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associated vasculitis patients with suspected
pulmonary infection as a rule-out tool
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Abstract

Objective Pulmonary infection is one of the leading causes of death in patients with ANCA-associated vasculitis
(AAV). It is sometimes difficult to differentiate pulmonary infection from pulmonary involvement of vasculitis in AAV
patients. Fiberoptic bronchoscopy and bronchoalveolar lavage fluid (BALF) assays are useful diagnostic methods. In
addition to conventional microbiological tests (CMTs), metagenomic next-generation sequencing (mNGS) facilitates
rapid and sensitive detection of various pathogens. The current study aimed to evaluate the advantages of additional
BALF mNGS in the management of pulmonary infection in AAV patients.

Methods 27 patients with active AAV and suspected pulmonary infection whose BALF samples were tested by
mNGS and CMTs and 17 active AAV patients whose BALF were tested by CMTs alone were retrospectively recruited.
The results of microbiological tests, and adjustments of treatment following BALF mNGS, were described. The
durations of antimicrobial treatment and in-hospital mortality in patients were compared.

Results Among the 27 patients whose BALF samples were tested by mNGS, 25.9% of patients did not have evidence
of pathogenic microorganism in their BALF samples, 55.6% had polymicrobial infections, including bacteria, fungi
and viruses. Of these 27 patients, 40.7% did not have evidence of pathogenic microorganism in their BALF or serum
samples according to CMTs. Patients in the BALF mNGS/CMT group received a significantly shorter duration of
antibacterial and total antimicrobial treatment than patients in the CMT alone group (17.3+14.7 vs. 27.9+ 19.0 days,
P=0.044;18.9+15.0 vs. 29.5+ 17.7 days, P=0.040, respectively). Fewer patients in the BALF mNGS/CMT group died
than in the CMT alone group (4/27 vs. 7/17, P=0.049).

Conclusion Compared with CMT alone, additional mNGS tests may shorten the duration of antimicrobial treatment
and possibly decrease death from severe infection by providing precise and quick diagnosis of infection.
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Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) comprises granulomatosis with polyan-
giitis (GPA), microscopic polyangiitis (MPA), and eosin-
ophilic granulomatosis with polyangiitis (EGPA) [1, 2].
The lung and kidney are the two most involved organs in
AAV. Pulmonary involvement occurs in 25-80% of AAV
patients [3—6], including interstitial lung disease, cavity,
nodules, and alveolar hemorrhage. Diffuse alveolar hem-
orrhage (DAH) is one of the most severe manifestations
of AAV [7], significantly contributing to morbidity and
mortality.

AAV is usually fatal when left untreated, with a 1-year
mortality rate of approximately 80% [8]. Although the
introduction of immunosuppressive therapy substantially
improved the outcome of AAV, it was also associated
with high rates of adverse events, especially secondary
infection [9]. Consistent with studies from other groups
[10, 11], we found that secondary infection was the lead-
ing cause of death during the first year after the diagnosis
of AAV [12], and the majority of infectious complica-
tion was pulmonary infection [13]. Therefore, early rec-
ognition and appropriate treatment in time are of great
importance.

However, it is sometimes difficult to differentiate pul-
monary infection from pulmonary involvement of vascu-
litis in AAV patients due to similar clinical manifestations
(e.g. fever, cough and hemoptysis), laboratory findings
(e.g. elevated white blood cell and neutrophil counts in
peripheral blood, C-reactive protein [CRP] and eryth-
rocyte sedimentation rate [ESR]) and imaging features
(patches, masses, ground-glass opacities and consolida-
tions). Moreover, given that the treatment strategies for
pulmonary involvement of active AAV and pulmonary
infection are opposite, the challenging differential diag-
nosis presents difficult treatment decisions. Misdiag-
nosing pulmonary infection as active AAV pulmonary
involvement and thus treating with aggressive immuno-
suppressive therapy could result in disastrous aggravation
of infection. Fiberoptic bronchoscopy and bronchoalveo-
lar lavage fluid (BALF) assays are useful diagnostic meth-
ods when a co-existing infection is suspected in AAV
patients with pulmonary involvement. In addition to con-
ventional microbiological tests (CMTs) of BALF, metage-
nomic next-generation sequencing (mNGS) is a nucleic
acid sequencing technique with a high-throughput
capacity and an approach that can theoretically detect
any microorganism in the bio-sample, including BALF
[14, 15]. Various studies have reported the application of
mNGS to detect pathogens in pulmonary infection [16—
19]. In the study by Peng et al., which involved immuno-
compromised patients with pulmonary infection, it was
found that the diagnostic performance of BALF mNGS
was similar to that of comprehensive CMTs, but when
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there is a lack of consideration of potential pathogens,
the combination of mNGS and CMTs might be a better
diagnostic strategy [18].

To our knowledge, there are few, if any, reports on the
application of mNGS in AAV. Thus, the current study
evaluated the advantages of additional BALF mNGS in
the management of pulmonary infection in patients with
AAV.

Materials and methods

Patients

AAV patients diagnosed at Peking University First Hospi-
tal between March 2019 and March 2022 were reviewed.
Treatment protocols were described previously [20]. In
brief, patients received the induction therapy typically
including corticosteroids in combination with cyclophos-
phamide (CTX) or rituximab (RTX). Patients with severe
pulmonary hemorrhage or acute renal failure requiring
dialysis at diagnosis received additional methylpredniso-
lone pulse and plasmapheresis. For maintenance therapy,
daily oral azathioprine (AZA) or RTX was administered.
Those who were clinically suspected of pulmonary infec-
tion and underwent fiberoptic bronchoscopy were ret-
rospectively recruited. All patients met the Chapel Hill
Consensus Conference criteria for AAV [1]. Patients with
secondary vasculitis or with other comorbid renal dis-
eases were excluded. 27 patients whose BALF samples
were simultaneously available for mNGS tests besides
CMTs (termed the BALF mNGS/CMT group), and 17
patients whose BALF was only tested by CMTs (termed
the CMT alone group), were included in the study. This
research was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Clinical
Research Ethics Committee of the Peking University First
Hospital. Written informed consent was obtained from
the patients or their guardians.

Data collection

All the clinical and laboratory data were collected from
the medical records of the patients at admission and at
the time of bronchoscopies, including age, sex, vital signs,
diagnosis, ANCA serotype, disease phenotype, organ
involvement, laboratory data (serum creatinine, CRP,
ESR, white blood cell [WBC], neutrophil and lymphocyte
counts, hemoglobin, platelet count, CD4+T cells, serum
albumin, lactate dehydrogenase [LDH] and arterial blood
gas analysis), immunosuppressive therapies, antimicro-
bial treatment, concomitant treatment, respiratory sup-
port, response to treatment and intensive care unit (ICU)
stay. The estimated glomerular filtration rate (eGFR) was
calculated by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) Eq. [21]. The risk scores CRB65
were calculated based on the initial available data, which
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involve mental status, respiratory rate, blood pressure
and age [22].

Specimen collection

All bronchoscopies were performed by experienced
bronchoscopists. The target lesion was decided according
to the chest CT beforehand. A standard bronchoalveolar
lavage was collected before any other bronchoscopy pro-
cedures to avoid possible contamination. Once collected,
BALF specimens were immediately sent to the clinical
microbiology laboratory for CMTs and to a commercial
laboratory for mNGS.

Conventional microbiological tests

Comprehensive CMTs were performed on BALF, serum,
sputum and throat swab samples, including culture,
antigen detection, multiplex polymerase chain reaction
(PCR), and direct microscopic examination of specimens
according to standard procedures [23, 24]. Gram staining,
acid-fast staining, hexamine silver staining, the galacto-
mannan antigen detection test (GM test), cryptococcal
capsular polysaccharide antigen test and Aspergillus anti-
body detection with BALF samples, interferon-gamma
release assay (T-SPOT. TB) [1, 3], -B-D-glucan test (G
test) and GM test with serum samples were performed to
identify bacteria, including Mycobacterium tuberculosis,
and fungi, including Pneumocystis carinii, Cryptococcus
neoformans, Candida and Aspergillus.

mNGS of BALF

mNGS was performed once the sample was obtained.
The total turnaround time is approximately 24 h (5 h for
shipping and 19 h for testing). BALF samples were col-
lected from patients for metagenomic analysis pipeline
for microbial identification (MAPMI). Total DNA and
RNA were extracted from clinical samples by using a
MAPMI sample preparation kit (CapitalBio Technol-
ogy, Beijing, China. Catalogue No. S60150) according to
the manufacturer’s instructions. The extracted RNA was
reverse-transcribed using random primers, and ¢cDNA
was pooled with DNA from the same clinical sample
for sequencing library preparation. The pooled nucleic
acid was enzymatically fragmented to a size of 200-300
base pairs (bp), and sequencing libraries were con-
structed through end repair, adapter ligation and PCR
amplification. Qubit fluorometer (Thermo Fisher Scien-
tific, MA, USA) and Agilent 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, USA) were utilized to assess
the quality and quantity of each library before sequenc-
ing. Sequencing templates were further prepared with
the OneTouch2 System (Life Technologies, CA, USA)
and sequenced on the BioelectronSeq 4000 sequencer
(CapitalBio Technology) after quality control. A negative
control sample of water was used in each run to monitor
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potential contamination. The original sequencing data
were subjected to quality control, and reads with lengths
less than 50 bp, low quality (Q<30), or low complexity
were removed. The remaining high-quality sequenc-
ing data were mapped to the human reference genome
grch38 for the depletion of human host sequences using
Bowtie2 software. Subsequently, the remaining reads
were aligned to Microbial Genome Databases using the
Burrows-Wheeler Aligner with the BWA-SW algorithm.
Negative controls (NTC, sterile deionized water) and
positive controls (known quantities of synthetic frag-
ments) were included in each batch of experiments, fol-
lowing the same wet lab and bioinformatics procedures.
For detected bacteria (excluding Mycobacterium tuber-
culosis), fungi (excluding Cryptococcus), and parasites, a
positive result was considered if the coverage ranked in
the top 10 of similar species/genera and was absent in
NTC, or if the term reads per ten million (RPTM) ratio
between the sample and NTC (RPTM, 1./ RPTMyc)
was greater than 10 when RPTMy - was not zero. For
viruses, Mycobacterium tuberculosis, and Cryptococcus, a
positive mNGS result was indicated by the detection of
at least one species-specific read and its absence in NTC,
or a RPTM,,,,,/RPTMyc ratio greater than 5 when
RPTMypc was not zero. The report was addressed as the
name of genus and species, confidence, copy number of
sequences and relative abundance.

Statistical analysis

Data were expressed as the mean+SD (for data that
were normally distributed) or median and interquartile
range (IQR; for data that were in skewed distribution)
for continuous variables and number (%) for categorical
variables as appropriate. Quantitative parameters were
compared using Student’s t test (for data that were nor-
mally distributed) or the Mann-Whitney U test (for data
that were in skewed distribution) as appropriate. Cat-
egorical variables were compared using the y° test. Logis-
tic regression analysis was used to assess patient survival.
A P value<0.05 was considered statistically significant.
Statistical analysis was performed using SPSS 18.0 (Chi-
cago, IL, USA).

Results

General data of the AAV patients

The clinical and laboratory data of the 27 patients in the
BALF mNGS/CMT group and 17 patients in the CMT
alone group are presented in Table 1. No significant dif-
ference in age, sex, laboratory data, the ratio of partial
pressure to fraction of inspiration oxygen (PaO2/FiO2),
CRB-65, immunosuppressive regimens, AAV disease
activity or infection severity was found between these
two groups of patients.
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Table 1 General data of the patients in the BALF mNGS/CMT group and CMT alone group

Items BALF mNGS/CMT group (n=27) CMTs group nominal P values
(n=17)
Age, years 66.1+£9.2 61.6+185 0.371
Male, n (%) 11(41%) 11 (65%) 0.126
MPO-ANCA/PR3-ANCA, n 18/9 12/5 0.786
ANCA titers, AU/mll 122841111 1083+87.8 0.657
Serum creatinine, umol/I 329.4+2327 342.7+249.0 0.858
eGFR, ml/min/1.73m? 302+312 303+287 0.995
CRP. mg/I 31.6 (13.5/90.5) 41.0(5.0/107.2) 0.990
ESR, mm/1 h 69.1+44.8 583+335 0.642
PCT, ng/ml 0.34(0.13/1.52) 0.37(0.14/1.34) 0.951
WBC, *107/I 114+6.1 9.7+38 0.292
Neutrophils, ¥10%/I 9.8+6.0 80+36 0.256
Lymphocytes, *10%/I 0.99+057 0.91+045 0.630
CD4+T cells, counts/ml 472.1+407 464.1+4413 0.967
Hemoglobin, g/I 99.1£226 100.8+23.6 0.817
Blood platelet count, *10%/I 252741329 229711217 0.568
Serum albumin, g/I 322+43 31.2+36 0438
LDH, U/l 2793+£1119 2488+132.8 0417
Pa02/FI02 237241555 210.7+134.9 0977
CRB-65,0/1/2/3/4 7/11/5/2/2 4/6/3/3/1 0.633
prednisolone (equivalent) dose, mg/day 36.1+£184 29.0+264 0.296
CTX/RTX/AZA/none, n 4/4/3/15 2/1/3/11 0.772

Abbreviation: AZA, azathioprine; BALF, bronchoalveolar lavage fluid; CMT, conventional microbiological tests; CRP, C-reactive protein; CTX, cyclophosphamide;
eGFR, estimated glomerular filtration rate; ESR erythrocyte sedimentation rate; LDH, lactic dehydrogenase; mNGS, metagenomic next-generation sequencing; RTX,

rituximab; WBC, white blood cell counts in peripheral blood

The results of microbiological tests in the BALF mNGS
group
The results of microbiological tests in the 27 patients in
the BALF mNGS/CMT group are described in Table 2. A
total of 25.9% (7/27) of the patients did not have any evi-
dence of pathogenic microorganism in their BALF sam-
ples according to BALF mNGS tests, while 40.7% (11/27)
of the patients did not have any pathogenic microor-
ganism in their BALF and serum samples according to
CMTs tests. At the same time, a total of 55.6% (15/27) of
patients had polymicrobial infections, including bacteria,
fungi and viruses, according to both CMTs and BALF
mNGS tests. 92.6% (25/27) of BALF mNGS tests were
consistent with those of CMTs, but with detecting more
pathogens than CMTs, as the positive rate was signifi-
cantly higher according to BALF mNGS tests than CMTs
tests (nominal P=0.045). In two cases, the mNGS assay
failed to detect a CMT-identified pathogen: patient No.
19, whose CMV-DNA was weak positive by conventional
PCR assay but was not detected by mNGS assay in BALF
samples; and patient No. 25, whose parainfluenza virus-
IgM was positive in serum, while there was no parain-
fluenza virus detected by mNGS assay in BALF sample,
potentially indicating an absence of parainfluenza viral
infection of the lower respiratory tract.

Subsequent treatment adjustments and outcomes are
also summarized in Table 2.

Shorter duration of antimicrobial treatment in the BALF
mNGS/CMT group

The duration of antibacterial, antifungal, antiviral and
total antimicrobial treatment in patients were compared
between the BALF mNGS/CMT group and the CMT
alone group. Patients in the BALF mNGS/CMT group
received a significantly shorter duration of antibacte-
rial and total antimicrobial treatment than patients in
the CMT alone group (17.3+14.7 vs. 27.9£19.0 days,
nominal P=0.044; 18.9+15.0 vs. 29.5+£17.7 days, nomi-
nal P=0.040, respectively), while patients in the BALF
mNGS/CMT group received comparable duration of
antifungal and antiviral treatment to patients in the
CMT alone group (11.7£12.6 vs. 9.4+17.4 days, nomi-
nal P=0.607; 3.2+6.8 vs. 1.5+5.2 days, nominal P=0.382,
respectively) (Fig. 1).

We then divided patients in the BALF mNGS/CMT
group into two subgroups based on the median dura-
tion from occurrence of symptoms of suspected infection
to bronchoscopy, i.e., <5 days and =5 days, termed the
early BALF mNGS/CMT group (n=16) and late BALF
mNGS/CMT group (n=11), respectively. The early BALF
mNGS/CMT group received significantly shorter anti-
bacterial and total antimicrobial treatment than the late
BALF mNGS/CMT group (11.3+11.4 vs. 26.1+14.8 days,
nominal P=0.007; 13.3+12.9 vs. 27.1+14.5 days, nominal
P=0.016, respectively).
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Table 2 The results of microbiological tests in patients in the BALF mNGS/CMT group
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Pa-  Sex/Age Conventional mNGS tests Symptomatic Treatment before Treatment adjustment upon mNGS  Out-
tient microbiological infection duration  bronchoscopy tests comes
No. tests before bronchos-
copy, days
1 M/80 Fungal spores (spu-  Aspergillus fumigatus 12 PE, prednisolone, voriconazole, prednisolone death
tum culture)/ BALF antibiotics withdrawal
GM(+)/hMPV (throat
swab PCR)
2 M/63 none none 0 - plasmapheresis, prednisolone, RTX survival
3 M/66 Serum G(+)/Pneu- Pneumocystis 4 PE, SMZ/TMP, prednisolone withdrawal survival
mocystis cysts (BALF  jirovecii/RhV-A MP pulse, pred-
smear)/RhV (throat nisolone, RTX,
swab PCR) antibiotics
4 F/66 Serum G(+)/Pneu- Bca/Hin/Aspergillus 5 MP pulse, pred- antibiotics upgrading, voriconazole,  death
mocystis cysts (BALF  fumigatus/Pneumo- nisolone, RTX, SMZ-TMP, prednisolone withdrawal
smear)/BALF GM(+)/  cystis jirovecii/CMV/ antibiotics
BALF CMV-DNA(+)  HHV-7
5 M/65 none Sps/CMV 6 MP pulse, antibiotics, immunosuppressive survival
prednisolone therapy continuance
AZA
6 F/48 none none 4 PE, prednisolone, antibiotics discontinuance survival
RTX, antibiotics
7 F/57 Pae (BALF culture) Pae/Sep 9 prednisolone, AZA  antibiotics, immunosuppressive survival
therapy continuance
8 F/65 Serum G(+)/Pneu- Pneumocystis 6 prednisolone, CTX,  SMZ-TMP, ganciclovir, prednisolone  death
mocystis cysts (BALF jirovecii/P. chrys- antibiotics withdrawal
smear) ogenum species
complex/CMV/
HHV-6B
9 M/71 none Pae/Nocardia pneu- 4 prednisolone, AZA  antibiotics, survival
moniae /Candida SMZ-TMP, immunosuppressive
albicans therapy continuance
10 F/67 none none 1 prednisolone, antibiotics discontinuance, immuno-  survival
antibiotics suppressive therapy intensification
1 F/65 Candida albicans Sho/ HCov-OC43/ 9 prednisolone, CTX,  antibiotics upgrading, prednisolone  death
(sputum culture) Candida albicans antibiotics withdrawal
12 F/71 Pae (sputum and Pae 13 PE, antibiotics, prednisolone withdrawal  survival
BALF culture) MP pulse,
prednisolone, CTX
13 M/58 Serum G(+) Pneumocystis jirovecii 4 MP pulse, pred- SMZ-TMP, prednisolone withdrawal  survival
nisolone, CTX,
antibiotics
14 F/60 Serum G(+)/BALF Efa/ Pneumocystis 4 prednisolone, antibiotics upgrading, SMZ-TMP, Surviv-
CMV-DNA(+) jirovecii/CMV/EBV antibiotics prednisolone withdrawal al, ESRD
15 M/61 none Pae 8 prednisolone antibiotics, survival
PE, immunosuppressive therapy
continuance
16 M/70 BALF EBV-DNA(+) Sps/EBV/ Candida 0 - prednisolone, CTX, survival
albicans antibiotics
17 F/77 none none 1 antibiotics antibiotics discontinuance predniso-  survival
lone, CTX
18 M/67 Pae (sputum and Pae/ Achromobacter 9 prednisolone, antibiotics upgrading, prednisolone  surviv-
BALF culture) xylosoxidans/RhV-A antibiotics withdrawal al, ESRD
19 M/82 BALF CMV-DNA(+) C. amycolatum 0 prednisolone, antibiotics, immunosuppressive survival
ganciclovir therapy continuance
20 F/54 Candida tropicalis Bca/C. striatum/ 5 PE, antibiotics, prednisolone withdrawal  survival
(sputum culture) Candida albicans/ prednisolone
Candida tropicalis
21 F/76 none none 3 prednisolone immunosuppressive therapy survival

intensification
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Table 2 (continued)
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Pa-  Sex/Age Conventional mNGS tests Symptomatic Treatment before Treatment adjustment upon mNGS  Out-
tient microbiological infection duration  bronchoscopy tests comes
No. tests before bronchos-
copy, days
22 F/44 none none 4 prednisolone immunosuppressive therapy survival
intensification
23 M/71 BALF CMV-DNA(+) Efa/Sho /HCov/ 7 PE, antibiotics adjustment, ganciclovir, SUrviv-
EBV/CMV/Candida prednisolone, prednisolone withdrawal al, ESRD
parapsilosis antibiotics
24 F/59 none Sau/Sma 4 prednisolone, antibiotics upgrading, prednisolone  survival
antibiotics withdrawal
25 F/75 Serum PIVIgM (+)/  Pneumocystis jirove- 0 prednisolone, CTX  SMZ-TMP, ganciclovir, antibiotics, survival
Pneumocystis cysts  cii/ EBV/CMV/RSV prednisolone withdrawal
(BALF smear)/BALF
EBV-DNA(+)
26 F/75 none none 2 antibiotics, antibiotics discontinuance, immuno-  survival
prednisolone suppressive therapy intensification
27 F/72 Sho (BALF culture)/  Sho/Kpn/Pneumocys- 0 fluconazole, SMZ-  voriconazole, antibiotics adjustment,  survival
Serum G(+)/BALF tis jirovecii/ Aspergil- TMP, antibiotics, prednisolone withdrawal
GM(+) lus terreus prednisolone
EBV/CMV

Abbreviation: AZA, azathioprine; Bca, Moraxella catarrhalis; C. amycolatum, Corynebacterium amycolatum; CMV, cytomegalovirus; C. striatum, Corynebacterium
striatum; CTX, cyclophosphamide; EBV, human gammaherpesvirus 4; Efa, Enterococcus faecium; ESRD, end-stage renal disease; HCov, human coronavirus; HHV,
human herpesvirus; Hin, Haemophilus influenza; hMPV, human metapneumovirus; Kpn, Klebsiella pneumoniae; MP, methylprednisolone; mNGS, metagenomic
next-generation sequencing; Pae, Pseudomonas aeruginosa; P. chrysogenum, Penicillium chrysogenum; PE, plasmapheresis; PIV, parainfluenza virus; RhV-A,
rhinovirus A; RSV, respiratory syncytial virus; RTX, rituximab; Sau, Staphylococcus aureus; Sep, Staphylococcus epidermidis; Sho, Staphylococcus hominis; Sma,
Stenotrophomonas maltophilia; SMZ-TMP, sulfamethoxazole and trimethoprim; Sps, Streptococcus pseudopneumoniae;

P=0.044
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Fig. 1 Shorter duration of antimicrobial treatment in the BALF mNGS/CMT group

Lower trend in-hospital mortality in the BALF mNGS/CMT
group

The in-hospital mortality, ICU stay and duration of ven-
tilation between the BALF mNGS/CMT group and the
CMT alone group were compared. Patients in the BALF
mNGS/CMT group had lower in-hospital mortality than
patients in the CMT alone group (4/27 vs. 7/17, nomi-
nal P=0.049 compared toP<0.05). No deaths occurred

in the early BALF mNGS/CMT group, while all 4 deaths
occurred in the late BALF mNGS/CMT group. Infection
was the cause of all observed deaths. Association between
the different groups and all-cause mortality odds was not
significant in logistic regression analysis (OR 0.059 [95%
CI 0.003-1.145], P=0.061), by additional putting the
duration of antimicrobial treatment, CRB65 and sex in a
multivariable model, however, a trend persisted.
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Of note, all 7 patients without any pathogenic micro-
organisms in their BALF samples according to BALF
mNGS tests received intensive immunosuppressive ther-
apy, and none of them developed infection during hospi-
talization after the treatment.

There was no significant difference in the duration of
ICU stay or ventilation in patients between these two
groups. (Table 2).

Discussion

In the current study, we summarized the application
of BALF mNGS tests in 27 active AAV patients who
received immunosuppressive therapy and were suspected
of pulmonary infection. We also compared the duration
of antimicrobial treatment, as well as in-hospital mor-
tality between these 27 patients and another 17 active
AAV patients, diagnosed during the same period, whose
samples were only tested by conventional microbiologi-
cal tests. We found that the duration of antibacterial and
total antimicrobial treatment was significantly shorter in
patients whose BALF samples were available for mNGS
tests. Due to precise antimicrobial treatment, a possi-
bly lower proportion of patients died of severe infection
in the BALF mNGS/CMT group, as compared with the
CMT alone group. Moreover, patients would benefit
more from early mNGS tests. To the best of our knowl-
edge, this is the first report of applying mNGS in the
management of pulmonary infection in patients with
AAV.

According to our results, the mNGS test could gener-
ate benefits as a rule-out test for infection. By weighing
the benefits and limitations of mNGS, Blauwkamp found
that immunocompromised patients presenting with non-
specific symptoms of infection could potentially benefit
from this approach including rule-out testing for sepsis
when the standard of care was too invasive or was not
sensitive enough [25]. Furthermore, Qian’s study showed
that the negative prediction accuracy rate was convinc-
ing when the mNGS result was negative. The authors also
suggested that if there are indications of respiratory tract
infection, respiratory tract samples were recommended
for the mNGS test because the negative rates of sputum
and BALF were much lower than other types of samples
[26].

Early identification of infecting pathogens is crucial
for targeted and appropriate antimicrobial therapy, but
physicians typically prescribe antimicrobials empiri-
cally, based on clinical guidelines and local epidemiol-
ogy, before microbiological test results are available. The
mNGS test could provide more useful information for
adjusting antimicrobial treatment, as we found that the
duration of antibacterial and total antimicrobial treat-
ment was significantly shorter in patients whose BALF
samples were timely available for mNGS tests. First,
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mNGS test has advantages in turnaround time over con-
ventional microbiological tests [27, 28]. Although micro-
biological culture is the standard diagnostic test for many
pathogens, it is also time-consuming for the turnaround
time to results of =2 days, and some pathogens are dif-
ficult to culture. Second, consistent with other immu-
nocompromised patients with pulmonary infection [18],
most AAV patients under immunosuppressive therapy
with pulmonary infection had atypical polymicrobial
infection, including bacterium, fungus and virus. As a
relatively sensitive method with high detection rates,
mNGS tests could provide evidence for adequate and
precise antimicrobial treatment. Finally, mNGS tests
could provide evidence for adjusting treatment strate-
gies in time for physicians. For instance, patient No.4
(Table 2) in the current study received a second fiberop-
tic bronchoscopy and BALF mNGS test two weeks later
when his condition worsened despite aggressive antimi-
crobial treatment. However, the results showed a much
lower incidence of the pathogen RPTM, so the treatment
strategy was adjusted from intensive antimicrobial treat-
ment to enhanced immunosuppressive treatment. In this
way, it was helpful to avoid unnecessary side-effects of
antimicrobial treatment and overuse of antibiotics.

However, there were several limitations of the mNGS
assay. Briefly, the limitations lay in distinction capabil-
ity, cost issues, lack of regulatory consensus and limited
information on the resistance profile of pathogens. First,
as conventional microbiological methods, mNGS does
not effectively distinguish between pathogens, colonizers,
and contaminants, which could lead to misdiagnosis or
misinterpretation. Second, the high cost (approximately
$500 per test) of mNGS complicates its integration into
routine testing, thus limiting its widespread application.
Third, there is currently a lack of regulatory consen-
sus regarding the development and validation of mNGS
assays for use in clinical microbiology laboratories, which
poses barriers to the promotion and application of the
technology. Finally, as described in the Methods section,
the pooled nucleic acid was enzymatically fragmented to
a size of 200-300 bp, which means that the sequencing
only covered a fraction of the whole genome of a patho-
gen, making it difficult to detect resistance determinants.
Therefore, further antibiotic susceptibility testing will be
needed to supplement pathogen identification and sup-
port antimicrobial treatment decisions. There were also
several limitations of this study. On the one side, as a
retrospective study, it might be difficult to fully control
potential bias and confounding variables, even though
there was no significant difference in disease activity of
AAYV, severity of infection or intensity of immunosup-
pressive therapy between the two groups. On the other
side, the sample size was small to obtain more robust
conclusions.
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In conclusion, compared with conventional microbio-
logical tests, using mNGS tests may facilitate shortening
and decreasing antimicrobial treatment, and decreas-
ing mortality of severe infection. Therefore, we recom-
mended mNGS as a useful rule-out tool in differentiating
pulmonary infection from pulmonary involvement of
vasculitis in AAV patients, and mNGS may offer the
potential for early implementation of accurate therapy in
AAV patients with suspected pulmonary infection.
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