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Abstract

Talaromyces marneffei is a rare dimorphic pathogenic fungus that can induce severe infections in
human immunodeficiency virus (HIV)-infected patients. However, such infections have also been
reported in non-HIV hosts. This current case report describes a very rare case of a T. marneffei
pulmonary infection in an HIV-negative patient with a mutation in the tuberous sclerosis complex
subunit 2 (TSC2) gene. A 24-year-old male patient presented with cough and expectoration for
6 months. Computed tomography showed multiple ground-glass opacities and cystic and cavi-
tated lesions in both lungs. Next generation sequencing (NGS) of the bronchoalveolar lavage fluid
was performed to confirm T. marneffei pulmonary infection. The results were further verified
using bronchoscopy specimen cultures. This was an HIV-negative patient without a travel history
to endemic zones and his blood exon sequencing results showed a mutation in the TSC2 gene. To
date, he has recovered well with voriconazole therapy. In summary, patients with TSC2 mutations
that induce bronchopulmonary dysplasia may be potential hosts for T. marneffei. Early and timely
diagnosis is important for improving prognosis. NGS plays a critical role in the diagnosis of
T. marneffei pulmonary infection.
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(HIV)-positive patients or other immuno-
compromised patients in the epidemic
region of Southeast and South Asia.>?® It
can develop into yeast-like cells at 37°C
and mycelia at 25°C.* In China, T. marnef-
fei is mainly prevalent in Guangdong,
Guangxi, Yunnan and other southern prov-
inces.>® In recent years, the incidence of T.
marneffei infection has decreased following
treatment with antiretroviral therapy.’
However, the rate of 7. marneffei infection
in HIV-negative patients has increased.®’
This current case report describes a patient
with 7. marneffei infection in a non-
prevalent region of South China. The
patient was immunocompetent and pre-
sented with diffuse ground-glass, cystic
and cavitated lesions in both lungs. In addi-
tion, a mutation in the tuberous sclerosis
complex subunit 2 (7.SC2) gene was identi-
fied in the patient.

Case report

A 24-year-old male patient, native of
Zhejiang Province of Southeast China and
without a travel history to endemic zones,
was admitted to the Department of
Respiratory Disease, Thoracic Disease
Centre, The First Affiliated Hospital,
College of Medicine, Zhejiang University,
Hangzhou, Zhejiang Province, China in
February 2019. The patient presented with
a 6-month history of recurrent cough and
expectoration without fever, shortness of
breath or chest pain. He had been treated
with the antibiotic latamoxef at a local hos-
pital. However, the symptoms of cough and
expectoration did not improve. His HIV
test results were negative. His serum immu-
noglobulin (Ig) G was 2907 mg/dl (reference
range, 800-1800mg/dl) and the CD8+ T
cell count was 12.3 (reference range,
15-44). The serum levels of cancer antigen
125 and neuron-specific enolase were both
elevated, at 133.6 U/ml (reference range, 0—
35U/ml) and 47.3 ng/ml (reference range,

0-30ng/ml), respectively. Other routine lab-
oratory tests, such as white blood count,
and levels of creatinine, aminotransferases,
C-reactive protein and vasculitis antibodies
were normal. The cryptococcal capsular
antigen and galactomannan test were nega-
tive. Sputum cultures for both fungi and
bacteria were also negative. Chest comput-
ed tomography (CT) imaging showed mul-
tiple ground-glass opacities, and cystic and
cavitated lesions in both lungs (Figure 1A).
Bronchoscopic examination revealed clear
bronchi and no neoplasms. A mass at the
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Figure |. Representative computed tomography
(CT) imaging scans of a 24-year-old male patient
that presented with a 6-month history of recurrent
cough and expectoration without fever, shortness
of breath or chest pain. (A) CT scan taken in
February 2019 showing multiple ground glass
opacities, cystic changes and cavitated lesions in
both lungs. (B) CT scan taken in March 2019
showing the ground glass shadows were absorbed.
(C & D) CT scans taken during follow-up in
September 2019 and June 2020, respectively,
showing distinct resolution of lesions in both lungs,
except for the cystic lesions.
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subbranch of the right lower lobe bronchial
dorsal area was explored using endobron-
chial ultrasound (Figure 2). Cultures of the
bronchoalveolar lavage fluid (BALF) for
bacteria, fungi and acid-fast bacilli were
all negative. The cell classification in
BALF was as follows: neutrophils, 92%:;
lymphocytes, 4%; mesothelial, 1%; and
fungal spores were observed in phagocytes
(Figure 3A). Histological examination
revealed chronic granulomatous inflamma-
tion in the right lower dorsal bronchus.
Periodic acid-Schiff and Giemsa staining
of bronchoscopic tissue were negative.
Next generation sequencing (NGS) of
the BALF was performed to confirm
T. marneffei pulmonary infection with
456 sequence numbers. Approximately
1 week later, based on the temperature-
dependent growth characteristics of the

pathogen and the production of soluble
red pigment, the patient was finally diag-
nosed with T. marneffei pulmonary infec-
tion (Figures 3B-3D).

When considering that the patient was
young and his HIV test was negative, it
was not possible to exclude congenital
immunodeficiency. Blood exon sequencing
was performed to identify possible 7.SC2
gene variations. The patient’s father had a
similar gene mutation to that identified in
the patient. However, his mother presented
with the wild-type gene sequence (Figure 4
and Table 1). Finally, the patient was diag-
nosed with 7. marneffei infection and a
TSC2 mutation. Consequently, the patient
received 200 mg voriconazole every 12 h for
2 weeks via intravenous administration.
The CT re-examination in March 2019
showed that the ground glass shadows
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Figure 2. Representative bronchoscopic examinations of a 24-year-old male patient that presented with a
6-month history of recurrent cough and expectoration without fever, shortness of breath or chest pain

demonstrated that both bronchi were clear (A-D). Endobronchial ultrasound showing a mass at the sub-
branch of the right lower lobe bronchial dorsal (E). The colour version of this figure is available at: http://imr.

sagepub.com.
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Figure 3. Cultures of the bronchoalveolar lavage fluid (BALF) from a 24-year-old male patient that pre-

sented with a 6-month history of recurrent cough and expectoration without fever, shortness of breath or
chest pain. (A) Fungal spores seen in phagocytes from BALF (red arrow) (scale bar 15 pum). (B) Culture of
BALF revealed Talaromyces marneffei, which showed temperature-dependent dimorphic growth character-
istics and the cells produced a soluble red pigment at 25 °C. (C) A mycelium was produced at temperatures
between 25°C and 30 °C. (D) Fungus growing as yeast-like cells at 37 °C. The colour version of this figure is

available at: http://imr.sagepub.com.

were absorbed when compared with the
results observed in February 2019, while
the cavities in the upper lobes of both
lungs still existed (Figure 1B). The patient
was then prescribed 200 mg voriconazole
orally every 12 h until September 2019.
The CT performed in September 2019
(Figure 1C) showed a clear resolution of
the lesions in both lungs. However, cystic
lesions still existed in both Iungs. His
cough and expectoration symptoms were
significantly alleviated. Consequently, the
patient stopped voriconazole treatment in
September 2019. Follow-up CT examina-
tion showed a stable pulmonary lesion in
June 2020 (Figure 1D).

This study was approved by the Ethical
Review Committee of the First Affiliated
Hospital, College of Medicine, Zhejiang
University (no. 20211IT174). The patient
provided written informed consent for pub-
lication of this case report.

Discussion

Talaromyces marneffei 1s prevalent in
Southern China and Southeast Asia.>’ It
is an opportunistic fungal infection most
commonly reported in immunocompro-
mised hosts that are HIV-positive, with
malignancies, post-organ transplantation
and autoimmune disease.'” It is rarely
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Figure 4. Sanger sequencing verification results for a 24-year-old male patient and his parents. The patient
and his father carried a mutation in the tuberous sclerosis complex subunit 2 (TSC2) gene and his mother
was wild-type. The colour version of this figure is available at: http://imr.sagepub.com.

reported in immunocompetent patients.'!
However, the incidence of T. marneffei has
been increasing in immunocompetent
hosts.®?!? A previous study reported that
22 out of 34 non-HIV patients infected
with 7. marneffei had no previously
known diseases and no immunodeficien-
cies.'® This current case report describes a
relatively rare case of an immunocompetent
patient with 7. marneffei lung infection and
a T'SC2 mutation. The application of NGS
in BALF assisted in the rapid diagnosis of
T. marneffei.

The typical clinical manifestations of
T. marneffei infection include fever, skin
lesions, hepatosplenomegaly and respirato-
ry symptoms. However, the severity of the
disease depends on the immune status of
the patients.>'* The imaging changes in
T. marneffei vary and can include ground
glass shadows, cavitated lesions, inflamma-
tory exudates, nodules and cystic changes.’
In the current case, the CT imaging showed
glass shadows with cavitated lesions and

cystic changes. After treatment with vori-
conazole for 7 months, the ground glass
shadows were significantly absorbed while
the cystic lesions remained. The change in
the cavitation caused by the T. marneffei
pulmonary infection was a long process of
absorption. The relationship between the
TSC2 mutation and cystic changes in both
lungs in this patient remains unclear.

In this current case, a mutation in the
TSC2 gene was identified by Sanger
sequencing. The inactivation of T'SC/ and
TSC2 leads to tuberous sclerosis.'”> The
TSCI gene, which encodes hamartin (130
kDa), is located on chromosome 9q34,
encompassing 55 kb of DNA.'® The 7'SC2
gene is located on chromosome 16p13.3,
encompasses 40 kb of DNA, and encodes
tuberin (200 kDa).'®!'” More than 900
TSC2 mutations have been recorded in
the Human Gene Mutation database.'® !
Most mutations are missense mutations,
gross deletions and splicing mutations.****
The genotypes of tuberous sclerosis are
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Heterozygous mutation in exome regions of the tuberous sclerosis complex subunit 2 (TSC2) gene identified by Sanger sequencing a 24-year-old

Table I.

male patient and his father.

Patient and the family genetic mutation

Gene

Mother*

Father*

Patient*®

Inheritance mode

Wild-type 0/200

Heterozygous 152/329

Heterozygous 135/361

Unknown

TSC2

Detailed gene information

Gene

ACMG

Amino acid changes

Nucleic acid changes (exon number)

Chromosomal location

(variant number)

p.QI554Qfs |1(p.

Pathogenic

C.466 (exon36)_c.4662 +21(IVS36)

Chr16:2135322-2135344

TSC2

GInl5 54Glnfs| 1)
(NM_000548)

del AGGTGAG GCTGCGGGGC CGGCCT

*The carrying state of TSC2 and the ratio of variation depth to total depth.

ACMG, American College of Medical Genetics and Genomics.

highly heterogencous and no common
TSC2 gene mutation has been found.** In
this current case, 7SC2 exon 36 was impor-
tant for 7. marneffei pulmonary infection.
It is well known that disruption of hamartin
and tuberin induces upregulation of signal
transduction through mTOR.?> The mTOR
signalling pathway is a highly conserved
intracellular signalling pathway in evolu-
tion, which is involved in the conduction
of multiple signalling pathways, including
the PI3K/AKT/mTOR pathway, AKT/
TSCI-TSC2/Rheb/mTOR pathway, LK
BI-AMPK-TSC-MTOR  pathway and
FGF-10-Spry2-MtorC1-Stat3/HIF-1-VEG
F-A pathway.”®?” These signalling path-
ways may be involved in lung development
and the regulation of a variety of lung dis-
cases.”®?° Therefore, abnormalities in the
mTOR signalling pathway, which are medi-
ated by 7'SC2 mutations, may induce bron-
chopulmonary dysplasia (BPD, such as
bronchiectasis and cystic changes in the
lung), leading to 7. marneffei invasion and
lung infection in the host.*® One limitation
of the current case study was that it was not
possible to determine how important the
role of the 7SC2 mutation was in this cur-
rent case, but the results suggested that the
TSC2 mutation increased susceptibility to
BPD and microbial infections in the lungs,
a direction that will be explored in future
research.

In conclusion, an increased incidence of
T. marneffei infection in non-HIV patients
has been observed in recent years. Patients
with 7'SC2 mutations that induce BPD may
be potential hosts for T. marneffei infection.
Rapid diagnosis at an early stage is impor-
tant for improving prognosis. The applica-
tion of NGS played a critical role in the
diagnosis of T. marneffei pulmonary infec-
tion, showing the clinical importance of this
technology in the rapid identification of the
aetiology. However, the pathogenesis and
mechanism of 7. marneffei pulmonary
infection in HIV-negative patients with
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TSC2 mutations remain to be investigated.
For HIV-negative patients, the possibility
of co-existing genetic mutations should be
considered and screened for.
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