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Abstract

Background: Onychomycosis is the most common disease
of the nails. Objective: This retrospective study aimed at
evaluating the epidemiology of onychomycosis in adult pa-
tients in South Greece during the 2015-2017 period. Mate-
rial and Methods: A total of 3,226 patients with clinical signs
of possible onychomycosis were included. Diagnosis was
confirmed by microscopy with KOH 20% and by culture in
Sabouraud agar with and without actidione. Results: Diag-
nosis of onychomycosis was confirmed in 27.99% of the pa-
tients. Men were infected more often (40.04%) than women
(23.30%). Toenails (68.77%) were infected more than finger-
nails (31.23%) in both sexes. Onychomycosis in fingernails
was more common among women (39.74%) than men
(18.51%). Men were more often diagnosed with onychomy-
cosis in toenails (81.49%) than women (60.26%). Dermato-
phytes were the most frequently isolated fungi (34.11%), fol-
lowed by Candida (29.79%) and non-dermatophyte molds

(NDM) (7.20%). In fingernails, the most frequently isolated
fungus was Candida spp. (84.04%), followed by dermato-
phytes (3.55%) and NDM (0.71%). In toenails, dermatophytes
(47.99%) were more commonly identified, followed by NDM
(10.14%) and Candida spp. (5.15%). Conclusion: Onychomy-
cosisin Greece follows a pattern of higherincidence in males,
with toenails more frequently infected with T. rubrum and
fingernails more frequently infected with C. albicans in the

present era. © 2019 S. Karger AG, Basel

Introduction

Onychomycosis is a chronic fungal disease that can af-
fect toenails and fingernails [1]. This infection is usually
caused by dermatophytes, yeasts, and non-dermatophyte
molds (NDM) [2]. The incidence of onychomycosis is up
to 50% of all infections of the nails [3] and 30% of super-
ficial fungal infections of the skin [1, 2, 4]. Onychomyco-
sis appears to be a variable entity that presents in different
forms worldwide with varying frequency [5, 6].
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Fig. 1. Pathogens identified in fingernail onychomycosis: C. albi-
cans 82.6%, C. parapsilosis 1.8%, T. rubrum 3.2%, T. interdigitale
0.3%, Acremonium spp. 0.3%, F. oxysporum 0.3%; culture negative
11.4%.

Materials and Methods

Study Population

A retrospective study was carried out during the period
01/01/2015 to 31/12/2017 based on files of patients who visited the
outpatient clinic of hospital “Andreas Syggros” (Athens, Greece),
with clinical signs of possible onychomycosis. The study protocol
was approved by the ethics committee of the hospital.

There were 3,548 visits recorded during this period. After ex-
cluding patients with multiple visits, there remained 3,226 adult
patients (904 men and 2,322 women) who were evaluated for a
possible onychomycosis.

Collection

The material was collected from the area of the lesion of the af-
fected nail. Patients were informed that they should not have re-
ceived any systemic antifungal therapy or topical antifungal ther-
apy, and their nails had to be uncut and not dyed.

Microscopy
Direct microscopy was performed with KOH 20%.

Culture

The culture of the intake material was performed in Sabouraud
agar with and without actidione (incubation at 25 + 2 °C for 25
days). Subsequently, the identification of the growth fungus was
made in accordance with its macro- and microscopic characteris-
tics. The evaluation of the result was done by taking into account
the culture in combination with the microscopy.

Positive diagnosis for onychomycosis was determined (i) in
cases of the existence of hyphae and spores in direct microscopy,
(ii) in cases that direct microscopy and culture were both positive,
and (iii) in cases of positive culture.

NDM were considered significant if they had positive direct
microscopy and were isolated 3 times in culture.

Candida spp. were considered as secondary pathogens if they
were isolated with dermatophytes or NDM.
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Fig. 2. Pathogens identified in toenail onychomycosis: T. rubrum
42.7%, T. interdigitale 6%, S. brevicaulis 4.1%, Acremonium spp.
3.4%, F. oxysporum 1.3%, C. albicans 5.1%, C. parapsilosis 0.2%;
culture negative 37.1%.

Results

Of 3,226 patients with clinical signs of possible ony-
chomycosis, the diagnosis was confirmed in 903 (27.99%).
Direct microscopy was positive in 28.68%, culture in
12.62%, and both direct microscopy and culture were
positive in 58.69%. Of these patients, 2,322 (71.98%) were
females, and the diagnosis was confirmed in 541 (23.30%);
904 (28.02%) were males, and the diagnosis was con-
firmed in 362 (40.04%). Toenails (621, 68.77%) were in-
fected more often than fingernails (282, 31.23%) in both
sexes. Onychomycosis in fingernails was more common
among women: 215 women (39.74%) versus 67 men
(18.51%). In contrast to the results shown above, a higher
percentage of men had onychomycosis in toenails 295
(81.49%) compared with women 326 (60.26%).

The species most frequently diagnosed in both sexes
were dermatophytes (34.11%), followed by Candida
(29.79%) and NDM (7.20%). Only 0.22% were diagnosed
with mixed infection. Specimens diagnosed by microsco-
py with failure to identify the species in culture comprised
28.68% of the sample. Of the cases with infected nails by
dermatophytes, 270 patients (87.66%) were infected by
Trichophyton rubrum and 38 patients (12.34%) by Tricho-
phyton interdigitale. In cases with Candida infections, the
most isolated species was C. albicans in 263 patients
(97.77%). Regarding NDM, Scopulariopsis brevicaulis (25,
38.46%), Acremonium spp. (22, 33.85%), and Fusarium
spp. (9, 13.85%) were the most frequently isolated.

In fingernails, the most frequently isolated fungus was
Candida in 237 patients (84.04%), followed by dermato-
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phytes in 10 patients (3.55%) and NDM in 2 patients
(0.71%). There was only one case with mixed (0.35%) in-
fection and 32 patients (11.35%) with positive microsco-
py without the growth of fungus in culture. Of the nail
cases infected with Candida, 232 patients were infected
by C. albicans (97.89%). Among dermatophytes, the most
commonly isolated were T. rubrum in 9 patients (90.00%)
and T. interdigitale in only one case (10.00%). For NDM
infections, there were only 2 cases, and the infections
were caused by Acremonium spp. and Fusarium oxyspo-
rum (Fig. 1).

In toenails, dermatophytes had the highest percent-
age of isolation (298, 47.99%), followed by NDM (63,
10.14%) and Candida spp. (32, 5.15%). Only one case
was diagnosed with mixed (0.16%) infection. The per-
centage of microscopy without a growth of fungus in
culture was 36.55% (227 patients). The most frequently
isolated dermatophytes were T. rubrum in 261 patients
(87.58%) and T. interdigitale in 37 patients (12.42%). Of
the nail cases infected with NDM, S. brevicaulis (25,
39.68%), Acremonium spp. (21, 33.33%), and F. oxyspo-
rum (8, 12.70%) were the most commonly isolated.
Among Candida, C. albicans was the most prevalent (31,
96.88%) (Fig. 2).

Discussion

Onychomycosis occurs globally and accounts for 50%
of nail diseases [1, 3]. Its prevalence varies across geo-
graphical areas and is influenced by the climate of the re-
gion, socioeconomic and occupational factors, age, in-
crease in the number of immunocompromised patients,
as well as changes in lifestyle and everyday habits [1, 2].

Prevalence of onychomycosis was estimated to be 5.5%
in a weighted average of 6 recent studies [7-11]. Earlier
studies report similar prevalence of 2-8% [5, 12-14].
Based on several studies, the incidence rate in East Asia
and Europe is 20 and 23%, respectively, while in North
America the incidence rate is estimated at up to 14% [15,
16]. Regarding the incidence of onychomycosis in Greece,
it appears that its frequency is around 16% [7, 8]. In a
study carried out in southern Greece on the incidence of
onychomycosis, the rate was about 15.7% [17], while the
rate performed in an earlier study in northern Greece was
20% [18].

The variation in the incidence of onychomycosis can
be attributed to the geographic features of each site and
the different climatic conditions that sometimes favor
the growth of fungi. Fungi of the genus Candida appear
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more often in warm humid climates, while onychomyco-
sis due to dermatophytes occurs mainly in temperate
countries and regions [1, 7]. In the population studied, a
predominance of Candida spp. infection in the finger-
nails and dermatophyte infection in the toenails was ob-
served, suggesting that the epidemiology of onychomy-
cosis in Greece still follows a pattern consistent with the
Mediterranean region. Even though there are reports
suggesting an increase in the average temperature in the
eastern Mediterranean region due to climate change, hu-
midity conditions do not show a similar variation [19].
In addition, the majority of refugees in Greece originate
from Mediterranean Middle East countries suggesting a
similar epidemiology of onychomycosis in the immi-
grant population.

Onychomycosis is a condition that can significantly
affect patients’ quality of life [20, 21]. Feelings of embar-
rassment and low self-esteem are commonly reported by
patients with nail infections. Nail disorders are often vis-
ible and long-lasting and may even result in modifica-
tion of patients’ everyday activities such as avoiding
public facilities like gyms or swimming pools to mini-
mize the potential of someone seeing their affected nail
[17,20]. Many patients experience pain and difficulty in
nail care caused by the dystrophy of onychomycosis
[20-22].

In the population studied, women sought expert
opinion for a possible diagnosis of onychomycosis sig-
nificantly more often than men. This fact may be attrib-
uted to a possible increased worry of women regarding
both nail appearance and a possible infection of their
nails than men. Even though toenails are usually cov-
ered by shoes, the long Greek summertime allows wom-
en to wear shoes thatleave toenails visible for more than
6 months per year, suggesting that a raised concern for
toenail appearance might affect women more than men.
Among patients with onychomycosis, microscopy and
culture were both positive in 58.69%, followed by posi-
tive microscopy and negative culture in 28.68% and
negative direct microscopy with positive culture in
12.62%. The results of this research seem to be converg-
ing with research results carried out by Godoy-Marti-
nez et al. [23] for positive direct microscopy and nega-
tive culture and by Satpathi et al. [24] for negative direct
microscopy with positive culture, On the other hand, in
our study the rates were higher in comparison with the
results of the study by Sarma et al. [25]. The combina-
tion of direct microscopy and culture is important to
revealing both fungal viability and species identifica-
tion. The sampling process, sample preparation, failure
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rate of microscopy and culture, and the interpretation
of results are related to the different results of global
studies [7, 26].

In the sample studied, toenails were more frequently
infected (68.77%) than fingernails (31.23%). This may be
related to the slower rate of growth in toenails that allows
fungi to thrive longer. Predominance of toenail or finger-
nail infection has been reported in the published litera-
ture. Papini et al. [27] reported that toenails had a higher
incidence of infection (83%) while fingernails had a low-
er incidence rate (17%). In contrast, a higher incidence of
onychomycosis on the fingernails (66.6%) than on toe-
nails (33.3%) was noticed in the study carried out by
Hashemi et al. [26].

In the population studied, onychomycosis was more
frequently diagnosed in males than females. These results
on the incidence of onychomycosis in men and women
appear to be consistent with other global studies [13, 15,
21, 28]. In a study by Gupta et al. [11], a higher frequency
was reported in males (65%) compared to females (35%).
In a study by Babayani et al. [29], the percentage of men
(58.23%) was higher compared to women (41.77%). In
contrast, a study by Bedaiwy et al. [1] showed a higher
incidence of onychomycosis in women (86%) than men
(14%).

Fingernail onychomycosis was more frequent in wom-
en (39.74%) compared to men (18.51%). In contrast, toe-
nail onychomycosis was more frequent in males (81.49%)
compared to females (60.26%). The results of this re-
search seem to be converging with the research results
carried out by Husain et al. [2] since toenail onychomy-
cosis of men (66.6%) was more common, while women
were more likely to suffer from fingernail onychomycosis
(60%). Similarly, Rana et al. [14] reported that toenail on-
ychomycosis appeared more frequently in men (34.8%),
while fingernail onychomycosis was more common in
women (71.1%). The more frequent appearance of finger-
nail fungal disease in women has often been attributed to
the increased levels of humidity in women’s hands as a
result of intense housework, regular care, and manicure
treatments and therefore gradual destruction of the ep-
onychium [14, 16, 30, 31]. On the other hand, toenail on-
ychomycosis in men is more common, probably due to
vigorous daily activity and more systematically engaging
in sports activities, resulting in frequent nail injuries [2,
16].

Regarding the species of fungus most frequently iso-
lated in both genders, dermatophytes (34.11%) were the
majority, followed by Candida species (29.79%). Patients
with other NDM accounted for 7.20% of the positively
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diagnosed cases. Similar results were published by Segal
et al. [32], where a higher percentage of dermatophytes
was measured (61.5%), followed by lower percentages of
Candida (34.45%) and other NDM (4.05%). In a study by
Cengiz et al. [33], dermatophytes (55.1%) were more fre-
quently isolated than Candida species (40.4%) and other
NDM (3.1%). Other authors report different results
showing the variations in onychomycoses epidemiology
in different regions. In the study of Chadeganipour and
Mohammadi [34], Candida species (51.1%) had a higher
incidence than dermatophytes (26.8%) or NDM (22%).
Raghavendra et al. [35] reported that NDM infections
(35.33%) had a higher incidence, while dermatophytes
(18.66%) and Candida species (10%) were more rarely
isolated. These variations in different regions could be at-
tributed to both genetic and environmental factors in-
cluding temperature and humidity of the area studied [1,
4,7, 19].

In patients with fingernail onychomycosis, Candida
species (84.04%) were more frequently isolated, followed
by dermatophytes (3.55%) and other NDM (0.35%) in
both sexes. In patients with toenail onychomycosis, der-
matophytes (47.99%) were the most commonly isolated
species in both males and females. Other NDM (10.14%)
and Candida species (5.15%) were less common. The re-
sults of this study are in line with the results of a study
conducted in a different part of Greece by Maraki and
Mavromanolaki [8], where the most frequently isolated
species in fingernails was Candida (97.8%) followed by
dermatophytes (2.2%). In the toenails of both sexes, der-
matophytes were more common (56.3%), followed by
Candida (28.6%) and NDM (16.1%).

Regarding fingernail infections for both men and
women, onychomycosis is most commonly caused by
Candida, as reported in international studies [1, 36]. In
the population studied, C. albicans was identified in
97.89% of Candida infections. In studies that are con-
sistent with the results of this one, C. albicans was
found to be the most common cause of fingernail infec-
tion, in 33.9% of the patients in the study of Cengiz et
al. [33], and 55.6% in the study of Youssef et al. [37]. In
contrast, in a study conducted by Feng et al. [38], Can-
dida parapsilosis (52.1%) showed higher isolation rates
in the fingernails of both sexes, and C. albicans had a
lower percentage (27.8%). Segal et al. [32], also report-
ed C. parapsilosis to be the predominant cause of fin-
gernail infection in men (75%) and women (63%). This
variability in results reported demonstrates the impor-
tance of various demographic and geographic factors
that influence the prevalence and cause of the infec-
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tion. Candida spp. could often be just a contaminant,
particularly in the course of fingernail chronic paro-
nychia and in toenail presence of dermatophyte patho-
gens [39].

It appears that the spectrum of toenail onychomycosis
in our population follows the global pattern of predomi-
nance of the anthropophilic fungus T. rubrum in terms of
toenail infections [2, 40]. T. rubrum was the species with
the highest rate of isolation (87.58%) on toenails of both
sexes. This result is consistent with the results of studies
by Cengiz et al. [33] and Youssef et al. [37], in which T.
rubrum was most frequently isolated from the toenails of
both men and women at 35.1% and 96.8%, respectively.

Conclusion

Onychomycosis in Greece follows a pattern of higher
incidence in males, with toenails more frequently infect-
ed with T. rubrum and fingernails more frequently in-
fected with C. albicans in the present era.

Onychomycosis appears globally, but variations in ep-
idemiology between countries and regions are common
[5-7]. Studies on onychomycosis epidemiology in a spe-
cific region are of importance because of the constant
change of both environmental and genetic factors due to
immigration. Data reported in such studies might offer a
better insight into onychomycosis risk factors and help
design prevention programs by increasing awareness in
the general population.
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