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Abstract
Objectives

Late diagnosis of Talaromyces marneffei (T. marneffei) in patients with HIV/AIDS infection is strongly
associated with greater mortality. To date, effective predictive model for T. marneffei infection in clinical
practice have not been established. We aimed to identify a non-culture-based method for rapid detection
of T. marneffei infection in HIV/AIDS patients.

Methods

The prediction models were initially constructed using patients in a retrospective cohort study. We
obtained demographics, clinical and laboratory data for each individual. Univariate comparisons, logistic
regression, Random Forest (RF) analysis and receiver-operating characteristic curves (ROC) were used to
identify and evaluate the predictive factors of T. marneffei infection status.

Results

HIV-infected patients with a baseline characterized by weight loss, typical skin lesions, peripheral or
abdominal lymphadenopathy (POAL), hepatomegaly, splenomegaly, decrease lymphocyte count,
abnormal aspartate aminotransferase (AST) level , higher AST to alanine aminotransferase (ALT) ratio
index (AARI) level (>1) and lower (<50 cells/mL) CD4+ T-cell counts had an increased risk of T. marneffei
infection. Skin lesions, POAL, AARI, AST level and CD4+ T-cell count resulted in good classi�ers of T.
marneffei infection by RF analysis. RF model had a relative high power [area under the ROC curve (AUC):
0.859] to predict T. marneffei infection in the present study. A new indicator combine AST level and AARI
could increase the classi�cation power of the model (AUC: 0.877).

Conclusion

Our data suggest that accurate assessments for T. marneffei infection can be obtained using routinely
collected data of patients with HIV. The prediction model could used to identify HIV patients who currently
have early stage of T. marneffei infection, which would be bene�t to both patients and clinicians.

Background
Talaromyces marneffei (T. marneffei), previously named Penicillium marneffei [1, 2], is a pathogenic,
thermal dimorphic fungus. Systemic mycosis and disseminated infection caused by T. marneffei is often
found in patients with secondary immunode�ciency syndromes, especially in patients with AIDS [3],
mainly popular in southeast Asia and southern China. The prevalence of systemic T. marneffei infection
has grown up rapidly currently, in consistent with the increasing incidence of HIV infections [3]. The HIV
epidemic has transformed T. marneffei from a rare infection to a leading AIDS-de�ning diagnosis in this
region [4–7]. The proportion of HIV patients infected with T. marneffei is ~ 10% in China currently [3, 6], and
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approximately 99% of T. marneffei infections were reported from the southern regions, of which 43% were
from Guangxi [6]. Thus, infection with T. marneffei is common among HIV/ AIDS patients in Guangxi,
ranking fourth among all AIDS-related complications with a 16.1% prevalence [8].

Previous studies have shown that the mortality rate of T. marneffei-infected HIV/AIDS patients was
signi�cantly greater than that of HIV/AIDS patients without T. marneffei infection [8, 9]. Late diagnosis is
the main reason for the high fatality in HIV/AIDS patients co-infected with T. marneffei, many cases of T.
marneffei infection persist undiagnosed until later stages [4, 5]. T. marneffei infection has a considerably
high mortality (50.6%-91%) if the disease was not diagnosed and treated in time [6, 10]. Antifungal
treatment during the early stage of T. marneffei infection can effectively control the disease [9, 11] and
reduce death from T. marneffei infection [6, 12].

Thus, early detection is critical for improving the prognosis of T. marneffei. However, clinical experiences
show that the diagnosis of T. marneffei infection is di�cult because its clinical manifestations may
mimic other AIDS-related opportunistic infections [13, 14]. Microbiological culture is the gold standard
method for diagnosis of T. marneffei. However, this method requires prolonged 7–10 days of incubation
time to isolate and identify the pathogen from clinical specimens, frequently resulting in the delay of
appropriate antifungal therapy. In addition, the sensitivity of fungal culture from blood in HIV infected
patients is about 76.7% [15]. Thus, development of non-culture-based method for rapid detection of T.
marneffei infection is urgently needed. Recently, a number of other diagnostic methods have been
established including different polymerase chain reaction (PCR) methods [16–19], high-throughput
sequencing of specimens [20], enzyme-linked immunosorbent assay (ELISA) [21] and Mp1p tests [22].
However, these costly approaches have not been applied in clinical practice with sensitivity ranging from
10–100% [23].

Notably, recent studies have indicated that accurate risk assessments for diseases progression and
clinical outcomes could be obtained for patients using only data routinely collected in clinical practice
[24–26]. There is barely effective predictive model for T. marneffei infection in clinical practice right now.
Therefore, the aim of this study was to analyse correlations among T. marneffei infection and clinical
parameters in large-scale HIV infected patients and to predict T. marneffei infection status by using data
that are routinely collected in clinical practice. This study has the potential to facilitate rapid diagnosis of
T. marneffei infection, thus initiating early therapeutic management of T. marneffei in HIV infected
patients possible.

Methods

Study Setting and Population
The prediction models were initially constructed using patients in a retrospective cohort study conducted
at the People’s Hospital of Liuzhou, a large-scale comprehensive tertiary hospital in Liuzhou and a large
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treatment center for HIV/AIDS in the city. Individuals included in this study were more than 18 years of
age, presence of HIV-1 infection, and had culture-proven T. marneffei infection from January 2015 to
December 2018. Exclusion criteria were tumors; combined with tuberculosis; hepatitis A, B, C, D, E virus
coinfection; liver damage caused by drugs, alcohol, autoimmune hepatitis active opportunistic infections;
with evidence of cirrhosis or suspected liver cancer; pregnancy or lactation women; the presence of
abnormal renal function, severe heart, lung, brain diseases. Figure 1 provides a �ow chart with patient
selection and enrolment. In a �nal step, we excluded 81 samples due to data collection problems, which
resulted in a �nal cohort of 602 patients. The end point of the cohort is whether T. marneffei infection
occurs. Therefore, patients were categorized into two groups: T. marneffei infection group (n = 343) or
non-T. marneffei infection group (n = 259). HIV infection was determined by positive HIV ELISA and
con�rmatory western blot assays. T. marneffei infection was diagnosed by isolating T. marneffei from
blood, skin scrapings, bone marrow, lymph node, and/or other body �uid samples according to standard
culture techniques [3].

Data collection
Only data from the �rst T. marneffei admission were extracted from the medical records. Data that are
routinely collected in clinical practice included the demographics, clinical characteristics (e.g. fever, cough
and skin lesion), and associated laboratory examinations of the patients. We normalized the values of
baseline parameters, by log10 transformation of hemoglobin, white blood cell count (WBC), platelets,
ymphocyte count, creatinine and urea values. Results of baseline labs abstracted also included CD4 T-cell
count, pathological biopsy, aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Using
these values, AST to ALT ratio index (AARI) was calculated. Then, data from the medical records were
independently doubleentered into a Microsoft Access 2013 database specially de�ned for this study to
ensure data integrity.

Machine learning methods, predictive models construction
and validation
Random forest (RF) analysis, a decision tree-based ensemble statistical method, was applied as
multivariate statistics to identify the variables that best partitioned the overall study population according
to T. marneffei infected status. RF is an ensemble learning method provides an unbiased selection of
variables that make the largest contributions to the classi�cation. The mean decrease in accuracy (MDA)
variable was used to evaluate the RF interpretations, which estimates how much excluding (or permuting)
each variable reduces the accuracy of the model during the out of bag error calculation phase.

Finally, the variables considered important discriminators of T. marneffei infection were selected,
obtained from the multivariate comparisons (P < 0.05) or the RF analysis (with larger MDAs in the
classi�cation model). RF and logistic regression were used for analysis and further diagnosis models.
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Receiver-operating characteristic (ROC) curves were generated to quantify how accurately the variables
were able to discriminate between the groups. Models were evaluated by constructing the confusion
matrix for test data. Model performance was compared using the area under the receiver operating
characteristic curve (AUC) analysis and 95% con�dence intervals (CI). For RF analysis, we replicated 500
times in order to obtain the mean and 95% CI for this AUC and validated each of these models on all the
data within this cohort. In addition, sensitivity and speci�city were also measured for each model.

Statistical analysis
A descriptive analysis of patients’ characteristics was carried out using frequency tables for categorical
variables and continuous variables. Data were presented in numbers (%) as appropriate. Normally
distributed continuous variables were described as mean ± standard deviation, nonnormally distributed
continuous variables described as median and interquartile range (IQR). To �nd differences between the
two groups, we compared their differences in demographic, clinical and laboratory characteristics at
baseline using different methods. Univariate comparisons were performed using the nonparametric
Mann–Whitney test or student’s t-test for continuous variables and the Pearson’s Chi-square test or
Fisher’s exact test for categorical variables. Variables with a p-value < 0.05 from the univariable analysis
were then tested in multivariable models using forward stepwise procedures. A two-sided test at a p-value
of < 0.05 was considered statistically signi�cant. The data were analyzed using Statistical Package for
the Social Sciences (SPSS) version 25.0 (SPSS Inc. Chicago, USA), the program ‘R’ (http:// cran.r-
project.org) and GraphPad Prism version 6.0 (GraphPad software, San Diego, California, USA).

Results

Baseline characteristics of the patients
During January 2015 to December 2018, 343 inpatients out of a total number of 602 eligible HIV-related
hospitalization in Liuzhou People's Hospital presented with culture-proven T. marneffei. Table 1 shows
demographic characteristics of the patients in this study. In total, the medium age of the patients was
46.7 years old with 436 (72.4%) male patients and 166 (27.6%) female patients. The infection has a sex
bias with a ratio of 2.6:1 comparing male to female. 77.9% (469/602) were of Han nationality, 70.9%
(427/602) were married, and 51.8% (312/602) were farmers. Overall, the route of HIV transmission mainly
sexually acquired (587/602, 97.5%). Signi�cant differences (p < 0.05) in baseline demographic
characteristics were identi�ed between T. marneffei-infected and uninfected patients in age, ethnic, and
marital status upon admission (Table 1).
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Table 1
The demographic and clinical features of the patients

Characteristics Total (n = 
602)

With T.
marneffei
infection (n = 
343)

Without T. marneffei infection
(n = 259)

p

Demographics        

Age, years (SD) 46.7 (15.0) 43.9 (14.6) 50.3 (14.8) < 
0.001

Gender, N (%)       0.318

Male 436 (72.4) 243 (70.8) 193 (74.5)  

Female 166 (27.6) 100 (29.2) 66 (25.5)  

Ethnic, N (%)       0.021

Han 469 (77.9) 255 (74.3) 214 (82.6) 0.015

Zhuang 113 (18.8) 72 (21) 41 (15.8) 0.108

Others 20 (3.3) 16 (4.7) 4 (1.5) 0.034

Occupation, N (%)       0.116

Farmer 312 (51.8) 167 (48.7) 145 (56) 0.076

Unemployed 136 (22.6) 78 (22.7) 58 (22.4) 0.920

Others 154 (25.6) 98 (28.6) 56 (21.6) 0.053

Marital status, N (%)       < 
0.001

Married 427 (70.9) 219 (63.8) 208 (80.3) < 
0.001

Single 108 (17.9) 82 (23.9) 26 (10.0) < 
0.001

Other 67 (11.1) 42 (12.2) 25 (9.7) 0.317

HIV transmission group,
N (%)

      0.955

Sexual transmission 587 (97.5) 333 (97.1) 254 (98.1) 0.443

Injecting drug use 8 (1.3) 5 (1.5) 3 (1.2) 1.000

Mother-to-child
transmission

6 (1.0) 4 (1.2) 2 (0.8) 0.704
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Characteristics Total (n = 
602)

With T.
marneffei
infection (n = 
343)

Without T. marneffei infection
(n = 259)

p

Other 1 (0.2) 1 (0.3) 0 (0.0) 1.000

Symptoms        

Fever, N (%) 473 (78.6) 300 (87.5) 173 (66.8) < 
0.001

Weight loss, N (%) 405 (67.3) 253 (73.8) 152 (58.7) < 
0.001

POAL, N (%) 386 (64.1) 275 (80.2) 111 (42.9) < 
0.001

Cough, N (%) 251 (41.7) 149 (43.4) 102 (39.4) 0.317

Hepatomegaly, N (%) 172 (28.6) 151 (44.0) 21 (8.1) < 
0.001

Splenomegaly, N (%) 165 (27.4) 136 (39.7) 29 (11.2) < 
0.001

Skin lesions, N (%)       < 
0.001

Typical skin lesions 145 (24.1) 140 (40.8) 5 (1.9) < 
0.001

Non-typical skin lesions 23 (3.8) 17 (5.0) 6 (2.3) 0.094

No Skin lesions 434 (72.1) 186 (54.2) 248 (95.8) < 
0.001

The common clinical manifestations among all patients were fever (473/602, 78.6%), followed by weight
loss (405/602, 67.3%), peripheral or abdominal lymphadenopathy (POAL) (386/47, 64.1%), cough
(251/602, 41.7%), hepatosplenomegaly (172/602, 28.6%), splenomegaly (165/602, 27.4%), and typical
skin lesions (145/602, 24.1%). Table 1 shows the comparison of clinical datas between patients with and
without T. marneffei infection in this study. Clearly, patients infected with T. marneffei were more likely to
have fever, weight loss, POAL, splenomegaly, hepatomegaly and typical skin lesions at baseline.

Data from laboratory examinations are shown in Table 2. In the study population, laboratory �ndings
differed between groups; patients infected with T. marneffei exhibited decreased hemoglobin, WBC,
platelets, lymphocyte count, but AST, ALT and AARI were signi�cantly higher in T. marneffei infected
patients than those in non-T. marneffei infected patients.
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Table 2
Laboratory test results of the patients

Laboratory
�ndings

Total (n = 602) With T.
marneffei
infection (n = 
343)

Without T. marneffei infection
(n = 259)

p

Hemoglobin, g/L
(IQR)

91 (76–107) 91 (76–107) 100 (81–117) < 
0.001

WBC, cells/µL
(IQR)

4.40 (2.97–6.70) 4.23 (2.90–6.04) 4.80 (3.20–4.81) 0.004

Platelets, cells/µL
(IQR)

152.00 (77.75–
231.50)

111.00 (54.00-
197.00)

200.00 (132.00-270.00) < 
0.001

Lymphocyte
count (IQR)

0.49 (0.29–0.83) 0.38 (0.24–0.61) 0.66 (0.38–1.10) < 
0.001

ALT, U/L (IQR) 29 (19–53) 35 (22–63) 25 (14–40) < 
0.001

AST, U/L (IQR) 56.5 (31-125.5) 89 (50–159) 34 (23–55) < 
0.001

AARI (IQR) 1.91 (1.25–2.95) 2.34 (1.63–3.80) 1.50 (1.04–2.10) < 
0.001

CD4 + T-cell
count,
cells/mL (IQR)

16 (9–35) 12 (7–25) 24 (12–50) < 
0.001

Creatinine,
µmol/L (IQR)

68.0 (55.0–85.0) 68.3 (55.0–85.0) 68.0 (55.0-85.9) 0.952

Urea, mmol/L
(IQR)

4.70 (3.30–6.60) 4.77 (3.21–6.60) 4.37 (3.50–6.50) 0.390

Time to treatment initiation and outcome of T. marneffei
infected patients
T. marneffei was successfully isolated from clinical specimens of the patients. For patients infected with
T. marneffei, the interval between onset of T. marneffei symptoms and the time of admission to our
hospital was 30 days (IQR:14–39), and the median interval from the time of admission to initiation of
antifungal therapy was 3 days (IQR:1–6). The median duration of antifungal treatment in the hospital
was 12 days (IQR:6–16). The outcome of the most majority of patients at discharge was clinical
improvement (234/343, 68.22%), 9.33% patients (32/343) died after admission, and 19.24% (66/343)
were discharged early due to request from the family members, or referred to other hospitals.
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Factors associated with T. marneffei infection
Baseline variables shown signi�cantly higher risk of T. marneffei infection were further included in the
multivariate analysis. Results of the logistic regression are displayed in Table 3, which showed that T.
marneffei infection signi�cantly increased with weight loss [odds ratio (OR) and 95% con�dence interval
(CI): 1.79 (1.10–2.91)]. Importantly, typical skin lesions had a stronger association with the probability of
T. marneffei infection [OR:19.27; 95% CI (7.17–51.78)]. Patients with POAL [OR: 2.86; 95% CI (1.78–4.61)],
hepatomegaly [OR: 2.57; 95% CI (1.34–4.95)], or splenomegaly [OR:1.96; 95% CI (1.08–3.57)], had a
higher risk of T. marneffei infection. Moreover, patients with decreased lymphocyte count, abnormal AST
level, higher AARI level (> 1) or lower (< 50 cells/mL) CD4 + T-cell count also had an increased risk of T.
marneffei infection, with an OR of 1.84 (95% CI: 1.03–3.27), 4.29 (95% CI: 2.65–6.94), 2.54 (95% CI:1.27–
5.07) and 9.48 (95% CI:2.12–42.37) respectively. Therefore, the results suggest that these baseline
variables favoured T. marneffei infection.
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Table 3
Risk factors associated with T. marneffei infection (logistic

regression model)

Characteristics OR (95% CI) p

Weight loss    

Yes 1.79 (1.10–2.91) 0.019

No Reference  

Skin lesions    

Typical skin lesions 19.27 (7.17–51.78) < 0.001

Non-typical skin lesions 1.89 (0.62–5.70) 0.265

No Skin lesions Reference  

POAL    

Yes 2.86 (1.78–4.61) < 0.001

No Reference  

Hepatomegaly    

Yes 2.57 (1.34–4.95) 0.005

No Reference  

Splenomegaly    

Yes 1.96 (1.08–3.57) 0.027

No Reference  

Lymphocyte count    

Decrease 1.84 (1.03–3.27) 0.039

Increase 0.23 (0.05–0.97) 0.045

Normal Reference  

AST level    

Abnormal 4.29 (2.65–6.94) < 0.001

Normal Reference  

AARI    

> 1 2.54 (1.27–5.07) 0.008
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Characteristics OR (95% CI) p

≤ 1 Reference  

CD4 + T-cell count    

< 50 9.48 (2.12–42.37) 0.003

50–99 4.91 (0.96–25.11) 0.056

≥ 100 Reference  

Predictive models by machine learning method
RF analysis was used as a multivariate method to evaluate the classi�catory value of T. marneffei
infection determinations in baseline characteristics (Fig. 2). The variable importance graph for the model
predicting is shown in Fig. 2A. RF algorithm con�rmed that skin lesions, AARI, POAL, AST, and CD4 + T-cell
count were good classi�ers in a ranked list of classi�cation scheme (Fig. 2A). Moreover, it is important to
highlight that these variable were also the most signi�cant variable either in the univariate test or logistic
regression, which suggested that they are powerful indicators of T. marneffei infection over time.

Assessing and comparing models performance
Finally, we evaluated the potential clinical usefulness of our highlighted candidates. Accordingly, logistic
regression and RF algorithm were further used to construct predictive models with the involvement of
parameters. Sensitivity and speci�city of each method are shown in Table 4, and ROC curves are plotted
in Fig. 2B.
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Table 4
Speci�city and sensitivity of classi�cation and AUC of predictive modules based on

two methods.

Methods Variable AUC(95% CI) Sensitivity Speci�city

RF Model 1 0.859 (0.807–0.912) 78.2% 81.6%

Model 2 0.877 (0.809–0.904) 83.2% 77.6%

Logistic regression Model A 0575 (0.528–0.621) 74.1% 40.9%

Model B 0.712 (0.672–0.753) 45.9% 95.7%

Model C 0.687 (0.643–0.731) 80.3% 57.2%

Model D 0.681 (0.639–0.724) 44.4% 91.8%

Model E 0.642 (0.598–0.686) 39.7% 88.7%

Model F 0.623 (0.577–0.669) 83.5% 40.5%

Model G 0.721 (0.678–0.764) 82.4% 61.9%

Model H 0.589 (0.542–0.636) 94.1% 23.7%

Model I 0.583 (0.536–0.630) 90.6% 25.3%

We compared the performance of the logistic regression models and RF models for T. marneffei infection
with AUC analysis and 95% CI (Table 4). For logistic regression, our results showed that the AUC of each
variable was less than 0.8 (Fig. 3, Model B-J). Additionally, we carried out validations by conducting
Module 1 and Module 2 of RF method. The model 1 displayed an AUC value of 0.859 of patients with
78.2% of sensitivity and 81.6% speci�city (Fig. 2B) (Table 4). Moreover, given that AST level and AARI are
signi�cant alterations of T. marneffei infection, AST level and AARI combine to form a new indicator.
Then, to re�ne the predictive model, we evaluate the ability of the new indicator to correctly classify T.
marneffei infection in this study. As expected, the AUC value increased by 0.018, speci�city increased by
5.0% and it did improve the percntage of classi�cation (Fig. 2D) (Table 4).

Discussion
Early and accurate diagnosis of T. marneffei infection is crucial to initiate the proper management and
treatment in clinical practice, especially for HIV infected patients.

Accurate risk assessments for T. marneffei infection among HIV patient represent the major strength of
our study. For predictive models, two modules were conducted separately to �nd the most appropriate
model in this study. We suggest RF as a machine learning method to aid in prediction and diagnosis for
binary classi�cation of T. marneffei infection status, which has a relative higher power of 0.877 compare
to logistic regression models. Due to the reliance on classical forms of statistical analysis that restrict the
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number of predictor variables, logistic regression models primarily limited to baseline data and may have
only moderate accuracy in T. marneffei risk prediction. RF analysis was used to build prediction models
because this method is able to incorporate many predictor variables without compromising the accuracy
of the risk prediction [27]. The sensitivity of the our models is comparable to the microbiological culture
(78.2% ~ 83.2% vs 76.7%) [28]. Notably, the novel method with only clinical parameters was quite
valuable, indicating that our model for T. marneffei infection prediction and early diagnosis is possible.

Our �ndings reveal that patients with typical skin lesions had a stronger association with the probability
of T. marneffei infection in the univariate and multivariate analysis. Moreover, RF analysis also revealed
skin lesions as most important indicator in the prediction models. Thus, the presence of skin lesions may
associated with a more rapid to antifungal initiation and shorter mean duration of antifungal treatment
[4]. Interestingly, previous studies have found that typical skin lesions were present in 71%-83% of patients
infected with T. marneffei [4, 17, 28], but this rate was only 40.8% in our study. This unexpected �nding may
be explained by different reasons. In our study, the median interval from the time of admission to
initiation of antifungal therapy was only 3 days. Thus, early diagnosis and timely antifungal therapy for
T. marneffei may favoured immunological recovery and lower incidence rate of skin lesions. On the other
hand, patients with typical skin lesions may also diagnosed and treated in primary hospitals. In the
absence of skin lesions, the differential diagnoses for T. marneffei among AIDS-associated febrile illness
still challenging, epidemiological data and specimen examination are essential to make a diagnosis for
patients without skin lesions [29].

In addition, we observed that patients with increased AST and AARI levels also had higher risk of T.
marneffei infection. RF analysis revealed increased AST and AARI as important variables in the
classi�cation scheme (Fig. 2), which suggested that they are powerful indicators of T. marneffei
infection. As important serum biomarkers for accessing liver injury, ALT and AST are separately sensitive
to the damage of hepatocyte membrane and hepatocyte mitochondria [30, 31]. In our study, the proportion
of increased AST and ALT accounted for 75% and 63% of the T. marneffei-infected population,
respectively, which were similar to the related studies [6]. Clinically, T. marneffei is characterized by fungal
invasion of multiple body organ systems, as it can proliferates in macrophages and disseminates via the
reticuloendotheial system [3]. Thus, liver is vulnerable to T. marneffei attack. Previous studies have also
shown that liver biopsy of HIV/AIDS patients in making a diagnosis of hepatic T. marneffei and that there
are different patterns of pathologic damage [32]. Thus, the presence of increased AST and AARI levels
may be favoring accuracy and early diagnosis of T. marneffei.

Similar to the results from others studies, T. marneffei-infected HIV/AIDS patients are characteristics with
low CD4 + T cell count, POAL, hepatomegaly, splenomegaly, and weight loss in our study [4, 6, 15]. Among
patients with lower (< 50 cells/mL) CD4 + T-cell counts, the body's immunity could not maintained at a
certain level and clinical T. marneffei symptoms (e.g. POAL, hepatosplenomegaly and weight loss) may
present earlier in the disease course, which may involve more rapid diagnosis and appropriate antifungal
therapy. Therefore, in the absence of skin lesions, clinicians should also be alert to mixed infection with T.
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marneffei especially in endemic areas for the patients in a low CD4 + T cell count who present with
symptoms of POAL, hepatosplenomegaly, and weight loss, and do not respond to the empirical or
directed therapies.

Several limitations are to be noted including the lack of more diverse external cohort for further
veri�cation and the exclusion patients with T. marneffei latent infections, which may reduce the
effectiveness of our model. More samples and studies are highly required based on our models, which
may substitute method into a practical clinic protocol. Althought the diagnosis of T. marneffei still needs
to be con�rmed by fungal culture, the model could assess and �nd high-risk patients of T. marneffei
infection before later stages, guiding clinicians in early early diagnosis and proper treatment.

Conclusions
In conclusion, we have successfully developed and validated accurate prediction models for T. marneffei
infection status among HIV individuals. More importantly, it is the �rst time to construct an effective
model to diagnose and predict T. marneffei infection in HIV-infected patients by using these clinical
parameters, which can help to develop machine learning methods for clinical diagnosis. As a commonly
screening method, the model construction based on only data routinely collected in clinical practice also
facilitates application of our model, which is more convenient practice in some primary health care units
with poor access to blood culture and other diagnostic laboratory. If validated among larger populations,
application of our risk prediction models in clinical practice can help accurately tailor monitoring post-T.
marneffei infected individuals.
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Figures

Figure 2

Chart of the patients included in the study.
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Figure 4

RF variable importance plots and ROC curves to classify patients according to baseline characteristics.
(A, C) Variable importance graph for predicting T. marneffei infection. The ranked list of variables mean
the importance of each variable in classifying data. The variables are ordered top-to-bottom as most-to-
least important in classifying between T. marneffei infected patients and non- T. marneffei infected
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patients. (B, D) Using ROC curves and 95% con�dence interval, we assessed models that could accurately
predict T. marneffei infection according to different clinical parameters.

Figure 6

ROC curve of each variable for use in the distinguish T. marneffei infection of HIV patients. Using ROC
curves, we assessed the ability of 9 models to accurately predict T. marneffei infection according to
different parameters obtained in the logistic regression. Model A-I was respectively constructed with
weight loss, skin lesions, POAL, hepatomegaly, splenomegaly, lymphocyte count, AST level, AARI and
CD4+ T-cell count.


