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ABSTRACT

Background: Candida infections are commonly treated with fluconazole. Efflux
pumps are one of the mechanisms for fluconazole resistance. This study assessed
the accuracy of identification of Candida species with reduced fluconazole
susceptibility and their relative expression of major efflux pump genes. Methods:
Candida species (n=111) were collected from clinical samples, identified by
Brilliance Candida Agar (BCA) and germ tube test, then tested for fluconazole
susceptibility by disk diffusion. Confirmation of identification and susceptibility to
fluconazole was done by Phoenix BD and broth microdilution methods, and the
accuracy of preliminary methods was calculated. gPCR was performed to evaluate
the gene expression of common efflux pump genes. Results: The most predominant
were C. albicans (32%) and C. tropicalis (29%). Accuracy of BCA identification
was 84% for both species. Reduced fluconazole susceptibility was detected in 8.3%
of C. albicans and 40.6% of C. tropicalis. Accuracy of disk diffusion was 100% for
C. albicans and 62% for C. tropicalis. gPCR showed upregulation of CDR2 efflux
pump among non-susceptible C. albicans (1.99 + 1.04), though not statistically
significant. CDR1 expression was at a basal level for C. albicans (0.9 + 0.25) and
C. tropicalis (0.69 + 0.76). MDR-1 was significantly downregulated in non-
susceptible C. tropicalis (0.30 = 0.63, p= 0.025). Conclusion: Brilliance Candida
Agar identification requires verification. The disk diffusion method is of higher
accuracy with C. albicans than with C. tropicalis. Overexpression of CDR1 and
CDR2 in C. albicans, and CDR1 and MDR1 in C. tropicalis were not the main
reasons behind reduced susceptibility to fluconazole.

Introduction
Candida species (spp.) are

the fourth in deep-seated ones, depending on the immune status

frequency as causative agents of healthcare- of the host [1, 2].
associated infections. The clinical manifestations of Candida species can be broadly classified

Candida spp. infection can range from
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superficial to into: C. albicans and Candida non-albicans [3]. C.
tropicalis is regarded as the second most potent
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species in terms of virulence, second only to C.
albicans [4].

Various types of antifungal medications
are utilized for the treatment of Candida infections.
These include azoles, polyenes, echinocandins, and
nucleoside analogs. The effectiveness of these drugs
varies depending on several factors such as the site
of infection and the susceptibility of the involved
Candida species to the drug used [5].

For years, azoles have been the most
widely utilized class of antifungal drugs for treating
Candida infections. [6]. Fluconazole is the most
used azole, for its high efficacy and relatively low
cost. Azoles inhibit cytochrome P450 enzyme in the
ergosterol biosynthesis pathway thus interrupting
cell growth [7].

Antifungal resistance occurs when fungi
develop the ability to grow in the presence of
antifungal drugs that would normally eradicate them
or impede their growth [8]. Depending on the
species, azole resistance in Candida might be an
intrinsic property as in C. krusei or acquired after
prolonged exposure to the drug [9]. Fluconazole
resistance may develop in C. albicans among
patients with recurrent candidiasis due to
compromised immune status [6].

Azole resistance is driven by several
molecular mechanisms including ERG11 gene
mutations or upregulation, and increased expression
of efflux pumps [10]. The two families of efflux
proteins: ATP-binding cassette transporters (ABC-
T) and the major facilitator superfamily transporters
(MFS) have been linked with resistance to
fluconazole [11]. Two proteins from the former
family were extensively described to be associated
with fluconazole resistance in C. albicans and C.
tropicalis: the highly homologous Candida drug
resistance 1 protein (CDR1) and the Candida drug
resistance 2 protein (CDR2) [7, 12, 13]. Regarding
the MFS transporters, only the Multidrug Resistance
Regulator (Mdrl) has been related to fluconazole
resistance [7, 14]

This study aimed to assess the accuracy of
identification of clinical Candida species with
reduced fluconazole susceptibility by the rapid
methods (chromogenic agar and disk diffusion
method) and to determine the relative expression of
major efflux pump genes among these isolates.

Materials and methods
A total of 111 isolates of Candida species were
collected from different clinical specimens, obtained

from different clinical laboratories in Alexandria
over the period from September 2019 to June 2021.
The isolates were collected from 44 urine samples,
30 vaginal swabs, 26 sputum samples, 6 blood
samples, 2 samples of bronchoalveolar lavage, 1 pus
sample, 1 sample of nail scrapings, and 1 wound
aspirate. All samples were streaked on Sabouraud
dextrose agar (SDA, Oxoid) supplemented with
chloramphenicol (0.1mg/ ml) and were incubated at
37 °C for 24-48 hours.

Identification of Candida species and fluconazole
susceptibility testing

After microscopic examination, the colonies from
SDA were then subcultured on chromogenic agar
(Brilliant Candida Agar (BCA), Oxoid) for
presumptive species identification. The germ-tube
production test was then performed to confirm
species identification for the most predominant
species [15].

The two most predominant species (C. albicans and
C. tropicalis) were tested for susceptibility to
fluconazole using fluconazole 25 g disks
(Himedia, India) according to the CLSI guidelines.
Susceptible dose-dependent (SDD) and resistant
isolates were collectively considered to be of
reduced susceptibility to fluconazole by the disk
diffusion method [16].

The identity of all isolates with reduced
susceptibility to fluconazole was verified by
automated testing using the Phoenix BD system.
The susceptibility of these isolates to fluconazole
was further confirmed by the broth microdilution
method [17]. The two isolates C. albicans ATCC
90028 and C. albicans ATCC 10231 were used for
quality control.

RNA extraction and reverse transcription (RT-
PCR)

Total RNA was extracted from C. albicans and C.
tropicalis  isolates that  showed  reduced
susceptibility to fluconazole, and from susceptible
isolates of the same species which represented the
control (calibrator) group. Briefly, cells were
harvested from a mid-logarithmic phase culture in
Yeast Extract Peptone- Dextrose (YPD) broth. After
initial fungal cell disruption by bead beating using
500-570 um glass beads (ThermoScientific,
Germany), RNA was extracted by RNAzol® RT
(Molecular Research Center, Inc., USA) following
the manufacturer’s instructions. The extracted RNA
was quantified by NanoDrop™ (ThermoScientific).
cDNA was prepared from a total of 1 pg of extracted



Aboulela A et al. / Microbes and Infectious Diseases 2023; 4(3): 994-1007

996

RNA using Thermo scientific RevertAid First strand
cDNA  Synthesis Kit  (ThermoScientific™,
Lithuania), with Random Hexamer primers,
according to the manufacturer’s instructions.

Quantitative real-time PCR (gPCR)
Gene-specific primers (Table S1) were used to
amplify the target efflux pumps genes in addition to
the housekeeping gene ACT-1 for normalization.
MAXIMA™ SYBER ® Green qPCR Master Mix
(Thermo Scientific™, Lithuania) was used for
gPCR, followed by melting curve analysis. The
obtained CT values were used for the calculation of
relative gene expression using the Delta-Delta CT
method. The average CT values for the fluconazole-
susceptible isolates were used as the calibrator.

Statistical analysis

The normality of data was tested visually by
boxplots and statistically by the Shapiro-Wilk test.

Accordingly, the descriptive statistics were
presented in mean (SD) and median (IQR). In the
case of C. albicans, data were parametric, hence,
student t-test (FLU-S and FLU-R) and paired t-test
(CDR1 and CDR2) were wused for group
comparisons. As for C. tropicalis, data were non-
parametric, hence Wilcoxon rank sum test/Mann-
Whitney (FLU-S and FLU-R) and Wilcoxon signed
rank test (CDR1 and MDR1) were used for group
comparisons. Data visualization was done in the
form of boxplots.

For testing the agreement of results between
different methods, interpretations for the kappa
statistic were as follows: < 0.2 slight agreement, 0.2
- 0.4 fair agreement, 0.4 - 0.6 moderate agreement,
0.6 - 0.8 substantial agreement, > 0.8 almost perfect
agreement (Sim & Wright, 2005).

Table S1. The Primer sequences used for Syber Green Real-Time PCR.

Gene Primer Sequence Reference
C. tropicalis | Forward 5'-CGTCGGTAGACCAAGACACC-3’
ACT1 Reverse 5-CCCAGTTGGAGACAATACCGT-3’ This study
C. tropicalis Forward 5'-TCGCCGTTTGCTGAAGAAGA-3' This study
CDR1 Reverse 5-GCAATCCCCAATTTCGATGGT-3'
C. tropicalis Forward 5'-GCAGTTACCTCATCTGGAGCA-3’ This study
MDR1 Reverse 5-GCACCAAACAATGGGAACACA-3’
C. albicans Forward 5-GCTTTTGGTGTTTGACGAGTTTCT-3’ (Raniji et al.,2020)
ACT1 Reverse 5-GTGAGCCGGGAAATCTGTATAGTC -3’
C. albicans Forward 5'- GATTCTCAAACTGCCTGGTC -3’ (Zhang et al.,2019)
CDR1 Reverse 5'-CCAAAATAAGCCGTTCTTCCAC-3’
C. albicans Forward 5'-TCCGAGGTGGAGCACTTTC-3' This study
CDR2 Reverse 5-TGGACAACTGTGCTTCCAGG-3’

Results

Presumptive species identification by
chromogenic agar and germ tube test

The 111 isolates included 36 colonies identified as
C. albicans, 32 colonies identified as C. tropicalis,
30 colonies identified as (C. parapsilosis/ C.
glabrata, C. kefyr/ C. lusitaniae) and 2 colonies
identified as C. krusei. Eleven isolates gave a
mixture of colors indicating mixed species.

Germ tube production test was employed for
confirmation of species identification of the 2 most
predominant species; C. albicans and C. tropicalis.
Results showed that the germ tube test and
Brilliance Candida agar (BCA) were concordant in
only 30 (83%) of the isolates identified as C.

albicans by BCA and 29 (91%) of the isolates
identified as C. tropicalis by BCA.

Screening of the isolates for reduced
susceptibility to fluconazole by disk diffusion
method

Reduced susceptibility to Fluconazole by disk
diffusion method was detected in 3/36 isolates of C.
albicans (8.3%), including 2 cases (5.6%) that were
resistant and one case (2.8%) that was SDD. As for
C. tropicalis, 13/32 isolates (40.6%) showed
reduced susceptibility to Fluconazole, among which
6 cases (18.8%) were resistant, and 7 cases (21.8%)
were SDD.

Confirmation of species identification by Phoenix
BD automated system
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Phoenix BD automated system was employed to
verify the identity of all isolates of C. albicans (n=3)
and C. tropicalis (n=13) showing reduced
susceptibility to fluconazole by disk diffusion
method, in addition to some randomly selected
fluconazole susceptible isolates, for use as the
control group in the subsequent gene expression
analysis (Table 1). The randomly selected group
included 7 isolates identified as C. albicans by
Chromogenic agar (BCA), 8 isolates identified as C.
tropicalis by BCA, in addition to 1 isolate identified
as either C. parapsilosis, C. glabrata, C. kefyr, or C.
lusitaniae by BCA which was included to double
check on species identification among this group by
comparison to Phoenix BD results.

Among the 10 isolates that were identified as C.
albicans by BCA, only 7 (70%) were verified to be
C. albicans by the Phoenix BD system. The 3
isolates with reduced susceptibility to fluconazole
belonged to this group. Two of the remaining 3
misidentified isolates by BCA were identified as C.
glabrata and 1 was identified as C. rugosa, and this
agreed with the negative result obtained from germ
tube production testing.

As for the 21 isolates that were identified as C.
tropicalis by BCA, only 16 (76%) were verified to
be C. tropicalis by the Phoenix BD system. The 13
isolates with reduced susceptibility to fluconazole
belonged to this group. The 5 misidentified isolates
by BCA as C. tropicalis included 2 isolates that were
identified as C. albicans by Phoenix BD, 2 identified
as C. glabrata, and 1 as C. krusei.

Results of species identification by Phoenix BD
were used as a reference for the calculation of the
sensitivity and specificity of identification by the
latter two presumptive methods. Overall, the results
of Phoenix BD identification agreed with those of
BCA and germ-tube test in 24/32 isolates (75%).
Statistical analysis revealed that the identification of
C. albicans by germ tube test was of 100%
sensitivity, specificity, and accuracy (Table S2).
The accuracy of BCA identification of C. albicans
and C. tropicalis was similar (84%), with higher
specificity (87%) for the former and higher
sensitivity (100%) for the latter (Tables S3, S4).

Confirmation of the susceptibility testing results
of the isolates to fluconazole by broth
microdilution method

The 3 isolates of C. albicans that showed reduced
susceptibility to fluconazole by the disk diffusion
method were also found to be of reduced

susceptibility to fluconazole by the broth
microdilution method. As for C. tropicalis, only 9
isolates were resistant to fluconazole by broth
microdilution method, including one isolate that
previously tested susceptible to the drug by the disk
diffusion method (Table S5).

A statistically significant very good agreement (p=
0.0027) was observed between the disk diffusion
method and broth microdilution method for the
fluconazole susceptibility testing results in C.
albicans. As for C. tropicalis, a slight statistical
agreement was detected between the results of
susceptibility testing by the 2 methods (p =0.375).
The accuracy for fluconazole susceptibility testing
by disk diffusion method was 100% with C.
albicans, however, it was only 62% with C.
tropicalis (Tables S6 , S7).

Molecular Analysis

The primary target of the current study was to detect
the fold difference in gene expression of the efflux
pumps CDR1 and CDR2 in fluconazole non-
susceptible (FLU-R) isolates of C. albicans (n= 3)
versus a matched control group of fluconazole
susceptible (FLU-S) isolates (n= 3). Also, to detect
fold difference in gene expression of the efflux
pumps CDR1 and MDR1 in fluconazole non-
susceptible C. tropicalis (n= 9) versus a fluconazole
susceptible control group (n= 4).

Relative gene expression of CDR1 and CDR2
efflux pumps in C. albicans

In C. albicans, the mean fold difference in the
expression of the CDR1 efflux pump was at a basal
level in both Fluconazole non-susceptible (0.73 +
0.24) and susceptible (0.9 = 0.25) isolates.
Meanwhile, CDR2 was upregulated (1.99 + 1.04) in
Fluconazole non-susceptible isolates, with a basal
level of gene expression in susceptible isolates (1.22
+0.99) (Table 2, Figure 1).

Relative gene expression of CDR1 and MDR1
efflux pumps in C. tropicalis

In C. tropicalis, the mean fold difference in the
expression of the CDR1 efflux pump was at a basal
level in both fluconazole non-susceptible (0.69 +
0.76) and fluconazole-susceptible (1.08 + 0.5)
isolates. Meanwhile, MDR1 was downregulated
(0.30 = 0.63) in fluconazole non-susceptible
isolates, with a basal level of gene expression in
susceptible isolates (1.16 £ 0.77), and this difference
was statistically significant (p= 0.025) (Table 3,
Figure 2).
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Table 1. Results of identification of 32 isolates by BD Phoenix™ system.

Serial Isolate 1D Chrome agar (BCA) Germ-tube BD Phoenix identification
Number identification identification (n: 32)

1. 8 C. tropicalis Negative C. tropicalis
2. 13 C. tropicalis Negative C. tropicalis
3. 15 C. tropicalis Negative C. tropicalis
4, 26 C. tropicalis Negative C. tropicalis
5. 36 C. tropicalis Negative C. tropicalis
6. 41 C. tropicalis Negative C. tropicalis
7. 52 C. tropicalis Negative C. tropicalis
8. 56 C. tropicalis Negative C. tropicalis
9. 59 C. tropicalis Negative C. tropicalis
10. 94 C. tropicalis Negative C. tropicalis
11. 3M C. tropicalis Negative C. tropicalis
12. 5M C. tropicalis Negative C. tropicalis
13. 6M C. tropicalis Negative C. tropicalis
14, ™ C. tropicalis Negative C. tropicalis
15. 8M C. tropicalis Negative C. tropicalis
16. 9M C. tropicalis Negative C. tropicalis
17. 46 C. tropicalis Positive C. albicans
18. 65 C. tropicalis Positive C. albicans
19. 51 C. tropicalis Negative C. glabrata
20. 7 C. tropicalis Negative C. glabrata
21. 4M C. tropicalis Negative C. krusei

22. 19 C. albicans Positive C. albicans
23. 25 C. albicans Positive C. albicans
24, 30 C. albicans Positive C. albicans
25, 71 C. albicans Positive C. albicans
26. 111 C. albicans Positive C. albicans
27. 113 C. albicans Positive C. albicans
28. 125 C. albicans Positive C. albicans
29. 83 C. albicans Negative C. glabrata
30. 118 C. albicans Negative C. glabrata
31. 60 C. albicans Negative C. rugosa

C. parapsilosis, C.
32. 84 glabrata, C. kefyr, or C. Negative C. glabrata
lusitaniae

Table 2. Comparison between fluconazole susceptible (FLU-S) and non-susceptible (FLU-R) isolates according
to the fold change in gene expression of CDR1 and CDR2 efflux pump genes in C. albicans.

Efflux pump genes in FLU-S FLU-R
< albieans (n=23) (n=3) T P-value
CDR1
Mean + SD. 0.9+0.25 0.73+0.24 -0.859 0.439
Median (IQR.) 0.8 (0.81t0 1.0) 0.6 (0.6 10 0.8)
CDR2
Mean + SD. 1.22 +0.99 1.99+1.04 0.922 0.409
Median (IQR.) 0.9 (0.7 t0 1.6) 2.4 (1.6 10 2.6)
P°-value 0.651 0.145

SD: standard deviation. IQR: interquartile range, FLU-S: fluconazole sensitive, FLU-R: fluconazole resistant. t: Student t-test, p: p value for
comparing between FLU-S and FLU-R. pq: p value for Paired t-test for comparing between CDR1 and CDR2 in each group. P-values > 0.05
is not statistically significant.
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Table 3. Comparison between fluconazole susceptible (FLU-S) and non-susceptible (FLU-R) isolates according

to the fold change in gene expression of CDR1 and MDR1 efflux pump genes in C. tropicalis.

. . FLU-S FLU-R
Efflux pump genes in C. tropicalis (n=4) (n=9) U P-value
CDR1
Mean + SD. 1.08+0.5 0.69+0.76 9 0.199
Median (IQR.) 1.0(0.7t01.3) 0.4 (0.2101.0)
MDR1
Mean + SD. 1.16 £ 0.77 0.30+0.63 3 0.025*
Median (IQR.) 0.9(0.8t01.3) 0.0 (0.0t0 0.2)
P°-value 0.875 0.0753

SD: standard deviation. IQR: interquartile range, FLU-S: fluconazole sensitive, FLU-R: fluconazole-resistant, u: Mann Whitney

test/Wilcoxon rank sum test, p: p value for comparing between FLU-S and FLU-R, po: p value for Wilcoxon signed ranks test for
comparing between CDR1 and MDR1 in each group, *: Statistically significant at p < 0.05

Table S2. Sensitivity, specificity, and accuracy of germ tube production test in identification of C. albicans with
reference to Phoenix BD identification.

C. albicans Phoenix BD
2 2o = = >
>0 S O s O s O § O
= = e < (=} o
Germ tube Positive Negative | Total & X 8 3\) & f}) % 3\, 3 3\,
test T o o ) o <9
U) ~ U‘) N N N N
Positive 9 0 9
Negative 0 23 23
Total 9 23 32 1.00 1.00 1.00 1.00 1.00
OO(p) 5.656854 (0.000000015%) (0.66, (0.85, (0.66, (0.85, (0.89,
Kappa 1 1.00) 1.00) 1.00) 1.00) 1.00)
Degree of Almost perfect
agreement

Z (p): Z test statistic with its p-value, 95% CI: Intervals with 95% confidence Common interpretations for the kappa statistic are as follows:

< 0.2 slight agreement, 0.2 - 0.4 fair agreement, 0.4 - 0.6 moderate agreement, 0.6 - 0.8 substantial agreement, > 0.8 almost perfect agreement

(Sim & Wright, 2005)

Table S3. Sensitivity, specificity, and accuracy of Chromogenic agar (BCA) in identification of C. albicans
with reference to BD Phoenix identification

C. albicans Phoenix BD > > ~ ~ o
S0 S O s O S O g O
= = e o o <}

BCA Positive Negative | Total & § 8 % a f}, > % § %
$ o & 2 2 <2
Positive 7 3 10
Negative 2 20 22
Total 9 23 32 0.78 0.87 0.70 0.91 0.84
Z(p) 3.552084 (0.00038*) (0.40, (0.66, (0.35, (0.71, (0.67,
Kappa 0.626 0.97) 0.97) 0.93) 0.99) 0.95)
Degree of Substantial agreement
agreement

BCA: brilliance chromogenic agar, Z (p): Z test statistic with its p-value, 95% CI: Intervals with 95% confidence Common interpretations for

the kappa statistic are as follows: < 0.2 slight agreement, 0.2 - 0.4 fair agreement, 0.4 - 0.6 moderate agreement, 0.6 - 0.8 substantial agreement,
> 0.8 almost perfect agreement (Sim & Wright, 2005).
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Table S4. Sensitivity, specificity, and accuracy of Chromogenic agar (BCA) in identification of C. tropicalis with
reference to BD Phoenix identification.

C. tropicalis BD Phoenix > >a — - ——
20| 22 | 29 | 22| &9
BCA Positive Negative | Total | 2 3 2 3 3
3 S S22 2 <2
Positive 16 5 21
Negative 0 11 11
Total 16 16 32 1.00 0.69 0.76 1.00 0.84
Z(p) 4.094131 (0.00004*) (0.79, (0.41, (0.53, (0.72, (0.67,
Kappa 0.6875 1.00) 0.89) 0.92) 1.00) 0.95)
Degree of Substantial agreement
agreement

BCA: brilliance chromogenic agar, Z (p): Z test statistic with its p-value, 95% CI: Intervals with 95% confidence Common interpretations for

the kappa statistic are as follows: < 0.2 slight agreement, 0.2 - 0.4 fair agreement, 0.4 - 0.6 moderate agreement, 0.6 - 0.8 substantial agreement,
> 0.8 almost perfect agreement (Sim & Wright, 2005).

Table S5. Results of fluconazole minimum inhibitory concentration (MIC) by broth microdilution method.

MIC (ug/ ml)
Species Sensitive Reduced susceptibility
<2 pg/ ml > 2 ug/ mi
C. albicans No. Percentage No. Percentage
(n=9) 6 67% 3 33%
Samples id 19, 30, 46, 65, 71, 113 25,111, 1252
C. tropicalis No. Percentage No. Percentage
(n=16) 7 44% 9 56%
Samples id 36, 41, 52, 56, 59, 94, 8M? 8, 13, 15, 26, 3M, 5M, 6M, 7M, 9M?
Total 13 12

& The isolates in red and blue were resistant, and susceptible dose dependent to fluconazole by disk diffusion method, respectively.

Table S6. Agreement between the results of disk diffusion and broth microdilution results for susceptibility
testing of fluconazole in C. albicans.

C. alk_)lcans Broth microdilution 258 Pk = = >
(n=9) =0 S O > O s> O g O
. Non- ) e ERX a X a X =S
Disk . susceptible 2 23 GREEN zZ RN
diffusion | P n=e) | 0| g3| &ge e e | 22
Fluconazole
Non- 3 0
susceptible
Fluconazole 0 6 1.00 1.00 1.00 1.00
Susceptible 1.00
(0.29, (0.29, (0.54, (0.66,
Total & 6 100) | @34100 | S0y | 100) | 1.00)
00(p) 3 (0.0027*)
Kappa 1
Degree of Almost perfect
agreement

MIC: minimum inhibitory concentration, Z (p): Z test statistic with its p-value, 95% CI: Intervals with 95% confidence Common

interpretations for the kappa statistic are as follows: < 0.2 slight agreement, 0.2 - 0.4 fair agreement, 0.4 - 0.6 moderate agreement, 0.6 - 0.8
substantial agreement, > 0.8 almost perfect agreement (Sim & Wright, 2005).
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Table S7. Agreement between the results of disk diffusion and broth microdilution results for susceptibility
testing of fluconazole in C. tropicalis.

C ”Ep'ca"s Broth microdilution 2 2= = = o=
(n=16) S0 SO s O > O g O
Non- . N 58 o X a X =
Disk diffusion | susceptible | SUSCePtble ol €8 | 8% | &% | €% | 8%
(n=9) =" Kl B - il B
Fluconazole
Non-susceptible 8 5 13
Fluconazole 1 2 3
Susceptible 0.89 0.29 0.62 0.67 0.62
Total 9 7 16 (0.52, (0.04, (0.32, (0.09, | (0.35,0
00(p) 0.887667 (0.37472) 1.00) 0.71) 0.86) 0.99) .85)
Kappa 0.1864407
Degree of Slight agreement
agreement

MIC: minimum inhibitory concentration, Z: Z test statistic, 95% CI: Intervals with 95% confidence Common interpretations for the kappa
statistic are as follows: < 0.2 slight agreement, 0.2 - 0.4 fair agreement, 0.4 - 0.6 moderate agreement, 0.6 - 0.8 substantial agreement, > 0.8
almost perfect agreement (Sim & Wright, 2005).

Figure 1. Boxplots showing differences in gene expressions of the efflux pump genes (CDR1 and CDR?2)
between fluconazole susceptible (FLU-S) and fluconazole non-susceptible (FLU-R) groups of C. albicans.

Candida albicans
CDR1 | | CDR2

Group

Bl FLu-s

Bl FLU-R R

N

Fold change in gene expression

i

Group
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Figure 2. Boxplots showing differences in gene expressions of efflux pump genes (CDR1 and MDR1) between
fluconazole susceptible (FLU-S) and fluconazole non-susceptible (FLU-R) groups of C. tropicalis.

Candida tropicalis
CDR1 | | MDRA1 |
° * Group
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= -
£ p——
- 0.5 S
©
L.
00, ——
S S <
q\>> <,\>) Q\,\)
Group
. . Jabeen et al. [23] implemented this method for
Discussion

Azoles are the most widely used class of
antifungals. Fluconazole is usually the first choice
for the treatment of Candida infections. Various
molecular  mechanisms  underly  fluconazole
resistance, which might be intrinsic or acquired
depending on the species of Candida [7, 11,18].

The purpose of the present study was to
quantify the relative gene expression of drug efflux
pumps among common clinical Candida species
with non-susceptibility to fluconazole. Preliminary
identification revealed that the most predominant
species was C. albicans (n=36, 32%) while C.
tropicalis ranked second and accounted for 29%
(n=32). Verification of C. albicans and C. tropicalis
species identification by germ tube production test
revealed disagreement in 6/36 and 3/32 isolates of
the two species, respectively. This implies that
species identification should not rely solely on
chromogenic media.

The predominance of C. albicans followed
by C. tropicalis as the most common species causing
clinical infection has been reported previously by
several studies [19-21]. The proper identification of
Candida species is crucial for therapeutic decision-
making to discriminate between intrinsic and
acquired resistance [7, 22].

Several studies relied on the disk diffusion
method per se, or in combination with another
method for MIC determination. For instance,

validation of the use of antifungal disks for direct
testing of the susceptibility of Candida spp. in
positive blood culture bottles. Moreover, Yassin et
al. [24] and Zarrinfar et al. [25] implemented this
method for the identification of resistant Candida
strains  among  women  suffering  from
vulvovaginitis.

In the current study, reduced susceptibility
to fluconazole by disk diffusion method was much
more observed with C. tropicalis at 40.6%,
compared with 8.3% in C. albicans. The higher level
of resistance to fluconazole in C. tropicalis
compared with C. albicans was also reported in
other regions [20, 26].

To further confirm the identity of the
isolates under study, we considered Phoenix BD as
the reference method. The strength of agreement
between the identification of C. albicans by Phoenix
BD system and germ-tube test was very good (p
<0.001), with a lower value observed with BCA
identification.

This high specificity (100%) of germ-tube
identification of C. albicans observed in this study
agrees with that reported by Sheppard et al. [27]
who even suggested the use of this test for direct
rapid identification of C. albicans from blood
culture bottles.

This study showed that BCA resulted in the
misidentification of Candida species as C. albicans
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in 9.3% of the isolates and as C. tropicalis in 15.6%.
This agreed with the findings of Veraet al. [28] who
reported that chromogenic media results should not
be relied upon as the sole method for species
identification, and they should be accompanied by
additional tests.

The misidentification of C. albicans
isolates by BCA was previously reported by
Sariguzel et al. at 5.26% [29] however, no isolates
of C. tropicalis were misidentified by this
chromogenic media in their study. Contrary to the
findings of the current study, Scharmann et al. [30]
reported that BCA resulted in the correct
identification of all tested isolates of C. albicans and
C. tropicalis after 48 hours incubation, however,
they reported that at 24 hours incubation, only 36%
of C. albicans and 67% of C. tropicalis could be
identified.

The BCA had a higher sensitivity for the
identification of C. tropicalis (100%) compared
with C. albicans (78%). However, the specificity of
BCA for the identification of C. tropicalis (69%)
was less than its specificity for C. albicans (87%).

The selection of a reference method for the
identification of Candida species to the species level
has been a subject of research for many studies. In
the current study, we employed BD Phoenix as our
reference method due to the unavailability of
MALDI-TOF in Alexandria, Egypt, and the high
expenses of molecular identification by sequencing
of the ITS1-5.8S-1TS2 region.

The study of Marucco et al. [31] evaluated
the agreement between BD Phoenix and MALDI-
TOF identification of Candida species. They
reported that the two methods had a 100% and 97%
concordance index for the identification of C.
albicans. and C. tropicalis, respectively.

Candida species identification by BD
Phoenix was also evaluated by Posteraro et al. [32]
who relied on molecular identification as their gold
standard reference method. They found that the
results of BD Phoenix were 100% and 98.5%
concordant with the results of molecular
identification of C. tropicalis, and C. albicans,
respectively.

The broth microdilution method is
considered one of the reference methods for testing
the susceptibility of yeasts to antifungals [7]. We
implemented the broth microdilution method for
confirmation of the fluconazole non-susceptibility
results of the included C. albicans (n=9) and C.

tropicalis (n= 16) clinical isolates which were of
verified identity by Phoenix BD. Based on the
obtained MIC values, this study found that the
accuracy of the disk diffusion method for
identifying fluconazole non-susceptibility was low
in C. tropicalis (62%) compared with an accuracy of
100% for C. albicans.

To determine the contribution of efflux
pumps to fluconazole non-susceptibility this study
investigated the relative gene expression of 2 efflux
pumps in C. albicans; CDR1 and CDR2,and 2 in C.
tropicalis; CDR1 and MDRL1. These pumps were
selected for being of well-documented association
with azole antifungal resistance [22, 33].

This study revealed that the CDR2
efflux pump was upregulated in the fluconazole
non-susceptible isolates of C. albicans while CDR1
expression was at a basal level and did not
significantly differ from the fluconazole-susceptible
isolates. These findings agreed with those reported
by Ariana et al. [34] who concluded that the
increased expression of CDR1, and CDR2 did not
play a significant role in the development of
resistance to fluconazole.

On the contrary, a study in China revealed
that relative gene expression of CDR1 was
significantly different between the fluconazole-
resistant and susceptible isolates of C. albicans (p =
0.0193), while CDR2 gene expression did not
significantly differ among the 2 groups (p = 0.55)
[35]. Likewise, an Iranian study also reported that
CDR1 gene expression was statistically significantly
upregulated in the fluconazole resistant isolates of
C. albicans compared to the Fluconazole susceptible
group (p < 0.03). Meanwhile, CDR2 relative gene
expression was similar among the fluconazole-
resistant and sensitive groups [36].

Regarding C. tropicalis, CDR1 expression
was also found to be at a basal level among
fluconazole-susceptible and non-susceptible groups.
Meanwhile, the MDR-1 efflux pump was found to
be downregulated among the isolates with reduced
susceptibility to fluconazole with a basal level of
expression among the fluconazole-susceptible
isolates, and this was statistically significant (p=
0.025). This could potentially exclude the role of
MDR-1 as an active player causing reduced
susceptibility to fluconazole among our isolates of
C. tropicalis.

The findings of this work agreed in part
with the results of Fan et al. [37] and Jiang et al.
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[38] who also investigated the gene expression of
CDR1 and MDRL1 efflux pumps in azole-resistant
clinical isolates of C. tropicalis and reported no
statistically significant difference between the
resistant and the susceptible groups. Both studies
reported that the upregulation of multidrug
resistance efflux pumps plays a minor role in azole
resistance in C. tropicalis.

The results of Jin et al. [39] also partially
agreed with the findings of the current study with
regard to the gene expression level of CDR1 in
fluconazole-resistant isolates of C. tropicalis, as
there was no statistically significant difference
observed when compared with the fluconazole-
susceptible group (p=0.262). However, they
reported that the MDR1 efflux pump was
statistically significantly upregulated among their
resistant isolates (p <0.05).

In contrast to the findings of this
study, Pandey et al. [40] reported that the 2 efflux
pumps CDR1 and MDR1 were statistically
significantly more upregulated in the fluconazole-
resistant isolates of C. tropicalis when compared
with the fluconazole susceptible group (p <0.05).

Conclusion

We concluded that clinical Candida
species identification by Brilliance Candida Agar
(BCA) needs to be verified by a more reliable
method due to the presence of some inaccuracy.
BCA is of higher specificity in the identification of
C. albicans and higher sensitivity for detecting C.
tropicalis.

Fluconazole susceptibility testing by the
disk diffusion method is of high accuracy with C.
albicans and low accuracy for C. tropicalis.

The overexpression of the efflux pumps
CDR1 and CDR2 in C. albicans, and CDR1 and
MDRL1 in C. tropicalis might not be the main players
behind reduced susceptibility to fluconazole.
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