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Abstract

Despite the increasing occurrence of Candida orthopsilosis and Candida- metapsilosis in
clinical settings, little is known about their microbiological and clinical properties. Herein, we
conducted a national retrospective study (2014-2019) from multiple centers in Iran. Among

the 1770 Candida isolates collected, we identified 600 Candida- parapsilosis species complex

isolates. Isolate identification was performed by 9-plex PCR, matrix-assisted laser desorption-
time of flight mass spectrometry (MALDI-TOF MS) and rDNA sequencing and antifungal
susceptibility testing (AFST) followed CLSI M27-A3/S4; genotyping was performed by
amplified fragment length polymorphism (AFLP) analysis; and clinical information was
mined. Thirty-one isolates of C. orthopsilosis from various clinical sources, one mixed sample
(blood) concurrently containing C. orthopsilosis and C. parapsilosis and one isolate of C.
metapsilosis from a nail sample were identified. Although both 9-plex PCR and MALDI-TOF
successfully identified all isolates, only 9-plex PCR could identify the agents in a mixed
sample. For the C. orthopsilosis isolates, resistance (nonwild type) was noted only for
itraconazole (n=4; 12.5%). Anidulafungin and fluconazole showed the highest and
voriconazole had the lowest geometric mean values. AFLP analysis showed three main and
four minor genotypes. Interestingly, 90% of nail isolates clustered with 80% of the blood
isolates within two clusters, and four blood isolates recovered from four patients admitted to a
hospital clustered into two genotypes and showed a high degree of similarity (>99.2%), which
suggests that C. orthopsilosis disseminates horizontally. Supported by our data and published
case studies, C. orthopsilosis and C. metapsilosis can be linked to challenging clinical
failures, and successful outcomes are not always mirrored by in vitro susceptibility.
Accordingly, conducting nationwide studies may provide more comprehensive data required

for a better prognosis and clinical management of patients.
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Introduction

With advancements in identification tools and changes in clinical practices, a distinct trend of
an increasing prevalence of non-Candida albicans Candida (NCAC) species in clinical
settings has been revealed (Lamoth et al., 2018). The recent arrival and increase in the amount
of azole-resistant Candida parapsilosis isolates (Grossman et al., 2015; Thomaz et al., 2018;
Govender et al., 2016; Asadzadeh et al., 2017a; Choi et al., 2018; Singh et al., 2019), and the
ability of this species to be horizontally transmitted from the hands of healthcare workers
(HCWs) (Thomaz et al., 2018) emphasize the importance of surveillance studies to limit its
spread in healthcare settings. Additionally, if left undetected, this yeast can be the source of
fatal candidemia outbreaks, and it can persist in the hospital environment for a long period of
time (Wang et al., 2016). Phylogenetic analysis performed by Tavanti et al. (2005) showed
that C. parapsilosis is a species complex comprising C. parapsilosis sensu stricto, C.
orthopsilosis, and C. metapsilosis (Tavanti et al., 2005). Although C. orthopsilosis and C.
metapsilosis are less virulent than C. parapsilosis, they have the ability to cause a wide range
of clinical manifestations ranging from superficial (Feng et al., 2012) to fatal invasive
bloodstream infections (Barbedo et al., 2015). BesidesAdditionally, clinical failure for

infections caused by a-ruriber-of case-studiesshowed-the-clinical-faiture for-infections-caused

by-C. orthopsilosis and C. metapsilosis have been reported in some studies, while infected
patients underwent despite-prolonged administration of antifungals (Charsizadeh et al., 2018;
Choi et al., 2010; Heslop et al., 2015; Oliveira et al., 2014; Wessel et al., 2013). On the other
hand, a survey conducted in Italy (Pisa and Rome) showed that 40% of C. orthopsilosis
isolates were resistant to fluconazole (FLZ), and among them, 100%68-7% and 68.7%106%

of FLZ-resistant C. orthopsilosis isolates were cross-resistant to twot and threehree

PSZA/RZ)-of the-most commonly used azoles_-—+espeetively-(Rizzato et al., 2018). Lines of
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evidence show that azole resistance in the C. parapsilosis complex species is mainly mediated
by a specific mutation in ERG11 (A395T) (Choi et al., 2018; Rizzato et al., 2018), and unlike
other Candida species, efflux pumps might not play a main role in azole resistance (Mello et
al., 2017). Moreover, it has been shown that mutations in hotspot 1 (HS1) and HS2 of FKS1
are linked to echinocandin resistance in the C. parapsilosis species complex (Garcia-Efron et

al., 2008).

Variability in virulence factors and antifungal susceptibility patterns among members of the
C. parapsilosis species complex points to the importance of correct species-level
identification (Neji et al., 2017a). Phenotypic assays, such as biochemical assays, are unable
to differentiate species within the C. parapsilosis species complex (Neji et al., 2017b), while
PCR-based molecular assays (Arastehfar et al., 2018; Tavanti et al., 2007), matrix-assisted
laser desorption-time of flight mass spectrometry (MALDI-TOF MS) (De Carolis et al.,
2014), and sequencing of so-called barcoding genes (Tavanti et al., 2005) allow correct

species-level identification.

Genomic studies have led to the discovery that C. orthopsilosis and C. metapsilosis were
derived from the hybridization of species with nonpathogenic lineages (Pryszcz et al., 2014,
2016). As a result, genotyping techniques may provide a better understanding of the evolution
of the mechanism of pathogenicity in this complex. Moreover, the application of typing
techniques may not only aid in detecting the source of infection but may also broaden our
knowledge of the biological niches of a species of interest. Amplified fragment length
polymorphism (AFLP) analysis is regarded as the preferred typing choice for members of the

C. parapsilosis species complex (Tavanti et al., 2007), Candida- albicans (Asadzadeh et al.,

2017h), Candida- auris (Schelenz et al., 2016), and Aspergillus terreus (Kathuria et al., 2015).

Herein, we conducted a multicenter study and collected all presumptively identified isolates

of C. parapsilosis from three main metropolitan cities of Iran (Tehran, Shiraz; and Mashhad)
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from 2014 _to -2019. Isolates were identified by MALDI-TOF MS, a previously described 9-
plex PCR (Arastehfar et al., 2018) and sequencing of rDNA. Moreover, isolates were
genotyped by AFLP, their antifungal susceptibility pattern was determined, and genes
conferring resistance to FLZ (ERG11) and echinocandins (HS1 and HS2 of FKS1) were

sequenced.

Materials and methods

Study design, ethical approval, and growth conditions

In total, we collected 600 presumptively identified C. parapsilosis species complex isolates
among 1770 isolates of Candida species isolates recovered (2014-2019) from three major
clinical centers in Iran, namely, Tehran, Shiraz; and Mashhad (Table 1). C. parapsilosis
species complex isolates constituted 33.8% of all Candida species isolates recovered from the
aforementioned centers. C. parapsilosis species complex strains were mainly isolated from
blood (n=167) and other nonsterile sites (n=433) (Table 1). Studies undertaken by the centers
included in this study were individually reviewed and approved by ethical committee
members in each center (IR.SUMS.REC.1397.365, IR MUMS fm REC.1397.268, IR.
TUMS.SPH.REC.1396.4195). To ensure anonymity, patients were assigned numerical codes.
All patients gave written informed consent in accordance with the ethical permit of the centers
involved in this study. Strains were grown on Sabouraud dextrose agar (SDA) and incubated
at 37 °C for 24-48 heurs. To ensure that samples with mixed species were identified, all
clinical samples were struck on CHROMagar (Candiselect, Bio-Rad, USA) and incubated at

37 °C for 48 hours.

DNA extraction and identification strategy
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A previously CTAB-based DNA extraction protocol was used to extract DNA samples
(Theelen et al., 2001). Primarily, isolated strains were identified by MALDI-TOF MS
(MicroFlex LTD, Bruker, Bremen, Germany) using a full-extraction method (Cendejas-Bueno
et al., 2012) and a 9-plex PCR differentiating nine species within the C. albicans, Candida-
glabrata, and C. parapsilosis species complexes (Arastehfar et al., 2018). Strains identified as
C. orthopsilosis and C. metapsilosis were further identified by sequencing of the large subunit
(LSU) and internal transcribed spacer sequences (ITS) of the rDNA domain using LR5 and

ITS5 primers (Stielow et al., 2015).

Genotypic diversity using AFLP

To assess the genotypic diversity of C. orthopsilosis and C. metapsilosis, a previously defined
AFLP protocol was used (Marchetta et al., 2018). In brief, 5 pl of a DNA sample was mixed
with restriction-ligation reactions containing HpyCH4 IV and Msel adapters and restriction
enzymes and T4 ligase and incubated at room temperature for 90 minutes. Subsequently, the
ligation-restriction reactions were stopped by the addition of 80 ul of 10 mM Tris-HCI (pH
8.3), and diluted products were added to PCRs containing HpyCH4 IV and Msel primers. In

the next stage, PCR products were purified using Sephadex (Sigma Aldrich, St. Luois

Missouri, USA) and diluted 50 times with Milli-Q water; 1 ul of PCR product was mixed

with master mixesreaetions containing standard ladder size, incubated for one minute at 100
°C, and finally subjected to an ABI 3730XL DNA analyzer (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). BioNumerics software V7.6 (Applied Math Inc., Austin,
Texas, USA) was used to analyze the AFLP data. Reference and type strains of C.
metapsilosis (CBS 2315, CBS 2916, and CBS 10907) and C. orthopsilosis (CBS 10906) were

used for comparative purposes.

Antifungal susceptibility testing (AFST)
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CLSI M27-A3/S4 broth microdilution (BMD) was used for the AFST of the C. orthopsilosis
and C. metapsilosis isolates (CLSI M27-A3, 2008; CLSI M27-S4, 2012.). AFST included the
following drugs: fluconazole (FLZ) (Pfizer, New York, USA), voriconazole (VRZ) (Pfizer,
New York, USA), itraconazole (ITZ) (Santa Cruz Biotech, Dallas, USA), amphotericin B
(AMB) (Sigma Chemical Corporation, St. Louis, MO), micafungin (MFG) (Astellas Pharma
Inc., Japan) and anidulafungin (AFG) (Pfizer A/S, Ballerup, Denmark). Reference strains of

C. parapsilosis (CBS 604) and Candida- krusei (CBS 5147) were used for quality control

purposes. The MIC values were visually determined after incubating the plates for 24 hours at
37 °C. Due to the lack of a species-specific clinical breakpoint and epidemiological cut-off
values for C. orthopsilosis and C. metapsilosis, the obtained MIC values were compared with
those of C. parapsilosis. Moreover, due to the interlaboratory variation and unreliability of
caspofungin (Espinel-Ingroff et al., 2013), this drug was not investigated in the current study.
Isolates showing MIC values >8 pg/ml for FLZ, MFG, and ANF and those showing MIC
values >1 for VRZ were regarded as resistant (Pfaller and Diekema, 2012). Due to the lack of
clinical breakpoints for AMB and ITZ, their corresponding MIC values were interpreted
based on epidemiological cut-off values (ECV) and nonwild type (NWT) values when the

MIC values were >2 and >0.5 pg/ml, respectively (Pfaller and Diekema, 2012).

PCR and sequencing of ERG11 and HS1 and HS2 of FKS1

As resistance to azoles in C. orthopsilosis is mainly mediated by a specific point mutation
(A395T) that resulted in a missense mutation of Y132F (Mello, 2017; Rizzato et al., 2018),
primers targeting this region were used (Table 2). Moreover, C. parapsilosis species complex
universal primers (from unpublished data) targeting HS1 and HS2 of FKS1 (Table 2) were
included to explore the potential nonsynonymous mutations conferring resistance to

echinocandins.
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PCRs contained the following ingredients: 5 ul of PCR buffer (10X NH4 without MgCl2), 2
mM MgClz, 10 picomole target primers (ERG11F/R and HS1F/R and HS2F/R), 0.2 mM
mixed dNTPs (ANTP mix, 100 mM, Bioline), and 1.25 units of Taq polymerase (BioTaq
DNA Polymerase, Bioline). Milli-Q water was used to adjust the volume to 50 ul. PCR
reactions were subjected to Applied Biosystem 2720 Thermal Cycler (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) with the following program: one cycle of 95 °C for
five minutes; followed by 35 cycles of 95 °C for 30 sec, 52 °C for 30 sec, and 72 °C for 30

sec; and finally, one cycle of 72 °C for eight minutes.

The dideoxy-chain termination sequencing protocol was used for sequencing of target genes,
and the generated contigs were curated, assembled and edited by SeqMan Pro (DNASTAR,
Madison, USA). Curated sequences were aligned using MEGA v7.0 (Temple University,
Philadelphia, USA). The obtained sequences of ERG11 were compared with the
corresponding reference sequences of XM_003870254.1 (Riccombeni et al., 2012; Rizzato et
al., 2018), and the sequences of HS1 and HS2 were compared with those presented by Garcia

et al. (Garcia-Effren et al., 2008).

Deposition of C. orthopsilosis and C. metapsilosis strains and corresponding accession

numbers

The C. orthopsilosis and C. metapsilosis strains obtained from this study were deposited in
the culture collection of Westerdijk Fungal Biodiversity Institute, and their corresponding
sequences of ITS and LSU rDNA, HS1 and HS2 of FKS1, and ERG11 were deposited in

GenBank (https://www.ncbi.nlm.nih.gov/genbank/) (Supplementary Table 1).

Results

Clinical profiles
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In total, 32 C. orthopsilosis isolates were recovered from 31 patients with a median age of 39
years old (1 month-90 years) and one C. metapsilosis isolate from a 30-year-old man (Table
3). Women constituted the vast majority of patients (n=22; 68.7%). Tehran had the highest
number of C. orthopsilosis isolates (n=19; 57.6%), followed by Mashhad (n=13; 39.4%), and
Shiraz (n=1; 3%). C. orthopsilosis isolates were mainly from blood (n=10; 31.2%) and nail
(n=10; 31.2%) samples, followed by urine (n=5; 15.6%), vaginal (n=3; 9.3%), tracheal (n=2;
6.2%), and groin and interdigital (each n=1; 3.2%) samples (Table 3). The only isolate of C.
metapsilosis was recovered from a nail sample. Diabetes (n=5), hematological malignancies
(n=4), and pneumonia (n=2) were the most encountered underlying conditions (considering
that the majority of samples were obtained from outpatients and the underlying conditions
were not available for some patients). All patients with invasive candidiasis due to C.

orthopsilosis were treated with broad-spectrum antibiotics. In total, 10 patients were treated

with antifungals; and AMB was the most widely used antifungal (n=7; 70%), followed by
combination of CSP,-and FLZ beth-incombination-withand AMB (each n=3; 30%) (Table 3).
Regarding—mertality;Four—feur patients_—infected with C. orthopsilosis died_and the

corresponding isolates were recovered from blood (n=2), vagina (n=1), and trachea (n=1).

—For comparison purposes, case
report studies describing microbiological and clinical outcomes are presented in

Supplementary Table 2.

Identification

C. orthopsilosis and C. metapsilosis comprised 1.8% and 0.05% of all Candida species
isolates and 5.3% and 0.17% of all C. parapsilosis species complex isolates, respectively.
Both 9-plex PCR and MALDI-TOF MS consistent with ITS and LSU rDNA sequencing
successfully identified all C. orthopsilosis, C. metapsilosis, and C. parapsilosis isolates. One

of the blood samples concurrently harbored both C. orthopsilosis and C. parapsilosis, which
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were identified based on colony morphology (wrinkled colonies for C. parapsilosis and round
colonies for C. orthopsilosis). Sequencing and MALDI-TOF MS identified this mixed isolate
as C. parapsilosis, while the 9-plex PCR successfully identified both C. parapsilosis and C.

orthopsilosis (Figure 1).

Genotypic diversity using AFLP

AFLP was employed to explore the genotypic diversity of C. orthopsilosis and C.
metapsilosis isolates included in this study (Figure 2). In total, three major genotypes, namely,
G1 (n=12), G2 (n=6), and G3 (n=10), along with four minor genotypes, each containing one
strain, were detected. Isolates of Ggenetype—1 were mainly obtained from nail samples
(66.6%), and 80% of blood isolates (n=8) belonged to G1 and G2 clustered with isolates
recovered from nail samples (n=10; 90%) (Figure 2). Isolates grouped in Ggenetype-3 were
from a diverse range of clinical sources, including nails, blood, urine, vagina, trachea, and
interdigital. A geographical trend was observed for the clustering of some genotypes, where
G1 and G3 isolates came mainly from Tehran and Mashhad, respectively. Moreover, four
blood isolates distributed in G1 and G2 (each containing two isolates) recovered from a
neonatal ICU ward in Tehran (Children’s Medical Center) showed a clonal pattern with a

similarity of >99.2% (Figure 2).

Antifungal susceptibility pattern

Antifungal susceptibility data for all isolates of C. orthopsilosis and C. metapsilosis are
presented in Tables 4 and 5. All isolates were susceptible to ANF (<8 pg/ml) and MFG (<8
pg/ml) and had a wild-type (WT) phenotype in the presence of AMB (<2 pg/ml). FLZ-
susceptible dose-dependent (SDD) (=4 pg/ml) and VRZ-intermediate (1) (0.25-0.5 pg/ml)
were noted in 3.12% and 6.25% of isolates, respectively. For ITZ, 12.5% {=6-5-pg/mlb)}-of

isolates showed an NWT phenotype against this drug_(>0.5 pg/ml). ANF and FLZ showed the
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highest geometric mean values (~1.0), followed by MFG (0.68), ITZ and AMB (0.31), and

VRZ (0.02) (Table 4).

PCR and sequencing of ERG11 and HS1 and HS2 of FKS1

Although successful PCR amplification and sequencing results were obtained for all target
genes of C. orthopsilosis, sequences of acceptable quality were not obtained for ERG11 of C.

metapsilosis. All isolates harbored WT ERG11 and HS1 and HS2 of FKS1 (Table 5).

Discussion

In this study, we present the largest collection of C. orthopsilosis (n=32) and the first case of
C. metapsilosis recovered from Iranian patients. In a previous study, Mohammadi et al.
(Mohammadi et al., 2017) explored the antifungal susceptibility of different and smaller sets
of Iranian C. orthopsilosis (n=18) isolates, but the association of genotypic diversity and
clinical data, mechanism of resistance via sequencing of ERG11 and HS1 and HS2 of FKS1,
and comparison of MALDI-TOF and 9-plex PCR in the context of sequencing were not

assessed.

Geographical-dependent variation in prevalence is associated with strain-dependent

virulence attributes and commensal and environmental microbiome communities

In our study, C. orthopsilosis and C. metapsilosis were responsible for 5.3% and 0.17% of C.
parapsilosis species complex infections, respectively. The extremely low prevalence of C.
metapsilosis in this study is similar to observations from other studies conducted in Iran
(Mohammadi et al., 2017), Italy (Lovero et al., 2016, Romeo, 2012), and Kuwait (Asadzadeh
et al., 2009) but contrasts the observations reported for East China (Ge et al., 2012). In

contrast, other studies from Africa (Neji et al., 2017b), Latin America (Goncalves et al., 2010;
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Xiomara et al., 2017), Europe (Gomez-Lopez et al., 2008), and other Asian countries (Chen et
al., 2010; Tay et al., 2009)-aH isolated both C. orthopsilosis and C. metapsilosis from blood
samples, although with varying prevalences. The low prevalence of C. metapsilosis could be
related to the reduced virulence and biofilm-production ability of this emerging pathogen
(Gago et al., 2014), but this substantial variability might be indicative of the involvement of
other factors, such as variation in the microbiome structure observed in different populations
and environments. For instance, in East China, authors noted that C. metapsilosis was
responsible for 60% of the C. parapsilosis species complex infections in one of the centers
included in the study, and these isolates were mainly obtained from cutaneous samples of
dermatological outpatients (Ge et al., 2012). The authors attributed this unusual C.
metapsilosis prevalence to a different microbiome population of infected patients who might
have shared the same working environment (Ge et al., 2012). This might be a plausible
explanation, as C. metapsilosis has been found in the commensal (Ghannoum et al., 2010) and
environmental (Trofa et al., 2008) microbiomes. Additionally, it has been shown that drinking
water (Willis et al., 2018) and specific lifestyle (Valles et al., 2018) might have an impact on
the microbiome structure, and this finding may further justify this observed marked difference

in the epidemiology of this species complex.

Probable clonal expansion of C. orthopsilosis in healthcare settings

Although C. parapsilosis is one of the most prominent Candida species to cause clonal
outbreaks (Singh et al., 2019; Wang et al., 2016), this phenomenon has not been observed for
C. orthopsilosis and C. metapsilosis. Interestingly, we noted that four isolates obtained from
four patients in a neonatal ICU ward (Tehran) clustered in two genotypes with a high degree
of genetic similarity (>99.2%), which is in contrast to the observation that clinical C.
orthopsilosis isolates showed a high level of genetic diversity (Tavanti et al., 2007). The

hybrid nature of C. orthopsilosis isolates (Pryszcz et al., 2014) and the fact that those isolates
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were recovered from various health care settings located in different countries (Tavanti et al.,
2007) might explain the high level of genetic diversity observed in that study. On the other
hand, we noticed that 80% of C. orthopsilosis blood isolates clustered with 90% of C.
orthopsilosis isolates obtained from nail samples. This finding, along with the possible
clonality of C. orthopsilosis isolates and the simultaneous isolation of this species from both
central venous catheter (CVC) and blood samples reported previously (Barbedo et al., 2015),
might imply that C. orthopsilosis, similar to C. parapsilosis, could be horizontally transferred

from the hands of healthcare workers.

MALDI-TOF MS and sequencing failed to identify mixed isolates containing C.

parapsilosis and C. orthopsilosis

MALDI-TOF MS and Sanger sequencing are the most accurate means of identification in
clinical settings. However, in this study, we observed that both MALDI-TOF MS and
sequencing of ITS and LSU rDNA failed to identify C. parapsilosis and C. orthopsilosis from
a mixed isolate obtained from blood, while the 9-plex PCR yielded two bands representing
both species. A study from Portugal showed that 9.5% of C. parapsilosis blood isolates were
a mixture of C. parapsilosis and C. orthopsilosis (Barbedo et al., 2015). Because polyfungal
infections are associated with a high rate of mortality (Kim et al., 2013), it seems relevant to
utilize sensitive and specific assays to identify the causative agents of mixed samples.
Moreover, the application of such techniques can reveal a possible mixed sample to
technicians and, as a result, might prevent the underestimation of these emerging yeast
species; consequently, this may lead to a better epidemiological, microbiological, and clinical

understanding.

High rate of ITZ-NWT phenotype for C. orthopsilosis isolates
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Except for 3.12% FLZ-SDD, 6.25% VRZ-l, and 12.5% ITZ-NWT phenotypes, our C.
orthopsilosis isolates together with a single C. metapsilosis isolate were susceptible to all
major antifungal drugs tested. The lack of FLZ and echinocandin resistance was further
proven by sequencing ERG11 and HS1 and HS2 of FKS1. Although antifungal resistance for
C. orthopsilosis (Brilhante et al., 2018; Mohammadi et al., 2017) and C. metapsilosis (Chen et
al., 2010) is considered a rare phenomenon, a study conducted in Italy revealed that almost
40% of C. orthopsilosis isolates were resistant to FLZ, and among them, almost 100% of
isolates were cross-resistant to at least two azole drugs (Rizzato et al., 2018). Given that some
FLZ-R genotypes of C. parapsilosis can persist in hospital settings for several years (Choi et
al., 2018) in addition to the possible clonality of C. orthopsilosis presented in this study, this
finding emphasizes the paramount importance of typing studies to limit the spread and to find

the source of a given C. orthopsilosis FLZ-R genotype.

High rate of clinical failure and discrepancy between in vitro susceptibility testing and

clinical outcome

C. orthopsilosis followed by C. metapsilosis are considered the least virulent and benign
species within the C. parapsilosis species complex, while studies dealing with clinical cases
proved otherwise and showed that these two species can be linked to challenging septic
arthritis (Heslop et al., 2015), keratitis (Wessel et al., 2013), and blood-borne infections
(Charsizadeh et al., 2018; Choi et al., 2010; Oliveira et al., 2014). In our study, almost 33% of
patients admitted to the ICU (n=4) died, despite three of them receiving AMB or FLZ.
Surprisingly, the MIC values of those C. orthopsilosis isolates derived from treated patients
were susceptible to all antifungals used (except for one ITZ-R isolate). This discrepancy
between clinical outcome and in vitro AFST has been noted in a keratitis case caused by C.
orthopsilosis (Wessel et al., 2013). In that study, the recovered C. orthopsilosis isolate was

susceptible to FLZ, VRZ, and AMB, and despite prolonged treatment with topical or systemic
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VRZ along with AMB, the patient manifested clinical failure, and surgical intervention finally
alleviated the symptoms (Wessel et al., 2013). Surprisingly, apart from one study that showed
the efficacy of FLZ (Alencar et al., 2017), the remaining studies unanimously showed the
fatality of C. orthopsilosis infection (Charsizadeh et al.,2018; Choiet al., 2010; Oliveira et al.,
2014) along with the lack of efficacy of FLZ and CSP (Choiet al., 2010), FLZ and AMB
(Oliveira et al., 2014), FLZ (Heslop et al., 2015), and AMB (Charsizadeh et al., 2018). This
variability in clinical outcome is shown even for the two C. metapsilosis fungemia cases,
where one study showed successful treatment via only CVC removal without antifungal drug
intervention (Asadzadeh et al., 2016), while the other study showed FLZ and AMB treatment
failure (Oliveira et al., 2014). In addition to host-related underlying conditions and variability
in tissue penetration of antifungal drugs (Zhao et al., 2017), these discrepancies between in
vitro AFST and clinical outcome and the relatively high rate of clinical failure in case studies
could be a strain-dependent phenomenon and may be explained by variation in
microbiological factors, such as biofilm formation. Moreover, a recent study disclosed that
this discrepancy between clinical outcome and MIC data might be due to the presence of a
distinguished category of cells called tolerant cells that typically are miscategorized as
susceptible via in vitro susceptibility protocols, while these cells can slowly grow in the

presence of antifungal protocols (Rosenberg et al., 2018).

Conclusion

The discrepancy between in vitro AFST and the clinical failure of infections caused by both
C. orthopsilosis and C. metapsilosis underscores the importance of the implementation of
appropriate identification tools. Although MALDI-TOF MS and Sanger sequencing are the
most accurate means of identification currently used in medical mycology, the application of
molecular assays for laboratories lacking these tools is recommended to broaden our

knowledge about the epidemiology, clinical profile, and microbiological features of these two
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underrated Candida species. However, the application of molecular assays, such as 9-plex
PCR, can be a supplementary tool to guide the identification of causative agents of mixed
samples that are not identifiable via CHROMagar and even MALDI-TOF MS and rDNA
sequencing. Moreover, the possible clonal transmission of C. orthopsilosis noted in this study
warrants further analysis to reinforce our findings and may reveal that employing resolutive
typing techniques may have infection control implications in the case of outbreaks caused by
C. orthopsilosis. Unfortunately, the lack of isolates derived from environmental samples and
hands of healthcare workers from hospitals where C. orthopsilosis blood isolates were
obtained and the lack of assessment of the biofilm-production ability of C. orthopsilosis

isolates are the main limitations of this study.
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Table 1.
identified C.
species complex
collected from

Souree City
Stook{r=40) Shiraz-and-Mashhad
Ear{n=10) Tehran, Isfahan,-and Mashhad

Presumptively
parapsilosis
isolates

clinical centers.
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665

666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683

684
685

686
687
688

689

690

691

692

693

CVC: Central
BALF:
lavage fluid

Interdigital (n=1) Tehran
Groin(n=1) Tehran
Source City
Blood (n=167) Tehran, Shiraz, and Mashhad
Vagina (n=100) Tehran, Shiraz, and Mashhad
Urine (n=80) Tehran, Shiraz, and Mashhad
Nail (n=80) Tehran, Shiraz, and Mashhad
Stool (n=40) Shiraz, and Mashhad

Trachea (n=30)

Tehran, Shiraz, and Mashhad

CVC (n=26) Tehran, Isfahan, and Shiraz
Sputum (n=20) Tehran, Shiraz, and Mashhad

Throat (n=20)

Tehran, Shiraz, and Mashhad

Skin (n=20) Tehran, Shiraz, and Mashhad

Ear (n=10) Tehran, Isfahan, and Mashhad

BALF (n=5) Isfahan, Shiraz, and Mashhad
Interdigital (n=1) Tehran

Groin (n=1) Tehran

venous catheter,
Bronchoalveolar



694
695

Table 2. List of primers used for PCR amplification and sequencing of target genes.
Oligo name Sequence Target gene/Purpose PCR product Reference
sizes
FKS1-HS1-F CATACRTTTACTGCAAACTTTGT CpFKS1/PCR and 417 bp Unpublished
sequencing data
FKS1-HS1-R GATTTCCATTTCGGTGGT CpFKS1/PCR and 417 bp Unpublished
sequencing data
FKS1-HS2-F TGCATRTGAACGAAGATATTTA CpFKS1/PCR and 568 bp Unpublished
sequencing data
FKS1-HS2-R GCAACAAARACTTCAAACAT CpFKS1/PCR and 568 bp Unpublished
sequencing data
ERG11-F ATGGCATTAGTTGACTTA CpERG11/PCR and 495 bp This study
sequencing
ERG11-R TCTCCTCTAATCAACGGA CpERG11/PCR and 495 bp This study
sequencing

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714
715



716

717 Table 3. Clinical data obtained from patients positive for C. orthopsilosis orand C. metapsilosis
Isolate # Species Age/sex City/hospital/unit Unde_rl_ymg Isolation Source Antibiotic Antifungal used  Outcome
conditions date used
TMML385 C'. . 24/F Tehran/outpatient Healthy 2015/04/03 Nail ND ND Survived
orthopsilosis
TMML397 C'. . 52/F Tehran/outpatient Healthy 2014/02/22 Nail ND ND Survived
orthopsilosis
TMML399 Co oM Tehran/outpatient Healthy 2016/12/17 Nail ND ND Survived
orthopsilosis
TMML406 C sy Tehran/outpatient Healthy 2013/09/15 Nl ND ND Survived
orthopsilosis
TMML407 C Tehran/outpatient Healthy 2015/02/05 Nail ND ND Survived
orthopsilosis
TMML414 Co aeF Tehranfoutpatient Healthy 2015/11/06  Nail ND ND Survived
orthopsilosis
C. ) ND . ’
TMMLA415 i 54/M Tehran/outpatient 2015/02/03  Interdigital ND ND Survived
orthopsilosis
TMML430 C. aF Tehran/outpatient Healthy 2016/10/23  Nail ND ND Survived
orthopsilosis
TMML443 C sy Tehran/outpatient Healthy 2014/10/20 Nail ND ND Survived
orthopsilosis
TMML454 C Tehran/outpatient Healthy 2015/09/06 Nail ND ND Survived
orthopsilosis
TMML456 C M Tehran/outpatient Healthy 2015/02/19 Nail ND ND Survived
orthopsilosis
TMML464 C s Tehran/outpatient Healthy 2016/12/01 Nail ND ND S
orthopsilosis
N2 C e jlashhadi22 Pregnant/UTI 2018/02/23  Urine ND ND SuyEed
orthopsilosis Bahman/outpatient
N5 Co e Mashhad/Jihad/ND Diabetes/UTI 0180126y ND ND SURIEE
orthopsilosis
N9 C  34F  Mashhad/Rajaee/ND Vaginitis 2018103108 qpachea ND ND SR
orthopsilosis
N13 C'. . 70/F Mashhad/22Bahman/ICU  Diabetes/Pneumonia  2017/11/01 Trachea Yes AMB Died
orthopsilosis
C. Mashhad/22 : . ) h
N14 orthopsilosis 90/M Bahman/ICU Diabetes/Pneumonia  2018/12/22 Vagina Yes AMB Died
N19 Co Mashhad/Jihad Vaginitis 2018/04/22  Urine ND ND SURIEE
orthopsilosis 2/outpatient
N20 C 45 Mashhad/Fajrloutpatient Diabetes/UTI 2018/05/05  Urine ND ND Suvived
orthopsilosis
N27 C._ ) 23E Mashhad/Rajaee/outpatie uTl 2018/02/23 Urine ND ND Survived
orthopsilosis nt
N30 C. gy  Mashhaddinad/outpatien uTI 2017/12/01  Vagina ND ND SR
orthopsilosis t
N31 C 4oF  Mashhad/Aryaloutpatient Vaginitis 201800101 Nail ND ND SuyEed
orthopsilosis
N232 30/M Healthy 2017/01/05 Nail ND ND Survived

C.

Mashhad/Imam



metapsilosis Reza/outpatient
Mir147 nhoséilosis 3F Mzg:g;rfe'r‘&]edrﬁ\‘"léu ALL 2015/01/27  Blood Yes AMB Survived
Mir1g7 nhogéilosis 3IF MTGZ?;ZI“/&E‘II?H;“ICSU ALL 2014/12/24  Blood Yes AMB+CAS  Survived
Mirags nhogs'“osis 8/M MZZ}I‘C';’I“/CC;:E:/;‘:SU 2523:0'3':' 2015/11/21  Blood Yes AMB+CAS  Survived
Mir60s nhogs'“osis IMAM Mgﬁf]i;‘vcceﬁlm’.éu Prematurity 2016/06/01  Blood Yes AMB+FLZ Survived
' c Tehra_n/Children's N )
Mir 617 orthopsilosis UF Medical Center/ Immunodeficiency ~ 2016/06/15 Blood Yes AMB Survived
Immunology NICU

Mire1s nhoséilosis 7M MZ;‘:;;“Q:S:IH;“ICSU Lymphoma 2016/06/20  Blood Yes AMB+FLZ  Survived
s8C nhoﬁéilosis 16/M Khomz;::;g’:;?;mology TCell ALL, AML  2018/05/13  Blood Yes FLZ+AMB+CAS  Survived
NR nhogéilosis 40 plesphadi22 Diabetes 201711216 Blood Yes FLZ Died
N114 0 nho(p:s.ilosis 48IM Ma;zrz‘z/dlléﬂam PTE 2017/02/08  Blood Yes None Died
SU-236 o nho;c):éilosis 1F Shiraz/Namazi/ICU Bowel obstruction 2017/08/06 Blood Yes None Survived

718 ND; No data, ALL; Acute lymphocytic leukemia, AML; Acute myeloid leukemia, PTE; Pulmonary

719 thromboembolism, F: Female, M: Male, IgM; Immunoglobulin M, AMB; Amphotericin B, FLZ; Fluconazole,

720 CAS, Caspofungin, UTI; Urinary tract infection

721 A: M: Month

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736



737

Table 4. Antifungal susceptibility data derived from C. orthopsilosis isolates in this study.

Antifungal

drugs

MIC Values

Range

<0.015 0.03

0.06

0.125

0.25

0.5

16

32

>64

GM

MiIC
50

MIC
90

FLZ

VRZ

1TZ

MFG

ANF

AMB

15 10

5 2

2

8

3

2

10

7

8

11

2

0.125-4

<0.0.15-0.5

0.03-2

0.03-1

0.06-2

<0.0.15-1

1.03

0.02

0.31

0.68

1.05

0.312

0.5

0.03

0.25

0.5

0.5

0.125

0.06

0.5

738
739

740
741

742
743
744

745

746

747

748
749

750

751

752

753

754

GM; Geometric mean value, FLZ; Fluconazole, VRZ; Voriconazole, ITZ; Itraconazole, MFG; Micafungin, ANF; Anidulafungin, AMB; Amphotericin B, and

MIC; Minimum inhibitory concentration.



755  Table 5. Antifungal susceptibility testing data and sequencing of genes conferring resistance to
756  echinocandins (HS1 and HS2 of FKS1) and azoles (ERG11).

) ) MIC values (ug/ml)
Patient # Species Genotype
FLZ VRZ ITZ MCF ANF AMB
TMML385 | C. orthopsilosis G2 1 0.015 0.125 0.03 0.06 | 0.015
TMML397 | C. orthopsilosis G3 2 0.03 0.5 0.25 025 | 0.015
TMML399 | C. orthopsilosis G1 2 0.03 0.25 0.03 025 | 0.015
TMML406 | C. orthopsilosis G2 2 0.03 0.5 006 | 0.125 | 0.06
TMML407 | C. orthopsilosis Gl 2 0.03 0.25 0.03 0.25 0.06
TMML414 | C. orthopsilosis Gl 2 0.03 0.5 0.03 0.25 0.25
TMMLA415 | C. orthopsilosis SG 1 0.015 0.25 0.06 0.5 0.06
TMMLA430 | C. orthopsilosis Gl 2 0.015 0.5 0.06 0.25 | 0.015
TMML443 | C. orthopsilosis G1 4 0.015 2 0.03 0.06 0.03
TMMLA454 | C. orthopsilosis Gl 2 0.015 1 0.125 | 0.125 0.03
TMML456 | C. orthopsilosis G1 1 0.015 1 003 | 0.125 | 0.06
TMML464 | C. orthopsilosis Gl 2 0.015 2 0.06 0.25 | 0.015
N1R C. orthopsilosis G3 0.25 0.015 0.5 1 1 0.5
N2 C. orthopsilosis G3 1 05 0.5 1 1 1
N5 C. orthopsilosis G3 0.25 0.015 0.06 0.5 0.5 0.06
N9 C. orthopsilosis G3 05 <0.015 0.03 05 05 0.25
N13 C. orthopsilosis G3 0.25 <0.015 0.03 05 1 0.125
N14 C. orthopsilosis G3 0.25 0.015 0.25 1 1 0.125
N19 C. orthopsilosis SG 0.25 0.03 0.125 1 0.5 0.5
N20 C. orthopsilosis SG 0.5 0.06 0.5 0.5 0.25 0.25
N27 C. orthopsilosis G3 0.25 <0.015 0.03 0.5 1 1
N30 C. orthopsilosis G3 0.25 0.015 0.125 0.5 1 0.06
N31 C. orthopsilosis G3 05 0.06 0.06 05 05 0.25
N114 C. orthopsilosis Gl 0.25 0.06 0.03 05 2 0.06
N232 C. metapsilosis SG 1 <0.015 0.06 1 1 0.5
Mir147 C. orthopsilosis G2 0.25 0.06 0.25 0.25 0.5 0.5
Mir187 C. orthopsilosis G2 05 0.03 0.25 0.25 0.5 0.5
Mir496 C. orthopsilosis G2 0.5 0.06 0.25 0.25 0.5 0.5
Mir606 C. orthopsilosis Gl 0.5 0.06 0.5 0.5 1 05
Mir617 C. orthopsilosis Gl 0.5 0.03 0.5 0.25 0.5 0.25
Mir618 C. orthopsilosis Gl 0.5 0.25 0.25 1 1 0.06
48BC C. orthopsilosis G2 0.25 0.03 0.06 05 1 0.25
SU-236 C. orthopsilosis SG 0.125 <0.015 0.25 05 1 0.25

757



758  G= Genotype, SG= Single genotype, NSD= No sequence data
759
760
761

762  Figure legends

763  Figure legends Figure 1. Successful differentiation of the C. parapsilosis species complex and mixed

764 isolates of C. parapsilosis and C. orthopsilosis (N1 with double bands representing both species).

765  Figure 2. AFLP fingerprint profile of C. orthopsilosis and C. metapsilosis isolates included in this

766 study. Each genotype is assigned a distinct color.
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774
775
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778
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786

Supplementary Table 1. CBS number of C. orthopsilosis and C. metapsilosis strains in this study and their

787 corresponding accession numbers to ITS and LSU rDNA loci, ERG11 and HS1 and HS2 of FKS1
) ITS accession  LSU accession ~ HS1/FKS1 accession ~ HS2/FKS1 accession ~ ERG11 accession
Isolate # Species CBS#
# # # # #

TMML38 C._ ) CBsS MK561065 MK560801 MK532238 MK532242 MK585276
5 orthopsilosis 15880

TMML39 C._ ) CBsS MK561066 MK560802 MK532239 MK532243 MK585277
7 orthopsilosis 15881

TMML39 C.. ) CBS MK561067 MK560803 MK532240 MK532244 MK585278
9 orthopsilosis 15882

TMML40 C._ ) CBS MK561061 MK560797 MK532241 MK532245 MK585279
6 orthopsilosis 15883

TMML40 C._ ) CBS MK561060 MK560796 MK532246 MK541910 MK585280
7 orthopsilosis 15904

TMML41 C._ ) CBS MK561068 MK560804 MK532247 MK541911 MK585281
4 orthopsilosis 15884

TMML41 C._ ) CBS MK561069 MK560805 MK532248 MK541912 MK585282
5 orthopsilosis 15885

TMML43 C._ ) CBS MK561070 MK560806 MK532249 MK541913 MK585283
0 orthopsilosis 15886

TMML44 C._ ) CBS MK561062 MK560798 MK532250 MK541914 MK585284
3 orthopsilosis 15887

TMMLA45 C._ ) CBS MK561063 MK560799 MK532251 MK541915 MK585285
4 orthopsilosis 15888

TMMLA45 C._ ) CBsS MK561071 MK560807 MK532252 MK541916 MK585286
6 orthopsilosis 15889

TMMLA46 C._ ) CBsS MK561064 MK560800 MK532253 MK541917 MK585287
4 orthopsilosis 15890

N2 C._ ) CBsS MK561043 MK560779 MK576034 MK576035 MK585288
orthopsilosis 15845

NG C._ ) CBS MK561044 MK560780 MK585310 MK585326 MK585289
orthopsilosis 15846

N9 c. CBS MK561045 MK560781 MK585311 MK585325 MK585290



N13

N14

N19

N20

N27

N30

N31

N232

Mir 147

Mir 187

Mir 496

Mir 606

Mir 617

Mir 618

48BC

N1R

orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
metapsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

C.
orthopsilosis

15847

CBS
15848

CBS
15849

CBS
15850

CBS
15851

CBS
15852

CBS
15853

CBS
15854

CBS
15855

CBS
15856

CBS
15857

CBS
15858

CBS
15859

CBS
15860

CBS
15861

CBS
15892

CBS
15878

MK561046

MK561047

MK561048

MK561049

MK561050

MK561051

MK561052

MK561001

MK561054

MK561055

MK561056

MK561057

MK561058

MK561059

MK561072

MK561042

MK560782

MK560783

MK560784

MK560785

MK560786

MK560787

MK560788

MK561031

MK560790

MK560791

MK560792

MK560793

MK560794

MK560795

MK560809

MK560778

MK585312

MK585313

MK585314

MK585315

MK585316

MK585317

MK585318

MK585308

MK585319

MK585320

MK585321

MK585322

MK585323

MK585324

MK532239

MK532238

MK585333

MK585332

MK585331

MK585330

MK585329

MK585328

MK585327

MK585309

MK585339

MK585334

MK585336

MK585335

MK585337

MK585338

MK532243

MK532242

MK585291

MK585292

MK585293

MK585294

MK585295

MK585296

MK585297

NSD

MK585298

MK585299

MK585300

MK585301

MK585302

MK585303

MK585303

MK585305



N114 C._ ) CBS MK561053 MK560789 MK532241 MK532245 MK585306
orthopsilosis 15879

SU-236 C._ ) CBS MK561073 MK560808 MK532240 MK532244 MK585307
orthopsilosis 15862

788 ND; No data, ALL; Acute lymphocytic leukemia, AML; Acute myeloid leukemia, PTE; Pulmonary
789 thromboembolism

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806



807  Supplementary Table 2. Clinical and microbiological data obtained from published case reports

Country Species Susceptible Resistance Age/sex Sample type Symptoms Risk factors Treatment T.D Outcome | Reference
(Year)
Korea 2010 | C. orthopsilosis - - 75YIM Blood - Panperitonitis, FLZ, CAS 50D Died (Choi et al
gastrectomy 2012)%
Germany C. orthopsilosis AMB, VCZ 39Y/M Fungal keratitis DALK AMB+VRZ 2 Mo Treated (Wessel et
2012 penetrating using al, 2013)2
keratoplasty heavily
administr
ation of
antifunga
Is
Brazil C. orthopsilosis AMB, FLZ - 16 D/- Blood High fever chills, rapid Low birth weight AMB, FLZ 5D Died (Oliveira et
breathing, rapid heartbeat al, 2014)3
2013
Brazil C. orthopsilosis AMB FLZ-SDD 10 Mo/- Blood High fever chills, rapid Respiratory problem AMB, FLZ 5D Died (Oliveira et
breathing, rapid heartbeat al, 2014)3
2013
Brazil C. metapsilosis AMB FLZ-SDD 4Y/- Blood High fever chills, rapid Respiratory problem AMB, FLZ 5D Died (Oliveira et
breathing, rapid heartbeat al, 2014)3
2013
Jamaica C. orthopsilosis AMB, FLZ, ITZ, - 28 YIM Tissue and joint Painful swelling of the left knee Systemic lupus FLZ 12 Mo Not (Heslop et
2015 PSZ,VCZ, KTZ, fluids of the left erythematosus, treated al, 2015)4
FLC knee corticosteroid therapy,
antibiotic therapy
Kuwait C. metapsilosis AMB, FLZ, VCZ, 10 Y/F Blood inside the Fever, severe Neurodegenerative No treatment Clearanc Died of Asadzadeh
2016 FLC, CAS CVCs bronchopneumonia disorder, CVC, CVC removal e by other etal
mechanical ventilation CcvC complicat 2016)5
and intubation, removal ions
fungemia due to C.
albicans
Brazil 2017 | C. orthopsilosis 33 D/- Blood DM, CRF, endocarditis CRF, DM, CVC FLZ Treated (Alencar et
al, 2017)6
Brazil 2017 | C. orthopsilosis <1D/- Blood PB, CVC FLZ Treated (Alencar et
al, 2017)6




Iran 2018 C. orthopsilosis - - 18 D/IF Blood Prematurity, respiratory Abdominal surgery, AMB, FLZ - Died (Charsizade

disorder CVC, TPN, TI

hetal

2018)7

Iran 2018 C. orthopsilosis - - 28 D/M Blood Prematurity, neurological and Surgery, CVC, TPN, AMB, FLZ - Treated | (Charsizade

respiratory disorder TI

hetal

2018)7

Iran 2018 C. orthopsilosis - - 3YIF Blood B cell leukemia CVC, steroid therapy, AMB - Treated (Charsizade

TI

hetal

2018)7

Iran 2018 C. orthopsilosis - = 12 YIF Blood Metabolic and gastrointestinal CVC, TPN, TI AMB - Died (Charsizade

disorder

hetal

2018)7

808

809
810
811

812
813

814
815
816

817
818

819
820

821
822

823
824

825

D: day, Mo: month, Y: year, F: female, M: male, DALK: deep anterior lamellar keratoplasty due to keratoconus, CRF: chronic renal failure, DM: diabetes
mellitus, PB: preterm birth, CVC: central venous catheter, TI: tracheal intubation; TPN: total parenteral nutrition, FLZ: fluconazole, ITZ: itraconazole, VCZ:
voriconazole, AMB: amphotericin B, PSZ: posaconazole, FLC: flucytosine (5-FC), KTZ: ketoconazole, CAS: caspofungin, SDD: susceptible dose-dependent
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