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ABSTRACT

Nowadays, non-albicans Candida are common in human pathogens, and some of these cases were
found in milk. Therefore, as well as the lack of accurate estimates of its global prevalence and severity, the present study
aims to assess the demographic features of non-albicans Candida (NAC) spp. and determine the species distribution of NAC.
It also evaluated the in vitro Azole susceptibility of NAC species and identified the ergl11 gene and erg11 expression in
fluconazole-resistant isolates of NAC spp., in Iran.

In the present study, non-albicans Candida, including Candida glabrata, Candia krusei, Candida
parapsilosis, and Candida tropicalis, were isolated and identified from 14 farms (raw milk) and human patients using culture
methods, Real-Time PCR and sequencing. The resistance and susceptibility of the samples to azole were examined and erg11
expression was evaluated by RT-qPCR. The results were analyzed by REST Software to compare the levels of erg11 gene
expression involved in drug resistance of NAC.

m 74 and 52 NAC strains were isolated in 262 collected milk samples and human samples. Based on ITS sequencing,
0.76% were identified as C. glabrata, 2.29% as C. tropicalis, 4.19% as C. parapsilosis, and 19.8% as C. krusei. The expression
of the erg11 gene in the NAC was increased in samples isolated from humans compared to samples isolated from livestock
(P>0.05), while no significant difference was found in the case of Candida glabrata isolated from both sources (P<0.05). All
NAC isolates were sensitive to flucytosine.

non-albicans Candida (NAC) isolates from cows' milk have antifungal resistance genes while they had not taken
any antifungal drugs. The resistance gene is transferred from antifungal agents in crop protection medications. Clinical
isolates also had increased resistance to antifungal activity. Also, using Azole antibiotics can increase resistance gene level
activity. This phenomenon should be considered for treatment program protocols.

Azole, erg11, non-albicans Candida, Real-time PCR, genes Expression,
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1. Introduction

The prevalence of mycotic infections has steadily
increased in recent years (1). Once thought to be
nonpathogenic or less virulent, Fungi are now
recognized as a leading cause of morbidity and
mortality in immunocompromised and critically ill
patients (2).

Candida spp. are among the most common fungi.
They can cause infections in both immunocompetent
and immunocompromised hosts, but the incidence of
infections is higher in immunocompromised
individuals; candidiasis is thus appropriately referred
to as the "disease of diseases." (3).

Candida spp., despite being commensal organisms
that colonize mucosal surfaces asymptomatically, can
become one of the most significant causes of disabling
and lethal infection. Candida spp. cause a variety of
clinical manifestations ranging from mucocutaneous
overgrowth to potentially fatal disseminated
infections such as candidemia (3).

Even though Candida albicans is the most widely
distributed species involved in both mucocutaneous
and disseminated infections, the frequency and
severity of candidiasis associated with non-albicans
Candida (NAC) spp. is growing rapidly (4). This change
has been linked to several factors, including severe
immunosuppression or illness, prematurity, broad-
spectrum antibiotics, the empirical use of antimycotic
drugs, and diet. Clinical manifestations of infections
caused by different NAC spp. are usually
indistinguishable, but several NAC spp. are inherently
resistant or acquire resistance to commonly used
antifungal drugs, or both (4-6).

Human food sources can also be contaminated by
Candida spp. (6). This pollution causes the spread of
diseases and the loss of food. Humans need cow's milk
as one of their most important foods. The interest in
drinking raw milk is important since it is crucial for
human health. It is possible for Candida spp. to
multiply in cow's milk and cause disease in humans. It
can be microbiologically dangerous for consumers.
Raw milk is sold directly from farms in some European
countries (7).

The epidemiology of non-albicans candidaes in cows
with mastitis in Yinchuan, Ningxia, China, was
examined in 2018, and Candida krusei and Candida
parapsilosis were the most identified cases (8).
Candida glabrata has been identified as an important
pathogen and an important nosocomial infection and
is the third leading agent of death after Candida
albicans and Candida tropicalis. Candida glabrata is
important not only because of its prevalence but also
because of its high complications and mortality (9).
The pathogenicity of fungi is increasing sharply, and
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the number of antifungal drugs has nowadays
increased (10).

Drugs such as amphotericin B and azoles act on cell
membranes or cell walls. Azoles are the most widely
used antifungal drugs and are derivatives of imidazole
and triazole (11). One of the most common problems
in the treatment of candida infections is treatment
failure, especially due to clinical resistance to
antifungal drugs (12).

Candida species have several mechanisms for drug
resistance (13). The mechanisms of resistance to
azoles are being extensively investigated (14). One of
the important mechanisms is the overexpression of
the erg11 gene and its effect on lanosterol 14 - alpha
demethylase, which is the target of azoles (13), and
also, point mutations in the erg11 gene that reduce
the adhesion of azoles to their target (15).

Mutations occur in ergl1 (the gene that produces
lanosterol 14 - alpha demethylase) and erg6, which
are normally required for membrane function (but are
not required for sterol biosynthesis). The
development of using azole antifungals increases the
treatment of fungal infections and its low toxic effects
on the host, increasing its use, and this is not
surprising to increase resistance to these drugs,
especially fluconazole (16, 17).

Due to the importance of non-albicans Candida spp.
infection and its pathogenicity, as well as the lack of
accurate estimates of its global prevalence and
severity, the present study was conducted with the
following purposes: a) assessing the demographic
features of non-albicans Candida (NAC) spp. and
determining the species distribution of non-albicans
Candida (NAC) spp., 2) evaluating the in vitro Azole
susceptibility of non-albicans Candida (NAC) species,
3) identifying ergll expression in fluconazole-
resistant isolates of non-albicans Candida (NAC) spp.,
in lran.

2. Materials and Methods
Sample Collection

In this cross-sectional-descriptive study, 262
samples were collected from 14 livestock farms in
Tehran Province, Iran, and 48 blood samples were
randomly obtained from patients hospitalized in
Tehran, Iran with clinically proven or suspected
systemic Candida infection. The samples were
selected through the random sampling method from
January 2021 to April 2022.
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Milk and Clinical Samples

Briefly, 10 mL milk and blood samples were
extracted from milk storage tanks that had been filled
less than 24 hours ago. At 4°C, the samples were sent
to the diagnostic laboratory. After one week of
incubation at 37°C, they were cultured on Sabouraud
dextrose agar (SDA) containing penicillin and
streptomycin and incubated at 37°C for 72h.

Identification of Samples

The yeast colonies were then examined using
candida Chrom-agar culture media (CHROMagar
Candida, France), and their colors were used to
differentiate them. To ensure complete identification
of NAC, a portion of the rDNA in the Internal
transcribed spacer (ITS) region was amplified and
sequenced in all isolates. In brief, high molecular
weight DNA was extracted from the samples using the
previously described glass bead and phenol-
chloroform method (18). A portion of the 285 rDNA
was amplified in each isolate by PCR using specific
nucleotide primers for the ITS region; ITS1-S:3'TCC
GTA GGT GAA CCT GCG G5’ and ITS4-AS:3' TCC TCC
GCT TGA TAT GC5’ (18). The obtained amplicons were
sequenced nucleotides, and the results were
compared in gene data banks (NCBI, NIH) to confirm
identity.

Candida albicans strain ATCC 24433 was cultured on
Sabouraud 4% Dextrose Agar (MilliporeSigma, USA-
Canada) for 72 h as a positive control group.

Determination of Antifungal Susceptibility Tests
(MIC)

Antifungal susceptibility testing is a way to
determine the level of fungal resistance, the best
treatment for a particular fungus, and the
epidemiology of global resistance to antifungal
agents. Microdilution is the reference and standard
gold technique. Non-albicans Candida Candidates,
isolated from raw cow's milk samples and patients'
samples, were examined against amphotericin B,
itraconazole, fluconazole, and flucytosine using
clinical and laboratory standard protocol (CLSI, M27-
A3).

To collect new colonies from isolates, samples were
cultured on Sabouraud 4% Dextrose Agar
(MilliporeSigma, USA-Canada), and after 24 hours of
incubation, a massive culture was prepared from the
grown colonies. Then, the microdilution method was
used to identify the susceptibility pattern of isolated
samples against amphotericin B, itraconazole,
fluconazole, and flucytosine according to CLSI protocol
(CLSI, M27-A3). C. parapsilosis ATCC 22019 was used
for quality control in this study.
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Real-Time Quantitative PCR (RT-qPCR) Reaction
RNA Extraction and cDNA Synthesis

NAC pellets were used and collected in A600=20.
The MICs of antibiotics were determined before RNA
was extracted. The samples were cultured in the
medium containing the antibiotic MIC concentration
from the previous study. Once the samples had been
collected, RNA was extracted using the RNAx Kkit's
(EX6101-RNX Plus Solution, Sina Colone, Iran) RNA
extraction protocol. The concentration and purity of
the isolated RNA were measured using a NanoDrop
2000 Spectrophotometer (ThermoFisher Scientific,
Waltham, MA, USA). Finally, cDNA was prepared from
the extracted RNA.

For this purpose, Buffer Mixm, Enzyme (Reverse
Transcriptase), Depc Water, and RNA were used. This
protocol obtained the final volume of 20 uL and all
samples were transferred to the sterilized PCR
microtubes under sterile conditions and placed in a
thermal cycler (ABI Quant Studio 12 Flex, USA)
according to the gene amplification program: 10 Min
in 25°C, 60 Min in 47°C and 5 Min in 85°C.

RT-PCR Test and Sequencing

RT-PCR was performed to ensure cDNA synthesis.
Therefore, using PCR Kit (SinaClon BioScience, Iran)
7.5 uL H20, 12.5 pL Master Mix, 1.5 puL Ps (ITS1 primer),
and 1.5 pL Pas (ITS4 primer), and 2 uL cDNA were
mixed according to the kit protocol. Based on the kit
manual, the final volume was 25 L, and the following
program was used to amplify the products. Ten
minutes at 25°C, 60 minutes at 47°C, and 5 minutes at
85°C.

By preparing 1% agarose gel, the samples were
analyzed. The cDNA concentration was examined by
NanoDrop 2000 Spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA).

Since the values of RNA concentration from the cells
are different, and mRNA volume is 1 to 2% of the total
RNA, internal standards or control were selected to
compare the expression levels of a particular gene in
different samples (Housekeeping genes). Therefore,
this study designed a pair of primers to express the B-
actin gene. In the case of selected sequences, their
homology was examined using Primer Blast.

The obtained amplicons were sequenced
nucleotides, and the results were compared in gene
data banks (NCBI, NIH) for identity confirmation.

Comparison of Gene Expression Levels

The mRNA expression levels of the studied genes
were determined by gRT-PCR using SYBER Green
(DNA-binding agents) and LightCycler® 96 Instrument
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(Roche Molecular Systems, Inc., Dubai). The results of
CT analysis obtained from real-time PCR reaction were
analyzed using REST software (19) in Candida
tropicalis, Candida parapsilosis, Candida krusei, and
Candida glabrata with animal and human origins and
according to the expression level of the B-actin gene.
For this purpose, the High ROX kit of (Biofact, Korea)
was used, and for each of the studied genes, H,0: 6 pL
Master Syber: 10 puL Ps: 1 pl, and Pas: 1 pL and cDNA:
2 uL protocol was used.

Based on this protocol, the final volume was 20 pL,
and the amplification program was 25°C for 20 Sec,
58°C for 30 Sec, and 70°C for 30 Sec in 40 cycles. It
should be noted that the reactions were triplicate, and
its melting temperature (Melt Curve) was set at 72-
95°C. In the studied samples, the amplification of the
beta-actin gene in all samples started from
approximately cycle 25, indicating that the expression
of the housekeeping gene remained constant in all
samples and was not affected by the resistance and
origin of the species. In all species, it has shown the
same expression, indicating the stability of this gene.
For this study, the following sequences were used as
ergll primer; (erg11 Forward) 5'-
ACTCATGGGGTTGCCAATGT-3' and (ergll Reverse):
5'-AGCAGCATCACGTCTCCAAT-3". Primers were
designed using the PRIMER 3 web-based software
(http://bioinfo.ut.ee/primer3-0.4.0) (20).

Statistical Analysis

Statistical analysis was performed using the SPSS
24.0 (SPSS Inc., Chicago, IL.,, USA). Data analysis
(binomial, unpaired) was performed using a t-test.

C. glabrata C. glabrata Legend

n=2 n=2 - 1125

C. parapsilosis C. parapsilosis 1

n=11 n=11 -
- 1062
- 15

Three biological replicates were used to calculate the
mean and standard errors.

3. Results

74 and 52 non-albicans candida strains were isolated
in 262 collected milk samples and human samples. Based
on ITS sequencing results, 2 cases (0.76%) were identified
as C. glabrata, 6 cases (2.29%) as C. tropicalis, 11 cases
(4.19%) as C. parapsilosis and 50 cases (19.8%) as C.
krusei.

Except for C. krusei, flucytosine with MICso had a more
favorable effect on the specimens under study. In
addition to flucytosine, itraconazole with MICso = 1.125
was determined to be the preferred drug for the three
strains of C. glabrata, C. parapsilosis, and C. tropicalis.

Flucytosine with MICso = 1 was more effective against C.
krusei strains than itraconazole with MICso = 0.5. Figure 1
shows the results of in vitro antimicrobial susceptibility
testing of non-albicans Candida species isolated from
livestock.

Flucytosine was sensitive to 100% of C. glabrata and C.
tropicalis isolates and 94 percent of C. krusei isolates in
the study. Fluconazole was also effective against 100,
100, 72.72, and 80% of C. glabrata, C. tropicalis, C.
parapsilosis, and C. krusei strains, respectively. This
discovery demonstrated the potency of this
antimicrobial medication against non-albicans Candida
spp. Figure 1 shows the frequency of sensitive and
resistant strains isolated from livestock based on the
results.

0 04 08 12 16 2 24 28 32 36 4
G

Figure 1. The results of in vitro antimicrobial susceptibility testing of NAC isolated from livestock.

The susceptibility testing results of cow milk-
isolated and clinically isolated NAC strains were
compared in this study. Clinical NAC isolates were also
found to be flucytosine sensitive in all samples.
Amphotericin B had the greatest effect on this group
of fungi after flucytosine. Figures 2 and 3 show the
MICs of antifungal medications as well as the
frequency of resistant and sensitive clinical non-
albicans Candida isolates used in this study.
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MIC ranges for fluconazole, itraconazole,
amphotericin B, and flucytosine against NAC isolated
from livestock in this study were 0-64, 0.015-16,
0.0125-16, and 0.031-16 ug/mL, respectively, while
MIC  ranges for  fluconazole, itraconazole,
amphotericin B, and flucytosine against clinically NAC
were 0.125-64, 0.015-16, 0.06-4, and 0.031-1 ug/mL,
respectively (Figure 3 & 4).
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Figure 2. Interpretation of the sensitivity results of NAC from humans according to CLSI-M27-A3
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Figure 4. Susceptibility of NAC from humans tested against antifungal medications.

Figure 3 shows the erg11 expression in Candida glabrata, animal and human origins. As results in Table 1, all
Candida krusei, Candida parapsilosis, and Candida tropicalis. Candida samples of human origin had an increased

gene expression. Also, in Candida glabrata samples,
there were no changes in gene expression levels.

Therefore, the present study evaluated the erg11
gene expression in Candida glabrata, Candida krusei,
Candida parapsilosis, and Candida tropicalis from

Year 17, Issue 4 (July — August 2023) Iranian Journal of Medical Microbiology



452 A Comparative Study on Level of erg11 Gene Expression

Table 1. The erg11 gene expression in four studied Candidates

Reaction

Candida Source Efficiency Expression
Candida glabrata A" TRG 1.030
Candida glabrata H* TRG 8.515

Candida krusei A TRG 2.573
Candida krusei H TRG 6. 805

Candida A TRG 30. 344

parapsilosis

Candl.da . H TRG 16.412

parapsilosis

Candida A TRG 1. 000

tropicalis

canfﬁd(.l H TRG 1.0 2.567

tropicalis

B actin  REF 1.0 1. 000

Std. Error 95% C. I. P(H1) Result
0.315-3.962 0.212-4.988 9(;'9 unchanged
2.474-26.649 1.519-37.530 0(;'3 unchanged
0.545-10.498 0.226-39.697 4(;'5 unchanged

0.
2.395-27.096 2.204-34.022 000 UP
3.992 - 144, 0.
8. 605 -98. 186 268 100 unchanged
1.899 - 139. 1. 455 - 240. 0. up
438 427 000
0.180-3.920 0.093-7.700 9%'0 unchanged
0.
1. 644 -4.408 1.210-5. 360 000 UP

A: Animal; H: Human.

4, Discussion

The expression of erg11 genes in Candida tropicalis,
Candida parapsilosis, Candida krusei, and Candida
glabrata were examined using Rest software (19).
Fungi are not microorganisms transmitted from milk
to humans, but their secondary metabolites, such as
mycotoxins, are pathogenic to humans. Cows supply
almost 85% of human milk. In many countries, using
unheated raw milk due to reduced allergies has
increased the importance of milk hygiene and led to
accuracy in  production quality because its
consumption is crucial for children, the elderly, and
patients with immunodeficiency.

Yeasts and molds are essential in fermented dairy
products and yogurts (21). None of today's problems
is food-borne pathogens and new pathogens
emerging. However, the effect of fungi has been
greatly underestimated (22). Nowadays, drug
resistance is a problem that most societies face and
seek to solve. The present study compared this issue
in animal and clinical samples to find possible resistant
samples isolated from the raw milk of cows that had
not taken any antifungal drugs and had not faced
these factors and determined the sensitivity and
resistance of these samples. A significant increase in
the use of antifungal agents such as azoles for the
treatment of invasive candidiasis and aspergillosis and
as fungicides in crop protection have led to the
emergence of clinical strains resistant to antifungals,
especially triazoles so that fluconazole resistance is
increasing in Candida parapsilosis and Candida
tropicalis. Thus, conducting studies and monitoring
antifungal resistance is essential (23).

Year 17, Issue 4 (July — August 2023)

Non-albicans yeasts have been shown to cause
therapeutic problems in patients with
immunodeficiency such as HIV-positive, cancer, or
transplant recipients as an opportunistic pathogen
(24). In the twentieth century, nosocomial infections
and Candida infections in patients with blood
infections increased. More than 90% of the reports are
related to Candida albicans, Candida glabrata,
Candida parapsilosis, Candida krusei, and Candida
tropicalis (12, 24-26).

Candida glabrata is an opportunistic fungus, the
world's second most common cause of candidiasis,
and a major public health concern. The second most
common nosocomial infection is Candida albicans,
although it is historically considered a nonpathogenic
flora. In hospital infections, it is often isolated and
causes mucosal and systemic infections in patients
with immunodeficiency or diabetics. Its treatment is
difficult because it is resistant to many azoles and less
sensitive to amphotericin B (27, 28). Several resistance
mechanisms, such as P-450-dependent ergosterol
synthesis and an energy-dependent pump (in the case
of fluconazole), have been observed (29, 30). Candida
krusei is significant since it is communally transmitted
in humans and is often isolated from mucosal surfaces
(31). Compounds such as Candida krusei cell wall are
different from other Candidates. Candida krusei,
Candida parapsilosis, Candida tropicalis, and Candida
glabrata are sensitive to lysozyme (32).

The prevalence of Candida parapsilosis has
increased in the last two decades, especially in
hospitals (33, 34). The Candida parapsilosis family has
emerged as a pathological and large hospital disease
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(35). Candida tropicalis is one of the most common
causes of the disease in patients admitted to the
urinary tract and blood infections wards. Accordingly,
based on some studies, Candida tropicalis has become
resistant to amphotericin B due to long-term
treatment (36). In recent years, Candida tropicalis has
become increasingly isolated from candidiasis and
rapidly become resistant to fluconazole (23).
Nowadays, fungal genera and species resistant or less
sensitive to antifungal agents are a major cause of
invasive infections in patients with immunodeficiency.
Therefore, they are more important (37). An increase
in fungal infections, changes in the epidemiology of
their types and drug resistance, and the development
of new toxins have led to the identification of various
antifungal drugs (38). Candida glabrata is less
sensitive to azole. Resistance to treatment and
Fluconazole prophylaxis has been examined in them.
A high resistance rate has caused significant concern
for patients exposed to antifungal drugs (39).

Lupetti et al. (2002) showed that mutations in the
ergl1 gene also occur in Candida species (40). erg11 is
the main target of azoles, and its mutation is
associated with drug resistance (26). The association
between increased erg11 expression and resistance of
azoles in Candida dubliniensis, Candida tropicalis,
Candida parapsilosis, Candida krusei, and Candida
glabrata has been reported (23). These findings are
the result of a study on human samples. They are
consistent with our findings in comparing the cases of
Candida krusei, Candida parapsilosis, and Candida
tropicalis, and we showed an increase in expression in
human samples in all three cases. However, in the case
of Candida glabrata, we did not observe any change in
the expression of the erg11 gene. Also, in the samples
of Candida tropicalis, Candida parapsilosis, Candida
krusei, and Candida glabrata isolated from animal
origin, we did not observe any change in gene
expression. However, in research carried out by Du
Jun et al. (2018) in China on cows with mastitis, the
presence of the ergll gene in Candida parapsilosis
and Candida krusei was shown, but their study did not
examine the level of expression of the gene, and it
examined merely the presence of the gene (8).
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