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Malassezia pachydermatis and Candida parapsilosis
isolated from dogs with and without seborrheic
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Malassezia pachydermatis and Candida parapsilosis are recognized as commensal yeasts
on the skin of healthy dogs but also causative agents of seborrheic dermatitis, especially
in atopic dogs. We determined and compared the susceptibility levels of yeasts isolated
from dogs with and without seborrheic dermatitis (SD) using the disk diffusion method
(DD) for itraconazole (ITZ), ketoconazole (KTZ), nystatin (NYS), terbinafine (TERB) and
5-fluorocytosine (5-FC) and the broth microdilution method (BMD) for ITZ and KTZ. The
reliability between the methods was assessed using an agreement analysis and linear regres-
sion. Forty-five M. pachydermatis and 28 C. parapsilosis isolates were identified based
on physiological characteristics and an approved molecular analysis. By DD, all tested M.
pachydermatis isolates were susceptible to ITZ, KTZ, NYS and TERB but resistant to 5-FC.
Only 46 — 60% of the tested C. parapsilosis isolates were susceptible to KTZ, TERB and
5-FC, but ITZ and NYS were effective against all. By BMD, over 95% of M. pachydermatis
isolates were susceptible to KTZ and ITZ with an MICy;<0.03 and 0.12 pg/ml, respec-
tively. The frequency of KTZ- and ITZ-resistant C. parapsilosis was 29% and 7%, and the
MIC,,, values were 1 pg/ml and 0.5-1 pg/ml, respectively. Regarding the agreement analy-
sis, 2.2% of minor errors were observed in M. pachydermatis and 0.2—1% of very major
errors occurred among C. parapsilosis. There were no significant differences in the yeast
resistance rates between dogs with and without SD. KTZ and ITZ were still efficacious for
M. pachydermatis but a high rate of KTZ resistant was reported in C. parapsilosis.

Keywords Malassezia pachydermatis, Candida parapsilosis, antifungal agent,
seborrheic dermatitis, dog

Introduction

Yeast-associated seborrheic dermatitis (SD) and otitis externa
are commonly found in atopic dogs with overgrowth of
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Malassezia pachydermatis and Candida parapsilosis. In gen-
eral, skin yeasts reversibly act as commensals and can be
transient depending on the underlining factors that lead to SD
[1]. M. pachydermatis was originally thought to be the sole
yeast that caused canine skin diseases [2,3]. However,
recently, over five yeast species were recognized as skin com-
mensals [4], and C. parapsilosis was identified as a causative
yeast concurrent with M. pachydermatis in SD dogs [5].

In animals with severe and widespread lesions, sys-
temic ketoconazole (KTZ) and itraconazole (ITZ) are the
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most commonly used drugs with recommended doses of
5-10 mg/kg daily for up to 4 weeks [6-8]. Due to the recur-
ring disease caused by SD, routine antifungal administration
may possibly induce acquired resistance, leading to treatment
failure. In addition, SD dogs can potentially be a route for
zoonosis and nosocomial infection in circumstances where
healthcare workers have transmitted the drug-resistant yeasts
shared to human patients [9,10]. However, the absence of
standardized methodology and interpretative values for ani-
mal yeasts has limited the available data on antifungal sus-
ceptibility [11]. The aims of this study were to: (i) evaluate
the in vitro KTZ and ITZ susceptibility of M. pachydermatis
and C. parapsilosis from dogs with and without SD using
the CLSI M27-A3 broth microdilution method (BMD) and
CLSI M44-A disk diffusion method (DD); (ii) compare the
antifungal susceptibility levels between dogs with and with-
out SD; and (iii) assess the correlation of reference between
BMD and DD using an agreement analysis.

Materials and methods
Yeast strains

A total of 73 yeast strains were obtained from 45 dogs that
had been examined by private small animal hospitals in
Bangkok, Thailand from 2008-2011. Forty-five strains of
M. pachydermatis isolated from dogs without SD (n = 12)
and with SD (n=33) and 28 strains of C. parapsilosis
isolated from dogs without SD (n=13) and with SD
(n=15) were used. Dogs without SD were defined from
those who were less than six months of age, not atopic
predisposing breeds, lack of from ectoparasites and clinical
sign with normal skin and hair coat and untreated by ste-
roids for at least 3 months prior to collection. SD lesions
were defined based on clinical signs, including pruritus,
moistness, erythema, mal-odor or hyperpigmentation,
lichenification and self-induced alopecia [12]. Signalments
and histories of all dogs are shown in Table 1.

M. pachydermatis isolates were confirmed based on
morphology, lipid-independent properties, and the restric-
tion patterns by PCR-RFLP [13,14]. C. parapsilosis isolates
were characterized based on their morphological features,
including germ tube production, chlamydoconidia and blas-
toconidia production on corn-meal agar and the sugar fer-
mentation test [15]. The identifications were confirmed by
partial sequencing of ribosomal DNA using a primer set for
the internal transcribed spacer (ITS) located between ITS1
and ITS4 [16]. The DNA alignment and phylogenic analy-
sis were performed as previously described [5].

Screening for antifungal susceptibility

The disk diffusion method (DD) was performed according
to the guidelines of CLSI M44-A [17]. Mueller Hinton

agar (Difco™, USA) supplemented with 2% dextrose and
0.5 mg/l methylene blue was used as the basic media.
Commercial antifungal disks (Neo-Sensitabs, Rosco, Den-
mark) comprising itraconazole (ITZ), ketoconazole (KTZ),
nystatin (NYS), terbinafine (TERB) and 5-fluorocytosine
(5-FC) at concentrations of 8, 15, 50, 30 and 10 pg/disk,
respectively, were used. The inocula included C. parapsi-
losis after one day of growth and M. pachydermatis
after three days of growth on SDA and were adjusted to
0.5 McFarland standard absorption, which is equal to
approximately 1-5 X 10° CFU/ml. The results were deter-
mined based on the inhibition zone diameter after incubat-
ing at 35°C for 24-48 h (Candida species) and 48-72 h
(M. pachydermatis) [18]. The antifungal susceptibility
levels were interpreted according to the manufacturer’s
breakpoint guidelines [19].

Minimum inhibition concentration (MIC) determination

The MIC values against itraconazole (Sigma-Aldrich,
USA) and ketoconazole (Sigma-Aldrich, USA) were deter-
mined by the broth microdilution method (BMD) accord-
ing to the CLSI M27-A3 guidelines [20]. The antifungals
were dissolved in dimethyl sulfoxide (DMSO) (Merck
Sharp & Dohme Ltd, Herts, UK) and diluted with standard
RPMI-1640 medium with L-glutamine but without sodium
bicarbonate (Sigma Chemical Co., St Louis, MO, USA)
that was supplemented with 2% dextrose and buffered at
pH 7.0 with 0.165 morpholinepropanesulfonic acid
(MOPS) (Sigma Chemical Co., USA). The solutions were
serially diluted two-fold from 0.06-32 pg/ml. The inocula
included C. parapsilosis after one day of growth and
M. pachydermatis after three days of growth on SDA. The
inoculum sizes were adjusted to a final concentration of
approximately 2-3 X 10> CFU/ml using a spectrophotom-
eter at 530 nm and appeared 95% translucent when diluted
with RPMI media [21]. BMD was performed in 96-well
microtiter plates (Nunc, USA). Positive and negative con-
trols of yeast growth, including no antifungal drug and
sterile media, respectively, were included on each tested
plate. After incubating at 35°C for 48 h (Candida species)
and 48-72 h (M. pachydermatis), the MIC values were
determined by the unaided eye. The MICs and MIC,, were
analyzed using WHONET version 5.5. The BMD break-
points were interpreted according to the CLSI M44A.
[22-24]. The minimum fungicidal concentrations (MFCs)
were determined using a described standard [25].

Quality control

Both DD and BMD methods were validated at all
steps using the quality control strains C. parapsilosis
ATCC 22019 and C. albicans ATCC 90028 and also

© 2013 ISHAM, Medical Mycology, 51, 721-730



723

Comparing susceptibility levels of yeasts isolated from dogs

*9[0ZRUOJRI) “Z ][ $9[0ZBU0J0)Y “ZLY ‘SHNEWLIAP JIOYLI0qas ATepuodds ‘(SS ‘snneuop droytioqas Arewrnd ‘qSd

() smipaurtapuipnasd

seare [eueriad ‘uowopqe
[enuoA ‘uroIs ‘seare [eISIPINUI

oI “Iopo-Teur

‘eroadofe ‘uoneoyruayoI|
‘uonejuowsidrodAy
ISIOW JISAIS 0)

(@) 3nd

(1) Pa21q pXIN

() 1e1uEds 19000 ysiSug
(1) S15veg

(7) punoy jossegq

() srpood

1220201 ydni§ 8] 12 09U ‘9[ZzZNW ‘SILI JZI[RIOUID) QJBIOPOW JUALINOY ¢ ¢l S - (G) nz) yrys (12) Ass
(7) Po21q paXIN
(1) o13eag
(1) punoy jasseq
() a1pood
seare [eueniad ‘uswopqe (o)1 “JOpO-[eut
(L) smipautiapuipnasd [eIUQA ‘UI0I3 ‘seare [eIIIpIAUI PUIOYIAID ISTOUT QIIAJS
122000 ydpi§ 01 i YOouU ‘9[ZZNUI ‘SILd JZI[EIoUD) 0] 9JBISPOU JULINOY 1 o1 1 — () nz3 yIys (z1) asd
(€) arpood
ON  ON ON ON ON - - - €l (01) PR21q PXINL (€1) AWeoH
uonoJuI VAR VAD| SUOISQ[ JO SIS [BOTWOJEUY SUOIS| 1< 01-§ G-1 > poaxg s3op jo 'ID
[e119)0Bq JUALINOUOD)
a8esn Snip (s1eak) a8y
Jo K1I0ISTH

's30p PaJsa) [[e JO SALIOISIY pue sjuaweudiS | d[qeL,

© 2013 ISHAM, Medical Mycology, 51, 721-730



Yurayart et al.

quantitatively determined by cultivating on SDA after
unaided eye observation.

Statistical analysis and interpretation of results

Differences among the means of inhibition zone diameter,
MIC and MFC for M. pachydermatis and C. parapsilosis
between groups of dogs with and without SD were ana-
lyzed using the Student’s #-test. The Chi-square test was
used to compare the rates of susceptible (S), intermediate
(D) or susceptible dose-dependent (SDD) and resistant (R)
stains between these groups of dogs. P <0.05 was consid-
ered statistically significant. To assess the correlation
between the DD and BMD methods, the diameters of the
inhibition zone were plotted against the respective BMD.
MICs and statistical analysis were performed by linear
regression. The results were also analyzed in terms of the
agreement categorization as described by Vandenbossche
et al. (2002) [26]. The accuracy of determinations was
assessed using very major errors (VME; the number of
susceptible strains by DD that were considered resistant by
BMD in which the number of resistant strains according
to BMD was the denominator), major errors (ME; the num-
ber of resistant strains by DD that was judged as suscep-
tible by BMD in which the number of susceptible strains
according to BMD was the denominator) and minor errors
(M; the number of susceptible strains according to DD that
were evaluated as susceptible dose-dependent by BMD in
which the total number of tested strains was the denomina-
tor) [26].

Results

Using Mueller Hinton agar supplemented with 2% dex-
trose and 0.5 mg/l methylene blue, an inhibition zone could
be observed and verified based on the type of Candida
strain. All tested M. pachydermatis isolates were suscep-
tible to ITZ, KTZ, NYS and TERB but resistant to 5-FC
(100%). By contrast, C. parapsilosis exhibited intermedi-
ate and resistant percentages for KTZ (32% 1, 7% R),
TERB (14% 1, 7% R) and 5-FC (36% 1, 50% R) but all
tested C. parapsilosis isolates were sensitive to ITZ and
NYS. The results of the DD test, including the susceptibi-
lity levels and mean of inhibition zone diameter, are shown
in Tables 2 and 3.

By BMD, the MIC endpoint for C. parapsilosis could
be observed within 48 h post incubation, while that of
M. pachydermatis was observed at 72 h. All M. pachyder-
matis isolates from dogs without SD were susceptible to
KTZ and ITZ (MICs <0.03 pg/ml). SD-origin M. pachy-
dermatis was susceptible with an MIC that ranged from
<0.03-0.12 pg/ml. In addition, one and two isolates
derived from the SD group exhibited an intermediate and

susceptible dose-dependent level against KTZ and ITZ
(MIC = 0.25 png/ml), respectively.

C. parapsilosis from both groups showed a variation in
the MIC values against KTZ and ITZ. In dogs without SD,
eight KTZ-resistant strains (MIC ranging from 0.5-1 pg/ml)
were detected and two of them showed cross-resistance for
both KTZ and ITZ. The resistant rates or mean MIC values
for KTZ and ITZ were not significantly different between
dog groups with and without SD. Based on the BMD test,
the susceptibility levels and mean MICs were determined
and are summarized in Tables 2 and 3.

The MIC,, of all tested M. pachydermatis isolates was
similar to the MFC and thus could be used interchangeably.
The M. pachydermatis isolates from dogs with SD had
higher MFC ranges than those obtained from dogs without
SD at <0.03-0.5 pg/ml and <0.03 pg/ml, respectively.
There were three intermediate and one resistant M. pachy-
dermatis isolate in dogs with SD and six susceptible
dose-dependent strains for KTZ and ITZ, respectively.
Nevertheless, the MIC,,, of C. parapsilosis was lower than
the MFC but was still in the range of resistance for KTZ
and ITZ. The MICs and MFCs for M. pachydermatis and
C. parapsilosis are presented in Table 3.

The correlation between the DD and BMD results were
analyzed based on the values of the correlation coefficient
r and are shown in Fig. 1 and 2. By assessing the
agreement between the methods, the minor errors for
M. pachydermatis were only 2.2% and 4.4% for KTZ and
ITZ, respectively, while there were no VME or ME. For
C. parapsilosis, only 1% and 0.2% VME occurred for KTZ
and ITZ, respectively. The susceptibility levels to azoles
together with the error percentage between DD and BMD
are shown in Table 4.

Discussion

The present study expanded our previous study on the
frequency and distribution of canine skin yeasts at dif-
ferent stages of seborrheic dermatitis [5]. To treat myco-
ses, it is necessary to correctly identify the pathogen(s)
and subsequently choose the proper antifungal drugs.
Despite many available data on human yeast suscepti-
bilities, the availability of susceptibility data on animal
isolates is scant.

Since 1983, the CLSI, formerly the National Commit-
tee for Clinical Laboratory Standards (NCCLS), has
published documentation for the standard reference
microdilution methodologies for yeasts (CLSI, M27-A3)
and molds (CLSI, M38-A). Agar-based diffusion methods
such as DD (M44-A) and the E-test (ET) were also deve-
loped as a functional and simpler method and were
consistent with the CLSI standard reference [27-29].
However, these document guidelines are only relevant for

© 2013 ISHAM, Medical Mycology, 51, 721-730
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Table 3 Mean values for the inhibition zone diameter, MICs and MFCs for antifungal agents against clinical yeast isolates from healthy and seborrheic dermatitis dogs.

Mean values of minimum

fungicidal concentration

Mean values of minimum
inhibitory concentration (pLg/ml)

(ug/ml)

Mean values of inhibition zone diameter (mm) (SD)

Antifungal agent

Antifungal agent

Antifungal agent

KTZ 1TZ KTZ 1TZ KTZ 1TZ

NYS

5-FC TERB

Gr. of dogs

Organisms

0.034 0.03¢ 0.03"

0.03¢

56.3 (12.7)
52.6 (15.5)
22.6 (4.2)
243 (9.2)

72.4° (15.6)
48.3b (14.1)
31.8 (7.8)
33.7 (9.0)

31.5 (3.7)
32.5 (4.3)
24.1 (2.6)

24.4 (1.4)

130.4* (11.1)

0

Healthy (12)
SD (33)

Malassezia pachydermatis (45)

0.088" (0.130)
2.592 (5.95)
1.234 (4.09)

0.064¢ (0.101)
2.845 (5.86)
0.418 (0.36)

0.055¢ (0.058)
0.233 (0.346)
0.128 (0.072)

0.045¢ (0.045)
0.382 (0.401)
0.235 (0.251)

113.3% (15.0)

23.5 (10.0)
24.3 (9.8)

12.8¢ (13.0)
24.8¢8 (7.6)

Healthy (13)
SD (15)

Candida parapsilosis (28)

SD, seborrheic dermatitis; 5-FC, 5-fluorocytosine; TERB, terbinafine; NYS, nystatin; KTZ, ketoconazole and ITZ, itraconazole. * b.c,d.e fand &Statistically significant differences in the mean * SD

for the inhibition zone diameter, MICs and MFCs among the dog groups by Student’s #-test at P <<0.01. The same letters indicate statistically significant differences.

Candida species and Cryptococcus neoformans, but also
apply to Malassezia species and other emerging yeasts
[21,22,30].

Mueller Hinton agar supplemented with 2% dextrose
and 0.5 mg/l methylene blue was used for DD to allow
growth of C. parapsilosis and M. pachydermatis and
clearly presented an inhibition zone, except for KTZ and
ITZ. As mentioned in the manufacturer’s guidelines, the
zones of tested yeast growth could be partially inhibited
by these azoles disks. Our DD procedure was proposed to
perform susceptibility screening for M. pachydermatis and
C. parapsilosis in dogs.

In order to establish the susceptibility method for
Malassezia yeasts, various media were tested to replace
the standard RPMI 1640 recommended by the CLSI pro-
tocol, such as modified RPMI 1640 with lipid supplemen-
tation, modified Christensen’s urea broth, Sabouraud
dextrose broth with 1% Tween 80 and modified Dixon
broth [22,31-33]. The BMD methodology used to test
M. pachydermatis against various azoles followed that
described by Jesus and colleagues together with the guide-
lines of the CLSI, M27-A3 and used the breakpoints
for Candida species [34]. All lipid-free media allowed
sufficient growth and susceptibility observation within
48-72 h, and the validity of the methods was assessed in
parallel using reference controls. Since the age and con-
centration of the M. pachydermatis inocula were different
in various studies, we confirmed that M. pachydermatis
growth on day 3, equal to 2-3 X 10> CFU/ml, was the
proper inoculum [22,25,30]. A higher density (1-5 X 10°
CFU/ml) should be recommended for lipid-dependent
Malassezia species [31]. Therefore, an overly dense M.
pachydermatis inoculum might yield an over incidence of
antifungal resistance [33,35-37].

In this study, the scatter diagrams and the statistical
analysis using linear regression could not explain the cor-
relation between the CLSI MICs and inhibition zone diam-
eters due to a lack of diversity among the susceptibility
levels of M. pachydermatis. Therefore, a detection of errors
or percentages of agreement were more appropriate, as
recommended by the CLSI M23-A2 and a previous study
[38]. Regarding the FDA criteria for acceptable categorical
agreement, there was an excellent correlation between
BMD and DD for M. pachydermatis and C. parapsilosis
with=1.5% VME and =3% ME [39]. Thus, DD may be
useful for clinical screening of antifungal susceptibility
against M. pachydermatis and C. parapsilosis in animals.
Regarding the DD results for MICs and MFCs, there was
99% agreement, which highlights the concordance and
relationship between these methods. Herein, the CLSI
document guidelines of Candida species could be
employed and assessed for M. pachydermatis but an
extended incubation time was essential (72 h). The

© 2013 ISHAM, Medical Mycology, 51, 721-730
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Table 4 Summary of azole susceptibility levels and percentages of error detected between DD and BMD in clinical yeast isolates from Thai dogs.

% of results in each

category® (no. of strains) % Error®
Antifungal agent Organism Test method* SDD R VME ME M
1TZ Malassezia pachydermatis DD 100 (45/45) 0 0 0 0 4.4 (2/45)
MIC 95.6 (43/45) 4.4 (2/45) 0
Candida parapsilosis DD 96.9 (31/32) 3.1 (1/32) 0 1(1/1) 0 21.9 (7/32)
MIC 78.1 (25/32) 18.8 (6/32) 1
KTZ Malassezia pachydermatis DD 100 (45/45) 0 0 0 0 2.2 (1/45)
MIC 97.8 (44/45) 2.2 (1/45) 0
Candida parapsilosis DD 46.9 (15/32)  46.9 (15/32) 6.2 (2/32) 0.2 (2/10) 0 25 Aug-32
MIC 40.6 (13/32)  28.1(9/32)  31.3(10/32)

“traconazole and ketoconazole disk diffusion testing was performed according to CLSI method M44-A, and the broth microdilution method MIC testing
was performed according to CLSI method M27-A2. "The itraconazole susceptibility categories are as follows: S, susceptible; SDD, susceptible dose-
dependent; R, resistant. “Percentage of error detection was calculated and described as follows: VME, very major errors; ME, major errors; M, minor

€ITors.

though the resistant rates between groups of dogs did not
exist, M. pachydermatis strains that originated from dogs
with SD had a significantly reduced mean inhibition zone
diameter against KTZ (48.3 mm) and TERB (113.3 mm)
compared to those of dogs without SD (72.4 and
129.5 mm, respectively) (P <<0.001). The high resistant
rates of canine C. parapsilosis for KTZ, TERB and 5-FC
were detected by DD. Our results were consistent with
those in human isolates, but there are no available data on
animal-origin Candida species for comparison [42].
Generally, KTZ and ITZ are the routine antifungal drugs
for canine seborrheic dermatitis, and their MIC values
could be reliably used rather than values obtained by DD.
Most M. pachydermatis isolates were highly susceptible to
KTZ and ITZ at MICs <0.03 pg/ml, which is consistent
with previous reports [4,21,24,30,32-34]. The MIC values
of Candida species and M. pachydermatis from dogs with
SD were significantly higher than those in dogs without
SD. To date, only one strain of M. pachydermatis that was
resistant to KTZ and ITZ was isolated from a dog with SD
(KTZ MIC =1 pg/ml, ITZ MIC =2 pg/ml) [32]. Since the
breakpoints for Malassezia species have not been estab-
lished, the MIC,, and MIC,, of M. pachydermatis repre-
sent a reliable level instead of the breakpoint criteria. In a
previous study, KTZ- and ITZ-resistant canine M. pachy-
dermatis was defined for isolates with values over the
MIC,, or MIC,, and was detected in both groups of dogs
with a higher number of resistant strains among dogs with
lesions (12.5% for KTZ-resistant and 9.4% for ITZ-
resistant). However, the incidence was possibly higher than
expected when compared to CLSI interpretative break-
points (KTZ; MIC,, = 0.016 pg/ml, MIC,, = 0.03 pg/ml,
ITZ; MIC,,<0.008 pg/ml, MICy, <0.008 pg/ml) [33].
Regarding zoonotic transmission, resistant strains of
non-albicans Candida species, Trichosporon species,
Malasseizia species and Rhodotorula species are the

important causes of nosocomial infection [43]. Over 50%
of strains with intermediate and KTZ/ITZ-resistance and
an MIC ranging from 0.25-1 pg/ml and MFC ranging from
0.25 — 16 pug/ml were detected among the tested C. parap-
silosis strains from dogs with and without SD. The results
suggest a source of infection because 6 — 23% of the KTZ-
and ITZ-resistant C. parapsilosis strains were recovered
from both groups of dogs.

Because of insignificant in vitro resistant levels between
dogs with and without SD, the evolution of resistance is
difficult to access by in vivo and needed a monitoring of
yeast population over time in patients undergoing antifun-
gal therapy [44]. However, the history of antifungal use in
each group was not recorded, and thus this hypothesis
should be further examined in future follow-up studies. In
addition, resistant progression was suggested the continu-
ing exposure to sub-therapeutic concentration of antifungal
drugs associated in resistant development in M. pachyder-
matis [45].

Our previous study clearly demonstrated that at the
stage of primary lesions in seborrheic dermatitis, dogs
were coexisting infected with over 1000 times of C. parap-
silosis and 100 times of M. pachydermatis number [5].
Therefore, the diagnosis and treatment of yeast-associated
canine dermatitis should be reconsidered. In cases of pri-
mary lesion SD, itraconazole may be a more appropriate
antifungal choice because of the emergence of KTZ-
resistant C. parapsilosis.

In conclusion, the clinical canine M. pachydermatis
strains isolated from dogs with and without SD demon-
strated in vitro susceptibility to all antifungal drugs tested
except 5S-FC whereas KTZ- and ITZ-resistant C. parapsi-
losis were found by BMD. However, the effectiveness of
clinical therapeutic decisions based on these data would
best be assessed by follow-up after treatment. There
was very good agreement between CLSI DD and BMD,

© 2013 ISHAM, Medical Mycology, 51, 721-730
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indicating the reliability of these methods for antifungal
susceptibility in dog-origin yeasts.
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