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Abstract

Background: Invasive fungal infections caused by Candida species remain a significant global health concern,
particularly in immunocompromised individuals. Effective treatment requires precise knowledge of antifungal susceptibility
patterns, which may vary depending on the biological source of isolation.

Objective: This study aims to evaluate and compare the susceptibility and resistance profiles of Candida spp. to five
major antifungal agents across different types of biological materials providing clinically relevant insights for antifungal
stewardship and infectious disease management.

Materials and Methods: A retrospective, observational, and descriptive study was conducted using 1,220 clinical
isolates of Candida spp., collected from sputum (n=893), ENT organs (n=277), and cerebrospinal canal (n=50). Identification
was carried out using conventional culture and microscopy. Susceptibility to anidulafungin, micafungin, voriconazole,
caspofungin, and fluconazole was assessed using the broth microdilution method according to CLSI M27 and EUCAST
guidelines. Minimum inhibitory concentrations (MICs) were used to determine susceptibility and resistance. Data analysis
was performed using Microsoft Excel and IBM SPSS Statistics.

Results: Fluconazole demonstrated the highest overall susceptibility across all specimen types, especially in
cerebrospinal canal isolates (80.0%) and sputum (78.6%). Among echinocandins, anidulafungin and micafungin showed
strong activity, particularly in CNS and respiratory isolates. Voriconazole consistently exhibited the lowest susceptibility and
highest resistance, especially in ENT-derived samples. Caspofungin presented moderate efficacy with variable resistance
patterns. Resistance was highest in voriconazole (up to 40.4% in ENT samples), followed by caspofungin and micafungin.
Fluconazole had the lowest resistance across all groups.

Conclusion: The effectiveness of antifungal drugs varies by the source of Candida spp. Fluconazole was most effective,
especially in CNS infections. Voriconazole showed lower efficacy and more resistance. Treatment should be based on
infection source to improve outcomes and reduce resistance.
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BBepeHue: VHBasuBHble rpubKoBble MHAEKLMW, BbidbiBaeMble Buaamu Candida, ocTaloTcsi cepbE3Hoi npobrnemon
30paBOOXpaHeHNst BO BCEM MMPE, OCOBEHHO Cpeau NauueHToB C ocnabneHHbIM UMMyHUTETOM. OdeKTBHOE neyeHre
TpebyeT TOYHOTO MOHMMaHWS NPOUNEn YyBCTBUTEMBHOCTM K MPOTUBOTPUOKOBLIM Mpenapatam, KOTOpble MOryT
BapbMpPOBaTLCA B 3aBUCUMOCTM OT BMONOrNYECKOro Matepuana, 13 KoToporo BblgeneH Bo3byauTens.

Llenb: OueHUTb 1 CpaBHUTL YyBCTBUTENBHOCTb M YCTOMYMBOCTL Candida spp. K MATM OCHOBHLIM MPOTWUBOrPUOKOBLIM
npenapatam B 3aBUCUMOCTM OT TWUMA KNWUHUYeckoro Matepuana (mokpota, JIOP-opraHbl ¥ NUKBOP), C LENbIO
NpeaocTaBneHns KIMHMYECKN 3HAYMMON WHGOPMaLMK ANS BeAEHUS MHGEKUMOHHBIX 3a60NeBaHNn U aHTUMUKOTUYECKON
cTpatermm.

Matepuanbl U meTogbl: Bbino npoBegeHO peTpOCMeKTUBHOe, onucaTensHoe, HabriogaTtenbHoe WCCnegoBaHue,
Bkntovarowee 1 220 knuHudeckux usonatoB Candida spp., nonyyveHHbIX u3 MokpoTbl (n=893), NNOP-opraHoB (n=277) un
LepebpocnuHanbHol kugkoctn (n=50). BupoBas upeHTU(MKaLMA NMpPOBOAMNACch C WMCMONMb30BaHWEM CTaHAAPTHBIX
MWKONOMMYECKUX METOLOB (MOCEB, MUKPOCKOMWSA). TeCTUpOBaHWe YYBCTBUTENBHOCTU K aHWMAynadyHrnHY, MUKatyHruHY,
BOPWKOHA3011y, KacnoyHrMHy W pryKoHa3omy NpoBOAWMNOCE METOAOM MMKPOOYMbOHHOTO pa3BefeHust B COOTBETCTBUM C
pekomeHgaumamu CLSI M27 u EUCAST. AHamu3 gaHHbIX BbINOMHEH ¢ ucnonb3oBaHueM Microsoft Excel n IBM SPSS
Statistics.

PesynbTatbl: ®nykoHa3on npoLeMOHCTPUPOBaN HauBbICLylo OBLLY0 YyBCTBUTENBHOCTb MO BCEM Tunam 06pasuos,
ocobenHo B nuksope (80,0%) u Mmokpote (78,6%). Cpeau aXvHOKaHOWHOB HaubOMbLUylo aKTWBHOCTb MOKas3anw
aHuaynadyHruH n MukadyHruH, ocoberHo B usonstax u3 LIHC u gbixatenbHbix nyTeir. BopukoHa3on npogeMoHCTpupoBan
HauMMEHbLLYI0 YYBCTBUTENBHOCTb M HaubOMbLUylo YCTONYMBOCTb, 0CobeHHO B JIOP-obpasuax. KacnodyHruH nokasan
YMEPEHHYIO aKTUBHOCTb 1 MEPEMEHHYI0 YCTOMYMBOCTb. BOpMKOHA30M NpOAEMOHCTPUPOBAN HanbormbLLYK YCTOMYMBOCTb (40
40,4% B JIOP-06pa3uax), 3a HUM cnegoBanu kacnoyHrH 1 MukadpyHrH. ®nykoHas3on MMen HauMeHbLUWe nokasaTenu
YCTONYMBOCTH.

BuiBog: OddekTMBHOCTb MPOTUBOTPUOKOBLIX MpenapaToB 3aBUCUT OT UCTOYHMKA BbloeneHus Candida spp.
OnykoHason 6bin Hambonee adpekTmBeH, ocobeHHO npu  wHekumax LIHC. BopukoHason nokasan MEHbLUYIO
3 heKTMBHOCTb 1 BOMbLLYH0 YCTONYMBOCTL. Tepanuto cregyeT nogbuparts ¢ y4ETOM MCTOYHMKA MHDEKLMN ANS NOBbILLEHNS
PPEKTUBHOCTU U CHUKEHUS PEUCTEHTHOCTHU.

Knroyeebie cnosa: Candida spp., npomugoepubkosas — ycmoldugocmb, — buonozuyeckuli — Mamepuarn,
Yy8cmeumenbHOCMb, KITUHUYECKUE U30Smb!
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YyBCTBUTENbHOCTM 1 ycTomumBocTM Candida spp. k NpOTUBOrpMOKOBLIM Mpenapatam B 3aBUCMMOCTM OT Tuna
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Kipicne: Candida TypnepimeH LakbipbinaTblH MHBA3WBTI 3€H, UH(DEKLMSNapk!, acipece UMMYHWUTETI ToeMeH agamaap
apacblHaa, XanaHablk, [eHcayrblk, CakTay Xy#eci ywiH eneyni kayin Oonbin Tabbinaabl. TuiMai em Xypridy ywWiH 3eHre
KapChl Aapinepre cesiMTanmblkTbiH, Bronorusnbik Matepuansa 6annaHbICTbl PeKLLENIKTEPIH HaKTbI Biny KaxeT.

Makcatbi:KnuHukanbik, MaHbl3gbl aknapat b6epy makcatbiHga, apTypni Guonmorusanbik, matepuangapgaH GeniHred
Candida spp. wsonaTTapbiHbliH, 6ec Herisri 3eHre KapcCbl npenapaTka (aHugynacdyHrH, MUKadyHTUH, BOPWUKOHA30M,
KacnogyHIH xaHe pnykoHa3on) cesiMTangblk xaHe TesiMainik AeHreriH baranay XaHe CanbICTbIpy.

Matepuanpap meH agictep: 3epTTey cunaTTamarsl, PETPOCNEKTUBTI XaHe BakbinaynbIk cunatTa xyprisingi. bapnbifbl
1 220 Candida spp. KnuHWKanblk, W30NATTapbl 3epTTengi: KakpipbikTaH (n=893), NIOP-mywenepiHeH (n=277), XynblH
CyMbIKTbIFbIHAH  (N=50). WpeHTudukauma CcTaHLapTTbl MUKOMOTUANbIK, aicTep apkbinbl Xyprisingi. 3edre kapcobl
npenapattapfsa cesiMTangblk CLSI M27 xaHe EUCAST ycCbiHbICTapbiHa CalikeC MUKPOOYNbOHAbI CyibINTy aiCiMeH
aHbikTangbl. Manimertep Microsoft Excel xaHe IBM SPSS Statistics 6arnapnamanapbinaa engengi.

Hatwxenep: ®nykoHason Oapnbik yArinep apacblHaa €H XOofapbl CE3IMTanAbIKTbl KepCeTTi, aCipece XyIblH
cyibIKThiFbiHAA (80,0%) xaHe KakrbipbikTa (78,6%). OXMHOKaHOMHAEP apacblHAa aHuaynadyHMH MEH MUKadYHTH KaKChbl
BenceHainik kepceTTi. BopuMkoHa3onm eH, TeMeH CesiMTangbIKTbl XaHe XOfapbl Tes3iMainikti kepcetTi, acipece JTIOP-
XMHaKTapbiHha. KacnodyHrvH opTtawa TuiMginikke ne 6onabl. BopukoHasongbiy, TesimMainiri eH, xorapbl Gongsl (TOP -
40,4%), dhnykoHa3on - eH, TeMeH Te3iMAi Aapi.

KopbITbiHAbl: Candida spp. TypnepiHiH, aHTUMWKOTWKanbIK, Aopi-GapMeKTepre TWiMAiNIr onapgblH, anblHFaH
Ovonorusnblk MaTepuanbiHa bainaHbicTbl e3repefi. ®nykoHason eH, TMiMai 6onbin, acipece opTanblk, Xylke XyAeCiHiH,
WHEeKLMANapbiHaa XakCbl HaTWXKE KepCeTTi. BopukoHa3on TviMEiniri TOMEHIPEK XoHe Pe3NCTEHTTINIK xoFapbl 6onabl.
Empeyai wHdekumsHbIH, KesiHe GaiinaHbiCTbl Tanday HaykacTapAblH, XaFdalblH XakcapTyFa XoHe [Aapi-OapMekke
Te3iMAinikTi azanTyra keMekTecesi.

Tylindi ce3dep: Candida spp., 3eHee Kapcbl me3imoinik, buomamepuarn, ceiMmandbIk, KITUHUKabIK U30simmap.
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Introduction more recently, people experiencing complications from

Fungal infections, particularly those caused by Candida  post-COVID-19 syndrome (also known as long COVID).
species, represent an escalating public health concern Invasive candidiasis is frequently misdiagnosed and is
across both developed and developing regions. Each year,  responsible for about 995,000 deaths annually, accounting
approximately 1,565,000 people worldwide develop  for 63.6% of all cases [8].
invasive candidiasis. This condition primarily affects Traditionally, Candida albicans has been considered the
individuals with weakened immune systems, including  most prevalent species. However, recent studies reveal a
critically ill patients in intensive care units, those undergoing marked epidemiological shift toward non-albicans Candida
prolonged treatment with broad-spectrum antibiotics, and ~ (NAC) species, including C. glabrata, C. parapsilosis, C.
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tropicalis, and C. auris [19]. These species often exhibit
intrinsic or acquired resistance to standard antifungal
agents, posing challenges to effective treatment. In
particular, Candida auris has gained global attention due to
its multidrug resistance and capacity to cause nosocomial
outbreaks [13].

A growing body of evidence indicates that addressing
antifungal resistance requires consideration of site-specific
factors, particularly the anatomical location from which Candida
species are isolated. Clinical samples obtained from mucosal
surfaces or catheterized areas frequently exhibit higher
resistance levels, often due to biofilm formation and repeated
exposure to antifungal agents. These findings highlight the
importance of tailoring antifungal strategies based not only on
species identification but also on the source of the clinical
specimen [7].

Recent ICU-focused guidelines emphasize that the
anatomical origin of Candida isolates plays a critical role in
determining antifungal susceptibility. Isolates from sterile sites,
such as blood or cerebrospinal fluid, tend to display higher
susceptibility rates compared to those from non-sterile sites,
including the urinary or respiratory tracts. This supports the
integration of specimen-type considerations into both empirical
antifungal therapy and local stewardship protocols [3].

Analysis of antifungal susceptibility in  both
environmental and clinical Candida isolates has revealed
significant differences depending on the origin of the
sample. Resistance to fluconazole was notably higher in
isolates  obtained from environments with  strong
anthropogenic influence. These observations support the
concept that site-specific environmental pressures play a
crucial role in shaping resistance patterns, even among
clinically important yeast species [4].

Global surveillance data further highlight the growing
concern of antifungal resistance in Candida species.
Fluconazole-resistant C. parapsilosis has emerged as a serious
clinical issue, particularly in intensive care settings, with
resistance rates in certain regions exceeding 35%. This trend
poses a direct threat to the efficacy of first-line antifungal
treatments and underscores the urgent need for localized
susceptibility testing and targeted antifungal stewardship
strategies in high-risk hospital environments [6].

The compounding effects of co-infections and
immunosuppressive therapies, particularly evident during
the COVID-19 pandemic, have been associated with a
marked increase in invasive fungal infections, including
those caused by Candida spp. Delays in diagnosis and
inappropriate use of azole antifungals have contributed to
the emergence of resistant strains, especially in respiratory
and urogenital samples. These observations highlight the
importance of integrating clinical context, including the

source of the isolate and the patient’s background, into
diagnostic and treatment strategies [10].

Aim to analyze the susceptibility profile of Candida spp.
to five major antifungal agents according to biological
specimen type, providing clinically relevant insights for
infectious disease management and antifungal stewardship.

Materials and Methods

This study was designed as an observational,
retrospective, and descriptive analysis. It included data on the
susceptibility of 1,220 isolates of Candida spp., obtained from
three types of clinical specimens: sputum (n=893), ENT
organs (n=277), and cerebrospinal canal (n=50). The
analysis focused on five antifungal agents: anidulafungin,
micafungin, voriconazole, caspofungin, and fluconazole.

Identification of Candida species was performed using
standard mycological techniques, including culture-based
methods and microscopic examination.

Antifungal susceptibility testing was conducted using
the broth microdilution method, with determination of
minimum inhibitory concentrations (MICs), in accordance
with the CLSI M27 and EUCAST guidelines. Based on the
MIC values obtained, isolates were classified as susceptible
(8) or resistant (R).

Statistical Analysis

Data were entered into Microsoft Excel for preliminary
sorting and calculation of susceptibility and resistance
percentages. Statistical analysis was carried out using IBM
SPSS Statistics, applying descriptive statistical methods.

To determine the rates of susceptibility and resistance
for each biological specimen type, we calculated the
percentage of susceptible and resistant Candida isolates
relative to the total number of isolates from that material.
The formulas used were:

o Susceptibility (%) = (Number of susceptible isolates /
Total number of isolates per material) x 100

o Resistance (%) = (Number of resistant isolates /
Total number of isolates per material) x 100

To assess overall trends, we also calculated the
average susceptibility and resistance rates across all
sample types using the following formulas:

o Average susceptibility (%) = (Total number of
susceptible isolates from all materials / Total number of
isolates) x 100

o Average resistance (%) = (Total number of resistant
isolates from all materials / Total number of isolates) x 100

Results

Table 1 presents the susceptibility and resistance of
Candida isolates to five antifungal agents across three
types of clinical specimens: sputum, ENT organs, and
cerebrospinal canal. The largest number of isolates was
obtained from sputum (n=893), followed by ENT samples
(n=277) and cerebrospinal canal specimens (n=50).

Table 1.

Antifungal Susceptibility and Resistance Patterns of Candida Isolates from Different Clinical Specimens.

Antifungal Sputum (n=893) ENT Organs (n=277) Cerebral Canal (n=50)

Agent Sus Res Sus Res Sus Res
Anidulafungin 647 (72.5%) 246 (27.5%) | 174 (62.8%) 103 (37.2%) 38 (76.0%) 12 (24.0%)
Micafungin 649 (72.7%) 244 (27.3%) | 170 (61.4%) 107 (38.6%) 35 (70.0%) 15 (30.0%)
Voriconazole 587 (65.7%) 306 (34.3%) | 165 (59.6%) 112 (40.4%) 33 (66.0%) 17 (34.0%)
Caspofungin 640 (71.7%) 253 (28.3%) | 167 (60.3%) 110 (39.7%) 32 (64.0%) 18 (36.0%)
Fluconazole 702 (78.6%) 191 (21.4%) | 178 (64.3%) 99 (35.7%) 40 (80.0%) 10 (20.0%)
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Fluconazole showed the highest overall susceptibility,
particularly in isolates from sputum (78.6%) and
cerebrospinal fluid (80.0%). Among the echinocandins,
Anidulafungin and Micafungin demonstrated relatively high
activity, especially in cerebrospinal isolates (76.0% and
70.0%, respectively). In contrast, susceptibility to
Voriconazole and Caspofungin was moderate across all
sample types, with lower rates observed in ENT isolates.
Table 2 offers a side-by-side comparison of the three most
effective antifungal agents for each type of clinical specimen.

Across all materials, fluconazole consistently emerged as the
most active agent. In sputum samples, it reached a sensitivity
of 78,6%, closely followed by micafungin (72,7%) and
anidulafungin (72,5%). When considering ENT organ isolates,
fluconazole again led with 64,3%, then anidulafungin (62,8%),
and caspofungin (60,3%) not far behind. What's particularly
noteworthy is that isolates from the cerebrospinal canal
exhibited the highest overall antifungal susceptibility:
fluconazole showed 80,0%, followed by anidulafungin (76,0%)
and micafungin (70,0%).

Table 2.
Comparative Analysis of the Most Effective Antifungal Agents by Biological Source of Isolation.

Biological Material 1st Position 2nd Position 3rd Position
Sputum (n=893) Fluconazole (78.6 %) Micafungin (72.7 %) Anidulafungin (72.5 %)
ENT Organs (n=277) Fluconazole (64.3 %) Anidulafungin (62.8 %) Caspofungin (60.3 %)
Cerebral Canal (n=50) Fluconazole (80.0 %) Anidulafungin (76.0 %) Micafungin (70.0 %)

Table 3 summarizes the three antifungal agents
associated with the highest levels of resistance among
fungal isolates from different biological materials. The
results indicate a notable variability in resistance profiles
depending on the source of isolation, although certain
agents, particularly voriconazole and caspofungin,
consistently demonstrated higher resistance rates across
multiple specimen types. In respiratory samples (sputum),
voriconazole showed the highest proportion of resistant

isolates (34.3%), followed by caspofungin (28.3%) and
anidulafungin (27.5%). Among isolates from ENT organs,
voriconazole again ranked first (40.4%), with caspofungin
(39.7%) and micafungin (38.6%) close behind highlighting a
relatively high resistance burden in this localization. Isolates
obtained from the cerebrospinal canal demonstrated a
slightly different pattern: caspofungin exhibited the highest
resistance (36.0%), followed by voriconazole (34.0%) and
micafungin (30.0%).

Table 3.
Top Three Antifungal Agents with the Highest Resistance by Biological Source of Isolation.
Biological Material 1st Position 2nd Position 3rd Position
Sputum (n=893) Voriconazole (34.3 %) Caspofungin (28.3 %) Anidulafungin (27.5 %)
ENT Organs (n=277) Voriconazole (40.4 %) Caspofungin (39.7 %) Micafungin (38.6 %)
Cerebral Canal (n=50) Caspofungin (36.0 %) Voriconazole (34.0 %) Micafungin (30.0 %)

Figure 1 presents a comparative analysis of Candida
susceptibility to five antifungal agents across three
biological sources: sputum, ENT organs, and cerebrospinal
canal. Across all specimen types, fluconazole demonstrated
the highest overall effectiveness, with sensitivity rates
ranging from 64.3% (ENT) to 80.0% (cerebral canal). This
confirms its broad-spectrum activity and continued
relevance in empirical antifungal therapy. Among the
echinocandins, anidulafungin and micafungin exhibited

78.6% 80%
S 72.5% OA

62.8%

80 -
70 - 64.3%
60 -
50 4
40 -
30 4
20 4
10 -

72.7%

comparable efficacy. In particular, anidulafungin showed
high activity in cerebrospinal isolates (76.0%) and sputum
samples (72.5%), while micafungin showed slightly better
performance in respiratory isolates (72.7%). Caspofungin
displayed moderate activity across all materials, with
sensitivity ranging from 60.3% to 71.7%. Voriconazole,
though still active, consistently demonstrated the lowest
susceptibility rates in all sample types, particularly in ENT-
derived isolates (59.6%).

0% 71.7%

ﬂ 66%
.49 60.3%,

64% 65.7%

.6%0

0 T T
Fluconazole Anidulafungin
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Micafungin
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Caspofungin
Cerebral Canal

Voriconazole

Figure 1. Comparative Susceptibility of Candida Isolates to Antifungal Agents Across Biological Materials.

Figure 2 presents the resistance percentages of five
antifungal agents across three biological materials: sputum,
ENT organs, and the cerebral canal. Voriconazole exhibits
the highest resistance rates among the antifungals tested,
with 34.3% resistance in sputum samples, 40.4% in ENT

organ isolates, and 34% in the cerebral canal. Caspofungin
follows closely, showing 28.3% resistance in sputum, 39.7%
in ENT organs, and the highest resistance in the cerebral
canal at 36%. Micafungin and anidulafungin demonstrate
similar resistance profiles. Micafungin's resistance ranges
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from 27.3% in sputum to 30% in the cerebral canal, while
anidulafungin  shows 27.5% resistance in sputum,
increasing to 37.2% in ENT organs, but a lower 24% in the
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cerebral canal. Fluconazole has the lowest resistance rates
across all sample types, with 21.4% in sputum, 35.7% in
ENT organs, and 20% in the cerebral canal.
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Figure 2. Antifungal Resistance Rates by Specimen Type.

Figure 3 shows the average susceptibility and
resistance rates of five antifungal drugs based on data
from various clinical samples. Fluconazole demonstrated
the highest susceptibility at 75.4%, with the lowest
resistance rate of 24.6%, indicating strong overall
effectiveness. Anidulafungin and micafungin showed
similar  susceptibility rates of 70.4% and 70%,

respectively, with corresponding resistance rates of
29.6% and 30%. Caspofungin had a slightly lower
susceptibility at 68.8% and a resistance rate of 31.2%.
Voriconazole showed the lowest susceptibility at 64.3%
and the highest resistance rate of 35.7%, suggesting
reduced effectiveness against Candida compared to the
other antifungals.
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Figure 3. Average Susceptibility and Resistance Rates of Five Antifungal Agents.

Discussion

Our results confirm that Candida species show different
antifungal susceptibility depending on the type of clinical
sample. Isolates from cerebrospinal fluid had the highest
susceptibility rates, especially to fluconazole (80.0%) and
echinocandins like anidulafungin (76.0%) and micafungin
(70.0%). On the other hand, samples from the ENT area
and respiratory tract showed much higher resistance,
particularly to voriconazole and caspofungin. This highlights
the importance of considering the sample type when
analyzing susceptibility results and choosing the right
antifungal treatment.

Our results align with those presented by Parslow and
Thornton (2022), who reported that Candida isolates from
respiratory samples and non-sterile body sites showed
higher resistance rates, especially among non-albicans
Candida species [11]. Similarly, CDC surveillance data
(Toda et al., 2019) showed that bloodstream isolates were
generally more susceptible to antifungals, whereas those
from mucosal sites and devices exhibited reduced

susceptibility consistent with our findings showing higher
resistance in ENT and respiratory specimens [16].

Fisher et al. emphasized that antifungal resistance is
shaped by site-specific factors such as prior drug exposure,
local immune conditions, and the presence of biofilms. This
is particularly relevant in ENT and respiratory tracts, where
chronic colonization and topical azole use may promote the
emergence of resistant strains [7]. Tellapragada et al. also
demonstrated intra-species variability: C. albicans isolates
from vaginal samples were significantly less susceptible to
azoles than those from bloodstream infections [15].

Further evidence is provided by Turan et al. (2024), who
found that C. albicans strains from the genitourinary tract
had higher resistance to fluconazole and miconazole
compared to blood-derived isolates [17]. El-Houssaini et al.
(2019) reported similar trends in Egypt, where respiratory
isolates displayed combined resistance to azoles and
echinocandins [5]. These findings corroborate our
observations that ENT-derived isolates exhibited the lowest
susceptibility rates across all five antifungal agents tested.
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Nett et al. (2015) provided mechanistic insight into this
phenomenon, showing that Candida biofilms associated
with catheters and mucosal surfaces confer significant
resistance to echinocandins due to protective matrix
formation [9]. Berkow and Lockhart (2017) further support
this, noting that isolates from skin and mucosal tissues were
more frequently resistant to fluconazole compared to those
from sterile sites [2].

More recent studies continue to support these findings.
Shafiekhani et al. observed that among solid organ transplant
recipients, respiratory isolates contained the highest
proportions of rare and multidrug-resistant Candida species
[14]. Ashraf et al. showed that urinary catheter and respiratory
isolates in India had higher resistance rates than those from
CSF and blood, which were generally susceptible [1]. Velmani
et al. also confirmed that C. auris exhibited the highest levels of
resistance in respiratory and urogenital specimens, particularly
to azoles. Likewise [18]. Zhang et al. found that C. parapsilosis
strains from skin and catheter-associated sites were
significantly more resistant than bloodstream isolates, which
remained broadly susceptible [20].

The clinical source of Candida isolates has increasingly
been recognized as a critical factor influencing antifungal
susceptibility. Resistance patterns among Candida spp. are not
only species-specific but also vary significantly depending on
the site of isolation. Mucosal and respiratory fract isolates
frequently exhibit higher resistance, while isolates from sterile
sites such as bloodstream and cerebrospinal fluid tend to be
more susceptible, particularly to echinocandins. These
differences are often attributed to local drug exposure and
biofilm formation at colonized sites [11].

Recent research on Candida auris has further
demonstrated the complexity of antifungal resistance. This
species displays clade-specific resistance traits, with less
pronounced variation by body site, suggesting a primarily
genetic basis for its multidrug-resistant phenotype [12].
Other studies have found that resistance to fluconazole and
echinocandins can develop through both natural and
acquired mechanisms. This is especially true for isolates
from skin and mucous membranes, where biofilm formation
creates a protective layer that greatly lowers the
effectiveness of antifungal treatments [2].

Limitations

This study has several important limitations. First,
because it was retrospective, we weren't able to include
certain clinical details that could affect antifungal resistance
— such as patients’ prior use of antifungals, existing
medical conditions, or full treatment histories. Second, we
did not identify Candida isolates to the species level, which
limited our ability to pinpoint species-specific resistance
trends. Finally, since all the data were collected from one
geographic region, the findings may not fully apply to other
areas or diverse patient populations.

Recommendations

To better understand patterns of antifungal resistance,
future research should use prospective designs and include
species-level identification of Candida isolates, along with
molecular testing methods. It's also important to track
clinical outcomes, so we can link resistance patterns to
actual treatment effectiveness. Exploring how infection site,
resistance mechanisms, and drug activity interact will help
refine treatment guidelines and improve patient care.

Conclusion

Our findings show a clear link between antifungal
susceptibility and the site from which Candida isolates were
obtained. Fluconazole showed the highest effectiveness
overall, especially in samples from cerebrospinal fluid
reinforcing its value in treating CNS infections. On the other
hand, voriconazole had the lowest susceptibility and the
highest resistance rates, particularly in ear, nose, and throat
(ENT) samples. These results are in line with previous
studies and emphasize the need to consider both the
infection site and species type when selecting antifungal
treatments. This approach can improve treatment accuracy
and help reduce antifungal resistance in clinical practice.
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