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Abstract

Introduction: Candida spp. are responsible for infections ranging from local to systemic, and resistance to antifungal first-line therapy is
increasing in non-albicans Candida species. We aimed to determine the etiology of candidiasis and the antifungal resistance of Candida spp.
isolated in Hue hospitals, Central-Vietnam.

Methods: Species identification was performed by matrix-assisted laser desorption/ionization-time of flight mass spectrometry supported by
fungal internal-transcribed-spacer amplification and sequencing. Antifungal susceptibility testing was performed by disk diffusion method and
minimum inhibitory concentrations of azoles, caspofungin, and amphotericin B against C. tropicalis were determined by broth microdilution.
Polymorphism of erg/] gene associated with fluconazole resistance was carried out by polymerase chain reaction and sequencing. Multilocus
sequence typing (MLST) was used for typing selected C. albicans isolates.

Results: Overall, 196 Candida isolates were detected, mostly C. albicans (48%), followed by C. tropicalis (16%), C. parapsilosis (11%), C.
glabrata (9%), C. orthopsilosis (6%) and to a lesser extent another eight species. High rates of resistance to fluconazole and voriconazole
(18.8%) were observed in C. tropicalis with five isolates co-resistant to both agents. Y132F and S154F missense mutations in the ERG11
protein were associated with fluconazole-resistance in C. tropicalis (67.7%). Resistance to caspofungin was found in one isolate of C. albicans.
MLST identified a polyclonal population of C. albicans with multiple diploid sequence types, and with few lineages showing potential
nosocomial spread.

Conclusions: Resistance to triazole agents should be considered in C. tropicalis infections in the studied hospitals, and surveillance measures
taken to avoid Candida diffusion.
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Introduction
Candida species are human commensals,
commonly found on the mucosal surfaces of

(BSI), which leads to increased morbidity and
mortality, prolongation of hospital stays, and increased
hospital costs [5,6]. However, an increasing trend of

gastrointestinal and genitourinary tracts, skin, under
fingernails, lung, and gut mycobiota [1]. However,
Candida spp can act as opportunistic invaders capable
of causing different diseases, ranging from commonly
encountered superficial infections to systemic diseases
in humans [2]. The switch from commensalism to
pathogenesis in Candida spp. is influenced by both
fungal and host factors [3], including immune status,
co-morbidities, and underlying conditions, as well as
exposure to certain medications and medical devices
[4].

C. albicans represents one of the most common
cause of hospital-acquired bloodstream infections

invasive infections caused by non-albicans Candida
(NAC) group has been observed, including several
Candida species, such as C. tropicalis, C. parapsilosis,
C. krusei, C. glabrata and C. stellatoidea [4,7,8]. In
Vietnam, fungal opportunistic diseases are growing due
to the increased number of immunocompromised
patients [9,10]. Although physicians have dealt with
Candida infections more frequently, there are limited
systematic epidemiological data on Candida in the
country [11-13], even less from Central Vietnam.

In the last few years, the frequency of resistance to
antifungal therapy continued to increase, and data
reported globally indicated higher levels of resistance
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from NAC species than C. albicans [14-17]. Among
antifungal drugs, azoles are widely used to treat almost
all superficial and deep mucosal and disseminated
fungal infections caused by Candida spp. [18]. As a
consequence, the extensive use of fluconazole led to the
development of resistance, resulting in therapeutic
failures [19], which makes the treatment of candidemia
a huge challenge for physicians [20].

The most common mechanisms leading to Candida
spp. resistant to fluconazole as well as other azole
compounds include alteration of the target enzyme, the
cytochrome P-450 lanosterol  14a-demethylase
(ERG11), which is responsible for the synthesis of
ergosterol. Mutations in the ergl/ gene can alter the
enzyme's structure and reduce its binding affinity for
the drugs, making the fungal cells less susceptible to
their effects [18]. Thus, monitoring for the presence of
ERGI1 mutations in Candida isolates can inform
antifungal therapy decisions and guide the selection of
alternative treatment options, such as echinocandins or
polyenes, which are not affected by ERG//-mediated
resistance. Understanding the molecular mechanisms of
azole resistance can also aid in the development of new
antifungal agents that target alternative pathways or
proteins, thereby mitigating the impact of ERGII
mutations on antifungal therapy efficacy. The
development of resistance to fluconazole and
voriconazole can also occur through overexpression of
efflux pump genes such mdr or cdr by reducing the
intracellular concentrations of fluconazole and
voriconazole [21].

The main purpose of this study was to investigate
the etiology of candidiasis and the antifungal
susceptibility of Candida spp. isolated from patients of
the Hue University of Medicine and Pharmacy Hospital
(HUMPH), and Hue Central Hospital (HCH) in Central
Vietnam during October 2012 and June 2016.
Moreover, molecular methods were utilized to
investigate erg// mutations in fluconazole-resistant
isolates and to type selected C. albicans isolates.

Methodology
Study population

Sampling was conducted during October 2012 and
June 2016 from 163 patients in 10 departments at
HUMPH (Dermatology, Endoscopy, Intensive Care,
Internal Medicine, Obstetrics, Oncology,
Ophthalmology, Otorhinolaryngology, Pediatrics, and
Surgery) and in two departments at HCH (Hematology
and Pediatric). Candida isolates were classified into
four groups depending on the patient’s status, including
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Candida colonization, cutaneous candidiasis, mucosal
candidiasis, or systemic candidiasis.

Candida colonization is typically asymptomatic
and it was classified through the isolation of Candida
from clinical specimens, such as urine, sputum, stool,
gastric, external ear, bronchoalveolar from patients
without clinical signs and symptoms of candidiasis that
recovered without antifungal therapy. In contrast
Candida infections were classified by the presence of
clinical signs and symptoms, such as fever, pain,
inflammation, and discharge, along with the detection
of Candida in relevant clinical specimens, such as
blood, endotracheal aspiration, urine or tissue samples,
and the patients were cured with antifungal therapy.
Mucosal candidiasis included oral, vaginal, esophageal
and cornea candidiasis. Onychomycosis and skin
candidiasis patients belonged to cutaneous candidiasis.
Systemic candidiasis included candidemia, peritoneal
candidiasis, and pulmonary candidiasis.

Samples were first cultured onto Sabouraud
Dextrose Agar medium plates (Oxoid Ltd, Basingstoke
UK), yeast colonies were then subcultured in Brilliance
Candida agar plates (Oxoid Ltd, Basingstoke UK) to
screen mixed isolates. Seventeen samples had mixed
isolates, of which 15 samples were two mixed isolates,
and two samples were three mixed isolates. Therefore,
196 Candida isolates were collected from 177 samples.
All Candida isolates were stored at -80 °C and
subcultured in Sabouraud media for antifungal
susceptibility testing.

Identification of Candida species

Species identification was performed by Matrix
Assisted Laser Desorption/Ionization Time of Flight
Mass Spectrometry (MALDI-TOF MS) (Bruker
Daltonics Inc. - Billerica, USA), at San Francesco
Hospital, Nuoro, Italy, and isolates with a score < 1.7
were identified by polymerase chain reaction (PCR)
and sequencing using universal fungal primers ITS1
(5-TCCGTAGGTGAACCTGCGG-3") and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") for the whole
nuclear ribosomal internal transcribed spacer (ITS1-2)
region [22,23]. Fungal DNA was extracted using the
thermolysis method according to the protocol of Zhang
et al. [22]. PCRs were performed in a 25 pL volume
with 0.2 mmol/L of dNTPs, 1.5 mmol/L MgCl,, 0.2
umol/L of primers, and 1.0 U Tag polymerase
(Invitrogen, Waltham, USA) in a thermal cycler
(Hybaid, Altrincham, UK). PCR products were
visualized in 1% agarose gel in TAE 1X buffer
containing GelRed™ (Biotium, Fremont, USA) on a
UV trans-illuminator. The amplicons were then purified
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by the DNA Clean and ConcentratorTM-5 (Zymo
Reaserch, Irvine, USA) columns, quantified by
comparison of bands to low molecular mass ladder
(Invitrogen, Waltham, USA), and sent for sequencing
to the Sequencing Service LMU Munich, Germany
(http://www.gi.bio.lmu.de/sequencing). Sequences
were analyzed by Geneious 4.8.4 version and blasted on
nucleotides Genebank
(http://blast.ncbi.nlm.nih.gov/Blast.cg) for species
identification.

Antifungal susceptibility testing

Antifungal susceptibility testing was performed by
disk diffusion method using Mueller-Hinton agar
(Liofilchem Laboratories, Teramo, Italy) supplemented
with 2% dextrose and 0.5 pg/mL methylene blue
according to the Clinical and Laboratory Standards
Institute document (CLSI) M44 A-Ed3 [24], and
interpreted following CLSI M60 - Ed2 [25].
Fluconazole 25 pg/disk, caspofungin 5 pg/disk, and
voriconazole 1 pg/disk (Liofilchem Laboratories,
Teramo, Italy) were used. The C. albicans ATCC
90028, C. krusei ATCC 6258, C. parapsilosis ATCC
22019, and C. tropicalis ATCC 750 were used as
standard reference strains. The zone of inhibition was
recorded after 24 hours.

The minimal inhibitory concentration (MIC) values
of  fluconazole, itraconazole amphotericin B,
caspofungin (Sigma-Aldrich, St. Louis, USA) and
voriconazole (AK Scientific, Inc, Union City, USA) in
C. tropicalis were determined by broth microdilution
following CLSI M27-Ed4 [26]. The MICs were
interpreted according to M60-Ed2 [25], while
itraconazole and amphotericin B were categorized
based on the epidemiological cut-off values (ECV)
according to CLSI M59-Ed3 [27]. C. krusei ATCC
6258 was used as a standard reference strain.

Detection of ergl 1 gene mutations in C. tropicalis
PCR and sequencing were used to detect
polymorphisms in the erg// (Lanosterol 14a-
demethylase) gene in fluconazole-resistant C. tropicalis
strains. In addition, one fluconazole susceptible strain
was included as a control. We designed two pairs of
primers, erglla-F 5’-
TCTTTTGTCAACACAGTAATGGC-3’ and erglla-
R 5- GGATCAATATCACCGCTTTCTC-3’ and
ergl 1b-F 5’-GCGGTGATATTGATCCAAAGAG- 3’
and ergl 1b-R 5! -
GGGATTTTTCTAGCTACTCCATGG- 3’, on the
ergll gene sequence of C. tropicalis reference strain
IHEM 21234 (AY942645.1). Two separate PCRs were
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performed in a 25 uL volume with 12.5 uL of 2x PCR
SuperMix LeGene (Twin Helix, Milano, IT) and 0.2
umol/L of each primer.

Amplification conditions were as follows: initial
denaturation at 94 °C for 5 min, followed by 30 cycles,
each consisting of 30 sec at 94 °C for denaturation, 40
sec at 50 °C for annealing, and 50 sec at 72 °C for
elongation, and a final elongation step of 10 min at 72
°C. The erglla and ergllb amplicons, of 834 bp and
816 bp respectively, were then quantified, purified, and
sequenced as described above. The nucleotide
sequences were translated into amino acid sequences,
aligned, and compared with a C. tropicalis ERGII
reference sequence (NCBI GenBank accession:
AY942645) using Geneious 4.8.

C. albicans Multilocus Sequence Typing (MLST)

The internal regions of seven housekeeping genes
(aatla, accl, adpl, mpib, syal, vpsi3, and zwf1b) were
amplified using the specific sets of primers and PCR
cycle included in the C. albicans MLST scheme
(http://pubmlst.org/calbicans). PCR was carried out in a
25 uL reaction volume (PCR LeGene PCR Mix 2X),
and 0.4 umol/L primer mix. Purified amplicons (DNA
Clean and ConcentratorTM-5, Zymo Reaserch, Irvine,
USA) were sent to LMU, Germany
(http://www.gi.bio.lmu.de/sequencing) for sequencing.
The nucleotide sequences were trimmed and analyzed
using Geneious 4.8, diploid sequence types (DST)s
were assigned according to the C. albicans MLST
database (http://pubmlst.org/calbicans/), clades and
singletons according to a previous publication [28].

Data analysis

The data were analyzed using Window SPSS 20.0.
A p value less than 0.05 was considered to be
statistically significant.

Ethical approval

This study was approved by the Ethics Committee
of Hue University of Medicine and Pharmacy (code
DHH2015-04-44).

Results
Species identification and distribution in samples
source

Overall, 196 strains of Candida spp. were isolated
from 15 clinical sample sources including oral mucosa
(24.5%), sputum (14%), vaginal discharge (13%), urine
(9%), gastric drainage fluid (8.7%), stool (7%), nail
(7%), endotracheal aspiration fluid (6%), skin wound
(4%), external ear (3%), gastric biopsy (1.5%), corneal
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Table 1. Distribution of C. albicans and non-albicans Candida in Candida colonization and candidiasis.

Candida aspects (number of isolates) C. albicans Non- albicans Candida p value
Candida colonization (90) 33 (35.1%) 57 (55.9%) 0.0036
Cutaneous candidiasis (20) 6 (6.4%) 14 (13.7%) 0.0924
Mucosal candidiasis (72) 46 (48.9%) 26 (25.5%) 0.0007
Systemic candidiasis (14) 9 (9.6%) 5 (4.9 %) 0.2033
Total (196) 94 (48%) 102 (52%)

ulcer (1%), blood (0.5%), bronchoalveolar lavage
(0.5%), and peritoneal fluid (0.5%).

Out of 196 Candida isolates, 186 were correctly
identified by MALDI-MS with a score > 1.7; the other
10 isolates were further identified by internal
transcribed spacer sequencing as NAC spp., including
C. parapsilosis (n = 2), C. orthopsilosis (n = 1), C.
digboiensis (n = 3), C. famata (n = 2), C. mesorugosa
(n=1) and C. blankii (n = 1). In total, the identified
species were C. albicans (48%), C. tropicalis (16%), C.
parapsilosis (11%), C. glabrata (9%), C. orthopsilosis
(6%), C. krusei (3%), C. metapsilosis (1.5%), C.
guilliermondii (1,5%), C. digboiensis (1.5%), C. famata
(1%), C. mesorugosa (0.5%), C. novergensis (0.5%),
and C. blanki (0.5%).

The numbers of isolates from Candida
colonization, = mucosal  candidiasis,  cutaneous
candidiasis, and systemic candidiasis were 90, 72, 20,
and 14, respectively (Table 1). With regards to C.
albicans species versus non-albicans, we observed a
higher proportion of NAC spp. (55.9%) in Candida
colonization compared to C. albicans (35.1%) (p =
0.0036).

In contrast, C. albicans (48.9%) was more
represented in mucosal candidiasis compared to NAC
spp- (25.5%) (p = 0.0007). No statistically significant
differences between C. albicans and NAC spp. were
found in cutaneous and invasive candidiasis (Table 1).

Among NAC colonization, 8 different species were
detected as showed in Table 2, with C. albicans and C.
tropicalis the most encountered species. Also, the
distribution of Candida species by disease types is
summarized in Table 2, with the dominance of C.
albicans from mucosa diseases. On the contrary, NAC
spp. showed a higher frequency of isolation from
onychomycosis, and some species caused invasive
candidiasis (Table 2). Predominant Candida species
from intensive care unit (ICU) patients (n =27) were C.
albicans (n = 13), C. tropicalis (n = 13) and C.
parapsilosis (n = 1).

Antifungal susceptibility of Candida spp. isolates

The antifungal susceptibility results by disk
diffusion method are shown in Table 3. C. albicans and
C. parapsilosis isolates were susceptible to fluconazole.
Resistance to fluconazole was found in C. tropicalis
(12.5%) and C. glabrata (11.7%). C. tropicalis isolates
were also resistant to voriconazole (18.8%) compared
to the other Candida spp. One isolate of C. tropicalis
was identified from blood and found to be susceptible
to all antifungal drugs tested, with MIC values of 0.25
pg/mL for amphotericin B, 2 pg/mL for fluconazole,
0.008 pg/mL for itraconazole, 0.06 pg/mL for
voriconazole, and 0.125 pg/mL for caspofungin.

Table 2. Distribution of Candida species by type of diseases and colonization.

Type of diseases Species (number of isolates)

Skin and nails
Interdigital candidiasis (7)

Onychomycosis (13)
C. metapsilosis (1)
Mucosa
Thrush (43) (1), C. mesorugosa (1)
Vulvovaginal (26)
Esophageal candidiasis (2) C. albicans (1), C. orthopsilosis (1)
Keratitis (2) C. parapsilosis (2)
Invasive diseases
Septicemia (1) C. tropicalis (1)

Pneumonia (11)
Peritonitis (1)
Colonization (90 isolates)

C. albicans (1)

C. albicans (3), C. tropicalis (1), C. parapsilosis (2), C. glabrata (1)
C. albicans (3), C. tropicalis (1), C. parapsilosis (5), C. orthopsilosis (1), C. digboiensis (1), C. krusei (1),

C. albicans (30), C. tropicalis (5), C. parapsilosis (3), C. orthopsilosis (2), C. norvegensis (1), C. digboiensis

C. albicans (16), C. parapsilosis (1), C. glabrata (8), C. metapsilosis (1)

C. albicans (7), C. tropicalis (2), C. parapsilosis (1), C. orthopsislopsis (1)

C.albicans (33), C. tropicalis (22), C. glabrata (8), C. parapsilosis (7), C. orthopsilosis (6), C. krusei (6), C.

guilliermondii (3), C. famata (2), C. metapsilosis (1), C. digboiensis (1), C. blankii (1)

Total 196
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Table 3. Antifungal susceptibility results of Candida species by disk diffusion following CLSI M60-Ed2 interpretation.
Antifungal susceptibility testing

Antifungal agent Species (number of isolates)

S 1 SDD R
Fluconazole C. albicans (94) 94 (100%)
C. tropicalis (32) 26 (81.3%) 2 (6.2%) 4 (12.5%)
C. glabrata (17) 15 (88.3%) 2 (11.7%)
C. parapsilosis (22) 22 (100%)
Voriconazole C. albicans (94) 94 (100%)
C. tropicalis (32) 26 (81.2%) 6 (18.8%)
C. parapsilosis (22) 22 (100%)
C. krusei (7) 7 (100%)
Caspofungin C. albicans (94) 93 (98.9%) 1(1.1%)
C. tropicalis (32) 32 (100%)
C. parapsilosis (22) 22 (100%)
C. krusei (7) 7 (100%)
C. guilliermondii (3) 3 (100%)

S: susceptible; I: intermediate; SDD: susceptible dose-dependent, R: resistant.

Table 4. Antifungal susceptibility of C. tropicalis.

Interpretation of

Antifungal agents MIC range MIC50 - MIC 90 Geometric Mean Antifungal susceptibility testing

S I R
Fluconazole® 0.125 - 128 (ug/mL) 2 -128 (ug/mL) 4.122 (pg/mL) 26 (81,2 %) 6 (18.8%)
Voriconazole* 0.03 - 8 (ug/mL) 0.125 -8 (ug/mL) 0.294 (pg/mL) 26 (81,2 %) 6 (18.8%)
Itraconazole® 0.008 - 0.25 (ng/mL) 0.008 - 0.015 (ng/mL) 0.009 (ng/mL) 30 (93.8%) 2 (6.2%)
Caspofungin® 0.06 - 0.25 (ug/mL) 0.125-0.125 (ng/mL) 0.125 (ug/mL) 32 (100%)
Amphotericin B 0.125 - 0.5 (pg/mL) 0.125 - 0.5 (pg/mL) 0.144 (pg/mL) 32 (100%)

S: Susceptible; I: Intermediate; R: Resistance; MIC: minimum inhibitory concentrations; MIC values according to breakpoints interpretation; *: CLSI M60-Ed2;
b CLSI M59-Ed3.

Table 5. C. albicans isolation information and Multilocus Sequence Typing loci, Diploid Sequence Type (DST) Clonal Cluster and Clades

assignments.
Sct:;:l Is‘;‘:::’“ Department Source AATl1a ACC1 ADP1 MPIAb SYA1 WPSI3 ZWPIb DST Clade
19A 26.12.2013 Inter' Sputum 4 17 21 19 27 83 22 299 12
91 08.04.2014 Inter! Stool 4 17 21 19 27 13 22 459 12
34 29.10.2013 Inter Bronchoalveolar lavage 3 3 6 4 53 109 13 2726 14
176 19.05.2015 Icu' Endotracheal aspiration fluid 3 7 6 1 34 76 15 3069** 15
177 19.05.2015 Icu! Gastric drainage fluid 3 7 6 1 34 76 15 3069%* 15
17 16.4.2014 Ped? Stool 1 7 15 6 61 105 112 693 11
5 11.12.2012 Onc! Oral 8 29 4 4 207* 279 266%  2936%** 4
179 21.05.2015 Sur! Gastric drainage fluid 8 29 4 4 207* 279 266%  2936%** 4
49 23.11.2013 Icu! Oral 5 4 6 3 93 189 22 2933%* 1
75 20.02.2014 Hem? Oral 5 32 21 34 7 55 5 732 18
69 28.02.2014 Hem? Oral 5 5 5 27 2 6 146 2934%%* 1
32 25.10.2013 Der! Skin 5 78 5 9 2 6 5 2935%* 1
108 17.01.2014 Onc! Oral 5 5 5 4 2 6 5 2445 1
60 18.02.2014 Ped? Oral 59 5 21 21 80 108 15 2937%% 17
89 28.02.2014 Icu! Endotracheal aspiration fluid 59 5 21 21 80 108 15 2937%* 17
26 25.10.2013 Obs' Vaginal secretion 4 4 6 6 96 111 15 2932%* 5
104 21.02.2014 Oto' Sinus 4 4 6 6 96 111 15 2932%%* 5
33 18.10.2013 Sur! Sputum 4 4 6 2 96 111 15 768 5
174 15.5.1015 Icu! Endotracheal aspiration fluid 4 4 6 2 96 111 15 768 5
175 15.5.2015 Icu! Gastric drainage fluid 4 4 6 2 96 111 15 768 5
120 21.10.2014 End’ Gastric biopsy 47 35 4 21 74 118 105 2477 S

Department: Oto: Otorhinolaryngology; Obs: Obstetric; ICU: Intensive Care Unit; Hem: Hematology; Onc: Oncology; Ped: Pediatric; Int med: Internal Medicine;
Sur: Surgery; End: Endoscopy; Der: Dermatology. Department': from Hue Medicine and Pharmacy University Hospital; Department?: from Hue Central Hospital.
*: New allele; “: DST with new allele combinations; “*: DST with new alleles; S: Singletone.
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Resistant isolates of C. tropicalis to azoles were
detected in various samples, including nails, sputum,
endotracheal aspirate, urine, gastric drainage, and oral
mucosa. 15.63% of isolates were co-resistant to both
fluconazole and voriconazole, (urine and gastric
isolates), while 6.2% of isolates (nail and urine
isolates), were resistant to all triazole agents (Table 4).
Only one isolate of C. albicans showed resistance to
caspofungin by both disk diffusion and broth
microdilution (MIC = 2 ug/mL). The MICs results of
fluconazole, voriconazole, itraconazole, caspofungin
and amphotericin B in C. tropicalis isolates are
summarized in Table 4.

Mutations in  ERGII protein associated with
Sfluconazole resistance in C. tropicalis

The 67.7% of fluconazole-resistant isolates of C.
tropicalis showed two mutations in the ergl/l gene
(A395T and C461T), corresponding to Y132F and
S154F amino acids substitution in the ERG11 protein.

C. albicans MLST

Twenty-one C. albicans isolates selected from
different sources and departments were typed by MLST
as shown in Table 5. MLST identified a total of 15
different diploid sequence types (DST) of which 8 DST
lineages were already present in C. albicans MLST
database: DST768 (n = 3), DST299, DST459, DST693,
DST732, DST2445, DST2477, and DST2726. Seven
were new DSTs, six of which, DST2932 (n = 2) Single
locus Variant (SLV) of DST768, DST2933, DST2934,
DST2935 Double Locus Variant (DLV) of DST2445,
DST2937 (n = 2) and DST3069 (n = 2), had a new
combination of alleles already present in the database.
The new DST2936 (n = 2), showed two new SYAI1
(277) and ZWP1b (266) alleles. Same DST lineages
were detected in different wards of HUMPH, even after
years (Table 5). Nine clades plus 1 singleton were
identified, with clade 5 (n = 5) and clade 1 (n = 3) the
most common (Table 5).

Discussion

During the course of this study, we determined the
etiology and the antifungal resistance of Candida spp.
that have been isolated from hospitalized patients in two
hospitals in Hue, Central Vietnam between October
2012 and June 2016. Among the 196 isolates, a large
variety of Candida species was detected, with C.
albicans, being the most prevalent followed by C.
tropicalis, C. parapsilosis, C. glabrata, C.
orthopsilosis, and C. krusei, as also previously reported
from other countries [7,17,29,30]. Moreover, C.
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digboiensis, C. blankii, and C. norvegensis species were
detected in Vietnam for the first time; the last two rarely
detected in other countries [31-33].

C. albicans remains the most common Candida
species reported worldwide [6,7,16,17,30,34], while the
distribution relative to other species varies in different
geographical areas with C. glabrata the most frequent
species in Northern Europe and the USA [6], C.
parapsilosis in Italy, Spain and Brazil [6,29], and C.
tropicalis in Asian countries [17,30,35], especially in
tropical southeast Asian countries [13,36-38]. In this
study, C. albicans was dominant in mucosal diseases
and it was the most isolated species in invasive
candidiasis, even if no a statistically significant
difference was observed compared to NAC. The
presence of NAC species (C. tropicalis, C. parapsilosis
and C. orthopsilosis) was higher in Candida
colonization.

C. albicans isolates were susceptible to all
antimycotics tested; only one isolate was resistant to
caspofungin. We found remarkable resistance of C.
tropicalis to fluconazole and voriconazole (18.8%) and
also to a lesser extent to itraconazole (6.2%). Our results
are in line with studies conducted in other Asian
countries such as China (2011-2021) [17], Asia-Pacific
region (2016) [37], Australia (2017) [38], and Japan
(2019) [16]. The isolates of C. tropicalis in our
hospitals were less resistant than those in Ho Chi Minh
and Ha Noi cities of Southern and Northern Vietnam,
respectively [37]. C. tropicalis is reported as one of the
four major Candida species responsible for candidemia
worldwide [39]. It has been described as the first
species in Vietnam [12]. It has increased dramatically
in the last years due to the development of resistance to
fluconazole [34,40], especially in Asia than in North
America or Europe [35,41], resulting in higher
mortality compared to C. albicans [40]. Nevertheless,
some studies have indicated that fluconazole resistance
has been increasing in C. tropicalis in Europe [42,43].
Fluconazole is usually used to treat systemic mycosis in
Vietnam [44], particularly in ICU [11], where impaired
immunity of patients and prolonged stay in hospitals
facilitate the development of invasive mycoses. When
comparing disk diffusion and broth microdilution
methods in testing C. tropicalis, there was a good
concordance for voriconazole. Conversely, compared
to disk diffusion testing, a greater level of resistance to
fluconazole was determined by broth microdilution in
the case of C. tropicalis isolates that displayed
susceptibility-dependent doses and were classified as
resistant by broth microdilution. In nearly 70% of C.
tropicalis, fluconazole-resistance was associated with
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ERGI11 protein missense mutations Y 132F and S154F,
in accordance with previous studies [45,46]. Regarding
resistance to C. glabrata, our results were similar to
reports from European countries [42,43] and Japan
[16].

Although few numbers of isolates of C. krusei and
C. guilliermondii were isolated in this study, we found
that C. krusei was susceptible to voriconazole and
caspofungin, while C. guilliermondii was susceptible to
caspofungin.

In 2018, C. tropicalis isolated from ICUs of our
hospitals showed a higher fluconazole resistance (data
not shown). Thus, these hospitals should be aware of
possible Candida treatment failures because of a
noticeable resistance to azole observed in NAC isolates
(C. tropicalis, C. glabrata). Moreover, MLST
highlighted a polyclonal nature of selected C. albicans
isolates, belonging to several DSTs and clades, with
few detected in subsequent years within the
departments, suggesting their possible nosocomial
spread.

Some studies have indicated that clade 1 was the
most common C. albicans clade in Asiatic countries
[47-49], with other dominant clades varying by
countries; clades 6 and 17 in China [49], clade 4, 12 and
18 in Korea [48], clades 3, and 17 in Taiwan and
Thailand [50,51]. Thus, the current study described the
circulation of “Asian clades” (clades 1, 3, 4, 5, 12 and
17 and 18) in Central Vietnam hospitals, including the
presence of isolates from clade 5, DST 2933 and DST
768, previously detected in Japan [52]. A better
understanding of the risk factors associated with
nosocomial transmission of Candida infections by
healthcare personnel will significantly contribute to
limiting their spread.

Conclusions

Our results highlighted a variety of Candida species
in Hue hospitals, with Candida albicans prevailing in
the majority of cases. The study underscores that
healthcare professionals in Hue hospitals should be
vigilant in managing Candida colonization and
infections, particularly in light of the emergence of
fluconazole resistance in C. tropicalis and C. glabrata.
Rational use of azole drugs and improved surveillance
can help prevent Candida infections and reduce their
spread in healthcare settings, ultimately improving
patient outcomes.

J Infect Dev Ctries 2023; 17(4):550-558.
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