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A b s t r a c t

Candidemia is a major cause of nosocomial infections resulting in increased 
morbidity and mortality. It remains a serious risk in inpatients and increases 
medical treatment costs. From 2009 to 2018, Candida strains (3,533) isolated 
from blood culture tests at the S Hospital were analyzed according to the 
period, year, sex, age, ward, etc. During the entire period, 54,739 of 717,996 
blood culture tests showed a positive rate (7.6%) and the Candida isolation rate 
was 3,533 (6.4%) out of the positive blood culture tests. Among the Candida 
isolates, C. albicans was the most common (33.8%), followed by C. tropicalis 
(28.6%), C. glabrata (19.8%), C. parapsilosis (7.8%), and C. krusei (4.0%). 
In early (2009–2013) or late (2014–2018) isolation, C. tropicalis decreased 
by 3.8% and C. glabrata increased by 3.4%. The isolation frequency became 
higher in patients aged above 50, C. parapsilosis (31.3%) in age 1–10, C. 
tropicalis (30.3%) and C. glabrata (27.6%) in age 41–50, and C. tropicalis 
(28.6%) in age > 80 are relatively frequent. Most species had been isolated from 
males, except for C. krusei, which was isolated in a relatively high proportion 
from females (60.9%). Therefore, a systematic and continuous nosocomial 
infection control system should be established for appropriate treatment as per 
antifungal treatment guidelines. The system should continuously monitor the 
distribution of Candida species and provide rapid identification results.
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1. Introduction
B l o o d s t r e a m  i n f e c t i o n s  ( B S I s )  c a u s e d  b y 
microorganisms, including bacteria, fungi, viruses, and 
parasites, frequently lead to sepsis and septic shock 
in patients requiring admission to intensive care units 
(ICUs) [1,2]. BSI represents a global public health concern. 
Studies from European and North American countries 
estimate that BSI causes over 2 million cases and 
250,000 fatalities each year, with a mortality rate ranging 
from 13% to 30% [3]. Candida-related candidemia and 
invasive candidiasis are among the leading causes of 
BSI, posing significant risks to hospitalized patients 
and increasing healthcare expenses as the major causes 
of morbidity and mortality [4]. Candida species (spp.) 
are responsible for over 90% of all fungal BSIs [5]. In 
the United States, BSIs caused by Candida spp. are 
ranked fourth, while in Europe, it is ranked seventh. 
It is also the third leading cause of late-onset sepsis in 
neonates [6]. Candida species are commonly isolated 
from patients who have been hospitalized due to fungal 
bloodstream infections [7]. Hospital-based studies have 
indicated that the global incidence of Candida BSI 
ranges between 0.3% and 5% per 1,000 hospitalized 
patients [8]. In Korea, the occurrence rate varies depending 
on the geographic location and time of investigations, 
with a recent study having reported that bloodstream 
infections caused by fungi accounted for 6.8% [9]. In 
ICU settings, patients infected with Candida spp. in the 
bloodstream have elevated mortality rates and longer 
hospital stays than those infected with Gram-positive and 
Gram-negative bacteria [10]. Despite significant therapeutic 
efforts, candidemia still bears approximately 60% overall 
mortality rate [11]. 

Among fungi, Candida albicans has been the 
leading causative agent of BSI for a considerable 
time [12]. Nonetheless, non-albicans Candida species, 
including Candida glabrata, Candida krusei, Candida 
parapsilosis, and Candida tropicalis, have become 
increasingly prevalent and are causing infections more 

frequently [13]. In a study conducted by Diekema et 
al. [14], which compared the four-year period before 
and after the introduction of echinocandins and 
fluconazole, it was observed that the proportion of C. 
albicans bloodstream infection decreased marginally 
from 61% to 60%. However, after the commencement 
of echinocandins and fluconazole administration, C. 
albicans incidence further decreased. Another study 
examining the usage of echinocandins and fluconazole 
found that the prevalence of C. parapsilosis and 
C. glabrata rose from 0% to 16%, indicating that
extensive use of antifungal agents played a role in
the change of the distribution of Candida species in
BSI [15]. This is consistent with the aforementioned
study. The causative agents of invasive candidiasis,
including candidemia, are various species of Candida.
The distribution and susceptibility to antimicrobials
of Candida species should be considered. Variations
in antifungal resistance rates can differ among
institutions, regions, and countries, and these disparities
have been linked to factors such as previous exposure
to azole agents, artificial implants, cancer surgery,
total parenteral nutrition (TPN), bacterial sepsis,
female gender, leukocytosis, and immunosuppressive
drugs [16]. They are believed to stem from differences
in antifungal usage and infection control policies
across hospitals and regions. Hence, epidemiological
investigations of bloodstream infections caused by
fungi, coupled with routine evaluations of species
distribution and susceptibility to antimicrobials, are
indispensable for devising suitable diagnostic and
therapeutic strategies. Such probes are significant not
only in comprehending the epidemiology of fungal
infections but also in establishing treatment policies
regarding suspected fungal infections. The aim of this
study was to examine the incidence of fungal species
isolation in blood cultures to obtain relevant data that
can be used for diagnosis, prognosis, and treatment of
patients suffering from bacteremia caused by fungi.
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2. Materials and methods
2.1. Study subjects
This retrospective study focuses on clinical strains, 
isolated through blood culture from patients referred 
for diagnosis of bloodstream infections at Samsung 
Medical Centre. The tertiary care hospital, located 
in Seoul, South Korea has a capacity of 1,979 beds. 
The data from this study covers a 10-year period from 
January 2009 to December 2018, and was obtained 
using electronic medical record (EMR) results after 
fungal identification and antimicrobial susceptibility 
testing as part of routine patient care. This study was 
conducted under an exemption from review (SMC 
2019-07-74).

2.2. Research methods
(1) Blood culture

The BACT/ALERT 3D system (bioMerieux,
Marcy l’Etoile, France) was used to culture
a total of 717,996 specimens from inpatients
and outpatients with clinically suspected
bacteremia. 6–10 mL of blood were drawn,
with 3–10 mL respectively being placed into
aerobic (bioMerieux Plus Aerobic/F medium)
and anaerobic (bioMerieux Plus Anaerobic/F
medium or bioMerieux Peds Plus/F medium)
culture bottles. The bottles were then incubated
at a temperature ranging from 35°C to 37°C
to ascertain the levels of CO2 produced by the
microorganisms present within the BACT/
ALERT 3D system. The quantity of CO2

produced by the microorganisms during
their growth is assessed every 10 minutes by
the LED sensor system, which illuminates
and measures the color change from blue to
yellow when positive, and kept incubated for
5 days until the determination of a positive
result. The blood culture bottles that tested
positive were Gram-stained and subcultured
by extracting a portion of the culture fluid,

appropriately streaking on blood agar plates 
(BAP) (SHINYANG Diagnostics, Seoul, 
Korea) ,  MacConkey agar  (KORMED, 
S e o n g n a m ,  K o r e a ) ,  c h o c o l a t e  a g a r 
(KORMED), and brucella agar (KORMED) 
using aseptic techniques. Subsequently, 
the plates were incubated in a 35°C CO2 
incubator for 18–24 hours (Thermo Fisher 
Scientific, Massachusetts, USA). Brucella 
agar was incubated in an anaerobic chamber 
(BACTRON, Sheldon Manufacturing Inc, OR, 
USA) for 48 hours.

(2) Fungal identification
Fungal identification was carried out using the
VITEK 2 system YST ID card (bioMerieux,
Marcy l’Etoile, France) from 2009 to 2015.
The broth was prepared in 0.45% sterile saline
with a turbidity (McFarland) of 1.8–2.2. Then,
the YST card was inserted into the olivine
tube in the smart carrier system (scs), patient
information was entered, and the cassette was
lifted and loaded into the VITEK 2. The results
were read the next day. Standard strains of C.
parapsilosis ATCC 22019 and C. krusei ATCC
6258 were utilized as sensitivity controls
for every test, according to the Clinical
and Laboratory Standards Institute (CLSI)
guidelines. VITEK MS (bioMerieux, Marcy
l’Etoile, France) was employed from 2016
until 2018, with VITEK MS-DS target slides
prepared and calibrated utilizing Escherichia
coli ATCC 8739, located at a centered QC
spot. Sterile 1 μL loops were used to harvest
colonies of 18–24 hour-old bacteria, which
were then applied as a thin layer to the center
of a spot on an MS-DS slide. 0.5 μL VITEK®
MS-FA (formic acid) was added to the spot via
pipette, and the FA was allowed to evaporate
for 1–3 minutes to increase efficiency of
extraction. Subsequently, 1 μL of VITEK®
MS-CHCA (α-cyano-4-hydroxycinnamic acid)
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matrix was pipetted onto the center of the spot, 
and the MS-DS slide spot was left to air dry. 
After 5 minutes, the MS-DS slide was checked 
for any “crystal formation” that may have 
formed a yellowish film. The VITEK® MS 
instrument was used to examine the prepared 
sample slide. After the slide was loaded into 
the equipment, it was then placed under high 
vacuum conditions. The sample underwent 
ionization by a laser beam and the resulting 
protein “cloud” was emitted. The proteins 
were then accelerated using an electric charge 
and the time of flight of both light and heavy 
proteins was recorded. After being detected 
by a sensor, the protein components of each 
sample were spectroscopically analyzed. 
The resulting spectra were compared with 
a thoroughly analyzed database of Candida 
spp. To identify the species, genus, and 
family, we conducted the standard strain C. 
glabrata ATCC 2950 test in line with the CLSI 
guideline and the manufacturer’s instructions.

3. Result
Over a ten-year period from 2009 to 2018, there were 
a total of 717,996 blood culture referrals, out of which 
54,739 tested positive, indicating a positivity rate of 
7.6% (Table 1). Out of all the culture-positive cases, 

3,693 were identified as fungal, and the isolation rate 
was estimated to be 6.6%. Candida accounted for 3,533 
fungal positives, excluding mold and Cryptococcus, 
with an isolation rate of 6.4%. The number of Candida 
cases identified and categorized by patients, eliminating 
duplicates, was 1,036.

Candida albicans represented 33.8% of the 
isolates, with 350 isolates identified from 1,053 
patients, succeeded by Candida tropicalis which had 
296 isolates (28.6%) from 1,126 patients, followed 
by Candida glabrata with 205 isolates (19.8%) from 
587 patients. Candida parapsilosis was detected in 81 
(7.8%) of 390 patients, followed by Candida krusei in 
41 (4.0%) of 183 patients. Other species of Candida 
were discovered in 17 (2.5%) of 70 patients, while 
unidentified yeast-like organisms (UIYLO) were found 
in 37 (3.6%) of 126 patients (Table 2 and Figure 1).

 Table 3 and Figure 2 present a comparison of 
the Candida spp. isolation frequency split into early 
(2009–2013) and late (2014–2018) five-year periods. 
During the early period, 1,733 Candida spp. were 
isolated from 485 patients, whereas for the latter 
period, 1,800 Candida spp. were isolated from 551 
patients. C. albicans was the most common causative 
agent of candidemia during the early period as it was 
responsible for 164 cases (33.9%). Subsequently, C. 
tropicalis had 149 cases (30.6%), C. glabrata had 87 
cases (18.0%), C. parapsilosis had 40 cases (8.3%), and 

Table 1. Numerical data positive rate on bacteria and fungi that were isolated from blood cultures in 2009–2018

Year Number of blood culture Number of positive vials (%) Number of fungal positive vials (%) Number of fungal positive patients

2009 66,980 4,967 (7.4) 271 (5.5) 76

2010 66,142 4,508 (6.8) 281 (6.2) 83

2011 65,731 4,654 (7.1) 310 (6.7) 98

2012 72,462 5,184 (7.2) 451 (8.7) 100

2013 71,355 5,537 (7.8) 420 (7.6) 128

2014 76,267 5,540 (7.3) 333 (6.0) 114

2015 66,227 4,983 (7.5) 294 (5.9) 94

2016 77,520 6,117 (7.9) 344 (5.6) 97

2017 77,404 6,667 (8.6) 365 (5.5) 122

2018 77,908 6,582 (8.4) 464 (7.0) 124

Total 717,996 54,739 (7.6) 3,533 (6.4) 1,036
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C. krusei had 22 cases (4.5%). During the latter half of
the year, 186 patients had C. albicans strains (33.7%),
accompanied by 147 patients with C. tropicalis strains
(26.8%), 118 patients had C. glabrata strains (21.4%),
41 patients had C. parapsilosis strains (7.4%), and 19
patients had C. krusei strains (3.4%). Notably, there
was no alteration in the relative frequencies of these

strains. Meanwhile, the isolation rate of C. albicans 
remained constant between the first and second halves 
of the year, although C. glabrata saw a 3.4% increase. 
On the contrary, there has been a decline in the 
frequency of isolation of each strain, specifically for C. 
tropicalis (3.8%), C. krusei (1.1%), and C. parapsilosis 
(0.9%).

Table 2. Comparison of the number of specimens and patients by Candida species that were isolated from blood 
cultures in 2009–2018

Organisms
Number positive by years [specimen (positive patients)]

Total %
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

C. albicans 54 (25) 111 (34) 111 (37) 135 (37) 99 (31) 105 (33) 78 (35) 128 (41) 125 (45) 107 (32) 1,053 (350) 29.8 (33.8)

C. tropicalis 137 (30) 95 (27) 98 (25) 122 (28) 155 (39) 134 (34) 89 (26) 66 (20) 68 (28) 162 (39) 1,126 (296) 31.9 (28.6)

C. glabrata 33 (8) 37 (12) 66 (25) 75 (16) 68 (26) 42 (23) 49 (23) 40 (18) 64 (24) 113 (30) 587 (205) 16.6 (19.8)

C. parapsilosis 24 (7) 21 (7) 16 (4) 47 (8) 42 (14) 9 (4) 65 (5) 47 (5) 90 (17) 29 (10) 390 (81) 11.0 (7.8)

C. krusei 19 (4) 14 (1) 6 (2) 42 (5) 39 (10) 8 (5) 4 (2) 5 (2) 10 (3) 36 (7) 183 (41) 5.2 (4.0)

C. lusitaniae 1 (1) 3 (2) 14 (4) 13 (2) 2 (1) 33 (10) 0.9 (1.0)

C. guilliermondii 1 (1) 1 (1) 2 (2) 12 (4) 16 (8) 0.5 (0.8)

C. utilis 8 (1) 3 (1) 11 (2) 0.3 (0.2)

C. dubliniensis 1 (1) 2 (1) 3 (2) 0.1 (0.2)

C. kefyr 1 (1) 1 (1) 2 (2) 0.1 (0.2)

C. pelliculosa 2 (1) 1 (1) 3 (2) 0.1 (0.2)

UIYLO 3 (1) 2 (1) 24 (3) 17 (8) 18 (9) 9 (3) 45 (9) 5 (2) 3 (1) 126 (37) 3.5 (3.5)

Total 271 (76) 281 (83) 310 (98) 451(100) 420(128) 333(114) 294(94) 344 (97) 365(122) 464 
(124) 3,533 (1,036) 100 (100)

Abbreviation: UIYLO, unidentified yeast like organisms

Figure 1. Isolation rate of Candida spp. isolated from blood cultures in 2009–2018
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Isolation rates were determined by age. A total of 
0.6% of isolation occurred in the < 1 year age group 
and 6.5% in the 1–10 age group. A slight increase in the 
isolation rate was observed as the age increased, with 
1.2% in the 11–20 age group, 3.1% in the 21–30 age 
group, 4.9% in the 31–40 age group, and 7.3% in the 
41–50 age group. The highest increase in isolation rates 
was observed in the 51–60 age group, with 16.0%, 
followed by 23.4% in the 61–70 age group and 22.9% 
in the 71–80 age group. The isolation rate ranged from 
1.2% in the 11–20 age group to 23.4% in the 61–70 age 

group, which was the highest among all age groups. 
In the age of under 1 year, two strains of C. albicans, 
C. glabrata, and C. parapsilosis each were isolated.
More specifically, in the age group of 1–30 years, C.
parapsilosis had a higher prevalence rate than the other
age groups at 31.3%, 16.7%, and 18.8%, respectively.
However, C. parapsilosis was not isolated in the 31–50
age group, while the isolation rate of C. glabrata in
this age group was high. As for the > 80-year-old age
group, the isolation rate of C. glabrata was 27.2%,
which was higher than the average of 19.8% (Table 4).

Figure 2. Isolation rate by year of Candida spp. isolated from blood cultures in 2009–2018

Table 3. Distribution of 3,533 Candida species isolated from 1,036 Candidemia patients in 2009–2013 and 2014–
2018 [N (%)]

Organisms
Patients Isolate Total

2009–2013 2014–2018 2009–2013 2014–2018 Patients Isolate

C. albicans 164 (33.9) 186 (33.7) 510 (29.5) 543 (30.7) 350 (33.8) 1,053 (30.1)

C. tropicalis
149 (30.6)

147 (26.8)

607 (35.1)

519 (29.3) 296 (28.6) 1,126 (32.2)

C. glabrata
87 (18.0) 118 (21.4) 279 (16.1)

308 (17.4)
205 (19.8) 587 (16.8)

C. parapsilosis 40 (8.3) 41 (7.4) 150 (8.7) 240 (13.6) 81 (7.8) 390 (11.1)

C. krusei 22 (4.5) 19 (3.4) 120 (6.9) 63 (3.6) 41 (4.0) 183 (5.2)

UIYLO 13 (2.6) 24 (4.4) 46 (2.6) 80 (4.1) 37 (3.6) 126 (3.5)

Others 10 (2.1) 16 (2.9) 21 (1.1) 47 (1.0) 26 (2.4) 68 (1.1)

Total 485 (100) 551 (100) 1,733 (100) 1,800 (100) 1,036 (100) 3,533 (100)

Abbreviation: UIYLO, unidentified yeast like organisms
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Upon gender analysis, the isolation frequency 
was found to be 40.3% in females with 417 cases and 
59.7% in males with 619 cases, with a 19.5% increase 
in male isolation. Most species had been isolated 
from males, except for C. krusei, which had a 60.9% 
isolation rate in females with 25 cases and 39.0% in 
males with 16 cases, resulting in 21.9% higher isolation 
rate in females. C. albicans was isolated from 143 
females (40.9%) and 207 males (59.1%), with a male 

predominance of 18.2%. Similarly, C. tropicalis was 
isolated in 114 females (38.5%) and 182 males (61.5%), 
representing a 23.0% higher incidence in males. 
Furthermore, C. glabrata was detected in 84 females 
(41.0%) and 121 males (59.0%), indicating an 18.0% 
greater prevalence in males, and C. parapsilosis was 
found in 29 females (35.8%) and 52 males (64.2%), 
signifying a 28.4% higher incidence rate in males 
(Table 5).

Table 4. Isolation rate of Candida species by age group of patients [N (%)]

Organisms
Age groups

< 1 1–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 > 80 Total (%)

C. albicans 2 (33.3) 21 (31.3) 4 (33.2) 12 (37.5) 19 (37.3) 21 (27.6) 56 (33.7) 83 (34.3) 80 (33.8) 52 (35.4) 350 (33.8)

C. tropicalis - 8 (11.9) 2 (16.7) 6 (18.8) 15 (29.4) 23 (30.3) 51 (30.7) 67 (27.7) 82 (34.6) 42 (28.6) 296 (28.6)

C. glabrata 2 (33.3) 6 (9.0) 2 (16.7) 5 (15.6) 11 (21.6) 21 (27.6) 27 (16.3) 49 (20.2) 42 (17.7) 40 (27.2) 205 (19.8)

C. parapsilosis 2 (33.3) 21 (31.3) 2 (16.7) 6 (18.8) - - 10 (6.0) 16 (6.6) 16 (6.8) 8 (5.4) 81 (7.8)

C. krusei - 1 (1.5) 2 (16.7) 1 (3.1) 5 (9.8) 6 (7.9) 10 (6.0) 11 (4.5) 4 (1.7) 1 (0.7) 41 (4.0)

UIYLO - 9 (13.4) - 1 (3.1) - 3 (3.9) 5 (3.0) 11 (4.5) 6 (2.5) 2 (1.4) 37 (3.6)

Others

C. dubliniensis 1 (2.0) 1 (0.4) 2 (0.2)

C. guilliermondii 1 (1.3) 3 (1.8) 4 (1.7) 8 (0,8)

C. kefyr 1 (3.1) 1 (0.4) 2 (0.2)

C. lusitaniae 1 (1.5) 1 (1.3) 2 (1.2) 4 (1.7) 2 (1.4) 10 (1.0)

C. pelliculosa 1 (0.6) 1 (0.4) 2 (0.2)

C. utilis 1 (0.6) 1 (0.4) 2 (0.2)

Total 6 (0.6) 67 (6.5) 12 (1.2) 32 (3.1) 51 (4.9) 76 (7.3) 166 (16.0) 242 (23.4) 237 (22.9) 147 (14.2) 1,036 (100)

Abbreviation: UIYLO, unidentified yeast like organisms

Table 5. Isolation rate of Candida species by gender in patients

Organisms
Positive patients (%)

Female Male Total

C. albicans 143 (40.9) 207 (59.1) 350 (100)

C. tropicalis 114 (38.5) 182 (61.5) 296 (100)

C. glabrata 84 (41.0) 121 (59.0) 205 (100)

C. parapsilosis 29 (35.8) 52 (64.2) 81 (100)

C. krusei 25 (60.9) 16 (39.0) 41 (100)

UIYLO 10 (27.0) 27 (73.1) 37 (100)

Others

C. dubliniensis 2 (100) 2 (100)

C. guilliermondii 3 (37.5) 5 (62.5) 8 (100)

C. kefyr 1 (50) 1 (50) 2 (100)

C. lusitaniae 4 (40) 6 (60) 10 (100)

C. pelliculosa 1 (50) 1 (50) 2 (100)

C. utilis 1 (50) 1 (50) 2 (100)

Total 417 (40.3) 619 (59.7) 1,036 (100)

Abbreviation: UIYLO, unidentified yeast like organisms
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Upon analysis by ward, it was found that in the 
emergency department, C. albicans was present in 36 
cases (36.0%), C. glabrata in 21 cases (21.0%), C. 
tropicalis in 21 cases (21.0%), and C. parapsilosis in 
16 cases (16.0%). Similarly, in the general ICU, there 
were 85 (42.5%) patients with C. albicans, 52 (26.0%) 
patients with C. glabrata, and 35 (17.5%) patients 
with C. tropicalis detected. In the neonatal intensive 
care unit, 15 cases of C. parapsilosis were isolated at 
a rate 34.1% higher than the overall average rate. In 
the cancer hospital intensive care unit, the rate of C. 
tropicalis isolation was 33.5%, followed by C. albicans 
at 33.0%, and C. glabrata at 18.8%, all above the overall 
average rate. In the cancer hospital wards, C. tropicalis 
was isolated in 122 cases (39.0%), which exceeded the 
overall average isolation rate. C. albicans was isolated in 
80 cases (25.6%), followed by C. glabrata, which was 
isolated in 50 cases (16.0%). In general wards, 53 cases 
(36.8%) of C. albicans were isolated, while C. tropicalis 
and C. glabrata were isolated in 36 (25.0%) and 30 
cases (20.8%), respectively. The rates of isolation for C. 
parapsilosis, C. albicans, and C. glabrata were notably 
greater in the emergency departments and general 

intensive care units compared to the average isolation 
rates, and C. parapsilosis was particularly prevalent in 
neonatal intensive care units. However, no isolation were 
detected for C. tropicalis and C. krusei. Furthermore, the 
prevalence of C. tropicalis was significantly higher in the 
intensive care units of cancer wards and in cancer wards, 
indicating an overall high prevalence in cancer hospitals. 
Conversely, C. albicans exhibited high prevalence in the 
ICUs and general wards (Table 6).

4. Discussion
There are approximately 100 known Candida species. 
However, only a few species are capable of infecting 
humans, with C. albicans, C. glabrata, C. parapsilosis, 
C. tropicalis, and C. krusei accounting for the majority
of candidemia cases. This study found that these five
species were responsible for 93.9% of the cases. In
the 1980s and 1990s, C. albicans was the primary
cause of candidemia on a global scale; however, its
prevalence has decreased since the 2000s, and non-
albicans Candida strains, including C. tropicalis, C.
parapsilosis, C. krusei, and C. glabrata, have become
more commonly associated with infections [17,18]. In

Table 6. Isolation rate of Candida species by wards

Organisms
Positive patients (%)

ER ICU NICU CWICU CW GW Total

C. albicans 36 (36.0) 85 (42.5) 15 (34.1) 81 (33.0) 80 (25.6) 53 (36.8) 350 (33.8)

C. tropicalis 21 (21.0) 35 (17.5) 82 (33.5) 122 (39.0) 36 (25.0) 296 (28.6)

C. glabrata 21 (21.0) 52 (26.0) 6 (13.6) 46 (18.8) 50 (16.0) 30 (20.8) 205 (19.8)

C. parapsilosis 16 (16.0) 13 (6.5) 15 (34.1) 11 (4.5) 16 (5.1) 10 (6.9) 81 (7.8)

C. krusei 1 (1.0) 9 (4.5) 14 (5.7) 17 (5.4) 41 (4.0)

UIYLO 1 (1.0) 4 (2.0) 8 (18.2) 8 (3.3) 8 (2.6) 8 (5.6) 37 (3.6)

Others

C. dubliniensis 1 (0.5) 1 (0.4) 2 (0.2)

C. guilliermondii 1 (1.0) 1 (0.5) 2 (0.7) 4 (2.8) 8 (0.8)

C. kefyr 1 (0.4) 1 (0.7) 2 (0.2)

C. lusitaniae 2 (2.0) 1 (0.4) 5 (1.4) 2 (1.4) 10 (0.9)

C. pelliculosa 1 (1.0) 1 (0.4) 2 (0.2)

C. utilis 1 (0.4) 1 (0.4) 2 (0.2)

Total 100 (9.7) 200 (19.3) 44 (4.3) 245 (23.6) 303 (29.2) 144 (13.9) 1,036 (100)

Abbreviation: UIYLO, unidentified yeast like organisms; ER, emergency room; ICU, intensive care unit; NICU, neonatal intensive care unit; CWICU, 
cancer ward intensive care unit; CW, cancer ward; GW, general ward
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many regions, C. albicans remains the leading cause 
of candidemia; however, C. tropicalis, C. parapsilosis, 
and C. glabrata are gradually edging out C. albicans 
as the second most prevalent causative agent [19,20]. 
In this study, the results showed that C. albicans was 
the most prevalent fungus with a rate of 33.8% (n = 
350), closely followed by C. tropicalis at 28.6% (n 
= 296) as the second most common causative agent. 
Furthermore, non-albicans Candida species, excluding 
C. albicans, constituted 66%. Lamoth et al. (2019)
reported that C. glabrata ranks as the second most
prevalent non-albicans Candida species in the UK,
Europe, and Australia, but ranks third or fourth after
C. tropicalis and C. parapsilosis in Asia and Latin
America. The aforementioned conclusion is supported
by numerous studies conducted worldwide [21]. In 2013,
Won et al. conducted a study of fungal distribution
across 12 hospitals in Korea. Their findings indicated
the top three isolated species in descending order were
C. albicans (41.7%), C. parapsilosis (17.8%), and C.
glabrata (14.4%) [22]. In 2017, Kim et al. conducted
a study over a 20-year period within a single tertiary
medical center. Their results showed that C. albicans
(40.8%) was the most frequently isolated species,
followed by C. parapsilosis (24.1%) and C. tropicalis
(13.2%), with C. glabrata (12.8%) following suit [23].
The study found that C. albicans accounted for 33.8%
of the samples, followed by C. tropicalis at 28.1%, C.
glabrata at 19.7%, and C. parapsilosis at 7.8%. These
results aligned with prior research conducted in Asia
and South America. Additionally, the data revealed a
3.4% increase in C. glabrata and a 3.8% decrease in
C. tropicalis during the second period of the study,
indicating a rising detection rate for C. glabrata.
The rising prevalence of C. glabrata is a global
phenomenon of clinical significance due to its strong
correlation with antifungal resistance. A recent large-
scale surveillance study carried out across four major
US cities revealed a surge in echinocandin-resistant C.
glabrata [14]. In 2021, a study by Won et al. in Korea
confirmed that echinocandin resistance increased after

2013 with 1.4% (n = 1) in 2013, 2.7% (n = 3) in 2015, 
3.3% (n = 4) in 2016, 2.3% (n = 4) in 2017, and 2.4% 
(n = 4) in 2018, where a total of 1,158 C. glabrata 
were analyzed from 19 university hospitals in Korea 
from January 2008 to December 2018 [24]. The rise of 
C. glabrata in comparison to other strains in the ICU
within this study is worrying and necessitates further
investigation into echinocandin resistance. Disparities
in the distribution of Candida spp. may correlate
with local ecology and are crucial as modifications
in species-specific antifungal susceptibility patterns
can impact the efficacy of treatment. Furthermore,
the primary isolation of certain species, namely
C. parapsilosis, may imply a requirement for a
review of hospital infection control protocols. Early
fungal identification and timely initiation of suitable
treatment may positively influence patient outcomes
and prognosis, while delayed appropriate treatment
may have a negative impact on patient outcomes and
prognosis [25].

Clinically, the identification of Candida at the 
species level is significant, as it equips clinicians with 
valuable information for guiding patient management 
and antifungal therapy. Species-level identification 
is necessary to create proper therapeutic guidelines 
as certain fungi are innately resistant to particular 
medications. Furthermore, even within the same 
species, certain strains may have differing susceptibility 
profiles to antifungal agents, which can impact patient 
outcomes [26]. While not isolated in this study, C. 
auris was initially reported in 2009 and has rapidly 
disseminated to numerous countries across multiple 
continents, presenting a critical clinical concern. C. 
auris displays low susceptibility to azole antifungals 
and frequently presents with multidrug resistance [27]. 
The WHO has documented a retrospective examination 
of 54 patient histories, indicating a 59% mortality rate 
and 90% fluconazole resistance [28]. In South Korea, 
fifty-seven cases of C. auris infection were isolated 
from ear secretions and four cases from blood samples 
over the past two decades. These cases were primarily 
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detected in the external auditory canal rather than 
candidemia. Although this situation is not presently 
severe, there is potential for outbreaks in intensive 
care units at any time, which could result in serious 
consequences [29]. In short, it is crucial to investigate the 
frequency of identifying and isolating Candida species 
in patients with candidemia. This study’s findings are 
relevant to the use of antifungal drugs and infection 
control policies implemented across various hospitals 
and regions. Hence, this research holds significant 
value in beginning adequate treatment for patients 
showing symptoms of fungal infections and developing 
guidelines on patient management and antifungal 
therapy. It is crucial to establish and regulate the 
occurrence and frequency of infections. Additionally, 
it is imperative to plan for the possibility of emerging 
fungal infections by implementing a methodical and 
consistent system for monitoring hospital infections 
and operational surveillance.

5. Conclusion
Candidemia, a leading contributor to illness and 
death, continues to pose a significant threat to hospital 
patients and inflates healthcare expenditure. This 

study analyzed 3,533 cases of Candida isolates from 
blood cultures in Hospital S between 2009 and 2018 
by frequency of isolation, year, gender, age, and 
ward. During the study period, there were 717,996 
blood culture referrals, of which 54,739 were culture 
positive, indicating a positive rate of 7.6%. Moreover, 
the isolation rate of Candida was found to be 6.4%, 
with 3,533 isolates detected from 1,036 patients. The 
distribution of Candida species included C. albicans 
(33.8%), C. tropicalis (28.6%), C. glabrata (19.8%), 
C. parapsilosis (7.8%), and C. krusei (4.0%). Lastly,
it was observed that the frequency of isolation of C.
tropicalis decreased by 3.8%, whereas C. glabrata
increased by 3.4%. After the age of fifty, the rate of
isolation increased, with C. parapsilosis (31.3%)
discovered in the 1–10 age group, C. tropicalis (30.3%)
and C. glabrata (27.6%) in the 41–50 age group, and
C. tropicalis (28.6%) in the > 80 age group. C. krusei
was found at a considerably high frequency in females
(60.9%). Therefore, it is essential to establish a regular
and ongoing nosocomial infection control system to
continually track the distribution of Candida species
and promptly identify them to direct proper treatment
and antifungal therapy.
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