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Abstract The diagnosis of Talaromyces marnef-
fei infection in HIV-negative patients remains chal-
lenging. There is an urgent need for rapid and con-
venient methods to diagnose this complicated disease.
The aim of this study was to evaluate the diagnostic
efficiency of metagenomic next-generation sequenc-
ing (mNGS) for talaromycosis in non-HIV-infected
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patients by comparing mNGS with traditional micro-
bial culture. In total, 66 samples from 57 patients
were analyzed via both mNGS and microbial cul-
ture. The ROC curve showed a sensitivity for mNGS
of 97.22%, which was greater than that of microbial
culture (61.11%). Samples from the respiratory tract,
infectious skin lesions, and lymph nodes are recom-
mended as routine samples for talaromycosis detec-
tion via mNGS. Furthermore, mNGS significantly
reduced the diagnostic time compared to micro-
bial culture. Overall, our study demonstrated that
mNGS is a promising tool for rapid and accurate
pathogenic detection in HIV-negative patients with
talaromycosis.

Keywords Diagnostic method - Metagenomic
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Introduction

Talaromyces marneffei is a dimorphic fungus that is
predominantly endemic to Southeast Asia [1]. Infec-
tion with 7. marneffei occurs mainly in immunocom-
promised hosts, especially HIV-infected patients, and
is considered a major cause of HIV-related blood-
stream infections and deaths in endemic regions [2].
In recent years, the incidence of talaromycosis in
HIV-negative patients has gradually increased. Com-
pared with that in HIV patients, talaromycosis in
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HIV-negative patients can manifest as variable and
atypical systemic symptoms, which makes diagnosis
relatively difficult [3]. In addition, these patients gen-
erally have a long duration of illness and a high mor-
tality rate [4, 5].

The mainstay of diagnosis of 7. marneffei infection
is mycological culture of body tissues or fluids. How-
ever, diagnosis by culture is often delayed, as it can
take up to 4 weeks to isolate and identify the patho-
gen from clinical specimens. To improve clinical
outcomes, nonculture-based assays have been devel-
oped for the rapid detection of 7. marneffei infec-
tion. For instance, the commercial (1,3)-p-p-glucan
test (G test) and the galactomannan test (GM test)
can be useful as screening tools and aids in diagnosis
but cannot identify a specific genus [6, 7]. Although
PCR-based assays and antigen detection assays target-
ing Mplp may play a role in the rapid detection of T
marneffei [8—11], these methods require clinicians to
have an initial suspicion of the pathogen, which limits
its clinical application.

In recent years, metagenomic next-generation
sequencing (mNGS) technologies have been increas-
ingly applied in clinical laboratories for unbiased,
culture-independent diagnosis. This technology
does not require prior specific pathogen assump-
tions. The methods involve the extraction of nucleic
acids from clinical samples and the application of a
genomic approach to study the species and content of
all microorganisms in the sample [12, 13]. In several
published cases and clinical cohort studies, mNGS
has been successfully applied to various samples,
such as cerebrospinal fluid (CSF), respiratory speci-
mens, blood and tissue samples. In addition, mNGS
has provided great advantages in the diagnosis of
complicated and severe infections [14]. The first case
of talaromycosis diagnosed by NGS was reported in
2018 [15]. Subsequently, approximately 103 cases
have been reported in the literature [16-25]. In 2022,
a study reported that mNGS has good performance
for diagnosing talaromycosis in HIV-infected patients
[25]. However, the utility of mNGS for diagnosing
talaromycosis in various samples from HIV-negative
patients remains largely unexplored. The aim of this
retrospective study was to investigate the diagnos-
tic efficacy of the mNGS technique for T. marneffei
by analyzing specimens from different affected sites
of patients and evaluating its detection performance
compared with that of conventional microbial culture.
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Materials and Methods
Study Population

A retrospective study was conducted at the First
Affiliated Hospital of Guangxi Medical University in
Guangxi, China, from July 1, 2018, to November 30,
2021. Patients with suspected opportunistic infection
who underwent both mNGS and microbiological cul-
ture were included. Patients who were HIV positive,
had an incomplete medical history, had mNGS results
not available for paired culture tests, or had noninfec-
tious diseases were excluded (Fig. 1). Patients were
classified into a T. marneffei infection (TM) group
and a non-T. marneffei (non-TM) group according
to the final diagnosis in the medical records. This
study was approved by the ethics committee of the
First Affiliated Hospital (number 2023-S812-01), and
informed consent was obtained from the patients.

Categories

Given that 7. marneffei is a described opportunistic
pathogen, detection of T. marneffei in any clinical
specimen should indicate infection. The results are in
accordance with the 2020 EORTC/MSGERC revision
and update of the consensus definitions of invasive
fungal disease and expert consensus on clinical appli-
cation [26] and refer to the diagnostic criteria for T.
marneffei infection in this review [27]. Any of the fol-
lowing criteria can be defined as T. marneffei infec-
tion: T. marneffei identified by microbial culture of

Patients who were suspected of having opportunistic
infection at the First Affiliated Hospital of Guangxi
Medical University from July 1, 2018 to November 30,
2021(n=77)

HIV positive(n=3)

Incomplete medical history(n=12)

mNGS without paired culture test(n=3)
Failure to identify the pathogen(n=1)
Noninfetious disease(n=1)

, |

TM(N=28) Non-TM(n=29)

Fig. 1 Flow diagram of case inclusion and exclusion criteria



Mycopathologia (2024) 189:63

Page30f 12 63

any clinical specimen from an affected site or a spe-
cific transverse septum in a dividing yeast cell found
by histopathology or direct microscopy of clinical
specimens from an affected site. Moreover, for mul-
tiple samples (>2 types) from the same patient, T.
marneffei was detected by mNGS. For other patients,
T. marneffei was detected only once by mNGS at a
low burden, whereas microbial culture was negative
for any clinical specimen, considering that the con-
comitant clinical manifestations or imaging exami-
nations were consistent with those of 7. marneffei
infections, we also defined these patients as having T.
marneffei infections. All T. marneffei infections were
included in the TM group. The non-TM group was
defined as follows: the pathogen was confirmed to
be the other microorganism by histopathology, direct
microscopy, microbial culture or mNGS.

Sampling Protocols

For blood and bone marrow samples, 3-5 ml of the
sample was collected using a tube containing the anti-
coagulant ethylenediaminetetraacetic acid (EDTA).
At least 5 ml of bronchoalveolar lavage fluid (BALF),
sputum, and CSF was collected in a sterile sealed
tube for examination. Pus or secretions were obtained
from abscesses, deep wounds or the base of ulcers in
patients with skin involvement. For muscle, skin, lung
tissue and lymph node tissue, biopsy was performed
under sterile conditions, and the tissue was placed in
a sterile container for examination. Bone tissue was
obtained surgically by an orthopedic surgeon and
placed in a sterile bottle. Blood samples were trans-
ported at room temperature, and nonblood samples
were transported at low temperature with dry ice. The
samples were delivered to the laboratory within 24 h
of collection. The samples were then inactivated at
56 °C for 30 min for mNGS.

mNGS Procedure

All mNGS procedures followed the standardized
guidelines of the Department of Laboratory Medi-
cine of the Chinese Medical Association for NGS.
The samples were placed in an automated NGS mas-
ter workstation, which can carry out wet-laboratory
procedures, including nucleic acid extraction, enzy-
matic fragmentation, end repair, A-tailing, ligation
of sequencing adaptors and library purification. The

finished libraries are then quantified and pooled for
sequencing. The libraries were quantified by real-
time PCR (KAPA), and shotgun sequencing was per-
formed using the Illumina NextSeq high-throughput
sequencing platform [28]. Approximately 20 million
75 bp single-end reads were generated from each
library. The raw mNGS sequence data were analyzed
using SURPI + as described in a previous report [29];
this procedure included filtering out human genome
sequence data (GRCh38.p13) with Bowtie2 software
and removing low-quality bases, linker sequences,
and short sequences (<35 bp). The remaining
sequence data were aligned to microbial reference
databases (the National Center for Biotechnology
and Biotechnology Information [NCBI] GenBank
and Pathogens Metagenomics Database [PMDB]) to
determine microbial species and relative abundance.

Criteria for a Positive mNGS Result

Positive mNGS results were determined by referring
to previously published studies, with slight modifica-
tions [30, 31]: (a) sequencing coverage of T. marn-
effei was among the top 10 pathogens detected; (b)
the species-specific strictly mapped read number
(SMRN) per million ratio (SMRN) of T. marneffei
was > 1; and (c) “other pathogens” was defined as in
a previous study [25, 32]. mNGS was considered pos-
itive when one or both conditions were met.

Microbiological Culture

Collected samples (including peripheral blood, lymph
nodes, bone tissue, BALF, lung tissue, sputum, skin
tissue, pus, and secretions) were inoculated onto Sab-
ouraud dextrose agar (SDA) and incubated at 25 °C
and 37 °C for 30 days. At 25 °C, a light gray—brown,
membranous or yellowish fluffy mycelial phase was
observed, and the back of the colony produced bur-
gundy pigment (Fig. 2A). Microscopically, the mold
formed a typical “broomstick” branch with hyaline
septate hyphae and fruiting bodies composed of
branched metulae and phialides, producing spheri-
cal conidia in chains (Fig. 2B). Light gray—brown or
cheese-colored moist yeast that formed at 37 °C and
contained round, oval, and elongated yeast-like cells
were identified as 7. marneffei under the microscope
(Fig. 20).
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Fig. 2 Picture showing T. marneffei on Sabouraud dextrose
agar (SDA) media plates after 7 days of incubation at 25 °C
(A) and 37 °C (C); microscopy image showing the mold form

Serum Galactomannan Test

A Platelia Aspergillus enzyme immunoassay (Bio-
Rad, Marnesla-Coquette, France) was used for the
GM test according to the manufacturer’s instructions.
The content of serum galactomannan was detected
by assessing the samples at 450 nm. The results were
considered positive when the result was >0.5 OD.

Statistical Analysis

All statistical analyses and figures were gener-
ated using SPSS statistical package 26.0 software,
GraphPad Prism 5 software and MedCalc 19.0 soft-
ware. Numerical variables are expressed as medi-
ans and interquartile ranges and were compared by
the Mann—Whitney U test. Nominal variables are
described by counts and percentages and were com-
pared by the chi-square test. P values<0.05 were
considered to indicate statistical significance.

Results
Samples and Patient Characteristics

Fifty-seven HIV-negative patients, including 21
females and 36 males (the ratio of females to males
was 1:1.71), were enrolled in the study. The mean
age was 52.0 years (1.5-83 years). Twenty-eight
patients were confirmed to have T. marneffei infec-
tion (the TM group). Twenty-nine patients were
divided into the non-TM group and were diagnosed
with tuberculosis (TB), nontuberculous mycobac-
terial (NTM) infections, or other invasive fungal
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of T. marneffei, a typical brush-shaped conidiophore. Lacto-
phenol cotton blue stain, X 1000 (B)

infections (including histoplasmosis, cryptococcosis
and invasive candidiasis). There were no significant
differences in the demographic characteristics of
the patients between the TM group and the non-TM
group. The clinical and laboratory characteristics of
the patients are shown in Table 1. The most common
primary clinical manifestations in the TM group were
respiratory symptoms (24/28, 85.7%), fever (22/28,
78.5%), lymphadenopathy (20/28, 71.4%), and weight
loss (18/28, 64.3%). In the TM group, the median
time to diagnosis of talaromycosis was 6.0 (1.8-10.0)
months. A total of 66 specimens were collected from
the 57 patients for both mNGS and microbiological
culture. The predominant sample type was BALF
(27/66, 40.9%), followed by skin tissue (13/66,
19.6%), lymph nodes (8/66, 12.1%), blood (5/66,
7.6%), pus (5/66, 7.6%), and swabs from skin lesions
(2/66, 3.0%). CSF, sputum, bone, muscle, lung tis-
sue, and BALF + lung tissue were collected from only
1 sample (Fig. 3). Talaromycosis was confirmed in
36 (54.6%) samples, whereas other pathogens were
detected in 30 of the 66 samples (30/66, 45.4%).

Comparison of the Diagnostic Performance of mNGS
and Traditional Methods

Comparison of Diagnostic Efficiency
for Differentiating T. marneffei Patients from Non-TM
Patients

A comparison of the results obtained by mNGS and
traditional methods for 36 samples from patients
with talaromycosis is shown in Fig. 4. The sensitiv-
ity and specificity of mNGS for diagnosing 7. marn-
effei infection were 97.22% (95% CI: 85.5-99.9%)
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Table 1 Clinical features of 28 T. Marneffei patients

Variables (n=28)
Age, year, mean 52.0
Sex, male 17
Underlying diseases

None, n 9
Tuberculosis®, n 5
Pulmonary nontuberculosis mycobacterium, n 1
Pulmonary diseases®, n 4

Anti-IFN-y positive, n 13
CD40LG mutation, n

1
STAT1 mutation, n 1
Autoimmune diseases, n 2
Syphilis 1
Clinical diagnosis
Disseminated talaromycosis 20
Pulmonary talaromycosis
Talaromycosis relapse
Talaromycosis skin infection
Clinical symptoms
Cough+ sputum, n 24 (85.7%)
Fever, n 22 (78.5%)
Lymphadenectasis, n 20 (71.4%)
Weight loss, n 18 (64.3%)
Thoracalgia, n 11 (39.3%)
Skin lesions, n 14 (50.0%)
Ostealgia, n 9 (32.1%)
Hepatosplenomegaly, n 9 (32.1%)
Treatment outcome
Survived, n 25
Unknown, n 3
Specimen source (n=36)
BALF, n 14
Skin tissue, n 6
Blood, n 5
Lymph node, n 5
Pus, n 2
BALF+ Lung tissue, n 1
Bone, n 1
Muscle, n 1
Swabs, n 1
Diagnostic method result (n=36)
mNGS positive, n 14
Culture positive, n 1
Both positive, n 21

*Patients had more than one predisposing factor
#Two patients who recovered from tuberculosis

“Interstitial pneumonitis, pneumoconiosis, lung cancer, bron-
chiectasis

°SLE, systemic scleroderma

and 100.00% (95% CI: 88.4-100.0%), respectively,
with positive predictive values (PPVs) and negative
predictive values (NPVs) of 100.00% and 96.77%,
respectively. The sensitivity and specificity of
microbial culture for diagnosing talaromycosis were
61.11% (95% CI: 43.5-76.9%) and 100.00% (95%
CI: 88.4-100.0%), respectively, with a PPV and NPV
of 100.00% and 68.18%, respectively. In general, the
false-negative rate (FNR) was 2.78% for the mNGS
test and 38.89% for microbial culture. The results
indicated that mNGS was more sensitive than con-
ventional microbial culture for detecting 7. marneffei
(97.22% vs. 61.11%, P<0.001). Both methods had
high specificity for diagnosing T. marneffei infection
(100.00% vs. 100.00%, P > 0.05).

Concordance Between mNGS and Culture
for Pathogen Detection

For the 36 (54.6%) samples in the TM group, the
ROC curves in Fig. 5 show areas under the ROC
curve (AUCs) for mNGS and microbial culture was
0.986 (95% CIL: 92.1%-100.0%) and 0.806 (95%
CI: 69.0%-89.3%), respectively, with P values <
0.01(MedCalc 19.0 software). Talaromyces marneffei
was detected by both mNGS and culture in 21 sam-
ples (21/36, 58.3%). Among them, samples from two
different sites were obtained from one patient; one
site was positive by both mNGS and culture, while
the other site was positive only by mNGS. Among
the other 14 patients who were mNGS positive only,
they were diagnosed with ongoing 7. marneffei infec-
tion based on persistent signs and symptoms of infec-
tion and failure to respond to antibacterial treatment.
However, mNGS failed to detect 7. marneffei in 1
patient (2.8%), while microbial culture was positive
for the sample from the same specimen site nearly
1 month later, which was considered a false negative
for mNGS (Fig. 4). We also collected the serum GM
test results of 51 patients, and the sensitivity of the
GM test was 42.31% (Fig. 4). The AUC of the GM
test was 0.508 (95% CI: 36.2-65.4%). The AUCs of
mNGS were significantly greater than those of GM
(0.986 vs. 0.508, P<0.01) (Fig. 5).

Comparison Analysis at the Sample-Type Level

Clinical samples from different sources of suspected
T. marneffei infection, including peripheral blood,
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Fig. 3 Distribution of sam-
ple types. The respiratory
tract, skin, soft tissue and
lymph nodes were the most
common sample types

lymph nodes, bone tissue, respiratory tract (lavage
fluid, lung tissue, sputum), skin, swabs and mus-
cle tissue, were tested. In the TM group, respira-
tory, cutaneous, lymphoid tissue and blood samples
were most commonly used for detection (>5 sam-
ple size). Among those sample types, for skin lesion
tissue (n=06), the sensitivities of mNGS and micro-
bial culture were both 100.0% (6/6). There were
papules with central necrosis, abscesses, and sub-
cutaneous nodules. For the BALF samples (n=13),
the sensitivity of mNGS was 92.9% (13/14), and
that of microbial culture was 64.3% (9/14). For
the lymph node samples (n=35), the sensitivity of
mNGS was 100.0% (5/5), whereas that of microbial
culture was 80.0% (4/5). For peripheral blood sam-
ples (n=35), the sensitivity of mNGS was 100.0%
(5/5), and that of microbial culture was 40.0% (2/5)
(Table 2). We also detected low read lengths of T.
marneffei in muscle, bone or lung tissue by mNGS,
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while microbial cultures were negative. However,
due to the small sample size, the diagnostic value
of mNGS could not be evaluated in those samples
(Fig. 6).

Comparison of Turnaround Times

The time from the extraction of samples to the
report was calculated for comparison. Overall, the
turnaround times for cultures were significantly
longer than those for mNGS, with cultures for
lymph nodes, swabs, and bone and muscle sam-
ples requiring more time. Comparison revealed that
the average turnover time was 2.8 days for mNGS
and 9.8 days for microbial culture. There were sig-
nificant differences between mNGS and culture
in terms of average time consumption, and mNGS
significantly reduced detection and diagnostic time
(Fig. 7).
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Fig. 4 Comparison of the
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Fig. 5 ROC curves for different testing methods according to
MedCalc 19.0 software. The area under the ROC curve (AUC)
for mNGS was significantly greater than that for GM (0.986
vs. 0.508, P<0.01) and microbial culture (0.986 vs. 0.806,
P<0.01)

Disseminated T. marneffei infection in HIV-negative
patients usually presents with atypical symptoms and
signs, including fever, weight loss, fatigue, hepatos-
plenomegaly, lymphadenopathy, skin lesions, and
respiratory and gastrointestinal abnormalities [27].
These patients are often diagnosed inconclusively
or misdiagnosed despite undergoing a series of tests
and cultures in different hospitals. We have summa-
rized 28 HIV-negative patients with talaromycosis in
endemic areas over the past 3 years; 12 patients were
misdiagnosed with nontuberculosis, and 5 were mis-
diagnosed with tuberculosis. The time between the
onset of symptoms and the diagnosis of talaromycosis
in these patients was up to 2 years.

Microbial culture is still the gold standard for the
diagnosis of T. marneffei infection. However, the
rate of positive culture results is low, especially in
non-HIV-coinfected patients, as the fungal load of
T. marneffei is often extremely low. A reliable diag-
nostic method for these patients is urgently needed to
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Table 2 Comparison of

; Sample type mNGS Microbial culture
the pathogen detection
sensitivity of mNGS Positive Negative Sensitivity ~Positive Negative  Sensitivity
and microbial culture in
different sample types BALF (n=14) 13 1 92.9% 9 5 64.3%
Skin lesion tissue (n=6) 6 0 100.0% 6 0 100.0%
Lymph node (n=5) 0 100.0% 4 1 80.0%
Peripheral blood (n=5) 5 0 100.0% 2 3 40.0%
(cases) mNGS (cases) Culture
16 16
14 14
12 12
10 10
8 8
6 6
4 4
2 2
. FERE . FERERE
< S < & g & & ¥ & S o < S & $ & ¥ &
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Empositve mnegative

mpositve mnegative

Fig. 6 The overall sensitivity of mNGS and microbial culture for different sample types in the TM group. Respiratory, cutaneous

and lymphoid tissue samples were most commonly used for detection

promote early diagnosis. PCR-based assays such as
nested PCR and TagMan real-time PCR have been
developed to detect T. marneffei in whole blood,
plasma or paraffin-embedded tissue samples. The
studies revealed a high diagnostic specificity of the
assay (100%), while the diagnostic sensitivity ranged
from 67 to 91%. These assays provide useful tools
for the rapid diagnosis of T. marneffei infection [8, 9,
33, 34]. However, these methods require physicians
to suspect the pathogen before examination, which
might limit their clinical application. In contrast to
the above methods, mNGS provides an unbiased
culture-independent technique for rapid etiological
detection and has great advantages in the diagnosis of
complicated and severe infections. Our study showed
that mNGS has greater sensitivity (97.22%) than

@ Springer

microbial culture (61.11%), which is consistent with
the findings of other studies detecting 7. marneffei in
HIV-positive patients and other complex pathogen
infections compared to microbial culture and pathol-
ogy [25, 35-37].

Talaromycosis is a systemic infectious disease
that can lead to multiple-organ damage. Choosing
a suitable specimen for examination is crucial for
improving the percentage of positive specimens and
rapid diagnosis. Thus, we analyzed the percentage
of positive specimens for diagnosis of talaromyco-
sis. In our study, the most common samples were
obtained from the respiratory tract (41.7%). This is
likely because patients are initially infected through
the airborne route by inhaling fungal spores, result-
ing in respiratory signs and symptoms [27, 38]. Our
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Fig. 7 Detection times (days)
for different samples. The 18
average turnover time was
2.8 days for mNGS and 16
9.8 days for conventional
culture. The turnaround 14
times for cultures were sig-
nificantly longer than those 12
for mNGS (Mann—Whitney
U test, P<0.01) 10
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results showed that the percentage of positive BALF
samples was significantly greater for mNGS than
for culture (92.9% vs. 64.3%). Similar results were
observed for the lymph node samples (mNGS 100%
vs. culture 80%) and peripheral blood samples
(mNGS 100.0% vs. culture 40.0%). The cutaneous
system is also a common area affected by dissemi-
nated talaromycosis. Skin lesions can be the single
symptom or the first symptom of disseminated tal-
aromycosis [39, 40]. In our study, 48.3% of patients
with a history of talaromycosis (14/28) had skin
lesions, and 6 of those patients had papules with
central necrosis, abscesses, or subcutaneous nod-
ules. We conducted mNGS and microbial culture
on these samples, and 7. marneffei was detected in
all the samples by mNGS and culture. These kinds
of skin lesions are considered infective dermatoses
and can be used for pathogen detection. However,
reactive skin manifestations such as Sweet’s syn-
drome, erythema nodosum, and exanthematous pus-
tulosis also occur in non-HIV-coinfected patients
with talaromycosis, whereas 7. marneffei cannot be
detected in those reactive skin lesions [41]. Thus, it
is not recommended to perform microbial detection
on those lesions [42]. Therefore, we did not perform
microbial detection on those reactive skin lesions in
this study.
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mNGS Culture

Disseminated talaromycosis in HIV-negative
patients may lead to osteolytic damage manifesting
as ostealgia, joint pain and local soft tissue swell-
ing [43-45]. However, diagnosing talaromycosis
using bone and joint samples in conventional micro-
bial culture is challenging due to the rapid nature
of the organism, biofilm formation on implant sur-
faces, prior antibiotic administration, or limited
sample availability, resulting in a high rate of nega-
tive microbial culture results [46, 47]. In our study,
approximately 30.56% of patients had ostalgia, and
66.67% of patients had bone destruction on imaging.
With respect to a very low sequence read, T. marn-
effei could be captured in a bone tissue sample by
mNGS, but culture at the corresponding site was neg-
ative. These results indicate that mNGS can be used
as a supplemental method for diagnosing 7. marneffei
infections involving bone and joints [48].

The mNGS technique also has limitations. For
instance, for a culture-positive 7. marneffei BALF
sample, the pathogen was not detected by mNGS.
The reasons may be that 7. marneffei is an intracel-
lular fungus that releases little extracellular nucleic
acid due to its intracellular growth characteristics
and difficulty breaking through the cell wall during
nucleic acid extraction. Therefore, the interpretation
of mNGS results should receive sufficient attention.
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Combining mNGS with clinical manifestations,
blood tests, and imaging examinations of patients
is more scientific and appropriate for diagnosing 7.
marneffei infection if a low fungal load in the sam-
ple is reported.

Overall, our study has several limitations that
should be considered. This was a retrospective anal-
ysis of data from a single institution with relatively
few patients. Second, no further analysis was con-
ducted on individuals with different immune sta-
tuses, especially in terms of infection characteristics
and diagnostic efficiency of mNGS, between the
HIV-infected group and the HIV-negative group.
In addition, it is necessary to include more samples
from special affected sites, such as CSF, bone, mus-
cle and intestinal specimens, to accurately evaluate
the diagnostic efficacy of mNGS on various types
of samples. Nevertheless, this study may provide a
valuable reference for the diagnosis of T. marnef-
fei infection. In future research, prospective multi-
center studies with larger sample sizes may provide
additional information to evaluate the diagnostic
efficacy of mNGS for patients with talaromycosis.

Conclusion

Our study demonstrates that mNGS is a potential
tool for the rapid diagnosis of talaromycosis in HIV-
negative patients. BMLF, lymph node and infectious
skin lesion samples may be good options for mNGS
and microbial culture to help in the early identifica-
tion of T. marneffei in HIV-negative individuals.
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