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ABSTRACT

Background: Candida species are important opportunistic pathogens, with a rising trend of non-
albicans Candida (NAC) infections and increasing antifungal resistance. Rapid identification and
susceptibility testing are essential for effective management.

Aim: To determine the species distribution of Candida isolates from various clinical specimens and
evaluate their antifungal susceptibility patterns at a tertiary care hospital in Aurangabad.

Methods: A prospective observational study was conducted from January to December 2021.
Clinical samples yielding Candida isolates were processed using the VITEK 2 Compact system for
species identification and antifungal susceptibility testing against six agents (fluconazole,
voriconazole, amphotericin B, caspofungin, micafungin, and flucytosine).

Results: Out of 244 isolates, Candida tropicalis (31.97%) was the predominant species, followed by
C. albicans (22.95%). NAC species constituted 77.05% of isolates, with urine (36.89%) and sputum
(19.26%) being the most common specimen sources. C. albicans showed complete susceptibility to
amphotericin B and echinocandins, while reduced activity was noted for fluconazole (91%) and
flucytosine (87.5%). C. tropicalis retained high susceptibility to amphotericin B (100%) and
voriconazole (96%), but fluconazole susceptibility was lower (78.2%). Other NAC species
demonstrated >90% susceptibility to amphotericin B, echinocandins, and voriconazole, but
flucytosine resistance was higher (15%).

Conclusion: The study highlights an epidemiological shift toward NAC species, particularly C.
tropicalis. While amphotericin B and echinocandins remain highly effective, emerging resistance to
azoles and flucytosine underscores the need for rapid species identification and localized
susceptibility data to guide antifungal therapy.

INTRODUCTION steroids, use of broad spectrum antibiotics,
Candida are ubiquitous & asexual fungi drug abuse, use of cytotoxic drugs in
affecting human beings.? It is the component malignant patients & use of
of normal flora of skin, gastrointestinal tract & immunosuppressive drugs in organ
female genital tractof human beings.! Recent transplantation & increased
epidemiological data reveals that Non albicans catheterization.?34°Due to variable clinical
Candida (NAC) are more common cause of presentations of candida infections, it is
candidiasis.”> Candida is the most common important to identify the candida from all
cause of opportunistic infections.’There is clinical samples received irrespective of clinical
increased incidence of candida infections suspicion.> Frequency of isolation of NAC is
because of prolonged use of antimicrobial gradually increasing & there is decreased
agents, immunocompromised status of susceptibility of these to antifungals.?

patients due to either HIV infection, use of
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It is well known fact that the conventional
methods of identification are time consuming
and Vitek 2 system is an acceptable alternative
method for rapid speciation and sensitivity
testing of Candida species.%78The rising
burden of Candida infections and ever
increasing anti-fungal resistance among
Candida species necessitates accurate andrap
ididentification of Can did aisolates for better
patient outcome.®This study was undertaken
to find out institutional anti-fungal
susceptibility pattern of Candida isolatesforan
effective anti-fungal drug therapy for Candida
infection.

Aim & Objectives

Aim:

To determine the species distribution of
Candida isolates from various clinical
specimens and to evaluate their antifungal
susceptibility patterns at a tertiary care
hospital in Aurangabad.

Objectives:

1. To identify Candida species isolated from
diverse clinical samples using the VITEK 2
Compact system.

2. To assess the proportion of Candida
albicans versus non-albicans Candida
(NAC) species in clinical infections.

3. To analyze specimen-wise distribution of
Candida isolates across urine, sputum,
blood, respiratory secretions, and other
samples.

4. To determine antifungal susceptibility
profiles of Candida albicans, Candida
tropicalis, and other NAC species against
commonly used antifungal agents.

5. To highlight emerging resistance trends,
particularly to azoles and flucytosine, and
identify agents with preserved efficacy for
guiding therapy.

MATERIAL AND METHODS
This study was conducted after obtaining
permission from institutional ethical

committee. It is a prospective observational
study conducted from January 2021 to
December 2021. All clinical samples received
in Microbiology department for routine culture
and sensitivity during the study period from
which Candida species were isolated were
included in the study; repeat isolates from
same patient & from same sample were
excluded.

Presumptive identification of the Candida
isolates was done on the basis of colony
morphology on blood agar (small, 1-2 mm,
creamy white, smooth, pasty, non-hemolytic
colonies with yeasty odor after 24 hours
incubation), Gram Stain (Gram positive oval
budding yeast like cells)!®and Germ tube test
(Isolate giving positive result presumptively
identified as Candida albicans).?

Final identification and antifungal susceptibility
testing of Candida isolates was done using
Vitek 2 compact system using Yeast card ID
(VITEK 2 YST) and Yeast card AST (AST-YS07)
respectively. For inoculum preparation pure
sub-cultured colonies were suspended in
aqueous 0.45% (wt/vol) NaCl to achieve a
turbidity equivalent to a McFarland 1.8-2.2
McFarland standard according to the
manufacturer's recommendations and
measured on the DensiChek turbidity meter
(Biomerieux, India). The cassettes were
loaded into the Vitek-2 compact system.

Quality control was done using the following
strains as controls for the evaluation: C.
albicans ATCC14053 and Candida parapsilosis
ATCC22019. Yeast AST card (AST-YS07)
contains these 6 anti-fungal agents:
Amphotericin B, Caspofungin, Flucytosine,
Fluconazole, Micafungin, Voriconazole.

RESULTS
Total 224 isolates of candida were included in
the study.

Table1: Species Distribution of Candida Isolates (Total No. Of Isolates 244)

:; Candida Species No. Of II\‘solates Percc:/:tage
1 Candida albicans 56 22.95%
2 Candida tropicalis 78 31.97%
3 Candida gullermondii 32 13.11%
4 Candida parapsilosis 31 12.70%
5 Candida glabrata 20 8.20%
6 Candida auris 8 3.28%
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7 Candida ciferri 5 2.05%
8 Candida krusei 5 2.05%
9 Candida lustaniae 3 1.23%
10 Candida intermedia 3 1.23%
11 Candida kefyr 1 0.41%
12 Candida spherica, 1 0.41%
13 Candida famata 1 0.41%

Total N 244 100 %

Candida tropicalis was the most frequent
isolate (31.97%), followed by Candida albicans
(22.95%).
accounted for more than half of all isolates.

Together, these two

species

Other notable species included C. guillermondii

Table2: Specimen Distribution of Candida Species

(13.11%) and C. parapsilosis (12.70%), while
rare isolates such as C. kefyr, C. spherica, and
C. famata were detected only once (0.41%
each).

Sr Specimen Candida Non-Albicans Total Candida
No Albicans Candida Isolates

1 Broncho-AlveolarLavage 3 (1.23%) 5 (2.05%) 8 (3.28%)

2 Bloodculture 5 (2.05%) 25 (10.25%) 30 (12.30%)
3 Endo-Trachealsecretions 0 (0.00%) 21 (8.61%) 21 (8.61%)
4 Pusand Pusswab 6 (2.46%) 22 (9.02%) 28 (11.48%)
5 Sputum 12 (4.92%) 35 (14.34%) 47 (19.26%)
6 Urine 24 (9.84%) 66 (27.05%) 90 (36.89%)
7 Othersamples 6 (2.46%) 14 (5.74%) 20 (8.20%)

Total Number N

56 (22.95%)

188 (77.05%)

244 (100%)

Urine was the predominant specimen source
(36.89%), followed by sputum (19.26%) and

specimen types (77.05%), highlighting their
clinical significance compared to C. albicans

blood cultures (12.30%). Non-albicans (22.95%).
Candida species dominated across all
Table3: Percentage (%) susceptibility of Candida albinos
Sr Candida Albicans (56 Isolates)
No Antifungal Agent Sensitive Resistant Susceptible Dose
(% Susceptibility) Dependent
1 Fluconazole 51(91%) 0(0%) 5(09%)
2 Voriconazole 52(93%) 4(7%) N.A.
3 Caspofungin 56(100%) 0(0%) N.A.
4 Micafungin 56(100%) 0(0%) N.A.
5 Amphotericin B 56(100%) 0(0%) N.A.
6 Flucytosine 49(87.5%) 7(12.5%) N.A.
N.A. —Not applicable susceptibility = was also  observed to

Candida albicans showed complete
susceptibility (100%) to amphotericin B,
caspofungin, and micafungin. High

voriconazole (93%) and fluconazole (91%),

while  reduced

activity was

noted for

flucytosine (87.5%), with 12.5% resistance.
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Graph1l: Percentage (%) susceptibility of Candida albicans

Susceptibility Of Candida Albicans

102%
100% 100% 100%
100%
98%
96%
94% 93%
92% 91%
90%
88% 87.50%
86% | | |
84% .
82%
80%
Fluconazole Voriconazole Caspofungin Micafungin Amphotericin  Flucytosine
B
™ % Susceptibility
Table4: Percentage (%) susceptibility of Candida tropical is
Sr Candida Tropicalis (78 Isolates)
No Antifungal Agent Sensitive Resistant Susceptible Dose
(% Susceptibility) Dependent
1 Fluconazole 61(78.2%) 8(10.3%) 9(11.5%)
2 Voriconazole 75(96%) 3(4%) N.A.
3 Caspofungin 72(92.3%) 6(7.3%) N.A.
4 Micafungin 72(92.3%) 6(7.3%) N.A.
5 AmphotericinB 78(100%) 0(0%) N.A.
6 Flucytosine 72(92,3%) 6(7.3%) N.A.

N.A. —Not applicable
Candida tropicalis retained full susceptibility to
amphotericin B (100%) and high susceptibility
to voriconazole (96%) and echinocandins

(92.3%). However, fluconazole activity was

lower (78.2%),

with notable resistance

(10.3%) and dose-dependent susceptibility

(11.5%).
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Graph2: Percentage (%) Susceptibility of Candida Tropicalis
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Table5: Percentage (%) Susceptibility of Other Candida Species (Other Than Candida Albicans & Candida

Tropicalis)
Other Candida Species (Other Than Candida Tropicalis &
Sr Antifungal Agent Ca_nflida Albicans) (100 Isolates)
No Sensitive Resistant
(% Susceptibility)

1 Fluconazole 90(90%) 10(10%)
2 Voriconazole 92(92%) 8(8%)
3 Caspofungin 94(94%) 6(6 %)
4 Micafungin 94(94%) 6(6%)
5 Amphotericin B 90(90%) 10(10%)
6 Flucytosine 85(85%) 15(15%)

Note: Candida spherica, Candida famata& Candida auris AST report was not generated on Vitek.

Other non-albicans species demonstrated high susceptibility to echinocandins (94%) and voriconazole
(92%). Amphotericin B and fluconazole remained effective in 90% of isolates, while flucytosine
showed comparatively reduced activity (85%), with 15% resistance.

Graph3: Percentage (%) susceptibility of other Candida species (other than Candida albicans & Candida
tropicalis)
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DISCUSSION

The study shows important trends in the
epidemiology and antifungal susceptibility
patterns of Candida species isolated from
various clinical samples over a year. The
present study reveals a distinct
epidemiological shift toward non-albicans
Candida (NAC) species, particularly Candida
tropicalis, as the predominant isolate among
clinical samples. This finding is concordant
with the work of Badiee et al. !, who
emphasized the increased prevalence of NAC
species in systemic candidiasis, especially in
immunocompromised patients, such as those
undergoing bone marrow transplantation.
Colombo et al. and Lortholary et al.also found
NACspecies as significant pathogens,
particularly in hospitalized and
immunocompromised  patients.  1213These
patients often undergo invasive procedures,
prolonged ICU stays, and receive broad-
spectrum antibiotics, all of which predispose
them to opportunistic infections like
candidiasis. Our findings support this, given
the substantial number of isolates from high-
risk specimens such as blood, endotracheal
secretions, and bronchoalveolar lavage fluid.
The use of the VITEK 2 Compact system
proved invaluable in this study, offering rapid,
standardized, and automated identification of
yeast species along with susceptibility testing.
This aligns with the findings from Kaur et
al.&Graf et al®!*, who compared VITEK 2 with
conventional methods and found it to be both
time-saving and accurate. In clinical practice,
such systems enable earlier initiation of
targeted therapy, potentially reducing
mortality as highlighted in studies by Morrell et
al. and Badiee et al.®!!, where delays in
appropriate antifungal therapy were associated
with poor outcomes.

A central finding of this study is the preserved
susceptibility of most Candida isolates to
Amphotericin B and echinocandins (Micafungin
and Caspofungin). This aligns with findings by
Pfaller and Diekema '°, who documented
consistent efficacy of Amphotericin B across
species, despite increasing azole resistance. In
our study, Candida albicans demonstrated
100% susceptibility to Amphotericin B,
Caspofungin, and Micafungin. NAC species,
including C. tropicalis, also retained over 92%
susceptibility to these agents. However, the
rising resistance to azoles, particularly
Fluconazole, in C. tropicalis (78.2%) and other
NAC species (90%) reflects findings from

Wang et al. & Kamiar Zomorodian et al. 1617,
who emphasized growing azole resistance due
to overuse and selection pressure in clinical
settings.

Resistance to flucytosine, observed in 12.5%
of C. albicans and 15% of NAC in our study,
raises important concerns. Cuenca-Estrella et
al. (2001) previously reported primary
resistance to Flucytosine in both Candida
species and Cryptococcus neoformans!®,
showing the importance of local susceptibility
data to guide therapy. Flucytosine resistance is
particularly relevant in settings where
combination therapy is employed, as
resistance may rapidly develop if used as
monotherapy.

Various Candida species were identified
including rare species such as C. auris, C.
ciferri, and C. lustaniae which shows the
growing complexity of candidiasis diagnostics.
Some of these species, especially C. auris is a
pathogen of growing concern due to its
multidrug resistance and outbreak potential,
as highlighted by Ghasemi et al. '°. Although
susceptibility data for C. auris could not be
obtained through VITEK in this study.

Finally, the overall species distribution and
antifungal susceptibility trends reported are
consistent with findings from international
surveillance networks and regional studies
such as those by Abirami Lakshmy et
al.&Xiang et al.?>2!, confirming the global
nature of antifungal resistance trends and the
need for locally tailored treatment guidelines.

CONCLUSION

The study confirms an epidemiological shift
toward NAC species, particularly C. tropicalis.
While Amphotericin B and echinocandins
remain highly effective, the emergence of
azole and flucytosine resistance underscores
the necessity for rapid, automated
identification and localized susceptibility data
to guide effective antifungal therapy and
improve patient outcomes.
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