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Purpose: To analyze the clinical characteristics of AIDS with dTSM, especially in patients with poor prognosis.
Patients and Methods: One hundred and seventy AIDS patients were enrolled in this single-center retrospective study. The 
epidemiological characteristics, clinical manifestations, laboratory tests, imaging examination, and treatment outcome were collected. 
Logistic regression analysis was used to estimate the risk of mortality in AIDS patients with dTSM. The predictive value was 
evaluated using the receiver operating characteristic (ROC) curve.
Results: From 2015 to 2022, the incidence of AIDS with dTSM in the Wenzhou region increased yearly, mainly in young adults. The 
mortality rate was 16.47%. The most common clinical manifestations were lymph-node enlargement (92.35%) and fever (78.24%). 
Multivariate logistic regression analysis showed that procalcitonin (PCT), blood urea nitrogen (BUN), shock, and antiretroviral therapy 
(ART) were the risk factors for poor outcomes. The model comprised four risk factors and showed an excellent prediction performance, with 
an AUC of 0.987 in the training cohort (95% CI: 0.946–0.999) and 0.976 in the validation cohort (95% CI: 0.887–0.999).
Conclusion: This study suggested that PCT, BUN, shock, and ART were associated with the prognosis and outcome of AIDS with 
dTSM and had a specific predictive value.
Keywords: acquired immunodeficiency syndrome, Talaromycosis marneffei, clinical characteristics, risk factor, prediction model, 
poor prognosis

Introduction
Talaromycosis marneffei (TSM) is an invasive fungal disease caused by infection with Talaromyces marneffei (formerly 
Penicillium marneffei). The regional source of infection was concentrated in Southeast Asia.1 Talaromyces marneffei is 
an opportunistic pathogenic fungus in the genus Penicillium. The lung is the earliest organ involved and may be infected 
through inhalation of airborne spores, with most patients presenting with extensive disseminated damage.2 Disseminated 
TSM (dTSM) is mainly endemic to southern China. Most dTSM cases are reported in Guangdong and Guangxi 
Provinces.3

Immunodeficiency or immunocompromised hosts are extremely susceptible to infection, such as patients with 
acquired immunodeficiency syndrome (AIDS).4 Once AIDS patients are infected with Talaromyces marneffei, it is 
easy to form dTSM with the involvement of multiple organs. The etiology and pathogenesis of dTSM are complex, and 
the onset is insidious and lacks specific clinical manifestations. In addition, the disease develops rapidly. If left untreated, 
the infection is associated with a high fatality rate.5 It is necessary to analyze the potential risk factors for a poor 
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prognosis. In this study, we retrospectively analyzed the clinical characteristics of AIDS patients with dTSM and the risk 
factor of the poor prognosis in our hospital over the past seven years. In addition, using the logistic regression analysis, 
we established a nomogram prediction model to predict the risk of poor prognosis. We aim to prove clinically beneficial 
for optimizing therapy for AIDS patients complicated with dTSM infection.

Materials and Methods
Study Subjects
From October 2015 to July 2022, 170 inpatients diagnosed with AIDS complicated with dTSM admitted to the 
Department of Infectious Diseases of Wenzhou Central Hospital were selected as the research subjects. The diagnosis 
of AIDS followed the diagnostic criteria of the Chinese Guidelines for the Diagnosis and Treatment of HIV/AIDS (2021 
Edition).6 It was confirmed by the Western blot test of the Wenzhou Center for Disease Control and Prevention. The 
diagnosis of dTSM was based on positive blood or bone marrow culture and identification of Talaromyces marneffei. 
This study has been approved by the hospital medical ethics (batch No. L2022-01-094) and used retrospective and 
anonymous data collection methods, which did not involve patient privacy. All experiments were carried out in 
compliance with relevant laws and guidelines and with the ethical standards of the Declaration of Helsinki.

Data Collection
Medical records of 170 AIDS patients with dTSM were reviewed. The clinical information was collected retrospectively, 
including the basic information (age, sex, habitual residence, HIV infection route, occupation, and admission time), 
baseline clinical characteristics (fever, superficial lymphadenopathy, anemia, serous cavity effusion, cough and sputum, 
fatigue and poor appetite, chills, splenomegaly, rash), laboratory tests and CT imaging examination, comorbidities, 
treatment regimens, prognosis and outcome.

Statistical Analysis
Statistical analysis was performed using SPSS software (version 22.0, IBM, New York, USA) and R software (version 4.1.5, 
R Foundation for Statistical Computing, Vienna, Austria). Kolmogorov–Smirnov statistics were used for the normality test. 
Normal distribution measurement data were expressed as mean ± standard deviation, and the comparison between groups was 
performed by t-test. Non-normal distribution data was represented by M (P25, P75), and comparisons were analyzed with the 
Mann–Whitney U-test. Count data were expressed as percentages, and the chi-squared test was used for intergroup 
comparison. Univariate and multivariate logistic regression analyses were performed to identify independent predictors for 
poor outcomes. The R software rms package was used to establish a nomogram prediction model. Internal validation was done 
using Bootstrap. The calibration curve of the prediction model was founded to evaluate the difference between the predicted 
and actual probability. The concordance index (C-index) and receiver operating characteristic curve (ROC) analysis were 
applied to evaluate the discrimination performance of the nomogram. Hosmer-Lemeshow goodness of fit test was used to 
assess the model fit. The test level was defined as α=0.05, and the difference was statistically significant at P<0.05.

Results
Subject Characteristics and Clinical Manifestations
A total of 170 AIDS patients complicated with dTSM were included in this study. The median age is 37 (30–47) years old, 149 
males and 21 females, of which 121 cases (71.18%) were young adults (18–45 years old). The habitual residents of the patients 
were all in Wenzhou City. The main route of HIV infection was sexual transmission (61.54% by heterosexual contact and 
30.77% by homosexual contact). In addition, most of the patients were unemployed (90.00%). According to the annual 
distribution of admission time, the incidence of AIDS patients complicated with dTSM rose gradually yearly.

The most common clinical manifestations of AIDS patients complicated with dTSM were lymph-node enlargement 
(92.35%) and fever (78.24%) (Table 1). In addition, 146 of 170 cases had co-infection disease. The main co-infection 
types were oral candidiasis (33.53%), pulmonary infection (31.76%), cytomegalovirus infection (24.12%), and 
Pneumocystis jirovecii pneumonia (21.18%) (Table 1). Chest computed tomography (CT) scan revealed that 168 cases 
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Table 1 The Demographics Clinical Manifestations of AIDS Patients Complicated with dTSM

Characteristic Range Total Cases 
(n=170)

Survival Group 
(n=142)

Death Group 
(n=28)

P-value

Male (%) 149(87.65%) 123(86.62%) 26(92.87%) 0.547*

Age (years) 37(30–46.75) 36(29–45) 43(32–52.5) 0.026

Time from onset of symptoms to visit (days) 30(14–60) 30(15–60) 30(14–30) 0.806
WBC (*10^9/L) 3.6(2.1–5.2) 3.5(2.1–5.1) 3.8(2.1–5.9) 0.684

<4 97(57.06%) 81(57.04%) 16(57.14%)

4–10 69(40.59%) 59(41.55%) 10(35.72%)
>10 4(2.35%) 2(1.41%) 2(7.14%)

Neutrophil (*10^9/L) 2.7(1.6–4.2) 2.7(1.7–4.0) 3.0(1.2–5.3) 0.773
<1.8 50(29.41%) 41(28.87%) 9(32.14%)

1.8–6.3 103(60.59%) 89(62.68%) 14(50.00%)

>6.3 17(10.00%) 12(8.45%) 5(17.86%)
Lymphocyte (*10^9/L) 0.3(0.2–0.5) 0.3(0.2–0.6) 0.3(0.1–0.4) 0.123

<0.8 145(85.29%) 119(83.80%) 26(92.86%)

0.8–3.5 23(13.53%) 22(15.49%) 1(3.57%)
>3.5 2(1.18%) 1(0.71%) 1(3.57%)

Eosinophil (*10^9/L) 0.03(0.01–0.06) 0.03(0.01–0.07) 0.02(0.01–0.04) 0.082

<0.05 117(68.82%) 93(65.50%) 24(85.71%)
0.05–0.50 50(29.41%) 46(32.39%) 4(14.29%)

>0.50 3(1.77%) 3(2.11%) 0(0.00%)

Hemoglobin (g/L) 96±20 97±20 90±22 0.083
<60 8(4.71%) 5(3.52%) 3(10.71%)

60–90 57(33.53%) 45(31.69%) 12(42.86%)

91–110 61(35.88%) 55(38.73%) 6(21.43%)
>110 44(25.88%) 37(26.06%) 7(25.00%)

Platelet (*10^9/L) 95(47–180) 109(59–191) 43(23–116) <0.001

<100 86(50.59%) 65(45.77%) 21(75.00%)
≥100 84(49.41%) 77(54.23%) 7(25.00%)

CD4 count (/ul) 15(6–38) 16(6–39) 11(2–35) 0.187

<50 138(81.18%) 114(80.28%) 24(85.71%)
≥50 32(18.82%) 28(19.72%) 4(14.29%)

D-dimer (ug/L) 20,655(744–7512) 1667(611–5232) 8862(3415–29,921) <0.001

<243 12(7.06%) 12(8.45%) 0(0.00%)
≥243 158(92.94%) 130(91.55%) 28(100.00%)

PCT (ug/L) 0.98(0.24–2.58) 0.58(0.20–1.47) 7.17(2.81–14.98) <0.001

<0.5 66(38.82%) 66(46.48%) 0(0.00%)
≥0.5 104(61.18%) 76(53.52%) 28(100.00%)

ALT (U/L) 37(24–60) 36(24–60) 40(24–72) 0.674

<40 89(52.35%) 75(52.82%) 14(50.00%)
≥40 81(47.65%) 67(47.18%) 14(50.00%)

AST (U/L) 75(45–152) 68(41–121) 176(82–397) <0.001

<40 34(20.00%) 33(23.24%) 1(3.57%)
≥40 136(80.00%) 109(76.76%) 27(96.43%)

ALB (g/L) 27.7(22.3–31.9) 28.2(24.6–32.3) 21.1(17.5–24.9) <0.001

<40 161(94.71%) 133(93.66%) 28(100.00%)
≥40 9(5.29%) 9(6.34%) 0(0.00%)

Glucose (mmol/L) 5.1(4.5–5.9) 5.1(4.6–5.9) 5.2(4.0–6.3) 0.556

<3.9 11(6.47%) 5(3.52%) 6(21.43%)
3.9–6.1 122(71.77%) 108(76.06%) 14(50.00%)

>6.1 37(21.76%) 29(20.42%) 8(28.57%)

BUN (mmol/L) 4.2(3.0–6.1) 3.8(2.9–4.8) 9.5(7.5–17.3) <0.001
<3.2 45(26.47%) 45(31.69%) 0(0.00%)

(Continued)
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had pulmonary abnormalities, including mediastinal/hilar lymph node enlargement, the patchy or punctate shadow in 
lung fields, pericardial effusion, and pleural effusion. Abdominal CT scan revealed that 138 cases had abdominal 
abnormalities, and the main types were retroperitoneal and inguinal lymph node enlargement, splenomegaly, pelvic 
effusion, and ascites effusion.

Table 1 (Continued). 

Characteristic Range Total Cases 
(n=170)

Survival Group 
(n=142)

Death Group 
(n=28)

P-value

3.2–7.1 90(52.94%) 85(59.86%) 5(17.86%)
>7.1 35(20.59%) 12(8.45%) 23(82.14%)

LDH (U/L) 452(285–768) 414(276–652) 662(419–1650) 0.001

<250 28(16.47%) 25(17.61%) 3(10.71%)
≥250 142(83.53%) 117(82.39%) 25(89.29%)

CRP (mg/L) 65.5(28.1–102.2) 61.0(23.3–87.5) 98.7(41.7–146.5) 0.001

<8 10(5.88%) 10(7.04%) 0(0.00%)
≥8 160(94.12%) 132(92.96%) 28(100.00%)

Fever 133(78.24%) 113(79.58%) 20(71.43%) 0.340

Chills 85(50.00%) 72(50.70%) 13(46.43%) 0.679
Cough and sputum 105(61.76%) 85(59.86%) 20(71.43%) 0.250

Dyspnea 40(23.53%) 28(19.72%) 12(42.86%) 0.008

Abdominal pain and diarrhea 36(21.18%) 32(22.54%) 4(14.29%) 0.329
Dizziness and headache 20(11.76%) 16(11.27%) 4(14.29%) 0.895*

Nausea and vomiting 29(17.06%) 24(16.90%) 5(17.86%) 1.000*

Fatigue and poor appetite 106(62.35%) 93(60.49%) 13(46.43%) 0.057
Night sweat 9(5.29%) 7(4.93%) 2(7.14%) 0.987*

Lose flesh 54(31.76%) 41(28.87%) 13(46.43%) 0.068

Rash 73(42.94%) 61(42.96%) 12(42.86%) 0.992
Lymph node enlargement 157(92.35%) 130(91.55%) 27(96.43%) 0.618*

Splenomegaly 76(44.71%) 59(41.55%) 17(60.71%) 0.062
Serous membrane fluid 117(68.82%) 96(67.61%) 21(75.00%) 0.440

Shock 19(11.18%) 3(2.11%) 16(57.14%) <0.001*

Pulmonary infection 54(31.76%) 45(31.69%) 9(32.14%) 0.962
Bacterial pneumonia 33(19.41%) 25(17.61%) 8(28.57%) 0.180

Fungal pneumonia 20(11.76%) 16(11.27%) 4(14.29%) 0.895*

Oral candidiasis 57(33.53%) 48(33.80%) 9(32.14%) 0.865
Syphilis 26(15.29%) 22(15.49%) 4(14.29%) 1.000*

Hepatitis B virus 11(6.47%) 8(5.63%) 3(10.71%) 0.563*

Tuberculosis 13(7.65%) 6(4.23%) 7(25.00%) 0.001*
PCP 36(21.18%) 29(20.42%) 7(25.00%) 0.588

Cryptococcosis 7(4.12%) 5(3.52%) 2(7.14%) 0.718*

Cytomegalovirus infection 41(24.12%) 36(25.35%) 5(17.86%) 0.397
EB virus infection 14(8.24%) 13(9.15%) 1(3.57%) 0.544*

Intestinal infection 12(7.06%) 11(7.75%) 1(3.57%) 0.700*

Antifungal therapy 165(97.06%) 141(99.30%) 24(85.71%) <0.01**
ART 139(81.76%) 132(92.96%) 7(25.00%) <0.001

Hospitalization time (days) 25(17–33) 27(21–34) 6(3–18) <0.001

Notes: *By Continuity correction chi-square test. **By Fisher’s Exact Test. 
Abbreviations: WBC, white blood cell; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate transaminase; ALB, albumin; BUN, blood urea nitrogen; LDH, 
lactate dehydrogenase; CRP, C-reactive protein; PCP, pneumocystis jirovecii pneumonia; ART, antiretroviral therapy.
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Clinical and Laboratory Characteristics Comparison Between the Patients with 
Different Outcomes
Among the 170 patients, 142 were improved and discharged, 28 died (The mortality rate was 16.47%). One hundred and 
sixty-five cases received antifungal therapy (of which 141 improved, and 24 died), mainly including amphotericin 
B combined with itraconazole (68/165, 41.21%), amphotericin B combined with voriconazole (46/165, 24.85%), 
voriconazole alone (35/165, 21.21%). One hundred and thirty-nine cases received antiretroviral therapy (ART) (of 
which 132 improved, and 7 died). Specifically, of the 24 patients who died after receiving antifungal therapy, 17 did 
not receive ART. There was no significant difference in gender between the survival group and the death group. The age 
of the patients in the death group was older than that in the survival group (P < 0.05, Table 1). The proportion of dyspnea 
and shock in the death group was significantly higher than in the survival group (Table 1). The other clinical 
manifestations were not significantly different between the two groups. The death group’s D-dimer, PCT, AST, BUN, 
LDH, and CRP were significantly higher than those in the survival group. In contrast, platelet and ALB in the death 
group were significantly lower than in the survival group (Table 1). The proportion of tuberculosis in the death group was 
higher than in the survival group, and the difference was statistically significant. However, there was no significant 
difference in other co-infection diseases (Table 1). In the death group, the patients had a lower proportion of received 
antifungal therapy and ART than the survival group (85.71.00% vs 99.30% for antifungal therapy, P < 0.01; 25.00% vs 
92.96% for ART, P < 0.001, Table 1). In addition, patients who received amphotericin B combined with itraconazole had 
a higher survival rate than the patients who received amphotericin B combined with voriconazole (97.1% vs 82.6%, P < 
0.05) or voriconazole alone (97.1% vs 80%, P < 0.05). The median length of hospital stay for the death group was 
significantly shorter than that for the survival patients (P < 0.001, Table 1).

Risk Factors Analysis for Mortality in AIDS Patients with dTSM in Uni- and 
Multivariate Analysis
The Age, dyspnea, shock, antifungal therapy, ART, tuberculosis, platelet, D-dimer, PCT, AST, ALB, BUN, LDH, and CRP 
levels of the AIDS patients complicated with dTSM were analyzed by logistic test for risk factors for death. Univariate 
analysis showed that Age, dyspnea, shock, antifungal therapy status, ART status, tuberculosis, platelet, D-dimer, PCT, ALB, 
AST, BUN, and LDH levels were the risk factors for mortality in AIDS patients complicated with dTSM (Table 2).

Multivariate logistic regression analysis was performed to evaluate the risk factors for mortality while adjusting for 
confounding variables. The results showed that shock (OR=28.197; 95% CI:1.764–450.744; P<0.05), ART (OR=61.716; 
95% CI:5.086–748.822; P<0.01), higher level of BUN (≥7.1mmol/L; OR=56.153; 95% CI: 4.630–681.094; P<0.01) and 

Table 2 Logistic Regression Analysis of the Risk Factors for Death from AIDS Patients with dTSM

Variable Univariate Analysis  
OR (95% CI)

P-value Multivariate Analysis  
OR (95% CI)

P-value

Age (years)

<45 years old Reference
≥45 years old 2.737(1.195–6.269) 0.017

Dyspnea

No Reference
Yes 3.054(1.299–7.180) 0.011

Shock

No Reference Reference
Yes 61.778(15.747–242.358) <0.001 28.197(1.764–450.744) 0.018

Tuberculosis

No Reference
Yes 7.556(2.314–24.670) 0.001

(Continued)
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higher level of PCT (≥2.0ug/L; OR=7.648; 95% CI:1.273–45.950; P<0.05) exhibited a statistically significant association 
with fatal outcome.

Prediction Model Construction and Evaluation
To prevent overfitting, we performed a Spearman correlation analysis with the four risk factors (PCT, BUN, shock, and ART). 
None of the four risk factors was found to be significantly highly correlated (all R < 0.80) (Figure 1). Therefore, four risk 
factors were used to establish a nomogram of the risk of fatal outcome (Figure 2). The C-index of the nomogram prediction 
model was as high as 0.981 (95% CI: 0.959–1.000) after bootstrap analyses with 1000 resamplings. The calibration curve 
showed that the predicted probability of the nomogram model was consistent with the actual probability (Figure 3).

Logistic regression was trained with the four risk factors to predict the outcome of AIDS patients with dTSM. To 
obtain an accurate prediction model, we randomly divided the patients into two cohorts: the training cohort (n=120) and 
the validation cohort (n=50). We found that our prediction model showed an excellent prediction performance, with an 
AUC of 0.987 in the training cohort (95% CI: 0.946–0.999, Figure 4a) and 0.976 in the validation cohort (95% CI: 
0.887–0.999, Figure 4b). In the training cohort, the model predicted poor outcome with a sensitivity of 95.0% and 
a specificity of 99.0%. In the validation cohort, the model achieves a sensitivity of 87.5% and a specificity of 100.0%. 

Table 2 (Continued). 

Variable Univariate Analysis  
OR (95% CI)

P-value Multivariate Analysis  
OR (95% CI)

P-value

Antifungal therapy
Yes Reference

No 23.500(2.518–219.343) <0.01

ART
Yes Reference Reference

No 39.600(13.583–115.452) <0.001 61.716(5.086–748.822) 0.001

Platelet
≥100*10^9/L Reference

<100*10^9/L 3.554(1.421–8.890) 0.007

D-dimer
<2000ug/L Reference

≥2000ug/L 7.524(2.482–22.09) <0.001

PCT
<2.0ug/L Reference Reference

≥2.0ug/L 39.000(10.919–139.296) <0.001 7.648(1.273–45.950) 0.026

AST
<70U/L Reference

≥70U/L 5.006(1.802–13.905) 0.002

ALB
≥25g/L Reference

<25g/L 7.143(2.823–18.071) <0.001
BUN

<7.1mmol/L Reference Reference

≥7.1mmol/L 49.833(16.040–154.819) <0.001 56.153(4.630–681.094) 0.002
LDH

<450U/L Reference

≥450U/L 2.962(1.224–7.168) 0.016
CRP

<60.0mg/L Reference

≥60.0mg/L 1.995(0.846–4.709) 0.115

Abbreviations: OR, odds ratio; CI, confidence interval; ART, antiretroviral therapy; PCT, procalcitonin; AST, aspartate transaminase; ALB, 
albumin; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; CRP, C-reactive protein.
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The best diagnostic cut-off value was set to 0.464 according to the Youden-index (Youden-index=0.94). When the 
predictive value of the model is more than 0.464, it is considered that the patient may present with a poor prognosis.

Discussion
Talaromyces marneffei was first found in the liver of bamboo rats at the Pasteur Institute of South Vietnam in 1956 and 
first reported in human infection in the United States in 1973. It was not until 1988 that the first case of AIDS combined 
with TSM infection was reported.7 With the epidemic of AIDS, the number of TSM cases reported worldwide has 
gradually increased, which has become the third opportunistic infection disease of AIDS patients.8 This study showed 
that the number of AIDS patients with dTSM in Wenzhou increased yearly from 2015 to 2022, the same conclusion as 
Lai’s study in Fujian, China.9 The distribution of TSM shows regional characteristics. It is prone to occur in areas with 
warm and humid climates. Specific air humidity can promote the growth of Talaromyces marneffei and the exposure/ 
release of spores, thus increasing the risk of human infection.10 Wenzhou is located on the southeast coast of China, and 
the environmental humidity is relatively high from April to June each year. June is the typical plum rain season, and the 

Figure 1 Spearman correlation coefficient of four risk factors. 
Abbreviations: PCT, procalcitonin; BUN, blood urea nitrogen; ART, antiretroviral therapy.

Figure 2 Nomogram model for predicting death in acquired immunodeficiency syndrome (AIDS) patients complicated with disseminated Talaromycosis marneffei (dTSM).
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environment is humid. In this study, the proportion of AIDS patients with dTSM admitted from April to June was the 
highest, consistent with the environmental humidity changes. The median age of the patients in this study was 37 (30–47) 
years old, mainly young adults. Male patients accounted for most of the patients, related to the high prevalence of HIV in 
young adults and the high incidence of HIV infection in men who have sex with men (MSM).

Figure 3 Correction curve of nomogram model for predicting death in acquired immunodeficiency syndrome (AIDS) patients complicated with disseminated Talaromycosis 
marneffei (dTSM).

Figure 4 Receiver operating characteristic curve (ROC) of the prediction model developed in the training (a) and validation (b) cohorts.
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The immune systems of AIDS patients are compromised. Once AIDS patients are infected with Talaromyces 
marneffei, it is easy to form dTSM. After engulfing Talaromyces marneffei, the macrophages massively proliferate and 
then cause systemic disseminated infection through the blood and lymphatic system circulation. Talaromyces marneffei 
mainly invades blood vessels, the monocyte-phagocyte system, and the reticuloendothelial system, causing the involve
ment of multiple organs and systems.5 The clinical manifestations of AIDS patients with dTSM are often complex and 
diverse, such as fever, fatigue, cough, flesh loss, rash, anemia, hepatosplenomegaly, lymphadenopathy, or serous 
membrane fluid.11 The results of this study were also similar. “Small volcano” verrucous rash is a relatively typical 
clinical feature of TSM, which has referential significance for clinical diagnosis. Ying et al showed that 44.5% of AIDS 
patients with dTSM had characteristic rash,12 which the percentage was 42.94% in this study. AIDS patients with dTSM 
are prone to be complicated with other opportunistic infections under the dual effects of HIV attacking the immune 
system and Talaromyces marneffei involving multiple organ systems. In this study, oral candidiasis, pulmonary infection, 
and cytomegalovirus infection were the main co-infection types, which made the clinical manifestations of AIDS patients 
with dTSM more complicated. Therefore, no matter whether AIDS patients have a characteristic rash or not, dTSM 
infection should be highly suspected when they have clinical symptoms of multi-organ and multi-system involvement.

The current guidelines recommend diagnostic methods available for TSM are relatively time-consuming. 
In recent years, there is an increasing number of researches which reported the novel diagnostic techniques in order to 
improve the early diagnosis of TSM.13–16 Clinically, AIDS patients with CD4 T lymphocytes less than 50 cells/μL are 
classified as advanced AIDS patients.17 In this study, 81.18% of patients had CD4 T lymphocytes less than 50 cells /μL, 
indicating that dTSM infection mainly occurred in advanced AIDS. The same view has been put forward in Pruksaphon’s 
report,18 suggesting that patients with advanced AIDS should be actively screened for TSM. The results of the blood 
routine test showed that ALT, AST, BUN, and LDH were increased to different extents, and ALB was significantly 
decreased, suggesting that the patient was prone to liver, kidney, and heart function damage. The significant increase in 
PCT and C-reactive protein indicated that the patient may have a significant inflammatory response. Based on the 
imaging assay results, the lung was the most frequently involved organ in AIDS patients with dTSM, similar to Shen’s 
report.19 However, the proportion of each pulmonary abnormality was different. A possible explanation might be the two 
studies’ different sample sizes and case composition.

AIDS patients complicated with dTSM developed rapidly. Previous studies showed that the mortality of AIDS 
patients with dTSM was about 10–20%,7 and the mortality in this study was 16.47%. Most of the patients received 
antifungal therapy and achieved good results. In particular, patients who treated with amphotericin B combined with 
itraconazole had better survival. In addition, 17 of 24 died patients received antifungal therapy but did not receive ART. 
Therefore, initiating ART and antifungal therapy is vital to inhibit HIV replication and restore patients’ immune function 
to reduce mortality. Furthermore, this study comprehensively analyzed the general condition, clinical features, laboratory 
and imaging examination results, comorbidities, and treatment regimens of the patients and identified that serum PCT (≥ 
2.0ng/mL), serum BUN (≥ 7.1mmol/L), shock, and failure to initiate ART were the risk factors for death in AIDS patients 
with dTSM. However, Klus et al20 have found that intravenous drug use, higher respiratory rate, higher absolute 
lymphocyte count, a concurrent respiratory infection, or central nervous system infection were the independent predictors 
of death due to HIV. Sun et al21 showed that low CD4 and CD8 cell counts were the risk factors for poor prognosis of 
HIV patients with Talaromyces marneffei infection. One possible reason for the discrepancy is the difference in the 
sample size, severity of the disease, and analysis indicators of cases included in these two studies. BUN is one of the 
indicators of renal function. The level of serum BUN significantly increased and was associated with the poor prognosis 
in AIDS patients complicated with dTSM. The results are mainly attributed to the following reasons. Talaromyces 
marneffei mainly invades the mononuclear phagocytic system, which can cause renal damage. Amphotericin B, the 
primary drug used in antifungal therapy, has more significant toxicity and side effects, which is easy to cause BUN 
elevation.22 Some ART drugs, such as Tenofovir Disoproxil Fumarate, have particular damage to renal function.23 PCT is 
one of the indicators for the diagnosis of sepsis, which is positively correlated with the severity of the disease. AIDS 
patients with dTSM are likely to be complicated with sepsis, so patients with a high level of PCT have a poor prognosis. 
Wei et al24 confirmed that the high level of PCT is one of the factors of poor prognosis in patients with TSM. The shock 
was a life-threatening abnormal pathophysiological state. The cause of shock in AIDS patients with dTSM may be 
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related to the toxins produced by Talaromyces marneffei. More and more research has confirmed that septic shock is 
a risk factor for the death of AIDS patients.25–28 Among HIV patients infected with Talaromyces marneffei in Beijing 
Ditan Hospital, septic shock accounted for 10.2% of the total death causes, ranking fourth.29 A prediction result of 
hospitalization mortality of HIV/AIDS patients with Talaromyces marneffei infection in Guangxi showed that septic 
shock was the most important predictor of patient death.25 These results suggested that clinicians should be familiar with 
the early symptoms and signs of shock and treat the primary diseases actively to prevent the occurrence of shock. If the 
shock has developed, timely treatment should be taken to curb the development of the disease and improve the prognosis 
of patients. Previous studies have confirmed that Talaromyces marneffei clearance mainly depends on macrophages. 
During the clearance process, IFN-γ secreted by T lymphocytes activated the macrophages, which can destroy intracel
lular spores and inhibit the growth of Talaromyces marneffei.30 Several studies31,32 have shown that timely initiation of 
ART can significantly reduce the mortality of patients. Influential ART can not only inhibit the replication of HIV and 
promote the reconstruction of immune function but also indirectly enhance the effect of antifungal therapy. Therefore, 
ART should be started as soon as possible for eligible AIDS patients to reduce mortality.

In recent years, more and more models have been used to evaluate the incidence and prognosis of diseases. The 
nomogram prediction model can numerically, graphically, and visualize the results of multivariate logistic regression 
analysis, which can predict the probability of an event accurately and individually.33 This study successfully constructed 
a nomogram model based on screening the risk factors of death in AIDS patients with dTSM, which is convenient for 
clinicians to understand and remember. Regarding model validation, the Bootstrap method was used for internal 
verification, which showed that the calibration curve fitted the ideal curve better. The predicted probability was in 
good agreement with the actual probability, and the ROC curve also proved that the model had high prediction accuracy, 
indicating that the prediction model had good clinical application value. Clinicians can take preventive measures 
in advance according to the risk predictive value of the patients.

There are some limitations of this study. First of all, the sample size of this study was limited. Some factors, such as 
the co-infections types, were not retained in the multivariate model because of the limited cases. Second, this study was 
a single-center retrospective study. More population in areas with a high incidence of AIDS with dTSM should be 
included in the extrapolation of the results. In the future, prospective, multicenter, and large sample studies are needed to 
mine more indicators incorporated into the prediction model and make it more accurate and practical.

Conclusion
In summary, this study suggested that the serum PCT, serum BUN, shock, and initiate antiviral therapy were associated 
with the outcome of AIDS with dTSM and had a particular predictive value for poor outcomes of patients, which is 
helpful for clinicians to optimize the treatment plan and reduce the mortality rate of the AIDS patients complicated with 
dTSM.
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