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ABSTRACT: Candidemia is an important emerging nosocomial infection in patients
with risk factors. Candida species from nonsterile sites can give insight into the character-
istics of strains that may cause invasive disease.

The aim of this study was to evaluate antifungal susceptibility of Candida blood and
fecal isolates in Novi Sad, Vojvodina.

During a 3-year period (2008 to 2010), 424 isolates of Candida spp. were collected,
30 bloodstream isolates and 394 strains from fecal samples. /n vitro susceptibility of these
isolates to five antifungal agents was established using commercial ATB FUNGUS 3 (Bio-
Meérieux).

Predominant species was Candida albicans (6 isolates from blood and 269 from feces).
Resistance to one or more antifungal agents was less common in Candida albicans (3.63%)
than in other species (24.83%). Resistance to itraconazole was the most commonly found in
both groups of isolates, 9.64% strains from feces and 20% from blood samples. Twelve
isolates were multiply resistant, usually to fluconazole, itraconazole, and voriconazole. Re-
sistance to amphotericine B was extremely rare.

Although resistance to antimycotics of Candida spp. is rare at present, continued
surveillance of antifungal susceptibility is necessary in order to monitor trends, and to
choose the right empiric therapy.
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INTRODUCTION

Candidemia is an important emerging nosocomial infection in patients
with risk factors. In the last two decades an increase of bloodstream infections
caused by Candida species (Candida spp.) has been documented, with a con-
sequent rise in related mortality and prolonged hospitalizations (Tulumoglu
S. et al., 2009). Risk factors for development of candidemia are: immunocom-
promised host, immunosuppressive therapy and neutropenia, intensive care
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units patients, central venous catheters, parenteral nutrition, and the long-term
use of broad-spectrum antibacterial drugs (Takakura S. et al., 2006).

Candida spp. at multiple nonsterile sites often suggests colonization but
these strains also may cause invasive disease. Candida spp. from nonsterile
sites can also give insight into the characteristics of strains that cause the dis-
ease (Tasic S.etal., 2008).

The variability in the susceptibility of clinical isolates to antifungal drugs
emphasizes the importance of performing species identification and antifun-
gal susceptibility testing (Mitrovic S. M. etal., 2007).

There are data which show that Candida albicans (C. albicans) main-
tains excellent susceptibility to all antifungal agents, but many non-albicans
species have increased resistance to antifungal drugs over the past decades.
(Tulumoglu S. etal., 2009)

There are differences in species distribution and antifungal susceptibility
profiles and it is important to obtain such information for each geographic
area (Mueller F. M. et al., 2000)

The aim of this study was to assess the antifungal susceptibility profiles
in both strains of Candida spp. associated with systemic disease and fecal
isolates.

MATERIAL AND METHODS

In the Center for Microbiology of Institute for Public Health of Vojvo-
dina during a 3-year period, from January 2008 to December 2010, a total of
424 isolates of Candida spp. were collected, 30 bloodstream isolates and 394
strains from fecal samples.

Blood samples were collected in sterile conditions into 30 ml culture
medium for BacT/Alert- BioMérieux. The bottles which were positive after
incubation at 37° C for 2-5 days were transferred to blood agar and Sabouraud
Dextrose Agar and incubated 24 hours at 35°C, and next 24 hours at 25°C.

Fecal samples were inoculated to Sabouraud Dextrose Agar and incu-
bated 24 hours at 35°C, and next 24 hours at 25°C.

Colonies of Candida spp. were identified by examination of their micro-
scopic and macroscopic features. Candida albicans was identified by the ap-
plication of germination tube test in human serum. Species identification was
confirmed by API 20C (BioMérieux) or Vitek2 (BioMérieux) for resistant
blood isolates of Candida spp.

In vitro susceptibility of all isolates to five antifungal agents was estab-
lished using commercial ATB FUNGUS 3 (BioMérieux, France) that enables
the determination of the susceptibility to five antifungal agents under condi-
tions similar to the reference method for micro-dilution according to EUCAST
(European Committee on Antibiotic Susceptibility Testing) and CLSI (Clini-
cal and Laboratory Standards Institute) recommendations. The results ob-
tained give a MIC (Minimal inhibitory concentration) for amphotericin B
(AMB), fluconazole (FCA), itraconazole (ITR), voriconazole (VRC) and/or
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classify the strain as Sensitive (S), Intermediate (I) or Resistant (R) flucyto-
sine (SFC).

The interpretative breakpoints were proposed by the manufacturer of the
test. Fluconazole MICs < 8.0 mg/L were considered susceptible and > 64
mg/L were considered resistant, with the exception of C. krusei, which is
considered inherently resistant to fluconazole, regardless of the MIC value.
Isolates showing itraconazole MICs < 0.125 mg/L and voriconazole < 1 mg/L
were classified as susceptible and those with MICs > 1 mg/L for itraconazole
and > 4 mg/L for voriconazole as resistant. Although interpretative break-
points for amphotericine B have not yet been established, isolates showing
MIC of > 2 mg/L suggest resistance.

RESULTS

From 30 blood isolates and 394 fecal isolates predominant species was
Candida albicans, 269 from fecal samples and 6 strains from blood (in hemo-
cultures Candida spp. was more common). Resistance to one or more antifun-
gal agents was less common in Candida albicans (3.63%) than in other Can-
dida species (24.83%).

From total of 269 fecal isolates of Candida albicans 259 (96.28%) were
susceptible to all antimicrobial drugs tested. Ten isolates (3.72%) had one or
more resistance markers. One resistance marker had 4 strains, they were re-
sistant to itraconazole, one was resistant to fluconazole and itraconazole, and
five isolates had 3 markers and were resistant to fluconazole, itraconazole,
and voriconazole. In Candida spp. (non-albicans) 24.80% had resistance mark-
ers, 24 (19.20%) strains with one marker, 1 (0.80%) with 2 markers, 5 (4.00%)
with 3 markers and 1 (0.80%) strain with 4 resistance markers (Table 1).

Resistance to itraconazole was the most commonly found in both groups of
fecal isolates, 3.72% of Candida albicans strains and 22.40% of Candida spp.

Tab. 1 — Resistance types of Candida isolates from feces (comparative data for Candida albicans
and Candida spp.)

Number of Resmtan.c ¢ types Number (%) Number of Resistance types | Number (%)
resistance of Candida - resistance . .
; of isolates of Candida spp. |of isolates
markers albicans markers
0 259 (96.28%) 0 94 (75.20%)
FCA 2 (1.6%)
1 ITR 4 (1.48%) 1 ITR 21 (16.8%)
VRC 1 (0.80%)
2 FCA, ITR 1 (0.37%) 2 FCA, ITR 1 (0.80%)
o FCA, ITR, VRC | 4 (3.20%)
3 FCA, ITR, VRC | 5(1.85%) 3 AMB, FCA. ITR | 1(0.80%)
AMB, FCA, .
4 ITR, VRC 1(0.80%)
Total number 269 (100%) | Total number 125 (100%)

21




Resistance to fluconazole in Candida albicans was established in 2.23 %
and 7.20% of Candida spp. Resistance to voriconazole was found in 1.85% C.
albicans and 4.80% Candida spp. No resistance to amphotericin B was found
in Candida albicans and in Candida spp., it was rare (1.60%).

From the blood isolates 24 (80%) were sensitive to all drugs tested (all
strains of Candida albicans were completely sensitive) and from 20% resist-
ant isolates of Candida spp., 3 were identified as C. parapsilosis-1 isolate and
C. tropicalis -2 isolates (10%), had 1 resistance marker and were resistant to
itraconazole; 2 isolates of C. kruzei (6.66%) had 2 markers — fluconazole and
itraconazole; and 1 C. tropicalis (3.33%) was resistant to 3 antimycotics — flu-
conazole, itraconazole and voriconazole (Table 2).

Tab. 2 — Resistance types of Candida isolates from blood (comparative data for Candida albicans
and Candida spp.)

Number of Res1stan§ e types Number |Number of re- | Resistance types | Number of
resistance of Candida . . . .
; of isolates | sistance markers | of Candida spp. |isolates
markers albicans
0 6 0 18
1 1 ITR 3
2 2 FCA, ITR 2
3 3 FCA, ITR, VRC
Total number 6 Total number 24

Candida albicans remains the most susceptible. All the isolates were
susceptible to flucytosine and in isolates from blood no resistance to ampho-
tericine B was found, and in fecal isolates it was rare. Cross-resistance to
azoles was found in the total of 16 isolates (3.77%), and it was more common
in Candida spp. (6.71%) than in C. albicans (1.81%).

Twelve isolates were multiple resistant.

Resistance to itraconazole was dominant in both fecal and blood isolates,
38 (9.64%) strains from fecal samples and 6 (20%) strains from blood were
resistant to that drug (Graph 1). Isolates resistant to itraconazole were more often
found in blood than in feces, the difference is statistically significant (p<0.01).

Non-albicans Candida species were significantly (p<0.05) more fre-
quently resistant to itraconazole and fluconazole than Candida albicans. To
itraconazole were resistant 10 from 275 (3.63%) C. albicans and 33 from 149
Candida spp. (22.14%) (p<0.05). Resistance to fluconazole was less common
in both groups of isolates, 6 from 275 C. albicans (2.18%) and 12 from 149
Candida spp. (8.05%) (p<0.05). Overall resistance to itraconazole in 424 iso-
lates was 10.37% of isolates, to fluconazole 4.24% and to voriconazole 2.83%.
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Graph 1. Total number of resistant Candida isolates from blood and feces

AMB FCA ITR VRC

Bl Candida from blood samples

O Candida from fecal samples

DISCUSSION

Candida spp. is a member of physiological flora of the human skin and
mucosal membranes. The prevalence of Candida colonization of the gastroin-
testinal tract in healthy people is very high (Tasic S. etal. 2008). There is a
balance between Candida spp. of normal flora and immune defense mecha-
nisms, when this balance is disturbed colonization usually results in infection
(Babic M, Hukic M. 2010). Rates of candidemia have increased over the
past few decades causing the morbidity and mortality for immunocompromised
patients, such as those with cancer or AIDS (Safdar A. et al., 2002). This
analysis included clinical isolates from bloodstream and from feces, as the most
Candida infections arise from the hosts’ endogenous microflora.

Our susceptibility results are similar to other studies: resistance is un-
common among C. albicans, and there is higher level of reduced susceptibil-
ity among non-albicans Candida spp.

All the isolates studied were susceptible to flucytosine, and decreased
susceptibility to amphotericin B was found only in fecal isolates of non-albi-
cans strains (1.60%) and resistance of all isolates tested was 0.47% that is
consistent with reports from Spain, Turkey, and Mexico (Florez C. et al,,
2008, Tulumoglu S.etal. 2009, Gonzales GM. et al. 2008).
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The occurrence of azole cross-resistance in clinical C. albicans isolates
has been demonstrated by German authors (Mueller F, M. et al., 2000) in
children with HIV (human immunodeficiency virus). In our study, cross-re-
sistance to azoles was found in 16 isolates (3.77%), and it was more common
in Candida spp. (6.71%) than in C. albicans (1.81%). In a study from Glasgow,
UK, none of the blood culture isolates was resistant to either fluconazole or
itraconazole (Kennedy H.F. etal., 2006).

Resistance to fluconazole in this study was found in 4.24% of all isolates
tested, very similar to 4.1% found in Spain (Florez C. etal., 2009) and less
common than 15% seen in Portugal (Costa-de-Oliviera S. et al,
2008).

Overall resistance to itraconazole in 424 isolates was 10.37% of isolates;
it was more common in Candida spp. (22.14%) than in C. albicans (3.63%).
These results are higher than in Spain and Turkey (Florez C. et al., 20009,
Tulumoglu S.) but lower than 24.7% in Lithuania (Skrodeniene E.et
al., 20006), 27.6% in Venezuela (Panizo M. M. et al., 2009) and 43.3% in
Mexico (Gonzales G. M. et al., 2008).

Overall resistance to voriconazole in this investigation was low (2.83%)
especially in C. albicans (1.81%) which is consistent to the studies in which
this drug displayed potent antifungal activity (Tortorano A. M. et al,,
2006 and Quindos G. etal., 2008).

In conclusion, this study shows that in Novi Sad, Vojvodina, resistant
isolates were found both in C. albicans and in Candida spp. and reduced sus-
ceptibility was documented in blood as well as in fecal isolates.

Reduced susceptibility to azoles was relatively rare; most commonly
found in all isolates was the resistance to itraconazole. Isolates resistant to
itraconazole were more often found in blood than in feces, the difference is
statistically significant. Non-albicans Candida species were significantly
more frequently resistant to itraconazole and fluconazole than Candida albi-
cans.

Voriconazole and amphotericine B were found to be very active against
all species of Candida. Hence, these agents should be used in empirical treat-
ment for candidemia rather than fluconazole and itraconazole.

Although resistance to antifungal agents of Candida spp. is rare at present,
continued surveillance of antifungal susceptibility is necessary in order to
monitor trends, and to choose the right empiric therapy.
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OCETJbMBOCT HA AHTUMUKOTUKE U3O0JIATA CANDIDA SPP.
N3 KPBU 1 ®ELECA ITPUKJBYUEHUX Y HOBOM CALlY V
TPOI'OJUIIBEM ITEPUOAY (2008-2010)

Jenecuh 3. 3opa, Menuh /1. [leana, Muxajnosuhi-Ykponuna M. Mupa, Jesruh Mapuja,
I'yeman I1. Bepa, PanocasibeBuh J. busbana, Munocasssesuh T. busbana

WHCcTHTyT 32 jaBHO 31paBibe Bojsoamue, Hosu Can
Rezime

Kanannemnja je 3HagajHa u cBe dermrha HO30KOMHUjaTHA HH(EKIH]ja KO Maluje-
Hata ca (akropuma pusuka. Candida BpcTa MOPEKIOM U3 HECTEPUIIHUX MOAPYUja
MOXe JIa yKaXKe Ha KapaKTePUCTHKE COjeBa KOjU Y3POKY]jy HHBa3HBHY OOJIECT.

[{nsb oBOT MCTIUTHBAaKA OHO je 1a ce YTBP/IU 0ceTIbHBOCT cojeBa Candida n3 kpBu
u Qereca n3onoBanux y Hoom Cany, y Bojoguau.

VY Toky Tporogunimer nepuojaa, ox 2008. no 2010. roquHe, NpUKyIIbeHO je 424
nzonara Candida spp., 30 nzonara u3 kpeu u 394 cojeBa MOPEKIIOM U3 y30paka ¢ereca.
OceTJpUBOCT OBHX M30JIaTa i7 Vitro Ha MeT aHTUMUKOTUKA YTBPheHo je kopuirhemem
komepuujanHor Tecta ATB FUNGUS 3 (BioMérieux).

Hajuenrha Bpcra 6una je Candida albicans (6 uzonara u3 kpsu u 269 u3 ¢derneca).
Pesucrennyja Ha jeqaH MM BHIIE aHTUMUKOTHKA Omia je peha kox Candida albicans
(3.63%) y onnocy Ha apyre non-albicans Bpcte (24.83%). Pesucrenuuja je najuemthe
Onia M3pakeHa Ha UTPAKOHA30J KoJl 00e NCITMTHBAHE TpyIie, yTBpheHa je ko 9.64%
cojeBa mopekioM u3 dereca u 20% nzonara u3 KpBu. MyaTHILIA PE3UCTEHIM]a HA TPU
WJIY BUIIE aHTUMHUKOTHKA JIOKa3aHa je KO/ IBaHACCT M30J1aTa, YIIIaBHOM Ha (IIyKO-
Ha30J1, UITPaKOHA30J U BOPHKOHA3011. PesucTennuja Ha amporepuruu b 6uina je Bpio
peTKa.

Nako je pesucrenuuja Candida spp. Ha aHTUMUKOTHKE KOJI HAaC 3acaj] peTKa 1o-
jaBa, moTpeOHO je KOHTUHYHUPAHO Mpaheme U UCTPAKNBAHE IUXOBE OCETJLUBOCTH Y
Uiy npahiera TpeH10Ba y NI0jaBU PE3UCTEHTHUX M30JIaTa, ajii U 300r n3dopa npase
eMITHPHJCKE Teparluje.
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