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Abstract

Background: Talaromyces marneffei, is an opportunistic pathogenic fungus that is most commonly reported in
Southeast Asia and disseminated T.marneffei infection predominantly occurs in patients with immunodeficiency.
With a potential to invade multiple organs, it can be fatal for patients if diagnosis and treatment are delayed. In
current clinical practice, the diagnosis of T.marneffei infection relies heavily on tissue culture and histologic analysis,
which may suffer from limited positive rate and is sometimes time consuming. The rapid and accurate diagnosis of
disseminated T.marneffei infection remains challenging.

Case presentation: A 22-year-old man gradually developed fever, cough, lower extremities weakness, jaundice and
rash, for which a 3-month extensive investigation failed to reach a diagnosis. After admitted into our hospital,
laboratory and radiological tests revealed multiple lesions in the patient’s brain, spinal cord, and lungs. We
performed next generation sequencing on the patient’s skin tissue, bone marrow, blood and cerebrospinal fluid,
which all identified numerous Talaromyces marneffei nucleotide sequences and leaded to the rapid diagnosis and
treatment of disseminated T.marneffei infection.

Conclusions: This case underline the clinical significance of T.marneffei as a possible pathogen in immune-
competent patients. This successful application of the next generation sequencing assisting the rapid diagnosis of
disseminated T.marneffei infection provides a new perspective in the clinical approach to the systematic fungi
infections and highlights the potential of this technique in rapid etiological diagnosis.
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Background
Talaromyces marneffei, formerly known as Penicillium
marneffei, is a pathogenic, thermal dimorphic fungus
that is most commonly reported in Southeast Asia.
T.marneffei can cause disseminated infections and
invade multiple organ systems such as blood, bone

marrow, central nervous system, lungs and skins, there-
fore can be fatal for patients if not diagnosed and treated
in time. Disseminated T.marneffei is known to predom-
inantly occurr in patients with immunosuppression, such
as HIV patients and patients receiving monoclonal anti-
body treatment [1–3], and is seldomly reported in
non-HIV patients. The standard diagnostic method for
T.marneffei infection mainly relies on tissue culture and
histologic analysis, and previous studies have reported
that whole blood nested polymerase chain reaction
(PCR) and real-time PCR can provide an identification
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of the pathogen in HIV-infected patients [4]. Neverthe-
less, due to the low yield rate of tissue culture, the timely
and accurate diagnosis of disseminated T.marneffei in-
fection remains challenging.

Case presentation
A 22-year-old man presented with a 70-day history of
bilateral lower extremities weakness, followed by fever,
productive cough and jaundice. On March 20th 2017,
the patient suddenly developed lower limb weakness
without any other notable symptoms. After the patient’s
admission to the local hospital, brain computed tomog-
raphy (CT) scan found no abnormalities while the con-
trast magnetic resonance imaging (MRI) detected
multiple lesions in the brain and abnormal signals in
spinal cord on T2 (Fig. 1a,b). Chest CT scan revealed
multiple nodules in both lungs and a large lesion in
lower left lung combined with cavity formation and
gas-fluid levels inside (Fig. 1c). Abdomen CT scan
showed hepatosplenomegaly and multiple retroperiton-
eal lymph node enlargement. Laboratory tests reported a
leucocyte count of 12.7 × 103 cells/μL, a alanine amino-
transferase activity (ALT) of 116 U/L, a total bilirubin
concentration (TBil) of 37 μmol/L (direct bilirubin
(DBil): 31.8 μmol/L), an serum albumin level of 25 g/L
and moderate anemia. HIV serology test, HBV/HCV ser-
ology test, serum T-SPOT.TB test, blood culture and

cryptococcal latex agglutination test (CLAT) were all
negative. Lumbar puncture revealed a decreased glucose
concentration, an increased protein concentration and a
normal leucocyte count of the cerebrospinal fluid (CSF).
The results of bacterial and fungal cultures, CLAT, in-
dian ink staining and acid-fast staining of CSF were all
negative. The local hospital suspected disseminated tu-
berculosis infection and empirical anti-tuberculosis
treatment with isoniazid, rifampin, ethambutol and pyra-
zinamide was prescribed.
After the treatment, no remission of the previous

symptoms was observed and the patient developed new
discomforts including fever (Tmax 39 °C), productive
cough and jaundice in the early April. Repeated blood,
sputum and CSF cultures all came back negative. During
the next two months, the patient continuously to have
intermittent low grade fever, weakness of lower extrem-
ities and jaundice and by the end of May, rashes started
to appear over his face and back. The local medical
facility then transferred the patient to our hospital on
June 7th, 2017.
A careful history was taken and the patient reported

no significant past medical history and denied any his-
tory of addiction, drug abuse, and exposure to toxic mat-
ter. During examination, physician identified multiple
papules on the patient’s face and backside, which were
0.5 cm to 2 cm in diameter with crusted center (Fig. 2).

Fig. 1 Imagine examination of the brain, spine, vertebra and lung: (a, b) Contrasted MRI were conducted on May 24th, 2017, and an axial
T2-weighted image of the head found multiple lesions in the brain and abnormal signals were observed in spinal cord and vertebra in
both sagittal and axial imaging. c Chest CT scan was conducted on May 28th and found multiple nodules in both lungs and a large
lesion in lower left lung combined with cavity formation and gas-fluid levels inside. d PET/CT scan was conducted on June 10th and
revealed abnormal uptake in the lesions of lung (SUVmax = 5.4), mediastinal lymph nodes (SUVmax = 4.4), liver (SUVmax = 3.8), left adrenal
gland (SUVmax = 2.0), prostate (SUVmax = 6.6) and bones (SUVmax = 9.4). No abnormal uptake was found in brain
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His skin and conjunctiva were yellow and both legs’
muscle strength were rated grade 0. He had slightly in-
creased muscle tone and positive Babinski signs in both
lower extremities. Laboratory testing revealed a
C-reactive protein concentration of 29 mg/L, a ferritin
concentration over 2000 ng/ml, an ALT of 36 U/L, an
aspartate transaminase activity (AST) of 119 U/L, and a
Tbil of 302.6. HIV RNA test were negative, and the
lymphocyte subsets were within normal range. Blood gas
analysis suggested a type II respiratory failure and other
laboratory results were all insignificant. Contrast MRI
scans revealed multiple lesions in the brain with ring en-
hancement, and abnormal enhanced lesions in spinal
cord, pia mater spinals and vertebrae similar to previous
imaging results. Contrasted CT scan further discovered
suspicious lesions in liver, spleen, left adrenal gland,
prostate, intra-abdominal lymph nodes and positron
emission tomography/computed tomography scan found
abnormal uptakes in these regions as well. After obtain-
ing written consents from the patient, bone marrow bi-
opsy and skin biopsy of the facial lesions were
conducted on June 8th followed by lumbar puncture and
fibro bronchoscope in later days. All samples were sent
for culture and NGS (See Additional file 1 for NGS
method) and during the following days, only supportive
treatments were given.
On July 11th, NGS reported detecting 18,987 of

28,648,375 T.marneffei nucleotide sequences (Cover rate:
0.066%) in bone marrow and 144,780 of 28,648,375 T.mar-
neffei nucleotide sequences (Cover rate: 0.51%) in DNA
extracted from the skin lesions (Fig. 3a). Considering the
notably high sequencing reads compared to the negative

control (in which no T.marneffei nucleotide sequence was
detected) and the patient’s clinical manifestation, physi-
cians reached the diagnosis of T.marneffei infection and
intravenous anti-fungi therapy consisting of 25 mg
amphotericin B deoxycholate and 250 mg itraconazole per
day was initiated. On July 14th, culture of the skin lesion
tissue reported T.marneffei (Fig. 2) and 7 days later, re-
peated blood and bone marrow culture for bacteria, fungi
and tuberculosis all came back negative. On July 19th,
NGS reported detecting 25,906 of 28,648,375 T.marneffei
nucleotide sequences (0.09%) in the BALF sample and
17,877 of 28,648,375 T.marneffei nucleotide sequences
(0.062%) in the CSF sample. The cultures of both CSF and
BALF for fungi and bacteria came back negative (Both
Myco/F lytic system from BD company and Sabouraud’s
agar medium were used in fungal culture).
We then conducted sequencing of the isolated

strain from the skin lesion culture, and a 97% cover-
age of T.marneffei was identified (Fig. 3b). Close rela-
tionship between our strain and other T.marneffei
strains was revealed in phylogenetic analysis (Fig. 3c).
Confirmatory nested PCR [4] was done in patient’s
blood, CSF, BALF and bone marrow samples and all
PCR results were positive.
In consideration of all the facts, the physicians diag-

nosed the patient with disseminated T.marneffei infec-
tion, which invaded lung, bone marrow, central nervous
system and skin. The anti-fungi therapy consisting of
amphotericin B deoxycholate and itraconazole was con-
tinuously prescribed and the patient’s fever resolved
three days after the initiation of the treatment, while
other clinical symptoms such as cough, jaundice, skin

Fig. 2 Skin biopsy, culture result and skin lesion: a Hematoxylin-eosin staining revealed spore-like structure in dermis. b KOH based smear
revealed large amount of hypha in skin lesion. c Fluorescent staining confirmed the present of fungi in skin lesion. d. Skin tissue culture revealed
that colonies at 25 °C produce a diffusible a wind-red pigment. e-f. Physical examination discovered multiple papules in the size between
soybean and coin presented on the patient’s face and backside with umbilication and incrustation in the center of the lesion. g-h. The papules
on the patient’s face and backside resolved after 3 weeks of treatment
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Fig. 3 (See legend on next page.)
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lesions and lower limb weakness resolved within a
month of the therapy (Fig. 4). Until this article was sub-
mitted, the total amount of amphotericin B deoxycholate
reached 1170 mg, and the patient was discharged from
the hospital with itraconazole oral solution.

Discussion and conclusions
This is the first case report describing the diagnosis of
disseminated T.marneffei infection in a HIV-negative
patient with the assistance of unbiased NGS, which
detected unique sequence reads corresponding to
T.marneffei from multiple body fluids and tissues
including bone marrow, CSF, BALF, and skin tissue. In
this particular case, NGS identified T.marneffei as the
causative agent without any prior assumptions from
the physicians, leading to a prompt treatment and
quick relieve of the disease. The sequencing data,
which was in consistent with the patient’s clinical
features and skin tissue culture result, finally assisted
clinical physicians in approaching the diagnosis of dis-
seminated T.marneffei infection.
Traditionally, the gold standard for infection diag-

nosis relies heavily on the isolation of pathogenic
pathogen and therefore may suffer from drawbacks

due to the limited culture positive rate [5]. Trad-
itional PCR (including RT-PCR and nested PCR) or
advanced multiplexed PCR assays provides advan-
tages of high sensitivity, low cost and fast detection,
however, the former method requires the physician
to raise a few suspicious pathogens prior to examin-
ation and the latter method is usually restricted to
only limited range of pathogens. Therefore, these
methods are currently best applicable in certain
clinical situations such as sepsis and respiratory in-
fections [6, 7]. Under such circumstances, the imple-
mentation of NGS in clinical field enabled a fast and
comparably accurate diagnostic tool for physicians,
and most importantly, it does not require a prede-
fined range of suspicious pathogens. The principles
of NGS in infectious diseases are composed of three
main procedures, the identification of the DNA nu-
cleotides in the targeted samples, the comparison of
these nucleotides against the catalogue of causative
agents, and the decision-making progress whether the
acquired sequences points to the possible etiological
hypothesis [8]. The first study reporting using NGS in
the diagnosis of infectious diseases was published in
2014, in a case of neuroleptospirosis in which 475 of

(See figure on previous page.)
Fig. 3 Sequencing results and Phylogenetic analysis: a The proportions of the identified sequencing reads among different clinical samples. The
best hit is based on the highest alignment score between the query sequence and the database sequence segment. The T.marneffei owned the
most best hits and was the most frequent detected species. b Sequencing of the isolated strain was conducted and a total coverage of 97% was
obtained. c Phylogenetic analysis disclosed a close connection between the isolated strain and 4 other T.marneffei strains

Fig. 4 Clinical course the 22-year-old patient with disseminated T.marneffei infection: Fig. 4 shows the body-temperature curve line and the
laboratory values of ferritin and total bilirubin obtained from the patient during the hospitalization. The vertical green lines shows the invasive
procedures conducted, and the horizontal bars stands for the medications prescribed. BP bone marrow puncture, SB skin biopsy, FBS fibro
bronchoscope, LP lumbar puncture
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3,063,784 leptospira sequence reads (0.016%) were de-
tected in the spinal fluid [9]. Since then, multiple
studies have reported the use of NGS in central ner-
vous system, bloodstream, and respiratory infections
[10–13]. However, to our knowledge, few study has
reported the use of NGS in the clinical fungi
diagnosis.
One important limitation of NGS is the interference

of the massive human nucleotide sequences during the
data analysis. In a study of etiology diagnosis of NGS,
the cell-free DNA (cfDNA) is extracted from plasma
instead of whole blood for sequencing to maximize
the percentage of sequences mapped to the pathogens.
However, human reads still takes up around 95% of
the total reads in the plasma samples [10]. In CSF,
BALF and other body fluids, DNA rather than cfDNA
is extracted from the sample and the studies have re-
ported the detection of around 70–90% of the human
reads [11, 12]. Hence, the filtration of the human nu-
cleotide sequences during analysis is critical. Another
major challenge of clinical use of NGS is how to inter-
pret the results and determine whether the micro-
organism whose sequences are identified is truly the
causative pathogen. The nature of NGS tends to detect
all nucleotide sequences not only from the samples
but also those acquired from the contamination dur-
ing clinical procedures or laboratory processing, and
thus NGS is limited in discriminating among
colonization, infection or contamination. What’s more,
identification of any nucleotide sequences of certain
pathogens could not draw to the conclusion that this
specific agents indeed exists in the sample, as the ana-
lysis merely indicate the mapping of a partial DNA
fragment to a certain pathogen but could not retrieve
its complete genome [8]. This may result in one read
matching to multiple microorganisms due to the hom-
ology among them, as previous studies have shown
[14]. Although some studies have reported the
possible correlations between the number of
pathogen-matched reads detected and the possibility
of infection, few acknowledged explanation criteria of
sequencing result has been established. Currently,
there still lacks high-quality cohort study to reinforce
this point and we now still rely on real-time PCR or
other laboratory confirmation tests to assist NGS in
the clinical approach.
This study provided a valuable case exploring the po-

tential and possibility of NGS assisting the rapid clinical
actionable diagnosis of T.marneffei and possibly other
fungi from a multifarious body fluids and tissue types.
Complementing the traditional laboratory and imaging
tests, NGS may thus facilitate the precise diagnosis and
the efficacious antimicrobial treatment in the field of
clinical fungi infection.

Additional file

Additional file 1: Methodology of the next generation sequencing and
data analysis. The detailed methodology information of the next generation
sequencing and data analysis adopted in this study. (DOCX 15 kb)

Abbreviations
ALT: Alanine aminotransferase; AST: Aspartate transaminase;
BALF: Bronchoalveolar lavage Fluid; cfDNA: Cell-free DNA; CLAT: Cryptococcal
latex agglutination test; CSF: Cerebrospinal fluid; CT: Computed tomography;
DBil: Direct bilirubin concentration; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; HIV: Human immunodeficiency virus; MRI: Magnetic resonance
imaging; NGS: Next generation sequencing; PCR: Polymerase chain reaction;
PET/CT: Positron emission tomography/computed tomography;
SUVmax: Maximum standardized uptake value; TBil: Total bilirubin
concentration

Funding
This study was supported by the New and Advanced Technology Project of
Shanghai Municipal Hospital: Application of next generation sequencing
technique in precise diagnosis of infectious diseases (SHDC12017104).

Availability of data and materials
The sequencing data of the isolated T.marneffei can be downloaded at
“https://github.com/uuashark/Infectious-Diseases-Department-of-Huashan-
Hospital/tree/master/Talaromyces_ Marneffei_Huashan_strain”. Other data
supporting our findings is contained within the manuscript. The datasets
used and/or analysed during the current study are also available from the
corresponding author on reasonable request.

Authors’ contributions
JWA, YMZ and BX collected and analyzed medical data of the patient, wrote
and revised the manuscript. WHZ, QC, YYQ and XZ participated in the
treatment of the patient during hospitalization. PC, HCZ, HLW, LX, RHW and
YJL participated in the next generation sequencing and data analysis. WHZ
made a critical contribution to the treatment plan of the patient and made a
critical revision of the manuscript for important intellectual content. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
We identified this patient during routine clinical practice and consented to
give venous blood samples after elaborate information. Written informed
consent was obtained from the patient for publication of this case report
and all accompanying images. A copy of the written consent is available for
review by the editor of this journal. Involvement of the ethical committee of
the Huashan Hospital of Fudan University was considered unnecessary, since
the project was not based on a study protocol.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and all accompanying images.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of infectious disease, Huashan Hospital of Fudan University, 12
Wulumuqi Zhong Road, Shanghai 200040, China. 2Binhai Genomics Institute,
Tianjin Translational Genomics Center, BGI-Tianjin, BGI-Shenzhen, Tianjin
300308, China. 3BGI-Shenzhen, Shenzhen, China. 4Wuhan National Laboratory
for Optoelectronics, Huazhong University of Science and Technology, Wuhan
430074, Hubei, China.

Zhu et al. BMC Infectious Diseases  (2018) 18:379 Page 6 of 7

https://doi.org/10.1186/s12879-018-3276-5
https://github.com/uuashark/Infectious-Diseases-Department-of-Huashan-Hospital/tree/master/Talaromyces_%20Marneffei_Huashan_strain
https://github.com/uuashark/Infectious-Diseases-Department-of-Huashan-Hospital/tree/master/Talaromyces_%20Marneffei_Huashan_strain


Received: 26 February 2018 Accepted: 26 July 2018

References
1. Vanittanakom N, Cooper CJ, Fisher MC, Sirisanthana T. Penicillium marneffei

infection and recent advances in the epidemiology and molecular biology
aspects. Clin Microbiol Rev. 2006;19(1):95–110.

2. Tang BS, Chan JF, Chen M, Tsang OT, Mok MY, Lai RW, Lee R, Que TL, Tse H,
Li IW, et al. Disseminated penicilliosis, recurrent bacteremic nontyphoidal
salmonellosis, and burkholderiosis associated with acquired
immunodeficiency due to autoantibody against gamma interferon. Clin
Vaccine Immunol. 2010;17(7):1132–8.

3. Chan JF, Chan TS, Gill H, Lam FY, Trendell-Smith NJ, Sridhar S, Tse H, Lau SK,
Hung IF, Yuen KY, et al. Disseminated infections with Talaromyces marneffei
in non-AIDS patients given monoclonal antibodies against CD20 and kinase
inhibitors. Emerg Infect Dis. 2015;21(7):1101–6.

4. Lu S, Li X, Calderone R, Zhang J, Ma J, Cai W, Xi L. Whole blood nested PCR
and real-time PCR amplification of Talaromyces marneffei specific DNA for
diagnosis. Med Mycol. 2016;54(2):162–8.

5. Lecuit M, Eloit M. The diagnosis of infectious diseases by whole genome
next generation sequencing: a new era is opening. Front Cell Infect
Microbiol. 2014;4:25.

6. Chang SS, Hsieh WH, Liu TS, Lee SH, Wang CH, Chou HC, Yeo YH, Tseng CP,
Lee CC. Multiplex PCR system for rapid detection of pathogens in patients
with presumed sepsis - a systemic review and meta-analysis. PLoS One.
2013;8(5):e62323.

7. Dabisch-Ruthe M, Vollmer T, Adams O, Knabbe C, Dreier J. Comparison of
three multiplex PCR assays for the detection of respiratory viral infections:
evaluation of xTAG respiratory virus panel fast assay, RespiFinder 19 assay
and RespiFinder SMART 22 assay. BMC Infect Dis. 2012;12:163.

8. Jacob HJ. Next-generation sequencing for clinical diagnostics. N Engl J Med.
2013;369(16):1557–8.

9. Wilson MR, Naccache SN, Samayoa E, Biagtan M, Bashir H, Yu G, Salamat SM,
Somasekar S, Federman S, Miller S, et al. Actionable diagnosis of
neuroleptospirosis by next-generation sequencing. N Engl J Med. 2014;
370(25):2408–17.

10. Grumaz S, Stevens P, Grumaz C, Decker SO, Weigand MA, Hofer S, Brenner
T, von Haeseler A, Sohn K. Next-generation sequencing diagnostics of
bacteremia in septic patients. Genome Med. 2016;8(1):73.

11. Kawada J, Okuno Y, Torii Y, Okada R, Hayano S, Ando S, Kamiya Y, Kojima S,
Ito Y. Identification of viruses in cases of pediatric acute encephalitis and
encephalopathy using next-generation sequencing. Sci Rep. 2016;6:33452.

12. Cordey S, Brito F, Vu DL, Turin L, Kilowoko M, Kyungu E, Genton B, Zdobnov
EM, D'Acremont V, Kaiser L. Astrovirus VA1 identified by next-generation
sequencing in a nasopharyngeal specimen of a febrile Tanzanian child with
acute respiratory disease of unknown etiology. Emerg Microbes Infec. 2016;
5(9):e99.

13. Thorburn F, Bennett S, Modha S, Murdoch D, Gunson R, Murcia PR. The use
of next generation sequencing in the diagnosis and typing of respiratory
infections. J Clin Virol. 2015;69:96–100.

14. Guan H, Shen A, Lv X, Yang X, Ren H, Zhao Y, Zhang Y, Gong Y, Ni P, Wu H,
et al. Detection of virus in CSF from the cases with meningoencephalitis by
next-generation sequencing. J Neurovirol. 2016;22(2):240–5.

Zhu et al. BMC Infectious Diseases  (2018) 18:379 Page 7 of 7


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

