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Abstract

Candida species are opportunistic yeasts that can be a serious threat for immunocompromised and critically ill patients, and a cause
for increased morbidity and mortality in hospitalized patients. The aim of this study was to determine the frequency and distribution of dif-
ferent Candida species in clinical specimens in patients with increased risk for fungal infections, and to determine the antifungal suscepti-
bility profile of invasive Candida species to antifungal agents. During a two year period, clinical specimens from 120 patients divided into
4 groups were analysed at the Institute of microbiology and parasitology, Faculty of Medicine, Skopje, Republic of Macedonia. Each of
these 4 groups consisted of specimens from 30 patients, with primary immune deficiency, critically ill patients treated in the intensive care
units (ICU), patients with mucosal candidiasis only, and patients with cystic fibrosis. All specimens were investigated with conventional
mycological methods. Identification of Candida species was performed with VITEK-2 system (bioMérieux, France). E-test strips of fluco-
nazole, voriconazole, amphotericin B and caspofungin (AB bioMerieux, France) were used for determination of the antifungal susceptibil-
ity profile. In this study, a total of 115 isolates of Candida species were confirmed in different clinical specimens (91 isolates from muco-
sal surfaces and 24 isolates from blood culture). Colonisation of mucosal membranes of gastrointestinal, respiratory and/or urinary tracts
was registered in 56.67% (17/30), 56.67% (17/30), 90% (27/30) and 100% (30/30) of the specimens in the first, second, third and fourth
group respectively. In all four groups of patients, the following Candida species were confirmed: C. albicans - 55%, C. glabrata - 17.6%, C.
parapsilosis - 7.7%, C. tropicalis - 6.6%, unidentified Candida species - 4.4%, C. dubliniensis - 3.3%, C. kefyr - 2.2%, and one isolate of
C. rugosa, C. pelliculosa and C. krusei each. Positive blood culture was registered in 23.33% specimens from the first group, 43.33% in
the second group, 23.08% of the third group, and in one specimen of the fourth group. The most frequent isolates from blood culture were
C. tropicalis and C. krusei, followed by C. albicans, C. parapsilosis and C. tropicalis, and in the second group C. albicans and C. pellic-
ulosa were equally distributed, followed by C. parapsilosis and C. glabrata. All invasive isolates of Candida species were susceptible to
amphotericin B, voriconazole and caspofungin. Resistance to fluconazole was registered in 8.3% (2/24) of all confirmed Candida species.
Dose-dependent susceptibility to fluconazole was confirmed in 46% (11/24) of the isolates. Our study confirms high prevalence of coloni-
sation and candidemia with non-albicans Candida species. Resistance to antifungal agents was registered only in two isolates of C. kru-
sei. An epidemiological study is necessary for surveillance of dynamics of candidemia and antifungal susceptibility profile of invasive iso-
lates of Candida species in our patients.

Key words: Candida species, antifungals, fungal infections, E-test

Introduction (Ben-Ami et al., 2009; Girmenia et al., 2011), and is direct-
ly associated with increased morbidity and mortality, espe-

The incidence of fungal infections due to Candida cially in critically ill patients (Morgan et al., 2005; Zaou-
species is dramatically increased in the recent few decades tis et al., 2005). These microbes are responsible for 9—12%

of all septicaemias, and are ranked on the fourth position in
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many studies across USA (Wisplinghoff et al., 2004) and on
the sixth or seventh position as causes of nosocomial septi-
caemias in many European studies (Marchetti et al., 2004).
Candida-associated septicaemias frequently develop in in-
tensive care units (ICU), and they are responsible for 33-
55% of all septicaemias (Luzzati et al., 2005; Wisplinghoff
et al., 2004). Almirante et al. (2005) have shown an inci-
dence of 4.3/100,000 inhabitants in Spain, and in Iceland,
an increase from 4.3 to 5.7 cases on 100,000 population. In
an Australian study for nosocomial septicaemias, Candida
speciesis ranked on the fourth place (15.5%), and accord-
ing to Meyer et al. (2013) and Prowle et al. (2011) the in-
cidence of the primary nosocomial candidemia in 682 Ger-
man ICU centres remained stable during a 5-year period.
In a recent study from Italy, a total of 105 episodes of can-
didemia developed during an 18-month period, with 16.5
cases per 1000 hospital beds (Montagna et al., 2013). In a
big prospective, multicentric study in ICUs in France, fun-
gi were identified in 3.2% of patients with microbiologi-
cally documented infections (Quenot et al., 2013). Candi-
demia in ICU were associated with significant increase of
hospital costs and length of hospital stay (Ben-Ami et al.,
2004). Prolonged stay in ICU, prematurity, broad spectrum
antibiotics, prolonged use of corticosteroids, chemothera-
py and radiotherapy, intravascular catheters and parenter-
al nutrition, pronounced immunosuppression and mucous
membranes disruption, and HIV/AIDS are among the most
prominent predisposing factors for development of inva-
sive fungal infections.

Candida species are among the most frequent etiolog-
ical agents of invasive fungal infections. Among these, C.
albicans has been the main cause of invasive candidiasis.
However, during the last two to three decades, an overall
increase of candidemias caused by non-albicans Candidas
pecies has been registered. In parallel to the increased inci-
dence of invasive candidiasis, the ARTEMIS DISK inter-
national program for surveillance of candidemias registers
an increase of the incidence of non-albicans Candida spe-
cies in a 6-years period (Pfaller et al., 2010). C. glabrata,
C. tropicalis, C. krusei and C. parapsilosis are the most fre-
quently encountered species (Girmenia et al., 2011; Mor-
gan et al., 2005). These non-albicans Candida species usu-
ally demonstrate lower susceptibility to antifungal agents
(polyenes and azoles) which are used in treatment of seri-
ous fungal infections (Zaoutis et al., 2005; Wisplinghoff et
al., 2004). This shift in the spectrum is explained with in-
creased prophylactic use of fluconazole from the end of
1980s, which has been widely used for prophylaxis and
treatment in immunocompromised patients, which resulted
in decrease of overall incidence of invasive mycoses, but
increase in incidence of invasive infections with non-albi-
cans Candida species.

The aim of this study was to determine the frequen-
cy of different Candida species in clinical specimens, in
patients with primary immune deficiency, critically ill pa-
tients treated in intensive care units, patients with mucous

candidiasis and cystic fibrosis patients, to determine the
distribution of different Candida species in each group,
and to determine the antifungal susceptibility profile of in-
vasive Candida species towards the most frequently used
antifungal agents.

Material and methods

Study design

A prospective diagnostic study was performed at the
Institute for microbiology and parasitology, Medical fac-
ulty in Skopje, during a 2-years period, from March 2012
until May 2014.

Groups of patients and investigations

In this study, specimens from the mucosal surfaces of
gastrointestinal, respiratory and urinary tract (mouth swab,
throat swab, sputum, tracheal aspirate, stool, urine), and
primarily sterile specimens (BAL, blood) from 120 patients
classified in 4 different groups according to the clinical di-
agnosis and risk factors for invasive candidiasis (group I -
patients with primary immune deficiency, HIV/AIDS, neu-
tropenia, haematological diseases; group II - patients with
prolonged hospital stay in ICU receiving combined anti-
bacterial treatment with broad spectrum antibiotics, group
III - patients with mucosal candidiasis and group IV - cys-
tic fibrosis patients) using the EORTC/MSG criteria (Eu-
ropean organization for research and treatment of cancer/
mycoses study group). The specimens were investigated
with conventional mycological methods (Gram stain and
culture on special media for fungal growth support). They
were inoculated on Sabouraud and chromogenic CALB
medium (Oxoid). Blood cultures were analysed using the
automated BacT/ALERT system (bioMérieux, France).
Identification of Candida species was performed with bio-
chemical analysis with automated computerised VITEK-2
system (bioMérieux, France). E-test strips of fluconazole
(0.016 - 256 pg/ml), voriconazole (0.002 - 32 ng/ml), am-
photericin B (0.002 - 32 pg/ml) and caspofungin (0.004
- 32 pg/ml) (AB bioMerieux, France) were used for de-
termination of antifungal susceptibility profile of the inva-
sive isolates of Candida species. Reference ATCC strains
for the quality control of the antifungal susceptibility test-
ing were used: C. albicans ATCC 90028, C. parapsilosis
ATCC 22019, C. krusei ATCC 6258. RPMI 1640 (Roswell
Park Memorial Institute) (RPG, Remel) medium (150 mm)
enriched with 2% glucose and buffered with MOPS buf-
fer (3-(N-morpholino) propanesulfonic acid) were used for
antifungal susceptibility testing of susceptibility profile of
Candida species with E-test (Mirchevska, 2011).

Maced. pharm. bull., 62 (1) 65 - 76 (2016)



Distribution and antifungal susceptibility of Candida species in patients with increased risk for fungal infections 67

Results

Specimens from 120 patients participated in this study,
which were classified in 4 groups: group I (n = 30) - pa-
tients with primary immune deficiency (HIV/ADIS, neu-
tropenia, haematological diseases), group II (n = 30) - pa-
tients with prolonged hospital stay in ICU receiving com-
bined antibacterial treatment with broad spectrum antibiot-
ics, group III (n = 30) - patients with mucosal candidiasis
and group IV (n = 30) - cystic fibrosis patients. Their char-
acteristics in respect to age and gender as well as the num-
ber of patients per each group are presented in Table 1.

According to the gender structure of the participants,
men were more frequently identified in groups I, III and IV
(60%, 56.67%, 53.33% respectively), and women in the
group II (56.67%). The average age of patients with prima-
ry immune deficiency was 39.13 + 21.8 years, 65.63 + 29.8
for the patients in the second group, 51.91 + 18.4 in the third
group and 16.23 + 6.4 years in the fourth group (Table 1).

In Table 2, distribution of the examined participants in
all four groups, according to clinical diagnosis for proven,
probable and possible fungal infection, with EORTC/MSG

Table 1. Characteristics of patients according to age and gender

(European organization for research and treatment of can-
cer/mycoses study group) criteria are presented.

According to these criteria, most frequently, a prov-
en invasive fungal infection was registered in patients with
prolonged parenteral broad spectrum antibiotic treatment
(56.67%), followed by patients with primary immune de-
ficiency (33.33%), in 3 patients with mucosal candidiasis
and only in one patient with cystic fibrosis. Differences in
distribution of proven, probable and possible fungal infec-
tion were statistically significant between group I versus
groups III and IV, and between group II versus groups III
and I'V.

In cultures from gastrointestinal tract (GIT), urinary
tract (UT) and respiratory tract (RT) specimens, colonisa-
tion was registered in 56.67% specimens from the first and
second group, 90% specimens from the third group, and in
all 30 specimens from the fourth group (Table 3). Differ-
ences between the group with primary immune deficiency
and prolonged parenteral broad spectrum antibiotic treat-
ment versus groups with mucosal candidiasis and cystic fi-
brosis patients were statistically significant.

Variable Group of patients
group I group II group II group II Total

n =30 (%) n =30 (%) n =30 (%) n =30 (%) n =120 (%)
Gender
women 12 (40%) 17 (56.67%) 13 (43.33%) 14 (46.67%) 56 (46.7%)
men 18 (60%) 13 (43.33%) 17 (56.67%) 16 (53.33%) 64 (53.33%)
Age
Years (mean + SD) 39.13+£21.8 65.63 £29.8 51.91+18.4 1623+ 6.4 43.0+24.1
min-max 3-68 21-83 18-93 7-30 3-82
p=0.6

p (Chi-square test)
Table 2. Characteristics of patients according to EORTC/MSG criteria
Variable Group of patients
group I group II group II group II Total

n =30 (%) n =230 (%) n =30 (%) n =30 (%) n=120 (%)
Classification
proven 10 (33.33%) 17 (56.67%) 0 1(3.33%) 28 (23.33%)
probable 12 (40%) 11 (36.67%) 6 (20%) 8 (26.67%) 37 (30.83%)
possible 8 (26.67%) 2 (6.67%) 24 (80%) 21 (70%) 55 (45.83%)

Chi-square: 54.08 *p <0.001
IvsIl ns IIvsIII p<0.001 HIvsIV ns

IvsIII p<0.001
IvsIV p<0.0009*

IvsIV p<0.001
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Table 3. Characteristics of patients according to confirmed colonisation on mucosal surfaces

Variable Group of patients
group I group II group II group II Total
n =30 (%) n =30 (%) n =30 (%) n =30 (%) n=120 (%)
Colonisation
no 13 (43.33%) 13 (43.33%) 3 (10%) 0 29 (24.17%)
yes 17 (56.67%) 17 (56.67%) 27 (90%) 30 (100%) 91 (75.83%)

Chi-square: 24.8 p=0.000016**
Iand I vs IIT p =0.003*%*
ITand I vs IV p=0.00017%%*

* p (Chi-square test)
**p <0.01

Table 4. Characteristics of patients according to confirmed colonisation in GIT, RT and UT specimens

Colonization - sites (gnr ozug OI) ig,;o:u]; (g %;01:113331)1 %;Ozp;)\)/ (nT:()tlazl 0)
Mouth, sputum, rectal swab 2 0 0 0 2
Mouth, BAL, stool 1 0 0 0 1
Mouth, BAL 1 0 0 0 1
Mouth 2 0 0 0 2
Sputum, stool 1 0 0 0 1
Stool 1 0 0 0 1
Mouth, stool 1 0 0 0 1
Mouth, sputum, stool 3 0 0 0 3
Mouth, sputum 3 2 0 0 5
Stool, sputum 1 0 0 0 1
Urine 1 6 14 0 21
BAL 0 2 0 0 2
Mouth, sputum, skin 0 1 0 0 1
Tracheal aspirate 0 2 0 0 2
Mouth, stool, tracheal aspirate 0 1 0 0 1
Stool, tracheal aspirate 0 2 0 0 2
Wound swab, rectal swab 0 1 0 0 1
Culture from esophageal mucosa biopsy material 0 0 13 0 13
Sputum 0 0 0 29 29
Bronchial aspirate 0 0 0 1 1
Total 17 17 27 30 91

In Table 4 are presented localizations in the analysed
groups, from where Candida species was isolated.

In Table 5 are presented yeast species isolated from
colonized surfaces from GIT, RT and UT in all analysed
groups of patients.

The total number of isolated yeasts from primarily non-
sterile and colonized sites with normal flora was 91 strains.

From these, C. albicans - 55% (50/91) was most frequently
isolated species, followed by C. glabrata-17.6% (16/91),
C. parapsilosis - 7.7% (7/91), C. tropicalis - 6.6% (6/91),
unidentified C. species-4.4% (4/91), C. dubliniensis-3.3%
(3/91), C. kefyr-2.2% (2/91), and one isolate each of C. ru-
gosa, C. pelliculosa and C. krusei. C. albicans, C. glabra-
ta, C. parapsilosis and C. tropicalis accounted for 86.9%
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Table 5. Candida species isolated from colonized mucosal surfaces from GIT, RT and UT

Variable group |

(n=30)

group IV Total
n=30) (n=120)

group II
(n=30)

group III
(n=30)

Yeast species on colonised sites
C. dubliniensis

C. albicans and C. tropicalis

C. albicans

C. tropicalis

C. glabrata

C. parapsilosis

C. species

C. albicans and P. aeruginosa
C. rugosa

C. tropicalis and MRSA

C. albicans and B. cepacia

C. kefyr and P. aeruginosa

C. pelliculosa and P. aeruginosa
C. albicans and MRSA

C. glabrata and P. aeruginosa
C. krusei and H. influenzae

C. albicans and Flavobacterium
C. glabrata and S. maltophilia
C. kefyr

C. parapsilosis and S. maltophilia
Total
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from the total isolated yeasts from the sites colonized with
normal flora. C. albicans was most frequently isolated
from sputum, followed by mouth swab, urine and stool. C.
glabrata was most frequently confirmed in urine, followed
by sputum and mouth swab. C. parapsilosis was also most
often isolated from urine and sputum, followed by mouth
swab and skin. C. tropicalis was most frequently isolated
from mouth swab, followed by sputum and stool. C. dub-
liniensis was isolated from mouth swab, sputum and rectal
swab. Regarding the specimens, sputum was the most fre-
quent specimen in which yeasts were identified, especially
in ICU patients, followed by urine and mouth swab, stool,
skin and tracheal aspirate. The most frequent coloniser
in the group of patients with primary immune deficiency
was C. albicans, followed by C. tropicalis and C. glabra-
ta. In specimens from patients of the second group, C. al-
bicans was again the most frequent coloniser, followed by
C. parapsilosis and C. glabrata. In the third group, in pa-
tients with mucosal candidiasis, in biopsy specimens from
GIT was confirmed C. albicans, followed by C. glabrata.
In patients with cystic fibrosis, the most frequent colonis-
er of the respiratory mucosa was C. albicans, followed by

Maxex. apm. 6uir., 62 (1) 65 - 76 (2016)

C. dubliniensis.

In Table 6 are presented the yeast species confirmed in
blood from all examined patients.

The blood culture analysis showed that in 23.33% spec-
imens in the group I, 43.33% in the group 11, 23.08% spec-
imens from the third group and one specimen in the group
IV respectively, the blood culture was positive. The statis-
tical analysis confirmed that positive blood culture was sig-
nificantly less frequent finding in patients with cystic fibro-
sis, compared to the group of patients with primary immune
deficiency (p = 0.023), and patients with prolonged ICU
stay and prolonged antibiotic treatment (p = 0.00025). The
most frequent isolates from blood culture in the group of
patients with primary immune deficiency were C. tropica-
lis and C. krusei, followed by C. albicans and C. parapsi-
losis, and in the group of patients with prolonged ICU stay
and prolonged antibiotic treatment C. albicans and C. pel-
liculosa were equally presented, followed by C. parapsilo-
sis and C. glabrata. Antifungal susceptibility testing of in-
vasive isolates was performed with E-test to four system-
ic antifungal agents. This method allows determination of
MIC breakpoint values of antifungal agents, which catego-
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Table 6. Yeast species isolated from blood culture

Variable Group of patients
group | group II group II group II Total
n =30 (%) n =30 (%) n =30 (%) n =30 (%) n =120 (%)
Blood culture
no 23 (76.67%) 17 (56.67%) 10(76.92%) 29 (96.67%) 79 (76.7%)
yes 7 (23.33%) 13 (43.33%) 3 (23.08%) 1 (3.33%) 24 (23.3%)
Chi-square: 13.4 p=10.0038**
I vsIV p=0.023*
I vs IV p=0.00025%*
C. parapsilosis 1 2 0 0 3
C. tropicalis 3 1 0 0 4
C.albicans 1 4 1 1 7
C.krusei 2 0 0 0 2
C. pelliculosa 0 4 0 0 4
C. glabrata 0 2 2 0 4
p (Chi-square test); *p < 0.05; **p <0.01
rize yeasts in the following categories: S-susceptible, I-in-
termediate, S-DD-susceptible dose-dependent, and R-re-
sistant. Table 7 and Fig. 1 present the range of MIC val- "
ues of amphotericin B for Candida species determined with g 20 } 13
E-test, according to the species. On the X axis are present- g 10 7 x m0.25
ed the minimal inhibitory concentrations (MICs) of the an- B 0.5
p - . R | ;
tifungal agents, and the Y axis present the number of iso- z O Lo

lates of Candida species showing different MICs to the ex-
amined antifungal agents. The minimal inhibitory concen-
trations of amphotericin B against the examined yeasts, de-
termined with E-test was in the range 0.25 - 1.0 pg/ml. In-
hibition of the growth of 20 (83.3%) isolates was achieved
with MIC of amphotericin B of < 0.5 pg/ml. The highest
MIC value that was registered among 17% (4/24) isolates
of Candida species was 1.0 pg/ml.

Table 7. Range of MIC values of amphotericin B for dif-
ferent Candida spp. determined with E-test.

Species
Number of isolates (24) MIC (pg/ml) min. — max.

C.albicans (7) 0.25-0.5
C.glabrata (4) 0.25-0.5
C.tropicalis (4) 0.5-1.0
C.pelliculosa (4) 0.5
C.parapsilosis (3) 0.25-0.5
C.krusei (2) 0.5-1.0

MIC of Amphotericin B (ug/ml)

Fig.1. MIC values of amphotericin B determined with E-
test (ng/ml)

Table 8 and Fig. 2 present the range of MIC values
of fluconazole for Candida species determined with E-
test. The minimal inhibitory concentrations of fluconazole
towards the examined yeasts, determined with the E-test
were in the range 0.5 - > 128 pg/ml. The inhibition of the
growth of 2 (8.3%), 9 (38%) and 11 (46%) were achieved
with MIC values of fluconazole 0.5, <4 and 16 — 32 pg/
ml respectively. The highest MIC registered among 8.3%
(2/24) strains of Candida species was > 128 pg/ml.

Maced. pharm. bull., 62 (1) 65 - 76 (2016)
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Table 8. Range of MIC values of fluconazole for different
Candida spp. determined with E-test

Species
Number of isolates (24) MIC (pg/ml) min. — max.
C.albicans (7) 0.5-32.0
C.glabrata (4) 4.0-16.0
C.tropicalis (4) 4.0-16.0
C.pelliculosa (4) 16.0 —32.0
C.parapsilosis (3) 0.75-1.0
C.krusei (2) > 128
5 mO05
w 6 5 m0.75
g 4
= 4 3 =10
c 2 m4.
oalinll il
=320
MIC of Fluconazole (pg/ml)
128.0

Fig.2.  MIC values of fluconazole determined with E-test
(ng/ml).

Table 9 and Fig. 3 present the range of MIC values of
voriconazole for Candida species determined with E-test.
The minimal inhibitory concentrations of voriconazole to-
wards the examined yeasts, determined with the E-test was
in range 0.06 - 0.5 pg/ml. Inhibition of growth in 15 (63%)
isolates were achieved with MIC of voriconazole of 0.125
ng/ml. The highest MIC registered among 25% (6/24) of
Candida species was 0.5 pg/ml.

Table 9. Range of MIC values of voriconazole for differ-
ent Candida spp determined with E-test

Species
Number of isolates (24) MIC (pg/ml) min. — max.

C.albicans (7) 0.06 - 0.125
C.glabrata (4) 0.5
C.tropicalis (4) 0.06 —0.125
C.pelliculosa (4) 0.125-0.5
C.parapsilosis (3) 0.125
C.krusei (2) 0.5

Maxex. apm. 6uir., 62 (1) 65 - 76 (2016)
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MIC of Voriconazole (ug/ml)

Fig.3. MIC values of voriconazole determined with E-
test (ug/ml).

Table 10 and Fig. 4 present the range of MIC values
of caspofungin for Candida species determined with E-
test. The minimal inhibitory concentration of caspofungin
towards the examined yeasts, determined with the E-test,
was in range 0.064 - 0.5 pg/ml. Inhibition of growth in 6
(25%) isolates was achieved with the highest MIC of ca-
spofungin (0.5 pg/ml).

Table 10. Range of MIC values of caspofungin for differ-
ent Candida spp. determined with E-test

Species
Number of isolates (24) MIC (pg/ml) min. — max.
C.albicans (7) 0.064 - 0.25
C.glabrata (4) 0.25-0.5
C.tropicalis (4) 0.125-0.25
C.pelliculosa (4) 0.25-0.5
C.parapsilosis (3) 0.25-0.5
C.krusei (2) 0.25
é 20 16
% 10 3 3 I 0.064
é 0- - m0.125
Z 1
0.25

MIC of Caspofungine (j1g/ml)

Fig.4. MIC values of caspofungin determined with E-
test (ug/ml).

In Table 11 are presented all invasive isolates of Can-
dida species from blood culture, classified according to an-
tifungal susceptibility profile (fluconazole, voriconazole,
amphotericin B and caspofungin), determined through de-
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Table 11. Susceptibility profile of invasive isolates of Candida species to amphotericin B, fluconazole, voriconazole and ca-

spofungin
Species Amphotericin B Fluconazole Voriconazole Caspofungin

No. of isolates
S R S R S-DD S S-DD S R
C.albicans (7) 7 0 5 0 2 7 0 7 0
C.tropicalis (4) 4 0 1 0 3 4 0 4 0
C.glabrata (4) 4 0 2 0 2 4 0 4 0
C.pelliculosa (4) 4 0 0 0 4 4 0 4 0
C.parapsilosis (3) 3 0 3 0 0 3 0 3 0
C.krusei (2) 2 0 0 2 0 2 0 2 0
Total 24 0 11 2 11 24 0 24 0

tection of MIC breakpoint values, and further classified
into one of the following categories: susceptible (S), sus-
ceptible dose-dependent (S-DD) and resistant isolates (R).

Discussion

Candida species are cosmopolitan fungi that cause
superficial and invasive diseases in humans (Fisher et
al., 2011). In this study, specimens from patients with in-
creased risk for fungal infections with Candida species
were analysed. Specimens from these patients were clas-
sified into four groups: group I - patients with primary im-
mune deficiency (HIV/ADIS, neutropenia, haematological
diseases), group II - patients with prolonged hospital stay
in ICU receiving antibacterial treatment with broad spec-
trum antibiotics, group III - patients with mucosal candi-
diasis only, and group IV - cystic fibrosis patients, with
the aim to present the distribution and frequency of dif-
ferent Candida species in primarily non-sterile and ster-
ile specimens, to determine the rate of candidemia in all
four groups, and to determine the antifungal suscepti-
bility profile of invasive isolates of Candida species to-
wards the most frequently used antifungal agents in clin-
ical practice. A total of 115 isolates of different Candida
species were confirmed in different specimens (91 strains
of Candida species from primarily non-sterile specimens
with normal microflora, and 24 isolates of Candida spe-
cies from blood) from patients with increased risk for fun-
gal infections. The most frequent colonizer in the group
I (with primary immune deficiency) was C. albicans, fol-
lowed by C. tropicalis and C. glabrata. In specimens of the
IInd group (with prolonged stay in ICU and receiving anti-
bacterial treatment with broad spectrum antibiotics), again,
the most frequent colonizer was C. albicans, followed by
C. parapsilosis and C. glabrata. C. albicans was the most
prevalent species in sputum, mouth swab, and urine, fol-
lowed by C. glabrata, C. tropicalis and C. parapsilosis.

C. glabrata was most frequently confirmed in urine, fol-
lowed by sputum and mouth swab. These results are con-
sistent with literature data which show that C. albicans is
still the most frequently isolated yeast from the respirato-
ry tract in patients with primary immune deficiency and pa-
tients with prolonged hospital stay in ICU receiving com-
bined antibacterial treatment with broad spectrum antibi-
otics. C. glabrata is the most frequent cause of candiduria
(Fisher et al., 2011; Shin et al., 2010). Candiduria is rare-
ly present in healthy individuals, but can be usually seen
in hospitalized patients, especially in ICUs, where many
predisposing factors contribute to higher rate of coloniza-
tion with yeasts and increased risk for invasive fungal in-
fections with Candida species. These predisposing fac-
tors are structural abnormalities of kidneys, diabetes melli-
tus, implanted urinary tract catheters, immunosuppression,
and prolonged antibacterial treatment with broad spectrum
antibiotics (Trofa et al., 2008). Studies from Brazil have
shown that the three most prevalent isolates from urine in
hospitalized patients were C. albicans (35.5 - 70 %), C.
tropicalis (4.6 - 52.5 %) and C. glabrata (7 - 8.8 %) (Bi-
nelli et al., 2006; Furlaneto et al., 2009). The study of Shin
et al. (Shin et al., 2010) showed a rate of isolation of Can-
dida spp. with 30.1% in sputum, 25.0% in urine, 15.8%
in blood and 13.5%in urinary catheter. In our study, the
most frequent colonizer of the respiratory mucosa in pa-
tients with cystic fibrosis was C. albicans (57%), followed
by C. dubliniensis (6.7%), C. glabrata (6.7%), C. parap-
silosis (6.7%), C. kefyr (6.7%), and one isolate each of C.
tropicalis, C. krusei, C. rugosa and C. pelliculosa. Except
yeasts, in specimens from the respiratory tract of our pa-
tients with cystic fibrosis, bacterial isolates were also de-
tected, most often P. aeruginosa (30%), MRSA (13.3%), S.
maltophilia (6.7%), and 3.3% each of H. influenzae, Fla-
vobacterium species and Burkholderia cepacia. In the stu-
dy of Noni et al. (2011) in 54 patients out of the total 121
investigated participants in the study (44.6%), a chronic
colonization with Candida species was registered (Noni et
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al., 2015). According to Noni et al. (2011) chronic coloni-
zation with C. albicans probably was associated with the
duration of inhaled antibiotic treatment. Only one patient
in our study had candidemia, and presented with positive
blood culture with C. albicans.

The highest number of cases with candidemia in our
study, in the I group, were caused by C. tropicalis and
C. krusei, followed by C. albicans, C. parapsilosis and C.
tropicalis, in the 11" group, C. albicans and C. pelliculo-
sa were equally present, and were followed by C. parap-
silosis and C. glabrata. In the III" group, 3 cases of can-
didemia were confirmed with positive blood cultures (one
case with C. albicans, C. glabrata in 2 cases). Although
C. albicans 1is still considered the most frequent etiologi-
cal agent of candidemia, in the recent few decades, a sig-
nificant increase of candidemia cases caused by other, non-
albicans Candida species (13) has been registered, and
they are usually less susceptible to antifungal drugs. Data
from the registry for candidemia in USA present the distri-
bution of species: C. albicans (42%), C. glabrata (27%),
C. parapsilosis (16%), C. tropicalis (9%), C. krusei (3%),
with non-albicans Candida species that account for 58%
from the total percentage of all candidemias. In studies in
Europe, 49-53% of candidemias were caused by C. albi-
cans, followed by C. parapsilosis (11-21%), C. glabra-
ta (10-12%), C. tropicalis (6-11%), C. krusei (1-9%) and
some other species, like C. dubliniensis, C. guilliermon-
dii, C. kefyr, C. lusitaniae and C. rugosa (1-10%) (Basset-
ti et al., 2006; Marchetti et al., 2004; Tortorano et al., 2004;
Luzzati et al., 2000).

The biochemical identification and differentiation of
invasive isolates of Candida species and their antifungal
susceptibility testing is very important due to the rising
numbers of immunocompromised patients across the globe
(Arendrup, 2013). The information about the MIC values
of different antifungal agents for each invasive isolate from
blood and other primarily sterile specimens is of a great
importance for treatment of invasive fungal infections
caused by Candida species (Cuenca-Estrella et al., 2010).
In general, identification of species could predict the anti-
fungal susceptibility profile to antifungal agents. It is well
known that C. albicans and C. parapsilosis are usually sus-
ceptible to all systemic antifungal agents; C. glabrata is
susceptible or susceptible dose-dependent (S-DD) to fluco-
nazole, while C. krusei is considered inherently resistant to
fluconazole. The latest issues of IDSA therapeutic guide-
lines (Pappas et al., 2016) suggest that antifungal suscepti-
bility testing is desirable, especially for C. albicans, to flu-
conazole, in patients with persistent candidemia or dissem-
inated infection. In non-albicans Candida species, like C.
glabrata, C. krusei or C. parapsilosis in patients with inva-
sive infection, antifungal susceptibility testing to systemic
antifungal agents is very useful, especially in patients who
were previously treated with azoles. Based on literature
data and clinical experience, C. albicans and C. parapsi-
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losis are considered susceptible to amphotericin B (Pfaller
et al., 2007), although there are some reports that describe
development of resistance in some strains (Almirante et al.,
2005). In our study, all isolates of C. albicans were suscep-
tible to amphotericin B. C. glabrata is considered suscepti-
ble dose-dependent (S-DD), and this is applicable for both
fluconazole and amphotericin B, although, in our study, all
isolates of C. glabrata were susceptible to amphotericin
B (Panackal et al., 2006). C. krusei is considered suscep-
tible to amphotericin B, although few studies have pub-
lished data for resistant strains. Susceptibility to amphoter-
icin B in our study was registered in all isolates, both in C.
krusei and all other non-albicans Candida species. The re-
sults from our study have shown that 8.3% of all isolates of
Candida species demonstrated resistance to fluconazole (2
isolates of C. krusei). Since C. krusei is considered as in-
herently resistant to fluconazole, its MIC values should not
be interpreted with the breakpoint values established by the
CLSI (Pappas et al., 2016). In 46% of our isolates of C. al-
bicans, C. glabrata, C. tropicalis and C. pelliculosa, high-
er MIC values to fluconazole were registered; they were all
susceptible dose-dependent (S-DD). Lower susceptibility
to fluconazole was shown in the study of Barchiesi et al.
(2005). Similar data are demonstrated in the study of Pfall-
er et al. (2010), in which C. tropicalis have demonstrated
moderate degree of resistance to fluconazole. Increased re-
sistance to fluconazole among isolates of C. tropicalis is
described in the study of Tortorano et al. (2004). Previous
studies from South America have shown low rate of anti-
fungal resistance. Godoy et al. (Godoy et al., 2003) found
that most isolates of Candida species are susceptible to all
antifungal agents. In a Brazilian study with 200 cases of
candidemia, despite the high rate of infections caused by
non-albicans Candida species (60%, most often C. tropi-
calis and C. parapsilosis), a resistance towards azoles was
found only in 1.5% of the isolates. In the same study, 2 iso-
lates of C. krusei and 11% isolates of C. glabrata have been
resistant to fluconazole. The SENTRY study has shown a
lower resistance towards azoles, in specimens from Cana-
da and South America, compared to specimens from USA
(Pfaller et al., 2011). Less frequent use of fluconazole prob-
ably explains the lower rate of resistance towards azoles in
these studies. In our study, all invasive isolates of Candi-
da species have shown susceptibility to voriconazole and
caspofungin. In the study of Dagi et al. (2016), all isolates
of Candida species were sensitive to voriconazole and ca-
spofungin, three isolates of C. kefyr were resistant to am-
photericin B, and only one isolate of C. glabrata was re-
sistant to fluconazole. Increased incidence in candidemia
caused by non-albicans Candida species could have im-
portant implications for prevention, treatment and outcome
from these life-threatening conditions, in critically ill pa-
tients, and therefore, early detection of fungal pathogens
is of a crucial importance. Our study confirms the find-
ings from previous studies which demonstrate high prev-
alence of candidemia with non-albicans Candida species.
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Resistance towards fluconazole was found in 33.3% iso-
lates of Candida species. Resistant isolates to amphoter-
icin B, voriconazole and caspofungin were not confirmed
in our study. In conclusion, it is necessary to provide con-
tinuous epidemiological surveillance in order to follow the
dynamics of candidemia in our patients. Since the response
to antifungal treatment and positive clinical outcome from
invasive infections with Candida species depends on early
etiological diagnosis and prompt antifungal agent, it is also
important to determine the colonization rate with Candida
species, especially in patients with increased risk for devel-
opment of invasive infections. /n vitro antifungal suscep-
tibility testing of invasive isolates of Candida species to
antifungal agents should be always performed, in order to
make the best choice for an efficient antifungal treatment,
and for surveillance of antifungal resistance.
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Pe3sume

JAucTtpuOyunja u antuyHraiana ocersiuBoct Ha Candida species
Kaj MAIUEHTH CO 3roJieMeH PU3HUK 32 QyHraJaHu HHPEeKINH

I'opnana MupueBcka, Maja Jypxap-ITaBiosa, Becna Korescka, Enena TpajkoBcka-
Hoxkuk, Kaknuna [{exoBcka, ['opnana Jankocka, Muiiena IlerpoBcka, Hukona
[TanoBCKM

Uncimuiny 3a Mukpobuonoiuja u iapasuitionoiuja, Meguyuncku gaxynitein, Ynusepsuiteia ,, Ce. Kupun u Meitioguj “,
V.50 Jueusuja 6poj 6, 1000, Crkoiije, Peityoruxa Maxegonuja

Kayunu 300poBu: Candida species, antudyHrannu areicu, GpyHrainu ungexunu, E-rect
Candida species ce OMOPTYHUCTHYKH KBACHHUIIM, KOU MOXKAT Jia OnaT cepro3Ha 3akaHa 3a HMyHOKOMIIPOMHUTHPAHUTE U
KPUTUYHO 60J'IHI/ITC Jijiia, 1 C€ MpuirHa 3a 3roJicMCH MOp6I/I}:[I/ITeT U MOpPTaJIUTET Kaj XOCIUTAIN3UPAHN TAIIUCHTHU. HCHTa Ha

oBaa cTyauja Oeliie aa ce onpeneiau GpeKkBeHIUjaTa U IUCTpUOynrjaTa Ha pa3nudnu BunoBu Candida species BO KIMHUYKH
MIPUMEPOLIH O/ JIMIIA CO PU3HK 3a Pa3B0j Ha (PyHTaHU HHPEKIIUH, U J1a CE ONTPEAENH MPO(UIIOT Ha OCETIMBOCT HA HHBA3UBHUTE
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nzonatu Ha Candida species kKOH aHTH(YHTaIHU areHCH. Bo Tek Ha JBEroJuIlIeH NepHoJl, KIMHUYKN TpuMeponun ox 120
MAIMEHTH, MOACICHH BO 4 rpynH, Oea aHamu3upaHu Ha MHCTUTYTOT 32 MukpoOuoorija u napasutonordja Bo Ckorje, Me-
qunuHekn dakyaret, Crorje, Makenonuja. Cexoja rpymna ce cocroelie o npumepoin o 30 naiueHTs, co npuMapeH UMyH
JePUINT, KPUTUIHO OONHY MALMEHTH JEKyBaHH BO €IMHHIIN 32 HHTEH3UBHO JeKyBame (EWNJI), manueHnTn co Myko3Ha KaH-
JIMJIMja3a ¥ NalueHTH co IucThuYHa Guoposa. Cure nmpuMmepory 6ea UCIUTYBAaHW CO KOHBEHIIMOHAIHM MHKOJIOIIKH METO-
mu. Unentuduranujara Ha Candida species ce u3enysaiie co VITEK-2 cucrem (bioMérieux, France). E-rect cTpunoBu Ha
(hirykoHa3051, BOpUKOHa30:1, am(poTtepuiina b u kacodyurud (AB bioMerieux, France) ce kopucTea 3a HCIUTYBambE Ha MPO-
(hUIIOT Ha OCETIIMBOCT HAa MHBa3UBHUTE U30j1ati Ha Candida species. Bo oBaa crynuja, 6ea uzonupanu 115 coesu Ha Candida
species ofl pa3IMn4yHU KIMHUYKY TpruMeponu (91 u3onari o MyKO3HM MOBPIIMHU U 24 u3onaru ox kpB). Kojonusauja Ha
MYKO3HHUTE MMOBPIIMHU Ha TaCTPOMHTCCTHHAIHHOT, PECIUPATOPHUOT U YPHHAPHHUOT TPAKT OcIie perucrpupana kaj 56,67%
(17/30), 56,67% (17/30), 90% (27/30) u 100% (30/30) nmpumMepoIy O IpBaTa U Bropara rpyrma, Tperara rpyma, 4eTBprara
rpyma, cooiBeTHO. Bo cuTe yetnpm rpynu Ha MaiueHTtH, 6ea mokaxanu cneanute cnermecu: C. albicans - 55%, C. gla-
brata - 17,6%, C. parapsilosis - 1,7%, C. tropicalis - 6,6%, nenneatuduxysauu C. species - 4,4%, C. dubliniensis - 3,3%,
C. kefyr - 2,2%, u no enen usonar ox C. rugosa, C. pelliculosa u C. krusei. [lo3uTHBHA XEMOKY/ITypa O€IIe perucTpupana
kaj 23,33% npumepornu ox npeara rpyma, 43,33% on Bropara rpyna, 23,08% ox Tperara rpyma, ¥ Kaj €IcH IPUMEPOK CO
muctrnyHa Gudbposa. Hajuectu u3omati ox XxeMOKyaTypa Bo npBara rpyma oea C. tropicalis v C. krusei, cnenenu on C. albi-
cans, C. parapsilosis n C. tropicalis, a Bo Bropara rpymna nojaeaHakso 3acranenu 6ea C. albicans u C. pelliculosa, cnenenu on
C. parapsilosis u C. glabrata. Cute unBasusuu u3onaru Ha Candida species 0ea oceT/iBu Ha ampoTepuiut b, BOprukoHa3ou
u kacrodyHrut. Pesucreniuja ko ¢uykoHnason Oerre peructpupana kaj 8,3% (2/24) on coesure Ha Candida species (C.
krusei). OceTaMBOCT BO 3aBHCHOCT OJ1 J103aTa KoH (urykoHa3ou Oeie qokaxana kaj 46% (11/24) ox uHBa3MBHUTE M30JIATH.
Hamara crynuja ja noTBpyBa BUCOKaTa MPEBaJICHIIMja Ha KOJIOHM3aIMja U KaHauaeMuja co non-albicans Candida species.
Pesucrennuja koH anTudyHrajiHu areHcu Oerre HajaeHa camo Kaj asa nzosnatu Ha C. krusei. HeonxomHo e enueMruoIIoniKo
clie/iehe Ha IMHAMKKaTa Ha KaHAuAeMHjaTa u OfipeyBame Ha Npo(uIoT Ha OCETIIMBOCT HAa MHBAa3UBHUTE n3ojatu Ha Can-
dida species Kaj HAIIATE MMAIUCHTH.
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