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Introduction

Onychomycoses are defi ned as nail plate fungal infections. 
Th ey comprise between 30 and 60 percent of nail pathologies, 
with an incidence of about 1.7 and 8.4 percent of individuals. 
Th ese fi gures exceed 20 percent aft er 60 years of age.1-6

Th ree types of microorganisms produce fungal nail infections: 
dermatophytes, of uncontested pathogenic role; yeasts: and 
non-dermatophyte mycelial fungi (NDMF). Th e latter com-
prise a heterogeneous group of micomycetes of controversial 
pathogenic role, since they may behave as contaminants, colo-
nizing, or pathogens.7-14

Various authors proposed indispensable minimum require-
ments to consider an onychomycosis as produced by a NDMF: 
1) hyphae and/or spores in direct microscopic examination of 
the clinical sample, and 2) isolation of the same fungal species 
in a second nail sample, obtained some days later, and aft er ex-
treme hygiene measures.7,9,15-18

Other suggested relevant criteria are the evidence of fungal in-
vasion of nail plate by demonstration of PAS-positive hyphae in 
histopathological tests of distal nail clippings, and the absence 
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of dermatophyte recovery in cycloheximide media 
cultures.7,9,12 Th is last condition is not required by all 
experts, and some accept 10 to 15 percent of mixed 
infections, with an increasing trend.15-17 In these cas-
es, it is relevant that NDMF grows in over 50 per-
cent of the inoculation points.17

In a study conducted in the Centro de Estudios 
Micológicos on onychomycosis, 4.2 percent of the 
clinical nail samples showed signifi cant growth of 
NDMF and the presence of hyaline and septated 
hyphae in direct microscopy examination.19 Th is is 
rather a high incidence for a non endemic area for 
the Scytalidium dimidiatum fungus, an agent caus-
ing onychomycosis in tropical areas.10,20-22

Th e purpose of this investigation was to intend to 
fulfi ll the minimal requirements to reach diagnosis 
of onychomycosis by NDMF in all cases with pos-
itive direct microscopy examination for mycelial 
fungi and growth in cultures of one of these fungus 
genera.

Materials and methods

Th ee hundred seventeen patients with positive di-
rect microscopic examination for hyaline hyphae 
and NDMF growth in cultures in the absence of 
dermatophyte growth, were called for taking a sec-
ond clinical sample.
A second sample was obtained in only 116 cases 
(36.6%), 13 from fi ngernails and 103 from toenails; 
in 47 of the latter patients only hallux nails were af-
fected. All were adults, with ages between 25 and 81 
(mean age: 49.5 years); 60 were women.
Th e clinical presentations observed were onychol-
ysis, subungual distal and lateral invasion, superfi -
cial white, deep proximal lesions, alone or associated 
with infl ammation of the proximal nail fold without 
purulent secretion.
Patients received instructions to suppress every an-
tifungal systemic or topical treatment 15 days be-
fore the clinical sample was taken; not using pow-
ders, creams, or nail polish; to brush nails with soap 
and water at least twice a day on the three days be-
fore the sample was taken; and come to the Center 
with closed shoes and stockings, in order to prevent 
environmental contamination.
Specimens of nail scrapings were subjected to direct 
microscopy examination with 40 percent potassium 
hydroxide mixed 50:50 with permanent blue-black 
Parker® ink. Th e clinical sample and the solution 
were placed between a slide and a covership, and ex-
amined with light microscope at ´200 and ´400 for 
10 minutes.19

Figure 1. Gross examination of Fusarium spp. colonies in Sabouraud and lactrimel media cultured with 

toenail samples. 

Figure 2. Fusarium spp. macroconidia in lactofenol preparation ´400. 
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Th e sample was cultured with Nikron wire hook in culture 
media in test tubes, marking culture points on the surface ev-
ery 5 mm. Each sample was cultured in three culture media: 
Sabouraud’s agar-honey (hone 40 g, peptone 10 g, yeast extract 
5 g, agar 20 g, water qs.1000 ml) with cloramphenicol-colistin; 
Borelli’s lactrimel (honey 10 g, wheat fl our 10 g, milk 200 ml, 
agar 18 g, water qs. 1000 ml) with the same antibiotic mixture, 
and Mycosel® (BBL, Becton-Dickinson, USA.). Cultures were 
incubated at 28ºC for 3 weeks. Identifi cation of genera an spe-
cies was carried out by macro- and micro-morphological fea-
tures of the colonies, according to Medical Mycology manuals 
and atlas.23,24

Patients included in this study were members of high fee pre-
paid medical systems, and from middle or high social class, re-
siding in the City of Buenos Aires or neighbor cities.

Results

Fungi isolated in the fi rst nail samples from the 317 patients are 
listed in Table 1.
Of the 116 patients appearing for the second clinical nail sam-
ple, confi rmation of the fi rst specimen resulted in 75, thus ful-
fi lling the minimum diagnosis requirement. Isolated fun-
gal genera and species are shown in Table 2. Th ree cases were 
considered mixed infections since the second clinical sam-
ple showed dermatophyte growth associated with the NDMF 
growth in more than 50 percent of the cultured points.
Th e result of the second sample did not match the fi rst one in 
41 cases; cultures were negative in 23 cases, showed develop-
ment of Trichophyton rubrum in 9, of Trichophyton tonsurans 
in 1, and of other non-dermatophyte fungi, diff erent from the 
ones identifi ed in the fi rst sample, in the remaining 8.
As regards clinical features of onychomycosis, 51 cases were rat-
ed as onycholysis, 30 as subungual distal-lateral-type lesions, 16 
as superfi cial white, 15 as proximal subungual, and in the 4 re-
maining this lesion was associated with paronychia without pu-
rulent secretion. In this last type of lesion, the isolated fungus 
was always Fusarium spp. (Figures 1 and 2). No relation was 
found, except in the stated case, between clinical alterations 
and a specifi c fungal genus or species.

Discussion

In the last decades, there has been an increase of NDMF 
onychomycosis incidence and, at the same time, unequiv-
ocal evidence of existence has been obtained.1,2,6,9,10,14,16,17,22 

Culture isolation of one of these microorganisms from clin-
ical nail samples may have different meanings: sometimes it 
is simply an environmental contamination, in others it ap-
pears as a transient or permanent colonizer of an ungual 
damage of another origin; and, finally, it may cause onycho-
mycosis or complicate a nail dermatophytosis, thus causing a 
mixed infection.1,2,9,16,17 In order to clarify the role played by 

these fungi in nail lesions, diverse requirements have been 
suggested to consider them as the cause of onychomycosis. 
These requirements were stated in the introduction, and are 
not easy to carry out in daily practice; thus, the first two are 
deemed indispensable. In this study, we intended to fulfill 
this minimal condition, but we were only successful in that 
36.6 percent of patients called for a second sample. The ob-
tained results enabled us to verify confirmation of the first 
clinical sample result in 64.6 percent of cases; thus, these 
fungi may be deemed causing agents of pure or mixed infec-
tions, or permanent colonizers. In 23 of the 41 cases (56 per-
cent), where the second sample result did not match, cul-
tures were negative, and 8 showed growth of another micro-
organism; this leads to the conclusion that in 26.7 percent 
of the cases there was a transient colonization or environ-
mental contamination. Finally, in 10 patients (8.2 percent) 
only dermatophytes were recovered in the second sample 
and, therefore, there was an error in the first test.
Studies from various places worldwide show that NDMF ac-
count for between 1.47 percent and 22 percent of the nail sam-
ple isolations.2,6,8,10,11,20,21,25-27 Most frequently recovered genera 
in Europe, North America and Mexico are Scopulariopsis spp., 
Aspergillus spp., and Fusarium spp.8,10,11,13,14,26-28

TABLE 1. GENUS IDENTIFICATION OF THE 317 FUNGI ISOLATED IN THE FIRST CLINICAL 

NAIL SAMPLE. 

Isolated fungi Number of cases

Fusarium spp. 148

Acremonium spp. 94

Aspergillus spp. 25

Scopulariopsis spp. 17

Paecilomyces spp. 5

Curvularia spp. 3

Alternaria spp. 3

Scedosporium spp. 2

Bipolaris 2

Penicillium spp. 2

Geotrichum spp. 2

Epicoccum spp. 1

Verticilium spp. 1

Trichoderma spp. 1

Scytalidium spp. 1

Chrysosporium spp. 1

TABLE 2. IDENTIFICATION OF FUNGI ISOLATED FROM THE TWO CLINICAL NAIL 

SAMPLES. A TOTAL OF 75 CASES. 

Fungus Number of cases

Fusarium spp. 44

Acremonium spp. 22*

Scopulariopsis brevicaulis 5*

Paecilomyces lilacinus 2

Geotrichum candidum 1**

Aspergillus ochraceus 1

References: *2 cases with growth of Acremonium spp. and 1 with Scopulariopsis bre-

vicaulis also showed development of Trichophyton rubrum. **This case showed on-

ycholysis of fi ngernail. 
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In contrast, in this country and in Pakistan, Brazil and Colombia, domi-
nance of Fusarium spp. and Acremonium spp was found.20,21,25,29,30

Some of the NDMF causing nail lesions seemingly have a greater prevalence 
in certain geographical areas, such as Scytalidium dimidiatum in tropical ar-
eas, Onychocola canadensis in Canada, and Aspergillus versicolor in Spain.10,28,31 
Aspergillus terreus has been indicated as an emerging species causing onycho-
mycosis in elderly individuals with peripheral circulatory disorders.2,6,9

In this study, Fusarium and Acremonium genera accounted for 88 per-
cent of confi rmed isolations, relegating Scopulariopsis brevicaulis to a third 
place, with only 5.3 percent of recovered cultures (Figure 3). Th ese diff er-
ences may be related to a greater or lesser presence of these microorgan-
isms in the environment, as well as the population habits (type of shoe, 
sports practice, etc.).1,6

Most studies indicate that HMHD onychomycosis are more frequent 
on toenails, particularly in hallux, and that they aff ect adults of both 
sexes and are very rare in children.6,7,9,11-13,20,21,26,27,32 In our study, all pa-
tients were adults, with a mean age of 49.5, with no signifi cant diff er-

ences related to gender; 88.7 percent of the cases 
had lesions in toenails; and of these, 45.6 percent 
involved only nails of the big toes. Th is may imply 
that the trauma factor plays an important role on 
the infection onset.
Clinical pattern of NDMF onychomycosis is vari-
able; indicated are subungual distal and lateral type 
lesions, superfi cial white, and deep proximal lesions, 
occasionally associated with non-suppurative par-
onychia.7,8,10,11,14 All these lesions plus onycholysis 
were found in this study, thus evidencing the diffi  -
culty in clinically suspecting this fungal infection. 
Th e only exception was the 4 patients with deep 
proximal invasion and paronychia, where Fusarium 
spp. was isolated. However, other authors found the 
same pattern in nail infections caused by Aspergillus 
spp. (Figure 4).12,28,33

Th e only case of onychomycosis with repeated isola-
tion of Geotrichum candidum deserves special con-
sideration, with fi ngernail onycholysis. Th is fungus 
is not the usual causing agent of nail infections; it is 
frequently found as dairy contaminant, and as col-
onizer of the digestive tract, commonly in contact 
with the fi ngernails.
Our purpose is to go deeper into the study of 
Fusarium spp. onychomycosis through histopatho-
logical studies of distal nail clippings and identifi ca-
tion of the most frequently involved species.
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