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Pathogenic yeast-like fungi and bacteria are found all over the world, and are a frequent cause of 
invasive disease in immunocompromised hosts. However, there is a paucity of data on pathogenic 
yeast-like fungi in Korea. In this study, the characterization of pathogenic yeast-like fungi and co-
infected bacteria isolated from 715 patients (ranging in age from 29 days to 99 years, with a mean age of 
49 years) that were collected from general hospitals (from April 2011 to March 2013) in Busan were 
investigated. A total of 744 pathogenic yeast-like fungi and 170 six bacterial strains were isolated from 
clinical samples. The majority of isolates from sputum and urine samples were obtained from patients. 
The isolation frequency by sex was similar in females (48.6%) and males (51.4%). It was higher in 
individuals over 60 years of age (67.5%) than in younger individuals. The Candida species most 
frequently isolated from clinical samples was Candida albicans (64.0%), followed by Candida tropicalis 
(18.1%), Candida glabrata (8.6%), Candida parapsilosis (5.0%), Candida krusei (0.7%), and other 
Candida species (1.9%). The non-Candida species isolated most frequently from clinical samples was 
the Trichosporon species (1.2%). Although C. albicans was the most common species in almost clinical 
samples, C. tropicalis (47.6%) was most common species in urine samples. Staphylococcus aureus 
(15.3%) and Klebsiella pneumoniae (10.2%) were commonly isolated from patients infected with C. 
albicans. Although the epidemiology of pathogenic yeast-like fungal infection has been reported, these 
results are the first on the distribution of yeast-like fungi and co-infected bacteria from patients in 
Korea. 
 
Key words: Pathogenic yeast-like fungus, co-infected bacteria, infectious disease, epidemiology, Korea. 

 
 
INTRODUCTION 
 
Pathogenic yeast-like fungi and bacteria are found all 
over the world, and are a frequent cause of invasive 

disease in immunocompromised human and animal hosts. 
In particular, the incidence  of  severe  systemic fungal  
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infections has increased dramatically in the last few 
decades. The growing numbers of immunocompromised 
hosts, including AIDS patients, the abuse of broad-
spectrum antibiotics, immunosuppressive agents after 
organ transplantation, and cancer chemotherapy, are 
associated with an increasing risk of opportunistic fungal 
infections (Wanke et al., 2000; Kothavade et al., 2010; 
Miceli et al., 2011). 

Candida species are most frequently implicated in 
invasive fungal infections. Candida usually exists as 
regular flora in the gastrointestinal and genital tracts of 
healthy hosts, but they are opportunistic pathogens that 
have the ability to cause various fungal infections (Miceli 
et al., 2011). In particular, Candida albicans (C. albicans) 
is the majority fungal pathogen causing a variety of 
invasive fungal infections, such as candidemia. 
Candidemia has been responsible for significant 
morbidity and mortality rates among 
immunocompromised patients (Molero et al., 1998; 
Pasqualotto et al., 2007; Karkowska-Kuleta et al., 2009). 
Recently, the frequency of candidemia’s occurrence 
caused by non-albicans species, such as Candida 
glabrata (C. glabrata), Candida tropicalis (C. tropicalis), 
and Candida parapsilosis (C. parapsilosis), have been 
increasing (Ahearn and Lawrence, 1984; Fromtling et al., 
1987; Fidel et al., 1999; Nosek et al., 2009). Furthermore, 
various fungal infections caused by Trichosporon, 
Cryptococcus neoformans, Saccharomyces species, and 
other uncommon yeasts have been widely reported 
(Denning et al., 1990; McCusker et al., 1994; Wolf et al., 
2001; O'Gorman et al., 2006). Consequently, 
opportunistic fungal infections are an important medical 
problem that requires prevention and rapid diagnosis 
(Miceli et al., 2011). 

The importance of yeast-like fungal infections’ effect on 
public health is already known worldwide, and many 
epidemiological studies are actively underway. The 
ARTEMIS global program is one of the most 
comprehensive and long-running fungal surveillance 
programs. This program generates massive amounts of 
data that have been externally validated and that can be 
used to identify temporal and geographic trends in the 
species distribution of opportunistic yeast-like fungi 
(Miceli et al., 2011). On the global scale, Candida species 
accounted for 95 to 97% of all clinical isolates in each 
study year from 1997 to 2005. C. albicans was the most 
frequent (overall, 65.6% of all Candida species), followed 
by C. glabrata (11.2%), C. tropicalis (7.0%), and C. 
parapsilosis (5.8%). Among the non-candidal yeast-like 
fungi, C. neoformans (31.2%) was most frequent, 
followed by Saccharomyses species (9.6%) and 
Trichsporon species (6.7%) (Pfaller et al., 2007). On the 
domestic side, Candida species accounted for  88.2  to  

 
 
 
 
99.7% of all isolates in each study year 2001 to 2007 
(overall, 95.0%). C. albicans was the most frequent 
(overall, 84.1% of all Candida species), followed by C. 
parapsilosis (5.6%), C. tropicalis (5.0%), and C. glabrata 
(4.0%). Among the non-candidal yeast-like fungi, C. 
neoformans (12.4%) was most frequent, followed by 
Trichosporon species (9.2%) and Pichia species (2.5%) 
(Lee et al., 2010). These data have many important 
medical and epidemiological implications for predicting 
the trends of yeast-like fungal infection. 

Although the epidemiology of pathogenic yeast-like 
fungal infection has been reported, there is a paucity of 
data on pathogenic yeast-like fungi in Korea. Furthermore, 
there are no data on pathogenic bacteria infected with 
yeast-like fungi. Due to the medical importance of 
pathogenic yeast-like fungi and co-infected bacteria in 
Korea and the lack of availability of local epidemiological 
data, this study, for the first time, investigated the 
isolation frequency and characterization of pathogenic 
yeast-like fungi and co-infected bacteria isolated from 
differential clinical samples that were collected from 
general hospitals from April 2011 to March 2013 in Busan. 

 
 
MATERIALS AND METHODS 

 
Sample collection 

 
Seven-hundred and thirty-four clinical samples were obtained from 
715 clinical patients at the General Hospital (secondary medical 
center) in Busan (from April 2011 to March 2013). All clinical 
samples were obtained by aseptic procedure and had no 
contamination (Baron et al., 2013). All aseptic procedures referred 
to CLSI standard guidelines. The types of clinical samples infected 
with pathogenic yeast-like fungi were sputum (n=458, 62.4%), urine 
(n=144, 19.6%), blood (n=38, 5.2%), bronchial washing (n =18, 
2.5%), catheter tips (n=17, 2.3%), vaginal discharge (n=11, 1.5%), 
cervical discharge (n=11, 1.5%), pus discharge (n=5, 0.7%), fluids 
(n=9, 1.2%), tissue (n=6, 0.8%), stool (n=1, 0.1%), and other 
samples (n=16, 2.2%). The following clinical information of patients 
was recorded: sex and age. 

 
 
Yeast-like fungal cultures and isolation 

 
All isolates were recovered from various clinical samples. The 
samples were cultured using standard procedures (Baron et al., 
2013). Samples were inoculated on a Sabouraud dextrose agar 
(SDA) plate containing 40 ml of chloramphenicol (50 μg/ml). The 
plates were incubated in the dark at 25°C under humid conditions 
for 3 to 10 days. The plates were examined daily to search for the 
appearance of yeast form colonies. The colonies were subcultured 
on SDA for the pure isolation of yeast-like fungi. The isolated yeast-
like fungi were identified by phenotyping and genotyping. All the 
isolated yeast-like fungi were stored in a Sabouraud dextrose broth 
(SDB) medium with 25% glycerol at -70°C.
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Table 1. Clinical information on the hospitalized patients from April 2011 to March 2013. 
 

Sex 
Hospitalized patients (n=715) 

Total 
Age range Male (n=360) Female (n=355) 

Age group 

<10 6 7 13 

10–19 15 3 18 

20–29 4 8 12 

30–39 24 17 41 

40–49 34 22 56 

50–59 50 48 98 

60–69 67 65 132 

70–79 102 115 217 

80–89 56 62 118 

90–99 2 8 10 

   

Mean age, years 49.4  

 
 
 
Bacteria cultures and isolation 
 

All isolates were recovered from various clinical samples. The 
samples were cultured using standard procedures. Briefly, all 
samples were inoculated on a blood agar (BA) plate containing 5% 
sheep blood, respectively. The plates were incubated in the dark at 
37°C under humid conditions for 1 to 2 days. The plates were 
examined daily to search for the appearance of pure colonies. The 
colonies were subcultured on BA and MacConkey agar for the pure 
isolation of bacteria isolates. The isolated bacteria were identified 
by phenotyping. All the isolated bacteria were stored in a brain 
heart infusion (BHI) broth medium with 25% glycerol at -70°C. 
 
 

Identification of yeast-like fungi and bacteria by phenotype 
 
To identify the yeast-like fungal isolates, the biochemical properties 
of isolated colonies were examined using Vitek2® Yeast 
Identification Card (bioMerieux®, Marcy l'Etoile, France). Several 
selected biochemical properties were tyrosine arylamidase, 
amygdalin assimilation, lactose assimilation, methyl ɑ-D-
glucopyranoside assimilation, urease, acetate assimilation, and 
citrate assimilation for the differentiation of yeast-like fungal isolates. 

Bacteria isolates from clinical samples infected with yeast-like 
fungi were identified using the Vitek2® automated system. GN ID 
Card (for identification gram negative bacteria) and GP ID Card (for 
identification gram positive bacteria) were used for biochemical test 
of bacterial isolates. 
 
 

Identification of yeast-like fungi by genotype 
 

The genomic DNA extraction of yeast-like fungi was performed as 
previously described by Yamamoto et al. (1995). Briefly, each of the 
isolates was subcultured onto the SDB medium for 48 h at 25°C. 
One milliliter of cultivated broth was moved to a new tube and 
centrifuged at 6,500× g for 1 min. The sample pellet was 
suspended in 500 µl of extraction buffer (100 mM of Tris HCl (with a 
pH of 9.0), 40 mM of EDTA) and mixed after the addition of 100 µl 
of 10% sodium dodecyl sulfate (SDS) and 300 µl of 99% benzyl 
chloride. The mixture was homogenized and incubated at 50°C for 
30 min with gentle shaking. After centrifugation at 14,200× g and 
4°C for 10 min, the supernatant was transferred to a new tube. After 
the addition of a 1/10 volume of 3 M of sodium acetate and an 
equal volume of  isopropanol  of  the  supernatant,  the  tube  

was slightly vortexed and stored at -70°C for 1 h. The DNA was 
precipitated after centrifugation at 14,200× g and 4°C for 20 min, 
and the supernatant was removed. The pellet was washed with 500 
µl of 70% ethanol and centrifuged at 14,200× g and 4°C for 5 min, 
and the supernatant was removed. It was dried at room 
temperature for 10 min and resuspended in 50 µl of distilled water 
(D.W). 

Genotyping of the isolates was performed using internal 
transcribed spacer (ITS) region sequencing with a specific 
oligonucleotide primer set. The primer to amplify the ITS region was 
designed as previously described (Mitchell et al., 1994). The ITS 
region was amplified with forward primer ITS1 (5’-TCC GTA GGT 
GAA CCT GCG G-3’) and reverse primer ITS4 (5’-TCC TCC GCT 
TAT TGA TAT GC-3’). For the polymerase chain reaction (PCR), a 
total volume of 20 µl of the reaction mixture was contained within 
each 1 µl of the ITS primer set (50 nM), 1 unit of Taq polymerase, 
0.25 mM of dNTP, 10 mM of Tris-HCl (with a pH of 9.0), 30 mM of 
KCl, 1.5 mM of MgCl2, and 1 µl of DNA template (1 µg/µl). The PCR 
was performed using the following optimum conditions: initial 
denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 1 
min (denaturation), 53°C for 1 min (annealing), and 72°C for 90 s 
(extension), and a final extension at 72°C for 7 min. The PCR 
products were analyzed by electrophoresis with 1.2% agarose gels 
containing ethidium bromide and visualized under ultraviolet light. 
The amplified genomic DNA of the isolates in the gel was purified 
using the Accuprep® Gel Purification Kit (Bioneer, Daejeon, Korea). 
After sequencing the DNA, the sequences were compared to 
reference data available at the Genbank database using the Basic 
Local Alignment Search Tool (BLAST, 
http://blast.ncbi.nlm.nih.gov/Blast.cgi) program to determine species 
identification. Genotyping method was not used to identify bacterial 
isolates. 

 
 

RESULTS 
 
Distribution of suspected patients infected with 
yeast-like fungi by age and sex 
 

As shown in Table 1, there were 360 male and 355 
female clinical patients, ranging in age from 29 days to 99 
years (mean age of 49 years), among 715 suspected 
patients infected with pathogenic yeast-like  fungi.  The
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Table 2. Characteristics of patients by clinical sample type for yeast-like fungus isolation. 
 

Characteristics  

Clinical sample type 

Total (%) 
Sputum 

(n=458) 

Urine 

(n=144) 

Blood 

(n=38) 

Bronchial 

washing (n=18) 

Catheter 
tips (n=17) 

Discharge 

Fluids (n=9) 
Tissue 

(n=6) 

Stool 

(n=1) 

Others* 

(n=16) 
Vaginal 

(n=11) 

Cervical 

(n=11) 
Pus (n=5) 

Sex (M/F) ** Age range (53.5/46.5) (44.4/55.6) (57.9/42.1) (50.0/50.0) (52.9/47.1) (0/100) (0/100) (60.0/40.0) (77.8/22.2) (16.7/83.3) (100/0) (81.3/18.7) 

Age 

0–9 - - 4 (10.5) - 1 (5.9) - - - - - 1 (100.0) 7 (43.8) 13 (1.8) 

10–19 2 (0.4) 9 (6.3) 1 (2.6) - 1 (5.9) - 1 (9.1) - 1 (11.1) - - 3 (18.8) 18 (2.5) 

20–29 5 (1.1) 2 (1.4) 1 (2.6) - - 2 (18.2) 1 (9.1) - 1 (11.1) - - - 12 (1.6) 

30–39 19 (4.1) 8 (5.6) 2 (5.3) 1 (5.6) - 5 (45.5) 3 (27.3) - 2 (22.2) 1 (16.7) - - 41 (5.6) 

40–49 33 (7.2) 9 (6.3) 4 (10.5) 1 (5.6) 1 (5.9) 4 (36.4) 5 (45.5) - - 2 (33.3) - - 59 (8.0) 

50–59 64 (14.0) 21 (14.6) 7 (18.4) 2 (11.1) 1 (5.9) - 1 (9.1) - - 2 (33.3) - 1 (6.3) 99 (13.5) 

60–69 82 (17.9) 32 (22.2) 8 (21.1) 3 (16.7) 4 (23.5) - - 2 (40.0) 3 (33.3) 1 (16.7) - 1 (6.3) 136 (18.5) 

70–79 157 (34.3) 44 (30.6) 6 (15.8) 7 (38.9) 5 (29.4) - - 2 (40.0) 2 (22.2) - - 1 (6.3) 226 (30.8) 

80–89 90 (19.7) 17 (11.8) 4 (10.5) 4 (22.2) 4 (23.5) - - 1 (20.0) - - - 2 (12.5) 120 (16.3) 

90–99 6 (1.3) 2 (1.4) 1 (2.6) - - - - - - - - 1 (6.3) 10 (1.4) 
 

* Others: ear, eye, and oral cavity swab. 
**
 M: Male, F: Female. 

 
 
 

number of patients suspected to be infected with 
yeast-like fungi was the highest among those 70 
to 79 years old. 
 
 

Characterization of clinical samples collected 
from the patients 
 

Seven-hundred and thirty-four clinical samples 
among samples collected from 715 selected 
patients were positive to isolate yeast-like fungi. 
The isolation frequency of pathogenic yeast-like 
fungal isolates was similar in females (n=357, 
48.6%) and in males (n=377, 51.4%) among the 
clinical samples. Additionally, the isolation 
frequency was higher in patients over 60 years of 
age (67.5%) than in younger patients. 

The features of patients and the isolation 
frequency of clinical isolates according to sex, age, 
and type of clinical samples are shown in Table 2. 
The isolation frequencies from sputum, urine, and 

blood samples were 60.4, 20.4, and 5.5% of the 
isolates obtained in this study, respectively. The 
prevalence by sex in sputum samples was slightly 
higher in males (53.5%). The prevalence by age 
in sputum samples was higher in those over 60 
years of age (73.1%) than in younger patients. In 
urine samples, the prevalence by sex was slightly 
higher in females (55.6%). The prevalence by age 
was higher in those over60 years of age 66.0%). 
In blood samples, the prevalence by sex was 
higher in males (57.9%). The prevalence by age 
was higher in those over 50 years of age (68.4%), 
followed by those under 10 years (10.5%). 
 
 

Identification of yeast-like fungal isolates 
 

A total of 744 pathogenic yeast-like fungi were 
isolated from 734 various clinical samples from 
April 2011 and March 2013. The isolated 
pathogens were identified and classified using a  

Vitek2
®
 yeast identification card. And all 

identification results were confirmed by molecular 
genotyping. Candida spp. and non-Candida spp. 
were identified in 731 and 13 isolates, respectively. 
The isolation frequency of C. albicans (n=476, 
65.1%) is the highest in Candida spp. 
Trichosporon asahii (n=7, 53.8%) is the highest in 
non-Candida spp. The distribution of species was 
as follows: C. albicans, 476 (64.0%) isolates; C. 
tropicalis, 135 (18.1%) isolates; C. glabrata, 64 
(8.6%) isolates; C. parapsilosis, 37 (5.0%) isolates; 
other Candida species (not alblcans), 8 (1.1%) 
isolates; T. asahii, 7 (0.9%) isolates; Candida 
krusei (C. krusei), 5 (0.7%) isolates; Candida 
famata (C. famata), Candida norvegensis (C. 
norvegensis), and Geotrichum capitata (G. 
capitata), 2 (0.3%) isolates each; and Candida 
labica (C. labica), Candida guilliermondii (C. 
guilliermondii),  Saccharomyces  cerevisiae  (S. 
cerevisiae),    Thrichosporon    mucoides   (T.  
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Figure 1. Distribution of pathogenic yeast-like fungal isolates from various 
clinical samples in Busan. * Other Candida spp.: C. labica, C. norvegensis, 
C. guilliermondii, C. famata, and other Candida spp. (non-albicans). ** 
Other yeast-like fungal isolates: G. capitata, S. cerevisiae, T. mucoides, K. 
ohmeri, and other Trichosporon spp. 

 
 
 
mucoides), Trichosporon species, and Kodamaea ohmeri 
(K. ohmeri), 1 (0.1%) isolate each. The distribution of 
pathogenic yeast-like fungal isolates from patients is 
shown in Figure 1. 
 
 
Isolation frequency and characterization of yeast-like 
fungal isolates by clinical sample 
 
Among 731 Candida spp. isolates, C. albicans accounted 
for 65.1% (n=476), whereas non-albicans Candida spp. 
accounted for 34.9% (n=255), represented mainly by C. 
tropicalis 18.5% (n=135) and C. glabrata 8.8% (n=64). 
The distribution of Candida spp. by sample is shown in 
Table 3. C. albicans was most frequently isolated in 
almost all clinical samples, except urine samples. In urine 
samples, C. tropicalis (47.6%) was most frequently 
isolated. Sputum was the most common clinical sample 
for the isolation of Candida spp., accounting for 62.0% of 
the total clinical isolates. C. albicans was most frequently 
isolated from sputum samples (79.4%). The distribution 
of non-albicans species from sputum was as follows: C. 
tropicalis, 10.4%; C. glabrata, 4.9%; C. parapsilosis, 
0.7%; C. krusei, 0.7%. In stool samples, Candida species 
and other yeast-like fungi were not isolated. 

The distribution of non-Candida isolated according 
toclinical samples is shown in Table 4. Non-Candida 
species were slightly isolated from clinical samples. Urine 
samples were the most common clinical samples (53.8%) 

for the isolation of non-Candida spp., followed by sputum 
(30.8%), blood (7.7%), and tissue samples (7.7%). 
Among the 13 non-Candida isolates, Trichosporon 
species isolates accounted for 69.2% (n=9), represented 
mainly by T. asahii 53.8% (n=7), whereas non-
Trichosporon species accounted for 30.8% (n=4). In 
particular, T. asahii (n=6, 85.7%) was most frequently 
isolated from urine samples. 
 
 
Isolation frequency and characterization of yeast-like 
fungal isolates by age and sex 
 
The most frequently isolated Candida species were C. 
albicans (n=233, 64.5%), C. tropicalis (n=73, 20.2%), and 
C. glabrata (n=34, 9.4%) in female samples. In male 
samples, major Candida species were C. albicans (n=243, 
65.7%), C. tropicalis (n=62, 16.8%), and C. glabrata 
(n=30, 8.1%). The isolation frequency of major Candida 
species between females and males was similar.  

C. parapsilosis was most frequently isolated from under 
9-year-old children (66.7%). C. albicans and C. tropicalis 
were frequently isolated in over 10-year-old patients 
(Table 5). The isolation frequency of Candida spp. 
including C. albicans was the highest in over 70-year-old 
patients. Various Candida spp. (over six species) were 
isolated in over 60-year-old patients. 

Thirteen non-Candida spp. isolates were most 
frequently found in males (n=11, 84.6%). T. asahii  was  
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Table 3. The distribution of Candida species isolates by clinical sample type. 
 

        Isolates                                                                 

Sample type 

Candida species n (%) 
Total (%) 

albicans tropicalis glabrata parapsilosis krusei famata norvegensis labica guilliermondii Other Candida spp. 

Sputum 378 (83.4) 47 (10.4) 22 (4.9) 3 (0.7) 3 (0.7) - - - - - 453 (62.0) 

Urine 34 (23.4) 69 (47.6) 30 (20.7) 7 (4.8) - 2 (1.4) - - - 3 (2.1) 145 (19.8) 

Blood 14 (35.0) 8 (20.0) 2 (5.0) 13 (32.5) 1 (2.5) - 1 (2.5) - 1 (2.5) - 40 (5.5) 

Bronchial washing 14 (77.8) 4 (22.2) - - - - - - - - 18 (2.5) 

Catheter tips 5 (27.8) 4 (22.2) 4 (22.2) 5 (27.8) - - - - - - 18 (2.5) 

Vaginal discharge 8 (72.7) 1 (9.1) 2 (18.2) - - - - - - - 11 (1.5) 

Cervical discharge 9 (81.8) - 1 (9.1) - - - - 1 (9.1) - - 11 (1.5) 

Pus discharge 3 (60.0) - - 2 (40.0) - - - - - - 5 (0.7) 

Fluids 5 (55.6) 1 (11.1) 3 (33.3) - - - - - - - 9 (1.2) 

Tissue 1 (20.0) - - 2 (40.0) 1 (20.0) - - - - 1 (20.0) 5 (0.7) 

Stool - - - - - - - - - - - 

Other clinical samples 5 (31.3) 1 (6.3) - 5 (31.3) - - 1 (6.3) - - 4 (25.0) 16 (2.2) 

Total (%) 476 (65.1) 135 (18.5) 64 (8.8) 37 (5.1) 5 (0.7) 2 (0.3) 2 (0.3) 1 (0.1) 1 (0.1) 8 (1.1) 731 (100.0) 

 
 
 
Table 4. The distribution of non-Candida species isolates by clinical sample type. 
 

         Isolates 

Sample type 

Non-Candida species n (%) 
Total (%) 

T. asahii G. capitata S. cerevisiae T. mucoides Other Trichosporon spp. K. ohmeri 

Sputum - 2 (50.0) 1 (25.0) - - 1 (25.0) 4 (30.8) 

Urine 6 (85.7) - - - 1 (14.3) - 7 (53.8) 

Blood 1 (100.0) - - - - - 1 (7.7) 

Bronchial washing - - - - - - - 

Catheter tips - - - - - - - 

Vaginal discharge - - - - - - - 

Cervical discharge - - - - - - - 

Pus discharge - - - - - - - 

Fluids - - - - - - - 

Tissue - - - 1 (100.0) - - 1 (7.7) 

Stool - - - - - - - 

Other clinical samples - - - - - - - 

Total (%) 7 (53.8) 2 (15.4) 1 (7.7) 1 (7.7) 1 (7.7) 1 (7.7) 13 (100.0) 

 

 
 
most frequently isolated in males (n=6, 85.7%). In 
addition, among the 12 non-Candida species (92.3%) 
isolated from older patients (age range 50 to 89 years) 
(Table 6), the isolation frequency of non-Candida spp. by 
sex was higher in males than in females. In particular, the 
isolation frequency of T. asahii was the highest in male 
patients (54.5%). Non-Candida spp. was mainly isolated 
in over 50-year-old patients (92.3%). Both Candida spp. 
and non-Candida spp. were the most frequently isolated 
in those between 70 and 79 years old. Furthermore, non-
Candida spp. was rarely isolated in those less than 49 
years old (Figure 2). 
 
 
Distribution of co-infected bacterial isolates 
 
The distribution of pathogenic co-infected bacterial 
isolates from identical samples is shown in Figure 3. 
One-hundred seventy-six clinical isolates of bacteria were 

isolated and identified. The 12 major co-infected bacteria 
species were as follows: Staphlyococcus aureus (S. 
aureus), 27 (15.3%) isolates; Klebsiella pneumoniae (Kl. 
pneumoniae), 18 (10.2%) isolates; Enterococcus 
faecium(E. faecium), 16 (9.1%) isolates; 
Stenotrophomonas maltophilia (St. maltophilia), 16 (9.1%) 
isolates; Enterococcus faecalis (E. faecalis), 13 (7.4%) 
isolates; Acinetobacter baumannii (A. baumannii), 9 
(5.1%) isolates; Streptococcus epidermidis (Str. 
epidermidis), 8 (4.5%) isolates; Enterobacter cloacae (E. 
cloacae), 

Escherichia coli (Es. coli), and Stomatococcus 
mucilaginosus (Sto. mucilaginosus), 7 (4.0%) isolates 
each; Streptococcus haemolyticus (Str. haemolyticus), 
and Pseudomonas aeruginosa (Ps. aeruginosa), 6 (3.4%) 
isolates each. The distribution of 176 bacterial isolates 
infected with yeast-like fungal isolates is shown in Tables 
7 and 8. One hundred and forty-four bacteria (82.9%) 
among 176 isolates were isolated from clinical  samples
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Table 5. The distribution of Candida species isolates by sex and age. 
 

Sex or age group 
Candida species n (%) 

Total 
albicans tropicalis glabrata parapsilosis krusei famata norvegensis labica guilliermondii Other Candida spp. 

Female 233 (48.9) 73 (54.1) 34 (53.1) 16 (43.2) 2 (40.0) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 2 (25.0) 361 

Male 243 (51.1) 62 (45.9) 30 (46.9) 21 (56.8) 3 (60.0) 2 (100.0) 2 (100.0) 0 (0.0) 1 (100.0) 6 (75.0) 370 

0–9 - - - 8 (21.6) - - - - - 4 (50.0) 12 

10–19 9 (1.9) 9 (6.7) - - - - - - - - 18 

20–29 10 (2.1) - 1 (1.6) - - - - - - - 11 

30–39 30 (6.3) 6 (4.4) 3 (4.7) 1 (2.7) 1 (20.0) - - - - - 41 

40–49 41 (8.6) 9 (6.7) 5 (7.8) 4 (10.8) - - - 1 (100.0) - 1 (12.5) 61 

50–59 61 (12.8) 17 (12.6) 9 (14.1) 8 (21.6) - - - - - - 95 

60–69 87 (18.3) 28 (20.7) 9 (14.1) 6 (16.2) 3 (60.0) - - - - 1 (12.5) 134 

70–79 153 (32.1) 38 (28.1) 24 (37.5) 5 (13.5) - 1 (50.0) 2 (100.0) - 1 (100.0) - 224 

80–89 83 (17.4) 23 (17.0) 12 (18.8) 5 (13.5) 1 (20.0) 1 (50.0) - - - 2 (25.0) 127 

90–99 2 (0.4) 5 (3.7) 1 (1.6) - - - - - - - 8 

 
 
 

Table 6. The distribution of non-Candida species isolates by sex and age. 
 

Sex or age group 
Non-Candida species n (%) 

Total 
T. asahii G. capitata S. cerevisiae T. mucoides Trichosporon spp. K. ohmeri 

Female 1 (14.3) 0 (0.0) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 2 

Male 6 (85.7) 2 (100.0) 1 (100.0) 0 (0.0) 1 (100.0) 1 (100.0) 11 

0-9 - - - - - - - 

10–19 - - - - - - - 

20–29 1 (14.3) - - - - - 1 

30–39 - - - - - - - 

40–49 - - - - - - - 

50–59 1 (14.3) 1 (50.0) - 1 (100.0) - - 3 

60–69 3 (42.9) - - - - - 3 

70–79 2 (28.6) - 1 (100.0) - 1 (100.0) 1 (100.0) 5 

80–89 - 1 (50.0) - - - - 1 

90–99 - - - - - - 0 

 
 
infected with C. albicans. Two major clinical 
bacterial isolates, S. aureus (n=24, 16.4%) and Kl. 
pneumoniae (n=16, 11.0%), were commonly 

isolated from patients infected with C. albicans 
(Table 7). Only 13 bacteria were isolated with C. 
tropicalis (n=23, 13.1%), C. glabrata  (n=5, 2.8%), 

and C. norvegenesis (n=2, 1.1%). St. maltophilia 
(n=5, 21.7%) was highest in the clinical samples 
infected  with  C.  tropicalis.  In  addition, only
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Figure 2. Distribution of Candida and non-Candida spp. isolates by age. (A) Distribution of Candida spp. isolates by age (B) 
Distribution of non-Candida spp. isolates by age. 

 
 
 

 
 

Figure 3. Distribution of pathogenic co-infected bacterial isolates from various clinical 
samples in Busan. * Other spp.: Pseudomonas putida (Ps. putida), Acinetobacter 
xylosoxidans (A. xylosoxidans), Streptococcus agalactiae (Str. agalactiae), Pseudomonas 
fluorescens (Ps. fluorescens), Ranella aquatilis (R. aquatilis), Klebsiella oxytoca (Kl. oxytoca), 
Seratia marcescens (Ser. marcescens), Enterobacter asburiae (En. asburiae), Acinetobacter 
lwoffi (A. lwoffi), Streptococcus pneumoniae (Str. pneumoniae), Citrobacter freundii (C. 
freundii), Chryseobacterium indologenes (Ch. indologenes), Enterobacter aerogenes (En. 
aerogenes), Raoultella planticola (Ra. planticola), Pontoea spp., Corynebacterium spp., and 
Streptococcus spp. 

 
 
 
E. faecalis (n=2, 100.0%) was isolated from clinical 
samples infected with C. norvegensis (Table 8). 
Interestingly, there were no bacterial isolates from clinical 
samples infected with non-Candida spp. 

The isolation frequency of co-infected bacteria by Gram 
stain was similar for Gram positive (n=85, 48.3%) and 
Gram negative (n=91, 51.7%). The frequently isolated 
Gram-positive  co-infected  bacteria  were  S. aureus 
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Table 7. The distribution of pathogenic bacterial isolates infected with C. albicans. 
 

Yeast-like fungi (n) Co-infected bacteria No. of case (%) 

C. albicans (n=146) 

S. aureus 24 (16.4) 

Kl. pneumoniae 16 (11.0) 

St. maltophilia 11 (7.5) 

E. faecium 11 (7.5) 

A. baumannii 9 (6.2) 

E. faecalis 8 (5.5) 

Str. epidermidis 6 (4.1) 

Str. haemolyticus 6 (4.1) 

Es. coli 6 (4.1) 

En. cloacae 6 (4.1) 

Sto. mucilaginosus 6 (4.1) 

Ps. aeruginosa 5 (3.4) 

En. aerogenes 4 (2.7) 

Ch. indologenes 4 (2.7) 

C. freundii 4 (2.7) 

Pantoea spp. 3 (2.1) 

Ser. marcescens 2 (1.4) 

En. asburiae 2 (1.4) 

A. lwoffi 2 (1.4) 

Str. pneumoniae 2 (1.4) 

Streptococcus spp. 2 (1.4) 

Kl. oxytoca 1 (0.7) 

R. aquatilis 1 (0.7) 

Ra. planticola 1 (0.7) 

Corynebacterium spp. 1 (0.7) 

Ps. fluorescens 1 (0.7) 

Str. agalatiae 1 (0.7) 

A. xylosoxidans 1 (0.7) 

  

Total 146 (100.0) 
 
 
 

(31.8%), E. faecalis (18.8%) and E. faecium (15.3%). The 
frequently isolated Gram-negative co-infected bacteria 
were Kl. pneumoniae (19.8%), St. maltophilia (17.6%), 
and A. baumannii (9.9%) (Table 9). 
 
 
DISCUSSION 
 
In the last few decades, numerous investigations into the 
occurrence frequency of severe infections caused by 
pathogenic yeast-like fungi have been reported (Pfaller et 
al., 2007; Miceli et al., 2011). In particular, the incidence 
and seriousness of invasive infections due to pathogenic 
yeast-like fungi have increased in hospitalized patients 
(Miceli et al., 2011). C. albicans is known as the most 
common cause of invasive fungal infections in hospitals. 
However, the growing number of new infections from 
non-albicans Candida species and other yeast-like fungi 
species is increasingly recognized as an important cause 
of fungal infection (Samaranayake and  Samaranayake, 

1994: Chae et al., 2003: Girmenia et al., 2006; Jandric et 
al., 2011). Because of the lack of epidemiological data in 
the researchers’ district about the trends and 
characteristics of clinical yeast-like fungi and co-infected 
bacterial species distribution, the isolation frequency and 
characteristics of pathogenic isolates were investigated.  
The study’s data provides a considerable amount of 
important epidemiological information of pathogenic 
yeast-like fungi in Korea. In this study, 734 clinical 
samples were collected from 715 patients, and 744 
yeast-like fungi and 176 co-infected bacteria were 
isolated from clinical samples. Thirty-one (blood (n=10), 
urine (n=6), sputum (n=6), catheter tips (n=6), tissue 
(n=1), cervical discharge (n=1), and other fluid samples 
(n=1)) among 734 clinical samples were collected from 
12 patients. The prevalence of pathogenic yeast-like 
fungus isolates was similar in females (48.6%) and in 
males (51.4%), and the isolation frequency was higher in 
patients over 60 years of age (67.5%) than in younger 
patients (Tables 1 and 2). The occurrence of disease due  



16          J. Yeast Fungal Res. 
 
 
 

Table 8. The distribution of pathogenic bacterial isolates infected with non-albicans 
species. 
 

Yeast-like fungi (n) Co-infected bacteria No. of case (%) 

C. tropicalis (n=23) 

St. maltophilia 5 (21.7) 

E. faecium 4 (17.4) 

S. aureus 3 (13.0) 

E. faecalis 3 (13.0) 

Str. pneumoniae 2 (8.7) 

Kl. pneumoniae 2 (8.7) 

Str. epidermidis 1 (4.3) 

Es. coli 1 (4.3) 

En. cloacae 1 (4.3) 

Ps. aeruginosa 1 (4.3) 

   

C. glabrata (n=5) 

Str. epidermidis 1 (20.0) 

E. faecium 1 (20.0) 

St. mucilaginosus 1 (20.0) 

C. freundii 1 (20.0) 

Ps. putida 1 (20.0) 

   

C. norvegensis (n=2) E. faecalis 2 (100.0) 

  

Total 30 

 
 
 

Table 9. The isolation frequency of co-infected bacteria with 
yeast-like fungi by Gram stain. 
 

Co-infected bacteria Isolation frequency (n, %) 

Gram positive (n=85) 

S. aureus 27 (31.8) 

E. faecalis 16 (18.8) 

E. faecium 13 (15.3) 

Str. epidermidis 8 (9.4) 

Sto. mucilaginosus 7 (8.2) 

Str. haemolyticus 6 (7.1) 

Str. pneumoniae 4 (4.7) 

Streptococcus spp. 2 (2.4) 

Str. agalatiae 1 (1.2) 

Corynebacterium spp. 1 (1.2) 

  

Gram negative (n=91) 

Kl. pneumoniae 18 (19.8) 

St. maltophilia 16 (17.6) 

A. baumannii 9 (9.9) 

Es. coli 7 (7.7) 

En. cloacae 7 (7.7) 

Ps. aeruginosa 6 (6.6) 

En. aerogenes 4 (4.4) 

Pantoea spp. 4 (4.4) 

Ch. indologenes 4 (4.4) 

C. freundii 4 (4.4) 

Ser. marcescens 2 (2.2) 
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Table 9. Contd. 
 

En. asburiae 2 (2.2) 

A. lwoffi 2 (2.2) 

Kl. oxytoca 1 (1.1) 

R. aquatilits 1 (1.1) 

Ra. planticola 1 (1.1) 

Ps. fluorescens 1 (1.1) 

A. xylosoxidans 1 (1.1) 

Ps. putida 1 (1.1) 
 
 
 

  
to pathogenic yeast-like fungi depends on age, but not 
sex. 

According to the ARTEMIS database, C. albicans (63 
to 70%) was the most common fungal pathogen, followed 
by C. glabrata (10 to 11%), C. tropicalis (5 to 7%), and C. 
parapsilosis (4 to 6%) (Pfaller et al., 2007). However, the 
data here show the different species’ distributions. 
Although C. albicans (64.2%) isolates were the most 
common Candida species, C. tropicalis (18.2%) and C. 
glabrata (8.6%) isolates were the second and third most 
common Candida species, respectively (Figure 1). In 
addition, according to the ARTEMIS database, C. 
neoformans (31.2%) was the most common non-Candida 
species, followed by S. cerevisiae (9.6%), T. asahii 
(6.7%), and Rhodotorula spp. (3.6%) (Pfaller et al., 2007). 
However, C. neoformans and Rhodotorula species were 
not isolated, and T. asahii (53.8%) was the most common 
non-Candida species in this study. The isolation 
frequency of clinical isolates was also confirmed 
according to the type of clinical samples. As a result, the 
isolation frequency of C. albicans was highest in most 
clinical samples, except urine samples. In urine samples, 
C. tropicalis (n=69, 47.6%) was the most common 
Candida species, followed by C. albicans (n=34, 23.4%) 
and C. glabrata (n=30, 20.7%). In blood samples, C. 
parapsilosis (n=13, 32.5%) and C. tropicalis (n=8, 20.0%) 
were the second and third most common Candida 
species, respectively. In addition, over two yeast-like 
fungal species were isolated from 15 clinical samples 
(urine (n=9), blood (n=4), and other samples (n=2)). Co-
infection with C. albicans (n=10) was most frequent in the 
clinical samples that are co-infected with other yeast-like 
fungi. Co-infection with C. albicans and C. tropicalis were 
most frequently detected in the urine samples (n=6, 
60.0%). These results show that the isolation frequency 
of pathogenic yeast-like fungal species varies by 
geographical, institutional differences, and types of 
clinical samples. 

One hundred and seventy-six co-infected bacteria were 
isolated from patients. S. aureus (n=24, 16.4%) and Kl. 
pneumoniae (n=16, 11.0%) were the most isolated 
frequently species from clinical samples infected with C. 
albicans (Table 7). Interestingly, multiple drug resistant 
(MDR) bacteria species (n=22, 15.1%) were isolated with 

C. albicans. In particular, among 24 S. aureus, 19 clinical 
isolates (79.2%) were methicillin-resistant S. aureus 
(MRSA). In addition, Es. coli (n=2, 28.6%) and Kl. 
pneumoniae (n=1, 6.25%) isolates were extended-
spectrum beta-lactamase (ESBL) producing bacteria 
(data not shown). These MDR bacteria were isolated only 
in the clinical samples infected with C. albicans. Due to 
the diagnosis of co-infection and information being limited 
to laboratory criteria, the choice and effect of drug 
therapy was not determined. Therefore, future studies are 
needed. 
 
 

Conclusion 
 

C. albicans was found to be the predominant pathogen in 
patients, and non-albicans Candida species and other 
yeast-like fungal isolates have been emerging as key 
pathogens. Furthermore, MRSA (15.3%) and ESBL-Kl. 
pneumoniae are the predominant bacteria to co-infect 
with C. albicans. Therefore, continuous monitoring of co-
infection is necessary to commence immediate treatment 
of cases infected with yeast-like fungi. 
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