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Purpose: Metagenomic next-generation sequencing (mNGS) is widely used for pulmonary
infection; nonetheless, the experience from its clinical use in diagnosing pulmonary fungal
infections is sparse. This study aimed to compare mNGS results from lung biopsy and
bronchoalveolar lavage fluid (BALF) and determine their clinical diagnostic efficacy.
Patients and Methods: A total of 106 patients with suspected pulmonary fungal infection
from May 2018 to January 2020 were included in this retrospective study. All patients’ lung
biopsy and BALF specimens were collected through bronchoscopy. Overall, 45 (42.5%)
patients had pulmonary fungal infection. The performance of lung biopsy and BALF used for
mNGS in diagnosing pulmonary fungal infections and identifying pathogens was compared.
Additionally, mNGS was compared with conventional tests (pathology, galactomannan test,
and cultures) with respect to the diagnosis of pulmonary fungal infections.

Results: Lung biopsy-mNGS and BALF-mNGS exhibited no difference in terms of sensitivity
(80.0% vs 84.4%, P=0.754) and specificity (91.8% vs 85.3%, P=0.39). Additionally, there was
no difference in specificity between mNGS and conventional tests; however, the sensitivity of
mNGS (lung biopsy, BALF) in diagnosing pulmonary fungal infections was significantly higher
than that of conventional tests (conventional tests vs biopsy-mNGS: 44.4% vs 80.0%, P<0.05;
conventional tests vs BALF-mNGS: 44.4% vs 84.4%, P<0.05). Among 32 patients with positive
mNGS results for both biopsy and BALF specimens, 23 (71.9%) cases of consistency between
the two tests for the detected fungi and nine (28.1%) cases of a partial match were identified.
Receiver operating curve analysis revealed that the area under the curve for the combination of
biopsy and BALF was significantly higher than that for BALF-mNGS (P=0.018).
Conclusion: We recommend biopsy-based or BALF-based mNGS for diagnosing pulmon-
ary fungal infections because of their diagnostic advantages over conventional tests. The
combination of biopsy and BALF for mNGS can be considered when higher diagnostic
efficacy is required.
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Introduction

In recent years, with the increase in high-risk groups requiring immunosuppressant use,
the prevalence of pulmonary fungal disease has shown a significant upward trend. The
main sources of fungal infections in human lungs are opportunistic fungi: Aspergillus,
Cryptococcus, Pneumocystis jirovecii, and endemic fungi. Among them, Aspergillus
and Cryptococcus are the main fungal pathogens associated with lung infections.'
Microscopic smears and cultures are conventional microbial methods used for
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pathogen identification; however, both methods are time
consuming and not highly sensitive. The gold standard for
the detection of invasive fungal infections is histopathologi-
cal diagnosis. However, it is time consuming, it cannot
identify pathogens, and it has low sensitivity. For
Aspergillus infections, the positive predictive value (PPV)
of respiratory specimen cultures obtained by sputum induc-
tion or bronchoalveolar lavage fluid (BALF) is low (approxi-
mately 72%).? When testing patients with non-hematological
diseases or those who have been treated with antifungal
drugs, the PPV may be even lower.’ Clinically, BALF’s
galactomannan (GM) test results are affected by various
factors, which can lower the sensitivity and increase the
false positivity rate.*’

Since the conventional tests for the diagnosis of pul-
monary fungal infections have a low sensitivity and are
influenced by various factors, there is an urgent need for
new technology with a higher sensitivity for the diagnosis
of pulmonary fungal infections. Currently, metagenomic
next-generation sequencing (mNGS) is a widely used
method for the clinical detection of pathogens and has
obvious advantages in pathogen detection.® One study
showed that mNGS can improve the sensitivity of pathogen
detection and that it is less affected by antibiotic exposure
before detection.” In the studies that used mNGS for the

10-13 there have been advan-

detection of lung infections,
tages identified over traditional detection methods, indicat-
ing that mNGS can be used to detect lung infections.
However, there is limited experience from the clinical use
of mNGS in the diagnosis of pulmonary fungal infections.

In this study, we used bronchoscopy to obtain lung
biopsy and BALF for mNGS from 106 patients with
suspected pulmonary fungal infection to identify patho-
gens. We compared the mNGS results from lung biopsy
and BALF to specifically determine the difference between
the two mNGS results and the clinical diagnostic efficacy.
Additionally, mNGS (BALF) was compared with conven-
tional tests (pathology, GM test, and cultures).

Patients and Methods

Specimen Collection and Processing

The present study is a retrospective cohort study. Patients
admitted to the Respiratory Department at Tianjin Medical
University General Hospital for suspected pulmonary fungal
infection from May 2018 to January 2020 provided informed
consent to undergo bronchoscopy and mNGS. Experienced
physicians collected the patient’s lung biopsy and BALF

specimens through bronchoscopy based on canonical opera-
tional procedures.'* During bronchoscopy, the operating
physician recorded complications such as bleeding, fatal
hemoptysis, arrhythmia, and death. Six to ten lung biopsy
specimens collected from the enrolled patients were used for
pathology, rapid on-site evaluation (ROSE), and mNGS.
Within 2 hours, the lung biopsy specimens were sent to the
histopathology laboratory and then processed using standard
procedures.'” The remaining lung biopsy specimens were
stored at —80°C for mNGS. Part of the BALF was used for
fungal and bacterial culture. Another part of the BALF was
used for Xpert MTB, GM test, and smear. The remaining
BALF specimens were stored at —80°C for mNGS.

mNGS and Analyses

The TIANamp Micro DNA Kit (DP316, TIANGEN
BIOTECH) was used to extract the DNA from the BALF
and lung biopsy homogenates based on the company’s
recommendation. DNA libraries were constructed based on
the Beijing Genomics Institute sequencer-100. By removing
low-quality and shorter (<35 bp) readings, high-quality
sequencing data were generated. Burrows-Wheeler Aligner
software was applied to map to a human reference (hgl9) to
identify human sequence data. Microbial genome databases
were used to classify the remaining data.”'®'” The classifi-
cation reference databases were downloaded from NCBI
(ftp:/ftp.ncbi.nlm.nih.gov/genomes/).

Criteria of Diagnosis of Pulmonary Fungal

Infection

Pulmonary fungal infection was defined based on the
European Organization for Research and Treatment of
Cancer (EORTC)/Mycoses Study Group (MSG) criteria.'®
In our study, for proven Invasive Fungal Disease (IFDs),
histopathological findings of hyphae on lung biopsy were
considered an IFI diagnosis, and this criterion was adapted
for any patient. For probable IFDs, experts in the respira-
tory department of our hospital reviewed the chest CT
images of pulmonary fungal infection, which was one of
the clinical diagnostic criteria, and evaluated possible
mycological evidence such as the GM antigen test.
Patients with no proven or probable IFDs throughout the
study period were categorized as exclude IFDs.

The pathogen responsible for the fungal infections was
diagnosed if it met any of the following thresholds. First,
culture and/or histopathological examination positive for
fungi; it is strongly recommended to use BALF GM to
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diagnose invasive pulmonary aspergillosis in immunosup-
pressed patients.* Second, at least 50 unique reads from a
single species of fungi; for pathogens with unique reads
less than 50, the diagnosis of pulmonary fungal infection
can still be made based on the clinical situation.'?

Statistical Analysis

In order to determine the sensitivity, specificity, PPV, and
negative predictive value (NPV), 2x2 contingency tables
were derived. All data are reported as the absolute value of
their 95% confidence intervals (CI). Diagnostic accuracy
of pulmonary fungal infections based on the fungal reads
from mNGS and area under the curve (AUC) was calcu-
lated after conducting the corresponding receiver operating
characteristic (ROC) curve analysis. Data were analyzed
using SPSS 26.0 (IBM Corp., Armonk, NY, USA) and
MedCalc 19 (MedCalc Software Ltd., Ostend, Belgium).
P-values <0.05 were considered statistically significant.

Ethics

The study was approved by the Ethics Committee of
Tianjin Medical University General Hospital. The need
for informed consent was waived due to the retrospective
nature of the study and because the data were anon-

ymously analyzed.

Results
Patient Characteristics and mNGS

Results

Overall, 106 patients were included in the study; 76
(71.7%) were males, and the average age was 43.2+18.5
years. Eighty-four (79.3%) patients had immunocompro-
mised function, and 79 of them suffered from hematologi-
cal diseases (Table 1). In total, 45 (42.5%) patients were
diagnosed with pulmonary fungal infections (Table 2 and
Figure 1).

Table | Patient Demographic Characteristics

Comparison Between mNGS and

Conventional Tests

Among the 106 patients with suspected pulmonary fungal
infection, the diagnostic efficacy of mNGS for lung biopsy
and BALF is shown in Table 3. The sensitivity and speci-
ficity of lung biopsy-mNGS for the diagnosis of pulmon-
ary fungal infections were 80.0% (95% CI, 65.0-89.9%)
and 91.8% (95% CI, 81.2-96.9%), and the PPV and NPV
were 87.8% (95% CI, 73.0-95.4%) and 86.2% (95% CI,
74.8-93.1%), respectively. The sensitivity and specificity
of BALF-mNGS for the diagnosis of pulmonary fungal
infections were 84.4% (95% CI, 69.9-93.0%) and 85.3%
(95% CI, 73.3-92.6%), and the PPV and NPV were 80.9%
(95% CI, 66.3-90.4%) and 88.1% (95% CI, 76.5-94.7%),
respectively.

The sensitivity and specificity of conventional tests in
diagnosing pulmonary fungal infections were 44.4% (95%
CL 30.0-59.9%) and 88.5% (95% CI, 77.2-94.9%),
whereas the PPV and NPV were 74.1% (95% CI, 53.4—
88.1%) and 68.4% (95% CI, 56.8-78.1%), respectively.
There was no significant difference in the specificity
between mNGS and conventional tests; however, the sen-
sitivity of mNGS (lung biopsy, BALF) in diagnosing pul-
monary fungal infections was significantly higher than that
of conventional tests (conventional tests vs biopsy-mNGS:
44.4% vs 80.0%, P<0.05; conventional tests vs BALF-
mNGS: 44.4% vs 84.4%, P<0.05) (Table 3). There were
no fungi detected based on the mNGS results for speci-
mens obtained from three patients (patient nos. 91, 101,
and 105); nevertheless, the presence of fungi was con-
firmed in the pathology or culture results. Both mNGS
(BALF) and traditional detection methods were positive
for pulmonary fungal infections in 19 patients. The pathol-
ogy of the lung biopsy for 11 patients revealed fungal
hyphae. Among all fungal cultures, the fungal culture
results for six patients suggested the growth of mold. Of
the 10 positive results using BALF from the GM test, six
were false positives.

Characteristics

Patient, N (%)

Age

43.2+185

Sex Male
Female

76 (71.7%)
30 (28.3%)

Underlying disease

Immunocompromised

Non-Immunocompromised

84 (79.3%)
22 (20.8%)
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Patients with suspected pulmonary fungal
infection N=106;
All subjects underwent transbronchial lung
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< tracheoscopy. Y,
ﬁnally diagnosed with pulmonary 4 finally diagnosed to exclude h
fungal infection pulmonary fungal infection |—
L N= J \ N=61
lung biopsy mNGS BALF mNGS conventional test lung biopsy mNGS BALF mNGS conventional test
positive N=36 positive N=38 positive N=20 positive N=5 positive N=9 positive N=7
negative N=9 negative N=7 negative N=25 negative N=56 negative N=52 negative N=54

Figure | Methods used to diagnose pulmonary fungal infections.

Lung Biopsy and BALF for mNGS

ROC analysis of biopsy-mNGS and BALF-mNGS for the
diagnosis of pulmonary fungal infections yielded an AUC of
0.8663 (95% CI, 0.8122-0.9605) and 0.8632 (95% CI,
0.7879-0.9385), respectively (Table 4). Additionally, ROC
analysis of mNGS (combination of biopsy and BALF) for the
diagnosis of pulmonary fungal infections yielded an AUC of
0.929 (95% CI, 0.862—0.970) (Table 4). When the threshold
was greater than 0.3022, the sensitivity and specificity of
mNGS (combination of biopsy and BALF) were 77.8%
(95% CI, 62.9-88.8%) and 95.1% (95% CI, 86.3-99%),
respectively. Pairwise ROC curves are shown in Figure 2
and Table 5. The difference in AUC of the two mNGS was
only 0.0231 (P=0.5748). The difference in the AUC between
mNGS (combination of biopsy and BALF) and lung biopsy-
mNGS was 0.0423 (P=0.0509). Finally, the difference in
AUC between mNGS (combination of biopsy and BALF)
and BALF-mNGS was 0.0654 (P=0.018).

The mNGS provided specific sequencing reads of all
microorganisms and valid data that can be detected in the
sample. Based on the definition for the pathogens respon-
sible for fungal infections, in combination with the
patient’s clinical data to exclude some fungi considered

for colonization, this study detected pulmonary fungal
infections caused by Rhizopus microsporus, Aspergillus
flavus,  Aspergillus  oryzae, Aspergillus fumigatus,
Rhizomucor pusillus, and Pneumocystis jirovecii. In lung
of the

Aspergillus oryzae, Aspergillus flavus, Pneumocystis jiro-

biopsy-mNGS, most fungi detected were
vecii, Rhizomucor pusillus, and Aspergillus fumigatus
(Figure 3A). In mNGS (BALF), most of the fungi detected
were Pneumocystis  jirovecii, Aspergillus fumigatus,
Aspergillus oryzae, Aspergillus flavus, and Rhizomucor
pusillus (Figure 3B). The sequencing reads for fungi pro-
duced by each sample ranged from 2 to 522,197.

The lung biopsy and BALF results for mNGS were
positive for the diagnosis of lung fungal infection in 33
cases. The lung biopsy and BALF from patient no. 54
mNGS

Mpycobacterium; however, the final clinical diagnosis was

were used for to detect Aspergillus and
tuberculosis. Both tests were negative for the diagnosis of
pulmonary fungal infection in 51 patients. Eight cases
were positive for pulmonary fungal infections using
mNGS (biopsy) only, and 14 cases were positive for
pulmonary fungal infections using mNGS (BALF) only.

In 14 cases, we found that Pneumocystis jiroveci was

Table 3 Performance of mNGS and the Conventional Test in the Diagnosis of Pulmonary Fungal Infections

Sensitivity % (95% Cl) | Specificity % (95% CI) | PPV % (95% CI) | NPV % (95% ClI) | P value P value
mNGS (biopsy) 80.0*° (65.0-89.9) 91.8*® (81.2-96.9) 87.8 (73.0-95.4) 86.2 (74.8-93.1) 0.754° 0.388*
mNGS (balf) 84.4*° (69.9-93.0) 85.34C (73.3-92.6) 80.9 (66.3-90.4) | 88.1 (76.5-94.7) 0.002° 0.774°
Conventional test 44.44°< (30.0-59.9) 88.525C (77.2-94.9) 74.1 (53.4-88.1) 68.4 (56.8-78.1) 0.0003¢ 0.774

Notes: Sensitivity: a, biopsy-mNGS vs BALF-mNGS; b, biopsy-mNGS vs conventional test; ¢, BALF-mNGS vs conventional test. Specificity: A, biopsy-mNGS vs BALF-

mNGS; B, biopsy-mNGS vs conventional test; C, BALF-mNGS vs conventional test.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval.
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Table 4 Comparison of the ROC for mNGS and the Conventional Tests

Area Under Curve 95% Confidence Interval P value
Biopsy combined balf 0.929 0.862-0.970 P<0.0001
Biopsy 0.8663 0.8122-0.9605 P<0.0001
Balf 0.8632 0.7879-0.9385 P<0.0001

detected by mNGS (BALF) in patient no. 58; however, the
final diagnosis was cryptococcal infection. Among the 32
patients whose final diagnoses were pulmonary fungal
infections and mNGS results were positive, 23 (71.88%)
cases of consistency between the two detected fungi and
nine (28.13%) cases of a partial match were identified
(Figure 4). With respect to the partially matched results,
the mNGS results of the two specimens did not appear to
be completely different; nevertheless, they were partially
contained.

Among 45 patients with a final diagnosis of pulmonary
fungal infection, the results from lung biopsy and BALF
for mNGS were positive in 32 (75%) patients (Table 6).
When multiple types of fungi were detected by mNGS for
the two specimens, the fungi with the largest reads were
recorded and compared. Among 32 patients with positive
mNGS results for both specimens, 27 (84.38%) had more
reads of fungi detected by lung biopsy-mNGS than by
BALF-mNGS (Figures 5 and 6). In 17 (53.13%) patients,
fungal reads detected by lung biopsy-mNGS were more
than 10 times greater than those by BALF-mNGS. In 10
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Figure 2 Pairwise comparison of the ROC curves.
Abbreviation: ROC, receiver operating characteristic.

patients, the fungal reads detected by lung biopsy-mNGS
were between 1 and 10 times greater than those detected
by BALF-mNGS. In patient no. 16, the fungal reads
detected by BALF-mNGS were significantly greater than
those by lung biopsy-mNGS. The fungal reads detected by
BALF-mNGS were approximately the same as those by
lung biopsy in five patients.

The information from the 22 patients with inconsistent
mNGS results is shown in Table 7. Among the eight and
13 cases with positive lung biopsy-mNGS and positive
BALF-mNGS, four and five cases were eventually diag-
nosed with pulmonary fungal infections, respectively.
Among the above mentioned 22 patients, 12 patients had
false-positive mNGS results. Only four and eight cases
had positive lung biopsy-mNGS and BALF-mNGS results,
respectively. Among the false positive cases, Aspergillus,
Pneumocystis jejuni, and Candida albicans were most
frequently detected, and in 10 (83.33%) patients, the
mNGS reads were less than 20. In patients with false
positive results, there was a greater frequency of BALF-
mNGS cases than lung biopsy-mNGS; however, this dif-
ference was not significant (P>0.05).

Complications in Bronchoscopy

Among the 106 patients included in this study, lung biopsy
and BALF were performed at the same time. During
transbronchial lung biopsy, a small amount of bleeding
was observed under bronchoscopy in eight patients. After
instilling hemocoagulase was injected into the bleeding
bronchus through the bronchoscope, no active bleeding
was observed under the bronchoscope, and the patient’s
safety was not threatened. Among the 106 patients who
underwent bronchoscopy, none experienced any complica-
tions, including fatal hemoptysis, pneumothorax, arrhyth-
mia, and death.

Discussion

Among high-risk groups of patients with immunosuppres-
sion, empirical antifungal therapy is becoming increas-
ingly common, which makes the diagnosis of pulmonary
fungal infections more difficult.'"” mNGS has been widely

Infection and Drug Resistance 2021:14

4351

Dove!


https://www.dovepress.com
https://www.dovepress.com

Yang et al

Dove

Table 5 Comparison of the Difference in the AUC

Difference Between Areas P value
Biopsy combined balf~ biopsy 0.0423 0.0509
Biopsy combined balf ~ balf 0.0654 0.018
Biopsy ~ balf 0.0231 0.5748

used in infectious diseases, but there is a lack of evidence

regarding its use in pulmonary fungal infections.

Therefore, this study aimed to address this gap and com-
pare the difference between lung biopsy and BALF for
mNGS. A previous study reported that mNGS was better

than cultures in diagnosing pulmonary fungal infections
(OR, 4.0 [95% CI, 1.6-10.3], P<0.01).” In the current
study, the specificity of conventional tests did not differ
compared to mNGS (conventional tests vs biopsy-mNGS:
88.52% vs 91.8%, P>0.05; conventional tests vs BALF-

Figure 3 (A) Fungi detected using lung biopsy-mNGS. (B) Fungi detected using BALF-mNGS.
Abbreviations: BALF, bronchoalveolar lavage fluid; mNGS, metagenomic next-generation sequencing.
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m double(-) = lung biopsy(+) = balf(+)

False positive, 1

m Partial match = Consistency m False positive

Figure 4 Consistency of the two specimens for mNGS in diagnosing pulmonary fungal infections. The pie chart shows the positive distribution of 106 cases investigated for
pulmonary fungal infections using lung biopsy and BALF for mNGS. Among the patients whose mNGS results matched for both specimens, the mNGS results of nine
patients showed partial matches, 24 patients showed complete matches, but 54 patients had false-positive results.

Abbreviations: BALF, bronchoalveolar lavage fluid; mNGS, metagenomic next-generation sequencing.

mNGS: 88.52% vs 85.25%, P>0.05), but the sensitivity of
mNGS significantly differed (conventional tests vs biopsy-
mNGS: 44.44% vs 80.00%, P<0.05; conventional test vs
BALF-mNGS: 44.44% vs 84.44%, P<0.05). The PPV and
NPV of conventional tests were 74.07% (95% CI, 53.41-
88.13%) and 68.35% (95% CI, 56.80-78.11%), respec-
tively. Since patients with immunodeficiencies were trea-
ted with antifungal therapy before the test, the positivity
rate of the conventional tests was very low. Compared
with the conventional tests, it has been previously reported
that mNGS is less affected by antibiotic exposure before
detection,” and that mNGS can detect corresponding
pathogens, which is beneficial for targeted treatment.
Reviewing the relevant literature, there are many stu-
dies on single lung biopsy or BALF for mNGS in pulmon-
ary infections,'”'? but few studies have evaluated
simultaneous mNGS using lung biopsy and BALF speci-
mens to diagnose pulmonary fungal infections. In this
study involving 106 patients with suspected pulmonary
fungal infection, mNGS detected fungi in the lung biopsy
and/or BALF of 55 patients. The sensitivity of lung biopsy
and BALF for mNGS in diagnosing pulmonary fungal
infections was 80.00% (95% CI, 64.95-89.91%) and
84.44% (95% CI, 69.94-93.01%), whereas their specificity
was 91.8% (95% CI, 81.17-96.94%) and 85.25% (95% CIL,
73.32-92.62%), respectively; however, these values did

not show significant difference (P>0.05). The smaller dif-
ference between the two samples in terms of sensitivity
might be explained by the fungal infection method (fila-
mentous fungi spread on the surface of lung tissue, and it
is often difficult to wash pathogens off using lavage) and
the scope of the alveolar lavage (bronchoalveolar lavage
involves more lobe segments and more distant sub-seg-
ment bronchi). The positivity rate of lung biopsy-mNGS
mainly depends on the location of the lesion, such as
whether the lesion is connected to the bronchus or close
to the surrounding area. In this study, with the assistance
of virtual navigation and ROSE, the sensitivity of mNGS
(lung biopsy and BALF) was relatively high. ROC analy-
sis of lung biopsy-mNGS for the diagnosis of pulmonary
fungal infections yielded an AUC of 0.8663 (95% CI,
0.8122-0.9605). ROC analysis of BALF-mNGS for the
diagnosis of pulmonary fungal infections yielded an
AUC of 0.8632 (95% CI, 0.7879-0.9385). The difference
in the AUC of the two samples evaluated using mNGS
was only 0.0.231 (P=0.5748). These findings highlight that
mNGS (regardless of whether the test specimen was a lung
biopsy or BALF) is a better detection method for the
diagnosis of pulmonary fungal infections. The difference
in the AUC between the mNGS (combination of biopsy
and BALF) and the mNGS (lung BALF) was 0.0654
(P=0.018). Thus, we found that mNGS (combination of
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Abbreviation: mMNGS/mNGS (BALF), mNGS (Biopsy) most detected fungal reads/mNGS (BAL) most detected fungal reads.

biopsy and BALF) had a better diagnostic value than
BALF-mNGS. The difference in the AUC between the
mNGS (combination of biopsy and BALF) and the
mNGS (lung biopsy) was 0.0423 (P=0.0509). Thus, the
mNGS (combination of biopsy and BALF) was not better
than the lung biopsy-mNGS, possibly because the sample
size was not large enough to show a significant difference.

The study detected fungal infections of the lungs
caused by Rhizopus microsporus, Aspergillus flavus,
Aspergillus oryzae, Aspergillus fumigatus, Rhizomucor
pusillus, and Pneumocystis jirovecii. These findings are
similar to those reported by Li et al,' but the current
study only identified one case of cryptococcal infection.
In this study, among 32 patients whose lung biopsy and
BALF were both positive on the basis of mNGS and were
thus diagnosed with pulmonary fungal infection, 23
(71.88%) cases of a complete match between the two
detected fungi and nine (28.13%) cases of a partial
match were identified. The results from the two different
specimens did not completely differ; however, the mNGS
results matched completely or contained each other. The
findings of this study indicated that lung biopsy and BALF
for mNGS showed specific consistency in fungal detec-
tion. Out of 32 patients with positive mNGS results for
both specimens, 27 (84.38%) had more reads of fungi
detected by lung biopsy-mNGS than by BALF-mNGS.
Reads of fungi detected by lung biopsy-mNGS were
more than 10 times greater than those detected by
BALF-mNGS in 17 (53.13%) patients. These findings
suggest that the reads of fungi detected by BALF-mNGS
were generally small, which may be related to the fungal
infection method (filamentous fungi spread on the surface
of lung tissue, and it is often difficult to wash pathogens
off using lavage). When lung tissues are obtained from the
target site of the lesion and used for mNGS, the fungal
reads can be detected several times higher than that with
BALF.

In this study, 22 patients had inconsistent results from
lung biopsy-mNGS and BALF-mNGS. The mNGS results
were positive for lung biopsy and negative for BALF in
eight patients; this might be attributed to the fact that the
fungi are filamentous and spread on the tissue surface,
which is difficult to wash down using bronchoalveolar
lavage. Furthermore, the mNGS results were negative for
lung biopsy and positive for BALF in 14 patients, which
might be explained by the fact that the bronchi are not
connected to the lesion site or the lesion tissue is not
obtained; however, the alveolar lavage involves a wider
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Figure 5 Comparison of the fungal reads detected by lung biopsy and BALF for mNGS. Multiple interval: mNGS (Biopsy) most detected fungal reads/mNGS (BAL) most
detected fungal reads.
Abbreviations: BALF, bronchoalveolar lavage fluid; mNGS, metagenomic next-generation sequencing.

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0%

o«“ & Q,&\ & & z.&(bfz}‘\\'%@ .z,o‘\ &@ N TS 2 S \\\ho & Q,o\\ < &"’
: 5 4 3 X -
<}°6Q\>9°do°ﬁo S, @céb&&\ e°¢\-@<§xo‘\\q©& 0&'\\‘& é&:& eﬁégc}°%Qs@é\\ Q\\5"\\ S e@ «'§o xQﬁe\\@ s '\\‘0\\ 0&&"% @@\Q&O
Q . N O O © o> & R N D AR RS S ST @ @ e & & A
FFF FTE T EFEE S T T e O F @ VTe FETE PSS
o° & of S AV F S SN NP o & o N PR S > TN F RSN S
¥ £ 2 & T FEF T Y O R T SERF P E RO K
KR K OT S F L LFO NE R KR P LTS FE o S8
S RS NSNS S SO S S S RPN R S S I S S RN S O S S N S
N DY AT 2 N 0T K f P S B DT G AR T ©Y o @ S S
NS N (19‘?“ PO N (’SLY“ 6\Q & AN ST g P qé\Q qu? NS

mmNGS (Biopsy) mmNGS (BALF)

Figure 6 Comparison of the fungal reads detected by mNGS with matching results from both specimens in 32 patients.
Abbreviation: mMNGS, metagenomic next-generation sequencing.

range. Since the lavage fluid involves more leaf segments  positive results than lung biopsy. However, this difference
and a more distant sub-segment bronchus, which involves  was not significant (P>0.05), which may be a result of the
a wider range, we found that BALF-mNGS had more false ~ small sample size.
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Table 7 Sequencing Results for 22 Patients with Inconsistent Lung Biopsy-mNGS and BALF-mNGS

Patient ID mNGS (Biopsy, Fungus mNGS (BALF, Fungus Final Clinical Diagnosis
Detected) Detected)
12 Negative Candida albicans (96) Exclude pulmonary fungal infection
14 Negative Aspergillus fumigatus (201) Pulmonary fungal infection
26 Rhizopus microsporus (476) Negative Pulmonary fungal infection
30 Rhizopus microsporus (3) Negative Pulmonary fungal infection
35 Aspergillus (3) Negative Exclude pulmonary fungal infection
42 Pneumocystis jirovecii (13) Negative Exclude pulmonary fungal infection
46 Aspergillus (5) Negative Pulmonary fungal infection
48 Negative Pneumocystis jirovecii (7) Exclude pulmonary fungal infection
58 Negative Pneumocystis jirovecii (2) Pulmonary fungal infection
62 Negative Aspergillus (4) Pulmonary fungal infection
64 Negative Candida albicans (I3) Exclude pulmonary fungal infection
Aspergillus (5)
67 Negative Aspergillus (3) Pulmonary fungal infection
71 Aspergillus (3) Negative Exclude pulmonary fungal infection
73 Negative Pneumocystis jirovecii (20) Exclude pulmonary fungal infection
76 Aspergillus (4) Negative Pulmonary fungal infection
8l Negative Candida tropicalis (6) Exclude pulmonary fungal infection
87 Negative Aspergillus (3) Exclude pulmonary fungal infection
88 Aspergillus (3) Negative Exclude pulmonary fungal infection
89 Negative Candida glabrata (146) Exclude pulmonary fungal infection
94 Negative Aspergillus fumigatus (4) Pulmonary fungal infection
95 Negative Pneumocystis jirovecii (I5) Exclude pulmonary fungal infection
104 Negative Aspergillus fumigatus (9) Pulmonary fungal infection

This study was subject to several limitations which
merit mentioning here. To date, the mNGS test used in
this study has been delivered to commercial laboratories,
but not to the hospital’s microbiology laboratory. This may
increase the turnaround time and reduce the storage capa-
city, thus reducing the sensitivity of the test. Additionally,
the sample size included in this study was not large, which
caused a slight deviation in the ROC curve drawn.

Conclusion

This study showed that mNGS has obvious advantages
when compared with conventional tests in pulmonary fun-
gal infection. Additionally, there is no difference in

diagnostic performance between lung-biopsy-mNGS and
BALF-mNGS. However, lung-mNGS can generally detect
several times the fungal reads when compared to BALF-
mNGS. Lung biopsy or BALF for mNGS is recommended
for patients with suspected pulmonary fungal infection to
identify the pathogen as early as possible. The combina-
tion of biopsy and BALF for mNGS may be considered
when higher diagnostic efficacy is required.
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