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ARTICLE INFO ABSTRACT

Keywords: Aims: The purpose of this study was to establish and verify a nomogram to predict the prognosis of

HIV patients with human immunodeficiency virus (HIV)-related talaromycosis marneffei and evaluate

Talar.or?ycosis marneffei the prognosis.

;Zeilg;z;mwel Methods: We examined the acquired immune deficiency syndrome (AIDS) patients hospitalized in

Prognosis the Fourth People’s Hospital of Nanning from 2018 to 2020 with an aetiological diagnosis of
Talaromyces marneffei infection. Logistic regression analysis was used to identify the indepen-
dent risk factors for relapse or death of the prognosis of Talaromyces marneffei infection. Ac-
cording to the regression coefficient, the corresponding nomograph prediction model was drawn.
Results: A total of 400 patients were included, including 321 males and 79 females. Recurrence or
death occurred in 70 cases (17.5%). The area under the receiver operator characteristic curve
(ROCQ) of the established model was 0.716 with good discrimination, calibration, and clinical
effectiveness. The risks of age between 45 and 60 years old and <40 years old were successively
higher than that of >60 years old, and the risks of G test <50 pg/ml and >100 pg/ml were higher
than that of 50-100 pg/ml. Respiratory failure, decreased albumin and elevated total bilirubin are
risk factors for relapse or death in HIV patients infected with Talaromyces marneffei.
Conclusion: This model can accurately predict the prognosis of HIV complicated with Talaromyces
marneffei infection.

1. Introduction

Talaromyces marneffei, formerly known as Penicillium marneffei, is an invasive fungus and an important thermally pathogenic
transition fungus causing systemic mycosis in Southeast Asia. It is commonly found in Southeast Asia and Guangxi, Guangdong, Fujian,
and other places in South China [1]. It occurs mainly in immunocompromised populations, such as HIV patients, organ transplant
patients, autoimmune diseases and haematologic malignancies, causing life-threatening disseminated infections [2,3]. In highly
endemic countries such as Vietnam, Thailand and China, cases of talaromycosis marneffei (TSM), namely, with deep opportunistic
pathogenic mycosis caused by Talaromyces marneffei, have surged from a rare infection to the most common AIDS-related infection,
after tuberculosis, oral candida infection and pneumocystis pneumonia [2-4]. Talaromyces marneffei mainly invades organs and sites
related to the monocyte-macrophage reticuloendothelial system. T. marneffei infections can be divided into disseminated and focal
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types; focal type infections are often confined to the site of invasion, and the clinical manifestations are dominated by the symptoms of
the original disease. The disseminated type often involves multiple tissues and organs. Common clinical manifestations of disseminated
T. marneffei include fever, respiratory signs, anaemia, weight loss, skin lesions, lymphadenopathy, and hepatosplenomegaly. As
overseas travel increases along with the use of chemotherapy and immunosuppression, TSM has become a global clinical challenge by
spreading to nonendemic areas [5,6]. However, in recent years, there have been increasing reports of cases among non-HIV-infected
patients [7]. In the past 20 years, Talaromyces marneffei (TM) has developed from a rare disease in HIV patients to a common co-
infection in HIV patients, and studies have confirmed that TSM can increase the mortality of HIV patients and seriously threaten human
life and health. However, studies on the prognosis of HIV/AIDS patients with TSM infection are still lacking. The purpose of the current
study is to comprehensively analyse HIV-positive TSM patients’ epidemiology, clinical and laboratory results, imaging, treatment and
outcome, and summarization of the TSM prognosis risk factors through a clinical prediction model. Thus, to provide a simple method
for predicting the prognosis of patients (see Fig. 12).

2. Methods
2.1. Study subjects and data collection

A large-scale retrospective cohort study was conducted in the Fourth People’s Hospital of Nanning, Guangxi. HIV infection was
diagnosed by ELISA and Western blot. The diagnosis of TSM was defined as a disease which TM was isolated from histopathology or
specimens such as blood, bone marrow, bronchoalveolar lavage fluid (BAL), pleura and/or other body fluid samples. Patients lacking
of prognostic and comorbidity information or relevant test data were excluded. Data on demographic characteristics, length of stay or
survival in the hospital, routine blood test, G tests, GM tests, blood gas analysis, and treatment outcome were collected from the
hospital electronic medical record system. We defined an adverse outcome as death at the hospital, deterioration, or recurrence after
discharge. A good outcome was defined as improvement of clinical symptoms such as fever and skin lesions and/or fungal clearance in
follow-up.

Ethics approval

The studies involving human participants were reviewed and approved by Ethics Committee of HIV/AIDS Clinical Treatment
Center of Guangxi (Nanning) and the Fourth People’s Hospital of Nanning and the reference number is Z20170148. 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 manuscript.

2.1.1. Risk factors

We collected and analyzed the following factors: general information (gender, age, history of play), symptoms (fever, night sweats,
chills, emaciation, anaemia, cough, sputum, digestive tract symptoms), physical examination (hepatomegaly, splenomegaly, rash,
swollen lymph nodes, serous cavity effusion), laboratory tests (white blood cell count, red blood cells, platelets, haemoglobin, per-
centage of neutrophils and lymphocytes percentage, G test, CD4" cell count, albumin, liver enzymes, bilirubin, ESR, CRP, K+,
creatinine, blood gas analysis), coinfection pathogen, antifungal therapy, antiretroviral therapy, and site of involvement (skin, lung,
liver, spleen, lymph node).

2.1.2. Statistical analysis

Measurement data were expressed as the mean (standard deviation) and count data as frequency (percentage). The measurement
data were analyzed by the Mann—-Whitney U test, and the count data were analyzed by the y2 test. Logistic regression analysis was used
to screen the risk factors for Model A. The Akaike information criterion was used to screen the risk factors for Model B. All statistical
analyses were performed by R Studio.

2.1.3. Construction and evaluation of prediction models based on risk factors

Based on the regression coefficients of independent variables, we established an individualized nomogram prediction model for the
prognosis of TM infection as death or recurrence. The prediction model was evaluated from the perspectives of discrimination,
correction and clinical validity. The discriminability of a predictive model refers to its ability to distinguish between patients who
progressed to death or relapse from those who improved and is usually evaluated by calculating the area under the receiver operating
characteristic (ROC) curve (AUC). Generally, a prediction model with an AUC of 0.5-0.75 is considered acceptable. The correction is
usually calculated by calibration degree, which is the consistency between predicted and observed probability. A good calibration
degree indicates that the accuracy of the prediction model is high. Otherwise, the model may overestimate or underestimate the risk of
disease. In this study, calibration plot was drawn to evaluate the calibration degree of the model. We usually use ROC curves to find
clinical trials of tangency, mainly taking specificity and sensitivity as equally important. However, egardless of which value is taken as
the critical value, false-positive and false-negative will be encountered. It is better to avoid false-positive (misdiagnosis), and some-
times it is better to avoid false-negative (missed diagnosis). Since neither is inevitable, we need to find a way to maximize the net
benefit. The decision curve analysis (DCA) can calculate the net benefit value of different critical points, so it can verify the clinical
validity of the model.
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3. Results
3.1. Demographics of the patients

In this study, 400 patients were enrolled, including 321 males and 79 females. A total of 212 (53.5%) were younger than 45 years
old, 133 (39.5%) were between 45 and 60 years old, and 55 (16.25%) were older than 60 years old. A total of 234 patients (70.75%)
had a prostitute history.

3.2. Diagnosis, treatment and outcomes of TSM

All patients underwent blood culture, but only 279 (69.75%) were positive, and 145 (127 (87.58%) were positive by bone marrow
culture. Bronchoalveolar lavage fluid culture was performed in 13 patients (2 positive cases, 15.38%), and sputum culture and pu-
rulent secretion culture were performed in 245 patients (102 positive cases, 41.63%) and 2 patients (1 positive case, 50%) respectively.
Among the anti-infection regimens, 17 cases (7.08%), 71 cases (29.58%), 24 cases (10%), 113 cases (47.08%) and 15 cases (6.25%)
received polyenes, imidazoles, polyenes + imidazoles, polyenes + imidazoles, and polyenes + imidazoles respectively. Seventy pa-
tients (29.17%) relapsed or died.

3.3. Clinical features

Opportunistic infections (OIs) were diagnosed in 83 patients (34.58%). All coinfections were confirmed by aetiological exami-
nations, including 17 cases (7.08%) of bacterial, 25 cases (10.42%) of fungal, 19 cases (7.92%) of viral and 22 cases (9.17%) of
parasitic infections. The clinical characteristics of the patients are summarized in Table 2. The most common symptoms and signs were
respiratory failure (366 cases, 91.5%), fever (316 cases, 79%), gastrointestinal symptoms (292 cases,73%), cough (257 cases, 64.25%),
polyserositis (206 cases, 51.5%), expectoration (212 cases, 53%), emaciation (190 cases, 47.5%), cough (152 cases, 63.33%), and
lymphadenopathy (190 cases, 47.5%). Others included night sweats, chills, headache, anaemia, hepatomegaly splenomegaly, and
rash. The most frequently involved organs were the lung and pleura as shown in Table 1.

Regarding the laboratory examination, anaemia, hypoproteinaemia, leukopenia, elevated AST, lymphopenia, decreased CD4" T
lymphocytes, hypokalaemia were very common as shown in Table 2. For treatment, 140 patients (35%) received ART; 27 (6.75%)
patients, 110 (27.5%) patients, 41 (10.25%) patients, 194 (48.5%) patients, and 28 (7%) patients received polyene, triazole, polyene
+ imidazole + triazole, polyene + triazole, and imidazole + triazole as antifungals, respectively. After treatment, 70 (17.5%) patients
experienced adverse outcome, namely, death, deterioration or recurrence as shown in Table 3.

3.4. Construction of the nomogram

The modelling and validation groups overlapped by 1/5 for better cohort fit, namely 80 of the 400 cases were randomly selected as
the overlap between the modelling group and the validation group, and the remaining 320 cases were randomly divided into the
modelling group and the validation group. As a result, modeling cohort and validation cohort included 240 cases each. Logistic
regression was used to screen predictors to establish Model A, in which age (P = 0.0305), respiratory failure(P = 0.0383), G test(P =

Table 1
The clinical manifestation of all patients.
number percentage(%)

Fever 316 79
night_sweat 39 9.7
Chill 78 19.5
headache 62 15.5
emaciation 190 47.5
anemic_appearance 97 24.25
Cough 257 64.25
expectoration 212 53
respiratory failure 366 91.5
Gastrointestinal symptom 292 73
hepatomegaly 65 16.25
splenomegaly 85 21.25
Rash 96 24
lymphadenectasis 190 47.5
polyserositis 206 51.5
Pleural.involvement 144 36
skin.involvement 75 18.75
liver.involvement 120 30
spleen.involvement 174 43.5
lymphaden 130 325
lung.involvement 220 55
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Table 2
The laboratory examination results of allpatients

Number percentage
WBC < 4X10*9/L 189 0.4725
RBC < 3.5X10*12/L 231 0.5775
PLT <100X10*9/L 170 0.425
HGB <110 g/L 324 0.81
N%
<50% 14 0.035
>70% 331 0.8275
L%
<20% 344 0.86
> 40% 10 0.025
G_test
<50 ng/ml 92 0.23
50-100 ng/ml 59 0.1475
>100 ng/ml 249 0.6225
CD4™" cell count < 400 cells/pl 396 0.99
ALB<35 g/L 382 0.955
AST >40U/L 277 0.6925
ALT > 40U/L 176 0.44
Tbil > 23 pmol/L 61 0.1525
ESR>15 mm/h 69.435 0.1735875
CRP >10 mg/L 60.205 0.1505125
K < 3.5 mmol/L 162 0.405
Creatinine > 100 pmol/L 54 0.135

Annotation: WBC, white blood cell; RBC, red blood cell; PLT, blood platelet; HGB, hemoglobin; N%,
neutrophilic granulocyte percentage; L%, lymphocyte percentage; G_test, 1, 3-beta-D glucan test; ALB,
albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Tbil, total bilirubin; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; K, serum kalium.

Table 3
The treatment and outcomes of patients.
number percentage

ART 140 35%
Antifungal
Polyene 27 6.75%
Triazole 110 27.50%
Polyene + Imidazole + Triazole 41 10.25%
Polyene + Triazole 194 48.5
Imidazole + Triazole 28 7%
death/deterioration/recurrence 70 17.50%

0.0305), albumin(P = 0.0386) and total bilirubin(P = 0.0004) were included in Model A and the P values of other parameters were
over 0.05 (Fig. 1). While Model B screened predictors based on AIC (Akaike Information Criterion) step-based regression, and five
factors including expectoration (P = 0.0399), red blood cells (P = 0.0342), albumin (P = 0.0069), total bilirubin (P = 0.0010) and
pulmonary involvement (P = 0.0426) were included in Model B (Fig. 2). We then developed an individualized nomogram prediction
model of TM infection and recurrence or progression to death. In Model A, the risk of older than 60 years was lower than that of
younger than 45 years and 45-60 years. In the G test, the risk of less than 50 pg/ml and more than 100 pg/ml was higher than that of
50-100 pg/ml. With respiratory failure, decreased albumin, and increased total bilirubin, the odds of recurrence or death were
increased, as was the probability of adverse outcome in Model A. In Model B, sputum production, elevated erythrocytes, decreased
ALB, elevated total bilirubin and pulmonary involvement were high risk factors for adverse outcomes.

3.5. Validation of the nomogram

The validation of the models included discrimination, calibration and clinical validation. The ROC curve of the predicted proba-
bility was drawn, and the AUC values of the modelling group and the validation group were calculated. The AUC values of the five
independent risk factors in the nomogram were calculated to verify the discrimination of the model. The difference was statistically
significant (P < 0.05). The calibration plot was used to evaluate the discrimination. The AUC values of recurrence or death risk in
Model A modelling group and validation group were 0.716 and 0.646, respectively (Fig. 3A-D and Fig. 4A-D), indicating that the
nomogram prediction model had good recognition power. Calibration was evaluated by drawing a calibration plot. The P values of the
modelling population and the validation population were 0.999 and 0.194, respectively, which are greater than 0.05, that is, there was
no significant difference between the predicted curve and the observed curve, indicating that the calibration of the model was good
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(Fig. 7, Fig. 8). The AUC values of recurrence or death risk in Model B modelling group and validation group were 0.720 (cut-off 0.227)
and 0.688 (cut-off 0.109), respectively (Figs. 5 and 6), indicating that the nomogram prediction model had good recognition power. In
the calibration evaluation, the P values of the modelling population and the validation population were 0.974 and 0.148, respectively,
which were greater than 0.05. The calibration curve of the nomogram showed that there was a high degree of consistency between
Model A and Model B in the training and validation cohorts, and both the validation cohort and the modelling cohort indicated that the
calibration degree of the model was good (Fig. 9, Fig. 10).The clinical applicability was verified by drawing the DCA curve. The X-axis
is the threshold size, and the Y-axis is the net benefit of the model under different thresholds. In the modelling group, the clinical
applicability of Model A was similar to that of Model B, however, in the validation group, the clinical applicability of model B was
better than that of model A. Fig. 7 shows the decision curves of Model A and Model B for screening the clinical efficiency of recurrence
or death after TSM infection. The clinical benefits of Model A and Model B were comparable. When the threshold was 0.24, the net
benefits of Model A and B were 0.06 and 0.04, respectively, 6 and 4 patients received net benefits for every 100 people respectively.
According to the above parameters, there was no statistically significant difference between Model A and Model B. However, the
nomogram of Model A had a larger span of adverse outcomes than Model B (0.1-0.9), while Model B was only 0.1-0.8. Therefore,
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Fig. 3. A, B, C, D represent the ROC curve of the training group of model A, B, the validation group of model A, B respectively.

Model A was established as a more suitable model (see Fig. 11).
4. Discussion

TM is a temperature phase transition fungus, and disseminated TSM has insidious onset, complexity and high mortality [8]. In
China, approximately 99% of TM infection reports come from the southern region: 43% from Guangxi Province and 41% from
Guangdong Province. Eighty-eight percent of TM infections were found in people with HIV/AIDS [4]. Although tuberculosis is the
main cause of death in HIV/AIDS patients in Guangxi [9], the number of TM coinfections has been increasing in recent years, and TM
has become one of the main causes of death in HIV/AIDS patients [10,11].

Several small studies have reported the mortality of TSM in HIV/AIDS patients, focusing on the effect of HIV infection on the
progression of TSM [12,13]. However, in addition to HIV infection, many factors may affect the prognosis of TSM in HIV/AIDS pa-
tients. In recent years, domestic and foreign scholars have studied the prognostic factors of AIDS complicated with TSM, such as
creatinine, CRP, haemoglobin, platelets, liver function (ALT, AST, ALB), CD4+T lymphocytes, white blood cells, clinical symptoms and
signs, age and comorbidities [14-17].However, most of the studys have not been comprehensively evaluated by analyzing one or
several laboratory indicators or treatment regimens. To the best of our knowledge, this is the first study to comprehensively assess the
risk factors for adverse prognosis in patients from general demographic characteristics, clinical manifestations, auxiliary examination
results, treatment and other aspects. Simultaneously, a model with high identification and clinical validity was established, which
provided a simple tool for the clinical assessment of patient prognosis.

In this study, we found that the clinical characteristics were nonspecific, which resulted in a delayed diagnosis or misdiagnosis. The
most common laboratory results were leucocyte reduction, lower haemoglobin, albumin, and elevated liver enzymes, which implied
bone marrow suppression and liver damage to a certain extent. This finding was closely related to the theory that TM spread spreads
through the endothelial network. Due to a certain degree of bone marrow suppression, the above laboratory results may imply poor
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Fig. 5. The DCA curve of the training group of model A and model B.

prognosis.

In terms of treatment, Huang YT et al. revealed that induction therapy with voriconazole or itraconazole was associated with higher
mortality than amphotericin B. They also confirmed the results of a 2017 randomized controlled trial in Vietnam, which showed the
superiority of amphotericin B over itraconazole with less mortality [18]. In this study, although antifungal therapy was not included in
the model, 113 and 119 patients received amphotericin B combined with itraconazole/voriconazole sequential therapy in the
modelling group and the validation group, respectively, with lower adverse outcomes than other treatment regimens, namely with 13
patients (11.33%) and 14 patients (11.76%) in the two groups. These results showed that amphotericin B induction therapy plus
itraconazole/voriconazole consolidation therapy has certain advantages in improving the prognosis of patients. Antiretroviral therapy
(ART) plays an important role in HIV-positive patients with TSM. Yuanyuan Qin et al. [19] found that in HIV-positive patients with
TSM, there was a significant difference in the death rate between early ART (within 2 weeks) and delayed ART (after 2 weeks). In this
study, 140 patients (35%) received antiretroviral therapy, and all patients started antiretroviral therapy before the hospitalization.



J. Cen et al.

Sensitivity

0.4

Actual Probability

Actual Probability

1.0

0.8

0.6

0.2

0.0

ROC CURVE

0.109 (0.439/0.881)

AUC: 0.688

0.0

0.2

T T T 1
04 0.6 0.8 1.0

Specificity

Fig. 6. The ROC curve of the validation group of model B.

08

04

0.0

Dxy 0.431
C (ROC) 0.716
R2 0.149
D 0.090
u 0008 e e
Q 0.099
Brier 0.129 .
Intercept 0.000
Slope 1.000
Emax 0.203,
ESO 2 Ideal
— Logistic calbration
|Iglm|un..-. TR -, Nonparametri¢
T T T T T
0.0 0.2 04 0.6 0.8 1.0

Predicted Probability

Fig. 7. The calibration plot of the training group of model A.

08

04

0.0

Brier
Intercept
Slope

Ideal
— Logistic calibration
aa 37" Nonparametri¢

02

T T T T
04 0.6 0.8 1.0

Predicted Probability

Fig. 8. The calibration plot of the validation group of model A.

Heliyon 9 (2023) 20068

However, the time of ART initiation was not recorded, and it was not known whether it was initiated before or within 2 weeks of the
onset of TSM. In this study, the incidence of adverse outcomes was 19.02% in the modelling group of the no ART group, and 20.51% in
the validation group, respectively, but the P value was greater than 0.05, and the difference was not statistically significant.
According to the model we constructed, age, respiratory failure, decreased albumin, and increased total bilirubin were significantly
associated with death or recurrence in patients with TSM. This model has excellent discrimination, calibration and clinical validity,
and can identify patients who are at low or high risk of death or recurrence.
However, there are limitations in this study. In the process of data analysis, a repeated random grouping method was used to divide
patients into two groups with the largest area under the ROC curve and the largest calibration degree and clinical applicability of both
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models. In addition, it was found that the larger the amount of data was, the larger the area under the ROC curve and the better the
calibration degree and clinical applicability. Therefore, if the amount of data is larger, the model may be more accurate. This study was
conducted by analyzing the clinical records of patients in the Fourth People’s Hospital of Nanning, Guangxi. It was a single-centre
retrospective study and was not validated in a prospective cohort, further research should include more study centers and add a
prospective cohort to validate the model for stronger evidence.
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5. Conclusion

The AUC of the model established in this study was 0.716. Among them, the risk of age 45-60 years old and <40 years old was
successively higher than that of >60 years old, and the risk of G test <50 pg/ml and >100 pg/ml was higher than that of 50-100 pg/ml.
Respiratory failure, decreased albumin and elevated total bilirubin are risk factors for relapse or death in HIV patients infected with
TM. This model can accurately predict the risk of relapse or death of HIV complicated with TM infection, which is helpful to improve
the early identification and screening of such high-risk patients.
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