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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: VHBa3uBHble rpubkoBble MHGEKLMM, BbidbiBaeMble Bugamn Candida, ocTatoTcs cepbE€aHoii npobnemoil
3[lpaBOOXPaAHEHNs BO BCEM MWpE, OCODEHHO cpeay MauueHToB C 0CMabneHHbIM UMMYHUTETOM. JddeKTUBHOE neveHne
TpebyeT TOYHOTO MOHMMaHUS NPOUNEn YYBCTBUTENBHOCTM K MPOTUBOTPUOKOBLIM Mpemapatam, KOTOpble MOryT
BapbMpOBaTLCA B 3aBUCUMOCTM OT BMONOMNYECKOro MaTepuana, 13 KoToporo BblgeneH Bo3byauTerb.

Llenb: OueHnTb 1 CPaBHUTL YyBCTBUTENBHOCTb U ycTONUMBOCTL Candida Spp. K NATW OCHOBHBIM MPOTUBOTPUOKOBBLIM
npenapatam B 3aBMCUMOCTW OT TWUMa KIMHUYECKOro Matepuana (mokpota, JIOP-opraHbl 4 NWMKBOP), C LEMbIO
NPEeLOCTaBMNEHNS KITMHUYECKU 3HAYMMON MHCDOPMALMN NSt BeAEHWUS! MHADEKLUMOHHBIX 3ab0oneBaHuii 1 aHTUMUKOTUYECKON
cTpaterum.

Matepuanbl 1 metoabl: Bbino npoBegeHO peTpoCmeKTMBHOE, OmMMCaTenbHoe, HabniogaTenbHOe WccnenoBaHue,
Briovatowee 1 220 knuHnueckux usonstos Candida spp., nonyyeHHbIx 13 mMokpoTbl (n=893), JIOP-opraHoB (n=277) u
LepebpocnuHansHon kugkocT (n=50). Buposas wuoeHTUMKALMS npoOBOAMNAch C WUCNONMb30BAHWEM CTaHAAPTHbIX
MWKOIOTNYECKNX METOLOB (MOCEB, MUKPOCKOMWS). TeCTMpOBaHWE YYBCTBUTENBHOCTM K aHWaynadyHrvHy, MUKacyHMMHY,
BOPWKOHA301y, KacnodyHrMHy W prykoHa3omny NPOBOAMNOCH METOAOM MUKPOBYNBOHHOTO pasBefeHUst B COOTBETCTBUM C
pekomeHgauuamm CLSI M27 u EUCAST. AHanu3 AaHHbIX BbINONMHEH ¢ ucnonb3oBaHuem Microsoft Excel u IBM SPSS
Statistics.

Pesynbtathbl: ®nykoHa3on npoAEMOHCTPUPOBAN HauBbICLLYIO OOLLYI0 YyBCTBUTENBHOCTL MO BCEM TUMam 0bpasuos,
ocobeHHo B nukeope (80,0%) u mokpoTe (78,6%). Cpeou 9XWHOKAHAWHOB HaubOrbLUY0 aKTWBHOCTb MOKasanw
aHmaynadgyHrmH 1 MukadyHrH, ocobeHHo B usonsatax u3 LIHC u gbixatenbHbix nyTein. BopukoHason npogeMoHCTpupoBan
HaUMEHbLLYI0 YYBCTBUTENBHOCTb M HaMBOMbLUYK YCTOMYMBOCTb, 0cobeHHO B JIOP-oOpasuax. KacnodyHruH nokasan
YMEPEHHYIO aKTUBHOCTb U MEPEMEHHYI0 YCTONYNBOCTb. BOPMUKOHA30M NPOAEMOHCTPUPOBaN HanboMbLLY YCTOMYMBOCTD (4O
40,4% B NNOP-obpasuax), 3a HUM crefoBani KacnodyHrmH U MukadpyHrMH. PriykoHa3on MMen HaumeHbLUMe MoKas3aTenu
YCTOMYUBOCTH.

BbiBoa: OddekTMBHOCTL NMpOTUBOTPUBKOBLIX MpenapaToB 3aBUCMT OT WCTOYHWKA Bbigenewns Candida spp.
OnykoHason Obin Haubonee addekTneeH, o0cobeHHo npu  MHGekumsx LIHC. BopukoHason nokasan MeHbLUYH
3hhEKTVBHOCTb M GOMbLLYI0 YCTOAYMBOCTL. Tepanuio crieqyeT noadupath ¢ Y4ETOM UCTOUHMKA MHGEKLMW ANS MOBbILLEHUS
3(hHEKTUBHOCTM W CHIKEHWS PE3UCTEHTHOCTMU.

Knroyeebie cnosa: Candida spp., npomugoepubkogas  ycmoluyueocmb, — buomoaudeckuli  Mamepuart,
Yy8CMeUMebHOCMb, KIUHUYECKUe U30nsamel
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Kipicne: Candida TypnepiMmeH LuakbipbinaTblH MHBA3WBTI 3eH, MH(DEKLMSNAphI, acipece UMMYHWUTETI ToMeH agamaap
apacblHaa, XanaHoblk, [eHCayrblk, CakTay XyMeci ywiH eneyni kayin 6onbin Tabbinagbl. TuiMai em Xypridy yLiH 3eHre
Kapcol fapinepre cesiMTangblKTbiH, G1onorvanbik Matepuansa 6ainaHbICTbl epekLwenikTepiH HakTbl biny KaxeT.

Makcatbl:KnuHukanblk, MaHpbIi3abl aknapat 6epy MakcatblHaa, apTypni buonorusnbik MaTtepuangapaaH beniHreH
Candida spp. u3onsaTTapbiHbiH, O€C Herisri 3eHre Kapcbl npenapaTtka (aHugynadyyHrH, MUKadyHTH, BOPMKOHA30M,
kacnodhyHrH XaHe (hlyKoHa30m) cesiMTanAblk, aHe Te3iMAinik AeHreliiH Daranay XsHe canbICTbIpy.

Matepuangap MeH apictep: 3epTTey cunaTTamarnbl, PETPOCMEKTUBTI XaHe Dakpinaynblik, cunaTta Xyprisingi. bapnbieb
1 220 Candida spp. knuHWKamblk, W30NATTapbl 3epTTengi: KakpipbikTaH (n=893), JIOP-mywenepiHeH (n=277), XyMblH
CyMblKTbIFbiHaH  (n=50). MaeHTudukauma CTaHgapTTbl MUKONOTMSbIK, SAICTEP apKblibl Kyprisingi. 3eHre Kapchl
npenapattapsa cesiMtangpik CLSI M27 xaHe EUCAST ycCbiHbICTapbiHa CoaiKeC MUMKPOBYMbOHAbI CyWbINTy aAiciMeH
aHbikTangbl. Manimettep Microsoft Excel xaHe IBM SPSS Statistics 6arnapnamanapbiHga exgengi.

Hatuxenep: ®nykoHason 6apnblk ynrinep apacbiHha € Xofapbl Ce3iMTandblKTbl KepCeTTi, acipece XyfblH
cyhblkThiFbiHAA (80,0%) aHe KakbipbikTa (78,6%). OXUHOKaHAMHAEP apacbiHAa aHUaynadyHrMH MEH MUKAthYHIMH XaKCbl
OenceHainik kepceTTi. BopukoHason e, TeMeH Ce3iMTanAbIKTbl XaHe Xofapbl Te3iMAiNikTi kepceTTi, acipece JIOP-
KWHaKTapbiHha. KacnodyHrvH opTawa TuiMginikke ne 6onabl. BopukoHasongbiH, Tesimainiri ex, xorapbl Gongsl (JTOP -
40,4%), coniykoHason - eH, ToMeH Te3iMai Aapi.

KopbITbiHabl: Candida spp. TyprnepiHiH aHTUMMKOTUKanbIK, [Oapi-4opMekTepre TWiMAINIr  onapablH, anblHFaH
Buonorvanbik MatepuanbiHa GainaHbiCTbl e3repedi. PriykoHason ew, TviMmai 6onbin, acipece opTanbik KyiKe XyHeCiHiH,
WHEeKLMANapbiHaa XakCbl HaTUXE KepCeTTi. BopukoHa3on TuiMAiniri TeMEHIpeK XaHe Pe3UCTEHTTINK xofapbl Gongbl.
Empeyai wHdekunsHbIH KesdiHe GainaHbiCTbl Tawgay HaykacTapdblH, XardalblH XakcapTyFa XoHe [Aspi-OapMekke
Te3iMAINIKTI asainTyra KeMekTeceqi.

TyliiHdi ce3dep: Candida spp., 3eHee Kapcbi me3imoinik, buomamepuan, ce3immanibik, KIUHUKanbIK U3onsmmap.

Joliekcoes ywiH:
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C.K., MykaHosa [J.A., Anbacosa C.A., PaxumxaHosa @.C. Candida spp. 3enaepiHe kapcbl npenapattapfa cesiMTanblebl
MeH TesiMainiriHiK, buonorsansik, Matepuan TypiHe GainaHbICTbl canbiCTbipMansl baranay // FbinbiM xoHe [eHcaynbik
cakray. 2025. Vol.27 (5), b. 95-102. doi 10.34689/SH.2025.27.5.012

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
(S) 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.

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

Table 2 offers a side- by- side comparison of the three  susceptibility: fluconazole showed 80,0%, followed by
most effective antifungal agents for each type of clinical  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 1 1
Fluconazole Anidulafungin

Sputum

Micafungin
ENT Organs

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 tract 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.

Authors' Contributions. All authors participated equally in
the writing of this article.

No conflicts of interest have been declared.

This material has not been previously submitted for
publication in other publications and is not under consideration by
other publishers.

There was no third-party funding or medical representation in
the conduct of this work. Funding - no funding was provided

References:

1. Ashraf A.A., Karnaker V., Ramanath G., et al.
Frequency and Antifungal Susceptibility Patterns of
Candida Species Isolated from Clinical Samples of Patients
Attending to a Tertiary Healthcare Setting in Karnataka,
India. Journal of Nature and Science of Medicine. 2025.
Vol. 8. Ne. 1. p. 98-106.

2. Berkow E.L., Lockhart S.R. Fluconazole resistance
in Candida species: a current perspective. Infection and
drug resistance. 2017. p. 237-245.

3. Bhattacharya P.K., Chakrabarti A., Sinha S., et al.
ISCCM position statement on the management of invasive
fungal infections in the intensive care unit. Indian Journal of
Critical Care Medicine: Peer-reviewed, Official Publication
of Indian Society of Critical Care Medicine. 2024. Vol. 28.
Ne. Suppl 2. p. S20.

4. Caicedo-Bejarano L.D., Osorio-Vanegas L.S.,
Ramirez-Castrillon M., et al. Water quality, heavy metals,
and antifungal susceptibility to fluconazole of yeasts from
water systems. International Journal of Environmental
Research and Public Health. 2023. Vol. 20. Ne. 4. p. 3428.

5. El-Houssaini H.H., Elnabawy O.M., Nasser H.A., et al.
Correlation between antifungal resistance and virulence factors
in Candida albicans recovered from vaginal specimens.
Microbial pathogenesis. 2019. Vol. 128. p. 13-19.

6. Falletta A., Compagnino D.E., Ceccarelli G., et al.
P13. Clinical implications of fluconazole-resistant Candida
parapsilosis: the urgent need for enhanced antifungal
stewardship (focus project). JAC-Antimicrobial Resistance.
2025. Vol. Ne. Suppl 2. C. dlaf046. 013.

7. Fisher M.C., Alastruey-Izquierdo A., Berman J. et al.
Tackling the emerging threat of antifungal resistance to
human health. Nature reviews microbiology. 2022. Vol. 20.
Ne. 9. p. 557-571.

8. Ibe C., Pohl C.H. Epidemiology and drug resistance
among Candida pathogens in Africa: Candida auris could now
be leading the pack. The Lancet Microbe. 2025. T. 6. Ne 3.

9. Nett J.E., Zarnowski R., Cabezas-Olcoz J. et al.
Host contributions to construction of three device-
associated Candida albicans biofilms. Infection and
Immunity. 2015. Vol. 83. Ne. 12. p. 4630-4638.

101



Hayka u 3apaBooxpanenne, 2025 T.27 (5)

OpI/IFI/IHaJ'IbH()e HCCJICI0BAHUC

10. Pandey R.P., Dhiman R., Mishra V., et al. Co-
morbidity of COVID 19 and fungal infections. Frontiers in
Fungal Biology. 2024. Vol. 5. p. 1462172.

11. Parslow B.Y., Thornton C.R. Continuing shifts in
epidemiology and antifungal susceptibility highlight the need
for improved disease management of invasive candidiasis.
Microorganisms. 2022. Vol. 10. Ne. 6. p. 1208.

12. Santana D.J., Zhao G., O'Meara T.R. The many
faces of Candida auris: phenotypic and strain variation in an
emerging pathogen. PLoS Pathogens. 2024. Vol. 20. Ne.3.
- p.e1012011.

13. Scipione M. R., Zhao J., Jabbo L., et al. P-350.
Epidemiology of Candida auris isolated from blood cultures
at a tertiary care facility in metro Detroit. Open Forum
Infectious Diseases. — US : Oxford University Press, 2025.
Vol. 12. Ne. Supplement_1. p. ofae631. 551.

14. Shafiekhani M., Yazdanpanah S., Zomorodian K., et al.
P. 057: Epidemiology of Candida infection and colonization in
solid organ transplant recipients: An observational study.
Transplantation. 2024. Vol. 108. Ne.9S. p. 473

15. Tellapragada C., Eshwara, V. K., Johar, R., et al.
Antifungal susceptibility patterns, in vitro production of
virulence factors, and evaluation of diagnostic modalities for
the speciation of pathogenic Candida from blood stream

infections and vulvovaginal candidiasis. Journal of
pathogens. 2014. Vol. 2014. Ne. 1. p. 142864,

16. Toda M. Population-based active surveillance for
culture-confirmed candidemia-four sites, United States, 2012—
2016. MMWR. Surveillance Summaries. 2019. Vol.68.

17. Turan D., Banis A., Kiraz N. Investigation of Virulence
Factors of Candida albicans Species Isolated from Clinical
Specimens Phenotypically and Genotypically. Haydarpasa
numune medical journal. 2024. Vol. 64. Ne. 4. p. 450-455.

18. Velmani V., Radhakrishnan S., Muppa L., et al. P-
2148. Prospective Study on Microbiological Profile of Fungal
Isolates and its Antibiogram in a Tertiary care hospital in South
India. Open Forum Infectious Diseases. US: Oxford University
Press, 2025. Vol.12. Ne.Supplement_1. p. ofae631. 2302.

19. Zhang R., Song Z., Su X. et al. Molecular
epidemiology and antifungal susceptibility of dermatophytes
and Candida isolates in superficial fungal infections at a
grade A tertiary hospital in Northern China. Medical
Mycology. 2024. Vol. 62. Ne.9. p. myae(087.

20. Zhang W., Zhan M., Wang N., et al. In vitro
Susceptibility Profiles and Clinical Distribution of Candida
parapsilosis Species Complex Subtypes from Deep
Infections to Nine Antifungal Drugs. Research Perspectives
of Microbiology and Biotechnology. 2024. Vol. 8. p. 1-17.

Information about the authors:

Mukasheva Gulbarshyn Darynkyzy — PhD, Senior Teacher of the Department of Epidemiology and Biostatistics, NCJSC
«Semey Medical University, Semey, Kazakhstan; E-mail: gulbarshyn_1_12@mail.ru; phone +7 775 220 07 45,
https://orcid.org/0000- 0003-3490-5628;

Maukayeva Saule Boranbayevna - Candidate of Medical Sciences, Professor of the Department of Infectious Diseases,
Dermatovenerology and Immunology, NCJSC «Semey Medical University, Semey, Kazakhstan; phone: 8 705 529 66 75, e-
mail: solly66@mail.ru, https://orcid.org/0000-0002-2679-6399;

Kudaibergenova Nazym Konyrovna - Candidate of Medical Sciences, Associate Professor of the Department of Infectious
Diseases, Dermatovenerology and Immunology, NCJSC «Semey Medical University, Semey, Kazakhstan, phone: 8 705 188
0836, e-mail: nazym.kudaibergenova@smu.edu.kz, https://orcid.org/0000-0002-2679-6399;

Shabdarbayeva Dariya Muratovna — Doctor of Medical Sciences, Professor, Vice Rector for Science and Strategic
Development", NCJSC «Semey Medical University, Semey, Kazakhstan, phone 8 707 365 82 71, e-mail: dariya_kz@bk.ru,
https://orcid.org/0000-0001-9463-1935;

Smailova Zhanargyl Kaiyrgaliyevna - Candidate of Medical Sciences, Associate Professor, Vice Rector for Academic and
Educational Work, NCJSC «Semey Medical University, phone 8 707 365 82 71, e-mail: zhanargul.smailova@smu.edu.kz;
https://orcid.org/0000-0002-4513-4614;

Orazalina Ainash Saparovna - Head of the Department of Molecular Biology and Medical Genetics, NCJSC "Semey Medical
University, Semey, Kazakhstan; E-mail: ainash-o@mail.ru; phone +77772354772; http://orcid.org/0000-0003-4594-0138;
Kozhanova Saule Keneskhanovna - Candidate of Medical Sciences, Associate Professor, Head of the Department of Anatomy,
Histology and Topographic Anatomy named after Doctor of Medical Sciences, prof. N.A. Khlopov, NCJSC «Semey Medical
University», Semey, Kazakhstan, phone: 8 707 721 55 68, e-mail: saule.kozhanova@smu.edu.kz, http://orcid.org/0000-0003-3807-
9765;

Mukanova Dinara Adletovna - Candidate of Medical Sciences, Associate Professor, Head of the Department of Simulation
and Educational Technologies, NCJSC «Semey Medical University», Semey, Kazakhstan, phone: 8 701 491 98 29, e-mail:
dinara.mukanova@smu.edu.kz, http://orcid.org/0000-0001-5186-2346;

Apbassova Saulesh AKhatovna — Head of pathological anatomy and forensic medicine department named after Pruglo
Y.V., NJSC "Semey Medical University", phone: 8 707 919 69 75, e-mail: apbasova65@mail.ru, https://orcid.org/0000-0001-
6650-4971, Semey, Kazakhstan,;

Rakhimzhanova Farida Sergazinovna - Head of the Department of Microbiology named after Professor M.M. Urazalin,
NCJSC «Semey Medical University», Semey, Kazakhstan; E-mail: farida.rakhimzhanova@smu.edu.kz; phone: +7 775 830
01 73; ORCID: http://orcid.org/0000-0003-1711-2167

Corresponding Author:

Mukasheva Gulbarshyn Darynkyzy, PhD, Senior Lecturer of the Department of Epidemiology and Biostatistics, NCJSC
«Semey Medical University», Semey, Republic of Kazakhstan.

Postal Address: Republic of Kazakhstan, 071400, Semey, Abay St., 103.

E-mail: gulbarshyn_1_12@mail.ru

Phone: +7 775 220 0745

102


http://orcid.org/0000-0003-4594-0138

