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The diagnostic value of
metagenomics next-generation
sequencing in HIV-infected
patients with suspected
pulmonary infections

Mingjie Hou', Yanli Wang', Haizhen Yuan, Yuwei Zhang,
Xia Luo, Ningbo Xin and Qingxia Zhao*

Department of Infectious Diseases, The Sixth People Hospital of Zhengzhou, Zhengzhou, China

Background: Traditional microbiological detection methods used to detect
pulmonary infections in people living with HIV (PLHIV) are usually time-
consuming and have low sensitivity, leading to delayed treatment. We aimed to
evaluate the diagnostic value of metagenomics next-generation sequencing
(MNGS) for microbial diagnosis of suspected pulmonary infections in PLHIV.

Methods: We retrospectively analyzed PLHIV who were hospitalized due to
suspected pulmonary infections at the sixth people hospital of Zhengzhou
from November 1, 2021 to June 30, 2022. Bronchoalveolar lavage fluid (BALF)
samples of PLHIV were collected and subjected to routine microbiological
examination and mNGS detection. The diagnostic performance of the two
methods was compared to evaluate the diagnostic value of mNGS for
unknown pathogens.

Results: This study included a total of 36 PLHIV with suspected pulmonary
infections, of which 31 were male. The reporting period of mMNGS is significantly
shorter than that of CMTs. The mNGS positive rate of BALF samples in PLHIV was
83.33%, which was significantly higher than that of smear and culture (44.4%,
P<0.001). In addition, 11 patients showed consistent results between the two
methods. Futhermore, mMNGS showed excellent performance in identifying
multi-infections in PLHIV, and 27 pathogens were detected in the BALF of 30
PLHIV by mNGS, among which 15 PLHIV were found to have multiple microbial
infections (at least 3 pathogens). Pneumocystis jirovecii, human herpesvirus type
5, and human herpesvirus type 4 were the most common pathogen types.

Conclusions: For PLHIV with suspected pulmonary infections, mNGS is capable
of rapidly and accurately identifying the pathogen causing the pulmonary
infection, which contributes to implement timely and accurate anti-
infective treatment.

KEYWORDS

people living with HIV (PLHIV), pulmonary infection, metagenomic next-generation
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1 Introduction

HIV infection leads to systemic destruction of T-cells and
reduction in cell-mediated immunity in the human body, thereby
increasing the risk of opportunistic infections (Yuan et al., 2022). Of
all the organs in the human body, the lungs are the most prone to
infections by microorganisms such as viruses, bacteria, fungi, and
parasites (Gu et al., 2019; Cribbs et al., 2020). Consequently, the
prompt and accurate diagnosis of pulmonary infections is vital for
devising preventative and therapeutic strategies to enhance
pulmonary health and decrease mortality rates in people living
with HIV (PLHIV).

Next-generation sequencing (NGS), also known as high-
throughput or massively parallel sequencing, is a technological
category that enables the concurrent independent sequencing of a
range from thousands to billions of DNA segments (Gu et al., 2019).
Metagenomics Next-Generation Sequencing (mNGS) represents
the utilization of NGS technology for the purpose of clinical
microbial identification. Conventional methods for microbial
detection are limited to the identification of approximately 40%
of pathogens and often require a significant amount of time.
However, mNGS offers numerous benefits including increased
speed, unbiased sampling, and a wide range of pathogen
detection (Gu et al., 2019; Guo et al.,, 2021).

Prompt recognition of pathogens plays a critical role in clinical
treatment, notably in the precise utilization of antibiotics. In
situations where a definitive microbiological diagnosis is lacking,
patients suffering from HIV along with lung infections are
commonly subjected to empirical therapy involving broad-
spectrum antibiotics during the initial treatment phase to relieve
symptoms. This could potentially lead to the overutilization of
broad-spectrum antibiotics (Duan et al., 2021; Mao et al., 2022).
Thus, mNGS could significantly aid in the prompt microbiological
diagnosis and accurate treatment of individuals who may have
infections. While there are some studies on the use of mNGS for
detecting lung infections in the general patients, there is scant
information on its application in PLHIV, who usually have
compromised immunity and advanced disease stages. Moreover,
existing studies have focused on diagnosing single infections rather
than multiple infections, which are quite common in PLHIV (Mao
et al., 2022; Niu et al., 2023).

In this study, we aimed to evaluate the performance of mNGS in
diagnosing lung infections in PLHIV by comparing the results of
mNGS, including precise classification, positive detection rate, and
multi-infections, with those of Conventional Microbiological Tests
(CMTs). The results provide evidence for the clinical diagnosis and
treatment of lung infections in PLHIV.

2 Materials and methods
2.1 Materials and testing

The study retrospectively analyzed 36 PLHIV hospitalized to
the infectious diseases department of the sixth people hospital of
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Zhengzhou. Inclusion criteria including 1) HIV infection diagnosis,
2) hospitalized in infectious diseases department of the sixth people
hospital of Zhengzhou between November 1, 2021 to June 30, 2022
for high suspicion of infection in the lungs, 3) received test for
suspicious pulmonary infection using both traditional microbiology
and mNGS. All PLHIV involved in the study were briefed about the
research and gave their consent via a signed written informed
consent document before the commencement of the study. The
Ethics Committee of the sixth people hospital of Zhengzhou
granted approval for this study, under the ethics code IEC-KY-
2022-001.

2.1.1 Collection of bronchoalveolar lavage fluid
via painless fiberoptic bronchoscopy

BALF samples were gathered by bronchoscopists based on
standard procedures using painless fiberoptic bronchoscopy
(PENTAX EG-2490K with an outer diameter of 7.5mm, PENTAX
EG27-i10 with an outer diameter of 9.0mm, PENTAX EG29-i10
with an outer diameter of 9.8mm). The collected BALF samples
were used for subsequent mNGS and CMTs, which include
cultivation, smear, and PCR detection.

2.1.2 Metagenomic next-generation sequencing
2.1.2.1 DNA extraction

The DNA extraction process followed the protocol of the
Bacterial Genome DNA Extraction Kit (Hangzhou Jieyi
Biotechnology Co., LTD., MD049). The concentration of the
extracted DNA was determined by the Thermo Nanodrop 2000
Ultramicro Spectrophotometer (Themo Scientmc, USA, NanoDrop
2000) and stored at -20°C. The extracted DNA is segmented into
approximately 300bp fragments using Biological sample
homogenizer (Hangzhou Jieyi Biotechnology Co., LTD., BSP-
060). Subsequently, the TruSeq Nano DNA LT library Prep Kit
(Hangzhou Jieyi Biotechnology Co., LTD., MDO001) was used to
prepare the sequencing library, which was then checked with an
Agilent Bioanalyzer.

2.1.2.2 High-throughput sequencing with
Illumina Hiseq500

Quantification of the approved library was performed using the
Promega Quantifluor Fluorescent Quantification System (Xi ‘an
Tianlong Technology Co., LTD., Gentier 96R) and the Quant-iT
PicoGreen dsDNA Assay Kit (Hangzhou Jieyi Biotechnology Co.,
LTD., MDO004). After gradient dilution, the approved sequencing
library was mixed according to the required sequencing volume at
the corresponding ratio, and denatured into single strands using
NaOH for online sequencing. PE50 sequencing was performed
using the Illumina Hiseq500 sequencer (Illumina, Nextseq 550DX).

2.1.3 Conventional microbial tests
2.1.3.1 Cultivation and smear

The BALF samples were subjected to routine culture and smear.
After standard specimen processing, they were inoculated onto
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culture plates. Following incubation in a Panasonic MCO-18AC
carbon dioxide incubator, colony counts were performed. The
number of bacteria = the number of colonies with the same
morphology x 100 CFU/mL. If no pathogenic microorganisms
grow within 48 hours, it was identified as negative. If the colony
count of pathogenic bacteria or conditional pathogenic bacteria
reaches 104 CFU/mL or more, it was identified as positive. Once
cultivation was finished, cells from the specimen were centrifuged
and smeared. After air-drying and fixing with methanol, Gram
staining was carried out with a detection sensitivity of 105 per mL.
The identification of cultured microbial strains followed the
instructions provided by the mass spectrometer (Manufacturer:
Bruker Daltonics; Model: Microflex LT/SH).

2.1.3.2 Polymerase chain reaction

A 0.5 mL BALF sample was combined with 0.5 pL of sodium
hydroxide solution and left to stand at room temperature for 40
minutes. The mixture was then centrifuged at 10,000 rpm for 5
minutes. The supernatant was discarded and the residue was
washed with saline. An extraction solution (50 puL) was added and
the mixture was shaken. It was then boiled at 100°C for 10 minutes
and centrifuged at 4°C for another 5 minutes before the template
was amplified. The TB-DNA template was prepared by adding 0.2
uL of Taq enzyme and 15 pL of reaction mixture, sealing with 20 pL
of paraffin oil, and adding 5 pL of supernatant. The mixture was
then amplified at speeds of 10,000 r/min at temperatures of 55, 72,
and 90 °C for durations of 30, 30, and 60 seconds respectively over
the course of 35 cycles. Electrophoresis was performed on 20 mL of
PCR amplification solution, and a positive result was indicated by
the appearance of an orange-yellow fluorescent band.

2.2 Statistical analysis

Continuous variables are represented by mean + standard
deviation (SD) or median (25th, 75th percentile), while
categorical variables are expressed as numbers (percentages). The
Chi-square test, McNemar’s test, one-way ANOVA test or Fisher’s
exact test are used to compare the diagnostic performance of mNGS
and CMTs. P-value of less than 0.05 was considered significant.
Analysis was performed by SPSS 26.0.

3 Results
3.1 Patient characteristics

A total of 36 PLHIV were included in this study (Table 1). The
majority of the participants were male (31/36), with an average age
of 44.25 + 16.27 years. The results of the laboratory tests were as
follows: CD4+T cell count was 50.50 (16.50, 187.75) cells/uL; CD4/
CDS8 ratio was 0.10 (0.03, 0.40); and white blood cell count was 5.02
(3.48, 8.13) x109/L. And almost half (41.67%) of our participants
can not be detected HIV viral load.
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3.2 Diagnostic performance of mNGS
and CMTs

3.2.1 Reporting period

We define the reporting period as the reporting time minus the
inspection time, and compare the length of the reporting period of
the four methods. The average reporting period of smear was 1.83 +
0.73 days, that of culture was 15.67 + 17.57 days, that of PCR was
5.50 + 1.57 days, and that of mngs was 1.42 + 0.49 days (Figure 1).
There were significant differences in the reporting period of the four
methods (p<0.001). Further comparison of the four methods
showed that the reporting period of mNGS was the shortest,
followed by smears, then PCR, and finally cultures with the
longest reporting period.

3.2.2 Pathogen detection by mNGS relative
to CMTs

We compared the differences in pathogenic microorganisms
among 36 PLHIV using two different detection methods (Table 2).
A total of 30 pathogens were identified among the 36 infected
individuals using mNGS, including 8 fungi (29/74), 10 viruses (31/
74), 10 bacteria (11/74), and 2 mycoplasmas (3/74). In contrast,
CMT's detected only 13 pathogens, comprising just 6 fungi (6/22), 6
bacteria (10/22), and 1 virus (6/22).

In Figure 2, Pneumocystis jirovecii (16/74, 21.62%) was the
most commonly detected pathogen through mNGS testing,
followed by Human Cytomegalovirus (11/74, 14.86%), and
Epstein-Barr virus (8/74, 10.81%). In contrast, Human
Cytomegalovirus was identified as the most common pathogen
detected through CMTs, with Mycobacterium tuberculosis as the
second most prevalent pathogen. Eight common pathogens, namely
Pneumocystis jirovecii, Human Cytomegalovirus, Aspergillus spp.,
Penicillium spp., Malassezia furfur, Pseudomonas aeruginosa,
Klebsiella pneumoniae, and Candida albicans, were detected by
both methods.

In this study, among the 36 infected individuals, 16 cases were
tested positive for both mNGS and CMTs, 6 cases were negative in
both methods, and 14 cases showed exclusive mNGS positivity. A

TABLE 1 Clinical characteristics of 36 participants.

Characteristics Value

Age (years) 4425 £ 16.27
Gender (female vs. male) 31/5

CD4'T cell count, cells/uL 50.50 (16.50, 187.75)
CD4/CD8 0.10 (0.03, 0.40)
White blood cell count, 10°/L 5.02 (348, 8.13)

HIV viral load (Copies/ml)

Can not be detected 15 (41.67)
<1000 7 (19.44)
>1000 14 (38.89)
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statistically significant disparity in positivity rates between the two
80 techniques within BALF samples was observed, with mNGS
. b exhibiting a significantly higher rate compared to CMTs (83.3%
z L}
F 60+ . VS 44.4%, P < 0.001).
b1 .
2 L
St L]
2 404 3.2.3 Concordance between mNGS and CMTs
%ﬂ Further comparison of the concordance between the two
s detection methods in identifying infectious pathogens revealed
2. 20 c . T . .
& a . d that 21 infected individuals displayed consistent results between
e 2 the two methods (double-positive or double-negative). Among
0 * T T N these, 6 infected individuals exhibited negative results in both
Smear  Culture ~ PCR  mNGS methods, while among the 15 double-positive infected individuals,
FIGURE 1 one showed complete concordance (complete overlap of all

Reporting period of smear, culture, PCR and metagenomic next
generation sequencing (MNGS) (a-d) if the superscript letters are
different, it means there are significant differences between them.

pathogens), 10 displayed partial concordance (one but not all
pathogens overlapped), and 4 patients showed no concordance at
all (no overlap of pathogens).

TABLE 2 Distribution of pathogens in 36 PLHIV based on Metagenomic next-generation sequencing and conventional microbiological tests.

CMTs

Microbial classification

positive results

mNGS

Microbial classification positive results

1 Pathogen negative DNA virus Primate erythroid parvovirus type 1
2 Pathogen negative Fungi Pneumocystis jiroveci
Fungi Aspergillus nidularis
Fungi Cryptococcus neoformans Grubii variant
3 Pathogen negative DNA virus Epstein-Barr virus
4 Pathogen negative Pathogen negative
5 Fungi Candida albicans Mycoplasma Mycoplasma hominis
DNA virus Human cytomegalovirus
RNA virus Nasovirus type C
Fungi Pneumocystis jiroveci
Fungi Candida albicans
6 Pathogen negative Gram-positive bacteria Staphylococcus aureus
7 Pathogen negative Fungi Pneumocystis jiroveci
8 Pathogen negative Fungi Aspergillus flavus/Aspergillus oryzae
DNA virus Epstein-Barr virus
DNA virus Human cytomegalovirus
9 Pathogen negative Pathogen negative
10 DNA virus Human cytomegalovirus Fungi Pneumocystis jiroveci
Fungi Aspergillus flavus/Aspergillus oryzae
DNA virus Herpes simplex virus-1
DNA virus Epstein-Barr virus
DNA virus Human cytomegalovirus
11 DNA virus Human cytomegalovirus Fungi Pneumocystis jiroveci
DNA virus Epstein-Barr virus
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TABLE 2 Continued

CMTs mNGS
Microbial classification positive results Microbial classification positive results
DNA virus Human cytomegalovirus
12 DNA virus Human cytomegalovirus DNA virus Epstein-Barr virus
DNA virus Human cytomegalovirus
13 Pathogen negative DNA virus Epstein-Barr virus
14 Gram-positive bacteria G+cocci Fungi Aspergillus fumigata
Gram-positive bacteria G+ bacilli
15 Gram-positive bacteria G+cocci Fungi Pneumocystis jiroveci
16 DNA virus Human cytomegalovirus Fungi Pneumocystis jiroveci
DNA virus Human cytomegalovirus
DNA virus Molluscum contagiosum virus
17 Fungi Marneffei basket fungus Fungi Pneumocystis jiroveci
RNA virus Human coronavirus OC43
Fungi Marneffei basket fungus
18 Pathogen negative Fungi Aspergillus fumigata
19 Pathogen negative Pathogen negative
20 Pathogen negative Fungi Pneumocystis jiroveci
DNA virus Human cytomegalovirus
RNA virus Nasovirus type B
21 Pathogen negative DNA virus Epstein-Barr virus
DNA virus Molluscum contagiosum virus
Mycoplasma Ureaplasma urealyticum
Gram-positive bacteria Mycobacterium avium complex
22 Pathogen negative Fungi Pneumocystis jiroveci
23 Gram-negative bacteria Raoultella ornithinolytica Fungi Pneumocystis jiroveci
DNA virus Human cytomegalovirus DNA virus Human cytomegalovirus
RNA virus Nasovirus type C
24 Fungi Pneumocystis jiroveci Fungi Pneumocystis jiroveci
Fungi Aspergillus fumigata Mycoplasma Mycoplasma hominis
Gram-positive bacteria Mycobacterium Tuberculosis RNA virus Nasovirus type C
RNA virus Human parainfluenza virus type 3
25 Pathogen negative Pathogen negative
26 Fungi Aspergillus flavus complex Fungi Pneumocystis jiroveci
Fungi aspergillus flavus DNA virus Human cytomegalovirus
DNA virus Human cytomegalovirus Fungi Aspergillus flavus/Aspergillus oryzae
Fungi Fusarium verticillioide
27 Gram-negative bacteria Pseudomonas aeruginosa Gram-negative bacteria Pseudomonas aeruginosa
28 Pathogen negative Pathogen negative
29 Pathogen negative Fungi Pneumocystis jiroveci
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TABLE 2 Continued

10.3389/fcimb.2024.1395239

CMTs mNGS
Microbial classification positive results Microbial classification positive results
DNA virus Human cytomegalovirus
30 Pathogen negative Pathogen negative
31 Gram-positive bacteria Mycobacterium Tuberculosis Gram-negative bacteria Acinetobacter baumannii
Gram-positive bacteria Mycobacterium tuberculosis complex
32 Pathogen negative Fungi Pneumocystis jiroveci
Fungi Aspergillus flavus/Aspergillus oryzae
RNA virus Human coronavirus NL63
Gram-positive bacteria Staphylococcus haemolyticus
33 Gram-negative bacteria Klebsiella pneumoniae Fungi Aspergillus flavus/Aspergillus oryzae
Gram-negative bacteria Moraxella catarrhalis
Gram-negative bacteria Klebsiella pneumoniae
34 Pathogen negative Fungi Aspergillus fumigata
DNA virus Epstein-Barr virus
DNA virus Human cytomegalovirus
35 Pathogen negative Fungi Pneumocystis jiroveci
DNA virus Human cytomegalovirus
36 Gram-negative bacteria Pseudomonas aeruginosa Gram-positive bacteria Streptococcus pneumoniae
Gram-positive bacteria Mycobacterium Tuberculosis Gram-positive bacteria Mycobacterium avium complex
Gram-positive bacteria Streptococcus mitis

mNGS, Metagenomic next-generation sequencing; CMTs, Conventional microbiological tests.
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3.3 Relationship between CD4+ T
lymphocyte counts and pathogen
distribution detected by mNGS

Among PLHIV with CD4+T lymphocyte counts less than 50
cells/uL, 14 individuals were found to have two or more pathogens
(co-infections), 3 PLHIV patients exhibited single-pathogen
infections, and only 1 patient showed pathogen negativity.
Among the 9 patients with CD4+T lymphocyte counts ranging
from 50 to 200 cells/UL, 3 patients exhibited co-infections in the
test results, 4 patients displayed single-pathogen infections, and 2
patients showed pathogen negativity. Among patients with CD4+T
lymphocyte counts exceeding 200 cells/puL, 3 cases yielded
pathogen-negative results, 4 cases had single-pathogen findings,
and 2 cases displayed co-infections. The difference was statistically
significant (32 = 6.645, P < 0.05). We proceeded with pairwise
comparisons. The findings revealed that among individuals
with multiple infections, the count of CD-positive T cells
was significantly higher in those with <50/ul compared to those
with >200/ul. However, no distinctions were observed
among individuals with single infections and pathogen-
negative individuals.

4 Discussion

In this study, both mNGS and CMTs were simultaneously
employed to analyze BALF samples from 36 PLHIV, with a
comparative assessment of the diagnostic performance of the two
methods in detecting pathogens (bacteria, fungi, and viruses) within
BALF samples.Firstly, mNGS vyields results quickly, with the shortest
reporting period compared to CMTs. Secondly, the findings of our
study demonstrated a noteworthy superiority of mNGS over CMTs
in terms of pathogen detection rate (83.33% VS 41.67%, P < 0.05).
Another advantage of mNGS is its capability to detect a greater
number of pathogens. Among the 36 PLHIV, mNGS identified a total
of 30 pathogens, whereas CMTs detected only 13 pathogens.

Pneumocystis jirovecii is the most common opportunistic
infection in PLHIV. Due to the lack of reliable in vitro culture
methods, nucleic acid testing is commonly employed to detect
Pneumocystis jirovecii (Shi et al., 2020). In this study,
Pneumocystis jirovecii was the most commonly detected
pathogen through mNGS (16/36, 44.44%), with only one case
being detected via CMTs. The utilization of mNGS is expected to
aid in the swift and precise detection of Pneumocystis jirovecii.
Numerous studies have also confirmed the superiority of mNGS in
pathogen identification (Wang et al., 2019).

Human Cytomegalovirus is a common opportunistic infectious
pathogen that can infect the majority of the adult population. Although
relatively harmless in healthy adults, Human Cytomegalovirus infection
may result in serious end-stage conditions, including leukopenia,
hepatitis, nephritis, interstitial pneumonia, gastrointestinal disorders,
and, in some cases, fatality, particularly in individuals with
compromised immune function or immunosuppression (Limaye and
Boeckh, 2010; Yu et al,, 2017; Wang et al,, 2019). In our study, Human
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Cytomegalovirus emerged as the second most common pathogen
detected through mNGS, with mixed infections of Human
Cytomegalovirus and Pneumocystis jirovecii observed in 7 PLHIV.
This finding is consistent with previous literature reports, which have
observed CMV co-infections in patients infected with other
pathogens, particularly Pneumocystis jirovecii (Miles et al., 1990;
Salomon and Perlman, 1999; Benfield et al., 2001). Given the
potential for severe consequences associated with Human
Cytomegalovirus infection, rapid detection of CMV through mNGS
is of paramount importance and facilitates early targeted
antiviral therapy.

In addition, mNGS detected two or more pathogens in sputum
cultures of 52.78% of patients, indicating the presence of multiple
infections, which may be associated with the compromised immune
function of PLHIV. Since CD4+T cells are closely associated with
the body’s immune function (Fenwick et al, 2019), we further
analyzed the association between CD4+T cells and multiple
infections. We observed that as CD4+T cell counts declined, the
likelihood of multiple infections increased, especially when patients
had CD4+T cells <50/(L. Among the 36 PLHIV, 16 had CD4+T cell
counts <50/uL, and out of those, 14 patients were diagnosed with
multiple infections. Especially noteworthy is the markedly elevated
probability of pulmonary polymicrobial infections among
individuals with CD4+T cell counts <50/ul compared to those
with CD4+T cell counts >200/ul. These findings suggest that
clinical practitioners should consider the possibility of multiple
infections in patients with low CD4+T cell counts and, when
necessary, reinforce combination therapy.

Our study has some strengths. We examined the use of mNGS in
PLHIV who may have lung infections and found that mNGS
outperformed CMTs. This could help in the development of
subsequent guidelines for detecting lung infections in PLHIV. We
identified 30 pathogens in 36 PLHIV and provided a detailed proflie
of these infections. Additionally, we investigated the distribution of
pathogens in patients with varying CD4+T lymphocyte counts and
discovered that PLHIV with a CD4+T lymphocyte count of less than
50 cells/uL had significantly higher infection rates compared to those
with a higher CD4+T lymphocyte count. Some limitations should be
acknowledged. The limited sample size in this study may have the
potential to impact the accuracy of mNGS performance evaluation.
And, due to the inherent uncertainties associated with laboratory
procedures, we cannot definitively ascertain the absence of
contamination in our samples. Nevertheless, we implemented
several measures to mitigate contamination risks during our
experimental procedures. These measures included aseptic
techniques, regular cleaning and disinfection protocols, separate
handling of samples, the use of reagents and consumables meeting
quality control standards, and pre-training of laboratory personnel.
As a result of these precautions, we have confidence in the relative
validity of our findings. In addition, although our research indicates
that mNGS significantly outperforms CMTs in detecting pathogens
among PLHIV with suspected pulmonary infections, enabling rapid
and comprehensive pathogen identification, facilitating timely and
appropriate treatment strategies, and thereby potentially reducing
unnecessary antibiotic usage and shortening hospital stays, there are
also some challenges that cannot be overlooked. For instance,

frontiersin.org


https://doi.org/10.3389/fcimb.2024.1395239
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Hou et al.

difficulties in distinguishing between infection and colonization pose
a challenge, as we struggle to differentiate the pathogenicity status of
pathogens through mNGS. Additionally, the relatively high cost of
testing limits the widespread clinical application of mNGS.

Our study demonstrated a noteworthy superiority of mNGS over
CMTs in terms of pathogen detection rate for PLHIV with suspected
pulmonary infections. mNGS is capable of rapidly and accurately
identifying the pathogen causing the pulmonary infection, which
contributes to implement timely and accurate anti-infective treatment.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.ebi.ac.uk/, PRJEB73333.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of the sixth people hospital of Zhengzhou. 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. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

MH: Formal analysis, Methodology, Writing — original draft,
Writing - review & editing. YW: Formal analysis, Methodology,
Writing - original draft, Writing — review & editing. HY: Writing -

References

Benfield, T. L., Helweg-Larsen, J., Bang, D., Junge, J., and Lundgren, J. D. (2001).
Prognostic markers of short-term mortality in AIDS-associated Pneumocystis carinii
pneumonia. Chest 119, 844-851. doi: 10.1378/chest.119.3.844

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

Duan, H,, Li, X., Mei, A, Li, P,, Liu, Y, Li, X,, et al. (2021). The diagnostic value of
metagenomic next-generation sequencing in infectious diseases. BMC Infect. Dis. 21,
62. doi: 10.1186/512879-020-05746-5

Fenwick, C,, Joo, V., Jacquier, P., Noto, A., Banga, R, Perreau, M., et al. (2019). T-cell
exhaustion in HIV infection. Immunol. Rev. 292, 149-163. doi: 10.1111/imr.12823

Gu, W, Miller, S., and Chiu, C. Y. (2019). Clinical metagenomic next-generation
sequencing for pathogen detection. Annu. Rev. Pathol. 14, 319-338. doi: 10.1146/
annurev-pathmechdis-012418-012751

Guo, Y., Li, H,, Chen, H,, Li, Z., Ding, W., Wang, J., et al. (2021). Metagenomic next-
generation sequencing to identify pathogens and cancer in lung biopsy tissue.
EBioMedicine 73, 103639. doi: 10.1016/j.ebiom.2021.103639

Limaye, A. P., and Boeckh, M. (2010). CMV in critically ill patients: pathogen or
bystander? Rev. In Med. Virol. 20, 372-379. doi: 10.1002/rmv.664

Mao, Y., Shen, H,, Yang, C,, Jia, Q., L, J., Chen, Y., et al. (2022). Clinical performance
of metagenomic next-generation sequencing for the rapid diagnosis of talaromycosis in
HIV-infected patients. Front. In Cell. Infection Microbiol. 12, 962441. doi: 10.3389/
fcimb.2022.962441

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2024.1395239

review & editing. YZ: Writing - review & editing. XL: Writing -
review & editing. NX: Writing - review & editing. QZ: Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the Henan Provincial Medical
Science and Technology Tackling Plan Project (Project No.
201702327), the Henan Provincial Traditional Chinese Medicine
Science Research Special Project (Project No. 202372Y3023), the
Henan Provincial Science and Technology Tackling (Guidance
Project) (Project No. 232102310014), and the Henan Provincial
Medical Science and Technology Tackling Plan Project (Project
No. LHGJ20230732).

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.

Miles, P. R., Baughman, R. P., and Linnemann, C. C. (1990). Cytomegalovirus in the
bronchoalveolar lavage fluid of patients with AIDS. Chest 97, 1072-1076. doi: 10.1378/
chest.97.5.1072

Niu, J., Wang, J., Jia, P., Zhang, M., and Wei, E. (2023). Clinical features and
diagnostic value of metagenomic next -generation sequencing in five cases of non-HIV
related Pneumocystis jirovecii pneumonia in children. Front. In Cell. Infection
Microbiol. 13, 1132472. doi: 10.3389/fcimb.2023.1132472

Salomon, N., and Perlman, D. C. (1999). Cytomegalovirus pneumonia. Semin. In
Respir. Infections 14, 353-358.

Shi, J., Zhang, Z., Wang, M., Zhao, C,, Yan, J., Liu, S, et al. (2020). Pathogenic
microorganism detection in AIDS patients using bronchoalveolar lavage fluid. Int. J. Clin.
Exp. Pathol. 13, 1727-1732.

Wang, J., Han, Y., and Feng, J. (2019). Metagenomic next-generation sequencing for
mixed pulmonary infection diagnosis. BMC Pulmonary Med. 19, 252. doi: 10.1186/
$12890-019-1022-4

Yu, Q,, Jia, P., Su, L., Zhao, H., and Que, C. (2017). Outcomes and prognostic factors
of non-HIV patients with pneumocystis jirovecii pneumonia and pulmonary CMV co-
infection: A Retrospective Cohort Study. BMC Infect. Dis. 17, 392. doi: 10.1186/s12879-
017-2492-8

Yuan, T, Hu, Y., Zhou, X, Yang, L., Wang, H., Li, L., et al. (2022). Incidence and
mortality of non-AIDS-defining cancers among people living with HIV: A systematic
review and meta-analysis. EClinicalMedicine 52, 101613. doi: 10.1016/
j.eclinm.2022.101613

frontiersin.org


https://www.ebi.ac.uk/
https://doi.org/10.1378/chest.119.3.844
https://doi.org/10.1152/physrev.00039.2018
https://doi.org/10.1186/s12879-020-05746-5
https://doi.org/10.1111/imr.12823
https://doi.org/10.1146/annurev-pathmechdis-012418-012751
https://doi.org/10.1146/annurev-pathmechdis-012418-012751
https://doi.org/10.1016/j.ebiom.2021.103639
https://doi.org/10.1002/rmv.664
https://doi.org/10.3389/fcimb.2022.962441
https://doi.org/10.3389/fcimb.2022.962441
https://doi.org/10.1378/chest.97.5.1072
https://doi.org/10.1378/chest.97.5.1072
https://doi.org/10.3389/fcimb.2023.1132472
https://doi.org/10.1186/s12890-019-1022-4
https://doi.org/10.1186/s12890-019-1022-4
https://doi.org/10.1186/s12879-017-2492-8
https://doi.org/10.1186/s12879-017-2492-8
https://doi.org/10.1016/j.eclinm.2022.101613
https://doi.org/10.1016/j.eclinm.2022.101613
https://doi.org/10.3389/fcimb.2024.1395239
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	The diagnostic value of metagenomics next-generation sequencing in HIV-infected patients with suspected pulmonary infections
	1 Introduction
	2 Materials and methods
	2.1 Materials and testing
	2.1.1 Collection of bronchoalveolar lavage fluid via painless fiberoptic bronchoscopy
	2.1.2 Metagenomic next-generation sequencing
	2.1.2.1 DNA extraction
	2.1.2.2 High-throughput sequencing with Illumina Hiseq500

	2.1.3 Conventional microbial tests
	2.1.3.1 Cultivation and smear
	2.1.3.2 Polymerase chain reaction


	2.2 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Diagnostic performance of mNGS and CMTs
	3.2.1 Reporting period
	3.2.2 Pathogen detection by mNGS relative to CMTs
	3.2.3 Concordance between mNGS and CMTs

	3.3 Relationship between CD4+ T lymphocyte counts and pathogen distribution detected by mNGS

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


