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Abstract 
Introduction: The analysis and identification of Candida in sputum specimens is of significance in clinical settings. The aim of this study was 
to assess the feasibility of a previously validated rapid method for preparing Candida DNA in conjunction with pretreatment with Sputasol 
(Aiyan Biotechnology, Shanghai, China) for detecting Candida in sputum specimens.  
Methodology: The study included 181 patients with respiratory diseases who were hospitalized at the Bethune International Peace Hospital 
between 9 and 29 January 2020. Sputum specimens were collected retrospectively, and sputum culture results and related clinical information 
were extracted from electronic medical records. The sputum samples were pre-treated with Sputasol digest and subjected to rapid DNA sample 
preparation, and duplex polymerase chain reaction (PCR) for detecting Candida.  
Results: Out of the 181 sputum specimens, 65 tested positive for Candida through PCR, and 32 were positive through fungal culture. The 
samples that tested positive through fungal culture were also positive through PCR, and the identified species were completely consistent. 
Conversely, all samples that tested negative through PCR were also negative through fungal culture. The two assays showed moderate 
agreement, with a Kappa value of 0.554. The false-positive results of PCR Candida detection may be attributed to antifungal treatment and 
higher sensitivity.  
Conclusions: The rapid Candida DNA sample preparation technique combined with duplex PCR for Candida detection is a sensitive method 
for identifying Candida in sputum. It is necessary to combine PCR results with comprehensive clinical judgment for deriving conclusions. 
Further studies are needed to verify its clinical value. 
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Introduction 

Candida spp. are yeasts commonly found in the 
environment and human flora. It has been estimated that 
up to 70% of healthy individuals carry Candida 
albicans in their oral mucosa [1]. Although Candida is 
part of the normal microbiota, it can become an 
opportunistic pathogen, particularly in immune-
compromised patients and those with severe underlying 
diseases [2–4]. Candida can cause local or disseminated 
infections, which can be life-threatening in susceptible 
individuals [5]. 

Although true invasive candidal pneumonia is rare 
in immune-competent patients [6], detecting Candida 
in the oral cavity and respiratory tract is still clinically 
valuable. Candida colonization is a prerequisite for 
invasive candidiasis (IC), and multi-site colonization of 
Candida is an independent risk factor for invasive 
infection in patients [7,8]. Thus, by analyzing Candida 
colonization in various body areas, including the oral 

cavity, it is well-stablished that calculating the Candida 
colonization index is crucial in predicting IC [9]. 
Furthermore, certain studies propose that Candida 
colonization in the respiratory tract can indirectly lead 
to respiratory diseases. For example, Azoulay et al. 
suggested that respiratory Candida colonization is 
linked to an extended duration of mechanical 
ventilation, intensive care unit (ICU), and hospital stays 
in critically ill patients [10]. Their research also 
uncovered a significant and independent correlation 
between respiratory Candida colonization and 
ventilator-associated pneumonia caused by 
Pseudomonas aeruginosa. 

Fungal culture remains the gold standard for the 
identification of Candida. Although it provides the 
advantage of offering the morphology and final 
identification of fungi, its sensitivity is limited. 
Moreover, the time required for growth of the fungi is 
excessively long, which impacts its application [11]. 
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The beta-(1,3)-glucan test is a commonly used test for 
fungal infections. It is primarily used as a screening test 
for invasive fungal infections in blood, although it does 
not distinguish between Candida and other fungi [12]. 
Furthermore, it has not been proven to be effective in 
identifying fungal infections in bronchoalveolar lavage 
(BAL) fluid and sputum [13]. Therefore, the 
development of a reliable and timely method for 
identifying Candida or a detection method that can 
differentiate colonization from infection would be a 
significant breakthrough in this field. 

In recent years, nucleic acid detection technology, 
represented by polymerase chain reaction (PCR), has 
gained extensive attention as a crucial non-culture 
fungal identification tool due to its high specificity and 
sensitivity [14–16]. However, this technique has not 
been widely applied. Since fungi typically have thick 
cell walls, establishing a rapid and easy standardized 
DNA preparation method for clinical laboratories is one 
of the significant issues in Candida nucleic acid 
identification. In our previous study, we developed a 
rapid method for preparing Candida DNA samples that, 
when combined with duplex PCR, can accurately 
identify Candida [17]. In this study, we applied this 
technique to detect Candida in clinical sputum samples 
and explored its clinical application value. 

 

Methodology 
Study design and subjects 

This study was conducted on 181 inpatients with 
respiratory diseases admitted to the Department of 
Respiratory and Critical Care Medicine at the Bethune 
International Peace Hospital from 9 January 2020 to 29 
January 2020. The principal symptoms included fever, 
cough, abnormal laboratory blood analysis, and 
pulmonary imaging abnormalities. Physicians, who 
were blinded to the study design, ordered sputum 
culture tests for clinical diagnostic purposes; thus, 
ensuring that the study did not interfere with clinical 
decision-making. Early morning deep sputum samples 
from the patients were collected and transported to the 
clinical laboratory within 30 minutes for microbial 
culture. The leftover specimens after sputum culture 
were retained for this study. Relevant clinical data of 
the subjects, including age, gender, primary symptoms, 
and results of microbial cultures, were extracted from 
the hospital's electronic data system.  

The Medical Ethics Committee of Bethune 
International Peace Hospital approved this project (No. 
2019-KY-23). Since the biological samples from 
clinical patients were collected retrospectively, and 
their personalized information, such as their name and 
ID number, was concealed, the requirement of signed 
informed consent form was exempted. 

Figure 1. Schematic diagram of the sample preparation process for Candida DNA extraction from sputum specimens. 
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Microbial culture of sputum 
Sputum samples were collected and immediately 

transported to the laboratory under sterile conditions. 
Different selective and differential media, such as 
MacConkey agar, sheep blood agar, chocolate agar, and 
Sabouraud agar, were used to streak the specimens. The 
morphology, color, and macroscopic characteristics of 
the colonies were observed following an incubation 
period of 24–48 hours. The bacterial colonies were sub-
cultured on fresh media for further characterization. 
Gram staining was utilized for differentiating the 
bacterial colonies into Gram-positive or Gram-
negative. Further characterization and identification of 
the bacterial species were carried out by performing 
various biochemical tests, such as catalase, oxidase, 
coagulase, indole, citrate utilization, and sugar 
fermentation tests. The fungi species were identified 
based on the growth color and colony shape on the 
CHROMagar plate and were further confirmed by the 
API 20C AUX Yeast Identification System 
(BioMerieux, Craponne, France). 

 
Preparing DNA template from sputum 

We utilized our previously developed technique of 
Candida fast DNA sample preparation to produce a 
DNA template for PCR amplification (Figure 1) from 
the digested sputum samples. First, 1 mL of each 

sample was pipetted into sterile collection tubes using a 
Pasteur pipette. Next, 1 mL of Sputasol sputum digest 
(Aiyan Biotechnology, Shanghai, China) was added to 
each tube and mixed thoroughly using a vortex (Dlab, 
Shandong, China). The tubes were then placed in a 37 
℃ water bath for 20 minutes, followed by 
centrifugation at 12,000 rpm for 5 minutes to discard 
the supernatant. The precipitate was then washed twice 
with 1 mL of normal saline. A lyase system was added 
to the washed precipitate which was then incubated at 
30 ℃ for 1 hour. After that, the mixture was boiled in a 
metal bath (Bori Technology, Hangzhou, China) at 100 
℃ for 10 minutes. Finally, it was centrifuged again at 
12,000 rpm for 5 minutes, and the supernatant was 
collected as the DNA template for PCR detection. 

 
Duplex PCR identification of Candida 

The duplex PCR method for identification of 
Candida was described earlier [17]. The 50 µL dual 
amplification system was prepared as follows: 2× PCR 
mix 25 µL, HotTaq polymerase 2 µL, forward primer 
each at 0.4 µM, reverse primer each at 0.4 µM, probe 
each at 0.4 µM, prepared DNA template 2 µL, and 
deionized water added to a final volume of 50 µL. The 
reaction conditions were: initial denaturation at 95 ℃ 
for 2 minutes; followed by 40 cycles of denaturation at 
95 ℃ for 15 seconds, and annealing/extension at 60 ℃ 
for 1 minute. The sequences of the primers and probes 
are described in our previous report [17]. 

 
Statistical analysis 

The data were analyzed using the statistical 
software SPSS 26.0 (IBM Corp., Armonk, NY, USA). 
Enumeration data were presented as quantity and 
percentage (%), while measurement data were 
expressed as mean ± standard deviation. The Kappa 
coefficient test was used to assess the agreement 
between different test methods. A significance level of 
p < 0.05 was used to determine statistical significance. 

  
Results 
Basic data of the patients 

Each collected sputum sample was evaluated 
through duplex PCR and conventional culture methods 
to detect possible respiratory pathogens. The 
demographic information of the patients is detailed in 
Table 1. The mean age of the patients was 67.46 ± 25.36 
years (range: 1–96 years). Clinical presentations were 
fever in 82 (45.30%) cases, cough in 171 (94.48%) 
cases, white blood cell (WBC) count > 9.5 × 109 in 87 
(48.07%) cases, and abnormal lung imaging in 180 
(99.45%) cases. A total of 162 bacterial strains were 

Table 1. Baseline characteristics of patients included in the study. 
Characteristics Value Percentage (%) a 
Gender   
Male (n) 125 69.06% 
Female (n) 56 30.94% 
Age (mean ± SD) years 67.46 ± 25.36  
Basic conditions   
Fever 82 45.30% 
Cough 171 94.48% 
WBC > 9.5×109 87 48.07% 
Abnormal lung imaging 180 99.45% 
Cultured organisms   
Bacteria species   
Pseudomonas aeruginosa 45 24.86% 
Klebsiella pneumoniae 26 14.36% 
Acinetobacter baumannii 25 13.81% 
Stenotrophomonas maltophilia 13 7.18% 
Proteus mirabilis 10 5.52% 
Serratia marcescens 8 4.42% 
Staphylococcus aureus 7 3.87% 
Others 28 15.47% 
Total 162  
Candida species   
Candida albicans 23 12.71% 
Candida tropicalis 5 2.76% 
Candida glabrata 3 0.56% 
Candida parapsilosis 2 0.56% 
Candida krusei 2 0.56% 
Others 3 3.87% 
Total 38  

a, The number of all included patients (181) was used as the denominator 
in this calculation. WBC: white blood cells. 
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isolated through microbial culture, comprising 
Pseudomonas aeruginosa (45 strains, 24.86%), 
Klebsiella pneumoniae (26 strains, 14.36%), 
Acinetobacter baumannii (25 strains, 13.81%), 
Stenotrophomonas maltophilia (13 strains, 7.18%), 
Proteus mirabilis (10 strains, 5.52%), Serratia 
marcescens (8 strains, 4.42%), Staphylococcus aureus 
(7 strains, 3.87%), and other bacterial species (28 
strains, 15.47%). Additionally, 38 strains of Candida 
were isolated, including C. albicans (23 strains, 
12.71%), Candida tropicalis (5 strains, 2.76%), 
Candida glabrata (3 strains, 1.66%), Candida 
parapsilosis (2 strains, 1.10%), and other Candida 
species (3 strains, 1.66%). 

 
Comparison of fungal culture and duplex PCR findings 
for Candida detection 

Of the 181 sputum specimens collected, 32 tested 
positive by culture for fungi (Table 2). A total of 65 
samples tested positive by PCR, resulting in an overall 
PCR positive rate twice as high as that of sputum 
culture (35.91% versus 17.68%). The five common 
Candida species were identified using specific primers, 
and other unidentified Candida species were detected 
successfully by using general primers, which was in 
line with expectations. The results of the study 
indicated that all specimens with positive sputum 
cultures were PCR positive (32/181), all PCR negative 
specimens were without fungal growth in the culture 
(116/181), and 33 samples were negative for microbial 
growth in sputum cultures but detected positive with 
PCR. The overall agreement rate between the two 
methods was 81.77% (148/181), and the Kappa value 
of the test consistency was 0.554, indicating moderate 
consistency. 

 
Characteristics of false-positive samples 

Considering sputum culture as the gold standard, 

the PCR results for 33 samples were false-positives. We 
conducted a retrospective analysis of the electronic 
medical records of these false-positive patients, 
categorizing them into 3 groups based on whether there 
were positive records of sputum fungal culture within 3 
or 7 days before or after the sample collection date: 
before sampling with positive records, after sampling 
with positive records, and no positive records before or 
after sampling. Among them, 3 cases (9.09%) had 
positive sputum cultures within 3 days before PCR 
sampling and received antifungal treatment, and 5 cases 
(15.15%) had positive sputum cultures within 7 days 
before PCR sampling and received antifungal 
treatment. There were 11 cases (33.33%) without 
antifungal treatment within 7 days before sampling. 
Post-PCR sampling, 9 cases (27.28%) had positive 
sputum cultures within 3 days, and 11 cases (33.33%) 
had positive sputum cultures within 7 days. There were 
10 cases (30.30%) with negative sputum cultures within 
3 days before and after PCR testing, and 6 cases 
(18.18%) with negative sputum cultures within 7 days 
before and after PCR testing (Table 3).  

 
Clinical decisions concerning Candida detection 

We analyzed the use of antifungal medications 
among patients to explore the correlation between PCR 
testing and clinical empirical treatment. Clinical 
doctors prescribed empirical antifungal treatment to 10 
patients based on their fungal culture records and 
clinical characteristics. Among the samples of these 
patients, 7 (70.00%) fungal cultures were positive, and 
3 (30.00%) fungal cultures were negative. We 
performed PCR testing on the remaining sputum culture 
samples, and the results were all positive (Table 4). 
Notably, the 3 negative samples originated from 
patients who had positive records of sputum fungal 
culture within the 7 days prior to sampling. 

 

Table 2. Results of Candida detection by duplex polymerase chain reaction (PCR) and fungal culture. 
Fungal culture Duplex PCR 

Positive Negative Total 
Positive 32 0 32 
Negative 33 116 149 

Total 65 116 181 
 

Table 3. Archival characteristics of 33 patients with false-positive polymerase chain reaction (PCR) detection. 
Archival characteristics Case number in time frame (n, %) 

Within 3 days Within 7 days 
Prior culture positive   
with antifungal medication 3 (9.10%) 5 (15.15%) 
without antifungal medication 11 (33.33%) 11 (33.33%) 
Subsequent culture positive 9 (27.28%) 11 (33.33%) 
Culture negative before and after PCR testing 10 (30.30%) 6 (18.18%) 
Total 33 (100%) 33 (100%) 
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Discussion 
Preparation of high-quality DNA samples from 

fungal pathogens is a critical step in nucleic acid-based 
diagnostics [18]. Preparation of fungal DNA samples 
from clinical specimens can be challenging due to the 
presence of host DNA, inhibitors, and other 
contaminants [19,20]. In this study, we utilized the 
rapid Candida DNA sample preparation method and 
duplex PCR to analyze clinical sputum samples. This 
approach can sensitively identify Candida species in 
sputum and distinguish between C. albicans, C. 
tropicalis, C. glabrata, C. parapsilosis, and C. krusei. 
The characteristic of our previously established method 
is enzymatic lysis combined with thermal denaturation, 
which combines snailase and lyticase, achieving a 
higher lysis capability of Candida cells than using 
snailase, lyticase, zymolyase, and glucanase alone; 
while optimizing the suspension components and 
incubation steps [17]. Our research results indicate that 
sputasol sputum digestion can be combined with this 
method, through simple pretreatment of different types 
of clinical samples (such as sputum, urine, or whole 
blood). The precipitated Candida cells are digested with 
lysis solution for 1 hour, followed by 10 minutes of 
high-temperature metal bath treatment, allowing 
complete release of Candida DNA, and the supernatant 
can be directly used as a template for subsequent PCR 
amplification. Traditional culture methods take 2–5 
days, while using kits to obtain Candida DNA and 
complete PCR detection takes 6 hours. The method in 
this study reduces the time from sample acquisition to 
PCR detection completion to 3 hours, making the entire 
process quick and simple; suitable for the processing 
and detection of batch samples in clinical laboratories.  

Previous studies have generally acknowledged that 
PCR detection is more sensitive than traditional fungal 
culture techniques [21]. Our study revealed that the 
positivity rate of PCR detection of Candida in sputum 
specimens was nearly double that of fungal culture. The 
two detection methods exhibited moderate consistency 
(Kappa = 0.554), with the inconsistency mainly 
resulting from a significant number of samples that 
were PCR positive but fungal culture negative. One 
possible explanation is that PCR can detect both viable 
and non-viable fungal cells, whereas fungal culture can 
only detect viable cells. Additionally, PCR may 

produce positive results even when the fungal load is 
low [22]. PCR may identify fungal DNA from other 
sources, such as environmental contamination or 
commensal colonization, resulting in false-positive 
outcomes [23]. Furthermore, the accuracy of the results 
may be influenced by the sensitivity and specificity of 
PCR, which can vary depending on the primers and 
protocols employed [24]. Based on our additional 
analysis, among the 33 samples that exhibited false-
positive results, 26 patients (78.79%) had a history of 
positive Candida culture in sputum within 7 days before 
or after the sample collection, and 5 of them had 
undergone antifungal therapy. The sensitivity and 
specificity of the PCR method employed have been 
validated in prior studies [17]; therefore, false-positives 
may mainly be attributed to the previous use of 
antifungal drugs in patients, and the sensitivity of PCR 
testing is significantly higher than that of fungal culture.  

Although the PCR detection technology is too 
sensitive, it can compensate for the shortcomings of 
traditional culture methods and provide a basis for 
clinical doctors' empirical treatment. The negative 
result of microbial culture due to its lower sensitivity 
does not negate the presence of microorganisms. 
Similarly, a positive PCR result, due to its high 
sensitivity, does not confirm the causative pathogen of 
infection. Therefore, we believe that integrating 
information from both methods, in conjunction with the 
clinical characteristics of the patients, is more 
conducive to making accurate clinical decisions.  

We established a rapid and accurate PCR method 
for detecting Candida in sputum samples in the 
laboratory and conducted preliminary preclinical 
research. The method requires clinical validation with a 
large sample size to transform the laboratory method 
into a clinical application product. 

Empirical use of antifungal agents is frequently 
employed in the challenging diagnosis of invasive 
fungal disease and is acknowledged by multiple clinical 
management guidelines [25,26]. Among the patients 
who tested positive for Candida via PCR in this study, 
10 were administered empirical antifungal therapy, 
with 7 testing positive for fungal culture and 3 testing 
negative. These findings suggest a greater practical 
clinical value of PCR Candida detection, although more 

Table 4. Sputum test results of the 10 patients receiving antifungal therapy. 
Sputum Candida tests Patients receiving antifungal therapy (n, %) Duplex PCR Fungal culture 

Positive Positive 7 (70.00%) 
Positive Negative 3 (30.00%) 
Negative Negative 0 (0.00%) 

PCR: polymerase chain reaction. 
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precise conclusions require verification through 
additional rigorous clinical studies. 

 
Conclusions 

We developed a novel method for the rapid 
preparation of Candida DNA from sputum and its 
application in PCR detection. This method offers four 
significant advantages over conventional fungal 
culture. Firstly, it has a high positive detection rate, 
which enables more sensitive analysis of Candida 
information in sputum and can be used as a screening 
method for detecting Candida from sputum samples. 
Secondly, the method allows for the rapid detection of 
Candida in sputum, with the time from obtaining the 
specimen to producing the detection result being 
controlled within 6 hours. Thirdly, the method provides 
Candida species/genus level identification using probe 
design, capable of detecting mixtures of up to 5 
Candida species. Finally, although the test is more 
expensive than fungal culture, the more convenient and 
sensitive features of the test may obviate the high cost 
of inappropriate treatment [27]. 
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