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Abstract

Background Cutaneous infectious granulomas (CIG) are localized and chronic skin infection caused by a variety
of pathogens such as protozoans, bacteria, worms, viruses and fungi. The diagnosis of CIG is difficult because
microbiological examination shows low sensitivity and the histomorphological findings of CIG caused by different
pathogens are commonly difficult to be distinguished.

Objective The objective of this study is to explore the application of mMNGS in tissue sample testing for CIG cases, and
to compare mNGS with traditional microbiological methods by evaluating sensitivity and specificity.

Methods We conducted a retrospective study at the Department of Dermatology of Sun Yat-sen Memorial Hospital,
Sun Yat-sen University from January 1st, 2020, to May 31st, 2024. Specimens from CIG patients with a clinical
presentation of cutaneous infection that was supported by histological examination were retrospectively enrolled.
Specimens were delivered to be tested for microbiological examinations and mNGS.

Results Our data show that mNGS detected Non-tuberculosis mycobacteria, Mycobacterium tuberculosis, fungi and
bacteria in CIG. Compared to culture, mNGS showed a higher positive rate (80.77% vs. 57.7%) with high sensitivity rate
(100%) and negative predictive value (100%). In addition, mNGS can detect more pathogens in one sample and can
be used to detect variable samples including the samples of paraffin-embedded tissue with shorter detective time. Of
the 21 patients who showed clinical improvement within a 30-day follow-up, eighteen had their treatments adjusted,
including fifteen who continued treatment based on the results of mNGS.

Conclusions mNGS could provide a potentially rapid and effective alternative detection method for diagnosis of
cutaneous infectious granulomas and mNGS results may affect the clinical prognosis resulting from enabling the
patients to initiate timely treatment.
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Introduction

Granulomas are organized aggregates of immune cells
with a wide variety of stimuli, like infectious agents and
foreign bodies. And the development of granulomas
shows that original phagocytes’ efforts to clear the par-
ticles from the initial contact were unsuccessful. Gener-
ally, the granulomas could be divided into non-infectious
and infectious granulomas [1]. According to the various
etiologies of cutaneous infectious granulomas (CIG),
the common presence of a granulomatous inflammatory
infiltration in the dermis may vary [2]. So, most granu-
lomatous inflammation can only be diagnosed when a
pathologist observes with specific stains for pathogen
under the microscope. However, it has been calculated
that near to 36% of granulomas do not have a specific eti-
ology [3], so that new methods are needed to be used for
helping in identifying the cause.

Metagenomic next-generation sequencing (mNGS)
test, as an emerged promising diagnostic technology, has
been used for detecting pathogen on a variety of samples
[4-7]. However, scarce reports have been paid to the
implementation of mNGS in clinical practice for patients
with CIG. Our study aims to assess the applicability of
mNGS by testing tissue samples from CIG cases, and
evaluating its sensitivity and specificity to compare with
conventional microbiological methods.

Methods

Patients and methods

From January 1st, 2020, to May 31st, 2024, a retrospective
study was conducted at the Department of Dermatology,
Sun Yat-sen Memorial Hospital, Sun Yat-sen University.
The study screened 89 patients with clinical presenta-
tions of cutaneous infections, histologically confirmed,
ultimately investigating 26 cases (Fig. 1). The exclu-
sion criteria were as follows: secondary infection due to
rupture of Sebaceous cyst/Epidermal cyst rupture: 43
patients; No culture/NGS: 20 patients (Figure S1). Sam-
ples were collected from the infected skin tissues of all
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patients, encompassing pus, secretions and tissue swabs.
Specimens were delivered to be tested for microbiologi-
cal examinations, including bacterial culture, mycological
tests (KOH examination and fungal culture), and mNGS.
Microbiological examinations were done following strict
procedures. At least two technicians, who were in charge
of discriminating between contaminants and isolates,
as well as two clinicians, who were in charge of separat-
ing infections from colonizations, evaluated the results.
Records included details about the patient’s demograph-
ics, medical history, complications, precipitating factors,
infection parts and symptoms, lab tests, antibiotic thera-
pies, and the outcome of those treatments.

mNGS sequencing and analysis

The entire pathogen detection pipeline and sequencing
process was completed in the Cellular & Molecular Diag-
nostics Center of Sun Yat-sen memorial hospital, Sun
Yat-sen University, Guangzhou, China. The mNGS meth-
ods made reference to earlier studies. The procedures
were, in brief, as follows.

DNA extraction

The DNA is extracted from all samples, including fresh
tissue, swabs, and paraffin sections. Soy bean-sized
piece of the fresh tissues were placed in a 2.0 ml EP
tube, and add the necessary amount of trypsin and let
the tube sit in a metal bath heated at 37 °C for 30 min
prior to extracting DNA from the tissue. Swabs should
be dissolved in phosphate buffered saline prior to DNA
extraction. For paraffin sections, about 10 wax rolls were
obtained and dewaxed with xylene before DNA was
extracted. The DNA from fresh tissue and swabs was
extracted by using a nucleic acid extraction kit (MAGEN
Guangzhou, CHINA), and the DNA from paraffin sec-
tions was extracted by using a nucleic acid extraction kit
(QIAgen FFPE DNA kit, USA). Further, DNA was quan-
tified by quantified using fluorometric quantification,
Qubit 4.0 Fluorometer.

Fig. 1 Histological findings in CIG patients. A-D, H&E, Bar =1.25 mm, E, H&E, Bar =50 um, F and H, H&E, Bar =200 um.G, H&E, Bar =100 um. From left to
right: Patient 2 (A, E), Patient 5 (B, F), Patient 14 (C, G) and Patient 7 (D, H)
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Library construction and sequencing

The DNA library building kit (NextEra XT (Illumina,
USA)) was used to prepare the DNA libraries. Using aga-
rose gel electrophoresis and a Qubit 4.0 Fluorometer, the
concentration of the DNA libraries was determined. The
NextSeq 500/550 High Output v2 kit was then used to
complete the sequencing (75 cycles).

Bioinformatics analysis

FastQC software was used to filter reads for low-quality
and low-complexity sequences. The effective sequence,
or clean reads, was the one that remained after the linker,
low-quality base, and too-short sequence were removed.
Next, clean reads were mapped to the human reference
genome (GRCh38) in order to exclude human reads. The
remaining information was matched with the database of
microbial genomes. Burrows Wheeler Alignment (BWA,
bowtie2) (http://bio-bwa.sourceforge.net/) was the com-
parison program used. Both FASTQC software and BWA
use default parameters. More than 18,000 different types
of microorganisms, including viruses, fungi, bacteria,
and parasites that are clinically common, are listed in the
microbiological database. Microbial genomes are mainly
downloaded from the nucleotide and genome databases
provided by the National Center for Biotechnology Infor-
mation (NCBI), and the downloaded sequences need
to be further selected and optimized to reduce redun-
dancy and ensure the sequence quality of the reference
genomes, and priority will be given to selecting the repre-
sentative genomes.

Interpretation and reporting

The final results were obtained by annotating the micro-
bial classification of the measured effective sequence
against the microbial database. The following standards
were used to mNGS positive results: When a pathogen or
parasite species found by mNGS had readings per million
(RPM) more than 1, the result was deemed positive. In
the case of viruses and opportunistic infections, a result
was deemed positive if the patient’s sequence count
exceeded five times the number of identified sequences.
In addition to that, the judgment will be based on the
sequence number, relative abundance, specificity of com-
parison, species sequence similarity, genus information,
microbial pathogenicity class, and clinical manifestations
of patients. For background bacteria, we judged based
on the non-template control (NC) and laboratory back-
ground microbial lists. In addition, we will also choose
NCBI BLAST (https://blast.ncbi.nlm.nih.gov) for the val-
idation of the results to exclude some false positives from
local database comparison.
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Statistical analysis
For continuous data, the mean+standard deviation value
or the median with interquartile range were used.

Ethics

Prior to participation, participants gave their signed,
informed consent. The Clinical Research Ethics Commit-
tee of Sun Yat-sen Memorial Hospital provided Ethical
approval (Number: SYSKY-2024-600-01).

Results

Demographic characteristics

Totally, we retrospectively collected 26 patients who
were diagnosed as CIG (Table 1). In this study, nine male
patients made up the study’s patient population, with an
average age of 53.8+16.3years. The areas of the granulo-
matous were mainly located on fingers and arms (19/26,
73.07%). Of the patients, eight patients denied any pre-
cipitating factor, and seventeen (17/26, 65.4%) had pre-
vious experiences of trauma with wounds that were
infected. Six patients have a history of using glucocorti-
coid. Nodules were the most common type of rashes, fol-
lowed by plaques and swelling (Fig. 2A-D). The average
duration from beginning of symptoms to the collection of
the specimen was 36 months.[Interquartile range (IQR)
3.25—-10 months].

Consistency and variations between mNGS and culture
results

21 distinct pathogen kinds were found by mNGS, while
nine were found by culture (Table 1). The most common
pathogen was Non-tuberculous Mycobacteria (NTM),
followed by Candida parapsilosis, Malassezia restricta,
Staphylococcus aureus, Talaromyces marneffei, Fonsecaea
monophora, Sporothrix globosa, Pneumocystis jirovecii,
Streptococcus dysgalactiae, Pluralibacter gergoviae, Pseu-
domonas aeruginosa, Chryseobacterium gleum, Klebsi-
ella pneumoniae, Enterobacter cloacae complex, Human
gammaherpesviru and Torque teno virus 0.13 cases had
multiple pathogens detected by mNGS, but only 1 case
had multiple pathogens detected by culture (Fig. 3A).
Among the multiple pathogens infected cases detected
by mNGS, a dual NTM infection have been found in 3
cases (Patient 2, Patient 12 and Patient 21), and 1 case has
been detected a mixture of dual NTM and bacteria infec-
tion (Patient 5), and 3 cases have been detected a mixture
of NTM and bacteria infection (Patient 3, Patient18 and
Patient 25), and 1 case has been detected a mixture of
NTM and virus infection (Patient 1), and 1 case has been
detected a mixture of NTM and fungi infection (Patient
24), and 1 case has been detected a mixture of NTM,
bacteria and fungi infection (Patient 26), and 1 case has
been detected a fungi and bacteria infection (Patient
15), and 1 case has been detected a fungal and virus


http://bio-bwa.sourceforge.net/
https://blast.ncbi.nlm.nih.gov

Page 4 of 9

84

(2024) 23

bials

IMICro:

Liu et al. Annals of Clinical Microbiology and Ant

5/ %/ DSouIBNIaD SDUOWIOPN3S
- - + - - S9 %81 wnuupwr iy aNssI|. 7 9npou’bulams  saa11jo Youelg  quui| Jaddn ya gl W 8l
- - - 9 sisojisdpipd ) /0€'€68 %1'86 sisojisdpind ) anssi|. ¥ SE sjieN apjue Jauur by 69 4 /1
SINsAD uondaful
+ + aN - - - - - anssi| € pue a|npoN J11RWS0D EslA| 14 4 9]
598 %E9/9 winayb wnii23opqoaskiy)
+ aN aN aN 144 %LETE lajauspw sadAwoipjp] Snd
layauIDW 516 %Iy OF winajb wnla120qoaskiyy uonesEdIn
an aN an / saoAwoipjo| 6vEl %8565 1ayjauIpw sadAwioip|o] anssi|. | pue buijjams NN uliealo) Yo 09 W Sl
s3npou uiiealoy
aN + aN - - L %L0'L wnioulpb anssiL 7L pueanbedpay  s3a11jo ypuelg  pue puey ybly S9 4 ¥l
100§ 491 J0
sanbed winsiop ayj pue
- - + 3¢ SISojn2saqNy Yy 618 %550 SnaInp °s anssi|. 09€ SNODNLIDA auoqysly  ybiyy Jauur s o W €l
L %L1 subiadn "y a|npou 196Uy
- - - 43 wnuliow "W L %L1 wnulpw W anssi| 4 pue Buljams asinig xapul o1y 0¢ W 4
sanpou
pue uoljeladN wiiealo) pue
- - + - - - - - anssi|. 8 ‘Bullpms auoqusty  Jabuypiul 1ybry LS E| L
- - aN - - - - - anssi|. oL 3|npou Jeaur] asinig wiiealo) 1ybiy 6l W ol
+ aN - - an aN aN anssiL 3|npou
an aN - an aN - - - Uo11235s uyjeled 4! pue buijjams NN 208} [e1JUSD 59 W 6
uonesad|n
- + - (4 SNS$225qD "W /6 %0€ SNssadsqo snd 4 pue buljjams MNN SETRIEN 2 4 8
aN + - - aN aN aN anssiL puey
aN aN aN aN aN 4 %10 SNssadsqp W Uondas uyjeled 74 anbejd pay sbewep ||y pue oswy Yo 93 W L
pioydouowt
I DADIASUOS an aN aN anssi|.
aN aN - aN aN (4 %8/ Dpioydouow paplasuo4 UoI23s uyjeled Zl€ pueanbeldjuen Jlos 631 1yb1y 8/ W 9
L %EL0 supiaony
€z wnuupw W 4 %/70 wnuupwrpy
201106126 Jeuayisido
- - - 4 12120qI0IN|d 689 %ELTO apin0biab Ja1o0qivin|d anssi| 174 anbeid pay auoqusly pueabuy 1ybry /S W S
aN - - - aN aN aN anssiL
aN aN aN aN aN - - - U033 uyjeled 9 anbe|d pay 190neyq puey 1ybiy 99 4 14
- - aN aN aN onssiL
16 %€9 snainp'’s sisko
anN anN anN anN aN 144 %L'S1 dds wnii120qodAYY UoN23s uyjeleq € pue 3INPON  $93J1 JO Lduelg puey 1yb1y 8y W €
€ %E0L wnuupw-w 3|Npou Jeaul|
- - + 8l wnuLpw ¥ %/L€EL subJaIIN Yy anssi|. G pueajnded pay Jlos wie Y 89 4 4
/1 %001 niinsadiaypuiuipb upwing 3Inpou wie
aN + + <9 wnuLpw 4 %587 wnuupw W anssi|. ol Jeaul| yuld auoqusly  pue siabuy s 9 4 |
aSvd 1584-pioy
uof}9]|0d>
fep uswidads 0y
suje)s [eads synsai  uonesynuap! Jaquinu aduepunqe uonedyissep 19suo woldwAs yses jo Joyoey ‘ON
ABojoyiedoisiH  ¢10dS-L Jo/puedimnd  synsaiainynd auanbag anney s)nsa1 SONW a|dwes woJlysyjuoly  suoneoyisse])  buneydpald  1ied uondsyul aby X3S juaned

syuedidied Apnis Jo sonsudeleyd dlydeibowaq L aqer



Page 5 of 9

84

(2024) 23

bials

IMICro:

Liu et al. Annals of Clinical Microbiology and Ant

2UOp JON :@N "IN} ND BLIS}OR] PIDRIUR SANISO :DAINSOJ “UMOUNUN INMNx

0/ %€l X9jdwod apdpoj1 Ja120qoIAIUT
[ %6'S apjuownaud pjjaisqayy
6 %' LT DI2LISAI W
09 9%6'99 sisojisdoind wieaio) 2|
- - + 9¢ SARISOd 6 %L0 wnuupwryy oNssiL € s|npou NN pue quinyy Y1 S9 W 9
S %L1 aD120|PbSAP sN22020)d21)S
- - aN 6l SAIISOd l %80 wnulowryy SNSS|| 4t ewsayihio MNN mogo 1ybiy s W 14
wnipyupyd S %08 11Pan0ulf sisArownaug
- - - € SnjjiLLqoL] € %ST wnuupwry anssiL 9¢ anbeld ANN 69 4 iz4
/ %8¢ sniiA oua) anbio]
IDPUAYIS S %EY pRUISIW
- - - € Xuylolods ¢ %/ 0s0qob xuyoiods anssi| 09 so|nded SN wiiealo) 1ybiy S 4 €T
SER
‘sajnpou ‘sajnded 3yjue [eIpaW
- - - L x9NSO 94 %65€€ asuauolsnoy iy oNssiL € EUEISE] SIIEN  pueesiop Yo7 74 W 44
4 %S0 supiIN'
- - + - - 4 %S0 wnulowryy ONSS|| 4t ewsyihio MNN ISUM IYBIY 0S W 1C
19buy
aN + - - L %LLY9 sisojisdpiod > onssi| Sl ewayifIa NN S|ppiw yb! SS 4 0c
Buljlems
an + + 4! SAISOd S %8'€ wnuLpwryy anssiL. S ‘ewRUIAg auoqysiy puey 1biy 6C W 6l
uo13)|0d>
fep uawypads 0}
suje)s [eads s}nsa1  uonedYIUAP! Jaquinu ajuepunge uopjedyissep 19suo woldwAs ysei jo 10108y ‘ON
ABojoyiedolsiH  410dS-L J0o/pueaimnd  synsaiainynd auanbag anneRy S)nsa1 SONW a|dwes woiysyuoly  suonedyisse])  Bunendpald  1ied uondaspu| aby X3S  juaned

(Panunuod) | 3|qel



Liu et al. Annals of Clinical Microbiology and Antimicrobials

(2024) 23:84

Page 6 of 9

Fig. 2 Clinical manifestation of CIG patients. A-D, Before treatment. E-F, After treatment. From left to right: Patient 2, Patient 5, Patient 14 and Patient 7
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Fig. 3 A, Bar graph illustrating the relative amounts of multiple pathogens in cases. 13 cases had multiple pathogens detected by mNGS, but only 1 case
had multiple pathogens detected by culture. B, Bar graph illustrating the positive results of mMNGS and culture for different sample types. For samples
tested by culture, 2 samples were extracted from paraffin section and 7 samples were extracted from fresh tissue. For samples tested by mNGS, 3 samples
were extracted from paraffin section and 2 samples were extracted from pus, and the remaining 18 samples were extracted from fresh tissue (Patient 15

got positive results both in fresh tissue and pus)

infection (Patient 23). 80.77% (21/26) and 57.7% (15/26)
of CIG patients had positive mNGS results and cultures,
respectively (Table S1). The sensitivity rates and speci-
ficity rates of mNGS were 100% and 54.5%, respectively,
in contrast to traditional culture. Furthermore, the posi-
tive predictive value and negative predictive value were
75% and 100%, respectively. NGS sample identification
seemed to have no effects on the test results, 3 samples
were extracted from paraffin section and 2 samples were
extracted from pus, and the remaining 18 samples were
extracted from fresh tissue (Patient 15 got positive results
both in fresh tissue and pus) (Fig. 3B). The median time
needed for mNGS was around 2 days, while for culture it

was around 19.6+12.4 days. So the time needed for NGS
was significantly shorter than culture. Eleven of patients
have been misdiagnosed and five of them have been
treated with anti-fungal medicine showed no response or
worsening (Table 2). Four patients returned to rural area
or refused to take medication and as a result of losing fol-
low-up. One patient with SLE had serious complications
and died of pneumocystis carinii infection. Notably, at the
30-day follow-up, 21 patients exhibit clinical improve-
ment. Eighteen of them received improved response after
adjusted therapy with appropriate anti-microbial agent
(fifteen of them are mNGS-positive cases) (Fig. 2E-H). In
addition, two patients showed clinical improvement with
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Table 2 Changing antibiotic treatment according to mNGS results
Patient NO. Antibiotics using before specimen  Immunosuppressive agent Conversion of targeted antibiotics Outcome
collection usage treatment during 30-
day follow-up
1 NO Leflunomide Clarithromycin, Sulfamethoxazole Refuse to take
medication
2 [traconazole NO Rifampicin, Isoniazide, Clindamycin Improve
3 Rifampicin, Isoniazide, NO NO Improve
Clarithromycin
4 Levofloxacin, Itraconazole NO NO Improve
5 NO NO Rifampicin, Isoniazide, Clindamycin Improve
6 NO NO Itraconazole, Terbinafine, Amphotericin B Improve
(local injection)
7 Clarithromycin, NO NO Improve
Rifampicin,
Isoniazide
8 NO NO Clarithromycin Died of pneu-
mocystis cari-
nii infection
9 NO Triamcinolone Amphotericin B Improve
10 NO Prednisone and thalidomide ~ NO Lose track
1 Clindamycin, NO Rifampicin, Isoniazide Improve
Rifampicin,
Roxithromycin
12 Itraconazole NO Rifampicin, Clarithromycin Improve
13 NO NO Salbutamol, Rifampicin, Isoniazide Improve
14 [traconazole NO Rifampicin, Isoniazide, Clarithromycin Improve
15 NO Methylprednisolone Itraconazole Improve
16 NO NO Clarithromycin, Levofloxacin Improve
17 Cefoperazone sulbactam NO Clarithromycin, levofloxacin Improve
18 NO NO Clarithromycin, rifampicin Improve
19 NO NO rifampicin Improve
20 NO NO methyldopa Lose track
21 NO NO Levofloxacin, Rifampicin Improve
22 Cefoperazone sulbactam NO Rifampicin, Moxifloxacin Improve
23 NO Cyclosporin Linezolid, itraconazole Improve
24 [traconazole NO Sulfamethoxazole, Rifampicin Improve
25 NO NO Clarithromycin Improve
26 NO NO Rifampicin Lose track

continuous treatment due to mNGS-positive results at 30
days follow-up.

Discussion

Commonly, cutaneous infectious granulomas (CIG) are
localized and chronic skin infection caused by a vari-
ety of pathogens such as protozoans, bacteria, worms,
viruses and fungi. The diagnosis of CIG depends mainly
on the clinical examination of the skin, microbiological
and histopathological examination. However, microbio-
logical examination, including direct smear and culture,
shows low sensitivity. Moreover, the histomorphological
findings of CIG caused by different pathogens are com-
monly very similar so the exact identity of the infectious
graulomas is hardly to work out [8]. Although pathogen
detection is important, histopathology even with special

staining can rarely identify pathogens to species level
[3]. As a result, the CIG usually remains undiagnosed for
several years and resulting in delayed or inadequate treat-
ment, prolonged stays, readmissions. According to our
findings, it took an average of 36 months from the start of
symptoms until the collection of the samples. [Interquar-
tile range (IQR) 3.25-10 months], so our study consistent
with those conclusions. The epidemiological pathogens
of CIG vary depending on geographical regions through-
out the world [2]. In general, fungi and mycobacteria
are the two most common types of CIG, our study con-
sistent with those conclusions. In the present study, the
most common pathogen was Non-tuberculous Myco-
bacteria (NTM), while positive result of fungi are six (C.
parapsilosis, M.restricta, S. globosa, P. jirovecii, Talaromy-
ces marneffei, Fonsecaea monophora). The main reason
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is that fungi generally bigger in diameter, so that fungi
structure are more easily to be found through the exami-
nation of histomophology and direct smear. Although
some of the studies stated that fungi cell wall is so thick
that mNGS with lower ratio of positive results [9], mNGS
is able to detect the fungi of Fonsecaea spp., which pre-
sented as muriform cells with thick cell wall in tissue.

Secondly, our study’s conclusion is that, in the follow-
ing areas, mNGS produced higher-quality detection than
traditional examination.1) mNGS results have a greater
positive rate than culture (80.77% vs. 57.7%). The posi-
tive rate of mNGS ranged from 41.3 to 82.14% in earlier
research, which was often greater than the culture rate
[10-12]. 2) Multiple pathogens can be simultaneously
detected by mNGS in a single specimen. Generally, it
needs to collect multiple samples for different examina-
tion, including bacteria, fungi, mycobacteria, etc. There-
fore, mNGS provides an effective alternative to optimize
microbiological detection. 3) mNGS not only can be used
to detect the sample of fresh tissue and pus, but also the
sample of paraffin-embedded tissues. In many cases,
sample of tissue is not sent for cultures since gurnuloma-
tous inflammation is not found until microscopy is per-
formed. Also, a sample may have been sent for culture
but without positive results neither in bacterial culture
nor fungal culture. Thus, mNGS provides an effective
alternative to test with the samples of paraffin-embedded
tissue, which are the only material available for testing.
4) The total time for detection by using mNGS is much
shorter than by culture. As we know, the culture-based
method for microbiological detection is time-concum-
ing. mNGS could be done within two days, while median
time for culture is 19.6+12.4 days. Totally, 21 patients
showed clinical improvement by the 30-day follow up.
Eighteen of them were adjusted treatment and fifteen
of them continuous treatment based on the results of
mNGS. So, it showed that mNGS results may affect the
clinical prognosis resulting from enabling the patients to
initiate timely treatment.

In other hand, although we demonstratd some merits
of mNGS, there are still some limitations as follows: it is
needed to combine with comprehensive assessment of
cases, including patients’ information, clinical manifesta-
tion, location of specimen collection and microbiologi-
cal characteristics, for clinical interpretation of positive
results of mNGS. In addition, there are still some samples
got negative mNGS, but positive in special straining of
histopathology (Patient 16) or T-SPOT®. TB test (Patient
11). Except for the patient 11, there are totally nine
patients, including one patient infected by M. tuberculo-
sis and six patients infected by M. marinum, with positive
T-SPOT®. TB test (9/18, 50%). T-SPOT®. TB test used to
diagnose latent tuberculosis, pulmonary tuberculosis, or
extrapulmonary tuberculosis is the interferon-y (IFN-y)
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release assay (IGRA), which has a high sensitivity for the
specific detection of these conditions. But some NTMs,
like M. marinum, could show false positive results in
IGRA test [13]. Moreover, GeneXpert is frequently
employed for tuberculosis detection. Findings from a
limited number of current studies indicate that GeneX-
pert and mNGS have comparable specificity. However,
in terms of sensitivity, mNGS appears to be marginally
superior to GeneXpert [14, 15]. Nevertheless, we believe
further research is necessary before drawing definitive
conclusions. So, more detection methods should be used
spontaneously to confirm the findings and make proper
diagnosis.

In summary, our data show that mNGS detected NTM,
M. tuberculosis, fungi and bacteria in cutaneous infec-
tious granulomas. Compared to culture, mNGS showed
a higher positive rate with high sensitivity rate and nega-
tive predictive value. In addition, mNGS can detect more
pathogens in one sample and can be used to detect vari-
able samples including the samples of paraffin-embedded
tissue. However, our study had some limitations: Our
limited study population and the risk of selection bias
affect the representativeness and generalizability of the
experimental results. Nonetheless, this study reveals pre-
liminary trends and provides direction for subsequent
exploration. Future studies should aim to expand the
sample size and provide more scientific evidence for the
application of mNGS in the prevention and treatment of
CIG. In addition, mNGS has an extremely broad detec-
tion range of microorganisms, a feature that brings both
advantages and challenges: It is difficult to accurately dis-
tinguish between colonization or contamination during
the interpretation of results of mNGS. For the samples
used in this study, the colonizing bacteria usually origi-
nated from the skin surface, such as Cutibacterium acnes,
Staphylococcus epidermidis, and Malassezia globosa, and
were relatively easy to distinguish. On the other hand,
contamination is related to originate from the reagents
themselves, the experimental environment, and cross-
contamination between different samples. These sources
of contamination may lead to misinterpretation of mNGS
results. In recognition of this, researchers should fully
understand and consider the microbial community char-
acteristics in the study background when interpreting
mNGS results, which is the key to improving the accu-
racy of mNGS results interpretation and guiding clinical
decision-making, as well as a direction worthy of contin-
uous efforts in our future research and practice.

In conclusion, although mNGS provides a potentially
rapid and effective alternative test for the diagnosis of
cutaneous infectious granulomas, a comprehensive judg-
ment must be made in conjunction with clinical evalu-
ation, microbial culture results, and histopathological
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examination to ensure the accuracy and reliability of the
diagnosis in practical application.
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