
Page 1/15

The Value of Alveolar Lavage Fluid mNGS in the
Peripheral Pulmonary Among Children
Kun-yin Qiu 

Sun Yat-Sen Memorial Hospital https://orcid.org/0000-0002-1809-0206
Xiong-yu Liao 

Sun Yat-sen Memorial Hospital
Jian-pei Fang 

Sun Yat-Sen Memorial Hospital
Dun-hua Zhou  (  zdunhua@163.com )

Sun Yat-Sen Memorial Hospital

Research Article

Keywords: NGS, children, pulmonary

Posted Date: February 10th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-181644/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-181644/v1
https://orcid.org/0000-0002-1809-0206
mailto:zdunhua@163.com
https://doi.org/10.21203/rs.3.rs-181644/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Objectives The aim of this study was to evaluate the value of alveolar lavage �uid mNGS in the diagnosis
of peripheral pulmonary infectious lesions among children.

Methods Twenty-eight consecutive pediatric patients suspected of pulmonary infections were
retrospectively.

Result The detection rate of traditional pathogen method was 17.9%, while the detection rate of mNGS
was 71.4% (P<0.01,). The smoothing curve also showed that, there is a negative linear correlation
between WBC and microbial reads (P<0.05,). Further we found when CRP is less than 60mg/dl, CRP
increases with the increase of microbial sequencing reads. With the ROC curves, we demonstrated the
different detection methods of alveolar lavage �uid in the diagnosis of peripheral pulmonary infectious
lesions.The results showed that mNGS was more sensitive (100%) and speci�c (90.9%) compared to
traditional method (83.3%, 18.2%). The PPV and NPV of mNGS were 100% and 75%. The AUC of mNGS
was 95.45%, while the AUC of traditional methods was 50.76%, which was with a signi�cant difference
(P<0.001). The PPV and NPV of traditional pathogen detection were 80% and 21.7%.

Conclusions Metagenomic NGS analysis can provided fast and precise pathogen detection and
identi�cation among children, and WBC and CRP could be used biomarkers of anti-infective e�cacy.

1 Introduction
Pneumonia is a common infectious disease in children, with an annual increase of 120 million children
with pneumonia worldwide, severe pneumonia accounts for 7%-13%, and 1 million people die[1]. Children
with severe pneumonia have many sequelae and die of illness.The rate is high, which brings burden to
the family and society[2]. Pathogen detection in children with severe pneumonia is very important to guide
clinical accurate drug use, shorten hospital stay, reduce sequelae and reduce mortality[3]. At present, the
methods of diagnosing pneumonia pathogens mainly include pharynx test, sputum culture, serum
pathogenic antibody detection, blood culture and so on, but they can not fully meet the needs of clinical
rapid and accurate treatment. In recent years, the second generation base. The development of
metagenomic next-generation sequencing(mNGS) not only enriches the traditional pathogen detection
methods, but also improves the detection rate of clinical respiratory tract infection pathogens. However,
reports on mNGS application in diagnosis respiratory tract pulmonary infections, particularly by using
bronchoscopy samples among children, remains rare. The aim of this study was to evaluate the value of
alveolar lavage �uid mNGS in the diagnosis of peripheral pulmonary infectious lesions among children.

2 Patients And Methods

2.1 Patients
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Twenty-eight consecutive pediatric patients suspected of pulmonary infections were retrospectively at
Sun Yat-sen Memorial Hospital, Sun Yat-sen University between February 2019 to May 2020. Among the
patients enrolled, 19 patients had underlying disease, including 16 cases of hematological malignancies
and 3 cases of autoimmune disease. This retrospective study was approved by the hospital institutional
review committee and informed consent was obtained from all patients’ guardian.

2.2 De�nition
Although bronchus alveolus lavage �uid (BALF) culture, and smear microscopy were used as traditional
pathogen detection methods, the �nal clinical diagnosis was con�rmed by comprehensive evaluation of
traditional pathogen detection, mNGS results and other clinical examination results. A mNGS or
traditional test result was considered positive only if the pathogen(s) detected was in consistence with
the �nal clinical diagnosis. If the patient’s �nal clinical diagnosis was non-pulmonary infectious disease,
the tests with positive results were considered as false positives. If the patient’s �nal clinical diagnosis
was pulmonary infectious disease, the tests with positive results were considered as true positives, while
the tests with negative results were considered as false negatives[4].

2.3 Detection method
Samples were collected from 28 children before bronchoscopy, including blood routine, c-reaction protein
(CRP), procalcitonin (PCT) and pharynx swab collection for virus detection. All the patients enrolled in the
study were perfected with routine examination before bronchoscopy, and bronchoscopy was performed
after the patients and their families signed. After fasting for 6 hours and water deprivation for 2 hours
before operation, Olympus V160 electronic bronchoscope was used for suction and debridement of
airway secretions. Normal saline was given to each segment or lobe of the diseased lung for 10–20 ml
each time, and each part was repeatedly lavaged for 2 to 3 times. Double-tube bronchoalveolar lavage
�uid was collected which was not less than 5 ml. The bronchoalveolar lavage �uid of the patient was
collected and divided into two parts, one was sent for general bacteria, fungi, bacterial smears and
culture, and the other was sent for mNGS, and the sample transport met the requirements of the
speci�cation.The bronchoalveolar lavage �uid was sent to the BGISEQ-100 platform (Shenzhen Huada
Gene Co, Ltd.). The nucleic acid was extracted and sequenced with high throughput. The results were
analyzed by bioinformatics and compared with the pathogen database to get the �nal result. Standard
references for reporting pathogenic bacteria.

2.4 Statistical Analyses
With the �nal clinical diagnosis as the gold standard, the patients were divided into pulmonary infection
group and non-pulmonary infection group, and the pulmonary infection group was the positive reference
group. The student t-test and χ2 test were used to calculate differences in continuous variables between
groups. P-values < 0.05 were considered to be statistically signi�cant. Sensitivity, speci�city, positive
predictive value (PPV), negative predictive value (NPV), and accuracy (ACC) were calculated, and
sensitivity and speci�city were compared between mNGS and traditional pathogen detection methods
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using the χ2 test. All statistics were reported as absolute values with their 95% con��dence interval (95%
CI) and all statistics were calculated by SPSS 22.0 software.

3 Results

3.1 Baseline characteristics of patients
A total of 28 eligible pediatric patients were enrolled in this study. The baseline characteristics of the
children are showed in Table 1. Of them, 14 (50%) are male and 14(50%) are female with a median age of
4 years old. In our study, the most prevalent hematological malignancies were hematopoietic stem cell
transplantation (n = 5, 17.9%), acute lymphoblastic leukemia (n = 4, 14.3%), acute myelocytic leukemia (n 
= 2, 7.1%), hemophagocytic syndrome (n = 2, 7.1%), chronic myelogenous leukemia(n = 1, 3.6%),
lymphoma (n = 1, 3.6%) and aplastic anemia (n = 1,3.6%). Idiopathic pulmonary hemosiderosis (n = 2,
7.1%) accounted for the majority of autoimmune diseases. The immune function was normal in nine
children, while the other 19 had immune de�ciency. For the �nal clinical diagnosis, twenty-two patients
were diagnosed with pulmonary infection, and eight were diagnosed with non-pulmonary infection.
Among the patients with pulmonary infections, the percentage with mNGS-positive result was 20/28
(90.9%), which was signi�cantly higher than that in non-pulmonary infection group (P < 0.01).
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Table 1
Characteristics of participants

Characteristic Total Pulmonary infection P
value

Yes(n = 22) No(n = 6)

Age,median(range), years 4.0 (1.0–15.0) 4.0 (1.0–15.0) 3.0 (1.0–6.0) 0.153

Gender,n(%)        

Male 14 (50%) 9 (40.9%) 5 (83.3%) 0.065

Female 14 (50%) 13 (59.1%) 1 (16.7%)

Immune function, n(%)        

Immune function de�ciency 19 (67.9%) 14 (63.6%) 5 (83.3%) 0.360

Immune function normal 9 (32.1%) 8 (36.4%) 1 (16.7%)

Temperature, median(range),℃ 37.8 (35.4–39.6) 37.9 (35.4–39.6) 37.5 (36.6–
39.0)

0.997

In�ammatory index,
median(range)

       

WBC(×109/L) 3.2 (0.5–18.9) 3.1 (0.5–18.9) 6.0 (2.2–
17.2)

0.364

ANC(×109/L) 2.1 (0.0-14.6) 1.9 (0.0-14.6) 3.3 (0.6–
11.0)

0.615

CRP(mg/dl) 10.7 (0.0-133.4) 12.6 (0.0-133.4) 7.0 (3.0–
65.0)

0.463

PCT(ng/ml) 0.1 (0.0-8.4) 0.2 (0.0-8.4) 0.1 (0.0-0.8) 0.447

NGS,n(%)        

Positive 20 (71.4%) 20 (90.9%) 0 < 
0.001

Negative 8 (28.6%) 2 (9.1%) 6 (100.0%)

Traditional pathogen
detection,n(%)

       

Positive 5 (17.9%) 4 (18.2%) 1 (16.7%) 0.932

Negative 23 (82.1%) 18 (81.8%) 5 (83.3%)

Detection time, median(range),
hours

       

NGS 48.5 (24.0–56.0) 48.0 (24.0–56.0) 50.5 (35.1–
55.0)

0.813

Blood culture 72(72–168) 75(72–150) 80(75–168)
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Characteristic Total Pulmonary infection P
value

Yes(n = 22) No(n = 6)

Sequencing
reads,median(range), reads

184.0 (0.0-
1469565.0)

670.5 (0.0-
1469565.0)

0.0 (0.0–0.0) < 
0.001

 

3.2 Pathogen physical examination
A total of 28 bronchoalveolar lavage �uid samples were sent for traditional pathogen detection, 5 strains
were detected, the detection rate was 17.9%, and the median reported recovery time was 72 (72–168)
hours. The other half of bronchoalveolar lavage �uid samples were sent for mNGS, and 20 strains were
detected with the detection rate of 71.4%, while the median detection time was 48.5 (24.0–56.0) hours.
The detection rate in mNGS group was signi�cantly higher than that in traditional pathogen detection
group (P < 0.01, Table 2).

Table 2
Comparison of the results of mNGS and traditional method

NGS Traditional pathogen detection Total P value

Positive Negative

Positive 2 18 20 < 0.001

Negative 3 5 8

Total 5 23 28

 

3.3 Etiological analysis between traditional pathogen
detection and mNGS
Five cases were positive by bacterial culture, which were 3 cases of bacteria and 2 cases of fungi
(Table 3). Twenty-�ve cases were detected by mNGS. Among them, the physical examination rate of
Mycoplasma pneumoniae was the highest (n = 5, 20%), all of which are found in pediatric patients with
normal immune function. Whereas, Virus (n = 9, 36%) were the most common pathogen in
immunode�cient children, and the others were Pneumocystis carinii (n = 2, 8%), Pseudomonas
aeruginosa (n = 2, 8%), Acinetobacter baumannii (n = 2, 8%), virus (n = 9, 36%) and Aspergillus (n = 2, 8%),
respectively.
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Table 3
Detection results of Organism of Pulmonary Infection in mNGS

Compared with Traditional Detection Method
Pathogen Traditional detection NGS

Mycoplasma    

Mycoplasma pneumoniae   5(20%)

Bacteria    

Pneumocystis Yersini   2(8%)

Pseudomonas aeruginosa 1(20%)  

Streptococcus parasanguis   2(7.1%)

Acinetobacter baumannii   2(7.1%)

Lactococcus acidophilus   1(3.6%)

Klebsiella pneumoniae   1(3.6%)

Streptococcus in children   1(3.6%)

Oral streptococcus 1(20%)  

Human staphylococci 1(20%)  

Virus    

Human adenovirus type 7   2(7.1%)

Human herpesvirus 4   1(3.6%)

Human parvovirus B19   1(3.6%)

CMV virus   3(10.7%)

EB virus   1(3.6%)

Human polyomavirus type 3   1(3.6%)

Fungus    

Candida tropicalis 1(20%)  

Aspergillus   2(7.1%)

Candida albicans 1(20%)  

Total 5(17.9%) 25(89.3%)

 

3.4 The association between WBC, CRP and microbial reads
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WBC and ANC were compared between patients with and without pulmonary infection, but we don’t �nd
any difference (Table 1). Otherwise, samples with the highest microbial reads (> 10,000 reads) had
signi�cantly lower WBC than samples with less microbial reads found, the smoothing curve also showed
that, there is a negative linear correlation between WBC and microbial reads (P < 0.05, Fig. 1). Microbial
sequencing reads was signi�cantly higher in patients when pulmonary infection was identi�ed (P < 0.001,
Table 1). Then we explored the relationship between CRP and microbial reads by the smoothing plot, with
an adjustment for potential confounders (Fig. 2). Further we found when the threshold level of CRP was
60mg/dl, the relationship between microbial reads and CRP level began to change and became notable
was determined using a trial method. When CRP is less than 60mg/dl, CRP increases with the increase of
microbial sequencing reads.

3.5 Performance of mNGS and Compare with Traditional
Pathogen Detection
With the ROC curves, we demonstrated the different detection methods of alveolar lavage �uid in the
diagnosis of peripheral pulmonary infectious lesions.The results showed that mNGS was more sensitive
(100%) and speci�c (90.9%) compared to traditional method (83.3%, 18.2%). The PPV and NPV of mNGS
were 100% and 75%, respectively. The AUC of mNGS was 95.45%, while the AUC of traditional methods
was 50.76%, which was with a signi�cant difference(P < 0.001). The PPV and NPV of traditional
pathogen detection were 80% and 21.7%, respectively (Fig. 3, Table 4).

Table 4
Comparison of Sensitivity and Speci��city Between mNGS and Traditional Detection Method

Method Cases PPV(%) NPV(%) Sensitivity(%) Speci�city(%) AUC P
value

NGS 28 100 75 90.9 100 95.45 < 
0.001

Traditional
Detection

28 80 21.7 18.2 83.3 50.76

Positive predictive value (PPV) ; negative predictive value (NPV); Area under the Curve of ROC(AUC)

4 Discussion
Our study retrospectively evaluated the value of mNGS in peripheral pulmonary infection by performing
mNGS and traditional pathogen detection in specimens obtained by bronchoscopy. Most of the patients
enrolled in this study had hematologic malignancy or autoimmune de�ciency disease. These patients
were chronically immunocompromised due to long-term use of large doses of antitumor drugs, cytotoxic
drugs, or glucocorticoids, and were prone to complicating diseases, especially pulmonary
complications[5–6].

When pulmonary lesions occur, the lesions should be judged quickly and accurately to guide the proper
follow-up treatment. Since the clinical manifestations of some infectious diseases and non-infectious
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diseases are very similar, this is more di�cult to distinguish by routine laboratory examination and
imaging analysis, where there are often overlap characteristics between diseases. This present study
revealed that mNGS has obvious differential signi�cance between pulmonary infection and non-
pulmonary infection, and the detection rate of pathogens in pulmonary infection is signi�cantly higher
than that in non-pulmonary infection, and accompanied by a higher microbial sequencing reads.
Moreover, mNGS was able to identify nearly 71.4% of patients with pulmonary infection, which was
higher than traditional pathogen detection, at 17.9% (P < 0.001), and the median detection time is
shorter(48.5 hours vs 72 hours). We speculated that the reason may be the effect of the use of
antimicrobials on bacterial culture among the bacteria with negative bacterial culture but positive by
mNGS. Because mNGS was to directly extract all nucleic acid fragments from samples and detect them.
The use of antibiotics had no obvious effect on the detection results, which was one of the advantages of
mNGS.

At present, the most common pathogen detection methods in specimens are microbial culture,
histopathology and smear microscopic examination. The microbial culture in tracheoscopes included
tissue culture and BALF culture[7–8], but the sensitivity was low, and the positive rate was related to many
factors, histopathology and smear microscopic examination could only identify a limited number of
fungal species or Mycobacterium tuberculosis. For virus detection, the above test methods are not
applicable[9–12]. In our study, interventional specimens were obtained from patients with suspected
pulmonary infection by bronchoscopy and sent for mNGS analysis. In addition, mNGS was more speci�c
and sensitive, with a speci�city of 100% and a sensitivity of 90.9%, while the speci�city of traditional
methods was only 83.3% and 18.2% (P < 0.001), which may be due to the traditional methods were
unable to detect more microorganisms, resulting in a higher true negative rate of non-pulmonary
infections[13–18]. Above of all, the AUC of mNGS was 95.45%, while the AUC of traditional pathogen
detection was 50.76%, which indicated that mNGS may play an important role in the diagnosis of
peripheral pulmonary infectious lesions among children.

Interestingly, we found that decreased WBC counts were associated with the presence of microbial DNA,
and was inversely proportional to the number of sequencing reads, which was consistent with previous
reports[19–20]. It’s known to all, neutropenia often occurs in pediatric patients with malignant hematology
after chemotherapy, resulting in severe infection. This result also suggested that we should increase the
counts of WBC in time during the interval of chemotherapy, which plays a signi�cant role in reducing the
infection rate. On the other hand, we also discovered that when CRP is less than 60mg/dl, CRP increases
with the increase of microbial sequencing reads, which suggested that CRP can be used as an index to
detect the curative effect of anti-infection.

The study has several limitations. Most importantly, it is a single centre retrospective study, so bias in this
study was inevitably. Secondly, the sample size of this research was still small. In spite of these
limitations, this study does provide a new perspective for studying the value of alveolar lavage �uid
metagenomic next-generation sequencing in the diagnosis of peripheral pulmonary infectious lesions
among children.
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Figure 1

The relationship between WBC and the microbial Sequencing reads. The smoothing curve also showed
that, there is a negative linear correlation between WBC and microbial reads.
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Figure 2

The relationship between CRP and the microbial Sequencing reads. When CRP is less than 60mg/dl, CRP
increases with the increase of microbial sequencing reads.
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Figure 3

The receiver operating characteristics curves of mNGS and traditional method compared in diagnosis of
peripheral pulmonary infectious lesions. Model 1 was traditional method, and model 2 was mNGS.


