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SUMMARY — Mycological analysis is considered the gold standard in the diagnosis of very com-
mon fungal diseases of nails. The purpose of the article is to present the prevalence of onychomycosis
obtained by using direct microscopic examination (DME) and cultivation on Sabouraud media with-
out cycloheximide. The quantitative retrospective research was conducted on 2706 patients of both
sexes (mostly middle-aged to elderly) with various toenail lesions, who had undergone mycological
analyses in the Mycological Laboratory of our Department of Dermatovenereology in 2013 and 2014.
Analysis of the results obtained revealed that there were 35.4% of positive DME results; of these, there
were 39.2% of dermatophytes, 59.1% of yeasts and 1.7% of molds. The percentage of dermatophytes
(Trichophyton spp.) was twice as high in men as in women. A considerable percentage (12%) of mixed
isolates was also observed. Particularly worrisome was the high percentage (one-third) of suppressed
and insufficiently developed dermatophytes (a possible indicator of inappropriate preparation of pa-
tients for mycological analysis). Cultivation on culture media without cycloheximide requires frequent
inspections because of the fast-growing molds while not allowing sporulation for a great number of
dermatophytes. However, it has certain advantages, i.e. it offers an insight into the wide range of
the present fungi. As part of the biofilm, they can be potentially pathogenic in dystrophic nails
under certain circumstances because, according to our results, the percentage of dermatophytes
does not change substantially with aging; however, what does change is the percentage of molds, yeasts
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and mixed isolates.
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Introduction

Mycological analysis of toenail samples account for
a large percentage of all the requested mycological
tests in dermatovenereological laboratories. Their pur-
pose is to establish, isolate and identify the causative
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agents of onychomycosis (OM), supervise the success-
ful progress of antimycotic therapies and rule out oth-
er pathological processes on toenails.

Onychomycosis is nail infection caused by kerato-
lytic dermatophytes (specifically, zinea unquium)* from
the genera Trichophyton, Microsporum and Epider-
mophyton, yeasts (mostly Candida (C.) albicans, C. trop-
icalis, C. pseudotropicalis, C. parapsilosis, C. krusei)* and
non-dermatophyte molds’, such as Scopulariopsis
brevicaulis, Onychocola canadensis, Scytalidium spp., Fu-
sarium spp., Aspergillus spp., and many others*’.
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Based on clinical features of suspected OM, a phy-
sician will request mycological analysis. In Croatian
laboratories, the gold standard® refers to the direct mi-
croscopic examination (DME), usually using a 10%-
30% potassium hydroxide (KOH) and cultivation on a
modified Sabouraud medium (with the addition of
antibiotics such as chloramphenicol and gentamicin),
with or without cycloheximide, which prevents the
growth of certain strains of non-dermatophyte molds
and yeasts™*’. It is a primary medium for isolation of
pathogens the identification of which relies on the
knowledge of the macroscopic and microscopic char-
acteristics of the grown colonies. Despite the fact that
the culture media without cycloheximide have some-
what lost their appeal due to the inability of certain
dermatophytes to sporulate, our experience suggests
that they can be useful not exclusively for primary ster-
ile samples.

'The purpose of this article is to provide an insight
into the share of dermatophytes, yeasts and non-der-
matophyte molds as potential pathogens in OM,
grown on Sabouraud agar without cycloheximide, as
well as the prevalence of positive and negative results
of DME, and grown isolates, according to patient sex
and age.

Patients and Methods

Patients

This retrospective study included examining the
protocol books of the Department of Dermatovenere-
ology, Sestre milosrdnice University Hospital Centre
in Zagreb, specifically, the entries related to mycologi-
cal analyses carried out over two years (between Janu-
ary 1,2013 and December 31, 2014). Nail samples of
2706 patients were analyzed.

Methods

Ethical approval from the Sestre milosrdnice Uni-
versity Hospital Centre Ethics Committee (EP-
11203/15-2) and written informed consent from all
patients (including parents or guardians for children)
for participation in the study were obtained.

Sampling

After thorough visual examination of damaged
nail/nails, a sterile instrument (a scalpel, curettes of
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various diameters, tweezers) was used to remove the
part of damaged tissue with the highest number of live
pathogens. The removed material was chopped up and
placed on a slide for DME. A sterile metal spike was
used to inoculate part of the specimen (minimum of
10 inocula) onto the nutrient agar (a Sabouraud me-
dium without cycloheximide, Becton-Dickinson,
Franklin Lake, US), that was incubated at room tem-
perature for 14 days.

Preparation for DME
One or two drops of 10% KOH were added to the

specimen on the slide, covered with a cover glass
(22x22 mm), heated over a burner (based on our more
than 20-year experience) for a few seconds and, using
a finger cushion, gently thinned down to the thickness
required for the preparation (a single layer of epithelial
cells). Upon cooling down, the preparation is observed
under a light microscope (Olympus BX41, Olympus,
Tokyo, Japan) at low magnification (10x10), searching
for fungal elements among/on the epithelial cells. If
hyphae (septate, non-septate) or various forms of
spores are found and then confirmed at higher magni-
fication (10x40), it is considered a positive DME re-
sult, whereas the potential artifacts that can resemble
fungal elements, such as ‘mosaic fungus’, drops of fat,
fibers of varied diameters and small crystals, are con-
sidered a negative result.

Cultivation and identification of grown colonies

During 14-day incubation at room temperature, on
days 5, 10 and 14 of culture inoculation, the grown
colonies were inspected on Sabouraud agar (without
cycloheximide). The colony growth rate, shape, surface
texture, color and background color were monitored. A
small part of the aerial mycelium containing a fertile
structure was placed on the slide with a metal inocula-
tion spike and was examined under the microscope us-
ing 10% KOH (based on experience). The shapes of
hyphae, their thickness, color, septation status, pres-
ence of chlamydospores, microconidia and macroco-
nidia, their shape, membrane thickness, their mutual
relationship and their relationship with the conidio-
phore to which they were attached were examined at
high magnification (10x40, Olympus BX41, Olympus,
Tokyo, Japan). Based on consolidated morphological

data, the genus and species of the grown colonies are
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identified. Additional identification tests (sub-cultiva-
tion on selected media and biochemical tests) were not
carried out.

'The results were interpreted as follows:

culture negative — no growth on the nutrient agar;

Candida sp. — abundant growth of unidentified
Candida species;

Candida sp. 1 colony — scanty growth or a single
colony of unidentified Candida species;

Trichophyton mentagrophytes —well-developed colo-
ny of dermatophytes with clear morphology of fertile
structure that enables identification down to the spe-
cies level;

molds — growth recorded in 2 or more species of
mold from the same nail sample, identification not
carried out;

Trichophyton sp. — moderate growth of dermato-
phytes the fertile structure of which is either not de-
veloped enough to enable positive identification of
species or displaying signs of pleomorphism; sterile
mycelium;

Trichophyton sp. suppressed growth — very weak
and scanty growth; sterile mycelium; and

Scopulariopsis brevicaulis — abundant growth in pure
culture (or monoculture) of identified mold.

Data analysis

'The data obtained were processed using SPSS v. 17
statistical software and descriptive statistics methods.
The prevalence, figures and percentages of isolates
were presented graphically.

Results

Patient distribution according to sex and age

'The research included toenail samples of 2706 pa-
tients with suspected OM. Most of the patients were
female, 1715 (63.4%) versus 991 (36.6%) male. The pa-
tients were distributed in six age groups of 0-6, 7-12,
13-18, 19-40, 41-65 and >65 years. The 41-65 age
group accounted for almost 50% of patients; almost
one-third of them (32%) were in the >65 age group,
15% were aged 19-40, only few were younger.

DME results

Direct microscopic examination results were posi-
tive in 957 (35.4%) samples. Positive microscopic re-
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sults were slightly more common in men (39.8%) than
in women (32.8%). The prevalence of positive DME
results increased progressively with patient age and
was highest in patients aged >65.

Cultivation results

Fourteen days after the sample had been inoculated
onto Sabouraud agar, the culture media remained ster-
ile in 1359 (50.2%) cases, although 20.3% of them
were DME positive. The positive cultures were pre-
dominated by molds, followed by various Candida spe-
cies, either in pure (166 samples) or in mixed culture
with other molds or dermatophytes (128 samples). As
for dermatophytes, Trichophyton spp. was isolated in
most cases (with Trichophyton mentagrophytes having
the highest frequency as it was identified in 73 sam-
ples). As many as 97 samples of Trichophyton spp.
manifested suppressed growth; a partly developed aer-
ial mycelium was identified in 90 samples. Growth of
potentially pathogenic non-dermatophyte molds was
recorded for Scopulariopsis brevicaulis (n=5), Aspergillus
spp. (n=3) and Fusarium spp. (n=3) (Fig. 1). Of all

positive culture results, 33.3% were DME negative.

Cultivation results according o the share
of dermatophytes, yeasts and molds

Dermatophytes

In this study, only the genus Trichophyton spp. was
isolated, of which only one-third of the samples were
identified well (the most frequent being Trichophyton
(T.) mentagrophytes, plus a low percentage of T rubrum
and T wiolaceum). Trichophyton spp. (their growth be-
ing either suppressed or identified only down to the
genus level) accounted for the remaining two-thirds
(Fig. 2). Its overall distribution by age groups did not
exhibit any relevant differences in patients who were
not adolescents (Fig. 3). However, separate analysis of
the suppressed growth revealed a tendency of the sup-
pressed Trichophyton spp. to decrease with patient age.

Yeasts

Yeasts were a very common isolate on culture me-
dia without cycloheximide, their main representative
being Candida spp. It equally grew in pure culture
(39.52%) and combined (38.57%) with molds (more
often) and dermatophytes. It also exhibited progressive
growth with patient age (Figs. 4 and 5) and had the
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Fig. 1. Prevalence (n) of isolates on Sabouraud agar (Becton-Dickinson) without cycloheximide.
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Fig. 2. Prevalence (%) of isolated dermatophytes (n=297).

highest frequency in patients aged >65. One-fifth ~ Molds
(21.9%) of the isolated Candida spp. exhibited very As the molds growing in pure culture can be con-
scanty growth. sidered potentially pathogenic, their identification was
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Fig. 5. Distribution (%) of mixed isolates according to age.

carried out. The most frequent isolates were Scopulari-
opsis brevicaulis (38.46%), followed by Aspergillus spp.
and Fusarium spp. in similar percentages (23.07%).
Pure culture molds appeared only in the 19-40 age
group and their presence grew progessively with age
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Fig. 6. Distribution (%) of grown molds in pure culture
according fo age.

(Fig. 6), unlike unidentified molds that were present in
all age groups, although they showed a trend of grow-
ing with patient age.

Cultivation results according to patient sex

'The lower percentage of negative cultures in men
(44.5%) compared to women (53.5%) was accompa-
nied by a higher percentage of the total of isolated der-
matophytes (almost double). The percentage of Tricho-
phyton spp. exhibiting a suppressed growth was some-
what higher in men than in women. In women, on the
other hand, the rather rare Trichophyton spp.,such as T
rubrum and 1. violaceum, were isolated. No major dif-
ferences were observed in other categories (Fig. 7).

Discussion

'The diagnosis of OM as a pathologic nail condition
caused by a wide range of etiologic agents (from kera-
tolytic dermatophytes to yeasts and molds) is based on
visualization of the agent itself using direct microscop-
ic examination, and its cultivation, isolation and iden-
tification on one of the available culture media.

The first information on a potential fungal infec-
tion a clinician obtains upon requesting mycological
analysis are DME results. Some authors estimate that
DME results are false-negative in 5%-15% of cases’,
depending on the method used. The most frequently
used clearing reagent is a KOH solution, in concentra-
tions varying from 10%’ to 40%*%°, depending on the
thickness of keratin sample and length of preparation.

In our study, positive DME results were obtained
in 35.4% of cases, somewhat more frequent in men

Acta Clin Croat, Vol. 57, No. 4, 2018
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Fig. 7. Prevalence (%) of individual groups of isolates according to gender.

than in women, which corresponded to the higher fre-
quency of negative cultures in women (53.5%) than in
men (44.5%). Women accounted for almost two-thirds
of patients (63.4%), indicating that they tend to seek
medical help more often (probably for aesthetic rea-
sons) and are more concerned about damaged nails
than men', notwithstanding that their percentage of
isolated dermatophytes was twice lower (8.0%) that
found in men (15.9%).

According to the literature', most OM (as much as
90%) are caused by dermatophytes, whereas the re-
maining OM are caused by yeasts and non-dermato-
phyte molds. In the past years, however, there have
been growing indications that certain species of mold
also contribute substantially to the pathogenesis of
OM, such as Scopulariopsis brevicaulis and Scytallidium
spp., believed to cause keratolysis*!. Varying inci-
dence of non-dermatophyte molds (NDM) can be
found in the literature, e.g., less than 1% (The Nether-
lands), 2.78% (Morocco), 4.8% (Argentina), 7% (Esto-
nia), 12.4% (Columbia), 25% (Pakistan), 59.4%
(Egypt), and 84.7% (Korea)'?". These differences can
largely be attributed to climate and geographic charac-
teristics; the highest percentage of the reported NDM
isolates come from tropical and subtropical countries®.
In our research, the molds that grew in pure culture
and were thus identified as a potential pathogen made
up 1.7% of all isolates. The one that occurred most fre-
quently was Scopulariopsis brevicaulis (38.5%), followed
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by Aspergillus spp. and Fusarium spp. After the 10-year
research conducted by the Croatian Reference Labo-
ratory for Dermatological Mycology and Parasitology,
it was established that the prevalence of NDM, spe-
cifically Aspergillus spp., was 1%, which is similar to
our results'’.

One of the reasons for variations in the percentage
of isolates in the research conducted around the world
is the lack of a standardized methodology’, both for
preparation of DMEs and for selection of the cultiva-
tion medium. The media with cycloheximide (Aczidi-
on®) do not allow growth of some species such as
Scopulariopsis brevicaulis, Aspergillus spp., C. tropicalis,
C. pseudotropicalis and C. crusei’. On the other hand,
the media without cycloheximide enable growth of
the fast-growing molds that can grow over and cover
the slow-growing dermatophytes in as many as 20%
of cases’. Since modified Sabouraud media without
cycloheximide are used in our clinical practice, a high
percentage of mold growth (46.3%) was recorded and
we can assume that they also contained some hidden
dermatophytes. However, such correlation with posi-
tive DME results is an indication for a clinician that
another mycological analysis should be performed
after topical therapy and pedicure. Some of these
problems would be solved with the use of Littman
Oxgall agar, which reduces the growth of fast-growing
molds*’, despite its rather low susceptibility (only
23%)%.
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There is also an increasing growth of mixed infec-
tions of dermatophytes with non-dermatophyte iso-
lates, ranging from 5% to 11%". At the same time, the
presence of various species in biologic samples has
been confirmed by the experimental methods of im-
munohistochemistry and flow cytometry*’. However,
debate whether these are co-pathogens or merely colo-
nizers of nail lesions by dermatophytes is still ongoing.
The percentage of mixed cultures (combinations of
dermatophytes with Candida spp. and Candida spp.
with molds) was 12% and should not be neglected,
particularly if the patient is an immunocompromised
person, a diabetic or a person receiving hemodialysis?.
Similar is in the case of Rhodotorula spp., which, in
principle, is not considered pathogenic. However, since
it is associated with catheter-related biofilm infec-
tions?, it is reported in our findings. It is presumed that
dermatophytoma, a thick, dense network of fungal ele-
ments located in subungual spaces between the nail
plate and nail bed, is an ideal site for biofilm infec-
tion*.. By many of its characteristics, OM resembles a
biofilm infection; these are long-term, recurring infec-
tions resistant to therapies. Also, the nail plate prevents
their desiccation, thus preserving a high percentage of
moisture’. Just like the biofilm site should be elimi-
nated in cases of biofilm infections, many authors be-
lieve that OM can be cured only by avulsion (mechan-
ical, chemical or surgical) of the nail**#, together with
combined systemic and topical therapies. Since thera-
py is usually painstaking and lengthy (from three
months with a systemic antimycotic to 18 months
with topical therapy)®**61!
be paid to the factors which are important for reaching
an accurate diagnosis. One of them is to prepare the
patient (in order to reduce the number of false-positive
and false-negative results) and the other is to stan-
dardize the criteria for deciding whether an isolate is
pathogenic or not.

, particular attention should

Ideally, a sample should be inoculated onto both
types of culture media (with and without cyclohexi-
mide)*”?182 and the pathogenic nature of an isolate
should be confirmed by successive sampling and culti-
vation”®!1, The duration of the recommended succes-
sive sampling ranges from a few (2-5) days® to two
months’. Also, there are numerous differences in the
length and temperature (from room temperature to 30
°C) of culture incubation. Whereas some authors rec-
ommend protocols with two-week incubation'’, others
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think that incubation should be extended to three*%°24

four18,20,25

, or five weeks??. Some authors believe that
most dermatophytes grow within two weeks, and four-
week incubation is recommended for 7. wverrucosum
and Onychocola canadensis mold (a common causative
agent of OM in northern Europe and America)’.
However, for successful outcome of mycological
analysis, most important is appropriate preparation of
the patient and correct sampling technique. This
should include restraining from any therapeutic prepa-
rations, but also from cosmetic and alternative prepa-
rations (the ingredients of which could affect the
growth and morphology of fungi), such as essential
oils, vinegar solutions, citric acid (reducing pH to a
level far from optimal for cultivation) and other rem-
edies from the medicine chest®. The restraint period
upon completion of antimycotic therapy recommend-
ed in the literature varies significantly from five days®
to four weeks'®, and as long as four months®. The re-
straint period recommended to patients in our labora-
tory is seven days; however, it is difficult to verify to
what extent the instructions are really followed. Sup-
pressed growth of dermatophytes (obtained in one-
third of our cases), partially developed dermatophytes
(one-third) and scanty growth of Candida spp. (one-
fifth) indicate remaining traces of some active sub-
stances. It could be speculated that a significant part of
DME positive findings with negative-culture outcome
(20.3%) was the result of nonviable fungal filaments.
The percentage of isolated molds and mixed iso-
lates grows progressively with patient age, which can
be explained by two factors. One is comorbidity of
chronic diseases in elderly patients caused by reduced
immunity, poor peripheral circulation and innervation
of feet (e.g., in case of diabetes), which, in turn, is con-
nected with toenail dystrophy?**?%. The other one is
elderly people’s inability to take appropriate care of
their toenails themselves, which significantly decreases
the quality of life and psychological state of these pa-

tients??-3!

. In order to reduce the percentage of molds
considered contaminants, it is recommended to advise
elderly and disabled persons with neglected toenails to
undergo professional pedicure 7 to 14 days before
sampling and then to restrain from using topical prep-
arations until mycological analysis. In such case, the
isolate that meets the criteria for NDM can be consid-

ered pathogenic and should be eradicated.
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Compared to the above mentioned ten-year retro-
spective study by the Croatian Reference Laboratory
for Dermatological Mycology and Parasitology that
identified 80% of dermatophytes, 19% of yeasts and
1% of NDM, the ratio in our research was somewhat
different, i.e. yeasts 59.1%, dermatophytes 39.2%, and
NDM 1.7%. The higher percentage of Candida spp.
can be explained by cultivation on the media without
cycloheximide, enabling growth of a wider spectrum of
yeasts. Although tinea unguium can be caused by der-
matophytes of the genera Trichophyton, Epidermophy-
ton and Microsporum, only Trichophyton spp. was iso-
lated in those two years. The most common species was
T mentagrophytes. According to the literature, the
number of OM grows progressively with age®. In our
case, the percentage of Trichophyton spp. above age 13
showed no major departures (it varied from 10% to
11.7%). However, a progressive growth of yeasts, mixed
isolates and molds was observed. In our study, there
was no increase in the incidence of 7" rubrum™. How-
ever, we can suppose that some 7. rubrum were ‘hidden’
in the categories of suppressed and partly identified
Trichophyton spp. because this species is associated
with deep, long-term OM?* likely to have been treated
with some remedy already.

Although OM is a relatively benign disease and
rarely causes complications, it may have great impact
on the patient psychological state and quality of life?”
31, Thus, successful treatment of this disease based on
suitable diagnosis can be very important for the pa-
tient.

Conclusions

The study sample included 2706 patients, two-
thirds of them women. Almost half of the patients
were between 41 and 65 years of age and almost one-
third were aged >65. DME results were positive in
35.4% of cases (somewhat more frequent in male pa-
tients) and increased progressively with age.

Two hundred and ninety-seven (39.2%) dermato-
phytes, 447 (59.1%) yeasts and 13 (1.7%) molds grown
in pure culture were isolated by cultivation. Consider-
ing their distribution according to sex and age, a high-
er percentage of dermatophytes was observed in men
(mostly regardless of age). Sex distribution of yeasts
and molds was relatively even, however, showing a ten-
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dency to increase with patient age, and so did the inci-
dence of mixed isolates.

A particularly interesting result of this research was
a high percentage of suppressed (almost one-third)
and incompletely identified (more than one-third)
dermatophytes, and scanty growth of Candida spp.
(around one-fifth), which could be a consequence of
inappropriate patient preparation for mycological
analyses.

Our results showed that choosing a culture medi-
um without cycloheximide resulted in a higher per-
centage of isolated molds and yeasts and, consequently,
a higher percentage of mixed isolates that could indi-
cate biofilm infection of toenails.
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Sazetak

UCESTALOST ONIHOMIKOZE NA PODRUCJU ZAGREBA - ULOGA SABOURAUD AGARA
BEZ CIKLOHEKSIMIDA U DIJAGNOSTICI I TERAPIJI

S. Mendek, L. Lugovic-Mihic, I Fercek, 1. Japundzic, M. Situm i M. Abram

Mikoloska obrada smatra se zlatnim standardom pri dijagnosticiranju vrlo Cestih gljivi¢nih bolesti noktiju i predstavlja
temelj za propisivanje antimikoti¢ne terapije. Cilj ovoga rada bio je ispitati ulestalost onihomikoza na temelju izrade izrav-
nog mikroskopskog preparata i kultivacije uzoraka na Sabouraud podlogama bez cikloheksimida. Provedeno je kvantitativno
retrospektivno istrazivanje na 2706 ispitanika oba spola kojima je u¢injena mikoloska obrada zbog razli¢itih vrsta o$tecenja
noktiju stopala tijekom 2013. i 2014. godine u Mikoloskom laboratoriju Klinike za kozne i spolne bolesti Klini¢koga bolni¢-
kog centra Sestre milosrdnice u Zagrebu. Analizom dobivenih rezultata utvrdeno je 35,4% pozitivnih izravnih mikroskop-
skih preparata i izolirano 297 (39,2%) dermatofita, 447 (59,1%) kvasnica i 13 (1,7%) plijesni kao potencijalnih uzro¢nika
onihomikoza. Dermatofiti (7richophyton spp.) nadeni su u dvostruko vecem postotku kod muskog spola. Primijecen je i visok
postotak mijesanih izolata (12%). Narocito zabrinjava visok postotak suprimiranih (jedna tred¢ina) i nedovoljno razvijenih
dermatofita, $to se moze tumaciti kao pokazatelj nedostatne pripremljenosti bolesnika za mikolosku obradu. Iako kultivacija
na hranjivim podlogama bez cikloheksimida zahtijeva ucestalu inspekciju zbog brzorastuéih plijesni, ona ipak nosi odredene
prednosti. Prvenstveno pruza uvid u $iri spektar prisutnih gljiva koje, kao dio biofilma u o$teenim noktima, mogu biti
potencijalno patogene u odredenim okolnostima. Naime, prema nasim rezultatima, sa starenjem populacije ne mijenja se
znalajno postotak dermatofita, nego se mijenja postotak plijesni, kvasnica i mijeanih izolata.

Klju¢ne rije¢i: Mikoloska analiza; Onibhomikoze; Dermatofiti; Nokti; Biofilmovi; Nedermatofitne gljive
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