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Abstract Candida kefyr (Kluyveromyces marxianus) is a
clinically important infectious yeast. It is found in nature,
and is known to cause diseases in humans. No previous
studies known have shown the detection of Candida kefyr
in water sources of any country, and no studies have
detected it anywhere in Lebanon. This present study is
carried out to assess the quality of Lebanese water in terms
of yeast pollution. The occurrence of Candida spp.
(species) was inspected in 84 water samples that tested
positive for containing Candida. Out of all isolates, 12
isolates were of C. kefyr and two were of P. kluyveri. The
identification of Candida sp. was carried out by using
HiCrome™ M1297A and M1297AR chromogenic
media. Isolates identified were confirmed by MALDI-
TOF MS and 26S rRNA sequencing. The isolates varied
from sensitive to resistant to common antifungal agents,
including Itraconazole, clotrimazole, fluconazole, micon-
azole, and nystatin, via disk diffusion assay. These results
are the first to confirm the presence of C. kefyr in
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Lebanese water supplies and suggest that water consumed
in Lebanon may be a potential transmission route for
serious Candida-based infections.
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1 Introduction

The genus Candida is made up of a heterogeneous
group of fungi, with more than 17 different species
known to be the most common pathogenic fungi to
humans (Sardi et al. 2013), Its pathogenicity is not only
restricted to mucosal or cutaneous infections but may
also spread as systemic infections (Turner and Butler
2014). Candidiasis is named after Candida; it is an
opportunistic fungal disease, which has varied types. It
usually affects individuals suffering from immunosup-
pression, such as those with AIDS (acquired immune
deficient syndrome) (Calderone and Clancy 2011).

The most famous and most studied species of Can-
dida is C. albicans; all other species are enlisted as non-
albicans Candida (NAC). The most common NAC
species are C. glabrata, C. tropicalis, C. parapsilosis,
and C. krusei; other less frequently studied NAC species
include C. guilliermondii, C. lusitaniae, C. kefyr,
C. famata, C. inconspicua, C. rugosa, C. dubliniensis,
and C. norvegensis (Sanguinetti et al. 2015). Certain
Candida species are considered rare; these include
C. lambica and C. eremophila (Johnson 2009).
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As known, there is no vaccine against Candida
(Whibley and Gaffen 2015), to fight the multitude of
diseases it causes. The diseases caused by Candida
include Mucosal candidiasis, which comprise oral can-
didiasis (Patil et al. 2015), candida vulvovaginitis
(Kumari et al. 2013), candida balanitis (Nyirjesy and
Sobel 2013), esophageal candidiasis (Ally et al. 2001),
gastrointestinal candidiasis (Vazquez and Sobel 2002),
and respiratory candidiasis (El-Ebiary et al. 1997).

Candida is also known to cause cutaneous candidiasis
(Masters and Mandell 2015) which includes candidial fol-
liculitis (Kapdagli et al. 1997), candidal intertrigo (Kalra
et al. 2014), candidal paronychia (Rockwell 2001), perianal
candidiasis (Pirone et al. 1992), candidid (James et al. 2006),
chronic muco-cutaneous candidiasis (Puel et al. 2011), con-
genital cutaneous candidiasis (Darmstadt et al. 2000), diaper
candidiasis (James et al. 2006), erosio interdigitalis
blastomycetica (Schlager et al. 2018), and candidal
onychomycosis (Bedaiwy et al. 2017). Candida is also
known to cause other forms of global and fatal infections
when entering the bloodstream; these infections are referred
to as systemic candidiasis (Clancy and Nguyen 2013).

Candida kefyr, also named as Kluyveromyces marxianus,
is known as industrial yeast, it is found in milk and kefir, and
hence its name, but it is also found in other non-dairy product
such as chocolate and tequila (Varela et al. 2018). It has other
synonymous subspecies and asexual forms such as
Kluyveromyce fragilis, K. bulgaricus, C. pseudotropicalis,
and K. lactis, which highlights its use as a neutral lactase
producer in food industries (Dekker and Daamen 2011).
C. kefyr is acknowledged to play a significant role in well-
documented neutropenic patients’ infections (Sendid et al.
2006). It has been isolated from the oral cavity of cancer
patients, and linked to oral lesions (Aslani et al. 2018). How-
ever, the method by which this species adapted to human
pathogenicity, and the precise mechanisms of virulence and
persistence is to be determined (Sendid et al. 2006).

The increase in Candida kefyr-based frequencies of
infection raises the doubts about the efficacy of antifungal
agents as protective or curative agents on the epidemiology
of this yeast (Dufresne et al. 2014). Hence, the pursuit of
Candida spp. in water supplies has been continuous and
elaborate. To date, these efforts to enhance the understand-
ing of water pollution by Candida never halted, driving
several researchers to achieve the point of successfully
detecting multiple species of Candida viable in various
types of water (Ashbolt 2015; Babic et al. 2016; Curutiu
etal. 2019; Bakhiet et al. 2016). However, C. kefyr, has not
been isolated or considered a water pollutant to date.
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Pichia kluyveri, also known as Candida eremophila,
is considered a member of a major genus involved in
cocoa fermentations. Its use is intended for increasing
the quality of fermentation of cocoa. Pichia genera,
including P, kluyveri, have been described as possessing
killer toxins. It is able to produce toxins that kill other
yeast genera (Batista et al. 2015).

In Lebanon, a recent and sole study realized by our
research team (Halawi et al. 2019) has revealed the pres-
ence of several Candida species in Lebanese water sup-
plies, including pathogenic C. albicans, C. parapsilosis,
C. tropicalis, C. krusei, and C. glabrata which were resis-
tant to common antifungal agents. The search for other
Candida species to be isolated from water is a continuous
quest that targets the full understanding of the presence, the
source, and the impact of these yeasts on the public health.
Recently, as more research articles reported the misidenti-
fication of certain Candida species (Desnos-Ollivier et al.
2008; Castanheira et al. 2013; Kathuria et al. 2015), and as
our previous study relied only on species identification
based on SDA and HiCrome™ M1297A media observa-
tion, which, albeit its usefulness, remain insufficient for
definitive Candida sp. identification. Thus, we have decid-
ed to retest our previously acquired Candida sp. isolates
(Halawi et al. 2019) and to investigate a possible misiden-
tification using newly developed chromogenic agar
(HiCrome™ M1297AR), matrix-assisted laser desorption
ionization—time of flight mass spectrometry and 26s IRNA
sequencing.

2 Materials and Methods
2.1 Study Area

Lebanon (35°0'N 35°0E) is a mostly mountainous Med-
iterranean country of 10,452 km? total area. Lebanon
constitutes of seven geographic provinces which are
Akkar and North-Lebanon in the northwest, Baalback-El
Hermel in the Northeast, Mount Lebanon and Bekaa in
the Middle West and East respectively and South Lebanon
and Nabatich in the South. The Lebanese climate is de-
termined by its geography and physiography, which is
known to be a typical Mediterranean climate along the
coastal and the middle mountain range. One the other
hand, it also has a sub-alpine or mountain climate on the
highest slopes, covered by snow during most days of the
year. Furthermore, the climate changes to arid in some of
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the northern plains (Dabaja et al. 2019). The area studied
in this paper covers all seven provinces of Lebanon.

2.2 Sample Collections

A total of 84 Candida positive water samples, previous-
ly and randomly collected across Lebanon, were tested.
The 500 ml/site samples included community water,
potable water, and spring water, which all are delivered
to the final consumer. The samples were collected in
sterile glass bottles with sodium thiosulfate (10% w/v)
and transported to Beirut Arab University-Debbieh lab-
oratories in ice for culturing within 24 h of collection.

2.3 Culture and Isolation of Candida Spp. from Water
Samples

Sabouraud Dextrose Agar supplemented with chloram-
phenicol was used for isolation of yeast colonies; the agar
was prepared according to the manufacturer’s instructions
(Sigma-Aldrich®). The medium was then sterilized by
autoclaving at 121 °C at a pressure of 15 pounds for
15 min. Water samples were processed using the mem-
brane filter method. The plates were incubated at 37 °C for
48 h. The discrete colonies that form on the surface of the
membrane were then sub-cultured to confirmation media
(Pontara et al. 2011). Candida isolates were then stocked
in culture media with 15% glycerol (v/v) and stored at —
80 °C for further use.

2.4 Primary Identification of Candida Spp.

Isolated Candida spp. from agar plates were then prelim-
inary identified by their colony appearance, color and
growth patterns on chromogenic agar M1297A-
HiCrome™ (Himedia, Mumbai, India) according to man-
ufacturer’s guidelines. Colony growth and its specific color
development were monitored over a 48-h period. This was
sufficient to attain a stable chromogenic identification of
the different Candida sp. (Bandh et al. 2016) In cases of
inconclusive results, M1297AR HiCrome™ agar
(Himedia, Mumbai, India) was used mainly to discriminate
C. kefyr isolates, according to manufacturer’s guidelines.

2.5 Verification of Candida Spp. Using MALDI-TOF
Mass Spectrophotometry

Matrix-assisted laser desorption ionization—time of
flight (MALDI-TOF) Vitek-MS (bioM¢érieux, Marcy

I’Etoile, France) was used to confirm the results obtain-
ed by the chromogenic agar following the manufac-
turer’s standard instructions. Briefly, each Candida iso-
late was selected as a single colony, then suspended in
1 ml of 70% ethanol and homogenized. Samples were
subsequently cleared by centrifugation at 15,000xg for
2 min, and the supernatant was removed. The remaining
pellet was then dried at room temperature. After drying,
70% formic acid was added to suspend the pellet. An
equal amount of pure acetonitrile was later added and
left incubated at room temperature for 3 min. Samples
were then centrifuged at 15,000xg for 3 min, and 1 pl of
the supernatant was spotted onto an analysis plate. The
spot was afterwards overlaid with 1 pl of x-cyano-4-
hydroxycinnamic acid (CHCA) matrix, dissolved in
50% acetonitrile, 47.5% water, and 2.5% trifluoroacetic
acid. The matrix was left to dry at room temperature
prior to analysis (Lacroix et al. 2014). Isolates were
processed using the Vitek® MS V3.2-clinical use—
preparation software and analyzed by Myla software.

2.6 Molecular Identification of Candida Spp. Using 26s
rRNA Sequencing

Selected Candida isolates (all C. kefyr, and some other
species) were sent to Microgen Inc. (Seoul, South Ko-
rea) for DNA extraction and 26s rRNA (D1, D2 regions)
sequencing; all DNA targets were sequenced in both
directions (Lacroix et al. 2014). Blastn-NCBI program
(http://www.ncbi.nih.gov/blast) was used to identify the
generated sequences.

2.7 Antifungal Disk Diffusion Susceptibility Test

Antifungal susceptibility testing was performed as de-
scribed by Hazen et al. (2003). Mueller Hinton-
methylene Blue agar plates 4.0 mm thick and 90 mm
diameter were used. The agar surface was streaked by a
sterile swab soaked in a Candida spp. suspension ad-
justed to a 0.5 McFarland standard by spectrophotome-
try. The plates were incubated at 37 °C for 24 h. Five
antifungal discs were used, which included fluconazole
10 pug (item no. SD114), Miconazole 50 pg (item no.
SD272), Clotrimazole 10 pg (item no. SD115), Nystatin
100 u (item no. SD025), and Itraconazole 10 pg (item
no. SD221), which were all purchased from Himedia,
Mumbai, India. MIC interpretive criteria were in accor-
dance with those of Morris et al. 2017.
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3 Results
3.1 Chromogenic Identification of Candida Species

Samples were plated on HiCrome™ M1297A medium
for primary identification. Green isolates were assumed
as C. albicans, cream to white colonies were assumed as
C. glabrata, and purple fuzzy colonies were assumed as
C. krusei according to manufacturer’s manual. As the
M1297A medium was not able to generate a distinctive
color for C. kefyr colonies (Data sheet 1/2011), and due
to the variation of appearance of colonies on SDA
medium, we used the M1297AR chromogenic agar for
this aim. Candida kefyr isolates appeared as white to
cream colonies (Fig. 1), whereas the color of the other
Candida species appeared as obtained with the M1297A
medium.

3.2 Identification of C. kefyr Species Using
MALDI-TOF MS and 26s rRNA Sequencing

As the manufacturer’s guidelines stated, HiCrome™
M1297A cannot identify C. kefyr, and as shown in
Fig. 1, both chromogenic agar media were not able to
discriminate between C. kefyr and C. glabrata isolates,
yielding a similar white to cream color (Table 1). Thus,
the test of choice was MALDI-TOF MS for this aim. All
isolates were then tested using this technique. MALDI-
TOF MS yielded a total of 14 positive C. kefyr isolates
which were previously identified as C. krusei using the
HiCrome™ M1297A medium. Considering a number
of articles that reported MALDI-TOF MS misidentifi-
cation of Candida species (Kathuria et al. 2015; Haas
et al. 2016), and to further confirm our findings, we
sequenced the 26s rRNA (region D1, D2) of the 14
C. kefyr isolates identified by The MALDI-TOF MS
technique (Fig. 2). The identity of each generated se-
quence was obtained using the NCBI-Blastn program.
Out of these 14 isolates, the 26s rRNA sequences re-
vealed 12 C. kefyr, and two Pichia Kluyveri isolates,
which were misidentified by MALDI-TOF MS.

3.3 Antifungal Susceptibility Test

Disc diffusion test was used to measure the amount of
resistance for the 14 isolates to 5 common antifungal
agents: itraconazole, clotrimazole, fluconazole, micon-
azole, and nystatin. The area of inhibition caused by
each disc was recorded and concluded in Table 2.
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Resistant isolates are noted as R, susceptible isolates as
S, and susceptible-dose-dependent as SDD.

The isolates of C. kefyr and P. kluyveri had variable
susceptibilities to various antifungal drugs. One isolate
of P. kluyveri (no. 2) was susceptible to itraconazole,
fluconazole, and nystatin. On the other hand, it was
susceptible but dose dependent to clotrimazole and re-
sistant to miconazole. The other isolate (no. 4), was
susceptible to itraconazole only and resistant to all the
remaining antifungal agents tested (Fig. 3). C. kefyr
isolates were all highly susceptible to at least one anti-
fungal agent, except isolate no. 8, which was only
susceptible dose-dependent to itraconazole and nystatin,
while being resistant to all the remaining antifungal
agents used (Fig. 4).

In total, itraconazole was the most potent antifungal
agent against C. kefyr, with only 41.6% of isolates being
non-susceptible to it, compared to 50% of the isolates
unsusceptible to fluconazole and nystatin, 66.6% unsus-
ceptible to miconazole and 75.3% unsusceptible to clo-
trimazole. Reversely, 58.3% of the 12 isolates were
susceptible to itaconazole, 33.3% susceptible to micon-
azole, 50% susceptible to fluconazole and nystatin, and
only 25% susceptible to clotrimazole (Table 3).

4 Discussion

This study presents the first of its kind to success-
fully isolate Candida kefyr and Pichia Kluyveri from
water sources reaching end users in Lebanon. The
isolates’ identities were confirmed by using two
types of chromogenic agars, MALDI-TOF MS and
26s TRNA sequencing. Most of the isolates showed
significant resistance to antifungal drugs tests, which
raises concerns about the water quality consumed. It
also sets an alarm to warn against a new form of
water pollution in Lebanon, pollution by pathogenic
yeasts.

Microbiological drinking water safety has been tra-
ditionally considered by bacterial parameters, which are
indicative of fecal contamination. Meanwhile, the pres-
ence of opportunistic fungi in drinking water poses
health risks to consumers. Though the presence of fungi
in water distribution system and the associated health
risks are well documented in the scientific literature,
inclusion of fungi in the drinking water regulations is
scarce. Most national and international guideline docu-
ments (including the World Health Organization) list
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Candida SDA M1297A

Species

C. albicans

C. glabrata

C. lambica

C. parapsilosis

C. Krusei

Pichia kluyveri

Fig. 1 Different Candida spp. colony-morphology on various
agar media; N.A.: photograph is unavailable due to the media
being inappropriate. *The resulting colors are not to be used for

fungi among the “nuisance organisms” causing odor
problems and do not deem dedicated monitoring

M1297AR Typical
appearance on
agar with
reference

reference, studies cannot be based upon them and further biochem-
ical testing for confirmation is required

necessary. The US EPA considered the inclusion of
microsporidia in drinking water regulations earlier, but
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Table 1 Identification offo Candida isolates by different techniques

New sample number HiCrome M1297A  Conclusion HiCrome M1297AR  Conclusion MALDI-TOF result 26S rRNA

1 Purple fuzzy C. krusei Cream to white C. kefir C. kefir C. kefyr

2 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr Pichia Kluyveri
3 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

4 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr Pichia Kluyveri
5 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

6 Purple fuzzy C. krusei Cream to white C. kefir C. kefir C. kefyr

7 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

8 Purple fuzzy C. krusei Cream to white C. kefyr C. kefir C. kefyr

9 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

10 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

11 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

12 Purple fuzzy C. krusei Cream to white C. kefyr C. kefyr C. kefyr

13 Pink to violet Unknown  Cream to white C. kefyr C. kefyr C. kefyr

14 Pink to violet Unknown  Cream to white C. kefyr C. kefyr C. kefyr

VITEK® MS Review Detail
4 ) VITEK® MS Review ) VITEK® MS Review Detail

Isolate information

Confidence Level: S

Accession ID:  DrZaayter114-1 Specimen Type: -
Number of identifications: 1 List of identifications
Analysis il Organism C i Confid Acquisition/Computation ‘
Posmon! Date Name Rathogeniclty Value N Level message(s) ’
‘ |
c2 3/27/19 11:19 AM Candida kefyr i 99.9 S “ }
!
Key: Add
24,0004}
22,0001}
20,000 {}
I
18,000 {4
— |t
= |
e
5 16,0004}
> i
= Il
£ 14,000
= |
K<l
=
& 12,0001t |
> i
= |
2 10,0004}
S |
=
4
= 3,000
6,000}
4,000 4t
2,000 |}
0 ———————— — —_— — e e e e e e
2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000

Fig. 2 C. kefyr spectrum-MALDI-TOF MS identification
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Table 2 Disc diffusion zone of inhibition (mm) to respective isolates

Isolate number Candida species IT CcC FLC MIC NS

1 C. kefyr S R S S SDD
2 Pichia Kluyveri S SDD S R S

3 C. kefyr R S S SDD S

4 Pichia Kluyveri S R R R R

5 C. kefyr R SDD S R S

6 C. kefyr S S SDD SDD S

7 C. kefyr S SDD S R S

8 C. kefyr SDD R R R SDD
9 C. kefyr S R R R R

10 C. kefyr S R R R R

11 C. kefyr S SDD S S S

12 C. kefyr R S S S SDD
13 C. kefyr S SDD R R SDD
14 C. kefyr R SDD R S S

IT itraconazole, CC clotrimazole, FLC fluconazole, MIC miconazole, NS nystatin

it was withdrawn from the list of “Contaminant Candi-
date List” in a later phase. The European Union drinking
water directive does not address fungi explicitly either.
However, the directive states that wholesome drinking
water should be “free from any micro-organisms and
parasites and from any substances which, in numbers or
concentrations, constitute a potential danger to human
health.” This definition implies that the presence of
pathogenic or allergenic fungi in the drinking water is
not acceptable either. The obligatory microbial drinking
water parameters (E. coli, Enterococci, coliforms or
clostridia) have no indicative value of fungal contami-
nation. The indicator parameter heterotrophic plate
count (HPC), however, may include fungi as well.
HPC is widely used to indicate changes in microbial
concentration. Regulatory value is generally not

Fig. 3 Two samples of Pichia
kluyveri isolates with variable
susceptibility to five antifungal
discs. a Showing sample no. 2. b
Showing sample no. 4

rendered to HPC. The EU directive does not give a
parametric value; compliance is defined as “no abnor-
mal change”Babic et al. 2017). On the other hand, fungi
occur widely in drinking water sources (Pereira et al.
2009), and several studies worldwide have showed the
possibility of the occurrence of viable Candida cells in
water (Hageskal et al. 2009; Siqueira et al. 2011;
Yamaguchi et al. 2007). Candida species are frequently
isolated and has been found in the USA, in almost 50%
of samples in France, and in 50% chlorinated water
samples in Finland. In Greece, Candida species were
isolated from hospital water supplies and even from
hemodialysis units (Arvanitidou et al. 2000).
Recreational waters may also pose a threat to human
health from candidiasis Candida species are frequently
isolated from human-impacted surface water and

@ Springer



108 Page 8 of 11

Water Air Soil Pollut (2020) 231:108

Fig. 4 Two samples of Candida
kefyr isolates with variable
susceptibility to five antifungal
discs. a, Showing sample no. 8. b
Showing sample no. 11

beaches. A study of the river water entering Lake Mich-
igan just west of Mount Baldy recreational beach
showed that C. krusei was the most numerous Candida
species (Brinkman et al. 2003).

Kluyveromyces marxianus (C. kefyr) has been well
studied, and its strains have been isolated from a wide
array of habitats. It is known to possess a high degree of
metabolic diversity and polymorphism (Fonseca et al.
2008). This yeast is known for its industrial and bio-
technological capacities and is often used in diary and
ethanol production (Lane and Morrissey 2010). How-
ever, K. marxianus is also known to be a human path-
ogen (Papon et al. 2013). It has been implicated in
infections affecting neutropenic patients (Sendid et al.
2006; Reuter et al. 2005) and hematological malignan-
cies (Dufresne et al. 2014).

Pichia Kluyveri is a known fermenter yeast; it is
usually isolated from fruits. P. kluyveri occurs naturally
on crops and coexists with Kluyveromyces marxianus. It
is one of the microbes responsible for food spoilage
(Crafack etal. 2013). It is known to produce killer toxins
in the presence of other yeasts or even yeast extracts
(Middelbeek et al. 1979). It is also known to kill other
Candida species especially C. albicans (Middelbeek

b

etal. 1980). Consequently, the absence of other Candida
species in certain water samples holding killer toxins
can be questioned.

The hygienic standards of water in Lebanon are low,
and it is widely known to be highly polluted with
various pollutants, bacteria, yeast, and heavy metals
(Halawi et al. 2019). Nevertheless, Lebanon is a diary-
producing counter, with more than 500,000 tons pro-
duced annually. The regulations regarding dumping in-
dustrial wastes, especially diary factory production
wastes, are hardly met, as cleaner technologies are still
considered new concepts in Lebanon and the industry
still has not even adopted a pre-treatment system for
wastewater resulting from the production processes be-
fore dumping (Regional Activity Centre for Cleaner
Production (RAC/CP), 2002).

In the absence of any kind of water treatment before
dumping wastewater into rivers and sea, devastating
amounts of pollutants are continuously found across
Lebanese water supplies (Azar and Nasser 2018). There
is not a study yet that has isolated C. kefyr, from tap or
drinking water, but apparently, this yeast is slowly find-
ing its way to end users, and even worse, it is showing
resistance to antifungal drugs.

Table 3 Number and percentage of isolates of C. kefyr and their susceptibility to various antifungal agents

Species name Number and percentage CcC FLC IT MIC NS

Candida kefyr (N =12)

Non-susceptible® n 9 6 5 8 6
%S 75.3 50 41.6 66.6 50

Susceptible n 3 6 7 4 6
%S 25 50 58.3 333 50

#Includes susceptible-dose dependent, intermediate and resistant isolates

@ Springer
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5 Conclusions

The existence of pathogenic resistant strains of Candida
poses a gigantic risk to health. From this current study, it
was clear that both HiCrome™ media used were not
conclusive when it comes to identification of certain
Candida species, although HiCrome™ M1297AR man-
ual stated it was designed to identify C. kefyr, the color
produced by the chromogenic agar was misleading.
P Kluyveri, a species not known to be pathogenic so
far, has been isolated from water sources, which raises
questions about water supplies pollution from industrial
and agricultural malpractices. It is necessary and highly
recommended to any researcher who intends to adopt
the chromogenic agar approach for identification, to
accompany it by observation of colony morphology on
SDA, along with other more accurate tests (i.c., 26s
rRNA sequencing) if possible. Our findings suggest
the need for broader tests for water quality, not to only
include famous Candida species (e.g., C. albicans) but
all known pathogenic Candida species such as C. kefyr,
C. parapsilosis, C. glabrata, C. tropicalis, and C. krusei.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no
conflict of interest.

References

Ally, R., et al. (2001). A randomized, double-blind, double-dum-
my, multicenter trial of voriconazole and fluconazole in the
treatment of esophageal candidiasis in immunocompromised
patients. Clinical Infectious Diseases, 33, 1447-1454.

Arvanitidou, M., et al. (2000). High level of recovery of fungi from
water and dialysate in haemodialysis units. The Journal of
Hospital Infection, 45, 225-230.

Ashbolt, N. J. (2015). Microbial contamination of drinking water
and human health from community water systems. Current
Environmental Health Reports, 2, 95-106.

Aslani, N., et al. (2018). Identification of uncommon oral yeasts
from cancer patients by MALDI-TOF mass spectrometry.
BMC Infectious Diseases, 18, 24.

Azar, G., & Nasser, Z. (2018). Lebanon’s beaches, an environ-
mental disaster in the making. Annahar.

Babi¢, M. N., Zalar, P., Zenko, B., DZeroski, S., & Gunde-
Cimerman, N. (2016). Yeasts and yeast-like fungi in tap
water and groundwater, and their transmission to household
appliances. Fungal Ecology, 20, 30-39.

Babic¢, M., et al. (2017). Fungal contaminants in drinking water
regulation? A tale of ecology, exposure, purification and
clinical relevance. International Journal of Environmental
Research and Public Health, 14, 636.

Bakhiet, S. E., Aboaaj, A. A., Hamid, M. O., & Salih, B. A.
(2016). Significance of water borne fungi isolated from
White Nile River and Al-Feetihab town. International
Journal of Environmental Sciences, 6, 1123—1128.

Bandh, S. A., Kamili, A. N., Ganai, B. A., & Lone, B. A. (2016).
Opportunistic fungi in lake water and fungal infections in
associated human population in Dal Lake, Kashmir.
Microbial Pathogenesis, 93, 105-110.

Batista, N. N., Ramos, C. L., Ribeiro, D. D., Pinheiro, A. C. M., &
Schwan, R. F. (2015). Dynamic behavior of Saccharomyces
cerevisiae, Pichia kluyveri and Hanseniaspora uvarum dur-
ing spontaneous and inoculated cocoa fermentations and
their effect on sensory characteristics of chocolate. LWT -
Food Science and Technology, 63, 221-227.

Bedaiwy, M. Y., Metwally, M. A.-E.-A., Elzawawy, N. A., &
Saba, H. A. (2017). Epidemiology, causative agents and
Clinical Features of Onychomycosis in El-Gharbia
Governorate. Egyptian Journal of Botany, 57, 187-196.

Brinkman, N. E., et al. (2003). Evaluation of a rapid, quantitative
real-time PCR method for enumeration of pathogenic
Candida cells in water. Applied and Environmental
Microbiology, 69, 1775-1782.

Calderone, R. A., & Clancy, C. J. (2011). Candida and candidia-
sis. American Society for Microbiology Press.

Candida albicans. (2015). Microbiology in pictures https://www.
microbiologyinpictures.com/bacteria-photos/candida-
albicans-photos/candida.html.

Candida Krusei Photograph. (n.d.). Science Photo Library
https://www.sciencephoto.com/media/13323/view/food-
spoilage-fungus-candida-krusei.

Candida parapsilosis JCM. (1784). Japan Collection of
Microorganisms https://www.jcm.riken.jp/cgi-
bin/jem/jcmimg_view?jem=1784&fid=A.

Castanheira, M., Woosley, L. N., Dickema, D. J., Jones, R. N., &
Pfaller, M. A. (2013). Candida guilliermondii and other
species of Candida misidentified as Candida famata: assess-
ment by Vitek 2, DNA sequencing analysis, and matrix-
assisted laser desorption ionization—time of flight mass spec-
trometry in two global antifungal surveillance programs.
Journal of Clinical Microbiology, 51, 117-124.

Clancy, C. J., & Nguyen, M. H. (2013). Finding the “missing
50%” of invasive candidiasis: how nonculture diagnostics
will improve understanding of disease spectrum and trans-
form patient care. Clinical Infectious Diseases, 56, 1284—
1292.

Crafack, M., et al. (2013). Influencing cocoa flavour using Pichia
kluyveri and Kluyveromyces marxianus in a defined mixed
starter culture for cocoa fermentation. /nternational Journal
of Food Microbiology, 167, 103—116.

Curutiu, C., Iordache, F., Gurban, P., Lazar, V., & Chifiriuc, M. C.
(2019). Main microbiological pollutants of bottled waters
and beverages. In Bottled and Packaged Water (pp. 403—
422). Elsevier.

Dabaja, M., et al. (2019). Occurrence and risk factors of Coxiella
burnetii in domestic ruminants in Lebanon. Comparative
Immunology, Microbiology and Infectious Diseases, 64,
109-116.

@ Springer


https://www.microbiologyinpictures.com/bacteria-photos/candida-albicans-photos/candida.html
https://www.microbiologyinpictures.com/bacteria-photos/candida-albicans-photos/candida.html
https://www.microbiologyinpictures.com/bacteria-photos/candida-albicans-photos/candida.html
https://www.sciencephoto.com/media/13323/view/food-spoilage-fungus-candida-krusei
https://www.sciencephoto.com/media/13323/view/food-spoilage-fungus-candida-krusei
https://www.jcm.riken.jp/cgi-bin/jcm/jcmimg_view?jcm=1784&fid=A
https://www.jcm.riken.jp/cgi-bin/jcm/jcmimg_view?jcm=1784&fid=A

108 Page 10 of 11

Water Air Soil Pollut (2020) 231:108

Darmstadt, G. L., Dinulos, J. G., & Miller, Z. (2000). Congenital
cutaneous candidiasis: clinical presentation, pathogenesis,
and management guidelines. Pediatrics, 105, 438-444.

Dekker, P. J. T., & Daamen, C. B. G. (2011). Enzymes exogenous
to milk in dairy technology: (3-d-galactosidase. Encyclopedia
of Dairy Sciences. https://doi.org/10.1016/B978-0-12-
374407-4.00152-7.

Desnos-Ollivier, M., et al. (2008). Debaryomyces hansenii
(Candida famata), a rare human fungal pathogen often
misidentified as Pichia guilliermondii (Candida
guilliermondii). Journal of Clinical Microbiology, 46,
3237-3242.

Duftesne, S. F., et al. (2014). Epidemiology of Candida kefyr in
patients with hematologic malignancies. Journal of Clinical
Microbiology, 52, 1830-1837.

El-Ebiary, M., et al. (1997). Significance of the isolation of
Candida species from respiratory samples in critically ill,
non-neutropenic patients: an immediate postmortem histo-
logic study. American Journal of Respiratory and Critical
Care Medicine, 156, 583—-590.

Fonseca, G. G., Heinzle, E., Wittmann, C., & Gombert, A. K.
(2008). The yeast Kluyveromyces marxianus and its biotech-
nological potential. Applied Microbiology and
Biotechnology, 79, 339-354.

Haas, M., et al. (2016). Identification of cryptic Candida species
by MALDI-TOF mass spectrometry, not all MALDI-TOF
systems are the same: focus on the C. parapsilosis species
complex. Diagnostic Microbiology and Infectious Disease,
86, 385-386.

Hageskal, G., Lima, N., & Skaar, I. (2009). The study of fungi in
drinking water. Mycological Research, 113, 165-172.

Halawi, M. H., Borjac, J., Yusef, H., Zeaiter, & Zeaiter, Z. (2019).
Prevalence of Candida species in Lebanese water. Asian
Journal of Microbiology, Biotechnology and Environmental
Sciences, 21, 92-94.

Hazen, K. C., et al. (2003). Comparison of the susceptibilities of
Candida spp. to fluconazole and voriconazole in a 4-year
global evaluation using disk diffusion. Journal of Clinical
Microbiology, 41, 5623-5632.

James, W., Berger, T. & Elston, D. (2006). Diseases resulting from
fungi and yeast. Andrews’ Diseases of the Skin. Clin.
Dermatol. 10th Ed Phila. Pa WB Saunders (312-3).

Johnson, E. M. (2009). Rare and emerging Candida species.
Current Fungal Infection Reports, 3, 152—159.

Kalra, M. G., Higgins, K. E., & Kinney, B. S. (2014). Intertrigo
and secondary skin infections. American Family Physician,
89, 569-573.

Kapdagli, H., et al. (1997). Candida folliculitis mimicking tinea
barbae. International Journal of Dermatology, 36, 295-297.

Kathuria, S., et al. (2015). Multidrug-resistant Candida auris
misidentified as Candida haemulonii: characterization by
matrix-assisted laser desorption ionization—time of flight
mass spectrometry and DNA sequencing and its antifungal
susceptibility profile variability by Vitek 2, CLSI broth
microdilution, and Etest method. Journal of Clinical
Microbiology, 53, 1823-1830.

Kumari, V., Banerjee, T., Kumar, P., Pandey, S., & Tilak, R.
(2013). Emergence of non-albicans Candida among candidal
vulvovaginitis cases and study of their potential virulence
factors, from a tertiary care center, North India. Indian
Journal of Pathology & Microbiology, 56, 144.

@ Springer

Lacroix, C., et al. (2014). Evaluation of two matrix-assisted laser
desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS) systems for the identification of
Candida species. Clinical Microbiology and Infection, 20,
153-158.

Lane, M. M., & Morrissey, J. P. (2010). Kluyveromyces
marxianus: a yeast emerging from its sister’s shadow.
Fungal Biology Reviews, 24, 17-26.

Masters, B., & Mandell, R. (2015, 2016). In J. E. Bennett, R.
Dolin, & M. J. Blaser (Eds.), ISBN: 13-978-1-4557-4801-3
Douglas, and Bennett’s principles and practice of infectious
diseases. Elsevier Saunders.

Middelbeek, E., Hermans, J., & Stumm, C. (1979). Production,
purification and properties of a Pichia kluyveri killer toxin.
Antonie Van Leeuwenhoek, 45, 437-450.

Middelbeek, E., Stumm, C., & Vogels, G. (1980). Effects of Pichia
kluyveri killer toxin on sensitive cells. Antonie Van
Leeuwenhoek, 46, 205-220.

Morris, A., McKinney, W., Rogers, K., Roberts, S., & Freeman, J.
(2017). Antifungal susceptibility results of vaginal yeast iso-
lates from New Zealand women, 2001-2015. New Zealand
Medical Journal Online, 130, 112-115.

Nyirjesy, P., & Sobel, J. D. (2013). Genital mycotic infections in
patients with diabetes. Postgraduate Medicine, 125, 33-46.

Papon, N., Courdavault, V., Clastre, M., & Bennett, R. J. (2013).
Emerging and emerged pathogenic Candida species: beyond
the Candida albicans paradigm. PLoS Pathogens, 9, ¢1003550.

Patil, S., Rao, R. S., Majumdar, B., & Anil, S. (2015). Clinical
appearance of oral Candida infection and therapeutic strate-
gies. Frontiers in Microbiology, 6, 1391.

Pereira, V., et al. (2009). Occurrence of filamentous fungi and
yeasts in three different drinking water sources. Water
Research, 43, 3813-3819.

Pichia kluyveri JCM 11403. (n.d.). Japan Collection of
Microorganisms https://www.jem.riken.jp/cgi-bin/jecm/jem
keyword?AN=Kluyveromyces&BN=marxianus&CN=&DN=.

Pirone, E., et al. (1992). Can proctological procedures resolve
perianal pruritus and mycosis? International Journal of
Colorectal Disease, 7, 18-20.

Pontara, A. V., et al. (2011). Microbiological monitoring mf min-
eral water commercialized in Brazil. Brazilian Journal of
Microbiology, 42, 554-559.

Puel, A., et al. (2011). Chronic mucocutaneous candidiasis in
humans with inborn errors of interleukin-17 immunity.
Science, 332, 65-68.

Reuter, C. W., et al. (2005). Candida kefyr as an emerging path-
ogen causing nosocomial bloodstream infections in neutro-
penic leukemia patients. Clinical Infectious Diseases, 41,
1365-1366.

Rockwell, P. G. (2001). Acute and chronic paronychia. American
Family Physician, 63.

Rodrigues, C. F., Rodrigues, M. E., Silva, S., & Henriques, M.
(2017). Candida glabrata biofilms: how far have we come?
Journal of Fungi, 3, 11.

Sanguinetti, M., Posteraro, B., & Lass-Florl, C. (2015). Antifungal
drug resistance among Candida species: mechanisms and
clinical impact. Mycoses, 58, 2—13.

Sardi, J., Scorzoni, L., Bernardi, T., Fusco-Almeida, A., &
Giannini, M. M. (2013). Candida species: current epidemi-
ology, pathogenicity, biofilm formation, natural antifungal


https://doi.org/10.1016/B978-0-12-374407-4.00152-7
https://doi.org/10.1016/B978-0-12-374407-4.00152-7
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_keyword?AN=Kluyveromyces&BN=marxianus&CN=&DN=
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_keyword?AN=Kluyveromyces&BN=marxianus&CN=&DN=

Water Air Soil Pollut (2020) 231:108

Page 11 of 11 108

products and new therapeutic options. Journal of Medical
Microbiology, 62, 10-24.

Schlager, E., Ashack, K., & Khachemoune, A. (2018). Erosio
interdigitalis blastomycetica: a review of interdigital candidi-
asis. Dermatology Online Journal, 24.

Sendid, B., Lacroix, C., & Bougnoux, M.-E. (2006). Is Candida kefyr
an emerging pathogen in patients with oncohematological dis-
eases? Clinical Infectious Diseases, 43, 666—667.

Shyamala, R., Parandekar, P. K., & Takpere, A. Y. (2012).
Evaluation of Hicrome agar - Candida, a new differential
medium for isolation of candida species from oral thrush in
HIV seropositive patients. International Journal of Current
Research and Review, 04.

Siqueira, V. M, et al. (2011). Filamentous fungi in drinking water,
particularly in relation to biofilm formation. International
Journal of Environmental Research and Public Health, 8,
456-469.

Turner, S. A., & Butler, G. (2014). The Candida pathogenic
species complex. Cold Spring Harbor Perspectives in
Medicine, 4, a019778.

Varela, J. A., Puricelli, M., Montini, N., & Morrissey, J. P. (2018).
Expansion and diversification of MFS transporters in
Kluyveromyces marxianus. Frontiers in Microbiology, 9, 3330.

Vazquez, J. A., & Sobel, J. D. (2002). Mucosal candidiasis.
Infectious Disease Clinics of North America, 16, 793-820, v.

Vervaeke, S., et al. (2008). A case of Candida lambica fungemia
misidentified as Candida krusei in an intravenous drug abus-
er. Medical Mycology, 46, 853-856.

Whibley, N., & Gaffen, S. L. (2015). Beyond Candida albicans:
mechanisms of immunity to non-albicans Candida species.
Cytokine, 76, 42-52.

Yamaguchi, M. U., et al. (2007). Yeasts and filamentous fungi in
bottled mineral water and tap water from municipal supplies.
Brazilian Archives of Biology and Technology, 50, 1-9.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

@ Springer



	First Case of Identification of Candida kefyr and Pichia kluyveri in Lebanese Water
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Sample Collections
	Culture and Isolation of Candida Spp. from Water Samples
	Primary Identification of Candida Spp.
	Verification of Candida Spp. Using MALDI-TOF Mass Spectrophotometry
	Molecular Identification of Candida Spp. Using 26s rRNA Sequencing
	Antifungal Disk Diffusion Susceptibility Test

	Results
	Chromogenic Identification of Candida Species
	Identification of C.�kefyr Species Using MALDI-TOF MS and 26s rRNA Sequencing
	Antifungal Susceptibility Test

	Discussion
	Conclusions
	References


