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Purpose: Metagenomic next-generation sequencing (mNGS) is an emerging technique for pathogen detection. However, most 
literature on the clinical application of pediatrics generally comprises case reports or small-scale cohort studies.
Patients and Methods: A total of 101 children with community-acquired severe pneumonia admitted to Tianjin Children’s Hospital from 
November 2021 to February 2022 were included. Pathogens in bronchoalveolar lavage fluid (BALF) specimens were detected using mNGS. 
The performances of mNGS and conventional tests on pulmonary infection diagnosis and pathogen identification were compared.
Results: According to our data, mNGS had a broader spectrum for pathogen detection. The mNGS results of BALF showed that the 
number of children with severe pneumonia hospitalized for mycoplasma pneumoniae infection was more than that for other bacterial 
infections during the COVID-19 epidemic. In addition, 43 cases (42.6%) had been identified with mixed infection, including 36 cases 
(35.6%) of Mycoplasma pneumoniae mixed with other pathogenic bacteria. Analytically, the mNGS exhibited significantly enhanced 
detection in the BALF as compared with the conventional laboratory pathogenic detection approaches (P < 0.05). The Pearson correlation 
analysis revealed positive correlation between the time of fever during hospitalization and the number of mycoplasma sequences (P < 0.05).
Conclusion: Compared with traditional methods, mNGS has a higher etiological detection rate and can comprehensively detect 
various pathogens of severe pneumonia. Therefore, mNGS of bronchoalveolar lavage fluid should be performed in children with 
severe pneumonia, which is of great significance for guiding treatment.
Keywords: mNGS, severe pneumonia, pathogen, BALF, children

Introduction
Pneumonia is a common disease in children and is the leading cause of mortality in children under 5, worldwide. It is 
a serious health concern that threatens children’s health and has attracted remarkable attention from clinicians around the 
globe.1,2 The World Health Organization reported 740180 children death under the age of 5 in 2019.3 The common 
pathogenic detection approaches for etiological diagnosis include traditional microbial culture, nucleic acid amplification 
detection, molecular immunology test, and so on. However, these diagnostic procedures are controversial because of 
recognized limitations such as a narrow spectrum of pathogen detection, lacking both in timeliness and sensitivity, and so 
on.4 Recent advances in the detection of pathogenic microorganisms have led to the emergence of rapid detection 
approach, metagenomic next-generation sequencing (mNGS) technology, which has changed the landscape and spectrum 
of the etiological diagnosis of critical and difficult cases.
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We have done mNGS studies of bronchoalveolar lavage fluid with community-acquired pneumonia, and found that 
the positive coincidence rate of the mNGS method for pathogens was much higher than that of the CT method (culture 
and targeted polymerase chain reaction tests).5 However, further studies are needed for severe pneumonia. This study 
aimed to investigate the significance of mNGS examination of alveolar lavage fluid in children with severe pneumonia.

Materials and Methods
Patients and Definitions
One hundred and one children with community-acquired severe pneumonia treated in Tianjin Children’s Hospital were 
selected from November 2021 to February 2022. All children were excluded from COVID-19 by nasopharyngeal PCR. 
Among the 101 children, 44 were males and 57 were females. The age of the children ranged from 1 to 16 years old. 
Inclusion criteria were as follows: (1) All children met the WHO diagnostic criteria for severe pneumonia,6 and fiberoptic 
bronchoscopy was performed.7 (2) The clinical data of children were complete. (3) Informed consent was signed for 
bronchoscopy and mNGS examination. Exclusion criteria were as follows: (1) Hospitalization for other reasons. (2) 
Basic diseases such as immune deficiency disease. General demographic data, clinical data, and imaging information 
were collected material. The clinical characteristics of the children are shown in Table 1.

mNGS Detection
mNGS detection was performed by a medical laboratory. Its microbial database covers bacteria, fungi, atypical pathogens 
(Mycoplasma, Chlamydia, Bartonella, etc.), viruses, and parasites. NGS technology extracts total nucleic acid from 
clinical samples, removes human nucleic acid through dehostization, randomly interrupts PCR-Free library construction, 
and performs quantitative quality inspection of Qubit library. Bioinformatics analysis identifies specific microbial species 
and then excludes the microbial community background that often occurs in different sampling sites and specimen types 
to find possible pathogenic microorganisms in the detected clinical specimens. The genome sequence was obtained from 
the National Center of Biotechnology Information (fp:/fip.acbi alm nhgov/genomes/). The pathogen detection index 
provided by mNGS technology includes the number of specific nucleic acid sequence reads identified by pathogen. The 
larger the number of reads, the higher the relative content of the pathogen detected.

Statistical Analysis
SPSS 22.0 software was used for data processing and statistical analysis. The measurement data that conformed to the 
normal distribution were expressed as ±s, and the t-test was used for the comparison between groups; the measurement 
data that was not normally distributed was expressed as M (Q1, Q3), and the comparison between groups was used 

Table 1 Clinical Characteristics of Severe Pneumonia 
in Children

Clinical Characteristics Results (%)

The age 7 (5,8)

Clinical picture

Persistent fever 81 (80.2%)
Intermittent fever 20 (19.8%)

Cough 101 (100%)
Difficulty breathing 1 (0.9%)

Lower chest indrawing 37 (36.6%)

Nasal flaring 57 (56.4%)
Grunting 6 (5.9%)

Imaging features

Atelectasis/consolidation 101 (100%)
Pleural effusion 16 (15.8%)

Plastic bronchitis 13 (12.9%)
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Mann–Whitney rank sum test. The correlation between continuous variables was assessed using Pearson’s correlation 
test. The enumeration data were expressed as cases (%), the detection rate of each group was compared by χ²-test, and 
P<0.05 was considered statistically significant.

Result
Basic Situation
The patients underwent the first fiberoptic bronchoscopy 1–3 days after admission. The results revealed 58 cases (57.4%) 
of single infection, including 51 cases (50.5%) of Mycoplasma pneumoniae (MP), 5 cases (4.9%) of Streptococcus 
pneumoniae (Sp), 1 case (1%) each for Haemophilus influenzae (Hi) and human herpesvirus 6B. In addition, 43 cases 
(42.6%) were found with mixed infection, including 36 cases (35.6%) of Mycoplasma pneumoniae with other pathogenic 
bacteria and 7 cases (6.9%) of bacteria with bacteria/virus mixed infection. The detailed results are shown in Table 2.

Mycoplasma was the most important pathogen in this study, accounting for 86.1% of the total cases. The infection 
detection rates of male and female children were 93.2% and 80.7%, respectively, and exhibited no difference in the 
detection rates of different genders (P= 0.07). The sample size in early childhood (1–3 years old) was relatively small, 
with 4 cases, of which 3 cases of Mycoplasma infection. In 31 cases of preschool age (3–6 years old) and 66 cases of 
school age (6–12 years old), the detection rates of mycoplasma were 61.3% and 98.5%, respectively. The variation was 
found statistically significant (P< 0.001), indicating that school-age children are more susceptible to Mycoplasma 
pneumonia.

Comparison of Traditional Detection Methods and mNGS in Different Types of 
Pathogens
The comparison between mNGS and traditional methods is shown in Table 3. The mNGS portend significantly higher 
etiological detection rate compared with traditional detection methods: bacteria (12.87% vs 2.97%), mycoplasma 
(86.13% vs 44.55%), and the extent of variation was statistically significant (P<0.05). Tuberculosis, fungal and viral 
infections were not detected by traditional methods in this study. One case of tuberculosis infection, 3 cases of fungal 
infection, and 24 cases of viral infection were found in NGS examination.

Correlation Analysis of the Number of Sequences Detected by Mycoplasma in NGS
The Pearson correlation analysis revealed a positive correlation between the time of fever and the number of mycoplasma 
sequences in bronchoalveolar lavage fluid during hospitalization (P=0.049). However, the count number of white blood 
cells, CRP, PCT, LDH, and FER exhibit no significant correlation (P> 0.05), as shown in Table 4. The above-mentioned 
findings indicated that the number of mycoplasma sequences are associated with disease recovery. The higher the number 
of mycoplasma sequences, the longer the time span for a child’s body temperature to return to normal during 
hospitalization.

The Difference Between Pure Mycoplasma Infection and Mycoplasma Mixed Infection
Two groups of patients were included: single Mycoplasma pneumoniae infection group (51 cases) and a mixed infection 
group of Mycoplasma pneumoniae with pathogenic bacteria (36 cases). Both groups of patients were compared and 
analyzed for the number of white blood cells, CRP, PCT, LDH, FER, and other indicators, as shown in Table 5. The 
results revealed the absence of significant differences between the two groups, making it difficult to distinguish simple 
mycoplasma infection from mixed infection through blood tests. mNGS of BALF are of great significance for children 
with mixed infections.

Clinical Impact of mNGS Result
The clinical impact and role of mNGS results are shown in Figure 1. A total of 51 children had their treatment changed as a result 
of mNGS results (both positive and negative), representing approximately 50% of the total number of patients. Forty-two 
children were treated with first-line macrolide antibiotics after positively diagnosing mycoplasma pneumonia. In addition, 3 
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Table 2 Detection of Pathogens in Bronchoalveolar Lavage Fluid with mNGS

Bacteria

Streptococcus pneumoniae + + + + + + +

Streptococcus constellatus +

Moraxella catarrhalis +

Acinetobacter pittii +

Staphylococcus aureus + + +

Haemophilus influenzae + + + + + + + +

Mycobacteroides abscessus + + +

Tropheryma whipplei + + +

Acinetobacter baumannii + +

Virus

Human alphaherpesvirus 1 + + +

Human gammaherpesvirus 4 + + + + + + + +

Human betaherpesvirus 5 +

Human betaherpesvirus 6A +

Human betaherpesvirus 6B +

Human betaherpesvirus 7 + + + + +

Torque teno virus 7

Human mastadenovirus B +

Fungi

Aspergillus fumigatus +

Candida albicans +

Aspergillus nidulans +

Atypical pathogen

Mycoplasma pneumoniae + + + + + + + + + + + + + + + + + + + + + + + + + +

Mycobacterium tuberculosis complex +

Cases 51 5 1 1 2 1 1 2 1 1 1 2 7 1 1 1 1 1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2
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children with Staphylococcus aureus infection were treated with linezolid, 3 children with fungal infection were administered 
antifungal therapy, and 1 patient was diagnosed with tuberculosis infection and received active anti-tuberculosis treatment. 
Another mixed-infected patient diagnosed with adenovirus pneumonia was treated with human immunoglobulin. One patient 
discontinued antibiotics regimen after confirming only human herpesvirus 6B infection.

Discussion
The COVID-19 outbreak fetched significant concerns to the global health and medical environment. China devised 
a strong prevention and management strategy after being affected badly by pandemic, resulting in the elevated use of 
broad-spectrum antibiotics. Antimicrobial resistance (AMR) will likely become an important challenge in the post- 
pandemic era for the foreseeable future.8 Therefore, higher requirements are put forward for the detection method of 
pneumonia etiology. Recently, mNGS has achieved remarkable results with high sensitivity in diagnosing clinical 

Table 3 Comparison of Traditional Methods and mNGS in Different Kinds of Pathogens

Traditional Methods (n=101) mNGS (n=101) χ2 P

Bacteria 3 (2.97%) 13 (12.87%) 5.582 0.018
Mycoplasma 45 (44.55%) 87 (86.13%) 13.060 <0.001

Table 4 Correlation Analysis of the Number of Mycoplasma Sequences

Mycoplasma Sequences Fever Time WBC CRP PCT LDH FER

r 0.216 0.109 0.029 −0.028 0.095 0.082

P 0.049 0.316 0.792 0.799 0.384 0.458

Table 5 Comparison of Single Infection and Mixed Infection Groups

WBC×109/L CRP mg/L PCT ng/mL LDH U/L FER ng/mL

Single infection (n=51) 7.50 (6.04, 9.23) 19.78 (8.85, 42.77) 0.12 (0.09, 0.19) 295 (264, 368) 126.75 (90.29, 200.63)

Mixed infection (n=36) 7.86 (6.60, 9.68) 24.15 (13.31, 37.99) 0.125 (0.085, 0.288) 304 (264.5, 429.75) 125.3 (84.42, 253.58)

Z −1.293 −0.711 −0.436 −0.728 −0.328
P 0.196 0.477 0.663 0.466 0.743

Figure 1 Clinical impact of mNGS result.
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infectious diseases and discovering new pathogens. Using high-throughput sequencing technology to analyze patient 
samples’ nucleic acid content, the diagnosis spans a broad spectrum of infections and identifies many potential pathogens 
than any routine tests.9 Additionally, it outwitted some of the limitations of routine testing and helped achieve clinically 
actionable results within a reasonable time frame. Considering the potential of some sequencing platforms to provide 
same-day results, mNGS could revolutionize routine diagnosis.10 To our knowledge, this article is currently the largest 
mNGS study based on pediatric cases.

Our study found that among 101 patients with severe pneumonia, only 18 cases were infected with Streptococcus 
pneumoniae, and 87 were infected with mycoplasma. The number of mycoplasma infections was about 4.8 times that of 
streptococcus pneumoniae infections, higher than the results of other studies.11–13 This may be related to the strengthening 
of prevention of respiratory diseases in children during the COVID-19 epidemic, resulting in changes in the types of 
pathogenic bacteria susceptible to children, which requires further long-term observation. Although there are regional 
differences in the pathogen spectrum of children with respiratory tract infections, it can be seen from the results of this study 
and literature report that in recent years, MP was the most commonly detected bacteria among children aged ≥5 years 
hospitalized with CAP.14 In children 3–15 years of age, Mycoplasma pneumoniae pneumonia (MPP) accounts for 7–20% of 
community-acquired pneumonia.15,16 In recent years, reports of severe Mycoplasma pneumoniae pneumonia (SMPP) and 
refractory Mycoplasma pneumoniae pneumonia (RMPP) have gradually increased.17,18 Mixed infection is relatively 
common in SMPP or RMPP.17,19 Therefore, when the initial macrolide treatment effect is not good, it should be noted 
that it is a factor of drug-resistant strains or mixed infections. Mixed infection should be considered for children with RMPP 
combined with typical signs of bacterial infection, such as lung abscess, empyema, and sharply elevated inflammatory 
markers. Empirical antimicrobial therapy should be administered in addition to basic treatment. However, it is necessary to 
actively search for other pathogenic evidence for cases without typical manifestations. The application of NGS detection 
from BALF portends an opportunity for researchers to effectively solve this problem. The composition analysis of the 
pathogen spectrum not only provides the diagnostic basis for clinical empirical treatment, but also prevents downstream 
complications in advance, shortens the treatment time, improves prognosis, and relieves the pain in children.

mNGS is distinguished from the traditional test group in term of the positive rate of samples. By obtaining the 
sequence information of all nucleic acid fragments in the sample, mNGS can detect all types of microorganisms in 
a relatively short period by reading biological information with higher sensitivity and specificity.20 However, some 
studies reported a lower positive rate of blood NGS with low sensitivity,21 indicating that NGS is not suitable for all 
types of pathogenic examination. Although sputum culture isolation is a time-consuming approach with poor sensitivity 
and relatively difficult to obtain evidence of etiology, it is still hailed as the core method for detecting pathogenic 
microorganisms.22 The advantage is that, on the one hand, the cultured isolates are live microorganisms, not dead 
bacteria, which helps to identify pathogenic bacteria. On the other hand, culture can execute strain identification and drug 
susceptibility testing of positive pathogenic microorganisms and provide information such as drug susceptibility/ 
resistance and minimum inhibitory concentration, which is convenient for guiding clinical anti-infection treatment. 
The diagnosis of M. pneumoniae primarily relies on culture, serology, and nucleic acid amplification. However, the 
limited experimental site and detection time of the above-mentioned conventional detection method is the leading cause 
of using serum-specific IgM antibody as primary method for the diagnosis of Mycoplasma pneumoniae.23 But it has 
a time window and individual differences in antibody production, an indication for false negatives.24 MP-IgM generally 
begins to increase within 1 week of initial infection, peaks at 3rd week and then declines gradually.25 The persistence 
period is up to several years, which is not affected by antibiotic treatment. Therefore, mNGS, in combination with 
traditional methods, can draw more accurate conclusions.

mNGS results have significant clinical implications in diagnosis and treatment. Although all diagnoses required 
a combination of clinical manifestations, mNGS was used for the final diagnosis in 53 patients (52.5%). A retrospective 
study in Shanghai, China, found that a significant proportion of infections were modified based on mNGS (61.4%).26 It is 
changing the clinician’s way of thinking about the treatment of undiagnosed patients, shifting the focus from traditional 
medicine to genome-based diagnosis.27 mNGS results also directly led to changes in treatment. Because of the rapid 
etiologic results, antibiotics can be escalated or adjusted as quickly as possible. mNGS can also rule out bacterial 
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infections, thus reducing the use of antibiotics. Based on mNGS results, treatment regimens can be optimized, and drug 
resistance caused by empirical medication can be reduced, reducing medical costs.

In children with severe community-acquired pneumonia, mNGS in bronchoalveolar lavage fluid exhibit a higher 
detection rate than traditional methods, especially in the detection of bacteria, mycoplasma, and co-infections, and aids in 
timely and accurate clinical interventions to provide a basis for clinical diagnosis and treatment. In 2018, the US Food 
and Drug Administration (FDA) released a set of guidelines to promote the efficient development of mNGS technology 
and guide the management and treatment method.28 In 2020, Chinese experts proposed the “Expert Consensus on the 
Clinical Application of Metagenomics Sequencing Technology in Moderate and Severe Infections (1st Edition)”.29 

mNGS has been the center of attention for many experts and scholars. However, we also found that the cost of 
mNGS as a new detection method is still high,30 especially for developing countries. In this study, only DNA was 
tested, and RNA was not sequenced, mainly due to economic factors. Additional information needed to be obtained from 
mNGS data in terms of detection of virulence factors, identification and typing of antimicrobial resistance markers, and 
minimum inhibitory concentrations (MICs), but these are still in their experimental stages.10 With the continuous 
development of technology, mNGS will show a broader application prospect.
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