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Abstract

Background and objectives: Cutaneous fungal infections are a major public health
problem. The distribution of the dermatophytoses varies between countries and
geographical areas. The aim of this study was to determine the incidence, epidemiology,
etiology, and clinical course of the dermatophytoses caused by anthropophilic fungi in
Cadiz, Spain, over the past 12 years.

Material and methods: The study, conducted between 1997 and 2008, included 2235
samples from lesions of the skin, hair, and nails of 2220 patients with a clinical suspicion
of mycosis. Samples were examined by microscopy using potassium hydroxide and were
cultured on mycological media. The dermatophytes were identified by their macroscopic
and microscopic characteristics.

Results: Cultures were positive in 283 cases (12.7%). Anthropophilic dermatophytes
(53.3%) were more common than zoophilic (41.3%) and geophilic (5.3%) dermatophytes.
Trichophyton rubrum (38.2%) was the predominant pathogen isolated, followed by
Microsporum canis (22.3%) and Trichophyton mentagrophytes (15.5%). Five other species
of anthropophilic fungi were identified: Trichophyton tonsurans (5.6%), Trichophyton
violaceum (4.9%), Epidermophyton floccosum (2.8%), Trichophyton soudanense (1.0%),
and Trichophyton schoenleinii (0.7%). Infections caused by the anthropophilic fungi
included tinea unguium (29.1%), tinea corporis (25.8%), tinea pedis (19.2%), tinea cruris
(11.9%), tinea capitis (5.3%), and tinea faciei (3.3%).

Conclusions: The principal fungus responsible for dermatomycosis in Cadiz was T. rubrum,
and its incidence has been rising since 2000. The prevalence of other anthropophilic fungi,
such as T. tonsurans and T. violaceum, has increased, though this is not directly related to
immigration. E. floccosum, T. soudanense, and T. schoenleinii are isolated occasionally.
© 2009 Elsevier Espana, S.L. and AEDV. All rights reserved.
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Dermatofitosis por hongos antropofilicos en Cadiz (1997-2008)

Resumen

Introduccion y objetivos: Las infecciones cutaneas producidas por hongos constituyen
un importante problema de salud publica. La distribucion de las dermatofitosis varia en
diferentes paises y areas geograficas. El objetivo de este estudio ha sido determinar la
epidemiologia, etiologia y evolucion de las dermatofitosis por hongos antropofilicos en
Cadiz durante los ultimos 12 afos.

Material y métodos: El estudio se realizd de 1997-2008 sobre 2.235 muestras de lesiones
de piel, pelo y unas de 2.220 pacientes con sospecha clinica de micosis. Las muestras
fueron analizadas mediante examen microscopico con hidréxido potasico y cultivo en
medios micologicos. Los dermatofitos se identificaron de acuerdo con las caracteristicas
macroscopicas y microscopicas.

Resultados: El cultivo fue positivo en 283 muestras (12,7%). Los dermatofitos antropofi-
licos (53,3%) predominaron sobre los zoofilicos (41,3%) y geofilicos (5,3%). Trichophyton
rubrum (38,2%) fue el patogeno mas frecuente, seguido de Microsporum canis (22,3%)
y Trichophyton mentagrophytes (15,5%). Se identificaron otras cinco especies de hon-
gos antropofilicos: T. tonsurans (5,6%), T. violaceum (4,9%), Epidermophyton flocco-
sum (2,8%), T. soudanense (1,0%) y T. schoenleinii (0,7%). Las infecciones por hongos
antropofilicos fueron onicomicosis (29,1%), tifa corporal (25,8%), tina del pie (19,2%),
tina crural (11,9%), tifa del cuero cabelludo (5,3%) y tifa facial (3,3%).

Conclusiones: El principal responsable de dermatofitosis en Cadiz es Trichophyton
rubrum. Su incidencia es ascendente desde el ano 2000. Otros hongos antropofilicos
como T. tonsurans y T. violaceum son cada vez mas prevalentes, aunque no estan
directamente relacionados con la inmigraciéon. Epidermophyton floccosum, T. soudan-

ense y T. schoenleinii se aislan ocasionalmente.
© 2009 Elsevier Espafa, S.L. y AEDV. Todos los derechos reservados.

Introduction

Dermatophytoses are superficial infections caused by
keratinophilic fungi that invade the stratum corneum and
other keratinized tissues. The clinical and epidemiological
relevance of this mycosis is widely recognized as it
constitutes a major public health problem. To prevent
the disease from spreading, it is important to identify the
cause and control the source of infection.

Dermatophytic fungi are extremely common and can be
found all over the world. The majority of dermatophytoses
are caused by 5 species. In less-developed countries, the
main species is the anthropophilic Trichophyton rubrum,
which causes tinea pedis, onychomycosis, and tinea
cruris."? In Western Europe, most cases of dermatophytosis
in humans, until recently, were caused by zoophilic species
from dogs, cats, and rabbits. In Spain, for example,
the most common species reported before 1990 was
Trichophyton mentagrophytes but more recent publications
have reported an increasing incidence of infections due to
Microsporum canis.>"* The types of species isolated changes
with time and varies considerably between geographical
regions depending on factors such as climate, economic
development, cultural habits, the availability of antifungal
agents, and above all, demographic changes. In recent years,
increased population flows as the result of tourism, war,
and migration have resulted in the dissemination of certain
species and variations in clinical forms of dermatophytosis.

Tinea pedis and onychomycosis, for example, predominate
in developed countries, whereas tinea capitis and tinea
crural are more common in developing countries. 58141

Numerous studies conducted in different parts of Spain
have demonstrated the changing nature of dermatophytosis
over the years, with reports of variations in clinical
presentation, prevalence and etiology, and the frequency
with which different species are isolated.®'”" It is therefore
advisable to perform systematic studies that analyze
the incidence of dermatophytosis in particular regions.
To this end, we investigated the epidemiology, etiology,
and variations in infections caused by anthropophilic
dermatophytes in Cadiz, southern Spain, over the last 12
years.

Materials and Methods

We analyzed 2235 samples from primary care and
dermatology patients with a clinical suspicion of mycosis
from the health care district of Cadiz-San Fernando, which
serves a population of approximately 250 000 mostly urban
inhabitants. The samples were processed by the Mycology
Unit at Hospital Universitario Puerta del Mar in Cadiz
between January 1997 and December 2008. There were
1279 skin samples, 730 nail samples, and 226 hair samples,
all collected following cleaning of the corresponding sites
with 70% ethanol. Skin scrapings were taken from the active
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border of lesions using a slide or scalpel, nail specimens
were collected by scraping the surface of the nail or using
clippers, and hair samples were collected by scraping scalp
lesions or removing hairs with tweezers.

The samples were processed by direct microscopic
examination with lactophenol cotton blue or KOH to
detect fungal structures such as hyphae and conidia,
followed by inoculation onto Sabouraud glucose agar
containing chloramphenicol and cycloheximide (Difco, USA)
and incubation for 4 weeks at between 28°C and 30°C, with
twice-weekly observation. Colonies were identified by
assessing growth rate, macroscopic features (topography,
texture, color, and colony surface and reverse), and
microscopic characteristics (hyphae, conidia, and other
fungal structures) either directly in the primary culture
media or following subculture on potato dextrose agar
and cornmeal agar (Difco, USA) to favor the growth of
conidia. Urease production was also used for identification
purposes. A single sample was analyzed per patient (ie,
samples taken for follow-up studies of previously diagnosed
patients were excluded).

Results

Of the 2235 samples processed, 283 (12.7%) were positive, of
which 195 were skin samples (68.9%), 52 were nail samples
(18.4%), and 36 were hair samples (12.7%). The correlation
between a positive microscopic examination and detection
of species by culture was 79.5% for skin samples, 100% for
hair samples, and 30.8% for nail samples.

The species isolated and the clinical forms of
dermatophytosisareshowninTable 1. Therewere 151 samples
corresponding to anthropophilic species (Trichophyton
rubrum, Trichophyton violaceum, Trichophyton tonsurans,
Epidermophyton floccosum, Trichophyton schoenleinii, and
Trichophyton soudanense), accounting for 53% of all species
isolated; 117 (41.3%) corresponding to zoophilic species
(Trichophyton mentagrophytes, Microsporum canis, and
Trichophyton verrucosum); and just 15 (5.3%) corresponding

to geophilic species (Microsporum gypseum, Microsporum
nanum, and Microsporum racemosum) (Figure 1). When
analyzed by 4-year periods, the prevalence of infection by
anthropophilic species increased from 28.8% between 1997
and 2000 to 57.1% between 2001 and 2004 and to 66.7%
between 2005 and 2008. The most common species isolated
in these cases were T rubrum (38.2%) (mostly in association
with onychomycosis, tinea pedis, and tinea corporis);
T tonsurans (5.6%) (tinea corporis, tinea faciei, and tinea
capitis); T violaceum (4.9%) (tinea corporis, tinea pedis,
and tinea capitis); E floccosum (2.8%) (tinea pedis and tinea
cruris); and T soudanense (1.0%) and T schoenleinii (0.7%)
(both in association with tinea corporis, onychomycosis,
and tinea capitis).

The most common clinical form of dermatophytosis
observed over the 12 years of the study was tinea corporis
(35.3%), followed by onychomycosis (19.1%), tinea pedis
(13.1%), and tinea capitis (12.4%). There were 4 cases in
which 2 clinical forms were observed in the same patient:
tinea pedis with onychomycosis in 2 patients and tinea

[ Anthropophilic species E Zoophilic species [ Geophilic species

Figure 1
-2008).

Distribution of dermatophytes in Cadiz, Spain (1997

Table 1 Clinical Forms of Dermatophytosis and Distribution of Species in Cadiz (1997-2008)
Dermatophytes Tinea Onycho- Tinea Tinea Tinea Tinea Tinea Total Percentage
Corporis mycosis Pedis Capitis Corporis Faciei Manuum

Tinea rubrum 25 36 25 1 14 0 7 108 38.2
Microsporum canis 35 0 0 17 1 9 1 63 22.3
Trichophyton mentagrophytes 16 8 6 4 3 2 5 44 15.5
Trichophyton tonsurans 6 1 1 3 1 4 0 16 5.6
Trichophyton violaceum 5 5 0 2 0 1 1 14 4.9
Microsporum gypseum 6 1 0 3 0 3 0 13 4.6
Trichophyton verrucosum 3 0 2 3 1 0 1 10 3.5
Epidermophyton floccosum 1 1 3 0 3 0 0 8 2.8
Trichophyton soudanense 1 1 0 1 0 0 0 3 1.0
Trichophyton schoenleinii 1 0 0 1 0 0 0 2 0.7
Microsporum nanum 1 0 0 0 0 0 0 1 0.3
Microsporum racemosum 0 1 0 0 0 0 0 1 0.3
Total 100 54 37 35 23 19 15 283 100
Percentage 35.3 19.1 13.1 12.4 8.1 6.7 5.3 100 100
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Table 2 Annual Distribution of Dermatophyte Species Isolated in Cadiz, Spain (1997-2008)

Dermatophytes 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Tinea rubrum 3 4 1 2 4 4 11 27 12 18 11 11
Microsporum canis 2 5 3 3 9 5 5 7 6 5 6 7
Trichophyton mentagrophytes 7 9 3 2 1 6 5 2 2 3 1 3
Trichophyton tonsurans 0 0 0 0 4 2 1 1 3 1 3 1
Trichophyton violaceum 0 1 2 2 0 0 1 3 2 0 2 1
Microsporum gypseum 0 1 0 1 0 1 5 2 1 0 2 0
Trichophyton verrucosum 5 0 2 2 0 0 0 0 0 0 1 0
Epidermophyton floccosum 1 0 0 1 1 2 0 2 0 1 0 0
Trichophyton soudanense 0 1 0 0 0 0 0 0 0 1 1 0
Trichophyton schoenleinii 0 0 1 0 0 0 0 1 0 0 0 0
Microsporum nanum 1 0 0 0 0 0 0 0 0 0 0 0
Microsporum racemosum 1 0 0 0 0 0 0 0 0 0 0 0

Total 20 21 12 13 19 20 28 45 26 29 27 23
100

O Tinea rubrum decreased. Finally, there were outbreaks of infections

80| | @ Microsporum canis due to T tonsurans, T violaceum, and M gypseum. In all

O Trichophyton mentagrophytes
[ Trichophyton tonsurans
@ Trichophyton violaceum

Figure 2 Changes in main species of dermatophytes in Cadiz,
Spain (1997-2008).

pedis with tinea cruris, also in 2 patients. The most common
infections caused by anthropophilic dermatophytes were
onychomycosis (29.1%) and tinea corporis (25.8%), followed
by tinea pedis (19.2%), tinea cruris (11.9%), tinea capitis
(5.3%), and tinea faciei (3.3%). There were only 12 cases of
anthropophilic infection detected in immigrants (7.9%): 5
due to T rubrum (4.6% of all cases of T rubrum infection),
1 due to T tonsurans (6.2%), 4 due to T violaceum (36.6%),
1 due to T soudanense (33.3%), and 1 due to T schoenleinii
(50%).

Patient age ranged from 5 months to 87 years.
Infections were most common in those aged between 20
and 30 years (27.2%), those aged over 50 years (23.3%),
and those aged under 10 years (21.2%). Frequency of
infection did not differ significantly between men (53%)
and women (47%). Tinea corporis was mainly observed
in children and young patients (64%), tinea capitis in
children under 10 years (91.4%), tinea cruris in young
patients (78.3%), and onychomycosis in patients over 50
years (85.2%).

Table 2 shows the species detected each year and Figure
2 shows the changes observed over the 12 years. There was
a marked increase in the incidence of T rubrum from 2000
onwards; indeed this dermatophyte has become the main
cause of dermatophytosis in our area in recent years. The
incidence of M canis varied while that of T mentagrophytes

years, there was a peak in the number of cases detected
between February and June and between September and
December.

Discussion

We observed a gradual but marked increase in the
incidence of infection due to anthropophilic dermatophytes
in the health care area of Cadiz between 1997 and
2008. In the 1990s, the 2 predominant dermatophytes in
Cadiz and most other Spanish regions were the zoophilic
species T mentagrophytes and M canis followed by
the anthropophilic dermatophyte T rubrum.®'.182027 |n
more recent years, however, T rubrum has become the
predominant species in certain parts of Spain®*®'" and
other parts of the developed world,>?® and we also found
this to be the case for Cadiz. The species is still relatively
uncommon, however, in many developing countries.'*' In
our study, there was a marked increase in the incidence of
T rubrum, particularly from 2003 onwards, and a decrease
in that of zoophilic dermatophytes and T mentagrophytes
in particular. This increase in anthropophilic infections,
predominantly due to T rubrum, was accompanied by
an increase in the number of patients consulting for
onychomycosis and tinea pedis. According to our findings,
T rubrum is currently the main pathogen responsible for all
clinical forms of dermatophytosis in Cadiz.

The appearance and spread of infections caused by
unusual anthropophilic dermatophytes in Spain is linked to
increased tourism and immigration.?® While few such cases
are detected in Cadiz, which has low immigration levels,
occasional infections due to T violaceum, T soudanense,
and T schoenleinii have been detected in immigrants.
Although there have been outbreaks of dermatophytosis
due to T tonsurans since 2001, these have not been directly
related to immigration. Prior to this date, T tonsurans
was unknown in Cadiz and had always been relatively
uncommon in the rest of Spain. T violaceum is becoming



246

P. Garcia-Martos et al

increasingly common and occasional cases of infections
due to E floccosum, T soudanense, and T schoenleinii are
detected.

We also observed an increase in the geophilic
dermatophyte M gypseum, which was the sixth most
common cause of dermatophytosis in our study. The high
incidence observed in 2003, which was unusual given the
relative infrequency of this pathogen in humans, was
related to a local outbreak caused by the infection of skin
wounds and erosions through contact with soil or animals.*
There were only a few other cases of dermatophytosis
caused by soil-inhabiting dermatophytes. The single case of
onychomycosis due to M racemosum was a highly unusual
finding and indeed the first report of such a case in humans
in Europe.

The most common clinical form of dermatophytosis in
our area was tinea corporis, followed by onychomycosis
and tinea pedis, coinciding with the majority of reports
published to date.#%1319.2326 Although once common in
Spain, the incidence of tinea capitis has decreased over
the years with improved hygiene, although a recent surge
in cases has been linked to immigration.?

Unlike our study, which showed no difference between men
and womenin terms of the frequency of dermatophytosis, the
majority of Spanish studies have reported a predominance
of men."”" In agreement with previous reports,+%?' all
the clinical forms of dermatophytosis except tinea capitis
and onychomycosis were more common in middle-aged
patients, with a peak in cases in spring and autumn.

The low percentage of positive microbiological results
observed is also consistent with reports from other
studies*®'? and is possibly due to the inconsistent quality
of the samples. Proper collection of samples, thus, is key
to improving diagnostic yield. It is important to perform
mycological cultures to confirm clinical suspicion of
dermatophytosis and identify the causal agent in all cases as
this has important clinical and epidemiological implications
and will help to tackle the source of contamination,
prevent the spread of disease, and take appropriate
treatment decisions.

The pattern of dermatophytosis in the health care area
of Cadiz has changed with an increase in the incidence of
cases caused by anthropophilic species. Epidemiological
changes in different areas are closely related to improved
diagnosis and the implementation of appropriate disease
control measures.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. Havlickova B, Czaika VA, Friedrich M. Epidemiological trends in
skin mycoses worldwide. Mycoses. 2008;51:2-15.

2. Welsh O, Welsh E, Ocampo-Candiani J, Gomez M, Vera-Cabrera
L. Dermatophytoses in Monterrey, México. Mycoses. 2006;49:
119-23.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Monzon de la Torre A, Cuenca-Estrella M, Rodriguez-Tudela JL.

Estudio epidemiologico sobre las dermatofitosis en Espana
(abril-junio 2001). Enferm Infec Microbiol Clin. 2003;21:
477-83.

. Mazon A, Salvo S, Vives R, Valcayo A, Sabalza MA. Estudio

etiologico y epidemiologico de las dermatofitosis en Navarra
(Espana). Rev Iberoam Micol. 1997;14:65-8.

. Padilla A, Sampedro A, Sampedro P, Delgado V. Estudio clinico y

epidemioldgico de las dermatofitosis en una Zona Basica de
Salud de Jaén (Espaiia). Rev Iberoam Micol. 2002;19:36-9.

. Piqué E, Fusté R, Copado R, Noguera J, Ramis P. Estudio de las

dermatofitosis en Lanzarote (1995-1999). Rev Iberoam Micol.
2002;19:165-8.

. Fortuno B, Torres L, Simal E, Seoane A, Uriel JA, Santacruz C.

Dermatofitos aislados en muestras clinicas. Estudio de 5 anos
en Zaragoza. Enferm Infecc Microbiol Clin. 1997;15:536-9.

. Fernandez Roldan JC, Vélez Garcia-Nieto A, Morillo-Velarde

Chiclana A, Linares Sicilia MJ, Casal Roman M. Estudio
epidemioldgico de las dermatofitosis en Cordoba (1991-1993).
Actas Dermatosifiliogr. 1994;85:670-2.

. Cachon J, Aloés JI, Madariaga C, Aparicio JL. Contribucion de

laboratorio al estudio de las dermatofitosis de Madrid: un aho
de experiencia. Enferm Infecc Microbiol Clin. 1988;6:401-5.
Sanchez Carazo JL, Vilata Corell JJ, de la Cuadra J, Aliaga
Boniche A. Contribucion al estudio etioldgico y epidemiologico
de las tinas en Valencia. Actas Dermosifiliogr. 1983;74:211-3.
Urefa Escribano JM, Delgado Florencio V. Estudio micoldgico
de las tifas en la provincia de Granada (1971-1980). Actas
Dermosifiliogr. 1982;73:9-12.

Simal E, Moreno MP, Porta N, Gracia MT, Coscojuela C, Carapeto
FJ. Contribucién al estudio epidemiologico de las micosis
superficiales en Zaragoza. Actas Dermosifiliogr. 1985;76:
275-82.

Crespo Erchiga V, Delgado Florencio V, Martinez Garcia S.
Micologia dermatoldgica. Barcelona: MRA; 2006.
Bassiri-Jahromi S, Khaksari AA. Epidemiological survey of
dermatophytosis in Tehran, Iran, from 2000 to 2005. Indian J
Dermatol Venereol Leprol. 2009;75:142-7.

Zaki SM, lbrahim N, Aoyama K, Shetaia YM, Abdel-Ghany K,
MikamiY. Dermatophyteinfectionsin Cairo, Egypt. Mycopathologia.
2009;167:133-7.

Ngwogu AC, Otokunefor TV. Epidemiology of dermatophytoses
in a rural community in Eastern Nigeria and review of literature
from Africa. Mycopathologia. 2007;164:149-58.

Delgado Florencio V, Abad Romero-Balmas J. Cambios en la
epidemiologia de las tifias. Aspectos particulares de Andalucia.
Rev Iberoam Micol. 1999;16:3-6.

Del Palacio A, Cuétara MS, Valle A, Gonzalez A, Almondarain |,
Ramos Castillo MJ, et al. Cambios epidemioldgicos observados
en un decenio en las dermatofitosis del hospital universitario
12 de Octubre de Madrid: nuevas especies emergentes. Rev
Iberoam Micol. 1999;16:101-6.

Herrera Saval A, Reposo Maestre JA, de la Iglesia A, Ortiz
Morcillo F. Estudio epidemiologico de las dermatofitosis en las
areas sur y suroeste de la provincia de Huelva (1989-1995).
Actas Dermatosifiliogr. 1997;88:179-83.

Torres-Rodriguez JM, Balaguer-Meler J, Ventin-Hernandez M,
Martin-Casabona N. Multicenter study of dermatophyte
distribution in the metropolitan area of Barcelona (Catalonia,
Spain). Mycopathologia. 1986;93:95-7.

Casal M, Linares MJ, Fernandez JC, Solis F. Dermatofitos y
dermatofitosis en Cordoba (Espafia). Enferm Infec Microbiol
Clin. 1991;9:491-4.

Rubio Calvo MC, Rezusta Lopez A, Gil Tomas J, Bueno Ibanez
MR, Gomez Lus R. Predominio de las especies zoofilicas en los
dermatofitos aislados en Zaragoza. Rev Iberoam Micol. 1986;5:
11-20.



Dermatophytoses Due to Anthropophilic Fungi in Cadiz, Spain, Between 1997 and 2008

247

23.

24.

25.

26.

27.

Losada Campa A, Muinoz Aguin F, Formoso Tojo D, Torre Fraga C,
Pulian Morais M, Cruces Prado M. Estudio de las dermatofitosis
en el area sanitaria del hospital provincial de Pontevedra.
Actas Dermatosifiliogr. 1994;85:667-9.

Garcia Almagro D, Brea S, Orueta R, Lopez F. Contribucion al
estudio epidemiologico de las dermatofitosis en la provincia de
Toledo. Actas Dermatosifiliogr. 1989;80:443-6.

Del Palacio A, Gonzalez F, Moreno P. Estudio de las dermatofitosis
en Madrid durante una década (1978-1987). Rev Iberoam Micol.
1989;6:86-101.

Pereiro Miguens M, Pereiro M, Pereiro Jr M. Review of
dermatophytoses in Galicia from 1951 to 1987. Mycopathologia.
1991;113:65-78.

Monzon de la Torre A, Cuenca-Estrella M, Rodriguez-Tudela
JL. Estudio epidemiolégico sobre las dermatofitosis en Espaia

28.

29.

30.

31.

(abril-junio 2001). Enferm Infecc Microbiol Clin. 2003;21:
477-83.

Asticcioli S, Di Silverio A, Sacco L, Fusi I, Vincenti L, Romero E.
Dermatophyte infections in patients attending a tertiary care
hospital in northern Italy. New Microbiol. 2008;31:543-8.
Juncosa T, Aguilera P, Jaén A, Vicente A, Aguilar AC, Fumado V.
Trichophyton violaceum: un patdgeno emergente. Enferm
Infecc Microbiol Clin. 2008;26:502-4.

Garcia-Martos P, Ruiz-Aragon J, Garcia-Agudo L, Linares M.
Dermatofitosis por Microsporum gypseum: descripcion de ocho
casos y revision de la literatura. Rev Iberoam Micol. 2004;
21:147-9.

Garcia-Martos P, Gené J, Solé M, Mira J, Ruiz-Henestrosa R,
Guarro J. Case of onychomycosis caused by Microsporum
racemosum. J Clin Microbiol. 1999;37:258-60.



