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Purpose: This study aimed to analyze the application value of metagenomic next-generation sequencing (mNGS) as a basis for the
proper adjustment of the clinical treatment of bloodstream infections (BSIs) in pediatric patients under intensive care.

Methods: We retrospectively enrolled 46 pediatric patients with clinically diagnosed BSIs who were hospitalized in the pediatric
intensive care unit of the Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University from June 2018
to July 2021. Blood samples were collected for cultivation and for mNGS detection of pathogens.

Results: Among the 46 children, the average turnaround time for blood culture tests was 3.2 days, and the results revealed pathogens
in three children (6.5%). The average turnaround time for mNGS was 2.2 days, and pathogens were found in 30 children (65.2%). The
difference in positivity rates between blood culture and mNGS was significant (p<0.05). Blood culture tests found three pathogens,
while mNGS identified 28 pathogens, indicating that mNGS detected significantly more types of pathogens than the traditional
diagnostic method for pathogenic microorganisms. In some children, more than one pathogen was detected.

Conclusion: mNGS can help identify pathogenic microorganisms associated with BSI in some pediatric patients under intensive
care.
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Introduction

A bloodstream infection (BSI) is an infectious disease in which invading pathogens grow and reproduce extensively in the
bloodstream and release toxic substances harmful to tissues and organs.' Pathogens associated with BSIs include bacteria,
viruses, fungi, and parasites. The results of a 20-year study showed that Staphylococcus aureus (20.7%) and Escherichia coli
(20.5%) were the most common strains causing BSIs, followed by Klebsiella pneumoniae (7.7%), Pseudomonas aeruginosa
(5.3%) and Enterococcus faecalis (5.2%). Over the 20-year period, the types and proportions of pathogens detected varied by
time, region and patient age, but Staphylococcus aureus and Escherichia coli remained dominant.

BSIs are among the most serious clinical infections and can occur in people of different ages. Compared with adults,
children have lower immunity and are more vulnerable to BSIs due to various innate factors, such as insufficient
development of the mucocutaneous barrier and the immune system. In children, the clinical manifestations of BSIs are
often atypical, and the disease often progresses rapidly. BSIs are an important cause of death in critically ill patients in
the pediatric intensive care unit (PICU), with a mortality rate as high as 20-40%.>* In addition to high morbidity and
mortality, BSIs in children have high treatment costs. Therefore, accurately diagnosing BSIs and starting effective

treatment as early as possible are critical.
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Metagenomic next-generation sequencing (mNGS) is a high-throughput sequencing method that directly extracts all
microbial DNA from environmental/clinical samples rather than cultures from the samples and then uses a genomics
research strategy to analyze all microbial genetic compositions and community functions in the sample. It can be used to
extensively analyze the microbiome of clinical samples, including viruses, bacteria and fungi.” mNGS is valuable in
clinical practice due to its wide coverage, high throughput, short turnaround time, and accurate and precise sequencing
results. mNGS is also unbiased because it analyzes all the genetic material that can be extracted from the sample
nonspecifically. In addition, multiple samples can be analyzed by mNGS simultaneously, and bioinformatics analysis of
the results can return abundant information. In this study, 46 children with clinically confirmed BSIs who were
hospitalized and received mNGS tests in the PICU of the Second Affiliated Hospital and Yuying Children’s Hospital
of Wenzhou Medical University from June 2018 to July 2021 were retrospectively investigated to explore the application
value of mNGS in children with BSI.

Subjects and Methods
Study Subjects

This retrospective summary used the clinical data for 46 pediatric patients who were hospitalized in the PICU of the
Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University, China, from June 2018 to
July 2021. The hospital is a tertiary first-class hospital that treats a variety of illnesses. The PICU treats 800—-1000
inpatient annually. The inclusion criteria were as follows: (1) pediatric patients with clinically diagnosed BSIs (the
diagnostic criteria for BSIs in children in this study are based on the “Experts Consensus on the Diagnosis and
Treatment of Septic Shock in Children (2015 Edition)”): sepsis: fever (anal temperature >38.5°C) or hypothermia
(anal temperature) temperature <35°C), tachycardia (low body temperature may not have tachycardia), accompanied
by at least one of the following organ dysfunctions: altered consciousness, hypoxemia, increased serum lactic acid, or
pulse beating such as full-pulse waves. The exclusion criteria were as follows: (1) patients with autoimmune diseases
and (2) patients with malignant tumors. This study complies with the Declaration of Helsinki and was approved by
the Medical Ethics Committee of the Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical
University (2021-K-114-01). This study is a retrospective study based on the examination results of previous clinical
diagnosis and treatment. The exemption of informed consent will not have adverse effects on patients’ rights and
health, and is also conducive to the protection of patients’ privacy. We applied to the ethics committee for an
exemption from informed consent and it was granted. We state that the study complies with the Declaration of
Helsinki and that patient-related data are strictly confidential.

Methods

Sample Collection

After being hospitalized, all pediatric patients underwent three routine tests on blood, urine, and stool (feces), as well as
C-reactive protein (CRP), immunological, and blood chemistry tests. Sputum specimens were examined in the same
hospital for 13 respiratory pathogens (mycoplasma, chlamydia, adenovirus, respiratory syncytial virus, influenza A virus
(InfA), InfA/HINI, InfA/H3N2, influenza B virus, parainfluenza virus, bocavirus, rhinovirus, metapneumovirus, and
coronavirus). Blood samples were tested for IgG/IgM antibodies against Epstein—Barr virus (EBV) (viral capsid antigen,
early antigen, and nuclear antigen), foxoplasmosis, rubella, cytomegalovirus (CMYV), and herpes simplex virus (HSV)
(TORCH) and were also subjected to two fungal assays (4dspergillus galactomannan and fungal beta-p-glucan) and three
infectious disease tests (human immunodeficiency virus (HIV) antibodies, hepatitis C virus (HCV) antibodies, and syphilis
spirochete antibodies). In addition, mNGS was recommended for pediatric patients who had been treated with antibiotics
(eg, cephalosporins) prior to admission based on clinical presentation and laboratory screening results. mNGS was
performed only if the family of the patient voluntarily accepted the recommendation after we discussed it with them. Two
blood samples were collected from each patient for mNGS. One of the samples contained 3—5 mL of blood drawn from
two different veins, and this sample was sent to the same hospital for blood culture within 1 hour. The other was sent to

1912 "os Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Nan et al

BGI Genomics Co., Ltd., China for mNGS. Sample collection and storage strictly followed the standard protocols
required by BGI Genomics Co., Ltd.

Peripheral Blood Sample Processing and DNA Extraction (BGlI Genomics Co., Ltd)

After the sample in the blood collection tube was centrifuged at 2000g for 10 minutes, 0.6 mL of blood plasma was
removed and centrifuged at 16,000g for 10 minutes, and 300 uL. was used for DNA extraction. DNA was extracted using
a microsample genomic DNA extraction kit (DP316, Tiangen BioTech (Beijing) Co., Ltd., Beijing, China) according to
the kit instructions. The extracted DNA was used for DNA library construction.®

DNA Library Construction and Sequencing

For quality control, an Agilent 2100 Bioanalyzer was used to measure and control the size of the DNA fragments to be
inserted, and a Qubit dsSDNA HS Assay Kit (Thermo Fisher Scientific) was used to measure and control the library DNA
concentrations. Single-stranded circular DNA was first obtained through cyclization. Then, through rolling circle
amplification, the cyclized library DNA was formed into DNA nanoballs, which were loaded onto sequencing slides
(wafers) using the BGISEQ-50/MGISEQ-200/MGISEQ-2000 system.’

Data Analysis
Sequencing reads with low quality or a length less than 35 bp were removed. From the remaining high-quality reads, those
that could be aligned against the human genome by Burrows—Wheeler alignment (http://biobwa.sourceforge.net/) were

removed,® and after removal of low-complexity reads, the rest were classified by alignment with four large microbial
databases of bacteria, fungi, viruses, and parasites. Finally, according to the number of reads combined with the results from
other clinical tests, the possible pathogens that had invaded the bloodstream of the patient were identified.

Blood Culture

After checking the patient’s information, the skin was disinfected at the blood collection site with iodine tincture
according to the operating guidelines. Blood samples (3—5 mL) were collected from the veins of both upper limbs into
culture bottles. The blood samples were sent to the laboratory within 1 hour for relevant tests and blood bacterial culture.
The identification of bacterial species was completed by the French Mérieux automatic microbial identification instru-
ment (BacT/ALERT 3D).

Statistical Analysis
SPSS 26.0 software was used for data analysis and processing. Count data are expressed as the rate (%), and the x> test
was applied for intergroup comparisons, with p<0.05 indicating a statistically significant difference.

Results

Clinical Data

Of the 46 pediatric patients, 27 were boys, and 19 were girls. The youngest patient was 36 days old, and the oldest patient
was 15 years old. Five patients were infants (28 days to <1 year), 10 were toddlers (1 to <3 years), six were preschoolers
(3 to <6 years), and 25 were school age (6 to 15 years). Before admission, all 46 children had intermittent fevers with or
without chills and shivers, and the highest body temperature was 43°C. Sixteen children had a fever only, while the fever
was accompanied by cough and/or expectoration in nine children, vomiting in five, convulsions in five, skin rash
throughout the body in four, and swollen neck lymph nodes with pain in seven. Before hospitalization, the fever lasted
less than 7 days in 16 children and for 7 to <30 days in 30 children. In the latter set of patients, returning the body
temperature to normal was difficult despite medication and physical cooling, and the fever often resurged. More details of
the clinical data are shown in Table 1.

Routine Blood and CRP Test Results

All 46 children submitted blood for routine tests and the CRP test within 2 hours of admission. The white blood cell
count was low in 12 children (<4.0x10/L), normal in six children (4.0x10%/L-10.0x10°/L), and high in 28 children
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Table | The Clinical Data and Routine Blood and CRP Test
Results of All Patients

Sex

Female 19 (41.3%)

Male 27 (58.7%)

Age 36 days to |5 years
Infant (28 days to <I year) 5 (10.9%)

Toddler (I year to <3 years) 10 (21.7%)
Preschooler (3 years to <6 years) 6 (13.1%)

School age (6 years to <I5 years) 25 (54.3%)

Fever

Intermittent fevers (<43°C) with/without chills and shivers

Accompanying symptoms

None 16 (34.8%)
Cough and/or expectoration 9 (19.5%)
Vomiting 5 (10.9%)
Convulsion 5 (10.9%)
Skin rash throughout the body 4 (8.7%)
Swollen neck lymph nodes with pain 7 (15.2%)

Duration of fever

Less than 7 days 16 (34.8%)
7 days to <30 days 30 (65.2%)

White blood cell count

Low (<4.0x10%/L) 12 (26.1%)
Normal (4.0% 10°/L-10.0x 10%/L) 6 (13.0%)
High (>10.0x10%/L) 28 (60.9%)
CRP

Normal (<10 mg/L) 5 (10.9%)
High (>10 mg/L) 41 (89.1%)

Platelet count

Low (<100x10°/L) I (23.9%)
High (>100x10°/L) 35 (76.1%)

(>10.0x10°/L). CRP was high in 41 children (>10 mg/L, highest 263 mg/L), and the platelet count was low in 11 children
(<100x10°/L). More details of the blood tests are shown in Table 1.

Results of mMNGS and Other Pathogen Detection Methods

All 46 children underwent a blood culture test and tests for 13 respiratory pathogens and IgG/IgM antibodies against EBV
(viral capsid antigen, early antigen, and nuclear antigen) and TORCH. Blood culture tests identified one case of Candida
albicans infection, one case of Escherichia coli infection, and one case of Streptococcus agalactiae infection, resulting in
a positive rate of 6.5%. The average turnaround time was 3.2 days. Two children had a positive result on the tests for
a respiratory pathogen; both were positive for rhinovirus, which was not considered responsible for the BSI; the two
children were diagnosed with O. tsutsugamushi and S. agalactiae septicemia. One child was positive for IgG antibodies
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against EBV capsid antigen, early antigen, and nuclear antigen, and two children were slightly positive for IgM
antibodies against EBV capsid antigen. TORCH, two fungal assays (Aspergillus galactomannan and fungal beta-
D-glucan) and three infectious disease tests (human immunodeficiency virus (HIV) antibodies, hepatitis C virus (HCV)
antibodies, and syphilis spirochete antibodies) were negative.

mNGS had an average turnaround time of 2.2 days and revealed positive results in 30 children, giving a positive rate
of 65.2%, which was significantly higher than that of blood culture (»p<0.05). The frequency of each type of organism
identified by mNGS is shown in Table 2. Only three pathogens were detected in blood culture tests, while 28 pathogens
were detected by mNGS. Among the 30 children with positive mNGS results, 22 were infected by a single type of
pathogen (Table 3), and eight were infected by multiple types (Table 4). Both blood culture tests and mNGS detected one
case of C. albicans, one case of E. coli, and one case of S. agalactiae.

Treatment and Outcomes

All pediatric patients received empirical anti-infectious treatment and symptomatic treatment based on their medical
history, clinical manifestations, and laboratory test results after admission to the hospital. Among the 30 children with
positive mNGS results, antibiotic treatment was adjusted and switched to chloramphenicol in five children (patients 2—6)
diagnosed with O. tsutsugamushi infection; all five children showed significant improvement and were discharged after
their disease was cured. Patient 1, who had O. tsutsugamushi infection, died the day before the mNGS report. All six of
these patients had negative Proteus OX19, Proteus OX2, and Proteus OXK agglutination tests and showed no eschar.
Patients 7—12, 25, and 26 received additional treatment with ganciclovir injections after EBV was diagnosed. Patient 27
received additional acyclovir injections. Patients 17 and 30 received additional voriconazole injections after both were
diagnosed with Aspergillus, and patient 30 was also diagnosed with C. albicans infection in blood culture tests. All the
patients above showed marked improvements after treatment adjustment. In patients 21 and 22, the positive results for
Mpycobacterium (three reads) and Aspergillus (two reads) were considered not significant because they were inconsistent
with clinical manifestations and the results from other related examinations; both patients showed improvements after
empirical treatment. Patient 20 received additional metronidazole injections after Fusobacterium nucleatum was identi-
fied, and then the body temperature decreased to normal. In the remaining patients, the mNGS reports were consistent
with the clinical manifestations, and the identified pathogens were already being treated by antibiotics; therefore, no
treatment adjustment was made. One child with S. agalactiae infection died of septic shock the next day. Patient 17 had
leukemia accompanied by Aspergillus infection, and patients 7 and 8 with EBV-associated hemophagocytic syndrome
were withdrawn from treatment by their families and then died. The other 25 patients were cured and discharged after
active and comprehensive treatment.

Discussion

BSI is a serious systemic infectious disease caused by the invasion of pathogenic microorganisms (including bacteria,
fungi, viruses, and parasites), which can result in varying degrees of damage to tissues and organs in the human body. In
this study, 11 patients (patients 1-8, 10, 12, and 25) developed hemophagocytic syndrome, including six patients with
scrub typhus, and the first scrub typhus patient died of multiple-organ failure the day before the mNGS report.

Patients with BSIs often have abnormal laboratory findings, including abnormal peripheral blood white blood cell
counts and neutrophil counts and elevated CRP levels and erythrocyte sedimentation rates, but these abnormalities are
not specific to BSIs. Blood culture is considered the gold standard for the diagnosis of bacterial and fungal BSIs, but
in vitro culture of pathogens is often time-consuming and cumbersome and is not applicable to a variety of pathogens.
Other traditional methods for pathogen identification also have various limitations and cannot meet the needs of clinical
diagnosis.” Moreover, different subtypes or genotypes of pathogens vary in pathogenicity, necessitating the acquisition of
genomic information about the identified pathogens to guide clinical treatment.

In recent years, NGS, which is also known as high-throughput sequencing, has been continually improved and
popularized, providing a new, powerful means for pathogen diagnosis. By directly extracting and detecting all nucleic
acid fragments in a sample, this sequencing technology can identify the types of nucleic acids present and acquire
quantitative data by bioinformatic analysis, including the number and coverage of sequencing reads for pathogens. This

Infection and Drug Resistance 2022:15 hetps: 1915

Dove:


https://www.dovepress.com
https://www.dovepress.com

Nan et al

Dove

Table 2 Frequency of Each Type of Organism Identified by mNGS

Pathogens Identified by Blood Number of Reads for Each Frequency of Each Types | Frequency of Each Type of
mNGS Pathogen ldentified by of Organisms (Number of | Organism (Number Of
Blood mNGS Reads) Samples) 17,385
Orientia tsutsugamushi 1725 9.922% 6
10 0.058%
99 0.569%
1925 11.073%
152 0.874%
34 0.196%
Human herpes virus 4 (EBV) 1486 8.548% 8
302 1.737%
5 0.029%
126 0.725%
16 0.092%
620 3.566%
613 3.526%
689 3.963%
Human adenovirus 7 2049 11.786% 2
197 1.133%
Human B herpes virus 6B 2495 14.351% 2
941 5.413%
Streptococcus agalactiae 103 0.592% |
Moraxella osloensis 8l 0.466% |
Aspergillus 8 0.046% 3
2 0.012%
5 0.029%
Moraxella catarrhalis 14 0.081% |
Staphylococcus aureus 1551 8.921% |
Fusobacterium nucleatum 5 0.029% |
Mycobacterium 3 0.017% |
Streptococcus pneumoniae 17 0.673% |
Streptococcus pseudopneumoniae 7 0.040% |
Pneumocystis jiroveci 25 0.144% |
Torque teno virus (TTV) 30 0.173% 3
10 0.058%
3 0.017%
Human B herpes virus 5 (CMV) 1501 8.634% 3
18 0.104%
3 0.017%
Talaromyces marneffei 56 0.322% |
Human A herpes virus | (HSVI) 205 1.179% |
TTV 16 9 0.052% |
TTV 10 6 0.035% [
Escherichia coli 44 0.253% 2
6 0.035%
Escherichia fergusonii 9 0.052% |
Bacteroides thetaiotaomicron 10 0.058% |
Shigella dysenteriae 3 0.017% |
Enterococcus faecium 4 0.023% |
Prevotella melaninogenica 3 0.017% |
TTV S8 3 0.017% |
Human herpes virus 6A 3 0.017% |
Candida albicans 54 0.311% |
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Table 3 Data for the 22 Patients with Single-Pathogen Infections

Patient | Blood EBV Antibodies Pathogens Number of Reads for Each
No. Culture Identified by Blood Pathogen Identified by Blood
mNGS mNGS
1-6 Negative Negative Orientia tsutsugamushi 1725
10
99
1925
152
34
7 Negative Patient | 1: slightly positive for IgM antibodies Human herpes virus 4 1486
8 against EBV capsid antigen (EBV) 302
9 5
10 126
I 16
12 620
13 Negative Negative Human adenovirus 7 2049
14 Human B herpes virus 2495
6B
15 Streptococcus | Negative Streptococcus agalactiae | 103
agalactiae
16 Negative Negative Moraxella osloensis 8l
17 Aspergillus 8
18 Moraxella catarrhalis 14
19 Staphylococcus aureus 1551
20 Fusobacterium 5
nucleatum
21 Negative Patient 21: positive for IgG antibodies against Mycobacterium 3
22 EBV capsid antigen and nuclear antigen Aspergillus 2

technology has various advantages. First, it does not require sample culture before testing, thereby preventing missed
diagnosis of pathogens that are difficult to culture. Second, all nucleic acid fragments are tested directly and nonspeci-
fically without prior selection of a coverage range; in other words, this technology is unbiased, which minimizes the
likelihood of missed diagnosis and allows the detection of host genes to facilitate diagnosis. Third, for patient follow-up,
NGS can be repeated to compare the quantitative and semiquantitative data (eg, the number of reads for pathogens)
before vs after treatment.

The greatest advantage of mNGS is rapid, accurate, and high-throughput detection, which provides evidence
supporting early targeted anti-infective treatment. Correct interpretation is also key to reaping the benefits of mNGS.
Due to the complex operation process of mNGS, contamination can easily be introduced at each step, which will interfere
with the test results by making it impossible to determine if the detected pathogens are colonizing bacteria, background
bacteria or pathogenic bacteria. Systematic analysis, interpretation and verification of laboratory and auxiliary examina-
tion results are necessary.'’

Scrub typhus is an acute infectious disease caused by O. tsutsugamushi (family Rickettsiaceae). The primary reservoir
hosts for this disease are rodents, and the disease spreads to people through bites from infected chiggers (larval mites).
The clinical manifestations often include persistent high fever, toxemia, skin rash, eschars (which are often in hidden
areas such as the armpit, groin, and perineum and are thus easy to miss), lymph node enlargement, and damage to the
respiratory system.''"'> However, all these symptoms are atypical, and scrub typhus is therefore often misdiagnosed. At
present, serosurvey remains the main laboratory method for the diagnosis of scrub typhus, and the Weil-Felix reaction is
commonly used. Although the Weil-Felix reaction can be used for preliminary diagnosis due to its low cost and ease of
use, this test has a high false-negative rate, which is mostly caused by the use of antibiotics in the early stage or a lack of
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Table 4 Data for the Eight Patients with Multiple Pathogen Infections

No. | Blood EBV Antibodies Pathogens Identified by Number of Reads for Each Pathogen
Culture Blood mNGS Identified by Blood mNGS
23 Negative Negative Streptococcus pneumoniae 117
Streptococcus 7
pseudopneumoniae
24 Negative Negative Pneumocystis jiroveci 25
Human adenovirus 7 197
Torque teno virus (TTV) 30
25 Negative Negative Human B herpes virus 5 1501
(CMV) 613
Human y herpes virus 4 (EBV)
26 Negative Slightly positive for IgM antibodies Human y herpes virus 4 (EBV) | 689
against EBV capsid antigen Human B herpes virus 5 18
(CMV)
27 Negative Negative Talaromyces marneffei 56
Human a herpes virus | 205
(HSVI) 10
v 9
TTV 16 and TTV 10 6
28 Escherichia | Negative Escherichia coli 44
coli Escherichia fergusonii 9
Bacteroides thetaiotaomicron 10
Shigella dysenteriae 3
Enterococcus faecium 4
Prevotella melaninogenica 3
% 3
TV 8 3
29 Negative Negative Escherichia coli 6
Human herpes virus 6B 941
Human herpes virus 5 (CMV) | 3
Human herpes virus 6A 3
30 Candida Negative Candida albicans 54
albicans Aspergillus 5

an effective immune response due to a weak immune system. Hence, the Widal test and the Weil-Felix reaction have low
sensitivity and specificity. In addition, rickettsiae grow inside cells, complicating their detection in in vitro culture tests.
All these factors complicate the diagnosis of scrub typhus in patients without noticeable eschars. Moreover, scrub typhus
is often complicated by hemophagocytic syndrome in children, in whom missed/delayed diagnosis and treatment are
responsible for 7.8% to 25.0% of fatalities.'*'* NGS can facilitate the rapid diagnosis of scrub typhus. In this study,
effective antibiotics were used after identification of a scrub typhus pathogen, which led to satisfactory prognosis,
suggesting that mNGS is highly valuable in the diagnosis of scrub typhus.

At present, blood culture cannot be used to detect viruses clinically. Instead, viruses can be identified only by enzyme-
linked immunosorbent assay and fluorescence quantitative detection. However, these methods have low positive rates and
long turnaround times and can be used only to detect specific types of viruses. In this study, patients 11 and 26 were
weakly positive for IgM antibodies against EBV capsid antigens, and patient 11 was still positive at re-examination half
a month later. All other patients were negative for IgM antibodies against EBV capsid antigen, early antigen, and nuclear
antigen. In a case report published by Piantadosi et al,'> Powassan virus was identified within 4 days by metagenomic
sequencing in a patient with severe encephalitis who had a history of close contact with rodents such as bats. In this case,
metagenomic sequencing identified the rare virus four weeks earlier than traditional methods. Therefore, we believe that
mNGS can detect viruses causing BSIs in pediatric patients earlier and more accurately than serosurveys for pathogens.
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In the children who were positive for bacterial or fungal infection by mNGS, the low positive rate of the traditional
pathogen detection method may be attributed to the empirical antibiotic therapy administered to treat the suspected infection
before blood samples were collected. In patient 19, the blood culture test was negative, but the subsequent ascitic fluid culture
revealed the presence of Staphylococcus aureus, consistent with the mNGS result. Previous studies have shown that blood
NGS yields results that are highly consistent with those of blood culture tests, suggesting that it is a reliable tool for pathogen
detection.'® In a Chinese study, the sensitivity and specificity of NGS were 72.7% and 89.6%, respectively, when using blood
culture as the gold standard; in addition, NGS provided more information than blood culture, indicating that NGS is
a powerful tool to supplement blood culture.'® In another study of septic shock, the positive rate of NGS remained nearly
71% within the first 3 weeks after symptom onset, while that of blood culture reached only 33% at onset and then fluctuated
between 10% and 20%."'” The newly released “Clinical Practice Expert Consensus for the Application of Metagenomic Next-

Generation Sequencing”'®

also recommends blood mNGS for patients with a suspected BSI but negative 3-day blood culture
tests who do not respond to empirical anti-infection treatment.

Due to the high cost of mNGS examination, the sample size of this study was relatively small, and the design was not
prospective. The positive rate of blood cultures may have been lower due to the treatment of some patients with
antibiotics prior to hospitalization. In future research, we will design a multicenter prospective study and enroll more

children with BSIs to obtain results more consistent with evidence-based medicine.

Conclusion

The results of this study show that mNGS has high sensitivity for the diagnosis of pathogens in pediatric patients with
infectious diseases and can provide evidence of infections of unknown etiology or confirm a clinically suspected
diagnosis. Therefore, mNGS can be used as an effective tool to supplement current clinical detection methods. mNGS
also shows satisfactory performance in detecting specific pathogens, such as O. tsutsugamushi, in pediatric patients.

Disclosure
The authors report no conflicts of interest in this work.
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