro

ba
ct

er
 c

lo
ac

ae
 

En
te

ro
ba

ct
er

 c
lo

ac
ae

 
- 

- 
M

X
F 

IP
M

 
6 

Pt
 3

7 
m

N
G

S-
po

s/
 e

m
p-

fa
il 

Ps
eu

do
m

on
as

 a
er

ug
in

os
a,

 
K

le
bs

ie
lla

 p
ne

um
on

ia
e 

Ps
eu

do
m

on
as

 a
er

ug
in

os
a,

 
K

le
bs

ie
lla

 p
ne

um
on

ia
e 

- 
TS

 p
ol

yo
m

av
ir

us
 (

58
)*

 
JC

 p
ol

yo
m

av
ir

us
 (

2)
* 

CM
V

 (
1)

* 

Po
sa

co
na

zo
le

 
IP

M
 

40
 

Pt
 3

8 
m

N
G

S-
po

s/
 e

m
p-

su
cc

 
K

le
bs

ie
lla

 p
ne

um
on

ia
e 

K
le

bs
ie

lla
 p

ne
um

on
ia

e 
- 

- 
CE

C 
+ 

SM
Z 

+ 
V

O
R 

+ 
A

CV
 

IP
M

 
20

 

A
bb

re
vi

at
io

ns
: 

Pt
, p

at
ie

nt
; 

BC
: 

bl
oo

d 
cu

lt
ur

e;
 m

N
G

S,
 m

et
ag

en
om

ic
 n

ex
t-

ge
ne

ra
ti

on
 s

eq
ue

nc
in

g;
 e

m
p-

su
cc

: 
su

cc
es

sf
ul

 e
m

pi
ri

ca
l 

tr
ea

tm
en

t;
 e

m
p-

fa
il:

 f
ai

le
d 

em
pi

ri
ca

l 
tr

ea
tm

en
t;

 C
M

V
: 

cy
to

m
eg

al
ov

ir
us

; 
EB

V
: 

Ep
st

ei
n-

Ba
rr

 v
ir

us
; 

H
H

V
: 

hu
m

an
 h

er
pe

sv
ir

us
; 

PJ
: 

Pn
eu

m
oc

ys
ti

s 
jir

ov
ec

ii;
 S

M
Z:

 s
ul

fa
m

et
ho

xa
zo

le
; 

V
O

R:
 V

or
ic

on
az

ol
e;

 M
EM

: 
M

er
op

en
em

; 
IP

M
: 

Im
ip

en
em

; 
LF

X
: 

Le
vo

fl
ox

ac
in

; 
CA

Z:
 C

ef
ta

zi
di

m
e;

 B
IA

: 
Bi

ap
en

em
; 

TZ
P:

 P
ip

er
ac

ill
in

-T
az

ob
ac

ta
m

; 
M

X
F:

 M
ox

ifl
ox

ac
in

; 
FC

A
: 

Fl
uc

on
az

ol
e;

 C
A

S:
 C

as
po

fu
ng

in
; 

LN
Z:

 L
in

ez
ol

id
; 

CE
C:

 C
ef

ac
lo

r;
 V

A
N

: 
V

an
co

m
yc

in
; 

CS
L:

 C
ef

op
er

az
on

e-
Su

lb
ac

ta
m

; 
A

CV
: 

A
cy

cl
ov

ir
; 

CR
K

P:
 c

ar
ba

pe
ne

m
-r

es
is

ta
nt

 K
le

bs
ie

lla
 p

ne
um

on
ia

e;
 P

D
RA

B:
 p

an
-d

ru
g 

re
si

st
an

t 
A

ci
ne

to
ba

ct
er

 
ba

um
an

ni
i;

 M
RS

A
: 

m
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s.

 
*A

dd
it

io
na

l 
pa

th
og

en
s 

id
en

ti
fi

ed
 b

y 
m

N
G

S 
be

yo
nd

 B
C.

  
a 

A
 p

er
io

d 
of

 1
2 

h 
or

 m
or

e 
is

 e
qu

at
ed

 t
o 

on
e 

fu
ll 

da
y.

  

Table 3 
Microbiologic characteristics of the BSI study population.      

Microbiologic Characteristic Overall  
n = 39a (%) 

mNGS-pos  
n = 18 (%) 

mNGS-neg  
n = 21 (%)  

Gram-negative bacteremia    
Escherichia coli 14 (35.9) 2 (5.1) 12 (30.8) 
Klebsiella pneumoniae 10 (25.6) 8 (20.6) 2 (5.1) 
Drug resistance  3 (7.7)b - 
Enterobacter cloacae 2 (5.1) 1 (2.6) 1 (2.6) 
Acinetobacter baumannii 2 (5.1) 1 (2.6) 1 (2.6) 
Drug resistance  1 (2.6)c 1 (2.6)c 

Pseudomonas aeruginosa 2 (5.1) 1 (2.6) 1 (2.6) 
Klebsiella variicola 1 (2.6) 1 (2.6) - 
Morganella morganii 1 (2.6) 1 (2.6) - 
Salmonella enteritidis 1 (2.6) - 1 (2.6) 

Gram-positive bacteremia    
Staphylococcus aureus 1 (2.6) 1 (2.6) - 
Drug resistance  1 (2.6)d - 
Staphylococcus epidermidis 1 (2.6) - 1 (2.6) 
Bacillus cereus 1 (2.6) 1 (2.6) - 
Stretpococcus mitis 2 (5.1) - 2 (5.1) 

Fungemia    
Candida 1 (2.6) 1 (2.6) - 
Drug resistance  1 (2.6)e - 

Abbreviations: BSI, Bloodstream infection; mNGS-pos, metagenomic next-generation 
sequencing positive; mNGS-neg, metagenomic next-generation sequencing negative. 

a total of 38 patients, including one patient with two kinds of bacteria poly
microbial infection. 

b Three of eight Klebsiella pneumoniae cases in mNGS-pos group were carba
penem-resistant Klebsiella pneumoniae (CRKP).  

c Both the two Acinetobacter baumannii cases were pan-drug resistant 
Acinetobacter baumannii (PDRAB).  

d The Staphylococcus aureus case was methicillin-resistant Staphylococcus 
aureus (MRSA).  

e The Candida case was azole-resistance.  
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conventional BC, with a median duration of 4 days after the anti
biotic therapy was induced and lasting up to 15 days (Figs. 3 and 4). 
This result aligns with previous research,26,27 suggesting that even 
after broad-spectrum antibiotic therapy, mNGS still has an ad
vantage over BC, which depends entirely on viable pathogens. 
Therefore, mNGS could still be recommended after antimicrobial 
treatment to diagnose accurately in culture-negative patients. 

Thirdly, we found that the duration of pathogen identification by 
mNGS in patients with BSI was associated with the occurrence of 
septic shock. Our finding suggested that the duration of mNGS was 
longer in patients with septic shock than in patients without shock, 
and a duration of at least 3 days was one of the independent risk 
factors of septic shock (Fig. 5, Table 4). Eichenberger et al. found that 
the duration of pathogen identification by mNGS was associated 
with an increased risk of metastatic infection.27 Therefore, we be
lieve that persistent mNGS positivity reflects the presence of pa
thogens with continuous proliferative activity within the body, 
which is related to the severity of BSIs and the effectiveness of an
timicrobial therapy. Our finding indicates that mNGS duration can 

assist clinicians in predicting infection outcomes and promptly ad
justing antibiotic therapy. 

Finally, we found that persistent mNGS positive results after 
antibiotic therapy not only predicted septic shock but also identified 
a high risk of adverse infection outcomes. Our study demonstrated 
that compared with the mNGS-neg group, the mNGS-pos group had 
a longer duration of fever, higher rate of septic shock, and 28-day 
mortality (Table 1, Fig. 5, Fig. 6). Moreover, the drug resistance rate 
was higher in the mNGS-pos group than in the mNGS-neg group. 
Our study revealed a higher prevalence of pathogen non-coverage by 
empirical antimicrobial regimens in the mNGS-pos group compared 
to the mNGS-neg group. While this difference did not achieve sta
tistical significance, we believed this finding was noteworthy. Table 5 
shows that the emp-fail group exhibited a higher incidence of drug 
resistance than the emp-succ group, likely associated with adverse 
outcomes, such as prolonged fever duration and increased mortality 
rates. These findings align with previous reports.28,29 Persistent 

Fig. 2. Pathogen distribution in patients with culture-confirmed bloodstream infection. Abbreviations: mNGS-pos, metagenomic next-generation sequencing positive; mNGS-neg, 
metagenomic next-generation sequencing negative. 

Fig. 3. Of the 17 patients who were mNGS-positive, 3 remained positive for 2 days 
after the use of antibiotics, 5 for 3 days, 7 for 4 days, and 2 were still positive after 
10 days. Fig. 4. Kaplan-Meier curve showing duration of positivity for mNGS (n= 17) vs BC 

(n=38). The median duration of positivity was significantly longer for mNGS (4 days, 
IQR 3–4) compared to BC (1 day, IQR 1–1) (P < 0.0001 by Breslow test). Abbreviations: 
BC, blood culture; mNGS, metagenomic next-generation sequencing. 
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mNGS-positive results after antibiotic therapy may indicate anti
microbial resistance and failure of initial empirical antibiotic treat
ment. For example, pathogens like carbapenem-resistant Klebsiella 
pneumoniae (CRKP) and pan-drug-resistant Acinetobacter baumannii 

(PDRAB) constitute major public health threats and are strongly 
associated with high mortality rates. Therefore, early identification 
of these pathogens and their resistance pattern is essential for timely 
adjustments to antibiotics selection.30–32 mNGS outperformed con
ventional BC in identifying these pathogens, suggesting that patients 
with persistent levels of detectable cfDNA might benefit from the 
early optimization of antibiotic therapy. 

In our study, mNGS identified additional pathogens beyond those 
detected by BC, comprising 1 case of Pneumocystis jirovecii, 3 fungal 
infections, 1 bacterial infection, and 14 viral cases (Table 2). Clin
icians determined that the bacteria and viruses were not causative 
pathogens. Nevertheless, we considered Pneumocystis jirovecii, As
pergillus fumigatus, and Aspergillus flavus as clinically significant 
despite their low sequence read abundance, and adjusted the anti
microbial therapy in accordance with the mNGS findings. Our study 
demonstrated that mNGS possesses a substantial advantage over BC 
in detecting rare pathogens, such as fungi and Pneumocystis jirovecii, 
consistent with previous reports.33 

This study has some limitations that warrant further exploration. 
First, the sample size was small, which reduced the statistical ana
lysis capacity. Additionally, the decrease in mNGS positivity rates 
following antibiotic treatment was significantly higher than in pre
vious studies.26,27 We hypothesize several contributing factors. First, 
the type of pathogen plays a role. Our study involved patients with 
hematological disorders experiencing bone marrow suppression, 
with over 80% of infections attributed to GNB. Contrastingly, Grumaz 
et al.26 reported that 48% (33/67) of their cohort exhibited Gram- 
positive bacteremia. Similarly, Eichenberger et al.27 documented that 
nearly half of their participants (66/140) had Staphylococcus aureus 
bacteremia (SAB). Their data revealed that the persistence of cfDNA 

Fig. 5. Kaplan-Meier curve illustrating the duration of positivity for mNGS in patients 
with septic shock (n=11) and patients without shock (n=27). Median duration of 
mNGS was longer in patients with septic shock than in patients without shock (4 days 
vs 0 day; P = 0.003 by Breslow test). Abbreviations: mNGS, metagenomic next-gen
eration sequencing. 

Table 4 
Multivariate binary logistic regression analysis of risk factors for septic shock.      

Risk Factor OR 95% CI P  

Age (≥60 y) 0.408 0.032 - 5.229 0.491 
Acute Leukemia 10.952 0.551 - 217.872 0.117 
Duration of mNGS positivity (≥3 days) 20.671 1.958 - 218.190 0.012 
Corticosteroid use (within 14 days) 9.430 1.477 - 60.199 0.018 

Abbreviations: mNGS, metagenomic next-generation sequencing. 
Bold value indicates significant value (P-value < 0.05).  

Fig. 6. Kaplan-Meier curve showing the duration of fever for mNGS-pos group (n=17) 
vs mNGS-neg group (n=21). The median duration of fever in the mNGS-pos group was 
6 (4, 11) days, significantly longer than that in the mNGS-neg group which was 3 (2, 
9.5) days (P = 0.038 by Breslow test). Abbreviations: mNGS-pos, metagenomic next- 
generation sequencing positive; mNGS-neg, metagenomic next-generation sequen
cing negative. 

Fig. 7. The rates of drug resistance, rates of septic shock, and 28-day mortality of 
mNGS-pos group (n=17) vs mNGS-neg group (n=21). Abbreviations: mNGS-pos, me
tagenomic next-generation sequencing positive; mNGS-neg, metagenomic next- 
generation sequencing negative. * P＜0.05. 

Table 5 
Correlation between empirical therapy and patient prognosis.       

emp-succ 
group n = 26 

emp-fail 
group n = 12 

P  

mNGS-pos, n (%) 10 (38.5) 7 (58.3)  0.258 
Drug resistance, n (%) 0 7 (58.3)  0.000 
Septic shock, n (%) 8 (30.8) 3 (25.0)  0.719 
28-day mortality, n (%) 2 (7.7) 4 (33.3)  0.047 
Antipyretic time (days), 

median (Q1, Q3) 
4 (2.0, 7.0) 9 (4.3, 14.0)  0.029 

Abbreviations: mNGS-pos, metagenomic next-generation sequencing positive; emp- 
succ: successful empirical treatment; emp-fail: failed empirical treatment. 
Bold value indicates significant value (P-value < 0.05).  
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positivity in the SAB group was markedly extended compared to the 
GNB group (P < 0.0001). They surmised that this discrepancy may be 
attributed to the distinct pathophysiological characteristics and 
therapeutic responses associated with these two categories of in
fections.27 Secondly, it may be related to the different response rates 
of pathogens to empirical treatments. In our study, the patient 
characteristics were relatively consistent, comprising individuals 
with malignant hematological disorders during the post-che
motherapy myelosuppressive phase. Consequently, the administra
tion of empirical antibiotic therapy could be guided by the IDSA 
clinical practice guidelines.12 Within the scope of our investigation, 
the empirical treatment achieved a coverage rate of 68.4% (26/38). 
The emp-fail group exhibited a propensity for persistent positivity in 
mNGS, contrasting with the emp-succ group (Table 5). However, 
Grumaz and Eichenberger did not address the selection of empirical 
antibiotic protocols, bacterial resistance prevalence, or the coverage 
rate of empirical treatments for pathogens. Grumaz26 noted that 40% 
of the patients underwent antibiotic escalation based on mNGS re
sults. We speculate that the high coverage rate of empirical treat
ment may be one of the reasons for the rapid decrease in mNGS 
positivity after antibiotic treatment in our study. Thirdly, the ob
served differences may be attributed to variations in the mNGS assay 
protocols. For instance, 57.1% (12/21) of the mNGS-neg group in our 
study were identified as Escherichia coli. As mentioned in the "Ma
terials and Methods" section, we established a threshold for iden
tifying microorganisms in samples as those with an RPM five times 
higher than that in the NC. For E. coli assessment, we incorporated an 
additional bioinformatics quality control method using a back
ground sequence alignment that integrates the genomes of com
monly used E. coli expression strains such as BL21. If the reads for E. 
coli exceed 90%, the sequence is considered a reagent background 
microorganism and not reported as the causative pathogen. To mi
tigate potential interference in the experimental workflow, we 
conducted a retrospective analysis of the results for these patients. 
In the mNGS-neg group, 33.3% (7/21) exhibited sequences of pa
thogens concordant with those identified through BC; however, 
these sequences were not reported as causative because their 
quantity fall below the NC threshold. This subset included sequences 
from five cases of Escherichia coli, one Acinetobacter, and one Kleb
siella pneumoniae. Salter et al.34 elucidated that samples with low 
biomass with minimal microbial content are highly vulnerable to 
contamination from reagents and environmental factors in the la
boratory. In BSIs, the pathogen load may be too low for accurate 
detection. Utilizing approximately 1 mL of plasma to extract cfDNA 
for mNGS analysis may result in false-negative outcomes. Com
paratively, BC techniques involve a more substantial volume of blood 
and are advantageous for detecting species such as E. coli, which are 
known for their rapid generation times and amenability to culti
vation. 

Conclusions 

We conducted a prospective clinical study of patients with he
matological malignancies to evaluate the diagnostic value of mNGS 
for BSI. Our findings demonstrate that antibiotic use will greatly 
reduce the positive rate of mNGS. Even if the detection efficiency of 
mNGS decreases after the antimicrobial therapy, its duration of po
sitivity is significantly longer than that of conventional BC. Moreover, 
the duration of mNGS in patients with BSI is associated with the 
presence of septic shock and could be identified as a high-risk factor 
for adverse infection outcomes. Therefore, we recommend per
forming mNGS testing before administering antibiotics to improve 
the detection rate of pathogenic microorganisms in patients with 
BSIs. However, performing mNGS testing after antibiotic use is va
luable. The sensitivity of mNGS remains higher than that of BC after 
antibiotic use. Additionally, the duration of positivity for mNGS can 

assess infection severity and estimate the effectiveness of antibiotic 
treatment, aiding timely treatment adjustments. 

Ethics approval and informed consent 

This study was approved by the Medical Ethics Committee of the 
Affiliated Drum Tower Hospital of Nanjing University Medical School 
(IRB No. 2020–377-02) and was conducted in accordance with the 
Declaration of Helsinki. Patients or their family members were in
formed of the study in detail and signed informed consent to par
ticipate. 

Funding 

This work was supported by the Key Research & Development 
Program of Jiangsu Province (BE2023656) and fundings for Clinical 
Trials from the Affiliated Drum Tower Hospital, Medical School of 
Nanjing University (2021-LCYJ-MS-19, 2022-LCYJ-PY-46). 

Author contributions 

All authors contributed substantially to the manuscript and 
agreed to the final submitted version. Original Draft Writing: Y. Xu 
and T. Zhou; Review & Editing: P. Xu, B. Chen and J. Ouyang; Clinical 
Trial Design: Y. Xu, M. Peng, Y. Yang and J. Ouyang; Clinical Trial 
Management & Data Acquisition: Y. Xu, M. Peng, Y. Yang, T. Xie, X. 
Cao, P. Xu, B. Chen and J. Ouyang; Data Analysis & Statistics: Y. Xu, M. 
Peng, T. Zhou and P. Xu; Funding Acquisition: Y. Xu and J. Ouyang; 
Study Supervision: B. Chen and J. Ouyang. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi
nancial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

Acknowledgments 

Parts of the figures were drawn by using pictures from Servier 
Medical Art (http://smart.servier.com/), licensed under a Creative 
Commons Attribution 3.0 Unported License (https://creativecommons. 
org/licenses/by/3.0/). 

References 

1. Kochanek M, Schalk E, von Bergwelt-Baildon M, Beutel G, Buchheidt D, Hentrich 
M, et al. Management of sepsis in neutropenic cancer patients: 2018 guidelines from 
the Infectious Diseases Working Party (AGIHO) and Intensive Care Working Party 
(iCHOP) of the German Society of Hematology and Medical Oncology (DGHO). Ann 
Hematol 2019;98(5):1051–69. https://doi.org/10.1007/s00277-019-03622-0 

2. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving 
Sepsis Campaign: international guidelines for management of severe sepsis and septic 
shock, 2012. Intensive Care Med 2013;39(2):165–228. https://doi.org/10.1007/ 
s00134-012-2769-8 

3. Govender KN, Street TL, Sanderson ND, Eyre DW. Metagenomic sequencing as a 
pathogen-agnostic clinical diagnostic tool for infectious diseases: a systematic review 
and meta-analysis of diagnostic test accuracy studies. J Clin Microbiol 
2021;59(9):e0291620. https://doi.org/10.1128/JCM.02916-20 

4. Mzava O, Cheng AP, Chang A, Smalling S, Djomnang LK, Lenz JS, et al. A metagenomic 
DNA sequencing assay that is robust against environmental DNA contamination. Nat 
Commun 2022;13(1):4197. https://doi.org/10.1038/s41467-022-31654-0 

5. Schulz E, Grumaz S, Hatzl S, Gornicec M, Valentin T, Huber-Kraßnitzer B, et al. 
Pathogen detection by metagenomic next-generation sequencing during neutropenic 
fever in patients with hematological malignancies. Open Forum Infect Dis 
2022;9(8):ofac393. https://doi.org/10.1093/ofid/ofac393 

6. American College of Chest Physicians/Society of Critical Care Medicine Consensus 
Conference: definitions for sepsis and organ failure and guidelines for the use of in
novative therapies in sepsis. Crit Care Med 1992;20(6):864–74. 

7. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local alignment search tool. J 
Mol Biol 1990;215(3):403–10. https://doi.org/10.1016/S0022-2836(05)80360-2 

8. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nat Methods 
2012;9(4):357–9. https://doi.org/10.1038/nmeth.1923 

Y. Xu, M. Peng, T. Zhou et al. Journal of Infection 90 (2025) 106395 

9 

http://smart.servier.com/
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1007/s00277-019-03622-0
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1128/JCM.02916-20
https://doi.org/10.1038/s41467-022-31654-0
https://doi.org/10.1093/ofid/ofac393
http://refhub.elsevier.com/S0163-4453(24)00330-X/sbref6
http://refhub.elsevier.com/S0163-4453(24)00330-X/sbref6
http://refhub.elsevier.com/S0163-4453(24)00330-X/sbref6
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1038/nmeth.1923


9. Wood DE, Salzberg SL. Kraken: ultrafast metagenomic sequence classification using 
exact alignments. Genome Biol 2014;15(3):R46. https://doi.org/10.1186/gb-2014- 
15-3-r46 

10. Du J, Zhang J, Zhang D, Zhou Y, Wu P, Ding W, et al. Background filtering of clinical 
metagenomic sequencing with a library concentration-normalized model. Microbiol 
Spectr 2022;10(5):e0177922. https://doi.org/10.1128/spectrum.01779-22 

11. Song J, Zhu K, Wang X, Yang Q, Yu S, Zhang Y, et al. Utility of clinical metagenomics 
in diagnosing malignancies in a cohort of patients with Epstein-Barr virus positivity. 
Front Cell Infect Microbiol 2023;13:1211732. https://doi.org/10.3389/fcimb.2023. 
1211732 

12. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, et al. Clinical 
practice guideline for the use of antimicrobial agents in neutropenic patients with 
cancer: 2010 update by the infectious diseases society of america. Clin Infect Dis 
2011;52(4):e56–93. https://doi.org/10.1093/cid/cir073 

13. Brenner T, Decker SO, Grumaz S, Stevens P, Bruckner T, Schmoch T, et al. Next- 
generation sequencing diagnostics of bacteremia in sepsis (Next GeneSiS-Trial): study 
protocol of a prospective, observational, noninterventional, multicenter, clinical trial. 
Medicine 2018;97(6):e9868. https://doi.org/10.1097/MD.0000000000009868 

14. Pro CI, Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, et al. A ran
domized trial of protocol-based care for early septic shock. N Engl J Med 
2014;370(18):1683–93. https://doi.org/10.1056/NEJMoa1401602 

15. Liu Q, Liu X, Hu B, Xu H, Sun R, Li P, et al. Diagnostic performance and clinical 
impact of blood metagenomic next-generation sequencing in ICU patients suspected 
monomicrobial and polymicrobial bloodstream infections. Front Cell Infect Microbiol 
2023;13:1192931. https://doi.org/10.3389/fcimb.2023.1192931 

16. Chen J, Zhao Y, Shang Y, Lin Z, Xu G, Bai B, et al. The clinical significance of si
multaneous detection of pathogens from bronchoalveolar lavage fluid and blood 
samples by metagenomic next-generation sequencing in patients with severe pneu
monia. J Med Microbiol 2021;70(1):1–8. https://doi.org/10.1099/jmm.0.001259 

17. Gu W, Deng X, Lee M, Sucu YD, Arevalo S, Stryke D, et al. Rapid pathogen detection 
by metagenomic next-generation sequencing of infected body fluids. Nat Med 
2021;27(1):115–24. https://doi.org/10.1038/s41591-020-1105-z 

18. Duan H, Li X, Mei A, Li P, Liu Y, Li X, et al. The diagnostic value of metagenomic next 
rectanglegeneration sequencing in infectious diseases. BMC Infect Dis 2021;21(1):62. 
https://doi.org/10.1186/s12879-020-05746-5 

19. Lo YM, Zhang J, Leung TN, Lau TK, Chang AM, Hjelm NM. Rapid clearance of fetal 
DNA from maternal plasma. Am J Hum Genet 1999;64(1):218–24. https://doi.org/ 
10.1086/302205 

20. Nordentoft I, Birkenkamp-Demtroder K, Dyrskjot L. NGS-based tumor-informed 
analysis of circulating tumor DNA. Methods Mol Biol 2023;2684:179–97. https:// 
doi.org/10.1007/978-1-0716-3291-8_11 

21. Huet S, Salles G. Potential of circulating tumor DNA for the management of patients with 
lymphoma. JCO Oncol Pract 2020;16(9):561–8. https://doi.org/10.1200/JOP.19.00691 

22. Kim IA, Hur JY, Kim HJ, Lee SE, Kim WS, Lee KY. Liquid biopsy using extracellular vesicle- 
derived DNA in lung adenocarcinoma. J Pathol Transl Med 2020;54(6):453–61. https:// 
doi.org/10.4132/jptm.2020.08.13 

23. Dorman CJ, Deighan P. Regulation of gene expression by histone-like proteins in 
bacteria. Curr Opin Genet Dev 2003;13(2):179–84. https://doi.org/10.1016/s0959- 
437x(03)00025-x 

24. Brunetti R, Prosseda G, Beghetto E, Colonna B, Micheli G. The looped domain or
ganization of the nucleoid in histone-like protein defective Escherichia coli strains. 
Biochimie 2001;83(9):873–82. https://doi.org/10.1016/s0300-9084(01)01331-1 

25. Hartwig C, Drechsler S, Vainshtein Y, Maneth M, Schmitt T, Ehling-Schulz M, et al. 
From gut to blood: spatial and temporal pathobiome dynamics during acute ab
dominal murine sepsis. Microorganisms 2023;11(3):1–15. https://doi.org/10.3390/ 
microorganisms11030627 

26. Grumaz S, Grumaz C, Vainshtein Y, Stevens P, Glanz K, Decker SO, et al. Enhanced 
performance of next-generation sequencing diagnostics compared with standard of 
care microbiological diagnostics in patients suffering from septic shock. Crit Care Med 
2019;47(5):e394–402. https://doi.org/10.1097/CCM.0000000000003658 

27. Eichenberger EM, de Vries CR, Ruffin F, Sharma-Kuinkel B, Park L, Hong D, et al. 
Microbial cell-free DNA identifies etiology of bloodstream infections, persists longer 
than conventional blood cultures, and its duration of detection is associated with 
metastatic infection in patients with Staphylococcus aureus and Gram-negative 
bacteremia. Clin Infect Dis 2022;74(11):2020–7. https://doi.org/10.1093/cid/ 
ciab742 

28. Kara Ali R, Surme S, Balkan II, Salihoglu A, Sahin Ozdemir M, Ozdemir Y, et al. An 
eleven-year cohort of bloodstream infections in 552 febrile neutropenic patients: 
resistance profiles of Gram-negative bacteria as a predictor of mortality. Ann Hematol 
2020;99(8):1925–32. https://doi.org/10.1007/s00277-020-04144-w 

29. Park KH, Jung YJ, Lee HJ, Kim HJ, Maeng CH, Baek SK, et al. Impact of multidrug 
resistance on outcomes in hematologic cancer patients with bacterial bloodstream 
infections. Sci Rep 2024;14(1):15622. https://doi.org/10.1038/s41598-024- 
66524-w 

30. Wang M, Earley M, Chen L, Hanson BM, Yu Y, Liu Z, et al. Clinical outcomes and 
bacterial characteristics of carbapenem-resistant Klebsiella pneumoniae complex 
among patients from different global regions (CRACKLE-2): a prospective, multi
centre, cohort study. Lancet Infect Dis 2022;22(3):401–12. https://doi.org/10.1016/ 
S1473-3099(21)00399-6 

31. Karakonstantis S, Ioannou P, Kofteridis DD. In search for a synergistic combination 
against pandrug-resistant A. baumannii; methodological considerations. Infection 
2022;50(3):569–81. https://doi.org/10.1007/s15010-021-01748-w 

32. Grumaz S, Stevens P, Grumaz C, Decker SO, Weigand MA, Hofer S, et al. Next- 
generation sequencing diagnostics of bacteremia in septic patients. Genome Med 
2016;8(1):73. https://doi.org/10.1186/s13073-016-0326-8 

33. Yin G, Yin Y, Guo Y, Sun L, Ma S, Chen H, et al. Clinical impact of plasma meta
genomic next-generation sequencing on infection diagnosis and antimicrobial 
therapy in immunocompromised patients. J Infect Dis 2024:jiae343. https://doi.org/ 
10.1093/infdis/jiae343. Epub ahead of print. 

34. Salter SJ, Cox MJ, Turek EM, Calus ST, Cookson WO, Moffatt MF, et al. Reagent and 
laboratory contamination can critically impact sequence-based microbiome analyses. 
BMC Biol 2014;12:87. https://doi.org/10.1186/s12915-014-0087-z  

Y. Xu, M. Peng, T. Zhou et al. Journal of Infection 90 (2025) 106395 

10 

https://doi.org/10.1186/gb-2014-15-3-r46
https://doi.org/10.1186/gb-2014-15-3-r46
https://doi.org/10.1128/spectrum.01779-22
https://doi.org/10.3389/fcimb.2023.1211732
https://doi.org/10.3389/fcimb.2023.1211732
https://doi.org/10.1093/cid/cir073
https://doi.org/10.1097/MD.0000000000009868
https://doi.org/10.1056/NEJMoa1401602
https://doi.org/10.3389/fcimb.2023.1192931
https://doi.org/10.1099/jmm.0.001259
https://doi.org/10.1038/s41591-020-1105-z
https://doi.org/10.1186/s12879-020-05746-5
https://doi.org/10.1086/302205
https://doi.org/10.1086/302205
https://doi.org/10.1007/978-1-0716-3291-8_11
https://doi.org/10.1007/978-1-0716-3291-8_11
https://doi.org/10.1200/JOP.19.00691
https://doi.org/10.4132/jptm.2020.08.13
https://doi.org/10.4132/jptm.2020.08.13
https://doi.org/10.1016/s0959-437x(03)00025-x
https://doi.org/10.1016/s0959-437x(03)00025-x
https://doi.org/10.1016/s0300-9084(01)01331-1
https://doi.org/10.3390/microorganisms11030627
https://doi.org/10.3390/microorganisms11030627
https://doi.org/10.1097/CCM.0000000000003658
https://doi.org/10.1093/cid/ciab742
https://doi.org/10.1093/cid/ciab742
https://doi.org/10.1007/s00277-020-04144-w
https://doi.org/10.1038/s41598-024-66524-w
https://doi.org/10.1038/s41598-024-66524-w
https://doi.org/10.1016/S1473-3099(21)00399-6
https://doi.org/10.1016/S1473-3099(21)00399-6
https://doi.org/10.1007/s15010-021-01748-w
https://doi.org/10.1186/s13073-016-0326-8
https://doi.org/10.1093/infdis/jiae343
https://doi.org/10.1093/infdis/jiae343
https://doi.org/10.1186/s12915-014-0087-z

	Diagnostic performance of metagenomic next-generation sequencing among hematological malignancy patients with bloodstream in...
	Introduction
	Materials and methods
	Study population
	Study design
	Clinical data
	Clinical sample collection and DNA extraction
	Metagenomic next-generation sequencing
	Pathogen identification
	Statistical analyses

	Results
	Clinical characteristics
	Pathogens characteristics
	Antibiotic utilization protocols
	Duration of positivity
	Risk factors for septic shock
	Persistent positive results of mNGS and infection outcome

	Discussion
	Conclusions
	Ethics approval and informed consent
	Funding
	Author contributions
	Declaration of Competing Interest
	Acknowledgments
	References




