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ABSTRACT

Introduction: Talaromyces marneffei (T. marnef-
fei), a dimorphic fungus, causes local or dis-
seminated infection in humans. We aimed to
analyze the clinical characteristics, prognos-
tic factors, and survival outcomes of patients
with T. marneffei infection and compare the
differences between human immunodeficiency
virus (HIV)-positive and HIV-negative subgroups.
Methods: We retrospectively analyzed 241
patients with T. marneffei infection at the First
Affiliated Hospital of Guangxi Medical Univer-
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sity between January 2012 and January 2022.
The overall population was stratified into HIV-
positive (n =98) and HIV-negative (n = 143)
groups according to HIV status. Kaplan-Meier
analysis and multivariate Cox regression models
were used to determine the prognostic factors
for overall survival (OS) and progression-free
survival (PFS).

Results: With a median follow-up time of
58.9 months, 120 patients (49.8%) experienced
disease progression and 85 patients (70.8%)
died. The 5-year rates of OS and PFS were 61.4%
(95% CI 55.0-68.6%) and 47.8% (95% CI
41.5-55.1%), respectively. As an independent
factor, patients who were HIV positive had
better PFS (HR 0.50, 95% CI1 0.31-0.82; p < 0.01)
than patients who were HIV negative. Com-
pared with patients who were HIV positive,
patients who were HIV negative were older and
had more probabilities of underlying diseases,
chest involvement, bone destruction, and
higher count of neutrophils (all p < 0.05).
Hemoglobin (PFS: HR 0.62; 95% CI 0.39-1.00;
p <0.05; OS: HR 0.45; 95% CI 0.22-0.89;
p =0.02) and lymphocyte count (PFS: HR 0.06;
95% CI 0.01-0.26; p < 0.01; OS: HR 0.08; 95%
CI 0.01-0.40; p <0.01) were independent
prognostic factors for PFS and OS in patients
who were HIV negative.

Conclusions: Patients with T. marneffei infec-
tion have a poor prognosis. Patients who are
HIV positive and HIV negative have relatively
independent clinical characteristics. Multiple

I\ Adis


https://doi.org/10.1007/s40121-023-00801-5
https://doi.org/10.1007/s40121-023-00801-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-023-00801-5&amp;domain=pdf
https://doi.org/10.1007/s40121-023-00801-5

1284

Infect Dis Ther (2023) 12:1283-1297

organ involvement and disease progression are
more common in patients who are HIV
negative.

Keywords: T. marneffei; HIV; Progression-free
survival; Overall survival

T. marneffei infection in humans remains
neglected owing to the lack of competent
knowledge of disease performance and
prognosis.

We systematically analyzed the clinical
characteristics, prognostic factors, and
survival outcomes of 241 patients infected
with T. marneffei and compared the
differences between individuals who were
HIV positive and HIV negative.

Clinical features of T. marneffei differ in
patients who are HIV positive and HIV
negative.

Patients who are HIV negative with

T. marneffei infection have a higher
neutrophil count, more organ damage,
and present a higher mortality.

INTRODUCTION

Talaromyces marneffei (T. marneffei), a thermally
dimorphic fungus, is mainly prevalent in the
tropical areas of South and Southeast Asia [1],
especially in Thailand, India, Vietnam, and
southern China. The occurrence of T. marnef-
feiinfections in humans is mainly caused
by inhaling spores in the surroundings [2].
T. marneffei spores transform into the patho-
genic yeast form in macrophages after entering
the human body, leading to localized or severe
disseminated infection [3]. Disseminated
T. marneffei infections may involve multiple or-

gans and systems, and present with fever, ane-

mia, bone marrow involvement, lym-
phadenopathy, skin lesions,
hepatosplenomegaly, respiratory symptoms,

and weight loss [4]. Patients with disseminated
T. marneffei infection display high rates of
mortality and relapse after treatment, especially
in patients without human immunodeficiency
virus (HIV) [3].

Previously, T. marneffei infection was regar-
ded as an acquired immune deficiency syn-
drome (AIDS)-defining disease in South and
Southeast Asia [6]. In northern Thailand, dis-
seminated T.marneffei infection is the third
most frequent opportunistic infection among
patients infected with HIV, ranking just below
tuberculosis and Cryptococcus spp. [7]. Over the
past few decades, the prevalence of T. marneffei
infections in patients who are HIV positive has
decreased dramatically by wusing powerful
antiretroviral therapy and controlling the epi-
demic of HIV/AIDS [1, 8]. A growing number of
patients who are HIV negative with impaired
cell-mediated immunity have been reported to
experience T. marneffei infection [9, 10]. How-
ever, T. marneffei infection in humans remains
neglected owing to the lack of compe-
tent knowledge of disease diagnosis and ther-
apy. A previous study also revealed that patients
who are HIV negative with T. marneffei infec-
tion have a higher mortality than patients who
are infected with HIV due to misdiagnosis
or delayed diagnosis [11].

The improvement in understanding of
T. marneffei infection in both patients who are
HIV positive and HIV negative is equally im-
portant for the clinician. Therefore, we system-
atically analyzed the clinical characteristics,
prognostic factors, and survival outcomes of
241 patients with T. marneffei infection and
compared the differences between HIV-positive
(n = 98) and HIV-negative (n = 143) subgroups
in a 10-year retrospective cohort. This study
might provide the new recognition of T. marn-
effei infection for the clinician and contribute to
early diagnosis of T. marneffei infection.
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METHODS

Study Participants

We retrospectively collected 241 patients with
T. marneffei infection at the First Affiliated
Hospital of Guangxi Medical University
between January 2012 and January 2022. The
diagnostic criteria of T. marneffei infection were
the positive culture of pathogens from sputum,
blood, bone marrow, or other clinical speci-
mens using the standard culture method. All
data were obtained from the medical record
system or telephonic follow-up after patients were
diagnosed with T. marneffei infection, including
demographic information, clinical manifesta-
tions, laboratory findings, imaging findings,
pathological features, treatments, and survival
outcomes. The study was approved by the Medi-
cal Ethics Committee of the First Affiliated
Hospital of Guangxi Medical University (approval
no. KY-E-2019-038; approval no. KY-E-2020-173)
and conformed to the Declaration of Helsinki.
Informed consent was obtained from all patients
for the acquisition and use of clinical information
and survival outcome.

Statistical Analysis

All statistical analyses were performed using R
software (version 4.0.5, https://www.r-project.
org/). A threshold of p < 0.05 was considered to
be statistically significant. The primary end-
points were progression-free survival (PFS) and
overall survival (OS). Disease progression was
defined as severe opportunistic infections (e.g.,
T. marneffei reinfection, mycobacterium tuber-
culosis infection, or non-tuberculous mycobac-
terium infection, etc.) or death after antifungal
treatment.

The baseline demographic and clinical
characteristics were comprehensively evaluated
and compared according to disease severity
(with progression versus without progression)
and survival outcome (survival versus death).
The optimal cutoff value for continuous vari-
ables was calculated using the Maxstat algo-
rithm [12]. Categorical variables were compared
according to chi-squared test

or Fisher’s exact test. PFS and OS were analyzed
with the Kaplan-Meier method. Multivariate
Cox analysis with the forward method was used
to identify these independent prognostic factors
for PES and OS.

Subgroup Analysis

To explore whether HIV infection affected the
prognosis of patients infected with T. marneffei,
the entire population was classified into HIV-
positive and HIV-negative groups to create the
subgroup datasets. Additionally, we performed
subgroup analysis to compare the differences
between HIV-positive (n=98) and HIV-nega-
tive (n = 143) subgroups. We also performed
multivariate Cox analysis to identify these
independent prognostic factors for patients in
HIV-positive (n=98) and HIV-negative
(n = 143) subgroups, respectively.

RESULTS

Patient Characteristics

As shown in Supplementary Fig. S1, 241
patients with confirmed T. marneffei infection
between January 2012 and January 2022 were
included in the study. The median follow-up
time was 58.9 months. At the last follow-up,
120 patients experienced disease progression
and 85 died. An overview of patient demo-
graphics and clinical characteristics is shown in
Table 1. The median age was 49.0 (range
0.3-82.0) years, and the study population
included 178 (73.9%) male and 63 (26.1%)
female patients. Approximately seven-tenths
(68.9%) of the patients lived in rural areas and
one-third (34.9%) had a history of smoking.
Underlying diseases were identified in 42
(17.4%) patients, including malignancies
(n =15), diabetes (n = 12), autoimmune dis-
eases (n = 12), chronic kidney diseases (n = 2),
and post-transplant (n =1). Of these 241
patients, bone destruction occurred in 61
(25.3%), chest involvement in 229 (95.0%),
lymph node enlargement in 194 (80.5%), and
skin lesions in 141 (58.5%). More than half of
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Table 1 Clinical characteristics of 241 patients with 7. marneffei infection

Variables All, Disease progressionA Survival status
7 (%) Without With ? Survival Death P
(n = 121) (n = 120) (n = 156) (n = 85)
Sex (male) 178 92 (76.0) 86 (71.7) 0.53 113 (724) 65 (765) 0.60
(73.9)
Age (> 63 years) 42 18 (14.9) 24 (20.0) 0.38 24 (15.4) 18 (21.2) 0.34
(17.4)
Residence (rural) 166 82 (67.8) 84 (70.0) 0.81 100 (64.1) 66 (77.6) 0.04
(68.9)
Smoking history 84 39 (32.2) 45 (37.5) 0.47 47 (30.1) 37 (43.5) 0.05
(34.9)
HIV coinfection 98 66 (54.5) 32(267) <001 68 (43.6) 30 (353) 0.26
(40.7)
Lymph node enlargement 194 97 (80.2) 97 (80.8) 1.00 129 (82.7) 65 (76.5) 0.32
(80.5)
Hepatosplenomegaly 82 36 (29.8) 46 (38.3) 0.20 46 (29.5) 36 (42.4) 0.06
(34.0)
Skin lesion 141 72 (59.5) 69 (57.5) 0.85 96 (61.5) 45 (52.9) 0.25
(58.5)
Chest involvement” 229 115 (95.0) 114 (95.0) 1.00 149 (95.5) 80 (94.1) 0.87
(95.0)
Bone destruction 61 22 (18.2) 39 (32.5) 0.02 43 (27.6) 18 (21.2) 0.35
(25.3)
Underlying diseases* 42 17 (14.0) 25 (20.8) 0.22 21 (13.5) 21(24.7) 0.04
(17.4)
Hemoglobin (> 94.1 g/ 110 67 (55.4) 43 (35.8) < 0.01 86 (55.1) 24 (282) < 0.01
L) (45.6)
Neutrophil 52 14 (11.6) 38 (317) <001 24 (154) 28 (329) <001
(= 153 x 10°/L) (21.6)
Lymphocyte 221 113 (93.4) 108 (90.0) 0.47 148 (94.9) 73 (85.9) 0.03
(> 0.19 x 10°/L) (91.7)
Prothrombin time 39 10 (8.3) 29 (242) < 0.01 13 (8.3) 26 (30.6) < 0.01
(= 15.65) (16.2)
Oxygen therapy 130 49 (40.5) 81(675) <001 69 (442) 61 (718) <001
(53.9)
Admission to ICU 18 (7.5) 1 (0.8) 17 (142) <001 3 (1.9) 15 (17.6) <001

Antifungal therapy
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Table 1 continued

Variables All, Disease progressionA Survival status
7 (%) Without With ? Survival Death P
(» = 121) (2 = 120) (n = 156) (n = 85)

Triazoles' alone 75 33 (27.3) 42 (35.0) 0.03 44 (282) 31 (365) < 0.01

(31.1)
AMB + triazoles 141 80 (66.1) 61 (50.8) 104 (66.7) 37 (43.5)

(58.5)
Others " 25 8 (6.6) 17 (14.2) 8 (5.1) 17 (20.0)

(10.4)

HIV human immunodeficiency virus, /CU intensive care unit, AMB amphotericin B

Apn: . L . . . .
Disease progression was defined as severe opportunistic infections (e.g., 7. marneffei reinfection, mycobacterium tuber-

culosis infection, or non-tuberculous mycobacterium infection, etc.) or death after antifungal treatment

#*Chest involvement included pulmonary lesions, pleural effusion, and hydropericardium

Underlying diseases included diabetes, chronic kidney disease, malignant tumors, autoimmune diseases, and post-transplant

"Triazoles included fluconazole, itraconazole, and voriconazole
TOthers included caspofungin, 5-flucytosine, and micafungin

the patients (53.9%) received oxygen therapy,
and 18 (7.5%) were admitted to the intensive
care unit (ICU).

Treatment Outcome

Progression-Free Survival

Of the 241 patients, 120 showed disease pro-
gression in the follow-up period. These patients
suffered from severe opportunistic infections or
death despite antifungal treatment. The most
frequent opportunistic infections were T. marnef-
fei reinfection, and non-tuberculous mycobac-
terium infection. Compared with patients in the
disease-progression subgroup, those in the non-
progression subgroup had a higher incidence of
HIV coinfection (54.5% versus 26.7%, p < 0.01,
Table 1) and a lower incidence of bone destruc-
tion (18.2% versus 32.5%, p = 0.02), underlying
diseases (14.0% versus 20.8%, p = 0.22), oxygen
therapy (40.5% versus 67.5%, p <0.01), and
admission to ICU (0.8% versus 14.2%, p < 0.01).
As shown in Fig. 1A, Kaplan-Meier curve analysis
revealed that the 1-year, 3-year, and 5-year PFS
rates were 65.9% (95% CI 60.1-72.2%), 54.6%
(95% CI 48.5-61.4%), and 47.8% (95% CI
41.5-55.1%), respectively. On the basis of the

univariable Cox analysis (Supplementary
Table S1), six candidate variables with a p-
value < 0.05 were further entered into the mul-
tivariable Cox analysis, including hemoglobin,
neutrophil count, prothrombin time, bone
destruction, HIV coinfection, and underlying
diseases. As shown in Fig. 2A, hemoglobin (HR
0.66, 95% CI 0.45-0.97; p = 0.04), prothrombin
time (HR 1.78, 95% CI 1.13-2.80; p = 0.01), and
HIV coinfection (HR 0.50, 95% CI 0.31-0.82;
p < 0.01) remained the independent prognostic
factors for PFS.

Overall Survival

Of 241 patients, 85 died in the follow-up period.
Compared with the patients in the death sub-
group, those in the survival subgroup had a
higher incidence of combination antifungal
therapy with amphotericin B (AMB) and tria-
zoles (66.7% versus 43.5%, p <0.01), and a
lower incidence of underlying diseases (13.5%
versus 24.7%, p = 0.04), oxygen therapy (44.2%
versus 71.8%, p < 0.01), and admission to ICU
(1.9% versus 17.6%, p <0.01). As shown in
Fig. 1B, Kaplan-Meier curve analysis revealed
that the 1-year, 3-year, S-year OS rates were
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Fig. 1 Kaplan-Meier curves of PFS (A) and OS (B) for the whole population. PFS progression-free survival, OS overall

survival

79.6% (95% CI 74.7-84.9%), 69.1% (95% CI
63.4-75.4%), and 61.4% (95% CI 55.0-68.6%),
respectively. On the basis of the univariable Cox
analysis (Supplementary Table S1), 11 candidate
variables with a p-value < 0.05 were fitted into
the multivariable Cox analysis, including resi-
dence, smoking history, hepatosplenomegaly,
hemoglobin, neutrophil count, lymphocyte
count, prothrombin time, underlying diseases,
oxygen therapy, admission to ICU, and anti-
fungal therapy. As shown in Fig. 2B, smoking
history (HR 1.72, 95% CI 1.08-2.72; p = 0.02),
hemoglobin (HR 0.48, 95% CI 0.29-0.80;
p < 0.01), lymphocyte count (HR 0.48, 95% CI
0.24-0.95; p =0.04), prothrombin time (HR
2.06, 95% CI 1.17-3.63; p=0.01), oxygen
therapy (HR 2.14, 95% CI 1.24-3.69; p < 0.01),
and admission to ICU (HR 2.64, 95% CI
1.33-5.22; p < 0.01) remained independent
prognostic factors for OS.

Subgroup Analysis

Patient Characteristics

Of the 241 patients, 98 (40.7%) had HIV coin-
fection during the follow-up period, the
majority of whom were male (84.7%, Table 2).

Among these patients, more than one-fifth
(21.4%) were found to contract HIV infection
before infection with T.marneffei, while
most (78.6%) were found to be coinfected
with T. marneffei when they were detected
as HIV positive for the first time. Compared with
patients in the HIV-positive subgroup, those in
the HIV-negative subgroup were older (p < 0.01)
and had a higher incidence of underlying diseases
(25.9% versus 5.1%, p < 0.01), chest involvement
(97.9% versus 90.8%, p = 0.03), bone destruction
(42.0% versus 1.0%, p < 0.01), oxygen therapy
(69.2% versus 31.6%, p < 0.01), and admission to
ICU (11.9% versus 1.0%, p < 0.01). In terms of
laboratory examinations, patients in the HIV-
negative group had remarkedly higher levels of
neutrophil count and lymphocyte count (all
p <0.01), whereas those in the HIV-positive
group had a higher incidence of receiving com-
bination antifungal therapy with AMB and tria-
zoles (66.3% versus 53.1%, p = 0.01).

Treatment Outcome

HIV-Negative Group
Of the 241 patients, 143 (59.3%) were not in-
fected with HIV. On the basis of Kaplan-Meier
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A
Variables No.of patients No progression Progression HR(95%CI) p value
Hemoglobin (g/L)
<94.1 131 54 (41.2%) 77 (58.8%) Ref
>94.1 110 67 (60.9%) 43 (39.1%) ] 0.66(0.45-0.97) 0.04
Neutrophil (*10*9/L)
<153 189 107 (56.6%) 82 (43.4%) Ref
>15.3 52 14 (26.9%) 38 (73.1%) —-— 1.18(0.75-1.85) 0.48
Prothrombin time (s)
<15.6 202 111 (55.0%) 91 (45.0%) Ref
>15.6 39 10 (25.6%) 29 (74.4%) —.— 1.78(1.13-2.80) 0.01
Bone destruction
without 180 99 (55.0%) 81 (45.0%) Ref
with 61 22 (36.1%) 39 (63.9%) - 1.12(0.74-1.70) 0.60
HIV coinfection
without 143 55 (38.5%) 88 (61.5%) Ref
with 98 66 (67.3%) 32 (32.7%) - 0.50(0.31-0.82) <0.01
Underlying diseases
without 199 104(52.3%) 95 (47.7%) Ref
with 42 17 (40.5%) 25 (59.5%) — - ; 1.20(0.75-1.91) 0.44
1 2
Hazard ratio (HR)
B
Variables No.of patients Survival Death HR(95%CTI) p value
Residence
rl}ral 166 100 (60.2%) 66 (39.8%) Ref
city 75 56 (74.7%) 19 (25.3%) . 0.82(0.48—1.40) 0.46
Smoking history
without 157 109 (69.4%) 48 (30.6%) Ref
with 84 47 (56.0%) 37 (44.0%) . 1.72(1.08-2.72) 0.02
Hepatosplenomegaly
without 159 110 (69.2%) 49 (30.8%) Ref
with 82 46 (56.1%) 36 (43.9%) — 0.97(0.60—1.56) 0.91
Hemoglobin (g/L)
<94.1 131 70 (53.4%) 61 (46.6%) Ref
>94.1 86 (78.2%) 24 (21.8%)  +m—i 0.48(0.29-0.80) <0.01
Neutrophil (*1029/L)
<153 189 132 (69.8%) 57 (30.2%) Ref
=153 52 24 (46.2%) 28 (53.8%) i 1.24(0.72-2.11) 0.44
Lymphocyte (*1079/L)
<0.19 20 8 (40.0%) 12 (60.0%) Ref
>0.19 221 148 (67.0%) 73 (33.0%) +—=— 0.48(0.24-0.95) 0.04
Prothrombin time(s)
<15.6 202 143 (70.8%) 59 (29.2%) Ref
>15.6 39 13 (33.3%) 26 (66.7%) —_—. 2.06(1.17-3.63) 0.01
Underlying diseases
without 199 135 (67.8%) 64(32.2%) Ref
with 42 21 (50.0%) 21(50.0%) —— 1.17(0.67-2.04) 0.59
Oxygen therapy
without 111 87 (78.4%) 24 (21.6%) Ref
with 130 69 (53.1%) 61 (46.9%) —— 2.14(1.24-3.69) <0.01
Admission to ICU
without 223 153 (68.6%) 70 (31.4%) Ref
with 18 3 (16.7%) 15 (83.3%) —— 2.64(1.33-5.22) <0.01
Antifungal therapy
triazoles alone 75 44 (58.7%) 31 (41.3%) Ref
AMBttriazoles 141 104 (73.8%) 37 (26.2%) - 0.66(0.40—1.09) 0.10
others 25 8 (32.0%) 17 (68.0%) e 2.60(1.30-5.21) <0.01
T
1 2
Hazard ratio (HR)

Fig. 2 Forest plots of PFS (A) and OS (B) of patients
with T. marnefféi infection. PES progression-free survival,

ICU intensive care unit, AMB amphotericin B, HR hazard
ratio, CI confidence interval
OS overall survival, HIV human immunodeficiency virus,
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Table 2 Comparison of clinical characteristics of patients who were HIV negative and HIV positive and infected with

T. marneffei
Variables All, » (%) HIV negative HIV positive ?

(n = 143) (n = 98)
Sex (male) 178 (73.9) 95 (66.4) 83 (84.7) <0.01
Age (> 63 years) 42 (174) 34 (23.8) 8 (8.2) < 0.01
Residence (rural) 75 (31.1) 51 (35.7) 24 (24.5) 0.09
Smoking history 84 (34.9) 48 (33.6) 36 (36.7) 071
Lymph node enlargement 194 (80.5) 121 (84.6) 73 (74.5) 0.07
Hepatosplenomegaly 82 (34.0) 45 (31.5) 37 (37.8) 0.38
Skin lesion 141 (58.5) 84 (58.7) 57 (58.2) 1.00
Chest involvement” 229 (95.0) 140 (97.9) 89 (90.8) 0.03
Bone destruction 61 (25.3) 60 (42.0) 1(1.0) <0.01
Underlying discases* 42 (17.4) 37 (25.9) 5 (5.1) <0.01
Hemoglobin (> 94.1 g/L) 110 (45.6) 62 (43.4) 48 (49.0) 0.47
Neutrophil (> 15.3 x 10°/L) 52 (21.6) 51 (35.7) 1(1.0) <0.01
Lymphocyte (> 0.19 x 10°/L) 221 (91.7) 141 (98.6) 80 (81.6) <0.01
Prothrombin time (> 15.6's) 39 (16.2) 28 (19.6) 11 (112) 0.12
Oxygen therapy 130 (53.9) 99 (69.2) 31 (31.6) < 0.01
Admission to ICU 18 (7.5) 17 (11.9) 1 (1.0) <0.01
Antifungal therapy
Triazoles' alone 75 (31.1) 5 (38.5) 20 (20.4) 0.01
AMB + triazoles 141 (58.5) 76 (53.1) 65 (66.3)
Others'™ 25 (10.4) 2 (8.4) 13 (13.3)

HIV human immunodeficiency virus, ICU intensive care unit, AMB amphotericin B

*Chest involvement included pulmonary lesions, pleural effusion, and hydropericardium

Underlying diseases included diabetes, chronic kidney disease, malignant tumors, autoimmune diseases, and post-transplant

"Triazoles included fluconazole, itraconazole, and voriconazole
T Others included caspofungin, 5-flucytosine, and micafungin

method, the 1-year, 3-year, and 5-year PFS rates
were 57.8% (95% CI 50.2-66.5%), 43.1% (95%
Cl 35.4-52.5%), and 32.7% (95% CI
24.7-43.3%), respectively; the 1-year, 3-year,
and S5-year OS rates were 79.6% (95% CI
73.3-86.5%), 66.5% (95% CI 58.8-75.1%), and
54.4% (95% CI 45.2-65.4%), respectively. Fur-
ther multivariate analysis (Fig. 3) presented that
hemoglobin (HR 0.62; 95% CI 0.39-1.00;
p < 0.05), and lymphocyte count (HR 0.06; 95%

CI 0.01-0.26; p <0.01) were independent
prognostic factors for PFS; hemoglobin (HR
0.45; 95% CI 0.22-0.89; p = 0.02), lymphocyte
count (HR 0.08; 95% CI 0.01-0.40; p < 0.01),
and admission to ICU (HR 2.80; 95% CI
1.31-5.99; p < 0.01) were independent prog-
nostic factors for OS. The results of univariable
Cox analysis are shown in Supplementary
Table S2.
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A
Variables No.of patients HR(95%CI) p value
Hemoglobin (g/L)
<94.1 81 Ref
>94.1 62 - 0.62(0.39-1.00) <0.05
Neutrophil (*10*9/L)
<153 92 Ref
>15.3 51 - 1.31(0.82-2.07) 0.25
Lymphocyte (*1079/L)
<0.19 2 Ref
>0.19 141 = 0.06(0.01-0.26) <0.01
Prothrombin time (s)
<15.6 115 Ref
>15.6 28 - 1.31(0.78-2.21) 0.30
I | |
0 1 2 3
Hazard ratio (HR)
B
Variables No.of patients HR(95%CI) p value
Residence
rural 92 Ref
city 51 —a— 0.66(0.34-1.29) 0.22
Hepatosplenomegaly
without 98 Ref
with 45 - 1.32(0.70-2.50) 0.39
Hemoglobin (g/L)
<94.1 81 Ref
>94.1 62 —a— 0.45(0.22-0.89) 0.02
Neutrophil (*1079/L)
<15.3 92 Ref
>15.3 51 [ = 1.80(0.97-3.36) 0.06
Lymphocyte (*1079/L)
<0.19 2 Ref
>0.19 141 -— 0.08(0.01-0.40) <0.01
Prothrombin time (s)
<15.6 115 Ref
>15.6 28 [ ! 1.41(0.72—2.77) 0.32
Underlying diseases
without 106 Ref
with 37 b -] { 1.57(0.83—2.99) 0.16
Oxygen therapy
without 44 Ref
with 99 | ! 1.19(0.55-2.61) 0.66
Admission to ICU
without 126 Ref
with 17 | il—lél 2.80(1.31-5.99) <0.01
0 1 2 3
Hazard ratio (HR)

Fig. 3 Forest plots of patients who were HIV negative with 7. marneffei infection. HIV human immunodeficiency virus,
ICU intensive care unit, HR hazard ratio, CI confidence interval

HIV-Positive Group

Of the 241 patients, 98 (40.7%) were infected
with HIV. On the basis of Kaplan-Meier
method, the 1-year, 3-year, and 5-year PFS rates
were 77.6% (95% CI 69.7-86.3%), 69.1% (95%

CI 60.5-79.0%), and 66.5% (95% CI
57.7-76.8%), respectively; the 1-year, 3-year,
and S-year OS rates were 79.6% (95% CI
72.0-88.0%), 71.2% (95% CI 62.7-80.8%), and
68.6% (95% CI 59.8-78.7%), respectively.
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Further multivariate analysis (Fig. 4) showed
that lymphocyte count (HR 0.40; 95% CI
0.17-0.93; p =0.03), prothrombin time (HR
6.28; 95% CI 2.39-16.50; p < 0.01), and com-
bination antifungal therapy with AMB and tri-
azoles (HR 0.27; 95% CI 0.12-0.64; p < 0.01)
were independent prognostic factors for PFS;

prothrombin time (HR 3.21; 95% CI 1.01-10.14;
p <0.05) and combination antifungal therapy
with AMB and triazoles (HR 0.37; 95% CI
0.15-0.95; p =0.04) were independent prog-
nostic factors for OS. The results of univariable
Cox analysis are shown in Supplementary
Table S3.

A
Variables No.of patients HR(95%CTI) p value
Smoking history

without 62 Ref

with 36 H—— 1.69(0.79-3.60) 0.17
Lymph node enlargement

without 25 Ref

with 73 HE— 0.48(0.23-1.02) 0.05
Lymphocyte(*10”9/L)

<0.19 18 Ref

>0.19 80 HE— 0.40(0.17-0.93) 0.03
Prothrombin time (s)

<15.6 87 Ref

>15.6 11 —_— e 6.28(2.39-16.50) <0.01
Antifungal therapy

triazoles 20 Ref

AMB + triazoles 65 - 0.27(0.12—-0.64) <0.01

others 13 | l—l——il N — 0.67(0.23—-1.95) 0.46

01 2 3 4 5 6 7
Hazard ratio (HR)

B
Variables No.of patients HR(95%CI) p value
Smoking history

without 62 Ref

with 36 - 1.86(0.80—4.33) 0.15
Lymph node enlargement

without 25 Ref

with 73 - 0.65(0.28—1.48) 0.30
Lymphocyte(*10"9/L)

<0.19 18 Ref

>0.19 80 HE— 0.43(0.18-1.05) 0.06
Prothrombin time (s)

<15.6 87 Ref

>15.6 11 = 3.21(1.01-10.14) <0.05
Oxygen therapy

without 67 Ref

with 31 —— 1.99(0.87-4.55) 0.10
Admission to ICU

<15.6 97 Ref

>15.6 1 F 2.36(0.16—35.35) 0.53
Antifungal therapy

triazoles 20 Ref

AMB + triazoles 65 H— 0.37(0.15-0.95) 0.04

others 13 | l—qlTi — 0.98(0.29-3.28) 0.98

01 2 3 4 5 6 7

Hazard ratio (HR)

Fig. 4 Forest plots of patients who were HIV positive with T marneffei infection. HIV human immunodeficiency virus,
ICU intensive care unit, AMB amphotericin B, HR hazard ratio, CI confidence interval

A\ Adis



Infect Dis Ther (2023) 12:1283-1297

1293

DISCUSSION

In this retrospective study, we analyzed the
clinical characteristics, prognostic factors, and
survival outcomes of patients infected with
T. marneffei. The S-year OS and PES rates of
overall population were 61.4% and 47.8%,
respectively. Patients who were HIV positive
and HIV negative have different clinical char-
acteristics. Multiple organ involvement and
disease progression are more common in
patients who are HIV negative. Our findings
would help clinicians diagnose and treat
T. marneffei infection.

As an intracellular pathogen, T.marneffei
infection in humans predominantly involves
organs rich in monocytes/macrophages [6, 13],
leading to localized and disseminated infection.
After infection with T. marneffei, macrophages
phagocytize the fungi and reproduce prolifi-
cally. The macrophages carry fungi that con-
tribute to causing systemic disseminated
infection via lymphatic and blood circulation,
reaching lungs, lymph nodes, skin, liver, spleen,
and bone marrow [14]. Consistent with the
previous study [6], the common clinical features
of infected patients were fever, anemia, bone
marrow involvement, lymphadenopathy, skin
lesions, hepatosplenomegaly, respiratory
symptoms, and weight loss. Chest involvement
exhibits varied imaging abnormalities, includ-
ing pulmonary consolidations, cavities, atelec-
tasis, interstitial infiltrates, pneumonectomies,
pleural effusion, hydropericardium, and medi-
astinal lymphadenopathies. Due to lack of
specific imaging manifestations, T.marneffei
infection is easily misdiagnosed as tuberculosis,
pulmonary cryptococcosis, aspergillosis, and
malignant pulmonary tumors. As a result, many
patients did not receive timely diagnosis and
effective antifungal therapy at the early stage of
the disease.

In our study, more than half (59.3%) of
patients infected with T. marneffei were HIV
negative. These patients had significantly
higher neutrophil and lymphocyte counts than
patients who were HIV positive. Similar to the
finding of a retrospective study conducted in
northern Thailand [15], we also found that

patients who were HIV negative were older and
more likely to have chest involvement, under-
lying diseases, and bone destruction, indicating
more organ damage. Notably, the incidence of
bone destruction apparently increases in
patients who are HIV negative (60% versus 1%,
p <0.01). We found that bone destruction
often occurred in the ribs, skull, spine, ilium,
and humerus. Patients with bone destruction
are often accompanied by bone pain, and have
a much higher risk ofoccurring fractures.
Kudeken etal. [16, 17] found that bone
destruction could be caused by leukocyte
hydrolase released in the lesion, and was closely
correlated with a potent autoimmune response
induced by leukocytes. The deficient number
and abnormal function of leukocytes may
explain why bone destruction is less likely to
occur in patients who are HIV positive [18].
T. marneffei infection with bone destruction
often results in more severe conditions and a
higher relapse rate. Therefore, these patients
should receive prolonged antifungal therapy,
together with periodic surveillance for routine
blood examination and bone imaging [19].

In our study, the S-year OS rates of overall
population and patients who were HIV negative
and HIV positive were 61.4%, 54.4%, and
68.6%, respectively. In other research involving
116 patients who were HIV positive and 34
patients who were HIV negative in Northern
Thailand, mortality was 20.7% and 29.4%,
respectively [15]. These data showed that
patients infected with T. marneffei have a poor
prognosis. For patients with AIDS, the reduction
and dysfunction of CD4™ T lymphocyte (CD4)
contributes to the development of a variety of
infections, particularly tuberculosis, Cryptococ-
cus spp., and disseminated T. marneffei infection
[7]. Currently, using powerful antiretroviral
therapy for patients with AIDS, as well as
receiving anti-infection treatment if they expe-
rience severely opportunistic infection, can
remarkably increase long-term survival and
improve prognosis. Patients who are HIV nega-
tive are more likely to be misdiagnosed and
receive inappropriate treatment because
the early clinical symptoms are atypical. Addi-
tionally, patients who are HIV negative tend to
be complicated, with underlying diseases such
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as neoplasms, rheumatic diseases, and other
immunodeficiency diseases. Qiu etal. have
proved that patients who are HIV negative with
underlying diseases had a significantly higher
mortality (44.4% versus 12.0%) than those
without underlying diseases [20]. These reasons
may explain why patients who are HIV negative
have a worse prognosis.

Current studies showed that adult-onset
acquired immunodeficiency mediated by anti-
IFN-y autoantibodies (AIGAs) had a strong asso-
ciation with T. marneffei infection in patients who
are HIV negative [21-23]. Infected patients are
more prone to suffering from relapse, dissemi-
nated opportunistic infections, or severe infection
resulting from multiple intracellular pathogens,
particularly non-tuberculous mycobacterium in-
fection, varicella zoster virus, and mycobacterium
tuberculosis [3, 24, 25], leading to acceler-
ated disease progression. In this study, we also
found that patients who were HIV negative had
significantly lower 5-year PFS rate (32.7% versus
66.5%) than patients who were HIV positive,
which indicated that patients who were HIV
negative were more likely to experience disease
progression. The potential reason may be related
to AIGAs. Currently, theunderlying mecha-
nism of AIGAs in patients who are HIV negative
have rarely been reported. Therefore, our re-
search group has conducted an ongoing study on
this topic. At present, 44 patients with T. marneffei
infection who are HIV negative have been tested
for anti-IFN gamma autoantibodies in plasma
used by enzyme-linked immunosorbent assays.
Among these patients, 31 (70.5%) were positive
for anti-IFN-y autoantibodies.

AMB and triazoles are considered the main-
stay therapies for talaromycosis. Some reports
recommend intravenous AMB (0.7-1 mg/kg
daily for 2 weeks) as induction therapy for ta-
laromycosis, followed by oral itraconazole
(400 mg/day) for 10 weeks [26, 27]. Several
studies have proven that AMB has good clini-
cal effect for treatment of T. marneffei infection.
In 2017, a multicenter randomized controlled
trial in Vietnam showed that induction treat-
ment with AMB was associated with signifi-
cantly faster fungal clearance and lower rates of
relapse and immune reconstitution inflamma-
tory syndrome than itraconazole [28]. As

induction therapy for talaromycosis, AMB was
superior to itraconazole, with significantly
lower 6-month mortality (11.3% versus 21.0%)
[28]. A retrospective study performed in
Guangdong (2011-2017) showed that triazole
monotherapy in the treatment of T. marneffei
independently predicted a poor prognosis [29].
In this study, we also found that patients who
had ever been treated with AMB in the long-
term course of triazole antifungals had a lower
risk of death (HR 0.37, p =0.04) and disease
progression (HR 0.27, p < 0.01) than triazole
monotherapy for those patients who were HIV
positive. Despite the survival benefit, the
adverse effects of AMB (e.g., renal failure and
hematologic and infusion-related toxic effects)
should be considered in some patients. Close
monitoring is required in patients receiving
AMB therapy.

There are several limitations in this study.
First, it is a retrospective study, and some
important laboratory examinations were not
performed in patients who were HIV negative
previously  due to lack of understand-
ing of T. marneffei infection, such CD4 count, so
we cannot compare the data between groups.
Second, the relatively small number of patients
may cause a selection bias to a certain extent.
Moreover, this was a single-center cohort study;
more extrapolating studies are needed for other
endemic areas in China.

CONCLUSIONS

T. marneffei infection in patients has the
potential to cause systemic involvement with
high mortality. The clinical manifestations dif-
fer between patients who are HIV positive and
HIV negative. Our study may provide a better
understanding of T. marneffei infection for
clinicians.
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