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Abstract
Introduction: Rapid and accurate pathogen identification is essential for the treat-
ment	 of	 pneumonia.	Metagenomic	 next-	generation	 sequencing	 (mNGS)	 is	 a	 newly	
developed	technology	to	obtain	microbial	nucleic	acid	sequence	information	quickly,	
efficiently,	and	without	bias.
Methods: We	performed	shotgun	metagenomic	next-	generation	sequencing	(mNGS)	
of	bronchoalveolar	lavage	fluid	(BALF)	for	pathogen	identification	in	pneumonia	in	a	
prospective study with 138 patients from a single center. We compared the results 
of	mNGS	with	standard	methods	 including	culture,	staining,	and	targeted	PCR	and	
evaluated the clinical applicability of mNGS.
Results: Most	of	the	patients	(128/138,	92.75%)	were	cured	or	improved.	One	patient	
(1/138,	0.72%)	died	because	of	acute	gastrointestinal	bleeding,	and	9	patients	(9/138,	
6.52%)	showed	no	improvement.	mNGS	identified	more	bacteria	(53	versus	27),	fewer	
fungi	(8	versus	31),	and	more	viruses	(16	versus	1)	than	standard	methods.	In	total,	
treatment	 in	34	out	of	138	cases	 (24.64%)	was	adjusted	and	optimized	because	of	
mNGS	results.	Positive	mNGS	results	contributed	to	a	definitive	diagnosis	in	23	cases	
(16.67%),	which	helped	guide	treatment	decision	by	either	adjusting	the	antibiotics	
without	de-	escalation	or	continuing	the	empirical	treatment.	mNGS	also	confirmed	
no	active	infection	in	11	cases	(7.97%)	allowed	for	antibiotic	de-	escalation.
Conclusion: This	prospective	clinical	study	evaluated	the	clinical	utility	of	mNGS	for	
the	diagnosis	of	pneumonia	and	showed	that	mNGS	of	BALF	provides	valuable	infor-
mation for effective treatment.
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1  |  INTRODUCTION

Infectious	diseases	are	a	major	 cause	of	human	death.	Pulmonary	
infection is the most deadly of all infectious diseases due to its 
rapid	onset,	severe	illness,	and	many	complications.1,2	The	early	and	
rapid identification of pathogenic agents for the selection of ideal 
anti-	infective	 drugs	 is	 the	 key	 to	 improving	 clinical	 diagnosis	 and	
treatment	 outcomes.	However,	 the	 identification	 of	 the	 causative	
pathogen	 in	 infectious	diseases,	 including	pulmonary	 infections,	 is	
difficult	and	often	inaccurate.	The	main	reason	for	this	is	the	diver-
sity	of	pathogenic	agents,	including	bacteria,	fungi,	viruses,	and	par-
asites,	and	 the	 limited	existing	microbiological	detection	methods.	
Depending	on	epidemiological	characteristics,	pneumonia	is	mainly	
divided	into	community-	acquired	pneumonia	and	hospital-	acquired	
pneumonia,	and	the	causative	pathogens	of	 the	two	are	different.	
Bacterial	and	respiratory	viral	infections	are	common	in	community-	
acquired	pneumonia,	in	which	Streptococcus pneumoniae and atypi-
cal	pathogens	are	more	common,	while	pneumonia	caused	by	fungi	
and parasites is affected by geographical location and host factors.3 
Ventilator-	associated	pneumonia	(VAP),4	common	hospital-	acquired	
pneumonia,	mainly	occurs	due	to	Acinetobacter baumannii,	Klebsiella 
pneumoniae,	and	Pseudomonas aeruginosa.	Hospital-	acquired	pneu-
monia	 is	prevalent	 in	China	and	other	countries	around	the	world,	
especially	 in	 intensive	 care	units,	 and	 is	 closely	 related	 to	 the	pa-
tient's	underlying	disease	state,	the	source	of	pathogenic	agent,	the	
route	 of	 transmission,	 and	 the	 empirical	 anti-	infective	 treatment	
before	the	pathogen	is	identified.	There	exist	a	number	of	difficul-
ties	 in	the	detection	of	the	causative	pathogens	of	pneumonia,	 in-
cluding the following: (1) due to empirical treatment and the misuse 
of	anti-	infective	drugs,	pathogen	isolation	and	identification	rate	is	
often	low,	the	sensitivity	is	poor,	and	is	time-	consuming;	(2)	severe	
pneumonia	is	often	caused	by	multiple	infections,	and	it	is	not	easy	
to simultaneously detect them by conventional microbial culture; (3) 
traditional pathogen detection techniques have certain limitations. 
Currently,	 the	 identification	 of	 pathogenic	 agents	 in	 pneumonia	
mainly relies on microbial culture and nucleic acid amplification tech-
niques.	However,	microbial	culture	is	limited	in	that	many	pathogens	
cannot	be	cultured	and	many	pulmonary	infections	present	as	multi-	
pathogen	infections.	The	pathogenic	agents	may	also	not	grow	due	
to	the	ongoing	empirical	anti-	infective	treatments.	Although	nucleic	
acid	 amplification	 technology	 is	 sensitive,	 rapid,	 and	 non-	culture	
dependent,	 it	 can	only	 target	 known	pathogens	and	has	 a	narrow	
detection	range.	Therefore,	new	strategies	for	efficient	and	accurate	
diagnosis are being explored.

Metagenomics	 next-	generation	 sequencing	 (mNGS)	 is	 a	 newly	
developed technology to obtain microbial nucleic acid sequence in-
formation	 quickly,	 efficiently,	 and	without	 bias.	 In	 recent	 years,	 it	
has greatly benefited human microbiome research and improved our 
understanding of the impact of the microbiome on human health. Its 
diagnostic	value	 is	 increasingly	being	 recognized	ever	since	a	case	
of leptospirosis infection diagnosed by mNGS was first reported in 
2014.5	As	common	pathogenic	agents	contain	nucleic	acid	as	genetic	
material,	 NGS	 can	 identify	 the	 type	 of	 pathogen,	 as	 well	 as	 drug	

resistance gene information by nucleic acid sequence information. 
In	addition,	due	to	its	high	sensitivity,	fast	turn-	around	time,	and	un-
biased,	culture-	independent	nature,	NGS	has	been	used	in	medical	
microbiology as an emerging and powerful diagnostic technology 
and may become a rapid and universal diagnostic method for the 
diagnosis	 of	 infectious	 diseases.	 Metagenomic	 NGS	 includes	 16S	
rRNA-	based	 targeted-	amplicon	 sequencing	 and	 shotgun	 metage-
nomic sequencing.6	 Targeted-	amplicon	 sequencing	 is	 mainly	 used	
for bacterial pathogen detection and can also be used for the de-
tection	of	eukaryotes	and	fungal	pathogens	based	on	18S	rRNA7 or 
internal	transcribed	spacer	sequencing,8	 respectively.	The	shotgun	
method can be used to detect a wider range of pathogenic agents 
including	 bacteria,	 fungi,	 viruses,	 and	 parasites	 as	well	 as	 identify	
some drug resistance genes and is more suitable for the detection 
of pathogenic agents that cannot be identified using conventional 
protocols.	Currently,	 there	 is	 a	 lack	of	 a	 complete	 set	of	 standard	
procedures from sample collection to amplification and library con-
struction,	 quality	 control	 processing,	 data	 analysis,	 and	 the	 other	
steps to facilitate NGS application in clinical settings.

Bronchoalveolar	 lavage	 fluid	 (BALF)	 is	 easily	 obtained	 during	
bronchoscopy in patients with respiratory diseases. It is a pertinent 
clinical sample for pathogen evaluation in patients with respiratory 
infections.9 Bronchoalveolar lavage contains high concentrations of 
nucleic	acid,	making	it	suitable	for	metagenomic	sequencing,	espe-
cially for the detection of pathogenic viruses and fungi.9,10

This	 study	 is	 a	 prospective	 single-	center	 observational	 study	
involving	BALF	 collection	 from	patients	 clinically	 diagnosed	with	
pulmonary	 infection	 in	 Jiaxing	 First	 People's	 Hospital	 from	May	
2018	 to	 July	2021,	 and	pathogen	detection	using	 traditional	 and	
secondary mNGS to compare their efficacy in pathogen detection 
and evaluate the application value of mNGS in pulmonary infection 
diagnosis.

2  | METHODS

2.1  |  Patient enrollment

A	total	of	138	patients	with	pulmonary	infections	were	enrolled	in	
this	study.	The	inclusion	criteria	were	as	follows:	adults	with	an	initial	
clinical diagnosis of pneumonia based on positive radiographic find-
ings,	 such	as	chest	X-	ray	or	 lung	CT,	and	clinical	presentations	 in-
cluding	the	new	onset	of	fever,	cough,	increased	sputum	production,	
shortness	 of	 breath,	 and	 hemoptysis;	 patients	 that	 could	 tolerate	
bronchoscopy	and	had	adequate	BALF	for	collection.	The	patients	
could	read	and	understand,	provide	informed	consent,	were	willing	
to	cooperate	with	the	research	plan,	and	signed	relevant	documents.

The	exclusion	criteria	were	as	follows:	patients	that	were	diag-
nosed	as	non-	infectious	diseases	on	being	 clinically	 suspected	 for	
infections	caused	by	RNA	viruses,	such	as	influenza	virus	infection.

This	research	was	approved	by	the	ethics	committee	of	Jiaxing	
First	People's	Hospital.	All	 patients	or	 authorized	 family	members	
provided informed consent.
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2.2  |  Samples and laboratory testing

All	 patients	 were	 subjected	 to	 bronchoscopy.	 The	 BALF	was	 col-
lected and aliquoted for both standard laboratory testing and 
mNGS.	The	standard	diagnostic	methods	for	testing	BALF	including	
bacterial,	mycobacterial,	and	fungal	culture;	gram	staining,	fluores-
cent	 staining,	 acid-	fast	 bacilli	 (AFB)	 smear	 stain	 for	mycobacteria,	
modified	AFB	stain	for	Nocardia,	Gomori	methenamine	silver	stain	
for	fungi,	direct	fluorescence	antibody	stain	(DFA)	for	Pneumocystis 
jirovecii	(PJP),	galactomannan	antigen	test,	Mycoplasma pneumoniae,	
Chlamydia pneumoniae,	 PCR	 assays	 for	Mycobacterium tuberculosis 
(MTB)	complex	 (GeneXpert,	Cepheid),	and	cytomegalovirus	 (CMV)	
(Zhejiang	 IngeniGen	XunMinKang	Biotechnology,	Hangzhou)	were	
conducted.	Besides,	Cryptococcus	capsular	antigen	tests	were	also	
performed using serum samples.11

2.3  | mNGS testing

BALF	 samples	were	 collected,	 stored	 in	 a	 cryogenic	 storage	 con-
tainer,	 and	 immediately	 transported	 to	 a	 commercial	 laboratory	
(Zhejiang	 IngeniGen	 XunMinKang	 Biotechnology,	 Hangzhou)	 for	
mNGS	testing	within	8	hr.	Briefly,	DNA	was	extracted	from	300 μl of 
BALF	and	a	sequencing	library	was	prepared	using	the	Total	Nucleic	
Acid	Extraction	Kit	and	the	mNGS-	DNA	Library	Prep	Kit	(Zhejiang	
IngeniGen	XunMinKang	Biotechnology).	Sequencing	was	performed	
using	 the	 75-	bp	 paired-	end	 protocol	 on	 the	 Illumina	 Nextseq550	
platform.	 At	 least	 2.5	 million	 reads	 (75 bp)	 were	 obtained	 from	
each	sample	after	sequencing.	IngeniSeq-	MG	v1.0	mNGS	software	
(IngeniGen	XunMinKang	Biotechnology,	Hangzhou,	China)	was	used	
to	 analyzed	 the	 sequence	 data	 which	 contains	 a	 proprietary	 cu-
rated	database	of	more	than	20,000	microbial	reference	genomes.11 
Shotgun metagenomic sequencing was performed by an Illumina 
MiniSeq	sequencer.	The	bioinformatics	followed	were	as	described	
previously by Fang et al.12	All	reports	were	reported	to	the	doctor	
within	36 hr.

2.4  | Data analysis and quality control

Quality control measures to ensure the validity of the mNGS results 
were used as follows: (1) each mNGS run has a negative control to 
detect	background	microbial	DNA	contaminants.	A	true	positive	re-
sult was reported valid to the doctor only when the sequence reads 
were ten times more than the corresponding reads in the negative 
control; (2) a true positive result was considered valid only when the 
sequence	reads	of	a	species	in	a	sample	exceeded	10%	of	the	total	
reads of the same species in all samples in the same run to avoid 
false-	positive	result;	(3)	a	negative	result	was	considered	valid	only	
when the internal control (a unique marine bacteria spiked in each 
sample)	was	detected	at	more	than	100	reads;	(4)	the	IngeniSeq-	MG	
v1.0	 mNGS	 software	 were	 used	 to	 determine	 the	 contaminants,	
which	are	 species	detected	with	more	 than	10%	 frequency	 in	 the	

negative	controls	over	past	100	runs;	 (5)	species	normally	coloniz-
ing	in	human	respiratory	tract,	pre-	determined	by	the	IngeniSeq-	MG	
v1.0	mNGS	software,	were	also	filtered	out	as	contaminants	if	their	
reads	were	 lower	 than	a	specific	cutoff	built	 in	 this	 software.	The	
specific	 thresholds	 for	 filtering	 out	 normally	 colonizing	 in	 human	
respiratory tract were determined by a metadata analysis of >5000 
BALF	samples	(proprietary	data	of	Zhejiang	IngeniGen	XunMinKang	
Biotechnology).11

2.5  | Determination of clinical impact

A	positive	impact	was	defined	by	(1)	a	definitive	diagnosis	made	de-
pending	on	the	mNGS	results,	or	(2)	a	change	in	management	due	to	
the	mNGS	results	that	led	to	a	favorable	clinical	outcome.	A	nega-
tive impact was defined by an inaccurate diagnosis made using the 
mNGS results that led to unnecessary or suboptimal treatment.

3  |  RESULTS

3.1  |  Patient summary

The	study	was	conducted	among	88	males	and	50	females	with	ages	
ranging	 from	 25	 to	 92 years	 (mean	= 58.96; Table 1).	 All	 patients	
had	radiographic	findings	consistent	with	pulmonary	infection,	with	
the	most	common	symptoms	being	cough	(50.00%),	increased	spu-
tum	production	 (26.09%),	 fever	 (23.19%),	 and	 shortness	of	breath	
(21.01%;	Table 1).	The	condition	of	most	of	the	patients	(128/138,	
92.75%)	 improved.	 One	 patient	 (1/138,	 0.72%)	 died	 because	 of	
acute	 gastrointestinal	 bleeding,	 and	 nine	 patients	 (9/138,	 6.52%)	
showed no improvement.

TA B L E  1 Enrolled	patient	demographics	and	clinical	
manifestation

N (%)

Gender

Male 88	(63.77)

Female 50 (36.23)

Age	(in	years)

18– 49 30	(21.74)

50– 69 78	(56.52)

≥70 30	(21.74)

Primary	clinical	symptoms

Radiographic findings 138 (100)

Fever 32 (23.19)

Cough 69 (50.00)

Increased sputum production 36 (26.09)

Shortness of breath 29 (21.01)

Hemoptysis 9 (6.52)

Other 14 (10.14)
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3.2  |  Comparison of mNGS results to 
standard methods

mNGS data and results of standard methods had a complete agree-
ment	in	55	cases	(55/138,	39.86%)	with	47	negative	cases	(47/138,	
34.06%)	and	8	positive	cases	(8/138,	5.80%),	respectively.

Standard methods were unable to identify any pathogens in 
82	 of	 the	 138	 cases	 (59.42%),	while	mNGS	 identified	 the	 follow-
ing number of unique pathogens per sample: 1 (n =	26),	2	 (n =	5),	
or 3+ (n = 4; Table 2).	In	contrast,	mNGS	was	negative	in	74	cases	
(53.62%),	of	which	standard	methods	identified	1	organism	(n =	14),	
2 organisms (n =	4),	or	3+ organisms (n =	9)	 in	a	total	of	27	cases	
(Table 2).	Overall,	mNGS	 identified	more	 bacteria	 (53	 versus	 27),	
fewer	fungi	(8	versus	31),	and	more	viruses	(16	versus	1)	than	stan-
dard methods (Figure 1).

3.3  |  Clinical Impact of mNGS results on 
diagnosis and treatment

Clinical	treatment	decisions	are	made	by	the	doctor	after	summariz-
ing	test	data.	 In	35	cases,	pathogens	were	detected	by	mNGS	but	
none by standard methods. Nine of the 35 patients received ad-
justed	appropriate	treatment	because	of	mNGS	results.	In	27	cases,	
pathogens were detected by standard methods and none were de-
tected by mNGS.

One	of	 these	patients,	 therefore,	 received	adjusted	 treatment.	
The	mNGS	result	of	this	patient	helped	to	exclude	active	infection	
which	allowed	for	antibiotic	de-	escalation.	Of	another	76	cases,	the	
treatment of 26 was appropriately adjusted treatment because of 
mNGS	results.	 In	 total,	34	out	of	138	cases	 (24.64%)	received	ad-
justed	treatment	because	of	mNGS	results.	Treatment	was	not	ad-
justed	for	104	out	of	138	(75.36%)	cases.

Of	the	34	cases	detected	positive	by	mNGS,	mNGS	results	con-
tributed to a definitive diagnosis in 23 cases (Table 3),	which	helped	
guide treatment decision by either adjusting the antibiotics without 
de-	escalation	or	 continuing	 the	empirical	 treatment.	While	 the	11	
cases where mNGS confirmed no active infection allowed for an-
tibiotic	de-	escalation	(Table 4).	 In	the	other	104	cases,	73	of	them	
did not detect additional pathogens. 31 cases detected additional 
pathogens,	but	the	treatment	did	not	adjust	(Table 4).

4  | DISCUSSION

In	 this	 study,	we	 compared	 the	 application	of	 traditional	methods	
and mNGS in pathogenic detection in pulmonary infection using 
BALF	and	found	that	mNGS	has	certain	advantages	over	traditional	
diagnostic	methods.	 First,	mNGS	 has	 a	 significantly	 higher	 detec-
tion	rate	for	bacterial	infection,	mixed	infection,	viral	infection,	and	
pneumocystis	 infection.	This	 is	mainly	because	of	 the	non-	culture	
dependence	and	unbiased	nature	of	mNGS	in	diagnosing	pathogens,	
which makes the simultaneous detection of several different targets 
possible.	mNGS,	 although	was	 largely	 advantageous,	 showed	 less	
sensitivity	in	diagnosing	fungal	infection,	which	may	be	because	of	
nucleic	acid	extraction	due	to	inefficient	fungal	wall	breaking,	lead-
ing	 to	 high	 false-	negative	 results.13	 The	 fungal	 cell	 wall	 is	 thicker	
and	tougher,	and	its	wall-	breaking	difficulty	 is	greater	than	that	of	
bacterial	cells.	In	some	cases,	no	fungi	were	detected	by	mNGS,	but	
Cryptococcus	neoformans	was	detected	by	conventional	methods	
(ink staining and large capsular observed) and confirmed by the 
high-	titer	cryptococcus	capsular	antigen	test.	This	example	suggests	
that	 mNGS	 has	 certain	 limitations.	 However,	 in	 this	 study,	 there	
were	also	patients	with	mNGS	testing	that	suggested	Pneumocystis	
jirovecii	 infection,	but	standard	diagnostic	methods	did	not	find	 it,	
and the patient's condition has improved significantly after Bactrim 
treatment,	 indicating	 that	mNGS	 still	 has	 high-	diagnostic	 value	 in	
certain cases of fungal infection.

The	proportion	of	cases	wherein	pathogens	were	not	diagnosed	
by	both	traditional	methods	and	mNGS	 is	 relatively	small,	and	the	
number of cases in which pathogens were diagnosed by mNGS 
alone	is	more	than	that	by	traditional	methods	alone.	These	features	
suggest	 the	 strong	 diagnostic	 utility	 of	 mNGS,	 especially	 for	 the	
detection of pathogens that are difficult to identify by traditional 
methods.	Moreover,	in	cases	where	broad-	spectrum	antibiotics	are	

TA B L E  2 Comparison	of	pathogens	detected	by	mNGS	and	
standard methods for each specimen

Standard methods

Negative 1 2 3+

mNGS Negative 47 14 4 9

1 26 7 2 4

2 5 5 2 3

3+ 4 4 2 0

F IGURE  1 mNGS	identified	more	bacteria	(53	versus	27),	fewer	
fungi	(8	versus	31),	and	more	viruses	(16	versus	1)	than	standard	
methods
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empirically	used	before	detection,	mNGS	can	be	used	as	an	effec-
tive supplement to traditional methods to further improve the effi-
ciency	of	pathogen	diagnosis	in	pulmonary	infections	and	optimize	
treatment.

In	 this	 study,	mNGS	had	 an	 average	 turnaround	 time	of	 48 hr.	
Compared	 with	 traditional	 methods,	 including	 pathogen	 cul-
ture,	 mNGS	 is	 rapid	 and	 therefore	 helpful	 for	 clinicians	 to	 diag-
nose	 and	make	 treatment	 decisions,	 especially	 in	mixed	 infection.	
Furthermore,	mNGS	has	obvious	clinical	utility	 in	 the	detection	of	
pathogens	that	are	difficult	 to	culture,	 including	Streptococcus,	an-
aerobic	 bacteria,	 cytomegalovirus,	Pneumocystis jirovecii,	 and	 non-	
tuberculous mycobacteria. Some scholars have proposed that a 
shorter detection time is the key factor for mNGS to be widely used 
in clinical practice.14	Moreover,	some	studies	have	shown	that	high-	
throughput sequencing to diagnose pathogens can be completed in 
as	little	as	9 hr,15	however,	48 hr	is	the	average	time	needed.	This	is	
advantageous over traditional methods that are completed an aver-
age	of	approximately	3–	5 days.13

Generally,	culture	methods	are	considered	as	gold	standard	for	
pathogen	 detection.	 For	 example,	 the	 diagnosis	 of	Mycobacterium 
tuberculosis	mainly	 relies	on	acid-	fast	 staining	and	GeneXpert,	 the	
diagnosis	 of	 Pneumocystis	 infection	 relies	 on	 silver	 staining,	 and	
that	 of	 fungal	 infection	 relies	 on	 fluorescent	 staining,	G	 test,	GM	
test,	and	Cryptococcus	capsular	polysaccharide	antigen	detection.	
The	 diagnosis	 of	 viral	 infections	mainly	 relies	 on	 respiratory	 virus	
screening,	CMV-	DNA,	etc.	mNGS	has	 some	diagnostic	 limitations.	
Although	mNGS	has	a	higher	rate	of	diagnosis	than	traditional	meth-
ods,	previous	studies	have	shown	that	the	diagnostic	sensitivity	of	

mNGS	is	between	36%16	and	100%.17	This	wide	range	of	sensitiv-
ity may be explained by the fact that there is currently no unified 
standardized	 protocol	 for	 mNGS	 testing.	 The	 process	 of	 clinical	
specimen	 collection,	 storage,	 and	 transportation	 may	 need	 to	 be	
further	optimized	to	avoid	inaccurate	test	results.13,18,19	Therefore,	
for	improved	sensitivity,	mNGS	results	should	be	evaluated	based	on	
clinical	 presentation	 and	 concurrent	 laboratory	 findings,	 including	
bacterial	 and	 fungal	 cultures,	 direct	 smear	 staining,	 histology,	 and	
serology. In cases where disparities arise in the results of the gold 
standard	method	and	mNGS,	clinicians	must	use	their	clinical	judg-
ment,	as	in	this	study,	to	decide	on	the	optimum	treatment.

In the case of pathogenic infections that are difficult to clinically 
detect	or	cases	in	which	broad-	spectrum	antibiotics	have	been	used	
empirically	before	testing,	mNGS	has	unique	diagnostic	advantages	
and can be prudently applied in clinical practice.

In	conclusion,	we	presented	a	prospective	clinical	study	to	evalu-
ate the utility of mNGS in clinical settings for the diagnosis of pneu-
monia	and	found	that	mNGS	of	BALF	provided	valuable	information	
for	treatment	optimization.	We	postulate	that	although	mNGS	can-
not	replace	the	existing	traditional	methods,	it	is	indispensable	as	a	
supplementary method.
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TA B L E  3 Cases	in	which	mNGS	led	to	definitive	diagnosis

Treatment changes Pathogens newly detected by mNGS Detailed information

Combine	antiviral	treatment	(n = 8) Herpes simplex virus 1 (n = 6) Combine	Acyclovir	treatment

Human cytomegalovirus (n = 2) Combine	Ganciclovir	treatment

Combine	antifungal	treatment	(n = 5) Aspergillus fumigatus (n = 3)Exophiala xenobiotica 
(n = 1)Cryptococcus neoformans (n = 1)

Combine	Itraconazole	treatment

Antibiotics	adjusted	(n = 2) Mycobacterium tuberculosis (n = 2) Combine	Isoniazid,	Rifampicin,	
Pyrazinamide,	and	Ethambutol	
treatment

Empirical treatment continued (n = 8) Mycoplasma pneumoniae (n = 1)Moraxella catarrhalis 
(n = 1)Pseudomonas aeruginosa (n = 1)Legionella 
pneumophila (n = 1)Klebsiella pneumoniae 
(n = 2)Mycobacterium kansasii (n = 1)Haemophilus 
influenzae (n = 1)

Empirical treatment has covered these 
pathogens

TA B L E  4 Clinical	impact	and	role	of	mNGS	results

Clinical treatment Role of mNGS results Treatment changes due to mNGS results

Adjusted	(n =	34,	24.64%) Contributed	to	definitive	diagnosis	(n =	23,	
16.67%)

Combine	antiviral	treatment	(n =	8)Combine	
antifungal treatment (n =	5)Antibiotics	adjusted	
(n = 2)Empirical treatment continued (n = 8)

Helped to exclude active infection (n =	11,	7.97%) Antibiotics	de-	escalated

Not adjusted (n =	104,	75.36%) No additional pathogen detected (n =	73,	54.1%) No changes

Additional	pathogen	detected	(n =	31,	22.46%)
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