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Abstract

Pichia kudriavzevii is commonly used in food processing, its association with human infection is
very rare. In the few cases where it has been reported, it is rarely present in healthy individuals. This study
investigated the incidence of Pichia kudriavzevii among patients on catheter in a tertiary institution in Ekiti
State. A structured questionnaire was used to collect demographic data of the patients. Fifty-six non-repeat
catheterized urine samples were collected from consented patients and both pathogenic factors and antifun-
gal resistance were determined among the Pichia kudriavzevii isolated. Out of the 56 urine samples tested,
15 (26.8%) were positive for P. kudriavzevii while 31 (73.2%) showed growth of other fungi, mostly of the
genus Candida. Out of the antifungal agents tested against P. kudriavzevii, ketoconazole [n=11 (73.3%)]
was the most effective followed by clotrimazole [n=7 (46.7%)] and nystatin [n=6 (40%)]. According to the
outcomes of the present study, P. kudriavzevii appears to be associated with urinary catheter and with many
virulence factors. The isolates were also resistant to first-line antifungal drugs in addition to the virulence
factors. This yeast may emerge as another fungal pathogen especially among immunocompromised.
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Pesrome

Hpoxnaute ot Buna Pichia kudriavzevii 0ONKHOBEHO ce M3IMON3BaT MpH MpepaboTka Ha XpaHH, HO €
M3BECTHA U Bpb3Ka UM ¢ MH(EKIUs Npu xopa. B MaikoTo AOKIaABaHM cllydad, TO3M BUJ PAJIKO CE cperia
MIpH 37paBU UHAUBUIU. HacTosmoTo nmpoyyBaHe u3cienBa uectorara Ha P. kudriavzevii cpen NalueHTH C
KaTeThp HACTAHECHU B TPETOCTENICHHA OoHMIa B mart Ekiti, kato 3a crOupane Ha qeMorpadcKuTe TaHHU €
U3MOJI3BaH CTPYKTYpUPAH BbIIPOCHUK. OT 56 ChIIaCHU KaTeTepU3UPAHU MALUEHTH ca ChOpaHu nMpolu OT
ypUHa, CJe]l KOETO ca OMpeeNieH! MaTOreHHUTE (PaKTOpH U aHTU(YHTaTHATa PE3UCTEHTHOCT Ha U30JIaTUTE
ot P. kudriavzevii. Ot Bcuuku 56 TectBanu npobwu, 15 (26.8%) ca nonoxurennu 3a P. kudriavzevii, nokaro
octrananute 31 (73.2%) nmoka3par pa3BUTHE Ha APYTU I'bOU, IpeauMHo oT pox Candida. Hali-ronsm edekr
OT aHTU(yHTATHUTE TIpernapaTu moka3sa kerokonaszon [n=11 (73.3%)], nocneaBan ot KJI0TpuUMazon [n=7
(46.7%)] u nucratun [n=6 (40%)]. PesynTaTtute OT HACTOSAIIOTO MPOyYBaHE JOKa3BaT Bph3Kara Ha ye P.
Kudriavzevii ¢ ypuHapauTe KateTpu ¥ (HaKTOPUTE Ha BUPYICHTHOCT. M30maTure ChIlo ca pe3uCTCHTHH
KbM aHTU(YHTATHH JIEKAPCTBEHH CPEICTAB OT IIbpPBA JMHHUS B AOMBJIHEHHE KbM (DAaKTOpUTE HA BUPYIICHT-
HOCT. Te3u POk MOTaT J1a Ce MOSBIT KaTo JOMBJIHUTEICH MbOMYEH aToreH, 0COOCHO cpell UMYHOKOM-
MIPOMETUPAHU MAIUEHTH.
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Introduction

Urethral catheterization is used for patients of
all ages but it is very common among the elderly and
chronically ill patients (Hollingsworth ez al., 2013).
Indwelling urinary catheters have been reported as
the leading cause of nosocomial infections. Cath-
eterization is responsible for the high incidence of
urinary tract infections (UTI). Candida species are
the most commonly encountered opportunistic fun-
gi that can colonize urethral catheters (Kauffman,
2005; Padawer et al., 2015).

Pichia kudriavzevii, a teleomorph of Candida
krusei, is a yeast extensively distributed in the en-
vironment. P. kudriavzevii and C. krusei have been
reported to be the two names used for the same or-
ganism. Approximately 99.6% of their DNAs are
similar while they still share other attributes. P,
kudriavzevii has been reported to have a wide appli-
cation in beverage (e.g nunu, wine) and food (e.g.
cassava, sourdough bread) fermentation processes
(Akabanda et al., 2013; Yuangsaard et al., 2013;
Del Monaco et al., 2014). However, its recent im-
plication in different human diseases is worth not-
ing. The telemorph of the organism, C. krusei, has
ranked as the one of the most common cause of can-
didemia and duodenal perforation (Sridhar et al.,
2006; Al-Bshabshe et al., 2019). It is also a major
cause of invasive fungal infections among patients
undergoing grafting and those with haematological
disorder.

P kudriavzevii has been repeatedly isolated
from infant diarrhea and regularly from other hu-
man diseases. The species is very difficult to isolate
because of its strong similarities to already estab-
lished and popular species of the Candida genus
(Ellis, 2016). This makes its correct identification
critical and of serious clinical significance, and pre-
sents a very good basis for proper diagnoses and
treatment. In most cases, administration of antifun-
gals commences immediately after sepsis yields
positive fungal growth (Lockhartet al., 2017). The
presence of the P. kudriavzevii in catheterized urine
may be due to contamination of the device itself
or introduced during the process. The aim of this
study is to determine the association of P. kudri-
avzevii with the urine of patients on catheter. The
antibiotics susceptibility of the isolate and the in-
cidence of the virulence factors in the isolates were
also determined.

Materials and Methods

Collection of samples
Fifty-six non-repeat catheterized urine sam-
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ples were collected aseptically in a tertiary hospital
in Ekiti State, Nigeria. The samples were collected
from 36 males and 20 females of different ages as
described by Shepherd (2017). The catheter tube
was stabilized by holding it below the level of the
sampling port and the tip of a sterile syringe was
inserted into the sampling port earlier disinfected
with 70% alcohol. The mouth of a sterile universal
bottle was wiped with 70% alcohol-impregnated
swab and allowed to dry. Approximately 10 mL of
urine sample was withdrawn into it and the bottle
was labelled immediately. The samples were tak-
en to the laboratory within one hour of collection.
The samples were plated on sterilized Sabouraud
Dextrose Agar (SDA) (LabM) supplemented with
chloramphenicol and incubated at 37°C for 48 h.
Colonies with shiny appearance were sub-cultured
on the same medium and incubated at the same con-
ditions. Colonies that were cream-colored, raised,
entire, smooth and butyrous on spa were picked and
inoculated into spa slants.

Characterization of isolates

The ability of the isolates to utilize and as-
similate different sugars which included galactose,
glucose, lactose, maltose, rafinose, sucrose and tre-
halose was tested. The isolates were also grown in
5% glucose broth containing 10% NaCl and incu-
bated at 37°C for 24 h. The ability of the isolates to
grow at elevated temperature (40°C) was also deter-
mined. Dalmau plate method was used to determine
the ability of the isolates to produce pseudohyphae.
A corn meal agar plate was streaked with copious
pure isolates using a wire loop and a sterile glass
cover slip was placed over a part of the streak. The
plate was examined directly on a microscope each
day for about three days through the cover glass
and tendency to produce hyphae, pseudo-hyphae or
conidia was noted. Urase utilization by the isolates
was determined as described by Fawole and Oso
(2004). Two distinct colonies were introduced into
a medium containing 0.1% dextrose, 0.1% peptone,
2% urea, 0.5% NaCl, 0.2% KH,PO, and phenol red
as indicator. Development of a red-pink color indi-
cated a positive result as reported by Fawole and
Oso (2004).

DNA extraction

The DNA of the isolates tentatively identified
using cultural means were extracted using the Qia-
gen DNA tissue kit (Germany). The extracted DNA
was stored at -20°C for further use. Amplification of
the ITS1-5.8S-ITS2 region was done by universal
primers ITS1 (5'-TCC GTA GGT GAA CCT GCG



G -3")and ITS4 (5'-TCC TCC GCT TAT TGA TAT
GC-3") at the annealing temperature of 56°C. The
amplification was done for 35 cycles of 98°C for
30 s and annealing temperatures of 60°C and 72°C
both for 30 s. This was followed by a final exten-
sion of 72°C for 5 min. The nucleic acid sequencing
was done by Macrogen. The nucleic acid sequences
were compared with the database at the GenBank
database using the BLAST sequence search tool.
The phylogenetic relationships of the isolates were
constructed by plotting a phylogenetic tree with the
nearest neighbour joining method using MEGA 6.0
software.

Determination of virulence factors

Phospholipase test. Approximately 10% ster-
ile egg yolk was introduced into sterilized SDA and
the isolates were radially streaked on it. The culture
was incubated at 37°C for 48 h. Whitish coloration
seen around the organism was recorded as positive
for phospholipase production.

Proteinase test. The method of Mohan and
Ballal (2008) was used to detect the ability of the
isolates to produce proteinase. Approximately 0.2
% bovine serum albumin was incorporated into
SDA. The isolates were radially streaked on the
agar and incubated at 37°C for 3 to 6 days. Hazy
area surrounding the growth on the agar was re-
corded as positive.

Haemolysis. The protocol by Luo et al.
(2002) was used to determine haemolysin produc-
tion among the isolates. Sabouraud dextrose agar
was supplemented with 6% human blood and 3%
glucose (pH=5.6) and a loopful of standardized
inoculum was inoculated on the plate at 37°C for
5 days and the result was read.

Gelatinase production. Sterilized Sabouraud
dextrose agar supplemented with 1% gelatin as de-
scribed by Ramesh et al.(2011). The plate was then
incubated for 5 days at 37°C. The appearance of an
inhibition zone was clearly visualized by the addi-
tion of 0.1% mercuric chloride. A hazy zone around
the colony was recorded as a positive result.

Biofilm production. Congo Red Agar (CRA)
was prepared by supplementing SDA with sucrose
(5%) and Congo red (0.8 g/L), according to Mathur
et al. (2006). Isolates were streaked on agar and in-
cubated aerobically for 24 to 48 h at 37°C. Positive
results manifested as black colonies with dry crys-
talline consistency (Pallavi et al., 2016).

Antifungal sensitivity pattern. Three antifun-
gals were tested against the isolates with the fol-
lowings concentrations in pg: clotrimazole (10)
ketoconazole (10) and nystatin (100 units) as de-
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scribed by CLSI (2012). The zone of inhibition was
measured and interpreted accordingly.

Results

Laboratory data of 56 patients, whose spec-
imens were obtained and evaluated, were all on
urinary catheter. Table 1 shows the demographic
distributions of patients by sex, age, and number of
samples that yielded fungal growth on SDA. The
results also revealed that 15 (26.76%) patients were
between the age of 28 and 40 years, 26 (46.43%)
between 41 and 60 years, and 22 (39.29%) were
older than 60 years. It was observed that 63.67%
(n=36) of the patients were male and 33.33% (n=20)
were female. A total of 45 (80.36%) out of 56 urine
samples yielded fungal growth on SDA while 11
(19.64%) did not show fungal growth.

Table 1. Demographic studies of specimens col-
lected from a tertiary health facility in Ekiti State,
Nigeria

. Number
Attributes of Isolates [%]

Ages distribution
28-40 15 26.79
41 -60 26 46.43
60 and above 22 39.29
Total 56 100.00

Sex

Male 36 63.67
Female 20 33.33
Total 56 100.00

Growth on SDA
Positive for fungi growth 45 80.36
Negative for fungi growth 11 19.64
Total 56 100.00

P kudriavzevii were recovered from 15
(33.33%) out of 45 samples that yielded fungal
growth among the samples collected for this study.
Thirty (66.67%) of the recovered fungi were mostly
of the genus Candida. The biochemical and mor-
phological characteristics of the isolates (P. kudria-
vzevii) produced tannish-white, dull, butyrous, low
convex colonies with a flattened center, varying
margin smooth to lobed, and fringed colonies. The
colonial morphology appears to be butyrous and
light cream in colour. Examined under microscope,
the cells appeared to be ovoid to elongate in shape
and occurred mainly singly and in pairs. The pseu-
dohyphae observed were abundant and moderately



branched. All the isolates were able to utilize none
of the sugars except glucose. In the medium con-
taining glucose they showed a sign of fermentation.

The PCR amplification of ITS gene of the
fungal isolates which were tentatively identified
using cultural and morphological methods. Lane M
and negative (-ve) are markers and negative lanes,
respectively, while lanes 1-6 are DNA of the fungal
isolates from this study. The DNA of the isolates
was about 500 bp as shown in Fig. 1. The phylo-
genetic relatedness of the isolates based on nucleic
acid sequence using Neighbor-Joining method is
shown in Fig. 2.

Twelve of the isolates produced biofilm and
phospholipase apiece, while nine of the isolates
produced proteinase. Proteinase has the least occur-
rence among the virulence factors (Table 2). A total
of 8, 4 and 9 of the isolates were resistant to clo-
trimazole, ketoconazole and nystatin, respectively,
as shown in Table 3.

Fig. 1. The result of amplification of genomic DNA
of the isolates using ITS1 and ITS4 primers. Lanes
1 and 2 represent marker and the negative control
while other lanes are the isolates from this study.
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Table 2. Incidence of virulence factors in
P. kudriavzevii isolated from patients on catheter

] Condition
Virulence Factor — -
Positive (%) Negative (%)
Biofilm 12 (80.00) 3(20.00)
Gelatinase 10 (66.67) 5(33.33)
Haemolysis 10 (66.67) 5(33.33)
Phospholipase 12 (80.00) 3 (20.00)
Proteinase 9 (60.00) 6 (40.00)

Table 3. Antifungal susceptibility P. kudriavzevii
isolated from catheterized urine

Antifungals Resistance Susceptible
Clotrimazole 8 (53.33) 7 (46.67)
Ketoconazole 4 (26.67) 11 (73.33)
Nystatin 9 (60.00) 6 (40.00)

Discussion

Urinary tract candidiasis is known as the most
frequent nosocomial fungal infection worldwide. In
this study, the organism was observed to be pres-
ent in 26.79% of the total samples collected. This
represents a very high proportion and may be due
to the prophylactic usage of fluconazole and other
azole antifungals to which the isolates are basically
resistant. P. kudriavzevii has very poor constitutive
expression of genes that aids efflux pumps (Der-
esinski, 2018). Predisposing factors like advanced
age, length of hospital stay, surgery and diabetes
mellitus contribute to the high prevalence of fun-
gal colonization and infection (Leuck ef al., 2012).
Rishpana and Kabbin (2015) also stated that the
longer patients are on urinary catheterization, the
more the chance of fungal colonization. This may

MG128710.1 Pichia kudriawzesii isolate Pi131 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and

LC375240.1 Pichia kudriawewi DNA contains [TS1 5.85 rRNA ITS2 LSU RNA

LC528140.1:302-885 Pichia kudriaszevii S| genes for 185 rRNA ITS1 5.85 rRNA [TS2 285 RNA partial

KTDDD038.1 Pichia kudriawewi woucher URCST 185 ribosomal RNA gene partial sequence

KUS70987.1:32-823 Pichia sp. QAUPK (4 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RMA gene and

JQT26607_1 Pichia kudriauzevii 185 ribosomal RNA gene partial sequence intemal transcribed spacer 1 5.85 ribosomal RNA ges
KP721580.1:181-725 Pichia sp. AQGWD 7 185 ribosomal RNA gene partial sequence intemal transcribed sp

KJ706301.1 Pichia kudniawevi strain DEMY 82 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RNA gene and inte

DBMYB2 OMD

h87b OMD

KP228005.1:15-845 Pichia kudriawzewii intemal transcribed spacer 1 partial sequence 5.85 ribosomal RI

KUB72EE.1:24-610 Pichia sp. QAUPKODS intemal transcribed spacer 1 partial sequence 5.85 ribosc
MKZ28273 1:10-540 Pichia sp. strain DN46 intemal transcribed spacer 1 partial sequence 5.85 ribosomal RN

KT287028.1 Pichia sp. QAUPKD1 intemnal transcribed spacer 1 partial sequence 5.85 rnibosomal RNA gene al

—
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Fig. 2. A phylogenetic tree based on nucleic acid sequence of selected isolates in relation to closely related

yeast species using the Neighbor-Joining method
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also increase the population and heterogeneous na-
ture of the fungal population. Reports have shown
that both male and female urinary tracts could be
colonized by fungi (Colodner et al., 2008; Rishpa-
na and Kabbin, 2015).

Biofilm production has been reported to be
a common characteristic of fungi associated with
UTIs. Apart from the fact that the biofilm signifi-
cantly contributes to the antifungal resistance of the
fungi, it also aids attachment to the surface of cath-
eters (Trautner and Darouiche, 2004; Tumbarello e?
al., 2007). P. kudriavzevii has been reported to pro-
duce a characteristically strong biofilm that has high
tolerance to heat and oxidative stresses (Giobbe et
al., 2007). The biofilm formed had higher tolerance
to heat and oxidative stresses (Chi et al., 2015). Re-
sistance of uncommon yeast to antifungals should
be given attention because of their unusually high
MICs previous and possible misidentification. P.
kudriavzevii, for instance, has no established sus-
ceptibility breakpoints for some common antifun-
gals (Leuck et al., 2012; Taj-Aldeen et al., 2014).

Non-albicans Candida is increasingly be-
coming a group of organisms to watch out for in
clinical practice because of their involvement and
association with different human infections. Pich-
ia kudriavzevii has not been earlier reported as a
common nosocomial pathogen, neither has its as-
sociation with urinary tract infections in the study
area. P. kudriavzevii isolated in this study possessed
different virulence factors and at the same time are
resistant to different antifungals. Results in this
study establish P. kudriavzevii to be associated with
catheterization and also possess different virulence
factors and are at the same time resistant to anti-
fungals. The generally regarded as safe’ status of
the yeast and its candidacy as a probiotic should be
reviewed.
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