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Objective: Talaromyces marneffei (TM) is an opportunistic fungus that is predominantly
prevalent among patients who are HIV-positive in South-East Asia. However, few studies
focused on the clinical features, laboratory findings, and prognosis across varying
immune states.

Methods: A total of 54 patients with TM infection in Xiangya Hospital of Central South
University from January 1, 2006 to October 31, 2021 were retrospectively analyzed.
Clinical profiles were compared across the different immune statuses by HIV-positive
(HIV group, n = 18), HIV negative but with immunocompromised conditions (Non-HIV
with IC Group, n = 11), and immunocompetent patients (n = 25).

Results: All the patients were diagnosed by pathogen culture or by metagenomic
next-generation sequencing (MNGS). The median age was 50, and patients with HIV
were much younger compared to the other two groups. The most common symptom
at presentation was fever (79.6%), followed by cough (70.4%), weight loss (61.1%),
and expectoration (53.7%). The patients with HIV were more likely to develop into a
subtype of disseminated TM affecting multiple organs including lymph node, liver, skin,
and spleen, thus, resulting in higher hospital mortality compared to the other two groups.
Patients without HIV but with immunocompromised conditions presented similar hospital
mortality rates compared to immunocompetent patients, while experiencing longer days
of hospitalization to recover from the diseases. Additionally, in this study, the pathogen
culture easily confirmed the patients with HIV. However, MNGS presented as a promising
tool to confirm TM infection in those suspicious patients without HIV.

Conclusions: In summary, patients with HIV were more likely to develop into
disseminated TM, resulting in higher mortality compared to those patients without
HIV. Additionally, mMNGS presented as an important supplementary tool to confirm TM
infection in patients without HIV, particularly in those with immunocompromised diseases.

Keywords: Talaromyces marneffei, clinical characteristics, prognosis, next-generation sequencing, immune
status
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INTRODUCTION

Talaromyces marneffei (TM) is an opportunistic and highly
invasive fungus endemic, that is predominantly restricted to
Southeast and Eastern Asia (1, 2). It was originally isolated from
a bamboo rat in Vietnam in 1956 (3) and was firstly reported
with natural human infection in 1973 (4). It is one of the most
important thermally dimorphic pathogenic fungi (5) and grows
as a mycelium at 25°C and as yeast at 37°C due to the organism’s
principal virulence factors (6). A hypothetical diagnosis of TM
infection is made on clinical findings in conjunction with
microscopic identification of characteristic intracellular TM yeast
cells, while definitive diagnosis depends on the isolation of
TM by culture from suspicious clinical specimens (7). The TM
presents as a unicellular organism with round to oval cells
under microscopic observation (8). In recent years, mNGS has
been a promising tool to confirm TM infection for suspicious
individuals as well.

The TM infection commonly occurs in patients with human
immunodeficiency virus infection (HIV), but in recent years,
more and more TM infection has been diagnosed in patients
without HIV, and even in immunocompetent individuals (9,
10). However, studies on clinical characteristics, laboratory
findings, and prognosis in patients with TM infection with
varying immune statuses are still limited. In the current
study, we conducted a retrospective analysis on demographics,
clinical symptoms, laboratory and imaging presentation, and
prognosis related to TM infection in patients with varying
immune statuses.

METHODS

Patients

We retrospectively extracted and analyzed the clinical profile
data on patients with TM infections in Xiangya Hospital
of Central South University from January 2006 to October
2021. This study was approved by the Institutional Review
Boards (IRBs) in Xiangya Hospital, Central South University
(No. 202104005). Clinical profiles including demographics,
comorbidities, clinical symptoms, laboratory and imaging
findings, and prognosis were obtained from the electronic
record. The TM infection was diagnosed by experienced doctors,
combining suspicious clinical manifestations with one of the
following evidence (11-13):

a. Pathogen culture: Using standard culture techniques to isolate
TM from clinical specimens. The crucial evidence of the
positive TM was its thermal dimorphism, that is, the form of
mycelium at 25°C coupling with brick red pigment and the
form of yeast at 37°C.

b. After Wright staining, Giemsa staining, or periodic acid Schiff
staining of cytology and histopathology specimens, the special
yeast form and diaphragm of TM are directly observed with
the microscope.

¢. Genetic methods: Genetic methods including mNGS (in the
current study) and other genetic tests illustrate that TM
is positive.

Definitions

Imaging and physical exam findings, positive culture site,
and histopathology were commonly used to define sites of
infection. If patients had only one involved lesion or organs
without systemic symptoms or physical signs, that would be
defined as focalized TM infection. When the existence of
TM is confirmed in blood or bone marrow, or more than
one viscus with systemic symptoms, that would be defined as
disseminated TM infection. Immune status was divided into
three groups as following criteria: (1) HIV group was defined
as patients accompanied with HIV infection; (2) Non-HIV
with IC group was defined as those patients without HIV, but
with immunocompromised conditions as any of the following
situation: progressed malignancy, chemotherapy, solid organ
or a stem-cell transplant, or immunosuppressive medications
including corticosteroids, biologic immunosuppressants, etc.; (3)
the immunocompetent group was classified as those patients
without HIV or absence of an immunocompromised condition.

Statistical Analysis

All data in the current study were analyzed with SPSS 26.0
software (IBM SPSS Inc., USA). Continuous variables with
skewed distribution were presented as medians and interquartile
ranges and compared by the Kruskal-Wallis H test. Categorical
variables were expressed as frequencies and percentages (%) and
analyzed by the Chi-square test or Fisher’s exact test. A value of P
< 0.05 was considered statistically significant.

RESULTS

Clinical Characteristics of TM Infection in

Patients With Various Immune Statuses

This retrospective analysis included 54 patients with TM-
infection in Xiangya Hospital of Central South University from
January 1, 2006 to October 31, 2021. All the patients in the
study were identified by pathogen culture or mNGS. The gender
composition was different between the three groups, with males
accounting for 88.9, 54.5, and 88.0% in the HIV, Non-HIV with
IC, and Immunocompetent groups, respectively. The median age
was 50, and patients with HIV were much younger compared to
the other two groups (P = 0.02). The most common symptom
at presentation was fever (79.6%), followed by cough (70.4%),
lymphadenopathy (70.4%), weight loss (61.1%), expectoration
(53.7%), skin lesion (50%), gastrointestinal symptoms (33.3%),
splenomegaly (31.5%), hepatomegaly (35.2%), bone destruction
(11, 20.4%). The patients with HIV were more likely to develop
into a subtype of disseminated TM, affecting multiple organs
including lymph node, liver, skin and spleen, and so on (Table 1).

Laboratory and Image Findings in TM

Infection Across Various Immune Statuses

The laboratory and image findings were presented in Table 2.
Compared to immunocompetent patients, patients with or
without HIV with other immunocompromised conditions had
a lower number of leukocytes, platelets (PLT), lymphocytes,
and eosinophils that reflected their immune status. Compared
to patients in the immunocompetent group, patients with
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TABLE 1 | Clinical characteristics of the patients with TM infection across the three groups.

HIV Non-HIV with IC Immunocompetent Total P

N=18 N=11 N=25 (N =54)
Median age, y, 38.0(28.0-50.5) 52.0(32.0-57.0) 55.0(44.5-62.5) 50.0(36.0-58.0) 0.020
Male 16(88.9%) 6(54.5%) 22(88.0%) 44(81.5%) 0.049
Male 16(88.9%) 6(54.5%) 22(88.0%) 44(81.5%)
Female 2(11.1%) 5(45.5%) 3(12.0%) 10(18.5%)
Smoking 11(61.1%) 4(36.4%) 13(52.0%) 28(51.9%) 0.433
Comorbidity 16(88.9%) 11(100.0%) 20(80.0%) 47(87.0%) 0.332
Complication 17(94.4%) 5(45.5%) 19(76.0%) 41(75.9%) 0.012
Season characteristic
Spring 3(16.7%) 4(36.4%) 4(16.0%) 11(20.4%) 0.371
Summer 6(33.3%) 5(45.5%) 9(36.0%) 20(37.0%) 0.801
Autumn 4(22.2%) 1(9.1%) 8(32.0%) 13(24.1%) 0.385
winter 5(27.8%) 1(9.1%) 4(16.0%) 10(18.5%) 0.481
Stage of disease 0.003
Disseminated Disease 18(100.0%) 6(54.5%) 16(64.0%) 40(74.1%)
Localized Disease 0(0.0%) 5(45.5%) 9(36.0%) 14(25.9%)
Immunosuppression
Active Malignancy (solid organ) 0(0.0%) 1(9.1%) 0(0.0%) 1(1.9%) 0.204
Active Malignancy (hematologic) 0(0.0%) 1(9.1%) 0(0.0%) 1(1.9%) 0.204
Chemotherapy 0(0.0%) 1(9.1%) 0(0.0%) 1(1.9%) 0.204
Corticosteroids 0(0.0%) 9(81.8%) 0(0.0%) 9(16.7%) <0.001
Other immunosuppressor 0(0.0%) 4(36.4%) 0(0.0%) 4(7.4%) 0.001
Symptoms and signs
Fever 17(94.4%) 8(72.7%) 18(72.0%) 43(79.6%) 0.148
Cough 14(77.8%) 8(72.7%) 16(64.0%) 38(70.4%) 0.638
Expectoration 9(50.0%) 6(54.5%) 14(56.0%) 29(53.7%) 0.925
Hemoptysis 1(5.6%) 1(9.1%) 2(8.0%) 4(7.4%) 1.000
Dyspnea 0(0.0%) 0(0.0%) 2(8.0%) 2(3.7%) 0.412
Chest pain 2(11.1%) 1(9.1%) 6(24.0%) 9(16.7%) 0.448
Bone destruction 3(16.7%) 1(9.1%) 7(28.0%) 11(20.4%) 0.459
Arthralgia 1(5.6%) 2(18.2%) 2(8.0%) 5(9.3%) 0.585
Skin lesion 14(77.8%) 5(45.5%) 8(32.0%) 27(50.0%) 0.012
Weight loss 10(55.6%) 5(45.5%) 18(72.0%) 33(61.1%) 0.293
Gastrointestinal symptoms 9(50.0%) 4(36.4%) 5(20.0%) 18(33.3%) 0.111
Lymphadenopathy 17(94.4%) 6(54.5%) 15(60.0%) 38(70.4%) 0.015
Hepatomegaly 10(55.6%) 1(9.1%) 6(24.0%) 17(31.5%) 0.022
Splenomegaly 10(55.6%) 2(18.2%) 7(28.0%) 19(35.2%) 0.090

IC, Immunocompromise.

HIV had significantly lower albumin and uric acid (UA), but
with higher alanine transaminase (ALT), aspartate transaminase
(AST), lactate dehydrogenase (LDH), total bilirubin (TBil),
and direct bilirubin (DBil). Patients with HIV, or otherwise
immunocompromised conditions, showed obvious immune
dysfunction based on the impairment of CD4, CD8, and
complement levels of C3 and C4. From the image findings,
almost all patients with TM infections had lesions in their
lungs, indicating respiratory airway was the main entry route
for TM infection. Several cases were also accompanied by
a skin infection, and one of them got the infection after

skin surgery, then spread to the lungs, and represented
with Dbilateral diffuse nodular lesions (Figure 1A), which
were significantly absorbed after anti-TM treatment with
Amphotericin B (Figure 1B). Additionally, there is also a
tendency for multiple invasions throughout the body in patients
without HIV, which can easily be misdiagnosed as advanced
malignancies. In the study, one patient was admitted with
generalized pain and a subcutaneous mass on the left posterior
back, PET-CT (Figure2) gave a hint of multiple possible
malignant lesions, but TM was confirmed by pathogen culture
for the tissue biopsy.
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TABLE 2 | Laboratory findings and imaging in patients with TM infection among various immune statuses.

HIV Non-HIV with IC Immunocompetent Total P

N=18 N=11 N=25 N =54
Laboratory findings
WBC (x10"9/L) 5.3(3.6-6.7) 5.9(2.9-8.7) 9.9(4.6-14.1) 6.4(4.4-11.6) 0.016
Hb(g/L) 95.5(82.0-103.5) 88.0(75.0-107.0) 103.0(84.0-119.5) 97.0(80.7-111.0) 0.362
PLT (x10"9/L) 116.0(44.5-176.0) 150.0(22.0-312.0) 231.0(142.5-287.0) 158.0(53.5-265.5) 0.031
Lymphocytes (x10"9/L) 0.3(0.1-0.4) 0.6(0.3-1.1) 1.4(0.9-2.0) 0.7(0.3-1.4) <0.001
Lymphocytes (%) 5.0(4.0-8.2) 9.3(8.0-21.6) 14.3(10.1-21.2) 10.9(5.7-17.7) <0.001
Neutrophils (x 10°9/L) 4.7(3.2-6.2) 5.2(2.1-8.1) 5.6(3.1-11.4) 5.0(3.0-8.5) 0.272
Neutrophils (%) 90.5(81.9-93.4) 79.7(74.6-87.9) 73.8(66.7-81.9) 79.7(7.3-88.5) <0.001
Eosnophils (x 10"9/L) 0.0(0.0-0.1) 0.0(0.0-0.1) 0.2(0.1-0.4) 0.1(0.0-0.2) 0.001
Eosnophils (%) 0.4(0.0-1.0) 0.4(0.0-2.1) 2.1(0.7-3.7) 1.0(0.1-2.5) 0.004
Albumin (g/L) 24.2(19.7-29.1) 28.4(25.3-34.7) 31.1(27.9-35.8) 28.7(24.6-33.9) 0.002
Globulin (g/L) 35.7(27.9-43.1) 26.0(23.9-33.5) 43.7(33.3-46.7) 35.8(27.4-44.7) 0.001
ALT(U/L) 40.5(33.0-75.0) 53.4(11.9-73.9) 18.9(11.4-43.4) 34.3(14.9-66.0) 0.036
AST(U/L) 136.0(65.4-215.0) 45.0(14.5-61.0) 21.5(16.1-33.3) 45.0(16.8-123.5) <0.001
BUN(mmol/L) 4.1(3.8-6.8) 5.3(3.8-7.3) 4.4(3.2-7.4) 4.4(3.5-7.1) 0.873
SCr (umol/L) 75.0(65.0-91.1) 74.0(51.2-99.0) 74.0(63.2-96.5) 74.5(62.6-94.9) 0.827
UA (umol/L) 216.0(154.5-342.5) 359.0(199.9-469.0) 318.0(243.0-385.5) 301.0(200.4-380.5) 0.045
TBIl 14.9(10.4-29.7) 6.0(5.4-8.3) 10.0(5.05-15.25) 10.1(5.6-15.4) 0.008
DBiIl 5.9(3.2-16.1) 2.5(2.1-4.3) 4.2(2.8-6.9) 4.3(2.3-6.9) 0.028
LDH(U/L) 574.0(317.7-800.5) 317.0(190.0-449.0) 178.5(147.2-260.2) 267.0(177.0-507.0) <0.001
CK(UL) 37.5(29.5-91.9) 20.8(18.8-81.0) 32.2(22.9-58.6) 32.9(22.7-62.6) 0.204
CK-MB(U/L) 13.3(10.4-20.2) 11.2(10.1-17.3) 10.7(7.9-16.8) 11.4(9.5-17.0) 0.434
Mb(U/L) 24.9(18.7-43.9) 19.0(14.5-45.0) 22.7(15.6-35.7) 23.8(16.0-39.2) 0.665
PT(S) 13.1(12.6-14.9) 12.6(11.4-16.8) 14.2(12.4-15.8) 18.3(12.4-15.2) 0.416
APTT(S) 43.8(38.6-48.5) 32.8(25.4-40.4) 38.8(33.5-45.3) 39.0(33.0-45.4) 0.053
TT(S) 20.7(18.8-22.8) 19.0(17.9-20.3) 18.0(16.9-18.8) 18.7(17.8-20.9) 0.002
FIB(g/L) 2.7(1.6-3.9) 3.7(2.8-4.9) 3.5(2.5-6.2) 3.6(2.2-4.5) 0.200
D — dimer 1.7(1.2-3.1) 0.3(0.3-1.1) 0.5(0.2-1.2) 0.8(0.3-2.0) 0.004
CDA4+T cell@@/ul) 4.8(3.0-15.0) 109.0(109.0-109.0) 343.0(157.0-469.0) 107.0(7.4-358.0) 0.074
CD4+T cell(%) 3.8(0.7-14.0) 27.4(22.7-68.7) 38.1(27.7-45.8) 33.5(11.4-42.6) 0.062
CD8+T cell(a/ul) 225.0(205.0-284.0) 66.1(16.3-66.1) 159.0(110.0-596.0) 182.0(111.5-269.2) 0.200
CD8+T cell(%) 71.0(51.3-75.0) 49.0(29.0-49.0) 26.4(19.4-46.5) 37.6(23.0-69.0) 0.098
CD4+ / CD8+T cell 0.0(0.0-0.1) 0.9(0.3-4.3) 1.5(0.7-2.4) 1.00.1-2.1) 0.032
C3 (mg/L) 651.0(265.0-9583.0) 658.5(353.2-775.2) 961.0(756.0-1247.5) 747.0(513.0-1070.0) 0.008
C4 (mg/L) 200.0(51.6-272.0) 173.5(98.2-243.2) 248.5(211.5-313.0) 225.0(136.0-272.0) 0.044
19G (g/L) 14.9(12.6-23.0) 10.6(7.5-14.1) 21.0(15.6-28.2) 15.6(12.4-23.2) 0.004
I9A (/L) 4,700.0(2,550.0-6,760.0) 1,504.5(637.7-2,260.0) 2,315.0(1,302.5-3,457.5) 2,460.0(1,340.0-4,230.0) 0.001
IgM (g/L) 825.5(569.5-1,402.5) 1,130.0(691.0-1,657.5) 946.5(765.0-1,457.5) 946.5(689.2-1,402.5) 0.713
CRP (mg/L) 68.5(43.0-103.2) 34.5(14.8-73.4) 40.7(20.0-119.5) 53.0(24.0-101.0) 0.156
ESR (mm/h) 53.0(28.5-83.0) 33.0(26.5-78.5) 61.0(39.5-103.0) 53.0(33.0-96.0) 0.340
PCT (ng/ml) 2.3(0.6-6.6) 0.2(0.0-0.9) 0.2(0.0-0.8) 0.5(0.1-2.9) 0.008
Imaging
Unilateral Infiltrate or Consolidation 5(29.4%) 0(0.0%) 2(8.3%) 7(14.0%) 0.107
Bilateral Infiltrate or Consolidation 12(70.6%) 9(100.0%) 22(91.7%) 43(86.0%) 0.107
Pulmonary Nodule 8(47.1%) 3(27.3%) 9(36.0%) 20(37.7%) 0.533
Cavitary Lesion 0(0.0%) 2(18.2%) 5(20.8%) 7(13.7%) 0.148
Hilar Lymphadenopathy 5(29.4%) 0(0.0%) 3(12.5%) 8(15.4%) 0.137
Mediastinal Lymphadenopathy 11(64.7%) 0(0.0%) 9(37.5%) 20(38.5%) 0.001
Intra-Abdominal Lymphadenopathy 14(100.0%) 1(11.1%) 3(13.6%) 18(40.0%) <0.001
Splenic Infiltrate 10(55.6%) 1(9.1%) 6(24.0%) 17(31.5%) 0.022
Liver Infiltrate 10(55.6%) 2(18.2%) 7(28.0%) 19(35.2%) 0.090
CNS Findings 0(0.0%) 0(0.0%) 1(4.0%) 1(1.9%) 1.000
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which is significantly better than (A) in terms of absorption.

FIGURE 1 | (A) Shows the patient’s lung CT presentation on admission (white arrows). (B) Shows a CT of the lungs reviewed after 2 months of anti-TM treatment,

Treatment Strategies and Prognosis of TM

Infection Across Various Immune Statuses
The treatment strategies and prognosis in the patients with TM
infection was presented in Table 3. Patients with TM with HIV
had the highest hospital mortality rate among the three groups.
Those patients without HIV with immunocompromised
conditions had a similar hospital mortality rate with
immunocompetent patients, but experienced longer days of
hospitalization. Additionally, patients with HIV were confirmed
easier by the pathogen culture, while a proportion of patients
without HIV were diagnosed by mNGS. In the study, 15
suspicious patients were examined with pathogen culture and
mNGS. The results showed 5 patients with double-positive
results by culture and mNGS, while 9 patients showed positive
mNGS but negative culturing results (Supplementary Figure 1),
only 1 patient had positive culturing result but negative mNGS
(Table 4). This interesting phenomenon indicated that, to
some extent, mNGS had much higher sensitivity compared to
conventional pathogen culture for TM infection, particularly in
those patients without HIV.

DISCUSSION

In the study, we compared the clinical characteristics, laboratory
findings, and prognosis of TM-infected based on immune status
and found patients with HIV were more likely to develop into
disseminated TM and had the highest mortality rate. Those
patients without HIV but with immunocompromised conditions
had a similar hospital mortality rate with immunocompetent
patients, while experiencing longer days of hospitalization.
Additionally, mNGS shows promising potential as a tool to

confirm TM infection, particularly in those patients without HIV,
or with immunocompromised conditions.

In China, TM is predominantly popular in several southern
provinces, such as Guangxi, Guangdong, and Yunnan Province
(14), and the number of TM cases has been dramatically
increasing in mainland China in the last decades (15). The
TM infection has been commonly found in patients with
immunocompromised and impaired cell-mediated immunity,
including secondary immunodeficiency due to HIV infection,
progressed malignancy, and immunosuppressive therapy (16,
17). However, recently, an increasing number of cases of TM
infection have been reported in individuals without HIV, even
without obvious immunocompromised conditions (18-20). In
the current study, only one-third of patients with TM were
accompanied by HIV infection, which was less frequent than
the previously studied (21), and almost one-half of patients
with TM infection were immunocompetent patients without
HIV or obvious immunosuppression. This observation may
be explained by the following reasons: (1) with the use of
potent antiretroviral therapy, the incidence of HIV-associated
TM infection decreased correspondingly; (2) new therapies
for autoimmune diseases, and an increasing prevalence of
solid organ and bone marrow transplants have shifted the
epidemiology of certain fungal infections; (3) the developing
diagnostic technology with gene sequence might reverse the
previous condition that patients without HIV infection were
underdiagnosed. It also demonstrates that more attention should
be paid to those patients with suspicious TM infection even
though they are not accompanied with HIV or otherwise
immunocompromised conditions.

Our study showed that more patients were infected during
the period from April to September of the year, which is
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FIGURE 2 | The MIP (maximum intensity projection) of 18F-FDG (fluoro-D-glucose) PET/CT (A) revealed multiple hypermetabolic lesions in the whole body (black
arrows). Axial slices showed normal ribs (B) (SUVmax = 10.3) and multiple hypermetabolic lesions of the spine (C) (white arrows).

the rainy season in Hunan province. Meanwhile, a seasonal
pattern with increasing incidence of TM infection during
the rainy seasons has been observed in northern Thailand
before (22, 23). It might be that the heavy rainfall provides
a favorable condition for the growth of the fungus, thus,
increasing the chance of exposure to susceptible hosts (23).
Most patients with TM presented with similar symptoms with
previous reports (24), including fever, weight loss, cough,
lymphadenopathy, cutaneous lesions, and hepatosplenomegaly.
The respiratory system was commonly involved in TM
infection, with productive cough, dyspnea, and hemoptysis
as common symptoms. Therefore, TM infection should
be differentiated from other fungal lung infections for
effective antifungal therapies, such as pulmonary candidiasis,
Pneumocystis pneumonia, and so on (25, 26). Patients
with HIV were more likely to develop into disseminated
TM and had the highest mortality rate. Those patients
that are negative of HIV with immunocompromised
conditions had a similar hospital mortality rate with
immunocompetent patients, while experiencing longer days
of hospitalization.

An interesting finding was that all patients with HIV
in the study were diagnosed by positive TM culture, while
63.6% of patients without HIV with immunocompromised
conditions and 28% of immunocompetent patients were
diagnosed by mNGS with negative culture results. This
phenomenon could be explained by the following reasons:
(1) Patients with HIV had worst immunity and more
possibility to disseminate into blood compared to the other
two groups, thus, greatly increasing the chance of obtaining
a positive culture result from the blood samples; (2) the
sensitivity of positive TM by pathogen culture could be
affected by the complicated history of medication and multiple
pathogen infections in those patients without HIV but with
immunocompromised diseases. To further confirm the
9 patients who were diagnosed with mNGS but without
positive colonies, their clinical characteristics, treatment
procedure, and prognosis coincided with TM infection
(Supplementary Figure 1). Thus, it reflected that mNGS had
much higher sensitivity compared to conventional pathogen
culture, and it could be an important tool to detect TM
infection to reduce the misdiagnosis, delay in diagnosis, and
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TABLE 3 | Treatment strategies and prognosis in patients with TM infection.

HIV Non-HIV with IC Immunocompetent Total P

N=18 N=11 N=25 N =54
Multiple infections 4(22.2%) 8(72.7%) 8(32.0%) 20(37.0) 0.022
Prognosis
Hospital stays(d) 9.5(5.0-13.5) 33.0(13.0-38.0) 18.0(12.5-31.5) 15.0(10.0-26.5) <0.001
Hospital mortality 8(44.4%) 2(18.2%) 2(8%) 18(22.2%) 0.012
Diagnosis
mNGS 0(0.0%) 7(63.6%) 7(28.0%) 14(25.9%) <0.001
Positive culture results 18(100.0%) 7(63.6%) 20(80.0%) 45(83.3%) 0.015
Positive site (% of those with positive culture and mNGS)
blood 13(72.2%) 4(36.4%) 5(20.0%) 22(40.7%) 0.003
Purulent discharge of the skin 0(0.0%) 2(18.2%) 8(32.0%) 10(18.5%)
Respiratory tract 3(16.7%) 5(45.5%) 10(40.0%) 18(33.3%)
Bone Marrow 2(11.1%) 0(0.0%) 0(0.0%) 2(3.7%)
Cerebrospinal Fluid 0(0.0%) 0(0.0%) 1(4.0%) 1(1.9%)
TABLE 4 | Comparison of next-generation sequencing (NGS) and traditional ETHlCS STATEM ENT

culture analyses in TM infection.

NGS Culture Total
+ -—

+ 5 14

- 1 1

Total 6 9 15

mortality, particularly in those patients without HIV but with
immunocompromised conditions.

Our research had a few limitations. Firstly, this study was
a single-center and retrospective study, so we involved a very
small part of patients with TM infection in Hunan. There was
a relatively small proportion of immunocompromised patients
without HIV, thus, introducing outcome bias. A large cohort
study is needed to further affirm our conclusions. Secondly, the
accurate identification of TM should combine colonies (culture
positive) and PCR sequencing, however, the PCR test was not
applied as a conventional test in most hospitals including ours.

CONCLUSION

In summary, patients with HIV were more likely to develop into
disseminated TM and resulting in higher mortality compared
to those patients without HIV. Additionally, mNGS presented
as an important supplementary tool to confirm TM infection
in patients without HIV, particularly in those patients with
immunocompromised diseases.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

The studies involving human participants were reviewed and
approved by the Institutional Review Boards (IRBs) in Xiangya
Hospital, Central South University. The patients/participants
provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

AUTHOR CONTRIBUTIONS

DL and HL were involved in the design of the study, collection
of research data, data collation and analysis, and writing of
the manuscript. YZha and PP were involved in the design
of the study and review of the article, funding support and
other aspects of supervision. YZhu and QC were involved in
the collection of research data and writing of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the Natural Science Foundation
of China (Nos. 82100037 and 81770080), National Key
R&D Program of China (No. 2016YFC1304204), National
Science Foundation for Post-doctoral Scientists of China (No.
2021TQ0375), Hunan Outstanding Postdoctoral Innovative
Talents Program (No. 2021RC2018), Key R&D Program of
Hunan Province (No. 2022SK2038), and Youth Foundation of
Xiangya Hospital (No. 2020Q06).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.841674/full#supplementary-material

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 841674


https://www.frontiersin.org/articles/10.3389/fmed.2022.841674/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Lietal

Talaromyces marneffei Infection

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. Chakrabarti A, Slavin MA. Endemic fungal infections in the Asia-Pacific

region. Med Mycol. (2011) 49:337-44. doi: 10.3109/13693786.2010.551426

. Jiang J, Qin E Meng S, Nehl EJ, Huang ], Liu Y, et al. Effects of

cotrimoxazole prophylaxis on Talaromyces marneffei infection in HIV/AIDS
patients receiving antiretroviral therapy: a retrospective cohort study. Emerg
Microbes Infect. (2019) 8:367-76. doi: 10.1080/22221751.2019.1588078

. CAPPONI M, SEGRETAIN G, SUREAU P. [Penicillosis from Rhizomys

sinensis]. Bull Soc Pathol Exot Filiales. (1956) 49:418-21.

. DiSalvo AF, Fickling AM, Ajello L. Infection caused by Penicillium marneffei:

Description of first natural infection in man. Am ] Clin Pathol. (1973)
60:259-63. doi: 10.1093/ajcp/60.2.259

. Sangkanu S, Rukachaisirikul V, Suriyachadkun C, Phongpaichit S. Antifungal

activity of marine-derived actinomycetes against Talaromyces marneffei. ] Appl
Microbiol. (2021) 130:1508-22. doi: 10.1111/jam.14877

. Andrianopoulos A. Control of morphogenesis in the human fungal

pathogen Penicillium marneffei. Int | Med Microbiol. (2002) 292:331-47.
doi: 10.1078/1438-4221-00217

. Nelson KE, Sirisanthana T. Images in clinical medicine. Disseminated

penicillium marneffei infection in a patient with AIDS N Engl ] Med. (2001)
344:1763. doi: 10.1056/NEJM200106073442305

. 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) 19:95-110.
doi: 10.1128/CMR.19.1.95-110.2006

. Chan JE Lau SK, Yuen KY, Woo PC. Talaromyces (Penicillium) marneffei

infection in non-HIV-infected patients. Emerg Microbes Infect. (2016) 5:e19.
doi: 10.1038/emi.2016.18

Qiu Y, Liao H, Zhang ], Zhong X, Tan C, Lu D. Differences in clinical
characteristics and prognosis of Penicilliosis among HIV-negative patients
with or without underlying disease in Southern China: A retrospective study.
Bmc Infect Dis. (2015) 15:525. doi: 10.1186/s12879-015-1243-y

Kaufman L. Penicilliosis marneffei and pythiosis: emerging tropical diseases.
Mycopathologia. (1998) 143:3-7. doi: 10.1023/A:1006958027581
Nittayananta W. Penicilliosis
defining illness in Southeast Asia.
doi: 10.1111/j.1601-0825.1999.tb00091.x
Shen Q, Sheng L, Zhang J, Ye J, Zhou J. Analysis of clinical characteristics and
prognosis of talaromycosis (with or without human immunodeficiency virus)
from a non-endemic area: A retrospective study. Infection. (2022) 50:169-78.
doi: 10.1007/s15010-021-01679-6

Cao C, Xi L, Chaturvedi V. Talaromycosis (Penicilliosis) Due to Talaromyces
(Penicillium) marneffei: Insights into the Clinical Trends of a Major Fungal
Disease 60 Years After the Discovery of the Pathogen. Mycopathologia. (2019)
184:709-20. doi: 10.1007/s11046-019-00410-2

Hu Y, Zhang J, Li X, Yang Y, Zhang Y, Ma J, et al. Penicillium marneffei
infection: an emerging disease in mainland China. Mycopathologia. (2013)
175:57-67. doi: 10.1007/s11046-012-9577-0

Ramos-e-Silva M, Lima CM, Schechtman RC, Trope BM, Carneiro S. Systemic
mycoses in immunodepressed patients (AIDS). Clin Dermatol. (2012) 30:616—
27. doi: 10.1016/j.clindermatol.2012.01.008

Kauffman CA, Freifeld AG, Andes DR, Baddley JW, Herwaldt L, Walker
RC, et al. Endemic fungal infections in solid organ and hematopoietic

AIDS
5:286-93.

another
(1999)

marneffei:
Oral Dis.

20.

21.

22.

23.

24.

25.

26.

cell transplant recipients enrolled in the Transplant-Associated Infection
Surveillance Network (TRANSNET). Transpl Infect Dis. (2014) 16:213-24.
doi: 10.1111/tid.12186

. Qiu Y, Zhang J, Liu G, Zhong X, Deng ], He Z, et al. A case of Penicillium

marneffei infection involving the main tracheal structure. Bmc Infect Dis.
(2014) 14:242. doi: 10.1186/1471-2334-14-242

. GeY,Xu Z, Hu Y, Huang M. Successful voriconazole treatment of Talaromyces

marneffei infection in an HIV-negative patient with osteolytic lesions. J Infect
Chemother. (2019) 25:204-7. doi: 10.1016/j.jiac.2018.08.007

Ye E Luo Q, Zhou Y, Xie ], Zeng Q, Chen G, et al. Disseminated penicilliosis
marneffei in immunocompetent patients: a report of two cases. Indian ] Med
Microbiol. (2015) 33:161-5. doi: 10.4103/0255-0857.148433

Jiang J, Meng S, Huang S, Ruan Y, Lu X, Li JZ, et al. Effects of Talaromyces
marneffei infection on mortality of HIV/AIDS patients in southern China:
a retrospective cohort study. Clin Microbiol Infect. (2019) 25:233-41.
doi: 10.1016/j.cmi.2018.04.018

Chariyalertsak S, Sirisanthana T, Supparatpinyo K, Praparattanapan J, Nelson
KE. Case-control study of risk factors for Penicillium marneffei infection in
human immunodeficiency virus-infected patients in northern Thailand. Clin
Infect Dis. (1997) 24:1080-6. doi: 10.1086/513649

Chariyalertsak S, Sirisanthana T, Supparatpinyo K, Nelson KE. Seasonal
variation of disseminated Penicillium marneffei infections in northern
Thailand: a clue to the reservoir? ] Infect Dis. (1996) 173:1490-3.
doi: 10.1093/infdis/173.6.1490

LiY, Lin Z, Shi X, Mo L, Li W, Mo W, et al. Retrospective analysis of 15 cases
of Penicillium marneffei infection in HIV-positive and HIV-negative patients.
Microb Pathog. (2017) 105:321-5. doi: 10.1016/j.micpath.2017.01.026

Izadi M, Jonaidi JN, Sadraei J, Mahmoodzadeh PA, Rezavand B, Zarrinfar
H, et al. The prevalence of pneumocystis jiroveci in bronchoalveolar lavage
specimens of lung transplant recipients examined by the nested PCR.
Jundishapur ] Microbiol. (2014) 7:e13518. doi: 10.5812/jjm.13518

Kashefi E, Seyedi S, Zarrinfar H, Fata A, Mehrad-Majd H, Najafzadeh
M. Molecular identification of candida species in bronchoalveolar lavage
specimens of hospitalized children with pulmonary disorders. JBUMS.
(2021) 23:331-6.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Li, Liang, Zhu, Chang, Pan and Zhang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 841674


https://doi.org/10.3109/13693786.2010.551426
https://doi.org/10.1080/22221751.2019.1588078
https://doi.org/10.1093/ajcp/60.2.259
https://doi.org/10.1111/jam.14877
https://doi.org/10.1078/1438-4221-00217
https://doi.org/10.1056/NEJM200106073442305
https://doi.org/10.1128/CMR.19.1.95-110.2006
https://doi.org/10.1038/emi.2016.18
https://doi.org/10.1186/s12879-015-1243-y
https://doi.org/10.1023/A:1006958027581
https://doi.org/10.1111/j.1601-0825.1999.tb00091.x
https://doi.org/10.1007/s15010-021-01679-6
https://doi.org/10.1007/s11046-019-00410-2
https://doi.org/10.1007/s11046-012-9577-0
https://doi.org/10.1016/j.clindermatol.2012.01.008
https://doi.org/10.1111/tid.12186
https://doi.org/10.1186/1471-2334-14-242
https://doi.org/10.1016/j.jiac.2018.08.007
https://doi.org/10.4103/0255-0857.148433
https://doi.org/10.1016/j.cmi.2018.04.018
https://doi.org/10.1086/513649
https://doi.org/10.1093/infdis/173.6.1490
https://doi.org/10.1016/j.micpath.2017.01.026
https://doi.org/10.5812/jjm.13518
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Clinical Characteristics, Laboratory Findings, and Prognosis in Patients With Talaromyces marneffei Infection Across Various Immune Statuses
	Introduction
	Methods
	Patients
	Definitions
	Statistical Analysis

	Results
	Clinical Characteristics of TM Infection in Patients With Various Immune Statuses
	Laboratory and Image Findings in TM Infection Across Various Immune Statuses
	Treatment Strategies and Prognosis of TM Infection Across Various Immune Statuses

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


