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The epidemiology and antifungal susceptibility of Candida
species isolated from patients in intensive care units of a
research hospital
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ABSTRACT

Objective: Over the past two decades, Candida
species have come to be regarded as important agents
of nosocomial infection. In this study, we evaluated the
epidemiology, antifungal susceptibility of Candida species
isolated from adult and pediatric patients in intensive

care units of a research hospital from 2015 to 2017.

Methods:

recovered from blood and other samples were identified

A total of 279 yeast Candida isolates

to species by using conventional (germ tube formation,
microscopic morphology in corn meal-Tween 80 agar and
formation of clamydospore, presence of pseudohyphae,
carbonhytrate fermentation and assimilation tests,urease
and nitrate test ), and Phoenix (Becton Dickinson, ABD).
Susceptibility of the same species to amphotericin
B (AMB), (VRC)
caspofungin (CAS)) were determined by E test method.

fluconazole (FLC),voriconazole and

Results: The specimens were isolated from, urine 173
(62%), blood 76 (27.24%), wound 18 (6.45%), tissue culture
4 (1.43%), central venous catheter 3 (1.08%), respiratory
tract 2 (0.72%), peritoneal fluid 2 (0.72%), pleural fluid
1 (0.36%). The most commonly isolated species was 185

(66.31%) C. albicans from the various clinical specimens

OZET

Amac: Candida turleri son yirmi yilda nozokomiyal

enfeksiyonlarin  onemli ajanlar olarak gorilmeye

baslanmistir. Calismamizda hastanemizde 2015-2017
tarihleri arasinda cocuk ve yetiskin hasta grubundan
izole edilen Candida spp. turlerinin lokal epidemiyolojisi

ve antifungal duyarliliginin belirlenmesi amaclanmistir.

Yontem: Klinik orneklerden izole edilen toplam 279
Candida spp. turu ticari Phoenix (Becton Dickinson, ABD)
ve konvansiyonel yontem (germ tup olusumu, misir unlu
agarda mikroskobik morfoloji, klamidospor olusumu,
pseudohif karbonhidrat

bulunusu, fermantasyon

ve asimilasyon testleri, Ureaz testi, nitrat testi)
ile tammlanmistir. izole edilen tiirlerin flukonazol,
vorikonazol, amfoterisin B, kaspofungin antifungal
minimum inhibisyon konsantrasyonu (MIK) degerleri

antifungal duyarliligi E-test metodu ile belirlenmistir.

Bulgular: Orneklerin dagiimi 173 (%62) idrar,
76 (%27,24) kan, 18 (%6,45) yara, 4 (%1,43) doku,
3 (%1,08) santral venoz kateter, 2 (%0,72) solunum
yolu, 2 (%0,72) peritoneal siv1, 1 (%0,36) plevral mayi
olarak belirlenmistir. Klinik orneklerden izole edilen
Candida tiirleri 185 (%66,31) C. albicans, 33 (%11,83)
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was followed by the species of 33 (11.83%) C. parapsilosis,
29 (10.39%) C. glabrata, 29 (10.39%), C.
(0.72%) C. pelliculosa, 1 (0.36%) C. melibiosica. C.
glabrata was the most frequently isolated in elderly

tropicalis, 2

patients and C. albicans was the most frequently isolated
in childhood. Various candida species have been isolated
from the urine samples of 173 patients with candiduria.
C. albicans was found to be the most common cause of
candiduria (142 samples (82%)). Antifungal susceptibility
test study was performed from 92 Candida isolates. For
these species, the geometric mean minimum inhibitor
concentration of each antifungal was calculated to be
2.2 pg/mL for FLC, 0.6 pg/mL for AMB, 0.6 pg/mL for
CAS and 0.1 pg/mL for VRC. All Candida isolates were
found susceptible to voriconazole. Seven isolates of 19 C.
glabrata species were dose-dependent sensitivity and two
isolates were determined to be resistant to fluconazole.
Three isolates of 26 C. parapsilosis species were reported

to be resistant to caspofungin.

Conclusion: C. albicans is the most common Candida
species isolated from the clinical specimens we studied.
Knowing the types and susceptibility of Candida strains will

be an important factor in our choice of antifungal therapy.

Key Words: Antifungal susceptibility, Candida spp.,

epidemiology, intensive care unit

C. parapsilosis, 29 (%10,39) C. glabrata, 29 (%10,39)
C. tropicalis, 2 (%,0,72) C. pelliculosa, 1 (% 0,36) C.
melibiosica olarak tanimlanmistir. Yasli hastalardan
en stk C. glabrata turu, cocuk hastalardan en sik
C. albicans turu izole edilmistir. Kandidirisi olan
173 hastanin idrar orneginde cesitli kandida tiirleri
izole edilmistir. En sik (142 ornekte (%82)) kandidiri
etkeni olarak C. albicans tespit edilmistir. Klinisyen
istegine bagli olarak 92 Candida izolatindan antifungal
calisiltmisti. Bu tdrler icin geometrik minimum
inhibitor konsantrasyon degeri flukonazol icin 2,2 pg/
mL, amfoterisin B icin 0,6 pg/mL, kaspofungin 0,6
pg/mL, vorikonazol 0,1 pg/mL olarak belirlenmistir.
izolatlarin hepsi vorikonazol icin duyarli bulunmustur.
Flukonazol icin 19 C. glabrata tiriinden yedi izolat
doza bagl duyarli ve iki izolat direncli olarak tespit
edilimistir. Kaspofungin icin 26 C. parapsilosis turunin

Uci direncli olarak belirlenmistir.

Sonug¢: Calistiginiz klinik  6rneklerden  en
sik izole edilen tur C. albicans turudur. Kandida
enfeksiyonlarinin  lokal epidemiyolojisini bilmek

ampirik antifungal ajanlarin secimi icin gerekli bir
bilgidir.

Anahtar Kelimeler: Antifungal duyarlilk, Candida

spp., epidemiyoloji, yogun bakim

INTRODUCTION

There are over 150 species of Candida spp.
isolates in nature. While the isolation frequency of
these species is changing, it is accepted that the
most commonly isolated species are C. albicans,
C. glabrata, C. parapsilosis, C. tropicalis, and C.
krusei (1). Candida species isolated from different
age groups may vary. For example, C. parapsilosis
isolated from the blood cultures of newborns is known
as a predominant species (2, 3). The frequency of
C. glabrata species is higher in adult and elderly

patients (4). C. tropicalis is more frequently isolated
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in patients from non-neutropenic and haematological
malignancies (5).

Nosocomial invasive infections caused by Candida
spp. have been a major medical problem in intensive
careunits (ICUs). Infectious Diseases Society of America
(IDSA) anti-fungal treatment protocols vary according
to patients’ age groups (6). These latest treatment
protocols state that echinocandins are recommended
as the first choice for suspected candidiasis.
Fluconazole (FLC) is an acceptable alternative azole
drug for non-neutropenic patients (those who have
had no recent azole exposure and are not colonized
with azole-resistant Candida species) in intensive



care. Despite new antifungal drugs, amphotericin
B deoxycholate is recommended for neonates with
disseminated candidiasis (7). In patients without
neutropenia, initial antifungal treatment begins with
FLC. This regimen can be used for infections caused
due to C. albicans, C. tropicalis, C. parapsilosis,
C. kefyr, C. dubliniensis, C.

guilliermondi. Caspofungin (CAS) is recommended for

lusitaniae, and C.

C. glabrata infections (6). C. krusei is intrinsically
resistant to FLC and has a decreased susceptibility to
other azoles. Echinocandins, VCZ or amphotericin B
(AMB) are preferred antifungal regimens for C. krusei
infection (8).

The aim of our study was to analyze the species
distribution of Candida isolates from different clinical
specimens and determine antifungal susceptibility to
AMB, FLC, voriconazole (VRC) and CAS, by the E-test
method.

MATERIAL and METHOD

Patients

This was a retrospective study of Candida infection
in the ICUs of a 1200-bed research hospital in Turkey.
The study was conducted according to the declaration
of Helsinki. The patients were selected from patients
who were hospitalized in ICUs between October 2015
and August 2017. A total of 279 non-repeat isolates
of Candida isolates were obtained from 76 blood,
173 urine, 18 wounds, four tissue sample, three
central venous catheters, two respiratory tracts, two
peritoneal fluid, one pleural fluid of patients in adult
and child intensive care unit of a research hospital.
Candidemia was defined as the isolation of Candida
spp. from blood cultures and other forms of invasive
probable)
according to the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections

candidiasis (proven or were defined

Cooperative Group and the National Institute of Allergy
and Infectious Diseases Mycoses Study Group criteria
(9). In our study, all patients with asymptomatic
candiduria had a urinary catheter. Candiduria refers

to the laboratory finding of >10° colony-forming units
(CFU) of Candida spp. per mL of urine. For suspicious
infection potentially occurring nosocomially and out
of the hospital, samples including wound, respiratory
tract, peritoneal fluid, pleural fluid were cultured on
SDA agar for fungal identification. The cut-off age
value for elderly patients was taken as 65 years.
Mycological studies

Identification of each strain was performed by
using conventional (germ tube formation, microscopic
and

morphology in corn meal-Tween 80 agar)

automated methods, Phoenix (Becton Dickinson, ABD).

Antifungal Agents and Susceptibility Testing

All isolates were cultured by using SDA (Oxoid,
Basingstoke, United Kingdom). These isolates
were tested for susceptibility against FLC,
CAS, VRC, and AMB with E test method. For the
antifungal susceptibility testing RPMI 1640 (Sigma)
medium was prepared. 4 g L-glutamine, 34.5 ¢
morpholinepropanesulfonic acid, 20 g glucose, and 17
g Bacto agar (Becton Dickinson and Company, Sparks,
MD, USA) were dissolved in 1 L deionized water and
autoclaved at 121°C for 15 minutes. The inoculum
suspensions were adjusted spectrophotometrically
at 530 nm to match the turbidity of a 0.5 McFarland
standard. Agar plates were inoculated with a cotton
swab and allowed to dry for at least 15 min before the
E-test strips were applied. E-test agar plates were
incubated at 35°C and assessed at 48 h. Minimum
(MICs)
detected as the lowest concentrations providing an
80% reduction in growth. MICs of AMB was determined
as the lowest concentration inhibiting any growth.

inhibitory concentrations of azole were

MICs were also determined by the E-test method
according to the manufacturer’s guidelines. E-test
strips of FLC (0.016-256 pg/ml), VRC (0.002-32 pg/
ml), AMB (0.002-32 pg/ml), and CAS (0.002-32 pg/ml)
were placed perpendicular to each other on an RPMI
plate. Quality control was performed in both tests in
accordance with the CLSI (The Clinical & Laboratory
Standards Institute) document M27-A3 using C. krusei
ATTC 6258 and C. parapsilosis ATCC 22019.
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RESULTS

Candida species were isolated from the clinical
specimens of 279 patients, including 147 female
and 132 male patients hospitalized in our ICUs.
The mean age of the patients was found to be 65
years. The specimens were isolated from urine 173
(62%), blood 76 (27.24%), wound 18 (6.45%), tissue
culture 4 (1.43%), central venous catheter 3 (1.08%),
respiratory tract 2 (0.72%), peritoneal fluid 2 (0.72%),
pleural fluid 1 (0.36%). The most commonly isolated
species from various specimens of pediatric and adult
patients was determined to be C. albicans. While
185 of 279 isolates (66.31%) were identified as C.
albicans, the others were identified as 33 (11.83%)
C. parapsilosis, 29 (10.39%) C. glabrata, 29 (10.39%)
C. tropicalis, 2 (0.72%) C. pelliculosa, 1 (0.36%) C.
melibiosica, respectively (Table 1). Considering all
the specimens, the unit in which proliferation was
observed most frequently was determined to be the

anaesthesia intensive care unit. Simultaneously, the
most commonly isolated species from all specimens
in the pediatric intensive care unit (n=11/17, 64.7%)
were identified to be C. albicans. In the adult and
pediatric intensive care units, 76 Candida species
were isolated from the blood culture. Examining
the blood culture isolates, the most commonly
isolated species was 32 (42.2%) C. albicans species
and it was followed by 26 (34.2%) C. parapsilosis,
11(14.4%) C. glabrata, 7 (9.2%) C. tropicalis species,
respectively. Distribution of Candida species isolated
from patients in intensive care unit was shown in
Table 2. From the 142 of 173 urine specimens coming
from the hospitalized patients of intensive care units
in our hospital, C. albicans, (n = 15/173, 8.7%),
C. tropicalis, (n = 11/173, 6.3%) C. glabrata (n =
2/173, 1.2%) C. parapsilosis, C. pelliculosa (n =
2/173 1.2%), C. melibiosica (n = 1/173, 0.6%) were
isolated, respectively.

Table 1. Distribution of Candida species isolated from patients in intensive care

Department C. albicans | C. glabrata | C. melibiosica | C. parapsilosis | C. pelliculosa | C. tropicalis TOTAL
Anesthesia ICU 60 8 19 - 10 97
Brain surgery ICU 14 3 - 2 19
Pediatric ICU 11 1 3 2 17
Medical ICU 47 8 2 1 5 63
Chest diseases ICU 2 1 3
Surgical ICU 13 7 20
ot | 1 HE
Cardiac ICU 8 1 1 1 1 12
Neurology ICU 21 4 2 4 31
Burn Unit 6 1 1 4 12
Total (Number%) 185(66.31%) 29(10.39%) (0.36%) 33(11.83%) 2(0.72%) 29(10.39%) 279

ICU: Intensive Care Unit
-: Not growth
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Table 2. Distribution of Candida species isolated from blood cultures in intensive care

Department C. albicans C. glabrata | C. parapsilosis complex | C. tropicalis Total
Anesthesia ICU 10 2 17 4 33
Brain surgery ICU 1 = 2 = 3
Pediatric ICU 6 - 2 8
Medical ICU 7 4 1 3 15
Chest diseases ICU 1 - 1
Surgical ICU 2 4 6
Cardiovascular surgery ICU - - 1 1
Cardiac ICU 1 - 1
Neurology ICU 1 = 2 3
Burn Unit 3 1 1 5
Total 32 11 26 7 76

ICU: Intensive Care Unit

The antifungal sensitivity of 92 species of Candida
species was evaluated by the E-test method. For
these species, the geometric mean (GM) Minhibitor
concentration of each antifungal was calculated to
be 2.2 pg/mL for FLC, 0.6 pg/mL for AMB, 0.6 pg/
mL for CAS and 0.1 pg/mL for VRC. The MIC 50 and
MIC 90 values of the isolated Candida species against

antifungals were presented in Table 3. No cross-
resistance was encountered between FLC and VRC.
Seven isolates of 19 C. glabrata species isolated
from various clinical specimens had dose-dependent
sensitivity to FLC and two isolates were determined to
be resistant. Also, three isolates of 26 C. parapsilosis
species were reported to be resistant to CAS.

Table 3. In vitro susceptibilities of the Candida isolates to four antifungal agents (ug/ml)

AMB CAS FLC VRC
species (Number) | M€ | micso [ micoo | MC | micso | micoo | M€ | micso | micoo | M€ | micso | micoo
range range range range
C. albicans (20) 0.094-3 | 0.25 1 0.125-1.5 0.75 1 0.5-6 2 4 0.0012-2 0.38 0.75
- 0.125-
C. parapsilosis (9) | 0.125-2 0.5 1 0.19-1.5 0.75 1 1-48 3 4 0.5 0.25 0.38
C. glabrata (8) 0.125-6 | 0.25 0.75 | 0.125-1.5 0.75 1.5 2-24 8 24 0.064-2 0.75 1
Lo 0.19-
C. tropicalis (3) 0.25-2 0.38-0.75 1-3 0.75
C. dubliniensis (1) 2 0.5 16 - 0.38-
AMB; Amphotericin b, CAS; Caspofungin, FLC; Fluconazole, VRC Voriconazol,
MIC: Minimal inhibitory concentration, GM; Geometric mean
Turk Hij Den Biyol Derg
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DISCUSSION and CONCLUSION

The distribution of Candida species causing the
fungal infection is changing gradually. C. albicans
were reported to be most frequently isolated in
Serbia (10), China (11). Australia (12) and Turkey
(13, 14). However, non-albicans Candida species is
the most commonly isolated fungal species in India
(15) and Brazil (16). The differences in regional
epidemiological data of these studies could not be
explained completely, but it was considered that
azole exposure of patients, underlying diseases
and different applications in hospitals might have
been the cause. In our study, the most commonly
isolated species was C. albicans from the various
clinical samples were followed by C. parapsilosis,
C. glabrata, C.
melibiosica, respectively. Also, 76 Candida species

tropicalis, C. pelliculosa, C.
were isolated from the blood samples of the patients
diagnosed with candidemia infection in our hospital
during this period. Among these species, the most
frequently isolated species was C. albicans and
it was followed by the species of C.
and C.

Multicenter epidemiological data in

parapsilosis,

C. glabrata, tropicalis, respectively.
conformance
with our result are available (17, 18). According to
our hospital data, C. parapsilosis was the second
most commonly isolated species. C. parapsilosis is
exogenous pathogenetic species and often isolated
from the patients, especially those who use an
intravascular device, in intensive care units (19).
Also, since these species are frequently isolated
from the hands of health care personnel working in
the intensive care unit, we suggest that necessary
precautions should be taken (20). C. glabrata
species are the most commonly found species in
critically ill elderly patients (21). When various
clinical specimens obtained from all intensive care
units were examined, 29 C. glabrata species were

isolated and of these, 17 were isolated from the
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clinical samples of patients over 65 years of age.
Candidemia cases are important among pediatric
patients. Only six C. albicans and two C. parapsilosis
species were isolated from our hospital’s pediatric
candidemia cases. According to changing candidemia
epidemiologies depending on the region, such as
Europe (22-24) and America (25, 26), C. albicans
species are frequent while non-albicans species
are most commonly isolated in Asian countries (27,
28). Examining the data from pediatric intensive
care unit, the study had some limitations. The
first of these was it was a single-centre study and
the second was the clinical outcome could not be
reflected, since it was a laboratory-based study.
The use of urinary catheters and wide-spectrum
antibiotics for hospitalized patients in the intensive
care unit may ause candiduria. Although the species
isolated varies, they were often reported to be C.
albicans (29, 30). C. glabrata and C.
species were reported as the second-and third-
(31,32). It
is noted that the C. parapsilosis species attach

tropicalis

most common species, respectively
to plastic materials owing to their extracellular
polysaccharide or slime production (33). In this case,
from the medical perspective, the prevalence of C.
parapsilosis was expected to increase concerning
the fact that urinary catheters used in intensive
care units increase the risk for their colonization or
infection. It must be noted that C. parapsilosis was
isolated only in a 2% ratio, according to our results.

Antifungal sensitivity was determined with the
E-test in some Candida species. The compatibility
ratio of the E-test and broth microdilution was
found to be high in various studies conducted
(34, 35). The E-test method was also preferred
because it was fast and had high repeatability. In
a conducted study, when all Candida species were
evaluated, VRC was sensitive at higher ratios than
FLC (36). Further, in our study, no resistance to
VRC was detected.

In contrast, FLC resistance



was determined in two isolates in the iso-late of
C. glabrata and dose-dependent resistance was
detected in six isolates. The increase in the isolation
frequency of C. parapsilosis species recently and its
in-vitro resistance to CAS was presented in various
studies (37, 38). Pfaller et al. (39) reported that
the different MIC values shown by the Candida
species to CAS were secondary to the biological
differences among species. In our study, especially
in the candidemia cases, the second most commonly
isolated species was C. parapsilosis. A resistance to
CAS was detected in three C. parapsilosis species
from these isolates, while no resistance was observed
among other species.

ETHICS COMITTEE APPROVAL

* This study does not require Ethics Committee Approval.
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The authors declare no conflict of interest.

C. albicans species was revealed to occur at
higher rates compared to non-albicans species
in our study. The detection of the C. parapsilosis
species as the second most com-mon species lead
to the conclusion that hygienic conditions should
be maintained in in-tensive care units. Moreover,
the inability to isolate C. krusei, which has azole
that no
resistance pattern in our hospital. In conclusion,

resistance, demonstrated substantial
we propose that these data will be useful for the
clinicians working in our hospital while selecting the
antifungal agents for the treatment and prophylaxis

of invasive fungal disease.
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