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ABSTRACT

Introduction: The most common fungal infections are caused
by Candida spp., and non albicans Candida (NAC) species are
increasingly prevalent in India. This study protocol provides a
concise summary of fluconazole resistance mechanisms in NAC
species. Although fluconazole is fungistatic and resistance can
be either intrinsic or acquired, it remains a mainstay of current
treatment. Understanding species-specific molecular pathways
is crucial because resistance mechanisms differ among species.
Clarifying the mechanisms that drive fluconazole resistance
is essential to preserve the effectiveness of this important
antifungal agent.

Need of the study: The results of this study may inform public
health initiatives and help shape policies to curb the emergence
and spread of antifungal resistance, emphasising the need for
targeted interventions and sustained surveillance programs.

INTRODUCTION

The NAC species are yeast-like fungi of the genus Candida. These
organisms are common colonisers but can also cause nosocomial
bloodstream infections. Common NAC species include C. tropicalis,
C. glabrata, C. krusei and C. parapsilosis [1]. Several countries,
including India, have observed an epidemiologic shift from C. albicans
toward NAC species. Indian studies report candidiasis rates of
approximately 6-18%, with NAC species accounting for about 74%
of isolates [2,3].

Among azoles (imidazoles and triazoles), fluconazole is the most
widely used drug for treating Candida infections [4]. Resistance
of NAC species to antifungal agents poses a major challenge for
empirical, therapeutic and prophylactic strategies, with reported
fluconazole resistance rates ranging from 0.5-13% [5]. Azoles act by
inhibiting the cytochrome P450 enzyme lanosterol 14a-demethylase,
encoded by ERG11, which is required for ergosterol biosynthesis [5].
Azoles bind the haeme iron of this enzyme via the nitrogen atom in
the azole ring, preventing oxygen activation and blocking lanosterol
demethylation. This interference leads to accumulation of methylated
sterols in the fungal membrane, disrupting membrane function and
inhibiting cell growth [6]. Resistance mechanisms to fluconazole, with
particular emphasis on the ERG77 gene, include gene alterations
such as point mutations, overexpression, and modifications affecting
the ergosterol biosynthesis pathway [7]. These mutations cause
conformational changes that reduce the binding affinity of azoles to
their targets [8].

Journal of Clinical and Diagnostic Research. 2025 Sep, Vol-19(9): DKO1-DK03

Aim: To study the molecular mechanisms of fluconazole
resistance among clinical isolates of NAC species.

Materials and Methods: This will be a cross-sectional study.
A total of 78 clinically relevant NAC isolates obtained from
specimens received between February 2024 and August
2026 in the Department of Microbiology will be tested for
fluconazole resistance using disk diffusion and microbroth
dilution methods. Polymerase Chain Reaction (PCR) will be
performed to investigate molecular mechanisms of fluconazole
resistance by examining mutations in ERG77. Data will be
analysed using Student’s t-test, Chi-square test and Fisher’s
exact test as appropriate. R and IBM Statistical Package for the
Social Sciences (SPSS) Statistics version 29.0 will be used for
statistical analysis.
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REVIEW OF LITERATURE

Exploring the molecular pathways underlying fluconazole resistance
in clinical isolates of NAC species from a rural tertiary healthcare
centre in central India is the primary goal of this study. The findings
may directly impact clinical practice by providing essential insights
into the prevalence of resistance and the specific genetic factors
contributing to it.

Chaudhary P et al., in their study, included screening tests for the
detection of NAC species along with antifungal susceptibility testing,
which showed varying azole resistance patterns [2]. According to
the results of another systematic analysis by Paul S et al., protein
homology modelling and molecular docking identified ERG717
gene mutations that caused structural changes and reduced
binding efficiency between ERG717p and ligands. A220C in ERG11
and dual T503C and G751A mutations in UPC2 were observed
in isolates with ERG77 mutations. Azole resistance in clinical
isolates of C. tropicalis is linked to non synonymous mutations in
the ERG11 gene and coordinated overexpression of many genes,
including transcription factors, genes in the ergosterol production
pathway, transporters and stress-responsive genes [7].

In another study by Fan X, et al., it was concluded that ERG171
missense mutations were the major mechanism responsible for
azole resistance in C. tropicalis isolates, but overexpression of
ERG11, CDR1 and MDR1, as well as reduced expression of CYTb,
also contributed to resistance [8].

On a broader scale, these results may guide public health initiatives
and shape policies to mitigate the rise and spread of antifungal
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resistance, emphasising the need for targeted interventions and
sustainable surveillance programmes.

Objectives
e To isolate and identify Candida species from various clinical
samples using conventional and automated methods.

e To study the antifungal sensitivity pattern for azoles among
NAC species isolates by the disc diffusion method.

e o perform the antifungal sensitivity test for fluconazole among
NAC species by the broth microdilution method.

e To explore the molecular mechanism of fluconazole resistance
by studying mutations in the ERG717 gene.

MATERIALS AND METHODS

The cross-sectional study will be conducted in the Department
of Microbiology, Jawaharlal Nehru Medical College, a tertiary care
centre in the state of Maharashtra, India, from February 2024 to
August 2026. Approval was obtained from the Institutional Ethics
Committee (IEC) of the Datta Meghe Institute of Higher Education
and Research, Sawangi, Wardha, Maharashtra, with approval no.
DMIHER (DU)/IEC/2024/136 dated 30/01/2024. CTRI registration
on 25/04/2024 with registration no CTRI/2024/04/066326. As the
study involves isolates recovered from specimens received by the
Department of Microbiology, informed consent will be obtained from
all study participants.

Inclusion criteria: All clinical samples (blood, urine, bronchoalveolar
lavage, endotracheal tube secretions and vaginal swabs) received
by the Department of Microbiology for isolation of Candida species
will be included, across all ages and both genders.

Exclusion criteria: Clinical samples vyielding growth other than
Candida species will be excluded from the studly.

Samples: The study will be carried out on all clinical isolates of NAC
species that are isolated from specimens received from February
2024 to August 2026 in the Department of Microbiology.

Sample size:

e Population size in ICU patients: 100

e  Estimated margin of error: 5%

e  Estimated prevalence of candidaemia: 35% [9,10]

Using the formula below, the minimum sample size was calculated.

NZ? «P(1-P)
2

=
"EaN-n+ Z} «P(1-P)
2

With the values of: Alpha (a)=0.05
Estimated proportion (p)=0.35
Estimated error (d)=0.05

Population size (N)=100

Minimal sample size needed will be=78

Isolation and Identification of Candida Species

Samples will be processed by conventional microbiological methods,
including culture on Sabouraud dextrose agar, germ tube test,
CHROMagar, Dalmau plate technique, carbohydrate assimilation
methods and automated methods (VITEK2 Compact) to isolate
and identify Candida species, according to standard protocols
using Clinical and Laboratory Standards Institute (CLSI) M27-A3
guidelines and ICMR SOP for Mycology (2™ edition, 2019) [11,12].

Antifungal Susceptibility Test (AFST)

Disc diffusion method: AFST will be performed using the disc
diffusion method for the following antifungals: fluconazole (25 ug),
voriconazole (1 ug), posaconazole (5 pg), itraconazole (30 pg) and
ketoconazole (5 pg). Mueller-Hinton agar supplemented with 2%
glucose and 0.5 pg/mL methylene blue (GMB) will be used [11,12].
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For quality control, Candida parapsilosis ATCC 22019 and Candida
krusei ATCC 6258 will be used.

Microbroth dilution for fluconazole: For all isolates, the CLSI
Broth Microdilution (BMD) method and interpretation according to
CLSI (M27-A3, M27M44S) were used to determine the Minimum
Inhibitory Concentrations (MICs) of fluconazole. The MICs were
interpreted as susceptible, susceptible-dose dependent (SDD) or
intermediate, and resistant [Table/Fig-1] [11,12].

Susceptible-dose
Species Susceptible | Intermediate | Dependent (SDD) | Resistant
Candida < . 2 -8
albicans N
Candida
glabrata <32 264
Candida
parapsilosis <2 4 =8
Candida <« 2 8
tropicalis -

[Table/Fig-1]: Fluconazole MIC breakpoints and interpretive categories (ug/mL) [11,12].

*MIC: Minimum inhibitory concentration

Molecular Analysis of Fluconazole Resistance

DNA extraction of the ERG717 gene from fluconazole-resistant
Candida isolates will be performed using the phenol-chloroform-
isoamyl alcohol method [13,14].

PCR ampilification of ERG71 will be performed using an overlapping
primer set (ERG17 F1: 5-TCACAGTTATAGACCCACAAGG-3,; ERG11
R1: 5-TCACCGCTTTCTCTTCTTCTCT-3; ERG11 F2: 5-AAGGTTT
CACCCCAATCAACTT-3; ERG11 R2: 5-CGACTGAAACGTATACC
GCGA-3) [15].

SegMan software (DNASTAR, USA) will be used to align multiple
ERG11 fragments to create a consensus sequence. Aligning the
consensus sequence with the reference isolate Candida tropicalis
MYA3404 (GenBank accession no. XM_002550939.1) allowed the
detection of mutations associated with fluconazole resistance in the
isolates [15].

Primary outcome: Identification of NAC species.

Secondary outcome: Detection of fluconazole-resistant isolates
among NAC isolates, based on ERG77 gene mutations.

STATISTICAL ANALYSIS

The data will be analysed using Student’s t-test, Chi-square test, and
Fisher’s exact test as needed. R software and IBM SPSS Statistics
v29 will be used for calculations.
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