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Machine-learning based prediction 
of prognostic risk factors in patients 
with invasive candidiasis infection and bacterial 
bloodstream infection: a singled centered 
retrospective study
Yaling Li1†, Yutong Wu2†, Yali Gao3, Xueli Niu1, Jingyi Li1, Mingsui Tang1, Chang Fu1, Ruiqun Qi1, Bing Song1,5, 
Hongduo Chen1, Xinghua Gao1, Ying Yang4* and Xiuhao Guan1* 

Abstract 

Background: Invasive candidal infection combined with bacterial bloodstream infection is one of the common 
nosocomial infections that is also the main cause of morbidity and mortality. The incidence of invasive Candidal infec-
tion with bacterial bloodstream infection is increasing year by year worldwide, but data on China is still limited.

Methods: We included 246 hospitalised patients who had invasive candidal infection combined with a bacterial 
bloodstream infection from January 2013 to January 2018; we collected and analysed the relevant epidemiological 
information and used machine learning methods to find prognostic factors related to death (training set and test set 
were randomly allocated at a ratio of 7:3).

Results: Of the 246 patients with invasive candidal infection complicated with a bacterial bloodstream infection, the 
median age was 63 years (53.25–74), of which 159 (64.6%) were male, 109 (44.3%) were elderly patients (> 65 years), 
238 (96.7%) were hospitalised for more than 10 days, 168 (68.3%) were admitted to ICU during hospitalisation, and 
most patients had records of multiple admissions within 2 years (167/246, 67.9%). The most common blood index was 
hypoproteinemia (169/246, 68.7%), and the most common inducement was urinary catheter use (210/246, 85.4%). 
Moreover, the most frequently infected fungi and bacteria were Candida parapsilosis and Acinetobacter baumannii, 
respectively. The main predictors of death prognosis by machine learning method are serum creatinine level, age, 
length of stay, stay in ICU during hospitalisation, serum albumin level, C-Reactive protein (CRP), leukocyte count, neu-
trophil count, Procalcitonin (PCT), and total bilirubin level.
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Background
Invasive candidal infection and bacterial bloodstream 

infections are common in hospitals [1, 2]. It is reported 

that approximately 1.5 million patients with invasive 

candidal infection die every year worldwide [3, 4]. 

Bacterial bloodstream infection is the seventh lead-

ing cause of death in North America and Europe [5]. 

In addition, in these regions, the average annual mor-

tality is 29 cases per 100,000 population, and the total 

mortality is between 13 and 20% [5]. However, the 

epidemiological characteristics of both invasive can-

didal infection and bacterial bloodstream infections 

differ with geographic location and time [6–12]. In 

the past two decades, the incidence of non-Candida 

albicans infection has increased. A recent study from 

Japan revealed that Candida albicans was the infec-

tious agent in 58.2% of all candidiasis cases in 2003 but 

only in 30% of cases in 2014. In addition, a study from 

China reported that Candida albicans was the causa-

tive agent in only 44.9% of invasive candidal infection 

cases [13], which is consistent with our previous study, 

which revealed that Candida albicans is no longer 

the most common invasive fungus [14]. The risk of 

death owing to invasive fungal and bacterial blood-

stream infections puts enormous pressure on health-

care services, leading to a shortage of intensive care 

resources. However, in previous studies, the epidemio-

logical characteristics and risk factors of invasive fun-

gal infections complicated with bacterial bloodstream 

infections were rarely discussed, possibly owing to the 

limited capacity of some methods in analysing large 

datasets.

Machine learning techniques have the unique ability 

to deal with extensive data because they can process 

large datasets in a flexible and trainable manner and 

understand the complex relationship between vari-

ables [15]. Owing to their improved processing abil-

ity, various machine learning and artificial intelligence 

techniques are widely used to identify risk and prog-

nostic factors of disease in patients to help clinicians. 

Therefore, we conducted a retrospective analysis of 

patients with invasive candidal infection concomitant 

with bacterial bloodstream infection and identified the 

prognostic indicators of death using machine learning 

methods.

Methods
Patient selection

Patients were selected as previously described [14]. We 

collected all data on Candida, Cryptococcus and other 

yeast isolates recovered from the blood, ascitic fluid, 

peritoneal dialysate fluid, pus and tissues of patients with 

invasive candidal infection (2008 version of EORTC/

MSG criteria). The onset of bacterial bloodstream infec-

tion or invasive candidal infection was defined as the 

date when the first positive result of blood culture was 

obtained. The data collected included patient character-

istics at baseline, haematological diagnoses and chemo-

therapy, risk factors for invasive candidal infection, 

clinical features of invasive candidal infection, Candida 

test results, bacterial test results, antifungal prophylaxis 

and treatment and survival status at discharge. In addi-

tion, data regarding the management of patients receiv-

ing antifungal prophylaxis or therapy were recorded, 

including the date and nature of the change in treatment 

and survival status at discharge. The hospitalisation of 

each patient represented one event, and if a patient was 

re-hospitalised and received another round of treatment, 

he/she was considered a new event. Persistent candidal 

infections was defined as persistent if positive blood cul-

ture results were obtained for the same Candida species 

7 days after the initiation of appropriate antifungal ther-

apy [16]. We excluded non-Candida yeast samples and 

samples from non-sterile sources, such as faeces, urine, 

sputum, pharyngeal swabs and pus.

Microbiological tests

Aseptic humoral samples (8–10  mL) were collected 

and cultured for 5  days. Samples with positive results 

were transferred to blood agar plates, and subsequently, 

bacterial and fungal isolates were cultured at 35  °C for 

48–72  h. Gram staining and microscopic examination 

were performed simultaneously. Strains (bacterial and 

fungal isolates) were identified on a VITEK 2 Compact 

system (Bio-Merieux SA, Marcy l ‘etoile, France), and 

susceptibility tests were performed using the ATB FUN-

GUS 3 kit (Bio-Merieux SA, Marcy l ‘etoile, France).

The minimum inhibitory concentration (MIC) was 

determined according to the CLSI m27-a3 and m27-

s4 antifungal susceptibility test standards. The quality 

Conclusion: Our results showed that the most common candida and bacteria infections were caused by Candida 
parapsilosis and Acinetobacter baumannii, respectively. The main predictors of death prognosis are serum creatinine 
level, age, length of stay, stay in ICU during hospitalisation, serum albumin level, CRP, leukocyte count, neutrophil 
count, PCT and total bilirubin level.

Keywords: Bacterial bloodstream infection, China, Epidemic, Invasive candidal infection, Machine learning
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control strains used were Candida ATCC6258 and 

Candida albicans ATCC90028.

Machine learning methods

We pre-processed the data and deleted missing cases 

with 50% features, and the mean value of missing val-

ues was filled. The dataset was randomly divided into 

the training and test sets (7:3), with 70% patients in the 

training set and 30% patients in the test set. We used 

the random forest, logistic regression and support-

vector machine algorithms to build a prediction model. 

Subsequently, the trained random forest model was 

analysed to evaluate the feature importance ranking.

Statistical analysis

The IBM SPSS Statistics for Windows version 20.0 soft-

ware (IBM Corp., Armonk, NY, USA) was used for sta-

tistical analysis. Non-normally distributed quantitative 

data were expressed as median and quartile ranges [M 

(P25, P75)] and analysed using the Mann–Whitney test 

for intergroup comparisons. Qualitative data were rep-

resented by relative numbers, and the chi-square test 

was used for intergroup comparisons.

Definition and abbreviations

ICU, intensive care unit; SDD, susceptible-dose-

dependent; PCT, procalcitonin; CRP, C-reactive pro-

tein; BDG, 1-3-β-d-glucan.

Prolonged hospitalisation was defined as hospital 

stay longer than 10  days. Surgery was defined as tho-

racic and abdominal surgeries. Recent surgery was 

defined as surgery performed 14  days before the first 

diagnosis of Candida infection. Abdominal surgery 

was defined as any surgery involving organs including 

the stomach, small intestine, colon or rectum, gallblad-

der, liver, pancreas, spleen and appendix. Concerning 

laboratory results, renal failure was defined as creati-

nine clearance < 60  mL/min, hypoalbuminaemia was 

defined as serum albumin concentration < 30  g/L and 

leukopaenia was defined as peripheral white blood cell 

count < 4 ×  109cells/L. Prolonged ICU stay was defined 

as ICU stay for more than 10 days. Long-term and com-

bined use of multiple antibiotics were defined as the use 

of antibiotics for more than 14 days and the simultane-

ous use of more than 2 antibiotics, respectively. Multi-

ple bacterial infections were defined as infections with 

more than two types of bacteria simultaneously. Mul-

tiple fungal infections were defined as infections with 

more than two types of fungi simultaneously.

Results
Clinical features of patients

A total of 246 patients with invasive candidal infection 

complicated with bacterial bloodstream infection were 

included in this study. The median age of the patients 

was 63 years (53.25–74 years). Among the 246 patients, 

159 (64.6%) were men, 109 (44.3%) were aged more 

than 65  years, 238 (96.7%) were hospitalised for more 

than 10  days, 168 (68.3%) had been admitted to ICU 

during hospitalisation and 167 (67.9%) had multiple 

admission records within the past 2 years. The common 

concomitant conditions of patients with invasive can-

didal infection complicated with bacterial bloodstream 

infection were hypoproteinaemia (169/246, 68.7% 

patients), surgery within the past 2  weeks (112/246, 

45.5% patients), solid tumours (96/246, 39.0% patients), 

septic shock (58/246, 23.6% patients), diabetes (47/246, 

19.1% patients), renal failure (36/246, 14.6% patients) 

and pancreatitis (25/246, 10.2% patients). Other com-

mon risk factors included the use of urinary cath-

eter (210/246, 85.4% patients), central venous catheter 

(185/246, 75.2% patients), gastric tube (166/246, 67.5% 

patients), drainage catheter (168/246, 68.3% patients), 

invasive mechanical ventilation (153/246, 62.2% 

patients) and total parenteral nutrition (196/246, 

79.7%). In addition, long-term use (181/246, 73.6%) and 

combined use of multiple antibiotics (162/246, 65.9%) 

were common in patients with invasive candidal infec-

tion complicated with bacterial bloodstream infec-

tion. Detailed data can be found in Additional file  1: 

Table S1.

The most common causative agent was Candida par-

apsilosis (infecting 92/246, 37.4% patients), followed 

by Candida guilliermondi (53/246, 21.5% patients), 

Candida albicans (49/246, 19.9% patients), Candida 

glabrata (26/246, 10.6% patients), Candida tropicalis 

(18/246, 7.3% patients), Candida krusei (4/246, 1.6% 

patients), Candida lusitaniae (2), Candida streptococ-

cus (1) and Cryptococcus neoformans (1) (Fig. 1A).

Furthermore, 28 species of bacteria were isolated; of 

which, 15 (53.6%) were Gram-positive and 13 (46.4%) 

were Gram-negative. Moreover, Acinetobacter bau-

mannii (111/246, 45.1% patients) was the most com-

mon causative agent of bacterial bloodstream infection, 

followed by Enterococcus faecium (72/246, 29.3% 

patients), Pseudomonas aeruginosa (65/246, 26.4% 

patients), Escherichia coli (55/246, 22.4% patients) 

and Klebsiella pneumoniae (46/246, 18.7% patients) 

(Fig.  1B). In addition, there were 73 (29.7%) cases 

of single and 173 (70.3%) cases of multiple bacterial 

bloodstream infections. Detailed data can be found in 

Additional file 2: Table S2.
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In vitro antifungal susceptibility test

We obtained 239 isolates from 246 patients with drug 

sensitivity; of which, 19 (7.9%) isolates were resistant to at 

least one antifungal agent. Amphotericin B showed excel-

lent results, as all strains were sensitive to it. The drug 

sensitivity of voriconazole and fluorouracil was good, 

achieving an efficiency of 96.6% (230/238) and 98.3% 

(235/239), respectively. In addition, the drug sensitivity 

of fluconazole and itraconazole was 85.8% (205/239) and 

90.4% (216/239), respectively. Candida glabrata isolates 

were highly susceptible to fluconazole (18/26, 69.2%) and 

itraconazole (10/26, 38.5%) in a dose-dependent manner. 

Candida tropicalis isolates exhibited considerable resist-

ance to fluconazole (5/17, 29.4%) and voriconazole (5/17, 

29.4%), whereas Candida krusei isolates exhibited strong 

resistance to fluconazole (3/4, 75%). Detailed data can be 

found in Additional file 3: Table S3.

Risk factors for Candida albicans and non‑Candida albicans 

infections

The demographic and clinical characteristics of patients 

with Candida albicans and non-Candida albicans infec-

tions are shown in Table  1. It was found that 34.69% 

patients with Candida albicans infection had diabetes; 

however, only 15.23% patients with candidiasis caused 

by a different Candida species had diabetes. Moreover, 

81.63% patients with Candida albicans infection were 

admitted to ICU as opposed to 64.97% patients with can-

didiasis caused by a different Candida species. In addi-

tion, 65.31% patients with Candida albicans infection 

and 83.25% patients with candidiasis caused by a differ-

ent Candida species were administered parenteral nutri-

tion. Regarding catheterisation, 74.62% patients with 

catheter drainage had non-albicans candidiasis, whereas 

42.86% patients with catheter drainage were infected with 

Candida albicans. In addition, patients with diabetes or 

those admitted to ICU had a higher risk of contracting 

Candida albicans infection, whereas parenteral nutrition 

and catheterisation increased the risk of non-albicans 

candidiasis. Differences were statistically significant.

Furthermore, the C-reactive protein (CRP) and procal-

citonin (PCT) levels were markedly elevated in patients 

with invasive candidal infection complicated with bacte-

rial bloodstream infection, especially in those with Can-

dida albicans infection. In addition, the CRP and PCT 

levels were higher in patients with Candida albicans 

infection than in patients with non-Candida albicans 

infection, and the difference was statistically significant. 

However, both leukocyte and lymphocyte counts were 

within the normal range. Detailed data are provided in 

Table 1.

Fig. 1 Distribution of the pathogens found in the 246 hospitalized patients. A The most frequently infected fungi are Candida parapsilosis (92/246, 
37.4%), followed by Candida guilliermondi (53/246, 21.5%), Candida albicans (49/246, 19.9%), Candida glabrata (26/246, 10.6%), Candida tropicalis 
(18/246, 7.3%), Candida krusei (4/246, 1.6%), Candida lusitaniae (2), Candida streptococcus (1), and Cryptococcus neoformans (1). B The most common 
bacterias infecting the patients were Acinetobacter baumannii (111/246, 45.1%), Enterococcus faecium (72/246, 29.3%), Pseudomonas aeruginosa 
(65/246, 26.4%), Escherichia coli (55/246, 22.4%), and Klebsiella pneumoniae (46/246, 18.7%)
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Analysis of risk factors in patients with persistent 

and non‑persistent Candida infections

The demographic and clinical characteristics of patients 

with persistent and non-persistent Candida infection are 

shown in Table 2. Persistent Candida infection was asso-

ciated with diabetes, longer stay in the ICU and renal fail-

ure. Differences were statistically significant.

Analysis of risk factors in patients with single and multiple 

candidal infections

Of the 246 patients with both Candida and bloodstream 

infections, 70 (28.45%) had multi-candidal infection and 

176 (71.55%) patients had single candidal infection, and 

the demographic and clinical characteristics of patients 

are shown in Table 3.

Furthermore, the duration of hospital and ICU stays 

was longer in patients with multi-candidal infection 

than in patients with single candidal infection (hos-

pital stay: 57 versus 42  days, respectively, based on 

the median; ICU stay: 22.5 versus 7 days, respectively, 

based on the median). In addition, patients with multi-

candidal infection were more likely to have diabetes 

and develop septic shock. Furthermore, more than 

half (51.70%, 91/176) and approximately one-third 

(30%, 21/70) of post-surgical patients had multi-can-

didal infection. Moreover, when infected patients (not 

only post-surgical patients) were considered, 77.14% 

(84/176) patients with multi-candidal infection and 

47.73% (54/70) patients with single candidal infection 

developed persistent infection, with increased CRP 

and PCT levels. The lymphocyte count was distinctly 

reduced in patients with single candidal infection 

(0.75 ×  109/L based on the median) but only slightly 

reduced in patients with multi-candidal infection 

Table 1 Risk factors for Candida albicans and non-Candida albicans infections

a Is described by median and quartile, and the statistic was the Z value; other items were described as numbers (n—%) and the statistic was the χ2 value

b Statistic was the Fisher χ2 value

Candida albicans % (n = 49) Non‑Candida albicans % 
(n = 197)

Statistic P value

Male 31 (63.27%) 128 (64.97%) 0.050 0.823

Age (years)a 63.00 (56.00, 79.00) 63.00 (53.00, 74.00) 1.013 0.311

Length of stay (days)a 40.00 (24.00, 75.00) 49.00 (32.00, 73.00) − 1.205 0.228

Length of stay in  ICUa 9.00 (5.00, 22.00) 10.00 (0.00, 30.00) 0.404 0.686

Solid tumor 17 (34.69%) 79 (40.10%) 0.482 0.487

Diabetes 17 (34.69%) 30 (15.23%) 9.620 0.002

Pancreatitisb 4 (0.82%) 21 (10.66%) – 0.793b

Total parenteral nutrition 32 (65.31%) 164 (83.25%) 7.807 0.005

Renal failure 9 (18.37%) 27 (13.71%) 0.683 0.409

Recent surgery (within 2 weeks) 22 (44.90%) 90 (45.69%) 0.010 0.921

Use immunosuppressants within the past 30  daysb 6 (12.24%) 9 (4.57%) – 0.086b

Stay in ICU during hospitalization 40 (81.63%) 128 (64.97%) 5.029 0.025

Hypoproteinemia 37 (75.51%) 132 (67.01%) 1.320 0.251

Invasive mechanical ventilation 32 (65.31%) 121 (61.42%) 0.337 0.561

Urinary catheter 41 (83.67%) 169 (85.79%) 0.140 0.708

Gastric tube 28 (57.14%) 138 (70.05%) 2.979 0.084

Central venous catheter 32 (65.31%) 153 (77.66%) 3.214 0.073

Drainage catheter 21 (42.86%) 147 (74.62%) 18.282 < 0.001

Septic shock 14 (28.57%) 44 (22.34%) 0.847 0.357

Multiple hospitalizations within 2 years (> 2 times) 34 (69.39%) 133 (67.51%) 0.064 0.801

Persistent fungal infection 28 (57.14%) 110 (55.84%) 0.027 0.869

Serum albumin  levela (g/L) 26.10 (23.40, 29.90) 27.45 (23.40, 31.00) − 0.435 0.664

Serum creatinine  levela (μmol/L) 75.00 (47.00, 103.00) 57.50 (39.75, 86.25) 2.230 0.026

Leukocyte  counta  (109/L) 10.15 (7.72, 14.47) 7.68 (5.29, 10.86) 3.730 < 0.001

Total bilirubin  levela (μmol/L) 14.90 (8.90, 25.70) 15.30 (9.70, 28.60) − 0.635 0.526

Neutrophil  counta  (109/L) 8.26 (5.42, 12.39) 6.32 (4.06, 8.95) 3.038 0.002

Lymphocyte  counta  (109/L) 0.77 (0.52, 1.21) 0.83 (0.56, 1.18) − 0.068 0.945

CRPa (mg/L) 127.50 (94.63, 186.28) 98.10 (62.78, 143.75) 2.802 0.005

PCTa (ng/mL) 1.34 (0.51, 8.25) 0.56 (0.23, 2.09) 3.049 0.002
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(1.02 ×  109/L based on the median). Differences were 

statistically significant.

Prediction of risk factors of death using machine learning

We used random forest, logistic regression and sup-

port-vector machine algorithms to develop a predic-

tion model, and the performance evaluation is shown in 

Table 4.

Figure  2 demonstrates the ROC curves of the predic-

tion model. Based on analysis and training, it was found 

that the random forest model exhibited the best perfor-

mance. A random forest model is usually used to examine 

the importance of different features. The most predictive 

characteristics of invasive candidal infection concomitant 

with bacterial bloodstream infection were identified to 

be serum creatinine, serum albumin, CRP, PCT and total 

bilirubin levels; age; length of stay in the hospital; stay in 

ICU during hospitalisation and leukocyte and neutrophil 

counts (Table 5).

Discussion
To date, there have been a few epidemiological studies 

on patients with concomitant invasive candidal infec-

tion and bacterial bloodstream infections. We included 

246 patients with concomitant invasive candidal infec-

tion and bacterial bloodstream infections admitted to a 

provincial medical centre in northeast China between 

January 2013 and January 2018. Using machine learning 

techniques, we found that the main predictors of death 

were serum creatinine, serum albumin, CRP, PCT and 

total bilirubin levels; age; length of stay in the hospital; 

stay in ICU during hospitalisation and leukocyte and 

neutrophil counts. The random forest model with these 

10 features showed satisfactory performance, and the 

AUC value in the training and test sets was 0.919.

Table 2 Risk factors in patients with persistent and non-persistent candidal infections

a Is described by median and quartile, and the statistic was the Z value; other items were described as numbers (n—%) and the statistic was the χ2 value

b Statistic was the Fisher χ2 value

Persistent candidal 
infection (%) (n = 138)

Non‑persistent candidal 
infection (%) (n = 63)

Statistic P value

Male 88 (63.31%) 39 (61.90%) 0.065 0.799

Age (years)a 64.50 (54.00, 74.00) 61.00 (52.50, 70.50) 1.324 0.185

Length of stay (days)a 51.00 (34.00, 87.00) 50.00 (37.00, 72.00) 0.341 0.733

Length of stay in  ICUa 16.00 (0.00, 36.75) 8.00 (0.00, 23.50) 2.222 0.026

Solid tumor 54 (39.13%) 23 (36.51%) 0.126 0.723

Diabetes 31 (22.46%) 9 (14.29%) 4.721 0.030

Pancreatitisb 16 (11.59%) 5 (0.79%) 0.618 0.432

Total parenteral nutrition 108 (78.26%) 53 (84.13%) 0.934 0.334

Renal failure 23 (16.67%) 7 (11.11%) 1.051 0.035

Recent surgery (within 2 weeks) 60 (43.48%) 30 (47.62%) 0.300 0.584

Use immunosuppressants within the past 30  daysb 9 (6.52%) 4 (6.35%) – 1.000b

Stay in ICU during hospitalization 101 (73.19%) 39 (61.90%) 2.605 0.107

Hypoproteinemia 95 (68.84%) 38 (60.32%) 1.404 0.236

Invasive mechanical ventilation 94 (68.11%) 37 (58.73%) 1.679 0.195

Urinary catheter 121 (87.68%) 50 (79.37%) 2.356 0.125

Gastric tube 96 (69.57%) 43 (68.25%) 0.035 0.852

Central venous catheter 106 (76.81%) 49 (77.78%) 0.022 0.880

Drainage catheter 99 (71.74%) 44 (69.84%) 0.076 0.783

Septic shock 34 (24.64%) 15 (23.81%) 0.016 0.899

Multiple hospitalizations within 2 years (> 2 times) 106 (76.81%) 49 (77.78%) 1.647 0.199

Serum albumin  levela (g/L) 27.55 (23.45, 30.88) 28.50 (24.33, 32.80) − 1.030 0.302

Serum creatinine  levela (μmol/L) 59.00 (38.00, 91.00) 54.50 (43.25, 84.75) 0.188 0.851

Leukocyte  counta  (109/L) 8.73 (6.37, 11.65) 7.13 (4.34, 10.25) 2.519 0.012

Total bilirubin  levela (μmol/L) 14.35 (9.28, 28.48) 15.30 (10.55, 27.95) − 0.891 0.373

Neutrophil  counta  (109/L) 7.02 (4.65, 9.89) 5.07 (3.32, 8.25) 2.771 0.006

Lymphocyte  counta  (109/L) 0.89 (0.62, 1.21) 0.75 (0.54, 1.24) 1.399 0.162

CRPa (mg/mL) 97.40 (66.20, 137.00) 110.50 (64.85, 135.5) − 0.498 0.619

PCTa (ng/mL) 0.57 (0.26, 1.75) 0.51 (0.29, 2.74) − 0.387 0.699
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Furthermore, the epidemiological survey revealed that 

96.7% (238/246) patients were hospitalised for more 

than 10 days, and 68.3% (168/246) patients were admit-

ted to ICU. Most patients had multiple admissions in the 

past 2 years (167/246, 67.9%) and had hypoproteinaemia 

(169/246, 68.7%). These conditions reflect the physi-

cal characteristics of patients, which are similar to those 

reported in recent studies [17, 18]. Other common causes 

of Candida infections included the use of urinary cath-

eter (210/246, 85.4% patients), central venous catheter 

(185/246, 75.2% patients), gastric tube (166/246, 67.5% 

patients), drainage catheter (168/246, 68.3% patients), 

invasive mechanical ventilation (153/246, 62.2% patients) 

and total parenteral nutrition (196/246, 79.7% patients), 

suggesting that infections may be associated with inva-

sive medical operations, especially owing to long-term 

catheter retention. Similar results have been reported in 

recent studies as well [19–26].

Candida parapsilosis was the most common causa-

tive fungal agent (92/246, 37.4% patients), followed by 

Candida guilliermondi (53/246, 21.5% patients), Can-

dida albicans (49/246, 19.9% patients), Candida glabrata 

(26/246, 10.6% patients), Candida tropicalis (18/246, 

Table 3 Analysis of risk factors in patients with single candidal infection and multiple candidal infections

a Is described by median and quartile, and the statistic was the Z value; other items were described as numbers (n—%) and the statistic was the χ2 value, 

b Statistic was the Fisher χ2 value

Single candidal infection 
(N = 176)

Multiple candidal 
infection (n = 70)

Statistic P value

Male 121 (68.75%) 38 (54.29%) 4.584 0.032

Age (years)a 63.00 (54.00, 74.00) 65.00 (53.00, 76.50) − 1.024 0.306

Length of stay (days)a 42.00 (28.00, 66.25) 57.00 (37.50, 97.75) − 3.338 < 0.001

Length of stay in  ICUa 7.00 (0.00, 20.00) 22.50 (6.00, 61.75) − 4.410 < 0.001

Solid tumor 74 (42.05%) 22 (31.43%) 2.372 0.124

Diabetes 25 (14.20%) 22 (31.43%) 9.613 0.002

Pancreatitisb 20 (11.36%) 5 (7.14%) 0.977 0.323

Total parenteral nutrition 139 (78.98%) 57 (81.43%) 0.186 0.666

Renal failure 23 (13.07%) 13 (18.57%) 1.214 0.271

Recent surgery (within 2 weeks) 91 (51.70%) 21 (30.00%) 9.513 0.002

Use immunosuppressants within the past 30  daysb 14 (7.95%) 1 (1.43%) – 0.074b

Stay in ICU during hospitalization 114 (64.77%) 54 (77.14%) 3.539 0.060

Hypoproteinemia 125 (71.02%) 44 (62.86%) 1.553 0.213

Invasive mechanical ventilation 103 (58.52%) 50 (71.43%) 3.548 0.060

Urinary catheter 146 (82.95%) 64 (91.43%) 2.879 0.090

Gastric tube 116 (65.91%) 50 (71.43%) 0.695 0.404

Central venous catheter 127 (72.16%) 58 (82.86%) 3.074 0.080

Drainage catheter 116 (65.91%) 52 (74.29%) 1.623 0.203

Septic shock 35 (19.89%) 23 (32.86%) 4.676 0.031

Multiple hospitalizations within 2 years (> 2 times) 115 (65.34%) 52 (74.29%) 1.838 0.175

Persistent fungal infection 84 (47.73%) 54 (77.14%) 21.671 < 0.001

Serum albumin  levela (g/L) 27.00 (22.70, 30.70) 28.2 (24.18, 31.90) − 1.579 0.114

Serum creatinine  levela (μmol/L) 60.00 (43.00,88.00) 58.00 (35.25, 91.50) 1.007 0.314

Leukocyte  counta  (109/L) 8.32 (5.69, 11.60) 8.45 (6.00, 10.91) − 0.245 0.806

Total bilirubin  levela (μmol/L) 15.40 (9.50, 31.13) 13.50 (9.53, 26.05) 1.261 0.207

Neutrophil  counta  (109/L) 6.68 (4.42, 9.96) 6.43 (4.36, 8.43) 0.599 0.549

Lymphocyte  counta  (109/L) 0.75 (0.53, 1.10) 1.02 (0.75, 1.32) − 3.127 0.002

CRPa (mg/mL) 110.00 (70.83, 169.25) 93.1 (34.93, 124.50) 2.196 0.028

PCTa (ng/mL) 0.86 (0.27, 4.49) 0.44 (0.25, 1.19) 2.257 0.024

Table 4 Performance of the machine-learning algorithms

Model Accuracy Precision Recall F1 AUC 

Logistic regression (LR) 0.716 0.559 0.760 0.644 0.753

Random forest (RF) 0.784 0.622 0.920 0.742 0.919

Support vector machine 
(SVM)

0.622 0.465 0.800 0.588 0.777
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7.3% patients) and Candida krusei (4/246, 1.6% patients). 

Furthermore, Acinetobacter baumannii (111/246, 45.1% 

patients) was the most common causative agent of bacte-

rial bloodstream infection, followed by Enterococcus fae-

cium (72/246, 29.3% patients), Pseudomonas aeruginosa 

(65/246, 26.4% patients), Escherichia coli (55/246, 22.4% 

patients) and Klebsiella pneumoniae (46/246, 18.7% 

patients). A total of 28 types of bacteria were cultured, 

with Gram-positive bacteria being the main pathogenic 

bacteria (15/28, 53.6%). In addition, the results indicated 

that the rate of Candida infection differed according to 

regions, which is an important factor that should be stud-

ied further [27, 28].

In this study, the main predictors of death were serum 

creatinine, serum albumin, CRP, PCT and total bilirubin 

levels; age; length of stay in the hospital; stay in ICU dur-

ing hospitalisation and leukocyte and neutrophil counts. 

High serum creatinine level is a risk factor for bacterial 

bloodstream infection and may be associated with renal 

insufficiency [29, 30]. In addition, age is a significant 

prognostic risk factor for nosocomial infections, and 

elderly patients are more likely to present with underly-

ing diseases, low immunity and decreased organ func-

tion, which makes them more susceptible to invasive 

candidal infection/bacterial bloodstream infection [31, 

32]. The length of stay in the hospital is an important 

index influenced by many factors, including the demo-

graphic characteristics, treatment complexity, complica-

tions and discharge plan of patients, and can be used as 

a predictor of death [33, 34]. Studies have shown that the 

overall mortality rate of hospitalised patients increases 

with the increasing duration of ICU stay, possibly owing 

to complications resulting from long-term intensive 

care [35, 36]. In addition, serum albumin level is a nutri-

tional index and an important indicator of morbidity and 

Fig. 2 Receiver operating characteristic curve of different machine learning models. LR logistic regression, RF random forest, SVM support vector 
machine

Table 5 Feature importance rank

Risk factor variables Importance rank

Serum creatinine level 0.110647

Age 0.093094

Length of stay (days) 0.079532

Stay in ICU during hospitalization 0.066953

Serum albumin level 0.059160

CRP 0.057764

Leukocyte count 0.054652

Neutrophil count 0.054205

PCT 0.052429

Total bilirubin level 0.052185
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mortality in critically ill patients. Low serum albumin 

level is an important and unique predictor of mortality 

[37, 38]. CRP is a classic indicator of infection. Previous 

studies have shown that CRP can also be used as a prog-

nostic indicator for hospitalised patients [39, 40]. In addi-

tion, this study shows that increased leukocyte counts 

indicate increased mortality in hospitalised patients 

with infection. Similar studies have shown that the death 

rate of patients with cancer and dengue increases with 

increasing leukocyte counts [41, 42]. Infections destroy 

the dynamic balance of the immune system and cause 

significant changes in the neutrophil count, which are 

closely related to mortality [43, 44]. Furthermore, PCT 

is a classic indicator of infection, and recent studies have 

shown that PCT can also be used as a prognostic indi-

cator for hospitalised patients with infection [45, 46]. In 

addition, total bilirubin levels can be used as a prognostic 

indicator in patients with coronavirus infection, respira-

tory tract infection and cardiogenic shock, and increased 

serum bilirubin levels are independently associated with 

mortality [47–49].

However, this study had some limitations. First, this is 

a single-centre study. Therefore, the results and conclu-

sions may be affected by geographical location, hospital 

management strategies, infection control policies and 

susceptibility models. Second, owing to a retrospective 

design, some key factors of concomitant invasive can-

didal infection and bacterial bloodstream infections may 

have been ignored. In addition, to the best of our knowl-

edge, machine learning was used for the first time in this 

study to predict the risk factors of death and prognosis 

of concomitant invasive candidal infection and bacte-

rial bloodstream infections. Moreover, the relatively 

small sample size may affect the credibility of the results. 

Therefore, further large-scale, multi-centre prospective 

studies should be conducted to validate the results of this 

study.

Conclusion
The most common Candida and bacterial species in 

patients with concomitant Candida and bacterial blood-

stream infections in the First Hospital of the China 

Medical University were Candida parapsilosis and Acine-

tobacter baumannii, respectively. The main predictors of 

death were serum creatinine, serum albumin, CRP, PCT 

and total bilirubin levels; age; length of stay in the hospi-

tal; stay in ICU during hospitalisation and leukocyte and 

neutrophil counts.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 022- 07125-8.

Additional file 1. Detailed data of patients with invasive Candida infec-
tion complicated with bacterial bloodstream infection.

Additional file 2. Detailed data on bacterial species in patients with 
bacterial bloodstream infection.

Additional file 3. Detailed data of drug sensitivity results.

Acknowledgements

The authors thank the patients, their families, and all investigators who partici-
pated in the study.

Authors’ contributions

LYL and GXH were responsible for the study concept and design. LYL and 
WYT were responsible for data acquisition and data extraction. Data analysis 
was performed by LYL, WYT and LJY. The paper was drafted by LYL and GXH. 
All authors supervised the study. All authors read and approved the final 
manuscript.

Funding

National Science and Technology Major Projects of China, Grant/Award Num-
ber (2018ZX10101003 and 2018ZX10712001).

Availability of data and materials

The data supporting the findings of this study from the corresponding author 
upon request. If someone wants to request the data from this study, please 
contact Xiuhao Guan.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki. 
This study was approved by The Human Ethics Review Committee of the First 
Hospital of China Medical University (No. 2021-260). The ethics review board 
of the First Hospital of China Medical University exempted the acquisition 
of informed consent because this was a retrospective study. Patients’ data 
confidentiality was fully respected during data collection and the preparation 
of the manuscript.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details
1 Key Laboratory of Immunodermatology, Department of Dermatology, The 
First Hospital of China Medical University, No.155 Nanjing Bei Street, Heping 
District, Shenyang 110001, Liaoning Province, People’s Republic of China. 
2 Department of Dermatology, Integrated Hospital of Traditional Chinese 
Medicine, Southern Medical University, Guangzhou 510315, People’s Republic 
of China. 3 Department of Dermatology, The First Affiliated Hospital of Sun 
Yat-Sen University, 510080 Guangzhou, People’s Republic of China. 4 Depart-
ment of Biotechnology, Beijing Institute of Radiation Medicine, 27 Taiping 
Road, Haidian District, Beijing 100850, People’s Republic of China. 5 School 
of Dentistry, Cardiff University, Heath Park, Cardiff CF14 4XY, UK. 

Received: 3 June 2021   Accepted: 1 February 2022

https://doi.org/10.1186/s12879-022-07125-8
https://doi.org/10.1186/s12879-022-07125-8


Page 10 of 11Li et al. BMC Infectious Diseases          (2022) 22:150 

References

 1. Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A, Lamagni 
T, et al. Trends among pathogens reported as causing bacteraemia in 
England, 2004–2008. Clin Microbiol Infect. 2011;17(3):451–8.

 2. Kullberg BJ, Arendrup MC. Invasive candidiasis. N Engl J Med. 
2015;373(15):1445–56.

 3. Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. Hidden 
killers: human fungal infections. Sci Transl Med. 2012;4(165):165rv13.

 4. Kaushik N, Pujalte GG, Reese ST. Superficial fungal infections. Prim Care. 
2015;42(4):501–16.

 5. Goto M, Al-Hasan MN. Overall burden of bloodstream infection and nosoco-
mial bloodstream infection in North America and Europe. Clin Microbiol 
Infect. 2013;19(6):501–9.

 6. Suleyman G, Alangaden GJ. Nosocomial fungal infections: epidemi-
ology, infection control, and prevention. Infect Dis Clin North Am. 
2016;30(4):1023–52.

 7. Perlroth J, Choi B, Spellberg B. Nosocomial fungal infections: epidemiology, 
diagnosis, and treatment. Med Mycol. 2007;45(4):321–46.

 8. Tang CQ, Li JQ, Shou BM, Pan BH, Chen TS, Xiao YQ, et al. Epidemiology and 
outcomes of bloodstream infections in 177 severe burn patients from an 
industrial disaster: a multicentre retrospective study. Clin Microbiol Infect. 
2018;24(2):199.e1-199.e7.

 9. Schønheyder HC, Paul M. Placing the burden of bacteraemia in perspective. 
Clin Microbiol Infect. 2013;19(6):489–91.

 10. Douglas NM, Hennessy JN, Currie BJ, Baird RW. Trends in bacteremia over 2 
decades in the top end of the northern territory of Australia. Open Forum 
Infect Dis. 2020;7(11):ofaa472.

 11. Rhodes J, Jorakate P, Makprasert S, Sangwichian O, Kaewpan A, Akarachot-
pong T, et al. Population-based bloodstream infection surveillance in rural 
Thailand, 2007–2014. BMC Public Health. 2019;19(Suppl 3):521.

 12. Pfaller MA, Carvalhaes CG, Smith CJ, Diekema DJ, Castanheira M. Bacterial 
and fungal pathogens isolated from patients with bloodstream infection: 
frequency of occurrence and antimicrobial susceptibility patterns from the 
SENTRY Antimicrobial Surveillance Program (2012–2017). Diagn Microbiol 
Infect Dis. 2020;97(2):115016.

 13. Xiao M, Sun ZY, Kang M, Guo DW, Liao K, Chen SC, et al. Five-year national 
surveillance of invasive candidiasis: species distribution and azole suscep-
tibility from the China hospital invasive fungal surveillance net (CHIF-NET) 
Study. J Clin Microbiol. 2018;56(7).

 14. Li Y, Gao Y, Niu X, Wu Y, Du Y, Yang Y, et al. A 5-year review of invasive fungal 
infection at an academic medical center. Front Cell Infect Microbiol. 
2020;10:553648.

 15. Goecks J, Jalili V, Heiser LM, Gray JW. How machine learning will transform 
biomedicine. Cell. 2020;181(1):92–101.

 16. Kim SH, Yoon YK, Kim MJ, Sohn JW. Clinical impact of time to positivity for 
Candida species on mortality in patients with candidaemia. J Antimicrob 
Chemother. 2013;68(12):2890–7.

 17. Zhong L, Zhang S, Tang K, Zhou F, Zheng C, Zhang K, et al. Clinical char-
acteristics, risk factors and outcomes of mixed Candida albicans/bacterial 
bloodstream infections. BMC Infect Dis. 2020;20(1):810.

 18. Bouza E, Burillo A, Muñoz P, Guinea J, Marín M, Rodríguez-Créixems M. 
Mixed bloodstream infections involving bacteria and Candida spp. J Antimi-
crob Chemother. 2013;68(8):1881–8.

 19. Bell T, O’Grady NP. Prevention of central line-associated bloodstream infec-
tions. Infect Dis Clin North Am. 2017;31(3):551–9.

 20. Luzum M, Sebolt J, Chopra V. Catheter-associated urinary tract infection, 
Clostridioides difficile Colitis, central line-associated bloodstream infec-
tion, and methicillin-resistant Staphylococcus aureus. Med Clin North Am. 
2020;104(4):663–79.

 21. Álvarez-Marín R, Navarro-Amuedo D, Gasch-Blasi O, Rodríguez-Martínez 
JM, Calvo-Montes J, Lara-Contreras R, et al. A prospective, multicenter case 
control study of risk factors for acquisition and mortality in Enterobacter 
species bacteremia. J Infect. 2020;80(2):174–81.

 22. Odabasi Z, Mert A. Candida urinary tract infections in adults. World J Urol. 
2020;38(11):2699–707.

 23. Zhang W, Song X, Wu H, Zheng R. Epidemiology, species distribution, and 
predictive factors for mortality of candidemia in adult surgical patients. BMC 
Infect Dis. 2020;20(1):506.

 24. Sitges-Serra A, Girvent M. Catheter-related bloodstream infections. World J 
Surg. 1999;23(6):589–95.

 25. Fätkenheuer G, Cornely O, Seifert H. Clinical management of catheter-
related infections. Clin Microbiol Infect. 2002;8(9):545–50.

 26. Pappas PG, Lionakis MS, Arendrup MC, Ostrosky-Zeichner L, Kullberg BJ. 
Invasive candidiasis. Nat Rev Dis Primers. 2018;4:18026.

 27. Buil JB, Meijer E, Denning DW, Verweij PE, Meis JF. Burden of serious fungal 
infections in the Netherlands. Mycoses. 2020;63(6):625–31.

 28. Jun BG, Lee WC, Jang JY, Jeong SW, Kim YD, Cheon GJ, et al. Follow-up 
creatinine level is an important predictive factor of in-hospital mortality in 
cirrhotic patients with spontaneous bacterial peritonitis. J Korean Med Sci. 
2018;33(12):e99.

 29. Zhang V, Woo A, Scaduto C, Cruz M, Tan YY, Du H, et al. Systematic review 
on the definition and predictors of severe Clostridiodes difficile infection. J 
Gastroenterol Hepatol. 2021;36(1):89–104.

 30. Aguirre-Avalos G, Mijangos-Méndez JC, Zavala-Silva ML, Coronado-Magaña 
H, Amaya-Tapia G. Bacteremia caused by Acinetobacter baumannii among 
patients in critical care. Gac Med Mex. 2009;145(1):21–5.

 31. Wisplinghoff H, Ebbers J, Geurtz L, Stefanik D, Major Y, Edmond MB, et al. 
Nosocomial bloodstream infections due to Candida spp. in the USA: species 
distribution, clinical features and antifungal susceptibilities. Int J Antimicrob 
Agents. 2014;43(1):78–81.

 32. Awad A, Bader-El-Den M, McNicholas J. Patient length of stay and mortality 
prediction: a survey. Health Serv Manage Res. 2017;30(2):105–20.

 33. Hofstede SN, van Bodegom-Vos L, Kringos DS, Steyerberg E, Marang-van 
de Mheen PJ. Mortality, readmission and length of stay have different 
relationships using hospital-level versus patient-level data: an example of 
the ecological fallacy affecting hospital performance indicators. BMJ Qual 
Saf. 2018;27(6):474–83.

 34. Moitra VK, Guerra C, Linde-Zwirble WT, Wunsch H. Relationship between 
ICU length of stay and long-term mortality for elderly ICU survivors. Crit Care 
Med. 2016;44(4):655–62.

 35. Pintado MC, Villa P, Luján J, Trascasa M, Molina R, González-García N, et al. 
Mortality and functional status at one-year of follow-up in elderly patients 
with prolonged ICU stay. Med Intensiva. 2016;40(5):289–97.

 36. Kendall H, Abreu E, Cheng AL. Serum albumin trend is a predictor of mortal-
ity in ICU patients with sepsis. Biol Res Nurs. 2019;21(3):237–44.

 37. Touma E, Bisharat N. Trends in admission serum albumin and mortality in 
patients with hospital readmission. Int J Clin Pract. 2019;73(6):e13314.

 38. Bozkurt I, Esen S. Association between severity grading score and acute 
phase reactants in patients with Crimean Congo hemorrhagic fever. Pathog 
Glob Health. 2021;115:496.

 39. Zhang S, Zhang X, Yu W, Lin Z, Chen D. Infection biomarkers in assisting the 
judgement of blood stream infection and patient prognosis: a retrospec-
tive study incorporating principal components analysis. Ann Transl Med. 
2020;8(23):1581.

 40. Miyagi T, Miyata S, Tagami K, Hiratsuka Y, Sato M, Takeda I, et al. Prognostic 
model for patients with advanced cancer using a combination of routine 
blood test values. Support Care Cancer. 2021;29:4431.

 41. Nandwani S, Bhakhri BK, Singh N, Rai R, Singh DK. Early hematological 
parameters as predictors for outcomes in children with dengue in northern 
India: a retrospective analysis. Rev Soc Bras Med Trop. 2021;54:e05192020.

 42. Dong X, Wang C, Liu X, Bai X, Li Z. The trajectory of alterations in immune-
cell counts in severe-trauma patients is related to the later occurrence 
of sepsis and mortality: retrospective study of 917 cases. Front Immunol. 
2020;11:603353.

 43. Duan Y, Ou X, Chen Y, Liang B, Ou X. Severe influenza with invasive pulmo-
nary aspergillosis in immunocompetent hosts: a retrospective cohort study. 
Front Med (Lausanne). 2020;7:602732.

 44. Covino M, Fransvea P, Rosa F, Cozza V, Quero G, Simeoni B, et al. Early proc-
alcitonin assessment in the emergency department in patients with intra-
abdominal infection: an excess or a need. Surg Infect (Larchmt). 2021;22:787.

 45. Kakeya H, Yamada K, Kaneko Y, Yanagihara K, Tateda K, Maesaki S, et al. 
National trends in the distribution of Candida species causing candidemia 
in Japan from 2003 to 2014. Med Mycol J. 2018;59(1):E19–22.

 46. Kurul Ş, Simons S, Ramakers C, De Rijke YB, Kornelisse RF, Reiss I, et al. 
Association of inflammatory biomarkers with subsequent clinical course in 
suspected late onset sepsis in preterm neonates. Crit Care. 2021;25(1):12.

 47. Liu Z, Li J, Long W, Zeng W, Gao R, Zeng G, et al. Bilirubin levels as potential 
indicators of disease severity in coronavirus disease patients: a retrospective 
cohort study. Front Med (Lausanne). 2020;7:598870.



Page 11 of 11Li et al. BMC Infectious Diseases          (2022) 22:150  

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 48. Fan H, Fan J, Chen S, Chen Y, Gao H, Shan L, et al. Prognostic significance 
of end-stage liver diseases, respiratory tract infection, and chronic kidney 
diseases in symptomatic acute hepatitis E. Front Cell Infect Microbiol. 
2020;10:593674.

 49. Bunte S, Walz R, Merkel J, Torregroza C, Roth S, Lurati Buse G, et al. Bilirubin-a 
possible prognostic mortality marker for patients with ECLS. J Clin Med. 
2020;9(6):1727.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Machine-learning based prediction of prognostic risk factors in patients with invasive candidiasis infection and bacterial bloodstream infection: a singled centered retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patient selection
	Microbiological tests
	Machine learning methods
	Statistical analysis
	Definition and abbreviations

	Results
	Clinical features of patients
	In vitro antifungal susceptibility test
	Risk factors for Candida albicans and non-Candida albicans infections
	Analysis of risk factors in patients with persistent and non-persistent Candida infections
	Analysis of risk factors in patients with single and multiple candidal infections
	Prediction of risk factors of death using machine learning

	Discussion
	Conclusion
	Acknowledgements
	References


