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Epidemiology and molecular identification of mixed yeast
isolates in Malaysia: A way forward
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Background and Purpose: Invasive candidiasis is one of the most common systemic
mycoses, and studies have shown mixed yeast infections. Malaysia lacks mixed yeast
culture data.

Materials and Methods: Yeast isolates were collected in Sultan Abdul Halim Hospital,
North Malaysia, from October 2020 to October 2021. Chromogenic Candida differential
agar media and PCR-RFLP were used to identify yeast species.

Results: A total of 206 yeast isolates were collected from different body sites of patients.
The majority of the yeast isolates (n=104) were obtained from the urine. Other isolates
were extracted from blood (n=52), vaginal swabs (n=45), ear discharge (n=2), tracheal
aspirate (n=2), tissue (n=2), skin (n=1), nail (n=1), sputum (n=1), and cerebrospinal fluid
(n=1). In total, 200 yeast samples were identified as single species, and six isolates were
a mixture of Candida species.

Conclusion: Malaysia lacks accurate epidemiological data on mixed yeast infections.
We identified all samples to the species level, including mixed yeast cultures, using the
Mspl enzyme and PCR-RFLP.
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Introduction

ungal infections and

antimicrobial drug
resistance have become significant threats to

infections during the last decade. Mycological methods
should detect mixed fungal species accurately,

public health worldwide, especially in the era

of immunosuppression and coronavirus disease
2019 (COVID-19). In most population-based studies
[1, 2], candidemia is the most common fungal disease
among hospitalized patients worldwide. Candidemia is
the fourth-to-tenth most common bloodstream
infection in hospitalized patients [1-4].

Resistance to the more commonly used antifungal
drugs fluconazole and amphotericin B is increasing in
many Candida species worldwide [3]. Due to the fact
that Candida species are becoming more resistant to
the most common antifungal drugs, it is important to
quickly and accurately identify these pathogens in
order to treat them better and avoid problems.

Several studies have reported mixed yeast

especially yeast species with a particular antifungal
resistance profile. Among mixed fungemia, it is seen
that C. albicans is commonly associated with C.
glabrata and C. parapsilosis [5-7].

If a mixed yeast infection remains undetected or is
wrongly detected, then the patient may have the risk of
being managed by inappropriate antifungal treatment
[4]. Similarly, infections caused by several fungi may
be misdiagnosed as monomicrobial illnesses by
existing diagnostics, compromising antimicrobial
treatment selection and potentially altering clinical
outcomes.

Several approaches, including MALDI-TOF, DNA
sequencing, and Chromogenic agar, have been used to
identify Candida species in mixed culture [5, 6].
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However, they only give probable identification [8]. In
the present study, we identified six mixed yeast
infections using the already published PCR-RFLP-
based method using the enzyme Mspl. It is the first
study reporting mixed yeast infections in Malaysia
using the molecular method.

Materials and Methods

Yeast isolates were collected in Sultan Abdul
Halim Hospital, North Malaysia, from October 2020 to
October 2021. The Medical Research and Ethics
Committee (MREC), Ministry of Health Malaysia,
approved this study (NMRR-20-1588-53243) (IIR).

C. albicans (ATCC 10231), C. parapsilosis (ATCC
90018), C. glabrata (ATCC 15126), and C. tropicalis
(ATCC 1369) were used as the quality controls. The
isolates collected from the hospital were subcultured
on Sabouraud dextrose agar (Merck, Germany) and
incubated at 30°C for 48 h. Subsequently, the cultures
were saved in 80% Glycerol stocks at -80°C. Candida
Differential Agar Media (Himedia) and PCR-RFLP
were used to identify the yeasts.

For molecular identification, DNA was extracted
using MasterPure Yeast DNA Purification Kit
(Lucigen, USA). Non-enzymatic cell lysis was
followed by protein precipitation, nucleic acid
precipitation, and resuspension.

The PCR-RFLP was performed based on a standard
unique method described by Mirhendi et al. [9, 10].
This approach used universal primers, 1TS1 (5-
TCCGTAGGTGAACCTGCGG-3), and ITS4 (5-
TCCTCCGCTTATTGATATGC-3) in PCR to amplify
the 1TS1-5.8S rRNA ITS2 areas. The final PCR
volume was 50 pL. Each reaction comprised 25 pL of
master mix, 1 puL of each primer (0.2 M), 3 uL of
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template, and nucleotide-free water. Conditions for
PCR were as follows: initial denaturation at 95°C for 3
min, followed by 35 cycles of denaturation for 30 sec,
annealing for 45 sec, and extension for 1 min, with a
final extension at 72°C for 5 min [9, 10].

Each PCR product was digested with FastDigest
Mspl. (Thermo Fisher Scientific, USA). 10 uL PCR
product, 17 pL nuclease-free water, 2 uL 10xbuffer,
and 1 pL enzyme were incubated at 37°C for 30 min.
PCR and RFLP products were separated on a 1.5%
agarose gel in TBE buffer for 45 min at 100 V and
visualized by staining with ethidium bromide.

Previously reported PCR-RFLP profiles were used
to identify yeast species [10, 11].

Results and Discussion

A total of 206 yeast isolates were collected from
different body sites of patients. The majority of the
yeast isolates (n=104) were obtained from the urine.
Other isolates were extracted from blood (n=52),
vaginal swabs (n=45), ear discharge (n=2), tracheal
aspirate (n=2), tissue (n=2), skin (n=1), nail (n=1),
sputum (n=1), and cerebrospinal fluid (h=1). Among
206 yeast isolates, 200 isolates were identified as
single species, and the most dominant species was
C. albicans, with a number of 120 (59%). Out of 206
yeast cultures, six isolates were identified as a mixture
of different Candida species by the PCR-RFLP
method. Three mixtures combined C. albicans and C.
glabrata (MY 1, MY 2, and MY 3). The fourth was the
mixture of C. glabrata and C. tropicalis (MY 4), the
fifth mixture combined C. parapsilosis and C.
tropicalis (MY 5), and the sixth mixture was the
combination of C. glabrata, C. albicans, and C.
tropicalis (MY 6) (Figures 1, 2).
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Figure 1. PCR and RFLP band pattern of mixed yeasts (MY): MY1 1 (sample 23), MY 2 (sample 48), mixture 3 (sample 60)
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Figure 2. PCR and RFLP band pattern of mixed yeasts (MY): MY 4 (sample 63), MY 5 (sample 177), and MY 6 (sample 129)

The  chromogenic Candida differential ~ media
results are shown in Figure 3. The results of
chromogenic agar only showed a mix of yeasts;
however, they could not identify the species, whereas
the current PCR-RFLP  approach successfully
identified the species in mixed cultures.

Classical identification methods cannot identify
mixed yeast species due to morphological and
phenotypic similarities. These methods are also time-
consuming. Researchers tried molecular techniques,
such as DNA sequencing and MALDI-TOF, to
overcome the difficulties of definitive species
identification in mixed cultures; nonetheless, they are
not practical or adequate for such infections. The
results of this study show that this specific "one
enzyme PCR-RFLP" method can be used to find the
yeast species in mixed-species cultures.

The ratio of mixed yeast infections (3%) and the
combination of species found in this study is the same
as reported in previous studies. In most studies, the rate
of MY infections was approximately 3% to 4%, while
among mixed yeast infections, C. albicansis
commonly associated with C. glabrataas the most
popular combination [5-7, 12, 13].

In a Taiwanese study, the rate of mixed yeast
infections was 3.4% [7], while in a global multicenter
study published in 2021, the overall rate of MY
infections was 2.2% [6]. Many Asian countries,
including Thailand and India, took part in this
multicenter study, but Malaysia did not. However, in
another study, mixed infections were 4% prevalent in
Taiwanese hospitals [12]. The most common
combinations in the multicenter study were C.
albicans/C. glabrata (n=42, 34.4%), C. albicans/

Figure 3. Results of mixed cultures on Chromogenic Candida Differential Agar media: MY 1 (sample 23), MY 2 (sample 48), MY 3 (sample 60),

MY 4 (sample 63), MY 5 (sample 177), MY 6 (sample 129)
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C. parapsilosis (n=17, 14%), and C. glabrata/C.
tropicalis (n=8, 6.5%) [6].

This most common combination of C. albicans
and C. glabrata could be explained by the fact that
these two species are the most frequently isolated in
epidemiological studies [1]. Another study found that
the hyphal wall adhesins Alsl and Als3 of C.
albicans play an important role in C. glabrata in
vitro adhesion [14].

In this study, the chromogenic Candida differential
medium could not detect species in mixed cultures.
When the quantity of two species in a mixed culture is
significantly different, the medium is unable of
identifying the minority species [7].

The "one enzyme PCR-RFLP" molecular approach
that was invented by Mirhendi et al. [10] is an easy
molecular method that only requires basic molecular
biology equipment, which is usually already present in
many diagnostic laboratories [15]. It is utilized in the
identification of yeast and sporulous fungi that are
clinically important [11, 16, 17].

Conclusion

Accurate epidemiology data on mixed yeast
infections are unavailable in Malaysia, possibly due to
a lack of precise methodological approaches. The
molecular method used in this study can identify
clinically important yeasts and mixed culture
infections. It is inexpensive, quick, and reliable.
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