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Bin Wang1 and Na Du1*

1Department of Infectious Diseases, The First Hospital of Jilin University, Changchun, China, 2Genetic
Diagnosis Center, The First Hospital of Jilin University, Changchun, China
Background: When individuals infected with human immunodeficiency virus

(HIV) experience pulmonary infections, they often exhibit severe symptoms and

face a grim prognosis. Consequently, early, rapid, and accurate pathogen

diagnosis is vital for informing effective treatment strategies. This study aimed

to use metagenomic next-generation sequencing (mNGS) and targeted mNGS

(tNGS) to elucidate the characteristics of pulmonary infections in HIV and non-

HIV individuals.

Methods: This study enrolled 90 patients with pulmonary infection at the

Department of Infectious Diseases of The First Hospital of Jilin University from

June 2022 to May 2023, and they were divided into HIV (n=46) and non-HIV

(n=44) infection groups. Their bronchoalveolar lavage fluid (BALF) was collected

for mNGS analysis to evaluate the differences in pulmonary infection pathogens,

and tNGS detection was performed on BALF samples from 15 HIV-

infected patients.

Results: A total of 37 pathogens were identified in this study, including 21 bacteria,

5 fungi, 5 viruses, 5 mycobacteria, and 1 mycoplasma. The sensitivity of mNGS was

78.9% (71/90), which is significantly higher than that of conventional methods

(CTM) (39/90, P=1.5E-8). The combination of mNGS with CTM can greatly

enhance the sensitivity of pathogen detection. The prevalence of Pneumocystis

jirovecii (82.6% vs. 9.1%), cytomegalovirus (CMV) (58.7% vs. 0%), and Epstein-Barr

virus (EBV) (17.4% vs. 2.3%) was significantly higher in the HIV infection group than

in the non-HIV infection group (P<0.05). Although no statistically significant

difference was observed, the detection rate of Mycobacteria was higher in HIV-

infected patients (17.4%) than in the non-HIV group (6.8%). Furthermore, the tNGS

results of BALF from 15 HIV-infected patients were not entirely consistent with the

mNGS results., and the concordance rate of tNGS for the detection of main

pathogens reached 86.7% (13/15).
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Conclusion: Next-generation sequencing (NGS) can accurately detect

pathogens in the BALF of patients with pulmonary infection. The sensitivity of

tNGS is comparable to that of mNGS. Therefore, this technique should be

promoted in the clinic for better patient outcomes.
KEYWORDS

bronchoalveolar lavage fluid, metagenomic next-generation sequencing (mNGS),
targeted metagenomic next-generation sequencing (tNGS), HIV infection, pathogens
Introduction

Pulmonary infection is one of the most common causes of

fatality among humans due to its rapid onset, quick progression,

and multiple comorbidity (Kalil et al., 2016). The World Health

Organization estimates that more than 20 million people die of

pneumonia annually (McAllister et al., 2019). It is caused by many

pathogens, including bacteria, viruses, and fungi, and is more likely

to occur in immunocompromised patients, especially human

immunodeficiency virus (HIV)-infected individuals (Cribbs et al.,

2020). Such cases may present severe manifestation and worse

outcomes, thus requiring early, rapid, and accurate detection of

pathogens to guide an effective treatment strategy and improve the

prognosis. However, conventional methods (CTM), such as culture,

sputum smear, and molecular assays, have low diagnostic efficiency

of only 30-40% (Afsar et al., 2018; Phetsuksiri et al., 2020). So,

clinicians frequently prescribe empirical anti-infective treatment

based on clinical manifestations and imaging data. Nevertheless,

there are significant differences in the types and numbers of

pathogens between HIV-infected and non-HIV-infected people

(Tan et al., 2023).

Metagenomic next-generation sequencing (mNGS) has recently

been applied for diagnosing gene mutations as well as many

infectious diseases like pulmonary infection (Pourahmadiyan

et al., 2022; Kullar et al., 2023). This technique has a significantly

higher detection speed over CTM and can perform high-

throughput sequencing analysis of DNA or RNA using specimens

(Schlaberg et al., 2017). By comparing the sequence data with the

reference genome or a particular database, clinicians can identify

the variation and quantity of various microorganisms as well as

drug-resistance genes (Ávila-Rıós et al., 2020). Many studies have

reported the high sensitivity of mNGS for detecting pathogens

(Ávila-Rıós et al., 2020; Zhang et al., 2022; Kullar et al., 2023; Wu

et al., 2023). Nevertheless, the obtained specimens can affect the

accuracy of mNGS. Sputum and throat swabs are not ideal

specimens for detection tests because they are more likely to be

contaminated, and they carry fewer germs than bronchoalveolar

lavage fluid (BALF) (Wu et al., 2023). Despite BALF being more

difficult to obtain than sputum and throat swabs from patients with
02
pulmonary infection, it is a more reliable and acceptable sample for

mNGS analysis (Zhang et al., 2022). In clinical applications of

mNGS, following the initial mNGS detection, the targeted

metagenomic next-generation sequencing (tNGS) method has

gradually emerged. mNGS is relatively expensive and may be

affected by human genomic interference. tNGS, on the other

hand, combines multiplex PCR amplification with high-

throughput sequencing, focusing on detecting known pathogenic

microorganisms and drug resistance genes in the samples. tNGS

reduces detection costs and increases the sensitivity of pathogen

detection, which can simultaneously detect DNA and RNA, shorten

detection time, and is characterized by high cost-effectiveness

and customizability.

Currently, there are few researches on the characteristics of

pathogens among HIV-infected patients complicated with

pneumonia. This study retrospectively enrolled HIV-infected and

non-HIV-infected patients, evaluated the diagnostic value of mNGS

and tNGS in the diagnosis of pulmonary infections, and

summarized the pathogen profiles in such cases. Additionally, the

performance of CTM and mNGS in diagnosing pulmonary

infections was also summarized.
Methods

Study subjects

This study recruited 90 patients diagnosed with lower respiratory

tract infection at the Department of Infectious Diseases of The First

Hospital of Jilin University from June 2022 toMay 2023. There were 46

patients who tested positive for HIV infection and 44 patients who

tested negative for HIV infection. All patients underwent HIV antigen-

antibody testing. For patients with positive HIV screening antibodies, a

confirmatory Western blot (WB) assay was performed for

confirmation. The detailed demographic information, clinical data,

and sequencing results of the patients were obtained from the

electronic medical records. The research protocol was approved by

the ethics committee of our hospital (No. 2021-022-01). Each

individual provided written informed consent.
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BALF extraction and mNGS analysis

Before extracting the BALF, the routine preoperative

preparation was performed, with 2% lidocaine (15-20 mL) being

used for nebulization anesthesia. The BF-260 electronic

bronchoscope (Olympus, Japan) was applied to extract the BALF

with 100-150 mL of sterile physiological saline at 37°C. Then the

specimen was placed in a bottle coated with silicone.

And then, 1 mL of BALF sample was centrifuged at 12,000 rpm for

5 min to collect the pathogens and human cells. Next, 50 mL of

precipitate underwent depletion of host nucleic acids using 1 U of

benzonase and 0.5% Tween 20 at 37°C for 5 min. Subsequently, total

nucleic acids were extracted using a QIAamp UCP pathogen minikit

(Qiagen, Germany). To generate the library, 30 mL of the nucleic acid

eluate was used for DNA fragmentation, end repair, adapter ligation,

and polymerase chain reaction (PCR) amplification using a Nextera

DNA Flex kit (Illumina, San Diego, CA, USA). A Qubit dsDNA HS

assay kit was used to measure the library concentration. An Agilent

2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) was

applied to assess the library quality with a high-sensitivity DNA kit.

Besides, peripheral blood mononuclear cell samples from healthy

donors were prepared using the same protocol, and sterile deionized

water was extracted alongside the specimens to serve as a non-template

control (NTC) (Deng et al., 2022; Tao et al., 2022). The pooled libraries

were sequenced on a Nextseq 550 sequencing system (Illumina, San

Diego, CA, USA) with a single-end sequencing kit.
tNGS pipeline

Based on multiplex PCR and mNGS, in-house tNGS panel was

designed to detect 273 pathogens causing infections in different

systems according to the public pathogen databases and the

published studies. The 273 pathogens included 113 bacteria, 47

fungi, 101 viruses, and 12 parasites. After DNA extraction, multiplex

PCR with the designed primers was used to construct libraries.

Library concentrations were quantified using Qubit 4.0. Illumina

NextSeq platform was used for high-throughput sequencing.
Bioinformatics analysis

Trimmomatic software was used to remove the low-quality

reads, adapter contamination, duplicate reads, as well as reads

shorter than 35 bp. Low-complexity reads were also removed.

Human sequence data were identified and excluded by mapping

to a human reference genome (hg38) with the Burrows–Wheeler

Aligner (BWA) software. The remaining sequencing information

was aligned with the most recent databases for bacteria, viruses,

fungi, and protozoa provided by the National Center for

Biotechnology Information. Reads that met the criteria for being

considered unique were those with alignment lengths greater than
Frontiers in Cellular and Infection Microbiology 03
80%, sequence identities over 90%, and suboptimal to optimal

alignment score ratios less than 0.8.
Criteria for a positive mNGS/tNGS result

The specifically mapped read number (SMRN) of each microbial

taxonomy was normalized to the SMRN per 20 million total

sequencing reads to give the standardized SMRN (SDSMRN). The

criteria for reporting the positive mNGS/tNGS results were as follows

(Qin et al., 2021): (1) SDSMRN≥3 for bacteria (mycobacteria

excluded); (2) SDSMRN≥3 for fungi/DNA viruses; (3) SDSMRN≥1

for RNA viruses; (4) SDSMRN≥100 for parasites; (5) SDSMRN≥3 for

Mycoplasma/Chlamydia spp.; (6) SDSMRN≥1 (or SDSMRNG≥1 at the

genus level) forMycobacterium tuberculosis complex; (7) SDSMRN ≥3

for Nocardia spp. as a positive result.
Statistical analysis

SPSS version 22.0 software (IBM Corp., Armonk, NY, USA) was

utilized for data analysis. The independent t-test was performed to

compare the differences in counting data between the two groups.

The chi-squared test was used to evaluate the categorical variables.

A P-value below 0.05 was regarded as a significant difference.
Data availability

Sequencing data were deposited to the National Genomics Data

Center under accession number CRA016496. The authors declare

that the main data supporting the findings are available within this

article. The other data generated and analyzed for this study are

available from the corresponding author upon reasonable request.
Results

Clinical characteristics

In this study of 90 patients, 46 were identified as HIV-positive.

Within this HIV-infected cohort, a significantly higher proportion were

male compared to females, marking a clear contrast with the non-HIV

group. Furthermore, the ages of patients in the HIV group were

significantly lower than those in the non-HIV group. Across all these

patients with pulmonary infections, the predominant symptoms were

fever, cough, and expectoration, with no significant differences between

the two groups. Patients infected with HIV have significantly lower

counts of CD4 and the CD4/CD8 ratio compared to patients without

HIV. In addition, the occurrence of underlying diseases was

significantly greater in the non-HIV group compared to the HIV-

infected group, with hypertension being the most common among

these conditions (Table 1).
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Pathogen profiles of HIV group and non-
HIV group

Two physicians independently determined the causative pathogens

for each patient based on the results of mNGS and CTM, as well as the

patient’s treatment strategies, and prognosis. In cases of disagreement, a

third physician provided the final determination. According to the final

clinical diagnosis results, a total of 37 pathogens were observed in this

study, including 21 bacteria, 5 fungi, 5 viruses, 5 mycobacteria, and 1

mycoplasma. We found a notably higher incidence of fungal and viral

infections among HIV-infected patients compared to those without

HIV infection (Table 2).

The pathogen spectrum in patients from both the HIV and non-

HIV groups was shown in Figure 1. The results indicated that the

primary reason for the significantly higher rate of fungal and viral

infections in HIV patients was attributed to Pneumocystis jirovecii,

cytomegalovirus (CMV), and Epstein-Barr virus (EBV). The

prevalence of P. jirovecii in HIV patients was as high as 82.6%

(38/46), which was much higher than in the non-HIV group. For

the rarely pathogenic agents CMV and EBV, their potential for

opportunistic infection should not be underestimated due to the

unique characteristics of HIV patients. The occurrence rates of

other pathogens do not differ between the two groups, but it is

noteworthy that the frequency of Mycobacteria in HIV patients is

also higher than that in non-HIV patients, although the difference is

not statistically significant.
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Comparison of mNGS with CTM

We further compared the mNGS detection results with CTM

(Figure 2A). The sensitivity of mNGS reached 78.9% (71/90), which

is markedly superior to that of CTM (39/90, P=1.5E-8). The

superiority of mNGS over CTM was demonstrated in both the

HIV and non-HIV groups (Figure 2B). The negative results of

mNGS included 10 patients with no microorganisms detected, and

9 cases where the detected pathogen was excluded as the causative

agents. All of these 19 patients were not infected with HIV, and

their CTM also showed negative results.

The microorganisms identified by mNGS and CTM was

depicted in Figure 3. In HIV patients, CTM missed many cases of

P. jirovecii (n=16) and CMV (n=13), which were all detected by
TABLE 1 Basic characteristics.

Total
(n=90)

HIV
(n=46)

Non-HIV
(n=44)

P-value

Sex

Male 67(74.4%) 44(95.7) 23(52.3%) 1.6E-6

Female 23(25.6%) 2(4.3%) 21(47.7%)

Age (Median[IQR]) 52(40-63.5) 43.5(33.25-53) 59(51.75-69) 9.3E-7

Clinical characteristics

Fever 82(91.1%) 41(89.1%) 41(93.2%) 0.7

Cough 69(76.7%) 35(76.1%) 34(77.3%) 1

Expectoration 53(58.9%) 23(50%) 30(68.2%) 0.1

Diarrhea 16(17.8%) 11(23.9%) 5(11.4%) 0.2

Immunity index

CD4 [Median(IQR)] 128.5 (13.725-484.75) 13.75 (6.1-35.25) 511.5 (315-759.5) 3.3E-12

CD4/CD8 [Median(IQR)] 0.225 (0.0525-1.93) 0.055 (0.02-0.1) 2.02 (0.84-3.205) 2.2E-13

Comorbidities

Hypertension 16(17.8%) 2(4.3%) 14(31.8%) 7.2E-4

Coronary heart disease 2(2.2%) 0 2(4.5%) 0.2

Diabetes 7(7.7%) 0 7(15.9%) 5.1E-3

Tumor 7(7.7%) 0 7(15.9%) 5.1E-3

Interstitial lung disease 1(1.1%) 0 1(2.3%) 0.5
TABLE 2 Pathogen types in the BALF from the HIV and non-HIV
infection groups.

Pathogen
type

HIV
infection
group

Non-HIV
infection
group

P

Fungi 91.3% (42/46) 20.5% (9/44) 3.7E-
12

Viruses 67.4% (31/46) 6.8% (3/44) 1.1E-9

Bacteria 34.8% (16/46) 47.7% (21/44) 0.3
frontie
BALF, bronchoalveolar lavage fluid.
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mNGS. Similarly, in non-HIV patients, mNGS detected bacterial

and fungal infections that CTM failed to identify. mNGS only

missed 3 pathogenic agents detected by CTM, including one case of

Klebsiella pneumoniae, one case of Acinetobacter baumannii, and

one case of SARS-CoV-2. In this study, two patients died due to

multi-organ failure, including one HIV-positive individual and one

non-HIV-positive individual. The vast majority of the remaining

patients attained improved prognoses through treatment strategies

informed by pathogen detection results (Figure 2C). Thus, it can be

seen that mNGS detection can greatly reduce the rate of missed

diagnoses due to the insufficient sensitivity of CTM.
The performance of tNGS

BALF samples from 15 HIV patients underwent concurrent

tNGS detection to assess its performance. Among them, tNGS

identified the primary causative pathogens in 13 patients,

achieving a consistency rate of 86.7% (13/15) compared to

mNGS. tNGS identified some additional pathogens, mainly

viruses, compared to mNGS (Figure 4A). However, the

pathogenicity of most of these viruses was not considered.

Additionally, tNGS successfully identified all causative pathogens

in 3 cases. In other cases, CMV was the main pathogen that tNGS
Frontiers in Cellular and Infection Microbiology 05
did not detect. (Figure 4B). Hence, the diagnostic potential of tNGS

for pulmonary infections in HIV patients is promising.
Discussion

It is crucial to identify pathogens and perform accurate

treatment regimens on patients with pulmonary infection. The

conventional detection methods include sputum smear, culture,

and other molecular tests, but they have low diagnostic rates, which

may delay the timing of treatment (Caetano Mota et al., 2012). In

this study, we performed mNGS analysis on the BALF from HIV-

infected and non-HIV-infected patients with pulmonary infection

and found significant differences in the pathogen profiles between

the two study groups. tNGS detection was simultaneously

performed on BALF from 15 HIV-infected patients to observe the

clinical utility of tNGS in HIV-infected patients.

In this study, patients in the non-HIV group were found to have

a higher prevalence of bacterial infections, while HIV patients were

more commonly infected with fungi and viruses. Particularly

notable was the significantly higher proportion of P. jirovecii,

CMV, EBV, and tuberculosis in HIV-infected patients compared

to those without HIV infection. This indicated that they had multi-

pathogenic pneumonia and were at a higher risk of developing
FIGURE 1

Pathogen profiles of patients with and without HIV infection. CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; HHV, human
herpes virus; HIV, human immunodeficiency virus.
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opportunistic infections. Opportunistic infections frequently occur

in individuals with acquired immune deficiency (Shi et al., 2022),

and the current study showed that the HIV-positive patients were

infected with more than one type of pathogens, such as P. jirovecii,

M. tuberculosis, and nontuberculous mycobacteria, as well as

viruses, suggesting that they were susceptible to developing a

mixed infection. Previous research has revealed that HIV-infected

individuals with a lower CD4+ T-cell count and CD4+/CD8+ ratio

are prone to pneumonia (Xie et al., 2023). Therefore, monitoring

CD4+ lymphocytes with mNGS analysis is a favorable detection

method for HIV-infected patients with suspected lung infection.

Moreover, mNGS can identify the underlying pathogenic germs as

well as vulnerable individuals like the HIV-infected population.

This study revealed that the constituent ratio of P. jirovecii

ranked first among the HIV-infected patients and was higher than

that among the non-HIV-infected patients. This finding is

consistent with the previous studies demonstrating that this

pathogen is more likely to occur in immunosuppressed hosts

(Souza Lopes et al., 2016). P. jirovecii can aggravate lung

exudation and increase the mortality of infected patients,

especially those with an impaired immune function (Cheng et al.,

2023). Therefore, early detection of such life-threatening bacteria
Frontiers in Cellular and Infection Microbiology 06
can help clinicians determine the right treatment strategy to prevent

infected patients from developing severe pneumonia.

Different hospitals have distinct detection capabilities and

methods, which can greatly affect the detection rate of pathogens.

In China, smear staining remains the primary detection method for

P. jirovecii (Li et al., 2020). However, there is no unified operation,

quality-control process, or diagnostic standard, which brings great

diagnostic difficulties to clinicians. Over the years, culture has been

used as the gold standard for the diagnosis of M. tuberculosis and

nontuberculous mycobacteria, but the bacterial culture requires

harsh conditions for operators and laboratories (Jain et al., 2017).

In addition, its procedure takes a long time, which cannot be fed

back to clinicians in time. Moreover, the culture method shows low

sensitivity. With the advancement of mNGS, the detection rates of

M. tuberculosis and nontuberculous mycobacteria have been greatly

increased, especially for drug-resistant strains, indicating that a

large proportion of patients can receive effective, timely, and

accurate treatment. Serum markers and immunologic assays also

showed low specificity in the detection of Cryptococcus, various

viruses, and other pathogens (Jarvis et al., 2014). Additionally, non-

HIV-infected people with community-acquired or nosocomial

pneumonia had a very low chance of being detected with true
A B

C

FIGURE 2

The performance of mNGS and CTM in patients with different prognoses. (A) Comparison of mNGS and CTM detection (B) The sensitivity of mNGS
and CTM in HIV and non-HIV group (C) Prognosis of patients in HIV and non-HIV group. CTM, conventional methods.
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A B

FIGURE 3

Potential pathogens identified by mNGS and CTM. (A) HIV group; (B) non HIV group. The pathogens consisted of identical detection (the green) of
mNGS to CTM, extra detection (the red) of mNGS, false positive detection (the blue) of mNGS, extra detection (the yellow) of CTM, false positive
detection (the grey) of CTM. The false positive detection of mNGS represents those microorganisms were detected only by mNGS and diagnosed as
non-causitive pathogens. The false positive detection of CTM represents those microorganisms were detected only by CTM and diagnosed as non-
causitive pathogens. CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; HHV, human herpes virus; HIV, human
immunodeficiency virus; ADV, adenovirus; RSV, respiratory syncytial virus.
A B

FIGURE 4

The pathogens identified (A) and not identified (B) by tNGS in 15 HIV-infected patients. The pathogens consisted of identical detection (the green) of
tNGS to mNGS and extra detection (the red) of tNGS. CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; HHV, human herpes
virus; HIV, human immunodeficiency virus.
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pathogenic pathogens when only CTM were used, and the accuracy

rate of sputum smear and culture methods was less than 50%

(Caetano Mota et al., 2012).

Many studies have shown that mNGS is an irreplaceable

method for identifying pathogens in complex infections.

Compared with CTM, mNGS shows higher sensitivity because it

can simultaneously detect multiple pathogens and mutated genes as

well as requires a small amount of sample, which can help achieve a

precise anti-infection treatment (Morganti et al., 2019;

Pourahmadiyan et al., 2022). Although the adoption rate of

mNGS remains low in resource-poor areas of the world, it is

expected to be extensively used for the detection of complex

infectious diseases with the continuous progress of mNGS

technology and the significant decline in its cost.

Compared to the high economic burden of mNGS, tNGS is

more economically feasible for clinical application. tNGS is a

method that combines gene-targeted PCR amplification and high-

throughput sequencing, and its application value for pathogen

detection in clinical settings has been evaluated in several

literature studies (Mertes et al., 2011; Gaston et al., 2022). tNGS

can rapidly identify pathogens within 24-48 hours and complete the

detection of drug-resistant genes and virulence genes (Onda et al.,

2018). However, its applicability to patient populations is relatively

limited. If the patient presents with fever of unknown origin,

unclear etiology, and uncertain infectious pathogens, clinicians

may require a broader range of testing to assist in diagnosis,

especially for some rare and specific infectious pathogens.

However, for some populations, such as HIV-infected individuals,

opportunistic infectious pathogens are predominant. The tNGS

detection range can almost meet the needs of the majority of

patients, and it is more economical, making it more widely

applicable in clinical practice.
Limitation

This study had some limitations. First, it was a small-sample,

single-center research study, which might limit the accuracy of the

study. Further research should be performed with more samples

from distinct areas. Second, there is no unified detection process for

mNGS, and we did it according to the published literature, which

might cause false-positive or false-negative results. So, the data

interpretation was carried out by three experienced laboratory

personnel to lower the result bias as much as possible. Finally,

due to the limited budget, not all HIV patients underwent tNGS

testing, and its performance still requires further research.
Conclusions

I t i s impor t an t t o pe r f o rm mNGS or tNGS in

immunosuppressed patients combined with pulmonary infection

since these methods can quickly and precisely reveal pathogens to

help determine an effective anti-infective regimen. Therefore, both
Frontiers in Cellular and Infection Microbiology 08
mNGS and tNGS should be promoted in the clinic for better

patient outcomes.
Data availability statement

The data presented in the study are deposited in the China

National Center for Bioinformation - National Genomics Data

Center - Genome Sequence Archive, submission numbers

CRA016496 and CRA017709.
Ethics statement

The studies involving humans were approved by the ethics

committee of The First Hospital of Jilin University (No. 2021-022-

01). The studies were conducted in accordance with the local

legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.
Author contributions

LS: Data curation, Investigation, Writing – original draft. KZ:

Data curation, Writing – review & editing, Conceptualization,

Visualization. YL: Writing – review & editing, Data curation,

Software. LC: Formal analysis, Project administration, Resources,

Writing – review & editing. PZ: Methodology, Investigation,

Validation, Writing – review & editing. BW: Writing – review &

editing, Data curation, Investigation. ND: Conceptualization, Funding

acquisition, Writing – review & editing, Supervision, Visualization.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the Jilin Provincial Department of Science and

Technology, Norman Bethune Special Project(20210101434JC).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcimb.2024.1438982
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Sun et al. 10.3389/fcimb.2024.1438982
References
Afsar, I., Gunes, M., Er, H., and Gamze Sener, A. (2018). Comparison of culture,
microscopic smear and molecular methods in diagnosis of tuberculosis. Rev. Esp
Quimioter 31, 435–438.

Caetano Mota, P., Carvalho, A., Valente, I., Braga, R., and Duarte, R. (2012).
Predictors of delayed sputum smear and culture conversion among a Portuguese
population with pulmonary tuberculosis. Rev. Port Pneumol 18, 72–79. doi: 10.1016/
j.rppneu.2011.12.005

Cheng, Q. W., Shen, H. L., Dong, Z. H., Zhang, Q. Q., Wang, Y. F., Yan, J., et al.
(2023). Pneumocystis jirovecii diagnosed by next-generation sequencing of
bronchoscopic alveolar lavage fluid: A case report and review of literature. World J.
Clin. cases 11, 866–873. doi: 10.12998/wjcc.v11.i4.866

Cribbs, S. K., Crothers, K., and Morris, A. (2020). Pathogenesis of HIV-related lung
disease: immunity, infection, and inflammation. Physiol. Rev. 100, 603–632.
doi: 10.1152/physrev.00039.2018

Deng, W., Xu, H., Wu, Y., and Li, J. (2022). Diagnostic value of bronchoalveolar
lavage fluid metagenomic next-generation sequencing in pediatric pneumonia. Front.
Cell Infect. Microbiol. 12. doi: 10.3389/fcimb.2022.950531

Gaston, D. C., Miller, H. B., Fissel, J. A., Jacobs, E., Gough, E., Wu, J., et al. (2022).
Evaluation of metagenomic and targeted next-generation sequencing workflows for
detection of respiratory pathogens from bronchoalveolar lavage fluid specimens. J. Clin.
Microbiol. 60, e0052622. doi: 10.1128/jcm.00526-22

Jain, D., Ghosh, S., Teixeira, L., and Mukhopadhyay, S. (2017). Pathology of
pulmonary tuberculosis and non-tuberculous mycobacterial lung disease: Facts,
misconceptions, and practical tips for pathologists. Semin. Diagn. Pathol. 34, 518–
529. doi: 10.1053/j.semdp.2017.06.003

Jarvis, J. N., Bicanic, T., Loyse, A., Meintjes, G., Hogan, L., Roberts, C. H., et al.
(2014). Very low levels of 25-hydroxyvitamin D are not associated with immunologic
changes or clinical outcome in South African patients with HIV-associated
cryptococcal meningitis. Clin. Infect. Dis. 59, 493–500. doi: 10.1093/cid/ciu349

Kalil, A. C., Metersky, M. L., Klompas, M., Muscedere, J., Sweeney, D. A., Palmer, L.
B., et al. (2016). Management of adults with hospital-acquired and ventilator-associated
pneumonia: 2016 clinical practice guidelines by the infectious diseases society of
america and the American thoracic society. Clin. Infect. Dis. 63, e61–e111.
doi: 10.1093/cid/ciw353

Kullar, R., Chisari, E., Snyder, J., Cooper, C., Parvizi, J., and Sniffen, J. (2023). Next-
generation sequencing supports targeted antibiotic treatment for culture negative
orthopedic infections. Clin. Infect. Dis. 76, 359–364. doi: 10.1093/cid/ciac733

Li, T., Shi, J., Xu, F., and Xu, X. (2020). Clinical characteristics of pneumocystis
pneumonia after parental renal transplantation. Infect. Drug Resist. 13, 81–88.
doi: 10.2147/IDR

McAllister, D. A., Liu, L., Shi, T., Chu, Y., Reed, C., Burrows, J., et al. (2019). Global,
regional, and national estimates of pneumonia morbidity and mortality in children
younger than 5 years between 2000 and 2015: a systematic analysis. Lancet Glob Health
7, e47–e57. doi: 10.1016/S2214-109X(18)30408-X

Mertes, F., Elsharawy, A., Sauer, S., Van Helvoort, J. M., van der Zaag, P. J., Franke,
A., et al. (2011). Targeted enrichment of genomic DNA regions for next-generation
sequencing. Brief Funct. Genomics 10, 374–386. doi: 10.1093/bfgp/elr033

Morganti, S., Tarantino, P., Ferraro, E., D’amico, P., Viale, G., Trapani, D., et al.
(2019). Complexity of genome sequencing and reporting: Next generation sequencing
Frontiers in Cellular and Infection Microbiology 09
(NGS) technologies and implementation of precision medicine in real life. Crit. Rev.
Oncol. Hematol. 133, 171–182. doi: 10.1016/j.critrevonc.2018.11.008

Onda, Y., Takahagi, K., Shimizu, M., Inoue, K., and Mochida, K. (2018). Multiplex
PCR targeted amplicon sequencing (MTA-seq): simple, flexible, and versatile SNP
genotyping by highly multiplexed PCR amplicon sequencing. Front. Plant Sci. 9.
doi: 10.3389/fpls.2018.00201

Phetsuksiri, B., Rudeeaneksin, J., Srisungngam, S., Bunchoo, S., Klayut, W.,
Nakajima, C., et al. (2020). Comparison of loop-mediated isothermal amplification,
microscopy, culture, and PCR for diagnosis of pulmonary tuberculosis. Jpn J. Infect.
Dis. 73, 272–277. doi: 10.7883/yoken.JJID.2019.335

Pourahmadiyan, A., Alipour, P., Golchin, N., and Tabatabaiefar, M. A. (2022). Next-
generation sequencing reveals a novel pathogenic variant in the ATM gene. Int. J.
Neurosci. 132, 558–562. doi: 10.1080/00207454.2020.1826944

Qin, H., Peng, J., Liu, L., Wu, J., Pan, L., Huang, X., et al. (2021). A retrospective
paired comparison between untargeted next generation sequencing and conventional
microbiology tests with wisely chosen metagenomic sequencing positive criteria. Front.
Med. (Lausanne) 8. doi: 10.3389/fmed.2021.686247

Schlaberg, R., Chiu, C. Y., Miller, S., Procop, G. W., and Weinstock, G. (2017).
Validation of metagenomic next-generation sequencing tests for universal pathogen
detection. Arch. Pathol. Lab. Med. 141, 776–786. doi: 10.5858/arpa.2016-0539-RA

Shi, Y., Su, J., Chen, R., Wei, W., Yuan, Z., Chen, X., et al. (2022). The role of innate
immunity in natural elite controllers of HIV-1 infection. Front. Immunol. 13.
doi: 10.3389/fimmu.2022.780922

Souza Lopes, A. C., Rodrigues, J. F., Cabral, A. B., Da Silva, M. E., Leal, N. C., Da
Silveira, V. M., et al. (2016). Occurrence and analysis of irp2 virulence gene in isolates of
Klebsiella pneumoniae and Enterobacter spp. from microbiota and hospital and
community-acquired infections. Microb. Pathog. 96, 15–19. doi: 10.1016/
j.micpath.2016.04.018

Tan, Y., Chen, Z., Zeng, Z., Wu, S., Liu, J., Zou, S., et al. (2023). Microbiomes detected
by bronchoalveolar lavage fluid metagenomic next-generation sequencing among HIV-
infected and uninfected patients with pulmonary infection. Microbiol. Spectr. 11,
e0000523. doi: 10.1128/spectrum.00005-23

Tao, Y., Yan, H., Liu, Y., Zhang, F., Luo, L., Zhou, Y., et al. (2022). Diagnostic
performance of metagenomic next-generation sequencing in pediatric patients: A
retrospective study in a large children’s medical center. Clin. Chem. 68, 1031–1041.
doi: 10.1093/clinchem/hvac067

vila-Rıós, S., Parkin, N., Swanstrom, R., Paredes, R., Shafer, R., Ji, H., et al. (2020).
Next-generation sequencing for HIV drug resistance testing: laboratory, clinical, and
implementation considerations. Viruses 12, 617. doi: 10.3390/v12060617

Wu, W., Han, X., Zhao, H., Sun, H., and Sun, Q. (2023). Application value of next-
generation sequencing of bronchial alveolar lavage fluid in emergency patients with
infection. Cell Mol. Biol. (Noisy-le-grand) 69, 45–49. doi: 10.14715/cmb/2023.69.8.7

Xie, Y., Dai, B., Zhou, X., Liu, H., Wu, W., Yu, F., et al. (2023). Diagnostic value of
metagenomic next-generation sequencing for multi-pathogenic pneumonia in HIV-
infected patients. Infect. Drug Resist. 16, 607–618. doi: 10.2147/IDR.S394265

Zhang, D., Yang, X., Wang, J., Xu, J., and Wang, M. (2022). Application of
metagenomic next-generation sequencing for bronchoalveolar lavage diagnostics in
patients with lower respiratory tract infections. J. Int. Med. Res. 50, 3000605221089795.
doi: 10.1177/03000605221089795
frontiersin.org

https://doi.org/10.1016/j.rppneu.2011.12.005
https://doi.org/10.1016/j.rppneu.2011.12.005
https://doi.org/10.12998/wjcc.v11.i4.866
https://doi.org/10.1152/physrev.00039.2018
https://doi.org/10.3389/fcimb.2022.950531
https://doi.org/10.1128/jcm.00526-22
https://doi.org/10.1053/j.semdp.2017.06.003
https://doi.org/10.1093/cid/ciu349
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.1093/cid/ciac733
https://doi.org/10.2147/IDR
https://doi.org/10.1016/S2214-109X(18)30408-X
https://doi.org/10.1093/bfgp/elr033
https://doi.org/10.1016/j.critrevonc.2018.11.008
https://doi.org/10.3389/fpls.2018.00201
https://doi.org/10.7883/yoken.JJID.2019.335
https://doi.org/10.1080/00207454.2020.1826944
https://doi.org/10.3389/fmed.2021.686247
https://doi.org/10.5858/arpa.2016-0539-RA
https://doi.org/10.3389/fimmu.2022.780922
https://doi.org/10.1016/j.micpath.2016.04.018
https://doi.org/10.1016/j.micpath.2016.04.018
https://doi.org/10.1128/spectrum.00005-23
https://doi.org/10.1093/clinchem/hvac067
https://doi.org/10.3390/v12060617
https://doi.org/10.14715/cmb/2023.69.8.7
https://doi.org/10.2147/IDR.S394265
https://doi.org/10.1177/03000605221089795
https://doi.org/10.3389/fcimb.2024.1438982
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Metagenomic next-generation sequencing targeted and metagenomic next-generation sequencing for pulmonary infection in HIV-infected and non-HIV-infected individuals
	Introduction
	Methods
	Study subjects
	BALF extraction and mNGS analysis
	tNGS pipeline
	Bioinformatics analysis
	Criteria for a positive mNGS/tNGS result
	Statistical analysis
	Data availability

	Results
	Clinical characteristics
	Pathogen profiles of HIV group and non-HIV group
	Comparison of mNGS with CTM
	The performance of tNGS

	Discussion
	Limitation

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


