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samples

Katharina Antonia Drerup Jochen Brasch

Department of Dermatology, Venereology and Allergology, University Hospital Schleswig-Holstein, Campus Kiel, Kiel, Germany

Correspondence
Katharina Antonia Drerup, MD, Department Dermatology, Venereology and Allergology, University Hospital Schleswig-Holstein, Arnold-Heller-Strasse 3, 24105 Kiel, Germany.
Email: kdrerup@dermatology.uni-kiel.de

Dear Editors,
suspected superficial mycosis of the skin is usually

detected directly by microscopy (KOH mounts) and by
culture of lesional scales.1 Occasionally, however, an unex-
pected fungus is discovered only after histological exami-
nation of a skin biopsy taken for another suspected diagno-
sis by usingperiodic acid-Schiff (PAS) staining. Furthermore,
nail material is often sent straight away for histological
examination with PAS staining with the question “ony-
chomycosis?”.
Although fungi are detected in formalin-fixed skin and

nail preparations by PAS staining, species identification is
not possible by histomorphology. Since accurate pathogen
identification is important for treatment and as PCR anal-
ysis does not require vital fungal elements, we wanted
to investigate in a pilot study whether dermatophytes
can be identified “retrospectively” at the species level in
formalin-fixed, paraffin-embedded skin and nail specimens
by PCR.
There is little information in the literature on laboratory

methods for skin sample analysis, and a standardized pro-
cedure is lacking.2 In addition, such a procedure is still
considered of secondary importance for dermatomycoses.1

Recently, Trichophyton (T.) verrucosum was successfully
detected by PCR after DNA extraction from a formalin-fixed
skin biopsy.3

We have therefore processed archived formalin-fixed
skin biopsies with PAS-positive fungal elements as well as
formalin-fixednailmaterial (PAS-positive andPAS-negative)
at our clinic for subsequent mycological PCR diagnostics
using a commercial assay.
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A total of 27 skin biopsies and 45 toenail samples, all
formalin-fixed and paraffin-embedded, were analyzed. The
sites of the skin biopsies did not show any preference for
a body region and the clinical suspicion diagnoses were
diverse, with “tinea” (co)indicated in 15 cases. In all cases,
PAS-positive fungal elements were found histologically
(online supplementary Table S1). In twelve skin samples,
mycological findings were already available (online sup-
plementary Table S1), collected using methods established
in our laboratory before taking the biopsy.4 In the 45 nail
specimens, there was clinical suspicion of onychomyco-
sis in all cases. Thirty-six samples were PAS positive and
nine were negative. All histological samples were exam-
ined prior to PCR analysis to determine in which layers of
the epidermis or where in the nail material PAS-positive
elements were localized. Preparations with only superficial
localization (contamination) were excluded from the PCR
analysis.
In each case, 10 ml xylene was added to three 10 µm

thick sections of the preparations and the mixture was vor-
texed for 10 s. Formalin and paraffin were then removed by
ethanol washing steps. Overnight cell lysis was performed
with proteinase K. DNA was then extracted in a stan-
dardized manner using a Chemagic Prepito-D instrument
(Perkin Elmer; Waltham, USA) according to the manufac-
turer’s instructions and analyzed for DNA of the most
common dermatomycosis pathogens using a commer-
cially available PCR assay (EUROArray Dermatomycosis,
Euroimmun; Lübeck, Germany). Copy numbers of the PCR
amplificates between 9,000 and 61,000 were considered
positive.
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F IGURE 1 PCR detection of dermatophytes in PAS-positive skin
biopsies and nail samples. The columns show the numbers (n) of samples
(T = Trichophyton).

In 18 of the 27 samples, a dermatophyte was detected
by our PCR analysis (Figure 1); Candida (C.) albicans was
found in two other samples and Fusarium (F.) solani in one
sample. In 15 of the 18 dermatophyte-positive cases, the
species was determined: 14 x T. rubrum, 1 x T. mentagro-
phytes (Figure 1). Online supplementary Table S1 gives an
overview of the biopsies.
In 35 of the 36 nail samples examined, a dermatophyte

was detected by PCR. In all cases, the species was identi-
fied: 32 x T. rubrum, 2 x T. interdigitale and 1 x T. interdigitale
+ T. rubrum (Figure 1). In the latter case, the copy number of
T. rubrumwas 2,500 and of T. interdigitale 16,000, indicating
that T. interdigitalewas probably the causative pathogen. In
three cases, low copy numbers of F. solani were measured
in addition. Nine PAS-negative nail samples were tested for
comparison: Only in one sample was T. rubrum detected
with a copynumber of 41,000, the other eight sampleswere
negative.
Our results show that the identification of dermato-

phytes from PAS-positive skin biopsies and nail material is
successful inmany cases. Successful dermatophyte identifi-
cation from formalin-fixed skin specimens using laboratory
PCR probes has already been described by Eckert et al. in
2016.2 DNA was also extracted from lung and lymph node
tissue with histologically verified fungal elements and suc-
cessfully analyzed by PCR for pathogen identification.5 The
most common pathogens in this study were Blastomyces
spp. and Cryptococcus spp.
Our pilot study now shows that a standardized PCR

workup can easily be used for the detection of dermato-
phytes from formalin-fixed PAS-positive skin and nail
material. In the skin biopsies, the overall good agreement
between the PCR results and previous studies (sample
numbers 1–12) is remarkable (online supplementary
Table S1).
Excellent results were obtained with the nail material,

where PCR identified a dermatophyte at the species level in
35 of 36 PAS-positive samples. In contrast, a dermatophyte
was detected in only one of the nine PAS-negative nail sam-

ples, suggesting that PCR analysis of PAS-negative nails is of
little value.
Some discrepancy between our PCR results and the pre-

viously determined findings and PAS detections was to be
expected since only three 10 µm sections were extracted
for PCR. Due to the usually inhomogeneous distribution of
fungi in the tissue, fungi may remain undetected. In addi-
tion, surface contamination of the skin and especially of
the toenails is to be expected. Mold elements (for exam-
ple, from F. solani) are often adherent there, aswas probably
the case in three of our nail samples. In fact, low copy
numbers of F. solani are often detected by the EUROArray
Dermatomycosis assay in fresh skin and nail tissue, indicat-
ing contamination. In such cases, no clinical relevance of
F. solani can be assumed.
In our pilot study, we confirmed that subsequent PCR

analysis of PAS-positive skin samples is a useful method-
ological improvement in dermatophyte diagnostics. Espe-
cially in the case of nail material from histological spec-
imens, subsequent PCR detection can be beneficial. The
new S1 guideline on onychomycosis states that histolog-
ical examination of the nail can be helpful, especially in
previously treated patients with negative mycological find-
ings but with strong suspicion of onychomycosis.6 Our
study now shows for the first time that dermatophyte
species can be identified in formalin-fixed PAS-positive
nail samples using a commercially available PCR assay.
With our report, we would like to encourage the testing
and further development of this PCR detection method in
other laboratories. The use of a standardized commercial
assay should facilitate compliance with the requirements
of the European Parliament Regulation 2017/746 on in vitro
diagnostics.
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