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Abstract 

The Candida parapsilosis complex, consisting of C. parapsilosis sensu stricto , C. orthopsilosis , and C. metapsilosis , is a major cause of Candida 
on y chom y cosis. Increasing reports of high le v els of resistance to antifungal drugs, particularly fluconazole and echinocandin, have raised concerns 
about C. parapsilosis complex. This study investigates antifungal resistance and h y drolytic enzyme activity in these species. Species were 
identified using polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) and internal transcribed spacer (ITS) 1-4 
sequencing. Antifungal susceptibility was assessed using Sensititre™ YeastOne™. Hydrolytic enzyme production was assessed by agar plate 
culture. Among 43 isolates , C. parapsilosis sensu stricto was most pre v alent (48.8%, n = 21/43), f ollo w ed b y C. orthopsilosis (39.6%, n = 17/43) 
and C. metapsilosis (11.6%, n = 5/43). All C. parapsilosis sensu stricto isolates were susceptible to antifungal agents, except 4.8% ( n = 1/21) 
showing dose-dependent susceptibility to fluconazole and 4.8% ( n = 1/21) resistance to amphotericin B. Candida orthopsilosis sho w ed significant 
resistance to fluconazole and v oriconaz ole (52.9% each, n = 9/17), posaconazole (23.5%, n = 4/17), and low resistance to amphotericin B (5.9%, 
n = 1/17). One C. metapsilosis isolate (20%) sho w ed cross-resistance to fluconazole and voriconazole, and another (20%) was resistant to 
5-flucytosine. Enzymatic assa y s sho w ed higher protease and lipase activity in C. parapsilosis sensu stricto and C. orthopsilosis compared to 
C. metapsilosis , with C. parapsilosis sensu stricto showing the highest protease activity. Comprehensive research into antifungal susceptibility 
and virulence factors of the C. parapsilosis species complex is essential to monitor the growing threat of antifungal resistance and to better 
understand its role in on y chom y cosis pathogenesis. 

Lay summary 

This study reported a high prevalence of resistance to azole agents, including fluconazole, voriconazole, and posaconazole, in Candida orthopsilo- 
sis among C. parapsilosis complex isolated from on y chom y cosis in Central Vietnam. Additionally, C. parapsilosis sensu stricto and C. orthopsilosis 
exhibited higher protease and lipase activity than C. metapsilosis . 

Ke y w or ds: Candida parapsilosis complex, Candida parapsilosis sensu stricto , Candida orthopsilosis , Candida metapsilosis, antifungal susceptibility testing, 
onychomysosis. 
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Introduction 

Onychomycosis is the most common nail disease world- 
wide and is caused by fungal infections with dermatophytes,
yeasts, and non-dermatophyte molds.1–3 Approximately 20% 

of onychomycosis cases are caused by yeasts, with Can- 
dida species being the predominant pathogens.2 , 4 The most 
common clinical manifestation of Candida onychomycosis is 
chronic paronychia, with frequent hand contact with water 
being a significant predisposing factor.2 Although Candida al- 
bicans ( C. albicans ) was previously considered the most preva- 
lent species causing nail infections,1 , 5 an increasing number 
of scientific reports now highlight C. parapsilosis as the most 
commonly isolated species in Candida onychomycosis.6–9 

The C. parapsilosis complex has been divided into three 
species: C. parapsilosis sensu stricto , C. orthopsilosis , and C.
metapsilosis.10 More recently, C. theae has been added to this 
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pecies complex and has also been described as a causative
gent.11 Identification of cryptic species within the C. para- 
silosis complex relies primarily on molecular techniques,

ncluding amplified fragment length polymorphism, restric- 
ion fragment length polymorphism, polymerase chain reac- 
ion (PCR) amplification and internal transcribed spacer (ITS) 
egion sequencing.12 In addition, matrix-assisted laser des- 
rption/ionization time-of-flight mass spectrometry (MALDI- 
OF MS) has been shown to be a reliable and accurate method

or species identification.13 

The Candida parapsilosis species complex is associated 

ith a wide range of mycoses including fungemia, endocardi- 
is, endophthalmitis, arthritis, peritonitis, vulvovaginitis, and 

kin and nail infections. It is particularly associated with a
igh prevalence of disseminated mycoses in premature infants 
nd has been implicated in hospital outbreaks.14 , 15 Among 
ternational Society for Human and Animal Mycology. All rights reserved. 
ion rights for reprints. All other permissions can be obtained through our 
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he species of this complex, C. parapsilosis sensu stricto is
he most frequently isolated pathogen in clinical infections,
ompared to C. metapsilosis and C. orthopsilosis.16 , 17 No-
ably, antifungal susceptibility testing has raised concerns re-
arding emerging resistance, particularly to fluconazole and
chinocandin, mainly among isolates from invasive candidi-
sis cases.18–20 However, resistance rates vary across studies,
ith some reporting no resistant isolates within this species

omplex.18 , 21 , 22 

The C. parapsilosis complex is increasingly recognized for
ts role in Candida onychomycosis. However, there is limited
nformation on resistance patterns of these cryptic species iso-
ated from this disease. In addition, routine biochemical meth-
ds are insufficient for reliably differentiating cryptic species
uch as C. orthopsilosis and C. metapsilosis from C. parap-
ilosis .14 As a result, the prevalence of C. orthopsilosis and
. metapsilosis among fungal pathogens associated with hu-
an disease may be underestimated, contributing to a gap in

he understanding of their antifungal resistance profiles. This
tudy aims to determine the prevalence of subspecies within
he Candida parapsilosis complex, evaluating their antifungal
usceptibility profiles, and evaluate enzyme activities associ-
ted with the pathogenicity. 

aterial and methods 

thical approval 

his study was approved by the Ethics Committee of Hue Uni-
ersity of Medicine and Pharmacy (code DHH2024/547). 

tudy population 

his study was conducted from April 2024 to April 2025 at
ue University of Medicine and Pharmacy Hospital and Hue
ity Hospital of Dermatology and Venereology. Nail samples
ere collected from patients presenting with nail disorders. 
Direct microscopic examination was performed using a

0% potassium hydroxide solution. Samples that tested pos-
tive results for yeast fungi had characteristic morphologies,
ncluding round to oval cells, budding cells, or pseudo hyphae.
nitial culture was grown on Sabouraud dextrose agar supple-
ented with chloramphenicol (HiMedia, India). Microscopic

xamination of the cultured colonies revealed round to oval
east cells, budding cells, and hyphal structures (2–4 μm in
ize), including both pseudo hyphae and true hyphae. All iso-
ates were further subcultured on Brilliance Candida medium
Oxoid, England), where they were identified as non- albicans
andida species. 

henotypic identification of yeast 

pecies identification of all yeast isolates was initially con-
ucted by API 20C AUX test (BioMerieux, France) following
he procedure, and the results were as Candida parapsilosis
ith 93%–99.9% accuracy. 

dentification of C. parapsilosis complex by 

CR-RFLP 

ungal DNA was extracted using a MasterPure™ Yeast
NA Purification Kit (Lucigen, USA) following manufac-

urer’s instructions. PCR amplification targeting the nu-
lear ribosomal ITS1-2 region of the Canida parapsilo-
is complex was performed using universal fungal primers
TS1 (5’-TCCGTA GGTGAA CCTGCGG-3’) and ITS4 (5’-
CCTCCGCTT A TTGA T A TGC-3’), which produced a frag-
ent of 520 bp. Each 50 μl PCR reaction contained
.2 mmol/l dNTPs, 1.5 mmol/l MgCl 2 , 0.2 μmol/l of primers,
nd 1.0 IU Taq polymerase (Invitrogen, Waltham, USA) using
 SureCycler 8800 thermal cycler (Agilent Technologies, USA).
CR products were visualized on 1% agarose gel stained with
elRed™ (Biotium, Fremont, USA) and visualized under a UV

ransilluminator. 
A PCR-restriction fragment length polymorphism (PCR-

FLP) analysis was employed to differentiate the Candida
arapsilosis complex from other Candida species, following
he protocol of Mirhendi et al.23 A 20 μl aliquot of the ITS1-2
CR product was digested with 10 U of Msp I (Thermo Fisher
cientific, USA) in FastDigest Green buffer and incubated at
7 

◦C for 30 min. The digested fragments were resolved on a
.8% agarose gel in TBE buffer, stained with GelRed™ (Bi-
tium, Fremont, USA), and visualized under UV light. The
. parapsilosis complex was identified by its characteristic
ndigested band of ∼ 520 bp.24 Subspecies identification of
 . parapsilosis sensu stricto , C . metapsilosis , and C . orthop-

ilosis was conducted using double enzymatic digestion with
au96I and HhaI (Thermo Fisher Scientific, USA) as described
y Barbedo et al. 25 A 25 μl PCR product was incubated with
0 U of Sau96I and 20 U of HhaI at 37 

◦C for 30 minutes.
igested fragments were separated on a 3% agarose gel in
 × TBE buffer containing GelRed™, run at 100 V for 120
inutes, and visualized under UV illumination. Fragment pat-

erns differentiated the subspecies: C. parapsilosis sensu stricto
117, 178, 225 bp), C. orthopsilosis (102, 183, 225 bp), and C.
etapsilosis (114, 187, 228 bp).25 Reference strains C. para-
silosis ATCC 22019, C. metapsilosis ATCC 96143, and C.
rthopsilosis ATCC 96141 were used as positive controls. 

anger sequencing and phylogenetic analysis 

o confirm species-level identification, PCR amplicons from
elected isolates were purified and subjected to Sanger se-
uencing via the Apical Scientific service ( https://base-asia.
om/ services/ sanger- sequencing- services/). The resulting se-
uences were analyzed using Basic Local Alignment Search
ool (BLAST) against the GenBank database. Species identity
as further validated through ITS-based phylogenetic analy-

is. Sequence alignment was performed in BioEdit v7.2.6 using
4 reference sequences representing various Candida species,
s described by Hassanpour et al.26 A phylogenetic tree was
onstructed using the maximum likelihood method with the
amura 3-parameter model and 1000 bootstrap replicates in
EGA 11 ( https:// megasoftware.net/ ). Branches with boot-

trap values > 80% were considered strongly supported. 

ntifungal susceptibility testing 

ntifungal susceptibility testing was performed using the
hermo Scientific™ Sensititre™ YeastOne™ YO10 AST

SYO) plate. Each isolate was subcultured on Sabouraud dex-
rose agar and incubated at 35 

◦C for 24 h. A standard-
zed inoculum equivalent to a 0.5 McFarland turbidity stan-
ard was prepared in sterile 0.85% saline. SYO panel con-
ained serial twofold dilutions of antifungals in the following
oncentration ranges: anidulafungin (0.015–8 μg/ml), mica-
ungin, caspofungin, and voriconazole, posaconazole (0.008–
 μg/ml), itraconazole (0.015–16 μg/ml); fluconazole (0.12–
56 μg/ml), 5-flucytosine (0.06–64 μg/ml), and amphotericin

https://base-asia.com/services/sanger-sequencing-services/
https://megasoftware.net/
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B (0.12–8 μg/ml). Plates were prepared according to the man- 
ufacturer’s instructions. Each well was inoculated with 100 μl 
of the yeast suspension using a multichannel pipette. Plates 
were sealed and incubated at 35 

◦C for 24 h in a CO 2 -free 
incubator. Minimum inhibitory concentrations (MICs) were 
determined based on a colorimetric change from blue (no 

growth) to red (growth) after 24 h of incubation. MICs for flu- 
conazole, voriconazole, anidulafungin, caspofungin, and mi- 
cafungin against C. parapsilosis were interpreted according 
to Clinical and Laboratory Standards Institute (CLSI) M60- 
Ed2 guidelines,27 for itraconazole, posaconazole, and ampho- 
tericin B against C. parapsilosis , and all antifungals tested 

against C. metapsilosis and C. orthopsilosis , MICs were inter- 
preted using epidemiological cutoff values (ECVs) as defined 

in CLSI M59-Ed3.28 Due to the absence of established break- 
points or ECVs for 5-flucytosine, MICs were interpreted using 
the ECV proposed by Pfaller et al., with a suggested thresh- 
old of 0.5 μg/ml for C. parapsilosis.29 Antifungal susceptibility 
testing result was classified as “resistant (R)” if the isolate had 

the MIC value that belonged to resistant MIC breakpoint or 
MIC value was above ECVs. Candida albicans ATCC 90028 

and C. parapsilosis ATCC 22019 were used as quality control 
strains. 

The essential agreement between the CLSI and the Euro- 
pean Committee on Antimicrobial Susceptibility Testing (EU- 
CAST) reference methods and the SYO method was evaluated 

in a study by Garzón et al. with 22 reference strains repre- 
senting 14 Candida species, including C . parapsilosis , C . or- 
thopsilosis, and C. metapsilosis . The essential agreement rates 
between SYO and the EUCAST and CLSI methods were 91% 

and 89%, respectively.30 These findings were consistent with 

previous studies.31–33 The SYO method demonstrated good 

performance and was considered a reliable approach for an- 
tifungal susceptibility testing of Candida species. 

Enzymatic capacity testing 

The phospholipase activity of C. parapsilosis complex iso- 
lates was measured using the egg yolk plate medium, fol- 
lowing the methodology described by Neji S. et al.34 The 
medium consisted of 65 g Sabouraud dextrose agar (HiMe- 
dia, India), 55.3 g NaCl, 5.5 g CaCl 2 , and 10% sterile egg 
yolk. Protease production by all isolates was assessed on agar 
plates containing bovine serum albumin (BSA), according to 

the method described by Kantarcioglu et al.35 The test medium 

consisted of 2% glucose, 0.25% potassium dihydrogen phos- 
phate, 0.1% magnesium phosphate, 0.5% sodium chloride,
2% agar, 0.1% yeast extract, and 0.25% BSA (HiMedia, In- 
dia). Lipase activity was assessed using the Tween (Sigma- 
Aldrich) agar plates.36 The medium consisted of 1 g peptone,
0.5 g NaCl, 0.01 g CaCl 2 , 1.5 g agar, and 100 ml distilled 

water, adjusted to pH 7.0. After autoclaving, the medium 

was cooled to ∼ 50 

◦C, after which 0.5 ml of Tween was 
added. A 10 μl fungal inoculum, standardized to a 0.5 Mc- 
Farland turbidity after 48 hours of cultivation, was inocu- 
lated at three equidistant points per plate. Plates were incu- 
bated at 37 

◦C for 10 days. Candida albicans ATCC 10028 

was used as a control strain for phospholipase and protease 
activity experiments, and Malassezia furfur ATCC 14521 was 
used as a control strain for lipase activity assessments. A pre- 
cipitation zone around the colonies indicated phospholipase 
activity on the egg yolk medium. The formation of a clear- 
ance zone around the colonies signified protease activity. Li- 
ase activity was indicated by the formation of a precipita- 
ion zone around the colonies, resulting from the hydrolysis of
ween and subsequent binding of the released fatty acids with
alcium. 

Enzyme activity was assessed by measuring the zone of en- 
yme activity for each colony according to the method de- 
cribed by Price et al.37 The enzyme index (EI) for each iso-
ate was calculated as the ratio of the colony diameter to the
um of the colony diameter and the surrounding zone of ac-
ivity (measured in millimeters), which included a slight opac- 
ty zone for phospholipase activity, a clear zone for protease 
ctivity, and a precipitation zone for lipase activity. Enzyme 
ctivity was classified based on the EI as follows: no activity
EI = 1.0); very low activity ( + , EI = 0.9 - < 1.0); low activity
 ++ , EI = 0.8 - 0.89); high activity ( +++ , EI = 0.70 - 0.79);
nd very high activity ( ++++ , EI ≤ 0.69). 

ata analysis 

ata were analyzed using SPSS version 20.0. Differences in 

eometric mean MIC values between species were assessed us- 
ng one-way analysis of variance (one-way ANOVA) on log- 
ransformed data. A P -value < .05 was considered statistically
ignificant. The Fisher’s exact test was used to compare the 
nzyme production capabilities of three fungal species based 

n their percentage proportions, and a statistically significant 
ifference was considered when P < .05. 

esults 

linical manifestations and associated factors 

uring the study period, a total of 43 fungal isolates belonging
o the Candida parapsilosis complex were collected from 86 

atients diagnosed with Candida onychomycosis at two hos- 
itals in Hue City, Vietnam. Candida parapsilosis was the pre-
ominant species, accounting for 50% of the Candida isolates 

dentified in the onychomycosis cases. Of the patients, 67.4% 

ere female and 32.6% were male. The age of the patients
anged from 27 to 79 years, with a mean age of 45.5 ± 14.2
ears. Demographic data, clinical manifestations, and occupa- 
ional status are shown in Table 1 . 

dentification of C. parapsilosis complex species 

CR targeting the fungal ITS1-2 region with ITS1 and ITS4 

rimers revealed a band of ∼ 520 bp for all 43 isolates. The re-
ult of the PCR-RFLP product digested by Msp I showed that
his restriction enzyme did not digest all amplicons (Fig. 1 A).
ext, the analysis of PCR-RFLP results with double digest 
y Sau96I (10 U/ μl) and HhaI (20 U/ μl), the distribution of
pecies was as follows: C. parapsilosis sensu stricto accounted 

or 48.8% ( n = 21), C. orthopsilosis for 39.6% ( n = 17), and
. metapsilosis for 11.6% ( n = 5). The bands corresponding

o each species are shown in Figure 1 B. 
Two isolates from each species within the Candida para- 

silosis complex, identified by PCR-RFLP, were selected for 
anger sequencing to confirm species-level identification. The 
elected isolates included C. metapsilosis (#C15, #C65), C.
rthopsilosis (#C36, #C45), and C. parapsilosis sensu stricto 

#C92, #C99). Sequencing results were consistent with the 
CR-RFLP results, and a phylogenetic tree illustrating the re- 
ationships between the isolates is presented in Figure 2 . The
orresponding GenBank accession numbers are provided in 
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Table 1. Demographic data and clinical manifestation of Candida parapsilosis complex patients. 

Patients’ characteristics 

Age range 27–79 years 
Mean age 45.5 ± 14.2 years 
Male/female ratio 14/29 

Occupations Number (%) 
Housewife 8 (18.6%) 
Farmer 7 (16.3%) 
Jobs involving prolonged submersion of 
hands in water 

22 (51.2%) 

Bartender 2 
Food service 7 
Fish and seafood trade 9 
Car wash w or k er 2 
Construction w or k er 2 
Other jobs 6 (13.9%) 

Nail involved Number (%) 
Finger nail 42 (97.7%) 
Single 13 (31%) 
Multiple 30 (69%) 
Toenail 1 (2.3%) 

Clinical aspects Number (%) Candida species 
(number of isolate;%) 

Paronychia with trachyonychia 10 (23.3%) C. parapsilosis (3; 30%) 
C. orthopsilosis (6; 60%) 
C. metapsilosis (1; 10%) 

Paronychia with distal and lateral 
subungual onychomycosis 

8 (18.6%) C. parapsilosis (3; 37.5%) 
C. orthopsilosis (3; 37.5%) 

C. metapsilosis (2; 25%) 
Total dystrophic onychomycosis 25 (58.1%) C. parapsilosis (15; 60%) 

C. orthopsilosis (8; 32%) 
C. metapsilosis (2; 18%) 

Figure 1. Gel electrophoresis. (A) PCR product of Candida parapsilosis complex with ladder 100 bp; (B) PCR-RFLP products of Candida parapsilosis 
complex with ladder 100 bp; Cp: C. parapsilosis ATCC 22019, Co: C. orthopsilosis ATCC 96141, and Cm: C. metapsilosis ATCC 96143; C92, C99, C36, 
C45, C15, and C65: isolates from this study. 

A

I  

z  

r  

(  

z  

r  

5
 

t  

p  

i  

t  

d  

t  

N  

c  

h  

r  

c  

a  

c  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/advance-article/doi/10.1093/m

m
y/m

yaf064/8209880 by U
niversitaet Tuebingen user on 30 July 2025
ntifungal susceptibility testing results 

n this study, all 43 isolates were susceptible to itracona-
ole, caspofungin, anidulafungin, and micafungin. Resistance
ates within the Candida parapsilosis complex were 25.6%
 n = 11/43) for fluconazole, 23.3% ( n = 10/43) for voricona-
ole, and 9.3% ( n = 4/43) for posaconazole. Low resistance
ates were observed for amphotericin B (4.7%, n = 2/43) and
-flucytosine (2.3%, n = 1/43). 
Antifungal susceptibility testing revealed different resis-

ance profiles among the three species of the Candida para-
silosis complex (Table 3 ). All C. parapsilosis sensu stricto
solates were susceptible to the antifungal agents tested, with
he exception of 4.8% ( n = 1/21) showing a susceptible dose-
ependent (SDD) response to fluconazole (4 μg/ml), and a fur-
her 4.8% ( n = 1/21) showing resistance to amphotericin B.
o echinocandin resistance (caspofungin, anidulafungin, mi-

afungin) was observed in this group. However, significantly
igher geometric mean MIC values for echinocandins were
ecorded compared to the other two species ( P < .01). In
ontrast, C. orthopsilosis demonstrated notable resistance to
zoles, with 52.9% ( n = 9/17) of isolates resistant to flu-
onazole and voriconazole, and 23.5% ( n = 4/17) resistant

art/myaf064_f1.eps
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Figure 2. Phylogenetic tree of Candida species based on the ITS1-2 region, constructed using the Maximum Likelihood method with the Tamura 
3-parameter model. Bootstrap values > 80 are shown. The six isolates from this study are indicated with filled circles. 

Table 2. GenBank accession number of Candida parapsilosis complex selected isolate. 

No. Isolate ID PCR-RFLP identification GenBank accession number 

1 C15 C. metapsilosis PV565575 
2 C36 C. orthopsilosis PV565576 
3 C45 C. orthopsilosis PV565577 
4 C65 C. metapsilosis PV565574 
5 C92 C. parapsilosis sensu stricto PV565579 
6 C99 C. parapsilosis sensu stricto PV565578 
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to posaconazole. All fluconazole-resistant isolates also exhib- 
ited cross-resistance to voriconazole, and 23.5% ( n = 4/17) 
showed co-resistance to all three azoles. In addition, 5.9% 

( n = 1/17) of C. orthopsilosis isolates were resistant to am- 
photericin B. Among C. metapsilosis isolates, one (20%) ex- 
hibited cross-resistance to fluconazole and voriconazole, while 
another was resistant to 5-flucytosine (MIC = 1 μg/ml).
In addition, two isolates (40%) were classified as non- 
susceptible to caspofungin, each with an MIC value of 
0.5 μg/ml. 
s
irulence enzymes activity 

rotease activity was detected in 95.2% of C. parapsilosis 
ensu stricto isolates ( n = 20/21) and 82.4% of C. orthopsilo-
is isolates ( n = 14/17), whereas only 40% of C. metapsilosis
solates were protease positive ( n = 2/5). A statistically sig-
ificant difference in protease activity was observed between 

. parapsilosis sensu stricto and C. metapsilosis ( P < .01). Li-
ase activity was observed in 33.3% of C. parapsilosis sensu
tricto , 47.1% of C. orthopsilosis , and 20% of C. metapsilo-
is isolates. Phospholipase activity was detected in 47.6% of 
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. parapsilosis sensu stricto , 35.3% of C. orthopsilosis , and
0% of C. metapsilosis isolates. No significant differences in
ipase and phospholipase production were found among the
hree species ( P > .05). The enzymatic activity profiles of each
pecies are summarized in Table 4 . 

iscussions 

n this study, Candida parapsilosis sensu stricto was the most
requently identified species within the C. parapsilosis com-
lex, followed by C . orthopsilosis and C. metapsilosis . This
istribution is consistent with previous reports, where C. para-
silosis sensu stricto predominates in both candidemia and
ther clinical infections.17 , 38 , 34 , 39 The relative distribution
f C. orthopsilosis and C. metapsilosis varies between geo-
raphical regions and study populations. A higher prevalence
f C. metapsilosis has been reported in Spain, Tunisia, and
apan,22 , 34 , 21 whereas an equal distribution of both species
as observed in Taiwan.40 In contrast, C. orthopsilosis was
ore common in Iran, representing 5.3% of isolates within

he C. parapsilosis complex, compared to 0.17% for C. metap-
ilosis .39 Data on the distribution of subspecies within the C.
arapsilosis complex in onychomycosis remain limited. In a
tudy from Hue City, Vietnam, C. parapsilosis sensu stricto
as the most common isolate (71.4%), followed by C. orthop-

ilosis and C. metapsilosis (both 14.3%).41 In Brazil, an analy-
is of isolates from candidemia and onychomycosis showed C.
arapsilosis sensu stricto in 89.7% of cases, with C. orthop-
ilosis and C. metapsilosis accounting for 5.7% and 4.6%,
espectively .42 Similarly , a study by Pakshir et al. identified
. parapsilosis sensu stricto in 91.5% and C. orthopsilosis in
.5% of isolates from nail and oral lesions, with no C. metap-
ilosis detected.43 

Candida onychomycosis presents with a wide range of
linical patterns, including paronychia with trachyonychia,
aronychia with distal and lateral subungual onychomycosis,
istal and lateral subungual onychomycosis, total dystrophic
nychomycosis (TDO), and erosion of distal and lateral nail
late.44 In this study, TDO was the most common clinical
resentation, observed in 58.1% of cases, predominantly af-
ecting fingernails (97.3%). Consistent with previous findings,
nfections caused by the C. parapsilosis complex were more
ommon in females.7 , 45 This complex has also been isolated
rom various environmental sources, including plants, soil,
eawater , insects, and groundwater , as well as human skin.14 

he increasing incidence of C. parapsilosis complex in ony-
homycosis may be attributed to both endogenous sources
nd exogenous risk factors, such as frequent exposure of the
ands to water. Notably, 94% of those affected in this study
orked in humid environments. Furthermore, the ability
f these species to thrive in glucose-rich media may help
o explain the association of Candida onychomycosis with
ccupations involving frequent hand immersion or domestic
ork.15 , 46 

Azole resistance in the Candida parapsilosis complex
as been increasingly reported, with fluconazole resistance
ncreasing from 11.6% before 2016 to 36.7% between 2016
nd 2022.18 , 47 In Asia, resistance remains comparatively
ower, with an estimated fluconazole resistance rate of 6%.47 

n this study, 23.3% of isolates were resistant to fluconazole
nd voriconazole, and 9.3% were resistant to posaconazole.
revious studies in Vietnam (2012–2016) reported no re-
istance among C. parapsilosis complex isolates from nail
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Table 4. Enzymatic activities characteristics of Candida parapsilosis complex isolates. 

Enzyme index Candida parapsilosis complex n (%) 

C. parapsilosis 
sensu stricto 

( n = 21) 
C. orthopsilosis 

( n = 17) 
C. metapsilosis 

( n = 5) 

Protease No activity 1 (4.8%) 3 (17.6%) 3 (60%) 
Very low activity 0 5 (29.4%) 0 

Low activity 0 1 (5.9%) 0 
High activity 0 0 2 (40%) 

Very high activity 20 (95.2%) 8 (47,1%) 0 
Lipase No activity 14 (66.7%) 9 (52.9%) 4 (80%) 

Very low activity 0 0 0 
Low activity 0 6 (35.3%) 0 
High activity 4 (19%) 2 (11.8%) 1 (20%) 

Very high activity 3 (14.3%) 0 0 
Phospholipase No activity 11 (52.4%) 11 (64.7%) 2 (40%) 

Very low activity 0 0 0 
Low activity 2 (9.5%) 0 1 (20%) 
High activity 8 (38.1%) 6 (35.3%) 1 (20%) 

Very high activity 0 0 0 
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samples,41 and blood samples,48 while more recent data from 

burn patients (2017–2019) showed a fluconazole resistance 
rate of 14%.49 Our findings support the global trend of 
increasing azole resistance in the C. parapsilosis complex.47 

Interestingly, while most reports do not distinguish between 

subspecies, our study identified higher resistance in C. orthop- 
silosis and C. metapsilosis , compared to C. parapsilosis sensu 

stricto , of which only one isolate classified as fluconazole SDD 

manner . However , due to the limited number of C. metapsilo- 
sis isolates in this study, the observed resistance rate of this 
species warrants further investigation with a larger number 
of isolates to determine whether this apparent resistance 
trend is representative. The resistance rates of C. orthopsilosis 
to fluconazole and voriconazole observed in this study are 
higher than those previously reported in Japan, Spain, and 

Italy.21 , 22 , 50 Although voriconazole is less commonly used 

in Vietnam, resistance may be due to shared mechanisms 
with fluconazole and from prolonged or inappropriate use 
of fluconazole, potentially promoting cross-resistance.14 Fur- 
thermore, all fluconazole-resistant C. orthopsilosis isolates in 

our study were also resistant to voriconazole, consistent with 

previous reports.50 , 51 In contrast, itraconazole showed potent 
in vitro activity against all three species of the C. parapsilosis 
complex in our study, with low MIC values. All patients in 

our study received pulse itraconazole therapy at a dose of 
200 mg twice daily for one week per month, administered 

during the first and fifth weeks of treatment. However, a limi- 
tation of our study is the absence of post-treatment follow-up 

to evaluate patient outcomes. Itraconazole resistance in C.
orthopsilosis has been reported in Iran, with a prevalence of 
12.5%, along with 3.12% of isolates classified as fluconazole 
SDD and 6.25% resistant to voriconazole.39 Although C.
parapsilosis sensu stricto showed high susceptibility to azoles 
in our study, resistance to fluconazole and voriconazole has 
been reported in several regions. In Brazil, resistance rates of 
C. parapsilosis sensu stricto to fluconazole and voriconazole 
reached ∼ 50%.51 High fluconazole resistance has also been 

documented in Italy (22%), Turkey (26%), Mexico (54%),
and South Africa (78%).52–54 In addition, Spain reported re- 
sistance rates of 69% to fluconazole and 55% to voriconazole 
among C. parapsilosis sensu stricto isolates.55 
Compared to other Candida species, the C. parapsilosis 
omplex has naturally elevated MICs to echinocandins due 
o an intrinsic FKS1 polymorphism, although true resistance 
emains rare.14 In our study, all isolates were susceptible 
o echinocandins. However, C. parapsilosis sensu stricto 

howed higher MICs for caspofungin, micafungin, and 

nidulafungin than C. orthopsilosis and C. metapsilosis ,
ligning with previous findings.22 , 56 Echinocandin resistance 
as been reported primarily in C. parapsilosis sensu stricto 

rom invasive candidiasis cases, while cryptic species typically 
emain susceptible.40 , 42 , 57 Amphotericin B resistance in the 
. parapsilosis complex is rare ( ∼1%), with typical MICs
f 0.125–1 μg/ml.14 , 18 In the present study, amphotericin B 

esistance was observed in one C. parapsilosis sensu stricto 

solate (MIC = 2 μg/ml) and one C. orthopsilosis isolate
MIC = 4 μg/ml), which is consistent with previous stud- 
es.42 , 47 All isolates had low MICs to 5-flucytosine, except 
or one C. metapsilosis isolate (MIC = 1 μg/ml), which
as classified as resistant, in agreement with reports from 

hina.58 , 59 

Protease, lipase, and phospholipase are important virulence 
actors of C. parapsilosis , contributing to host cell adhesion,
issue damage, and inflammation.60 , 61 The results of this study 
n protease production in the C. parapsilosis complex are con- 
istent with previous reports,36 , 43 , 62 indicating that C. parap- 
ilosis sensu stricto and C. orthopsilosis produce higher levels 
f protease than C. metapsilosis . This increased protease ac-
ivity probably enhances the ability of these species to degrade 
ost proteins, thereby facilitating tissue invasion. No signifi- 
ant differences in phospholipase and lipase activity were ob- 
erved among the three species, and none showed strong en- 
ymatic activity overall. However, previous studies have re- 
orted considerable variability in hydrolytic enzyme produc- 
ion among Candida species.34 , 63 Notably, lipase production 

n this species varies widely, with global prevalence ranging 
rom 5% to 80%.63–65 While C. metapsilosis is generally con- 
idered to have lower enzymatic activity than its sister species,
e et al.65 reported similar levels of phospholipase and pro- 

ease activity in C. parapsilosis sensu stricto and C. metap- 
ilosis , with ∼ 90% of isolates exhibiting phospholipase ac- 
ivity, 80% positive for protease, and lipase detected in 5%
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nd 18.2% of isolates, respectively. Although the number of
ungal isolates collected in this study was limited, our re-
ults suggest that differences in protease and lipase activity
mong the subspecies may contribute to variations in nail
athogenicity and colonization. This finding may also explain
hy C. parapsilosis sensu stricto was the most frequently iden-

ified subspecies associated with TDO (Table 1 ). Although
. parapsilosis is generally considered to be less virulent

han C. albicans , its pathogenic potential may increase un-
er certain conditions, such as high glucose environments or
yperalimentation.15 , 46 

This study highlights distinct antifungal resistance patterns
nd enzymatic profiles among C. parapsilosis complex sub-
pecies influenced by geographic and clinical factors. Based on
ur findings, itraconazole is recommended as a first-line treat-
ent for onychomycosis in Vietnam, especially when species

dentification is not possible. Variability in hydrolytic enzyme
ctivity may also contribute to pathogenicity. Further research
s needed to monitor resistance trends and to better under-
tand the virulence of this species complex. 
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