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 Background: Sepsis is a serious threat to human life, particularly in immunocompromised patients; hence, early diagnosis 
and targeted treatment are important. Metagenomic next-generation sequencing (NGS) has significant advan-
tages over traditional diagnostic methods. This study investigated the clinical value of NGS for pathogen iden-
tification in immunocompromised patients with sepsis.

 Material/Methods: From July 2020 to September 2021, 90 consecutive patients with sepsis were enrolled in this prospective study. 
The patients were divided into 2 groups: an immunocompromised group (n=30) and an immunocompetent 
group (n=60). The pathogens causing sepsis were concurrently identified using NGS and traditional diagnos-
tic methods. The pathogen detection rates and the spectrum of pathogens identified were compared accord-
ing to the method of detection and between the immunocompromised and immunocompetent groups.

 Results: Of the 90 patients, 77 (86%) were positive for 1 or more pathogens using NGS, and 50 (56%) were positive us-
ing traditional detection methods. The positivity rate of sputum and bronchoalveolar lavage fluid was higher 
than that of blood samples. Pneumocystis jirovecii and cytomegalovirus infections were more common in the 
immunocompromised group than in the immunocompetent group.

 Conclusions: The performance of NGS in identifying pathogens for patients with sepsis is better than that of traditional de-
tection methods, especially in immunocompromised patients. Pneumocystis jirovecii and cytomegalovirus in-
fections are more common in immunocompromised patients.
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Background

Sepsis refers to organ dysfunction caused by a defect in the 
host’s response to infection [1]. The incidence of sepsis and 
sepsis-related mortality are high worldwide, with an estimat-
ed 5.3 million deaths caused by sepsis annually [2]. Current 
guidelines recommend early application of targeted antibiot-
ics to improve the prognosis of patients; however, most early 
antibiotic treatment is empirical. According to 1 study, approx-
imately 46% of early empirical antibiotic treatment was inap-
propriate, directly leading to a sepsis-related mortality rate of 
almost 35%. Approximately 50% of antibiotics administered 
are unnecessary or too broad-spectrum, which increases the 
toxicity of drugs and the incidence of bacterial resistance [3]. 
Therefore, early identification of pathogens is particularly im-
portant to enable targeted antibiotic therapy. Currently, the 
common methods used to identify pathogens include microbi-
al culture, serology, and polymerase chain reaction (PCR); how-
ever, the performance of these methods is affected by several 
factors and their sensitivity and specificity are low [4]. For ex-
ample, culture, the criterion standard for pathogen detection, 
does not detect viruses and parasites; some bacterial patho-
gens are difficult to culture; and the culture cycle is long, so 
the results are delayed. In particular, traditional methods of 
pathogen identification are extremely unfavorable for immu-
nocompromised patients with sepsis. As immunocompromised 
patients often have atypical clinical symptoms, the increase in 
inflammatory indices is not obvious, and most immunocom-
promised patients have mixed infections [5]. Although serolo-
gy and PCR can compensate for these defects to some extent, 
their scope in detecting microorganisms is limited. The metage-
nomic next-generation sequencing (NGS) field has gradually 
developed and matured in recent years. NGS directly extracts 
nucleic acid fragments from samples, compares them with a 
constructed gene library, and identifies pathogens according 
to their characteristic readings and coverage. Compared to tra-
ditional detection methods, NGS has significant advantages 
in terms of sensitivity and specificity [6]. NGS technology has 
the advantages of being unaffected by the use of antibiotics 
and having a short detection time.

The aim of this study was to evaluate the clinical value of 
NGS in identifying pathogens in immunocompromised pa-
tients with sepsis.

Material and Methods

Patient Inclusion Criteria and Groups

This prospective study included patients admitted to the 
Emergency Intensive Care Unit (EICU) of the First Affiliated 
Hospital of Anhui Medical University in Hefei, China, from 

July 2020 to September 2021, who met the diagnostic criteria 
for sepsis. The Clinical Ethics Committee of the First Affiliated 
Hospital of Anhui Medical University approved this study (No. 
PJ2021-03-32), and all patients or their guardians signed in-
formed consent forms. The inclusion criteria were as follows: 
(1) met the Sepsis 3.0 criteria for sepsis [1]; (2) 18 years of age 
or older; (3) stayed in the EICU for more than 48 hours; and (4) 
the patient or their guardian provided written informed con-
sent. Among patients with infection or suspected infection, 
sepsis can be diagnosed when the Sequential Organ Failure 
Assessment (SOFA) score increases by more than 2 points 
from the baseline value. The exclusion criteria were as fol-
lows: (1) individuals with HIV infection; (2) pregnant women; 
and (3) patients who withdrew from the study for any rea-
son. The immunocompromised (ICH) group included patients 
with any of the following conditions before the onset of the 
disease: (1) use of long-term (>3 months) or high-dose (>0.5 
mg/kg/day) steroids or other immunosuppressive drugs, (2) 
solid organ transplant, (3) solid tumor requiring chemother-
apy, (4) hematologic malignancy, and (5) primary immunode-
ficiency [7]. The immunocompetent group (ICO) consisted of 
patients who did not meet any of these criteria for inclusion 
in the ICH group (Figure 1).

Clinical Data Collection

At enrollment, baseline data, such as sex, age, and chronic dis-
eases, were collected and participants’ Acute Physiology and 
Chronic Health Evaluation (APACHE II) and SOFA scores were 
assessed. All enrolled patients underwent laboratory tests 
(white blood cell, neutrophil, and platelet counts; hemoglo-
bin, creatinine, albumin, bilirubin, alanine aminotransferase, 
aspartate aminotransferase, blood potassium, blood sodium, 
blood calcium, blood phosphorus, D-dimer, activated partial 
thromboplastin time, C-reactive protein, procalcitonin, arteri-
al blood lactic acid, pH, heparin-binding protein, and arterial 
blood gas analysis).

Specimen Collection

Blood and sputum samples were collected from all patients 
within 24 hours after admission to the EICU. The clinician per-
formed fiberoptic bronchoscopy as indicated and submitted 
bronchoalveolar lavage fluid (BALF) samples for bacterial and 
fungal culture. All samples submitted for culture were collected 
under aseptic conditions using a special sampling tube. Samples 
of whole blood (3-5 mL), sputum (>3 mL), BALF (>5 mL), asci-
tes (>5 mL), urine (>5 mL), cerebrospinal fluid (CSF) (>5 mL), 
and pleural effusion (>5 mL) were collected, as applicable. All 
blood samples were stored at 6-35°C, and all other samples 
were stored at -20°C. The collected samples were concurrently 
sent for traditional microbiological examination and second-
generation sequencing. Traditional microbiological detection 
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included bacterial and fungal culture, detection of common 
viruses and mycoplasmas by PCR, and serological detection 
of fungi. Specimens requiring NGS testing were sent to the 
Guangzhou Weiyuan Gene Technology Company (Guangzhou, 
China) for testing within 48 hours after collection.

Nucleic	Acid	Extraction,	Library	Preparation,	and	
Sequencing for NGS

To perform NGS, the first step was extraction of nucleic acid. 
The corresponding kit to extract pathogen DNA or RNA, and 
then Benzonase (Qiagen) and Tween 20 were used to remove 
the human-derived sequences [8] using the Ribo-Zero rRNA 
Removal Kit (Illumina, San Diego, CA, USA), which removed ri-
bosomal RNA following RNA extraction. Complementary DNA 
(cDNA) was then produced using reverse transcriptase and de-
oxyribonucleotide triphosphate (dNTPs). DNA and cDNA were 
used to construct the library, using the appropriate library prep-
aration kit [9]. The Qubit dsDNA HS Assay Kit (Thermo Fisher 
Scientific, Waltham, MA, USA) was used for library quality as-
sessment. The samples were then sequenced for 75 cycles of 
single-end data using a sequencer, and each library eventually 
produced 20 million reads. In this process, blood samples from 
healthy people at a concentration of 105 cells/mL were used 
as negative controls, and sterile deionized water was used as 
non-template controls [10].

Bioinformatics	Analyses	for	NGS

To conduct the bioinformatics analyses for NGS, low-qual-
ity sequences and duplicate reads were removed using 
Trimmomatic [11]. Next, low-complexity reads were delet-
ed using Kolmogorov complexity. Human sequences were 
identified and removed using Burrows–Wheeler Aligner soft-
ware [12]. Third, the representative sequence assemblies of 
the corresponding microorganism were selected from the da-
tabase. Finally, the list of pathogens was determined accord-
ing to the Johns Hopkins ABX Guide [13] and the Manual of 

Clinical Microbiology [14]. We obtained a database contain-
ing about 13 000 genomes, and then used SNAP V1.0 Beta to 
compare microbial data to the database [15]. If the number 
of reads per million (RPM) of a microorganism was >5, it was 
considered positive. If the microorganism was also present in 
the non-template controls, its RPM was reduced accordingly.

Clinical Assessment

An expert group composed of senior clinicians reviewed the 
NGS reports and traditional microbiology results. Combined 
with the clinical characteristics of the patient, pathogens were 
identified according to the following criteria: If the same mi-
croorganism was identified using the traditional detection 
methods and NGS, it was considered a pathogen. If the mi-
croorganism was identified using NGS alone, it was required 
to meet the following additional criteria in order to be consid-
ered a pathogen: (1) characteristic imaging changes were pres-
ent; and (2) the sequence number of the microorganism was 
at least twice as high as that of other microorganisms [16].

Statistical	Analysis

SPSS version 21 (IBM Corp., Armonk, NY, USA) was used to an-
alyze the data. Continuous variables were expressed as the 
mean±standard deviation if the data distribution was normal, 
or as the median, range, and interquartile range if the data 
had a non-normal distribution. Categorical variables were re-
ported as counts and percentages. The Shapiro-Wilk test was 
used to test the normality and homogeneity of variance of 
continuous variables. The t test was used to compare contin-
uous variables if they met the normal distribution or approxi-
mate normal distribution criteria. The Wilcoxon rank-sum test 
was used for group comparisons of severely skewed data, and 
the chi-squared test and Fisher’s exact test were used to com-
pare categorical variables. P values <0.05 were considered sta-
tistically significant.

94 patients with sepsis admitted to EICU (from July 2020 to September 2020)

NGS and TDM were performed at the
same time (Blood, Sputum, BALF)

ICO (60)
1. Receive long-term
     (>3 months) or high-dose
     (>0.5 mg/kg/day) steroids or
     other immunosuppresive drugs;
2. Solid organ transplant recipients;
3. Solid tumor patients requiring
    chemotherapy;
4. Su�ering from hematological
     malignancies;
5. Patients with primary
    immunode�ciency.
If one of the above items is met,
it will be included in ICH

ICH (30) 4 cases
excluded

Evaluate the detection performance of NGS.
The di�erence of pathogen spectrum
between ICO and ICH was compared

Figure 1.  Research flow chart. 
BALF – bronchoalveolar lavage fluid; 
EICU – Emergency Intensive Care 
Unit; ICH – immunocompromised; 
ICO – immunocompetent; 
NGS – next-generation sequencing; 
TDM – traditional detection methods. 
The figure was created by GraphPad 
Prism version 8.0.0 for Windows 
(GraphPad Software, San Diego, CA, 
USA).
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Results

Patient Characteristics

A total of 90 patients with sepsis were included in the study, of 
whom 60 (67%) and 30 (33%) were in the ICO and ICH groups, 
respectively. The ICH group consisted of 3 patients who had 
undergone solid organ transplantation, 6 patients with hema-
tologic malignancies, 20 patients on immunosuppressive treat-
ment, and 1 patient with a solid tumor requiring chemother-
apy. The mean APACHE II score was higher (21.76 vs 18.43; 
P=0.011), and the median white blood cell count was signif-
icantly lower (7.10×109 cells/L vs 10.68×109 cells/L; P=0.006) 
in the ICH group than in the ICO group. The mortality rates 
were 48% (29/60) and 80% (24/30) in the ICO and ICH groups, 

respectively (P=0.004). The ICH and ICO groups were also com-
pared to assess differences in sex, age, disease type, or time 
spent in the EICU between the ICH and ICO groups, but there 
were no statistically significant differences in any of these 
characteristics between groups (Table 1).

Comparison of Detection Performance of NGS and 
Traditional Detection Methods

A total of 165 specimens were sent for testing using NGS, in-
cluding 86 blood, 21 sputum, 45 BALF, 3 ascites, 4 urine, 5 ce-
rebrospinal fluid (CSF), and 1 pleural effusion sample. A total 
of 239 samples were tested using traditional detection meth-
ods, including 90 blood, 90 sputum, 45 BALF, 3 ascites, 5 urine, 
5 CSF, and 1 pleural effusion sample. Seventy-seven patients 

Clinical features ICO ICH P value

Number of cases 60 30 NA

Sex, male 38 15 0.226

Age (mean±SD) 57.35±19.49 53.56±16.30 0.363

COPD 4 3 0.889

Hypertension 25 11 0.648

Diabetes 12 7 0.715

Chronic hepatic disease 3 3 0.654

Chronic renal disease 5 6 0.211

APACHE-II (mean±SD) 18.43±5.97 21.76±5.10 0.011

SOFA (mean±SD) 9.90±3.60 10.66±3.66 0.346

WBC (×109/L)*  10.68 (7.91, 17.52)  7.10 (3.38, 12.69) 0.006

Lymphocyte (×109/L)*  7.08 (4.21, 8.81)  7.31 (4.87, 19.69) 0.168

Platelet (×109/L)*  125 (63.50, 178.25)  65 (23.25, 133.25) 0.035

C-reactive protein (mg/L)*  114.91 (69.18, 178.96)  141.79 (31.61, 200) 0.624

Procalcitonin (ng/ml)*  4.25 (0.70, 13.50)  1.10 (0.43, 17.50) 0.175

HBP (ng/ml)*  42.05 (12.65, 157.47)  39.88 (9.55, 80.95) 0.406

Cholerythrin (μmol/L)*  15.25 (12.12, 30.07)  14.05 (9.40, 27.45) 0.424

ALT(U/L)*  24.00 (15.00, 58.75)  36.00 (21.75, 77.75) 0.224

AST(U/L)*  36.50 (22.25, 97.75)  64.50 (26.75, 102.50) 0.071

Urea nitrogen (mmol/L)*  10.01 (6.19, 16.69)  10.31 (7.86, 16.58) 0.932

SCr (μmol/L)*  83.00 (55.12, 150.75)  89.80 (48.47, 160.90) 0.561

Oxygenation index*  252.50 (164.25, 312.25)  206.00 (97.50, 268.0 0.087

ICU length of stay (in days)*  11.50 (7.00, 19.75)  11.50 (5.00, 14.50) 0.186

Death 29 24 0.004

* Median (interquartile range). ALT – alanine aminotransferase; AST – aspartate aminotransferase; BALF :– bronchoalveolar lavage 
fluid; EICU – Emergency Intensive Care Unit; HBP – heparin-binding protein; ICH – immunocompromised; ICO – immunocompetent; 
NA – not applicable; NGS – next-generation sequencing; SCr – serum creatinine; SD – standard deviation; TDM – traditional detection 
methods; WBC – white blood cell counts.

Table 1. Characteristics of cases.
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(86%) were positive for 1 or more pathogens using NGS, and 
50 patients (56%) were positive using traditional detection 
methods (P<0.001). In both the ICH and ICO groups, the NGS-
positivity rate was significantly higher than that of tradition-
al detection methods (Figure 2). In the ICH and ICO groups, 
47% (14/30) and 27% (16/60) of patients, respectively, were 
positive by NGS but negative by traditional detection methods 
(P=0.058). Three patients in the ICO group were negative using 
NGS but positive using traditional detection methods. The pos-
itivity rates of blood, sputum, and BALF using NGS were 55% 
(47/86), 90% (19/21), and 89% (40/45), respectively, and were 
significantly higher with NGS than with traditional detection 

methods (Figure 3A). Compared with blood samples, sputum 
and BALF samples showed significantly higher NGS-positivity 
rates; however, the difference in NGS-positivity rates between 
the sputum and BALF samples was not statistically significant 
(Figure 3B). The positivity rates of blood, sputum, and BALF 
using traditional detection methods were 14% (13/90), 38% 
(34/90), 22% (10/45), respectively. The difference in the pos-
itivity rates of sputum and blood was statistically significant; 
however, there was no significant difference between the pos-
itivity rates of sputum and BALF samples, or of blood and BALF 
samples (Figure 3B). In the current study, some rare patho-
gens, such as Cryptococcus neoformans, Chlamydia psittaci, 
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Figure 2.  Comparison of the positivity rates of next-generation sequencing and traditional detection methods. (A) Comparison of 
the positivity rates of NGS and TDM in all enrolled patients. (B) Comparison of positivity rates of NGS and TDM according 
to patient immune status. ICH – immunocompromised; ICO – immunocompetent; NGS – next-generation sequencing; 
TDM – traditional detection methods. The figure was created by GraphPad Prism version 8.0.0 for Windows (GraphPad 
Software San Diego, CA, USA).
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Ureaplasma urealyticum, and Mycoplasma hominis, were only 
detected using NGS and no positive results were obtained us-
ing traditional detection methods (Figure 4).

Differences of the Pathogenic Spectrum Between 
Immunocompromised and Immunocompetent Patients

There were 60 patients with mixed infections of 2 or more 
pathogens, of which 56 (93%) were detected using NGS and 
19 (32%) were detected using traditional detection methods 
(P<0.001). A total of 43/60 (72%) of the ICO group and 17/30 
(57%) of the ICH group had mixed infections (P=0.155). The 
top 6 bacterial pathogens identified in the ICO group were 
Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli, 
Pseudomonas aeruginosa, Candida albicans, and Enterococcus 
faecium. The top 6 bacterial pathogens in the ICH group were 
Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Staphylococcus aureus, Pneumocystis jirovecii, 
and cytomegalovirus (CMV). The only significant difference 
in pathogen frequency observed between the ICH and ICO 
groups was Pneumocystis jirovecii infection – of the 10 cas-
es of Pneumocystis jirovecii infection, 9 (90%) were in the pa-
tients in the ICH group (Figure 4, Table 2).

Discussion

This study showed that the NGS-positivity rate in both the ICH 
and the ICO groups was greater than that of traditional de-
tection methods. Miao et al [17] reported that the sensitivity 

and specificity rates of NGS for the identification of patho-
gens in infectious diseases are 50.7% and 85.7%, respective-
ly, which was better than that of traditional detection meth-
ods, consistent with our results. Although not all samples in 
this study were sent for NGS, the positivity rate was still high-
er than that of traditional detection methods, demonstrating 
the advantage of NGS. In our study, 3 patients in the ICO group 
had pathogens that were detected using traditional detection 
methods but not using NGS. This could be attributed to a low 
abundance of pathogenic microorganisms in the sample [18]. 
Moreover, NGS has unique advantages for detecting rare, dif-
ficult-to-culture pathogens. In this study, Cryptococcus neofor-
mans, Chlamydia psittaci, Ureaplasma urealyticum, Mycoplasma 
hominis, and Pneumocystis jirovecii were detected only using 
NGS. In a study of patients with central nervous system infec-
tion that employed NGS, the cause was unclear in 24 patients, 
of whom 3 had pathogens detected using NGS that were not 
detected using other methods [16].

Based on NGS, we assessed the positivity rates of various spec-
imen types and discovered that the positivity rates of sputum 
and BALF samples were higher than those of blood samples; 
however, a significant difference in positivity rate was not ob-
served between BALF and sputum samples, suggesting these 
are the best types of samples for NGS. Zhang et al [19] report-
ed that in patients with pulmonary infection who had samples 
tested using NGS, BALF and sputum were the most effective 
pathogen detection sample types, with a positivity rate of 75%, 
while the positivity rate of blood samples was 35%. Another 
study found that sputum and BALF provided similar results in 

80%

60%

40%

20%

0%

ICH
ICO

Ac
ine

to
ba

cte
r b

au
m

an
nii

Kle
bs

iel
la 

pn
eu

m
on

iae

Es
ch

eri
ch

ia 
co

li

Ps
eu

do
m

on
as

 ae
ru

gin
os

a

En
ter

oc
oc

cu
s f

ae
ciu

m

Sta
ph

ylo
co

ccu
s a

ur
eu

s

En
ter

oc
oc

cu
s f

ae
ca

lis

En
ter

ob
ac

ter
 cl

oa
ca

e

Ha
em

op
hil

us
 pa

ra
in�

ue
nz

ae

Le
gio

ne
lla

 pn
eu

m
op

hil
a

Ba
cte

ro
ide

s f
ra

gil
is

Bu
rk

ho
lde

ria
 ce

pa
cia

Ste
no

tro
ph

om
on

as
 m

alt
op

hil
ia

Se
rra

tia
 m

ar
ce

sce
ns

Str
ep

to
co

ccu
s p

ha
ry

ng
iti

s

Pn
eu

m
oc

ys
tis

 jir
ov

ec
ii

Ca
nd

ida
 al

bic
an

s

Ca
nd

ida
 tr

op
ica

lis

Ca
nd

ida
 gl

ab
ra

ta

A�
at

ox
in

Cr
yp

to
co

ccu
s n

eo
fo

rm
an

s

As
pe

rg
illu

s f
um

iga
tu

s

CM
V (

cy
to

m
eg

alo
vir

us
)

Ch
lam

yd
ia 

ps
itt

ac
i

Figure 4.  Frequency distribution of pathogens identified according to patient immune status. ICH – immunocompromised; 
ICO – immunocompetent. The figure was created by GraphPad Prism version 8.0.0 for Windows (GraphPad Software, 
San Diego, CA, USA).

e937041-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Cheng Z. and Yu F.: 
NGS in immunocompromised patients with sepsis

© Med Sci Monit, 2022; 28: e937041
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



patients with respiratory infections [20], but that the sputum 
samples were more easily influenced than BALF by oral colo-
nization bacteria, resulting in a higher false-positivity rate in 
sputum samples. NGS cannot distinguish between coloniza-
tion and infection; therefore, if conditions permit, fiberoptic 
bronchoscopy should be actively performed and BALF should 
be the first choice for NGS testing. However, sputum is easi-
er to obtain, which is more practical for patients with definite 
contraindications to bronchoscopy and hospitals without the 
ability to perform bronchoscopy.

Few studies have been conducted using NGS with regard to 
the pathogen spectrum among immunocompromised patients 
with sepsis. In the present study, we compared the pathogen 
spectrum of immunocompromised patients with that of the 

immunocompetent patients. The prevalence of Pneumocystis 
jirovecii was significantly higher in the ICH group than in the 
ICO group. This is consistent with the results of a previous 
study on community-acquired pneumonia, in which all cases 
of Pneumocystis jirovecii infection were found in immunocom-
promised patients, and mixed CMV and Pneumocystis jirovecii 
infections were more common than isolated Pneumocystis jir-
ovecii infections [21]. Asymptomatic carriers can transmit the 
pathogen [22]. Patients with long-term use of steroids, acute 
lymphoblastic leukemia, hematopoietic stem cell transplanta-
tion, or primary immune deficiency are the main groups vul-
nerable to Pneumocystis jirovecii infections [23]. In addition, 
CMV accounted for a considerable proportion of infections in 
the ICH group, which suggests that these pathogens should 
be considered when choosing empirical antimicrobial therapy 

Species ICO (60) ICH (30) P value Rate difference (95% CI)

Acinetobacter baumannii 20 9 0.75  0.03 (0-0.23)

Klebsiella pneumoniae 20 8 0.52  0.06 (0-0.26)

Escherichia coli 15 3 0.094  0.15 (0-0.30)

Pseudomonas aeruginosa 12 6 1  0.00 (0-0.17)

Enterococcus faecium 12 3 0.23  0.10 (0-0.24)

Staphylococcus aureus 7 4 1  0.01 (0-0.16)

Enterococcus faecalis 4 1 0.871  0.03 (0-0.12)

Enterobacter cloacae 4 1 0.871  0.03 (0-0.12)

Haemophilus parainfluenzae 2 3 0.416  0.06 (0-0.18)

Legionella pneumophila 0 1 NA NA

Bacteroides fragilis 2 0 NA  0.03 (0-0.07)

Burkholderia cepacia 2 0 NA  0.03 (0-0.07)

Stenotrophomonas maltophilia 4 1 0.871  0.03 (0-0.12)

Serratia marcescens 0 1 NA NA

Streptococcus pharyngitis 4 0 NA  0.06 (0-0.12)

Pneumocystis jirovecii 1 9 <0.001  0.28 (0.11-0.45)

Candida albicans 12 6 1  0.00 (0-0.17)

Candida tropicalis 3 1 1  0.01 (0-0.10)

Candida glabrata 3 1 1  0.01 (0-0.10)

Aflatoxin 2 3 0.416  0.06 (0-0.18)

Cryptococcus neoformans 1 0 NA  0.01 (0-0.04)

Aspergillus fumigatus 1 2 0.533  0.05 (0-0.14)

CMV (cytomegalovirus) 9 11 0.020  0.21 (0.02-0.41)

Chlamydia psittaci 4 0 NA  0.06 (0-0.12)

Table 2. Difference of pathogenic spectrum between ICO and ICH.

CI – confidence interval; ICH – immunocompromised; ICO – immunocompetent; NA – not applicable.
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for immunocompromised patients with sepsis. In the present 
study, Pneumocystis jirovecii was detected using NGS and not 
using traditional detection methods, consistent with a study of 
21 patients with Pneumocystis jirovecii infection in which the 
pathogen was detected in 15 samples using NGS and in only 
5 samples using traditional detection methods [24]. Therefore, 
the timely submission of samples for NGS may provide the op-
portunity to start targeted therapy as soon as possible. In the 
present study, the proportion of mixed infection was higher in 
the ICO group in the ICH group, but there was no statistical-
ly significant difference between the 2 groups. This may have 
been because the patients included were severely ill and most 
were referred from other medical institutions. The prevalence 
of mixed infection was high, even in the ICO group.

This study has some limitations. First, it was a single-cen-
ter study with a small number of participants. Second, not all 
samples were sent for NGS, which may have reduced the NGS-
positivity rate. Third, the patients included in this study were 
severely ill, and both groups had high APACHE II scores. Patients 
with high APACHE II scores have high mortality rates, thus re-
ducing the potential positive impact of NGS on patients with 
sepsis. Fourth, NGS still lacks the ability to identify drug resis-
tance. Research on drug resistance genes is ongoing, and it is 
likely that this limitation of NGS will be overcome in the future.

Conclusions

Patients with sepsis are more likely to have pathogens iden-
tified through NGS than by conventional detection methods, 
especially those who are immunocompromised. BALF is the 
optimum specimen type for NGS; however, sputum is a good 
second choice if it is not possible to obtain a BALF sample. 
Pneumocystis jirovecii and CMV infections are more common in 
immunocompromised patients, and NGS is significantly better 
than the traditional detection methods at detecting these or-
ganisms. Empirical antimicrobial therapy could help to reduce 
the morbidity and mortality associated with these pathogens 
in patients with immunosuppression. NGS is a good method 
for detecting pathogens in immunocompromised patients with 
sepsis and warrants further study.
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