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Implication from whole genome
sequencing assay
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Health, Zhejiang Chinese Medical University, Hangzhou, Zhejiang, China, *School of Dentistry and
Medical Sciences, Charles Sturt University, Leeds Parade, Oranges, NSW, Australia, “NSW Health
Pathology, Regional and Rural, Orange hospital, Orange, NSW, Australia

Background: Although the yeast Cyberlindnera fabianii (C. fabianii) has been
rarely reported in human infections, nosocomial outbreaks caused by this
organism have been documented. Here we report a pseudo-outbreak of C.
fabianii in a urology department of a Chinese hospital over a two-week period.

Methods: Three patients were admitted to the urology department of a tertiary
teaching hospital in Beijing, China, from Nov to Dec 2018, for different medical
intervention demands. During the period Nov 28 to Dec 5, funguria occurred in
these three patients, and two of them had positive urine cultures multiple times.
Sequencing of rDNA internal transcribed spacer (ITS) region and MALDI-TOF MS
were applied for strain identification. Further, sequencing of rDNA non-
transcribed spacer (NTS) region and whole genome sequencing approaches
were used for outbreak investigation purpose.

Results: All the cultured yeast strains were identified as C. fabianii by sequencing
of ITS region, and were 100% identical to the C. fabianii type strain CBS 5640T.
However, the MALDI-TOF MS system failed to correctly identify this yeast
pathogen. Moreover, isolates from these three clustered cases shared 99.91%-
100% identical NTS region sequences, which could not rule out the possibility of
an outbreak. However, whole genome sequencing results revealed that only two
of the C. fabianii cases were genetically-related with a pairwise SNP of 192 nt,
whilst the third case had over 26,000 SNPs on its genome, suggesting a different
origin. Furthermore, the genomes of the first three case strains were
phylogenetically even more diverged when compared to a C. fabianii strain
identified from another patient, who was admitted to a general surgical
department of the same hospital 7 months later. One of the first three patients
eventually passed away due to poor general conditions, one was asymptomatic,
and other clinically improved.

Conclusion: In conclusion, nosocomial outbreaks caused by emerging and
uncommon fungal species are increasingly being reported, hence awareness
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must be raised. Genotyping with commonly used universal gene targets may
have limited discriminatory power in tracing the sources of infection for these
organisms, requiring use of whole genome sequencing to confirm outbreak

events.

KEYWORDS

uncommon fungal pathogen, molecular typing, nosocomial transmission,
Cyberlindnera fabianii, whole genome sequencing (WGS)

Introduction

Emerging fungal infections have become a global health
concern in the past few decades due to their notable morbidity
and mortality, especially among immunosuppressed patients
admitted to intensive care units (ICUs), or undergoing invasive
medical interventions (Pappas et al., 2018; Hoenigl et al., 2022;
World Health Organization, 2022). Although Candida albicans
remains the most predominant yeast pathogen, the incidence of
uncommon yeast species causing human infections has increased
enormously in recent years (Pappas et al., 2018; Chen et al., 2021).
Uncommon yeast species often exhibit decreased susceptibility to
commonly used antifungal agents, making them difficult to manage
in clinical settings. Moreover, there are increasing incidences of
nosocomial infections and outbreak events reported due to
transmission of uncommon or emerging yeast species worldwide
(Pappas et al., 2018; Chen et al., 2021). For instance, Candida auris,
which was first described in 2009, has caused a number of outbreaks
in different continents (Chow et al., 2018; Hoenigl et al., 2022;
World Health Organization, 2022).

In the investigations and tracing of fungal nosocomial
transmissions, molecular genotyping could provide essential
genetic evidence. Hence, a wide variety of molecular typing assays
have been evaluated and implemented in the study of outbreaks,
including band-pattern-based DNA analysis like random amplified
polymorphic DNA (RAPD) and pulsed field gel electrophoresis
(PFGE), traditional DNA sequencing-based phylogenetic methods
like single gene analysis, microsatellite analysis and multilocus
sequence typing (MLST), protein spectrum analysis by matrix-
assisted laser desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS), and whole genome sequencing
(WGS) techniques (Reiss et al., 1998; Pulcrano et al., 2012; Mikosz
et al., 2014; Xiao et al., 2014; Litvintseva et al., 2015; Oliveira and
Azevedo, 2022). Of these methods, WGS has become increasingly
used due to its outstanding discriminatory power (Litvintseva et al.,
2015; Bougnoux et al., 2018; Desnos-Ollivier et al., 2020; Oliveira
and Azevedo, 2022).

In this study, we report on three clustered funguria cases caused
by a rare fungal pathogen, Cyberlindnera fabianii, which occurred
over a two-week period within the same urology department, which
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was initially considered as a nosocomial outbreak event. Using
WGS, this event was finally confirmed as a pseudo-outbreak caused
by C. fabianii from two diverged genetic lineages.

Material and methods

Ethics

This study was approved by the Human Research Ethics
Committee of the Beijing Chaoyang Hospital (No. KE332). Written
informed consent was obtained from all participants involved.

Routine isolation of the microorganisms
and MALDI-TOF MS identification.

C. fabianii strains were isolated from urine samples of three
patients (number 1-3); on four different occasions for patient
number 1, only once for patient number 2, and on three different
occasions for patient number 3 (Figure 1 and Table 1). After these
three cases, no further C. fabianii cases were detected in the same
hospital for over seven months, till a new C. fabianii isolate,
cultured from an ascites sample of a patient admitted to general
surgery department (recorded as patient number 4), was detected,
and this isolate was used as a comparator.

Routine culture of specimens was carried out as per standard
laboratory protocols. Generally, for urine samples, 1 pl of the
sample was inoculated on Blood Agar media and incubated at
35 °C for 24 h. Thereafter, the number of colonies growing on the
media plate was counted to ensure that they met the criterion for a
urinary tract infection. A brief identification protocol revealed that
the cultured isolates were yeast. Thus, Sabouraud glucose agar
(SDA) was used to subculture these isolates for further
identification testing. Attempts were made to identify the cultured
yeasts by using a Vitek MS MALDI-TOF MS system (bioMérieux,
Marcy I'Etoile, France, with IVD database version 2.1), following
manufacturer’s instructions. For each run, Escherichia coli strain
ATCC 8739 was used to calibrate and control the method.
Unfortunately, this system was unable to identify the yeast strains.
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Clinical features, treatment regimens, and outcomes of three clustered cases with Cyberlindnera fabianii funguria. Abbreviations: CC, CFU (colony
forming unit) count; LOS, length of stay; Culture +: culture positive for C. fabianii.

Molecular identification and phylogenetic
analysis by rDNA gene spacer regions

As all the suspected yeast isolates could not be identified using
the MALDI-TOF MS systems, sequencing of rDNA internal
transcribed spacer (ITS) regions was carried out. Briefly, DNA
extraction of the isolates was performed using a QIAamp DNA
Mini Kit (Qiagen, Hilden, Germany). The universal primer pair
ITS1 and ITS4 was used for amplification and sequencing of the ITS
region for each strain (Xiao et al., 2014), and a species identification
was carried out by querying against the Westerdijk Fungal
Biodiversity Institute’s database using a web-based pairwise
alignment tool (https://wiknaw.nl/page/Pairwise_alignment ).

Further, to investigate the potential relatedness of these cases,
the first yeast isolate of each patient case was chosen for
further testing, and the rDNA non-transcribed spacer region 1
(NTS-1) was amplified with a forward primer NTSI-F (5°-
GGGATAAATCATTTGTATACGAC-3’) and a reverse primer
NTS1-R (5-TTGCGGCCATATCCACAAGAAA-3) as described
previously (Al-Sweih et al, 2019), and sequenced from both
directions. A phylogenetic tree of NTS-1 sequences was generated
by Mega X (version 10.2, https://www.megasoftwarenet/ ) using
neighbor-joining method with bootstrap value of 1000. NTS-1
sequences from C. fabianii type strain CBS 5640T, and C. fabianii
reference genome strain JOY008, were also downloaded from
GenBank and included in the analysis. In addition, NTS-1
sequence extracted from the genome of Cyberlindnera jadinii strain
NBRC 0988 was selected as an outgroup.
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Whole genome sequencing and analysis of
C. fabianii strains

Whole-genome sequencing was performed on each of the first
yeast strain from each of patients 1 to 4. Generally, a 350-bp DNA
library was prepared using NEB Next Ultra DNA library prep kits
(NEW ENGLAND BioLabs Inc., MA, USA), following the
manufacturer’s instructions. Library integrity was evaluated with
an Agilent 2100 Bioanalyzer (Agilent Technologies, CA, USA).
Sequencing was performed on an Illumina NovaSeq using PE150
in a commercial company (Novogene Co., Ltd., Beijing, China).

For genome analysis, the complete reference genome of C.
fabianii strain JOY008 (GenBank accession no. GCA_022641835.1)
was used for read mapping. Single-nucleotide polymorphism (SNP)
analysis was carried out by Burrows-Wheeler Aligner (version
0.7.7), SAMtools (version 1.2), and Genome Analysis Toolkit
(GATK) (v.3.3-0) per GATK Best Practices (Li and Durbin, 2009;
Li et al, 2009; Mckenna et al, 2010). The filtered reads were
compared to the reference genome by SAMtools to generate BAM
files. Then, variants were marked by GATK MarkDuplicates for
each sample, and single-sample GVCF files were created by GATK
HaplotypeCaller with the option —emitRefConfidence GVCF. The
GVCEF files were aggregated by GATK CombineGVCFs tool. After
that, the GVCF files were jointly genotyped with the GATK
GenotypeGVCFs to produce a single VCF file containing variants
data on every strain. Finally, the VCF file was selected using GATK
SelectVariants with the option -select-type SNP and filtered using
the following parameters: VariantFiltration, QD < 2.0,
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TABLE 1 Clinical features of four patients with Cyberlindnera fabianii funguria and microbiology characteristics of the strains.

Patient

Patient features

Reason for hospitalization Fever and parastomal fistula Postoperative follow-up of Fever with backaches Pancreatic cancer
bladder cancer
Underlying disease Bladder cancer Bladder cancer Bladder cancer, diabetes No
Clinical status at time of first positive culture
Fever Yes No Yes Yes
Immunosuppressive state Yes Yes Yes Yes
Neutropenia (<10°/L) No No No No
High urine leukocytes Yes No Yes No
Prior antibacterial exposure Yes Yes Yes Yes
Prior antifungal exposure No No No No
Abdominal surgery Yes Yes Yes Yes
Indwelling urinary catheter No No Yes No
Parenteral nutrition No No No Yes
Yeast culture
Department of hospitalization Urology Urology Urology General surgery
Samples positive for yeasts Urine Urine Urine Ascites fluid
Number of times isolated 4 1 3 1
Mixed bacteria culture positive Enterococcus faecium No Enterococcus faecium Enterococcus faecium,

Enterobacter cloacae

Identification

Lab no. of first strain CYCFBO1-1 CYCFB02-1 CYCFBO03-1 CYCFB04-1
ITS sequencing C. fabianii C. fabianii C. fabianii C. fabianii
Identity with type strain 100% 100% 100% 100%

Vitek MS

Antifungal susceptibility (mg/L)

No identification

No identification

No identification

No identification

Fluconazole 1 1 0.5 1
Voriconazole 0.015 0.015 0.015 0.03
Itraconazole 0.12 0.12 0.06 0.06
Posaconazole 0.12 0.12 0.12 0.12
Caspofungin 0.03 0.06 0.03 0.06
Micafungin 0.03 0.03 0.03 0.03
Anidulafungin 0.015 0.06 0.015 0.015
5- Flucytosine 0.12 0.06 0.12 0.06
Amphotericin B 0.5 0.5 0.25 0.25

Data availability
ITS OP904191 OP904192 OP904193 OP904194
NTS-1 OP912967 OP912968 OP9129689 OP91296870
WGS SAMN32011978 SAMN32011979 SAMN320119810 SAMN32011981

ITS, rDNA internal transcribed spacer region; NTS-1, rDNA non-transcribed spacer region-1; WGS, whole genome sequencing.
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ReadPosRankSum < —8.0, FS > 60.0, MQRankSum < —12.5, MQ <
40.0 and HaplotypeScore > 13.0.

Specifically, in this study, the term “pseudo-outbreak” was used
to describe inappropriate artifactual clustering of real infections as
an outbreak event, due to limitation of investigation tools.

Antifungal susceptibility testing

Minimum inhibitory concentrations (MICs) of all the isolates
were determined by Sensititre YeastOne YO10 kits (Thermo
Scientific, OH, USA) following the manufacturer’s instructions,
and with Candida krusei ATCC 6258 and Candida parapsilosis
ATCC 22019, used as quality control strains.

Data availability

DNA sequences of rDNA ITS and NTS-1 regions for each of the
first yeast strain isolated from each individual has been deposited
into NCBI GenBank database (accession nos. OP904191-OP904194
for ITS region and OP912967-OP912970 for NTS-1 region). Their
WGS reads data is also now available in National Microbiology
Data Center (NMDC) database (Bioproject accession
no. PRINA907923).

Results
Patients

Information pertaining to each of the 4 patients included in this
case study is summarized in Figure 1 and Table 1.

Patient 1 was a 65-year-old female admitted to the urology
department of Beijing Chao-Yang hospital on Nov 22, 2018, due to
presence of fever for two weeks and a parastomal fistula after ileal
replacement due to bladder cancer in 2016. Upon admission, the
patient had fever for over a week. On day 6 after admission, a yeast
strain was isolated from her urine sample and the colony count
(CC) was 8x10* CFU/ml. The same urine culture also grew
Enterococcus faecium (5x10* CFU/ml) as a mixed culture with the
yeast. The routine MALDI-TOF MS identification system failed to
identify the yeast isolate. Her urine samples collected on days 8, 13
and 15 after admission also yielded yeasts (CC of 8 to >10x10*
CFU/ml). Follow-up ITS sequencing assigned all the strains as C.
fabianii. The patient was given fluconazole at 200 mg/day for 18
days after which her condition improved notably, and she was
finally discharged from the hospital on day 33 of admission.

Patient 2 was an 83-year-old male admitted to the urology
department of the hospital on Dec 04, 2018, for follow-up of bladder
cancer electrosurgery performed eight and four months before his
admission. On day 1 after admission, a urine sample was collected
for routine screening, which was reported positive for yeasts with a
CC of 5x10* CFU/ml. The yeast strain was identified as C. fabianii
by ITS sequencing. This patient didn’t present with any symptoms
of infection, and hence antifungal therapy was not given. Later, he
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received a transurethral resection of bladder tumor on day 3, and
was discharged on day 7 after admission.

Patient 3 was a 65-year-old male admitted to the urology
department of the hospital on Dec 03, 2018, due to presence of high
fever with backaches. Nine months before this admission, the
patient hand undergone nephroureterectomy of the left kidney.
He received nephrostomy on the right kidney immediately on day 1
after admission. His urine sample collected on day 2 was culture
positive for a yeast (CC: 8x10* CFU/ml), which was identified as C.
fabianii by ITS sequencing. However, no antifungal agents were
prescribed for him and only a broad-spectrum antibiotic was given.
On days 26 and 27, two urine samples were collected consecutively
and both were positive for C. fabianii with a CC of > 10x10* CFU/
ml. Of note, all his urine samples also grew E. faecium (>10x10*
CFU/ml) as part of a mixed culture with the yeast. Though
fluconazole therapy (200 mg/day) was initiated on day 27 after
admission, the patient passed away on the same day.

Patient 4 was a 54-year-old female admitted to the general
surgery department of the hospital on Jul 18, 2019, which was over
seven months after the patient 1, 2 and 3 case clusters. She was
hospitalized due to pancreatic cancer, and received radical
pancreatoduodenectomy on day 12 after admission; later with
pancreatic intestinal anastomotic fistula. The patient’s ascites
sample collected on day 20 was reported positive for C. fabianii
and E. faecium. However, she didn’t have any other culture positive
results for fungi after that, nor received any antifungal treatment,
and was discharged from the hospital on day 52.

C. fabianii identification

All the yeast strains could not be identified using the Vitek MS
MALDI-TOF MS system IVD 2.0 database, nor were the isolates
misidentified as something else (identification confidence values
<60.0). This is not surprising as C. fabianii is not currently included
in the system’s spectrum database.

By sequencing of the ITS region, all the yeast strains from the
four patients were unambiguously assigned to C. fabianii, with their
respective ITS sequences 100% (602/602 bp) identical to that of C.
fabianii type strain CBS 5640T.

Phylogenetic analysis by rDNA
NTS-1 region

Since C. fabianii is a rare yeast species identified in human
patients, and the fact that the clustered cases (patients 1 to 3)
described here were identified within a two-week period from the
same department, an investigation was carried out to assess the
possibility of this being a nosocomial outbreak. Owing to the high
sequence similarity of the ITS region among the strains, sequence
analysis based on rDNA NTS-1 region was further carried out,
which was assumed to have higher discriminatory power and has
previously been used to confirm a C. fabianii outbreak in Kuwait
(Al-Sweih et al., 2019).
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Using C. jadinii (strain NBRC 0988) as an outgroup, the
phylogenetic tree based on the NTS-1 region clustered all the C.
fabianii isolates together (Figure 2), and inter-species variation
between C. jadinii and C. fabianii in NTS-1 region was >43.5%.
Amongst C. fabianii strains, some intra-species variation was
observed (Figure 2). However, sequence variations amongst the
strains from patients 1 to 3 was inconspicuous, as these strains
exhibited the same sequence type, while the strain from patient 2
had only one SNP (identity 1179/1180, 99.92%). In contrast, strains
from the three clustered cases were quite diverged from the strain
from patient 4 which was isolated seven months later, which had an
overall 7-bp insertions and 4 additional SNPs in its NTS-1 region
(identity 99.07%).

Whole genome sequencing results

Genome sequencing of yeast strains from patients 1 to 4
produced 2.6 to 3.7 Gb of clean data, and average depths of
sequencing were all above 200x. The average genome size
obtained was 12.94 Mb. Their genomes had an average GC
content of 44.4% to 45.1%, with N50 of 13,739 bp to 202,514 bp.
Comparative genomic analysis was performed for all strains. The
pairwise differences between genome reference strain JOY008,
which originated from a soil environment in USA, and our four
patients’ clinical strains, were 29,810-53,490 SNPs (Figure 2).

We carried out a review of previous outbreak reports caused by
different yeast species, and the number of pairwise SNPs described

WGS tree PT1
—_—

0.1 PT3
PT2
J— REF
PT4

Pairwise SNPs

0 50000

PT: Patient
REF: C. fabianii strain JOY008
Outgroup: Cyberlindnera jadinii strain NBRC 0988

FIGURE 2

10.3389/fcimb.2023.1130645

varied from less than ten to several hundred (Table 2). The yeast
strains from patient 1 and 3 had only 192 SNPs identified,
suggesting that they were probably closely related (Figure 2).
However, there were over 26,000 SNPs identified between the
strain from patient 2 and strains from patients 1 and 3 (Figure 2),
which was considered as a high-level genomic variation. These
findings suggested that the C. fabianii strain from patient 2 was
from a different origin. In addition, the yeast strain from patient 4
was even more diverged, with >43,000 of SNPs compared to all
strains from patients 1 to 3, and the reference genome (Figure 2).
Lastly, the phylogenetic tree constructed based on whole genome
SNPs also support the same conclusion (Figure 2).

Antifungal susceptibilities

All the C. fabianii strains isolated in this study showed good
susceptibility to all the nine antifungal agents tested (Table 1),
with geometric minimum inhibitory concentration (GM MIC) of
0.84 mg/L to fluconazole, 0.02 mg/L to voriconazole, 0.08 mg/L
to itraconazole, 0.12 mg/L to posaconazole, 0.04 mg/L
to caspofungin, 0.03 mg/L to micafungin, 0.02 mg/L to
anidulafungin, 0.08 mg/L to 5-flucytosine, and finally, 0.35 mg/L
to amphotericin B. If using clinical breakpoints or epidemiological
cut-off values of C. albicans as references, all these strains could be
classified as susceptible or of wild-type phenotype to all antifungal
agents tested.

192 26216 29810

26232

29788

26232

29788

52509 53490

Outgroup

0.025
0.43
0.43

NTS-1 tree

Phylogenetic trees generated based on rDNA non-transcribed spacer (NTS) region-1 sequences and whole genome sequencing (WGS) SNPs, and
heatmaps revealing pairwise differences of SNPs amongst four patients’ strains collected in this study.
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TABLE 2 Review of outbreak events caused by yeast species that were characterized by whole genome sequencing in previous studies.

Species Reference Country @ Patient Ward No. of No. of SNPs Reference
Genome population cases within each
size (Mb) with WGS  event
Candida albicans 14.3 Spain Neonate ICU 2-11 134-769 (Guinea et al., 2021)
Candida parapsilosis 13 Spain Neonate ICU 2-4 49-241 (Guinea et al., 2021)
Candida auris 12.7 us Adults Not specified 26 2-50 (De St Maurice et al.,
2022)
India Adults Medical wards 2-2 <7 (Yadav et al., 2021)
UK Adults ICU, high dependency units, 5-17 <134 (Rhodes et al., 2018)
surgical admission ward
UK Adults ICU, neurosciences 37 <215 (Eyre et al,, 2018)
wards
Colombia Not Not specified 5 <40 (Escandon et al., 2019)
specified
USA Not Not specified 10 <12 (Chow et al., 2018)
specified
Dirkmeia 21 India Neonate ICU 6 1,621 (Chowdhary et al.,
churashimaensis 2020a)
Candida blankii 14.8 India Neonate ICU 6 <277 (Chowdhary et al.,
2020b)

Malassezia 8.2 USA Neonate ICU 5 <14 (Chow et al., 2020)
pachydermatis
Cyberlindnera fabianii 12.3 China Adults Urology department 2 192 This study

Discussion

C. fabianii, basionym Hansenula fabianii, homotypic synonyms
Candida fabianii, Lindnera fabianii and Pichia fabianii, is an
ascomycetous yeast that has a close relationship with human
activities (Kato et al., 1997; Arastehfar et al., 2019; Van Rijswijck
etal, 2019). This yeast species is commonly seen in fermented food
products like alcohols (Arastehfar et al., 2019; Van Rijswijck et al,
2019), and has also been used for treatment of waste water with a
long history (Kato et al., 1997). The species has now been assigned
within the Wickerhamomycetaceae clade (Kidd et al., 2023). Within
this clade, there are several other species that have been reported to
cause human infections, such as Wickerhamomyces anomalus and
Cyberlindnera jadinii (Treguier et al., 2018; Zhang et al,, 2021).

Generally, detection of C. fabianii in clinical settings is rare.
According to previous surveillance reports on human fungal
diseases, the prevalence of C. fabianii is generally <0.1% (Pfaller
et al,, 2019; Xiao et al., 2020). However, this yeast species is also an
opportunistic pathogen that can cause a broad-range of infections,
including lethal fungemia (Al-Sweih et al., 2019; Arastehfar et al,
2019). A previous research suggests that C. fabianii only has low
virulence attributes (Arastehfar et al., 2019), although Nouraei et al.
observed that this fungal species was one of the uncommon yeasts
with high-level production of hemolysin, phospholipase and
proteinase (Nouraei et al., 2020). In addition, C. fabianii has been
observed to have a strong capacity for biofilm formation, which may
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contribute to its persistence and resistance to antifungal therapies
(Hamal et al., 2008; Nouraei et al., 2020).

Of note, several studies have revealed difficulties in the accurate
identification of C. fabianii using conventional methods, which may
influence precision clinical recognition and management of
infections caused by this organism (Svobodova et al., 2016; Al-
Sweih et al, 2019). MALDI-TOF MS has been reported as a
powerful tool for identification of yeasts, but the system’s
identification capacity largely relies on the peptide mass
fingerprint database that is incorporated into the system. Some of
the MALDI-TOF MS systems, such as Biotyper (Bruker Daltonics,
Germany, with IVD library version 8) and MicroIDSys (ASTA,
Korea, with database version 1.23.2), have demonstrated capacity to
accurately identify C. fabianii strains (Park et al., 2019; Teke et al.,
2021). In contrast to this, C. fabianii is still absent from the Vitek
MS IVD database (up to version 3.2), hence this system failed to
identify any of C. fabianii isolates in this study. Similar findings
were also reported by Teke et al. (Teke et al., 2021).

Although nosocomial transmission of fungal pathogens is less
frequently encountered in clinical practice compared to bacterial
pathogens, fungal outbreaks are more common than publicly
appreciated, and are mostly associated with medical products or
contamination of the hospital environment (Kanamori et al., 2015;
Litvintseva et al,, 2015; Magill et al., 2018). For instance, Candida
parapsilosis, one of the most prevalent human pathogenic yeast
species, is well-known for causing catheter-related bloodstream
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infections. There have been a large number of nosocomial outbreaks
caused by Candida parapsilosis worldwide, including several recently
reported cases caused by fluconazole-resistant clones that raised more
public health concerns (Arastehfar et al, 2020; Zhang et al.,, 2020;
Thomaz et al, 2022). Moreover, reports of outbreaks caused by
unusual fungal pathogens, such as the recently emerged C. auris, are
increasing (Litvintseva et al,, 2015; Chow et al., 2018). Of note, during
the COVID-19 pandemic period, fungal outbreaks caused higher
medical burdens to healthcare facilities and patients (Hoenigl et al,
2022; Thomaz et al, 2022), and hence are beginning to receive
more attention.

Of note, a recent outbreak of C. fabianii in Kuwait was
described by Al-Sweih et al., which involved a total of 10
fungemia cases in neonates (Al-Sweih et al,, 2019). Furthermore,
previous reviews on C. fabianii cases have demonstrated that the
elderly population is the second most vulnerable population after
neonates overall, with funguria being the first to second commonest
clinical symptom (Al-Sweih et al., 2019; Arastehfar et al., 2019; Park
2019). This agrees with our three-clustered C. fabianii
funguria cases which all occurred in elderly patients, and with

et al.,

funguria as the common clinical symptom, though not every patient
had symptomatic urinary tract infection.

Published literature have emphasized that presence of indwelling
urinary catheter is the most important risk factor and transmission
route for nosocomial urinary tract infections, especially when catheter
care quality is poor. However, a variety of additional risk factors have
also been described, including female gender, increased age, diabetes,
bladder instrumentation, urinary outflow obstruction, amongst others.
(Pearson-Stuttard et al.,, 2016; Mody et al., 2017; Odabasi and Mert,
2020). Of the four patients described in this study, only one carried an
indwelling urinary catheter, and all of them had undergone abdominal
surgeries prior to the onset of funguria. Besides, three of the four
patients had E. faecium detected concurrently with C. fabianii in the
same urine sample. Enterococcus species, including E. faecium, are well-
known ubiquitous inhabitants of the human gut microbiota and could
lead to urinary tract infections (Magruder et al., 2019). Moreover, C.
fabianii has also been identified in the human intestinal microbiota
(Zhai et al, 2020), and previously Mathy et al. hypothesized that
translocation of C. fabianii from the gut was responsible for a
ventriculoperitoneal shunt case (Mathy et al., 2020). Therefore, it is
possible that C. fabianii funguria cases identified in our study may have
resulted from gut microbiota translocations, and abdominal surgeries
might serve as triggers or risk factors.

As widely-acknowledged, application of ITS sequencing could
allow accurate identification of yeast species but with insufficient
discriminatory power for intra-species typing (Sticlow et al., 2015;
Al-Sweih et al,, 2019). Al-Sweih et al. applied sequencing of NTS-1
regions, a gene locus that is considered to have a higher
discriminatory power, in C. fabianii outbreak investigation, and
found that all outbreak strains in Kuwait shared 100% identical
NTS-1 sequences (Al-Sweih et al., 2019). In comparison, we found a
single SNP within N'TS-1 region on patient 2’s strain versus strains
from patients 1 and 3 in this study. However, further solid evidence
was still needed to rule out the possibility of a potential outbreak.

To address concerns on readiness and limitations in
discriminatory power of molecular typing methods in outbreak
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investigations, WGS has been recommended as a valuable alternative
(Litvintseva et al., 2015; Bougnoux et al., 2018; Desnos-Ollivier et al.,
2020). In this study, SNP-based analysis based on results acquired from
WGS data clearly suggested that the genome of patient 2’s strain was
quite divergent amongst the three clustered cases, which indicated a
pseudo-outbreak event. Of note, the phrase “pseudo-outbreaks” could
refer to either clustering of false infections, or artifactual clustering of
real infections (Wallace et al,, 1998). Clustering of false infections was
more widely-noted, which may be associated with e.g. medical device
or clinical laboratory contaminations (Kirby et al., 2017; Abdolrasouli
et al, 2021). However, as indicated in our study, artifactual
misinterpretation of “outbreaks” due to limitation of investigation
methodologies (such as inadequate discriminatory power of
molecular typing assays) should also be avoided.

Although WGS has made significant contributions in
epidemiological studies, some limitations still remain. One major
issue, as noted in outbreak investigations of all microbes including
bacteria and fungi, is lack of consensus for data interpretation.
Specifically, setting-up pairwise SNP-based cut-off values for
assigning transmission events is still cumbersome, which has
limited the wide utility of WGS in epidemiological studies (Coll
et al,, 2020; Guinea et al., 2021). In review of previous reports for
outbreaks caused by yeast species that were characterized by WGS,
it can be seen that the number of pairwise SNPs described in
different studies of diverged species varied significantly, from less
than ten to over hundreds. In the present study, genomic evidence
clearly supported that patient 2’s C. fabianii strain was from a
different origin, compared to others (with >26,000 SNPs compared
to strains from patients 1 and 3). However, the 192 pairwise-SNP
between strains from patient 1 and 3 may suggest that these two
patients could have acquired the yeasts from a common source in
the same ward but through different routes, rather than a direct
transmission between the 2 patients, in which case the number of
SNPs would be expected to be much less. But the hypothesis needs
additional evaluation in a larger population and with more cases.

Due to the possibility of nosocomial transmission of this yeast
in the described ward, surveillance infection control cultures were
obtained to screen for C. fabianii in the department’s environment
and amongst related health-care staff, but no C. fabianii was
detected. Additional infection control strategies implemented
further included enhancing environmental cleaning and hand
hygiene practices, as well as providing education of fungal
nosocomial infections to all healthcare staff.

One limitation of the study is that, antifungal susceptibility testing
was not carried out using the standard broth microdilution methods,
though YeastOne has proved equally efficient with good correlation in
testing of yeasts (Cuenca-Estrella et al., 2010). Furthermore, with the
limited number of cases studied, our base-line understanding for
intra-species variation of C. fabianii genomes was still limited.
Interpretation of any outbreak events shouldn’t simply rely on WGS
result alone. It warrants a comprehensive analysis of different aspects
of the cases, including patients’ clinical characteristics and
epidemiological data, as well as the pathogens’ phenotypic and
molecular characteristics.

In conclusion, as there are increasing reports of nosocomial
outbreaks caused by emerging and uncommon fungal species,
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increased awareness of these rare organisms is warranted in public
health. Conventional genotyping methods may have limited
discriminatory power in investigating outbreaks due to these rare
organisms; WGS has proven to be a good typing method for
supporting investigation of such rare outbreak events.
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