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Summary Onychomycosis is common and can mimic several different nail disorders. Accurate

diagnosis is essential to choose the optimum antifungal therapy. The aim of this study

was to evaluate the use of confocal laser scanning microscopy (CLSM) and optical

coherence tomography (OCT) as new non-invasive diagnostic tools in onychomycosis

and to compare them with the established techniques. In a prospective trial, 50

patients with suspected onychomycosis and 10 controls were examined by CLSM and

OCT. Parallel KOH preparation, culture, PAS-staining and PCR were performed. PCR

showed the highest sensitivity, followed by CLSM, PAS and KOH preparation. OCT

offered the second best sensitivity but displayed the lowest specificity. CLSM and KOH

preparation showed a high specificity and CLSM offered the best positive predictive

value, similar to KOH preparation and OCT. Fungal culture showed the lowest

sensitivity and the worst negative predictive value, yet culture and PCR are the only

techniques able to identify genus and species. In summary, CLSM was comparable to

PAS staining and superior to KOH preparation. Due to the low specificity we assess OCT

not as appropriate. In the differentiation of species PCR outplays the fungal culture in

terms of time and sensitivity.

Key words: confocal laser scanning microscopy, PAS staining, fungal culture, onychomycosis, KOH preparation,

Optical coherence tomography.

Background

Nail diseases are often very troublesome to the

patient1,2 and can be diagnostically challenging even

to the experienced dermatologist.3–5 Especially, ony-

chomycosis is a common problem6–8 and can some-

times be difficult to be distinguished from other nail

disorders like psoriasis, lichen ruber or eczematous

nails.9,10 The development of optimised antimycotic

therapy regimens stresses the need for accurate diag-

nosis and species differentiation, especially in therapy

refractant and recurrent disease.11–17 Hitherto existing

diagnostic methods include KOH preparation, derma-

tophyte culture, PCR, and histopathology with PAS-

staining,18 but they all share certain drawbacks in

terms of sensitivity or specificity, time delay, or cost-

intensity and effort.19–23

Confocal laser scanning microscopy (CLSM) and

optical coherence tomography (OCT) offer a quick and

non-invasive view of the patients nail in real-time. So

far, morphological features of the healthy nail plate in

CLSM were recently described and compared with

typical findings in leuconychia and onychomycosis.24

In a few other reports, the possibility of diagnosing

onychomycosis by CLSM and OCT was demon-

strated.25–27 Also, recently, digital dermoscopy of the

nail was shown to be helpful in the diagnosis of

onychomycosis, as distinctive dermoscopic signs were
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found that were exclusively seen in distal subungual

onychomycosis.28 The aim of this prospective study was

the evaluation of CLSM and OCT as diagnostic tool in

onychomycosis in terms of sensitivity, specificity,

positive and negative predictive value and practicability

in comparison with the hitherto established diagnostic

methods.

Patients and methods

Patients

Sixty patients (aged 11–91 years, 40 male, 20 female)

with nail disorders were included in this prospective

study. There were no limitations in age or gender. Also,

predisposing factors for the development of onychomy-

cosis and possible co-factors were not taken into

account. Within this group, 50 patients were clinically

suspicious for onychomycosis and 10 patients had nail

diseases of other origin.

Onychomycosis group

Fifty patients with the clinical typical picture of

onychomycosis were recruited. Although there were

no limitations to the location, only onychomycosis of

the toe nails were seen. According to common classi-

fications29–31, 27 patients (54%) showed a distolateral

subungual onychomycosis, 17 cases (34%) a total

dystrophic onychomycosis, five patients (10%) appeared

as superficial white onychomycosis and only one patient

displayed the picture of a proximal subungual onycho-

mycosis. There were no limitations to age or gender,

displaying an age-range from 39 to 91 years (mean of

74.4 years) and a gender distribution of 33 male and 17

female patients.

Control group

As controls served a collective of 10 panellists (seven

males and three females), aged 11–91 (mean age of

50.4 years) with nail disorders not typical for onycho-

mycosis like oil spots, motteling or longitudinal creases

and with additional skin disorders, commonly associ-

ated with nail deviations (six patients with psoriasis,

two with eczema, one with lichen ruber planus and one

with a nail destruction following chemotherapy).

Exclusion criteria for both groups were the prior

externally carried out diagnosis of onychomycosis and

antimycotic therapy within the 3 month prior to

recruitment.

Methods

a. KOH-preparation: The sampled material was incu-

bated with a 15% caustic potash solution for 15 min

and then scanned by light microscopy.

b. Fungal culture: Suspicious material was placed on a

selective agar for pathogenic fungi, and evaluation

and differentiation of species were carried out after

up to 4 weeks of incubation.

c. PCR: Verification of the presence of dermatophytes

was carried out with a combination of two tech-

niques: First, the 184 bp segment from the high

variable domaine of the small ribosomal subunit of

the 18S-rRNA gene was amplified with the primer

DH1L and DH1R. This was followed by a restriction-

fragment-length-polymorphism analysis (RFLP) with

EaeI (=Cfrl) as restriction enzyme, which specifically

in dermatophytes splits the 184 bp PCR product in a

130 bp and a 54 bp fragment.32,33

Secondly, for the detection of dermatophytes, a pan-

dermatophyte PCR was conducted with panDER-1 and

panDER-2 as primers, which detect the fragments that

encode the chitin-synthase 1 in dermatophytes leading

to amplification products with a length of 366 bp.34

Specification of the detected dermatophytes was

performed via PCR of the internal transcribed spacer

gene 1 (ITS1) of Trichophyton rubrum (Trub-1, Trub-2)

and of the ITS1 of Trichophyton mentagrophytes (Tment-

F-, Tment-R). Quality of the isolated DNA was checked

for by a multiplex-PCR.

The product of the PCR for the detection of Microspo-

rum canis is the 211 bp-segment from the DNA of the

Topoisomerase II of the dermatophytes.35

DNA isolation was conducted with the DNeasy Blood

& Tissue Kit (#69506, Qiagen, Hilden, Germany),

Amplitaq-Gold (#N8080259, Applied Biosystems,

Darmstadt, Germany) was used as DNA polymerase.

Annealing temperature was 60 �C.

d. Histopathology with PAS staining: Material was

embeddedinparaffinandstainedwiththePASreaction.

e. CLSM was performed with the VivaScope 1500

Multiwave (Fa. MAVIG GmbH, Munich, Germany)

with the 830 nm laser in the reflection mode. Hori-

zontal levels, so called VivaStacks, in different depths

were scanned down to the nail bed. The single image is

500 · 500 lm in size. The clinically suspicious zone

of the nail was scanned and white lengthy or thready

structures with high reflection and typical shape or

spore-like bright aggregates similar to their shape seen

in histology were counted as positive for fungal

infection.
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f. Optical coherence tomography was performed using

the SD-OCT-System Callisto (Fa. Thorlabs HL AG,

Lübeck, Germany), offering a lateral resolution of

15 lm and an axial resolution of 7 lm. The pene-

tration depth lies about 1mm limited due to scatter-

ing. In contrast to CLSM, the resulting images are

vertical slices with a length of 4–6 mm. Again, white

lengthy or thready structures with high reflection or

round aggregated white structures were valued as

fungal structures.

Statistical analysis

Sensitivity and specificity were calculated for each

diagnostic method. Sensitivity as truly positive rate in

our study showed the percentage in which the

technique was able to detect the fungal infection

within all patients with onychomycosis. Specificity, in

contrast as the truly negative rate, gave the fraction

of patients that were correctly found to have no

onychomycosis.

The positive predictive value (PPV) describes the

probability that a positive result really relies on a

positive finding (in our case really an onychomycosis),

so it is offering the fraction of truly positive found results

from all positive results. Accordingly, the negative

predictive value (NPV) answers the question in which

percentage a negative result really relies on a negative

finding, so in our case, in how many negative results

out of all negative results the patients really had no

onychomycosis.

As basis for calculations fungal culture, PCR and

histopathology (PAS staining) were defined as gold

standard, so that a positive finding in either one of the

three confirmed the diagnosis of onychomycosis.

Results

Among the 60 patients of this study, the diagnosis of

onychomycosis was established in 65% (39 patients),

meaning that at least one of the three as gold standard-

defined methods (PCR, fungal culture, PAS staining)

showed a positive result in two-thirds of all 60 cases. Of

these 39 patients, 36 patients (92%) belonged to the

onychomycosis group and 3 patients (8%) to the control

group. Two-thirds of these patients were male (26 ⁄ 39)

and one-third female (13 ⁄ 39) displaying the same

gender ratio as the entire collective also with two-thirds

being male (40 ⁄ 60). Age ranged from 11 to 91 years.

Sensitivity, specificity, PPV and NPV

The positive results over all for each technique and

sensitivity, specificity, PPV and NPV for all six diagnos-

tic methods are given in Table 1.

Sensitivity

Polymerase chain reaction offered the best sensitivity

with 94.9%, followed by OCT (92.3%), CLSM (79.5%),

KOH-preparation (74.4%), histopathology (PAS-stain-

ing) (69.2%) and far of last the fungal culture with

20.5%. A comparison of the sensitivity of all diag-

nostic methods for onychomycosis tested is shown in

Fig. 1.

Table 1 Overview of all results for all six

diagnostic methods in terms of overall

positive results, sensitivity, specificity and

positive and negative predictive value.

Diagnostic

method

Positive

results (%)

Sensitivity

(%)

Specificity

(%)

Positive

predictive

value (%)

Negative

predictive

value (%)

KOH-preparation 56.7 74.4 76.2 85.3 61.5

Fungal culture 13.3 20.5 100* 100* 40.4

PCR 61.7 94.9 100* 100* 91.3

PAS staining 45 69.2 100* 100* 63.6

CLSM 58.3 79.5 81 88.6 85.3

OCT 80 92.3 42.9 75 75

*These three methods were defined as gold standards in the study design therefore being

100% in specificity and PPV.

Figure 1 Comparison of sensitivity of all six diagnostic methods.
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Specificity

Due to the study design PCR, culture and histopathol-

ogy were defined as gold standard, therefore stating a

specificity of 100%. Compared with these gold standard

techniques, CLSM showed the best value for specificity

with 81%, followed by KOH-preparation with 76.2%

and far off last the OCT with only 42.9%. The

comparison for all six techniques is graphically demon-

strated in Fig. 2.

For the non-invasive optical methods, CLSM and OCT,

results are given in detail below, allowing also a

comparison with the gold standard techniques as well

as a comparison in terms of positive and negative

correlation between the six different methods conducted.

CLSM

Confocal laser scanning microscopy showed a positive

result in 58.3% (35 ⁄ 60), similar to the KOH-prepara-

tion (56.7%) and slightly above average (52.5%),

pertaining to all methods. Two exemplary pictures are

given in Fig. 3a and b. Of the positive results, 97.1%

were found in the onychomycosis group and 2.9% in

the control group.

Sensitivity of CLSM was high with 79.5%, compara-

ble to that of KOH-preparation (74.4%), and also

specificity was high with 81%. Due to the high number

of truly positive results, the PPV is high with 88.6%,

also similar to that of KOH-preparation with 85.3%. The

NPV with 68% is slightly above average (66.6%).

Compared with the gold standard techniques, CLSM

offers a much higher sensitivity with 79.5% than the

culture (20.5%) and than histopathology (69.2%), yet

PCR tops all with 94.9%. The NPV of CLSM behaves

similarly: with 68% better than culture (40.4%) and

histopathology (63.6%), but clearly under the 91.3% of

the PCR. In addition, CLSM shows – except for the

defined gold standards – the best specificity with 81%

and the best PPV with 88.6%.

Correlating CLSM with the other methods (pertaining

to the entire collective), the best positive accordance is

seen with the OCT in 56.7%, the worst with culture in

only 13.3%. With the negative correlation, it is vice

versa: only 18.3% compared to OCT and 41.7% com-

pared to culture (Fig. 4).

OCT

With 80% (48 ⁄ 60), overall positive results the OCT

ranked far over the average of 52.5%. This highest

number of all positive results compared with all other

techniques was found in 91.7% (44 ⁄ 48) in the

onychomycosis group and in 8.3% (4 ⁄ 48) in the

control group. A typical positively rated OCT image is

shown in Fig. 5.

Due to the high number of positive results, OCT

shows a high sensitivity of 92.3%, right behind the PCR

with 94.9%, but due to the very low number of truly

Figure 2 Comparison of the specificity of all six diagnostic methods.

(a) (b)

Figure 3 (a) Typical features of dermato-

phytes within the nail plate in CLSM

with lengthy structures with high reflec-

tion and typical shape of hyphae. (b) In

addition to the thready like structures with

high reflection already shown in Fig. 3a

in this confocal lasermicroscopic image of

the nail plate, spore like aggregates with

high reflection similar to their appearance

in histopathology are visible.
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negative results, the specificity of 42.9% was poor and

the worst compared with all other techniques. The PPV

is also ranked last with 75%, the NPV with 75% is

above average and again second best after the PCR

(91.3%).

Compared with the gold standards, the sensitivity of

OCT reaches with 92.3% almost the results of the PCR

(94.9%) and is much better than the culture (20.9%)

and also than the histopathology (69.2%). The NPV of

OCT lies with 75% also above the 63.6% of histopa-

thology and clearly above the 40.4% of the culture, but

is also markedly below that of the PCR (91.3%).

Correlation of OCT with the other methods, pertain-

ing to all 60 patients, showed a good positive

accordance with the PCR and the CLSM each with

56.7%. The worst positive correlation was seen with

the fungal culture in only 13.3%. Negative accordance

of OCT lay only between 11.7% compared with KOH-

preparation and a maximum of 20% compared with

culture (Fig. 6).

Differentiation of species

The only two methods allowing a differentiation of

species are the PCR and the fungal culture. In both

techniques, only Trichophyton rubrum and Tr. mentagro-

phytes were found.

The PCR found Trichophyton rubrum in 81.1%

(30 ⁄ 37) of all positive PCR results and Trichophyton

mentagrophytes in 18.9% (7 ⁄ 37). In the fungal culture,

which was only positive in 13.3%, the growth of Tr.

rubrum was seen in 87.5% (7 ⁄ 8) and Tr. mentagrophytes

grew in 12.5% (1 ⁄ 8).

Time frame, costs, efforts

A rough estimation of all six diagnostic methods of the

time frame until diagnosis can be confirmed, of the costs

per examination (according to the German medical fee

schedule GOÄ), of the acquisition cost of the devices plus

consumables plus experienced personnel needed, as well

Figure 5 Typical features of onychomycosis in OCT with lengthy

structures with high reflection.

Figure 4 Correlation of the results of CLSM with all other diag-

nostic methods.

Figure 6 Correlation of the results of OCT with all other diagnostic

methods.
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as the ability to differentiate between species, is shown

in Table 2.

Discussion

All evaluations of the laboratory diagnostic methods

(KOH, culture, PCR and PAS) presuppose the correct

sampling of the material. Especially, the correct prior

disinfection, knowledge on the best area of the nail for

sampling and a sufficient amount of material obtained are

essential to avoid false negative results and contamina-

tion.5,26 For each diagnostic method, possible disturbing

factors, advantages and drawbacks and a comparison

with results in the literature are discussed below.

KOH preparation

This easy to perform and, being a low budget method,

offers a quick result after about 30 min. It is very well

suitable as a screening method and applicable in every

doctor�s office. Most important requirements are suffi-

cient sampling and an experienced examiner. The good

sensitivity of 74.4% we found is comparable to that of

histopathology and compared with the literature, falls

into the higher end of the range stated between 25%

and 80%.36,37 The specificity of 76.2% and the positive

predictive value of 85.3% were also comparable to the

72% and 88% found by Weinberg et al. [37] However,

the NPV of 61.5% was the second worst after the

culture with 40.4%, also in accordance with the

literature stating a NPV of 58% for the KOH-preparation

and 43% for the culture,37 and KOH preparation is not

able to differentiate species.

Fungal culture

In our study, sensitivity was poor with 20.5%, lying

even below the lowest data given in the literature with a

range between 23% and 80%, with most studies

narrowing down between 32% and 59%.37,38 As

sampling was the same for all methods, possible

explanations for the poor sensitivity in our study could

be a low number of germs or impaired vitality, but this

remains uncertain. Due to our study design, specificity

was nominated as 100%. Weinberg et al. [37] found it

at 82%. Due to the high number of false negative

results, the NPV is poor with 40.4% similar to 43%

described previously combined with a good PPV of

90%,37 which was 100% in our results as the culture

was defined as gold standard.

Yet, of all methods, only the fungal culture and the

PCR are able to differentiate the species to allow for an

appropriate antimycotic treatment, and fungal culture

is the only method to proof vitality of the pathogens,

which is important in therapy refractory and recurrent

disease. Fungal culture is about five times cheaper than

the PCR (see Table 2), but it takes 3–4 weeks until

results are present compared to 1–2 days with the PCR,

where the actual reaction only takes a few hours.34

PCR

Results of the PCR were superior to all other methods,

except in terms of costs. PCR showed the best sensitivity

with 94.9% and the highest NPV with 91.4%, a little

higher than the data seen by Kondori et al. [39] 2010

with 85% and 87% respectively, who combined a Pan-

Dermatophytes PCR with a Tr. rubrum-specific PCR. They

found the specificity of this combination to be 94% with a

PPV of 93%.39 As the PCR was defined as gold standard,

our specificity and PPV were set at 100%. Similar results

were also found by Li et al. [40] using a triplex PCR.

A big advantage next to the fast results stated above

and the possibility of germ differentiation is the little

amount of pathogens needed (10–100 germs per ml are

sufficient) for.40 This is also independent of the vitality

of the fungi, which could be impaired if prior antimy-

cotic therapy was conducted. The price for this quick

Table 2 Comparison of all six diagnostic methods in terms of time frame until receiving final results, costs per examination (according to

the German medical fee schedule GOÄ), costs of the acquisition of the device, the consumables and the personnel and laboratory effort

needed and a comparison of the ability to differentiate between different genus and species of the fungi.

Diagnostic

method

Time frame

until diagnosis

Costs per

examination (€)

Acquisition costs +

material ⁄ personnel

Differentiation

of species

KOH-preparation ca. 30 min 10.36 Low No

Fungal culture 3–4 weeks 27 Low Possible

PCR 1–2 days 127 High (material + several

devices + personnel)

Possible

PAS staining 1–2 days 77 High (lab + material + personnel) No

CLSM ca. 20 min 140 High (device ca. 85 000) No

OCT ca. 15 min 80 High (device ca. 20 000) No
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and accurate tool is higher in terms of costs of

acquisition (devices needed: thermocycler, centrifuges,

incubator, elektrophorese apparatus, UV-screen), and

consumables (KNA-Kit, TAq-Polymerase, Gel Pipettes,

tubes etc.), which make this technique not appropriate

for use in an everyday practice. However, for the use in

the clinic, it should be considered as gold standard, in

any case in therapy refractory cases or in recurrent or

severe disease.17

Histopathology (PAS staining)

With a sensitivity of 69.2%, histopathology was right

behind KOH preparation (74.4%), but its NPV was a

little better with 63.6% vs. 61.5% (KOH), but in both

terms, much better than the fungal culture (20.5% and

40.4%). Other studies found an even higher sensitivity

for PAS staining between 85% and 92%.37,38 and a

specificity of 72%, a PPV of 89.7% and a NPV of 77%.37

Again, as one of the gold standard methods in our

study, specificity and PPV were both 100% and the NPV

was a little lower compared with Weinberg�s data with

only 63.6%, showing still quite a high number of false

negative results and stressing the importance of correct

sampling of the material by nail clipping for this

method. One advantage is the ability to see if the fungi

are located subungual or if they grow invasively into the

nail organ.31 Results are available after 1–2 days, but

there is no information on vitality or species.31 The

equipment needed reserves this technique for the clinic

or larger labs.41 The price lies clearly above that of a

KOH preparation and culture, but below the PCR and is

similar to that of OCT (see Table. 2).

CLSM

While CLSM is well established as helpful non-invasive

tool with almost histological resolution in the diagnosis

of lesions of the human skin, primarily in pigmented

lesions but also in other skin tumours and diseases;42–49

it can also be helpfully applied for the examination of

the nail plate. In a recent study, morphological features

of CLSM of the healthy nail plate were described and

compared with the typical findings in onychomycosis

and leuconychia.24 Already in 1994 and 2001, CLSM

was described as a diagnostic tool of the future,50,51 and

also a case report by Hongcharu et al. [25] showed that

CLSM was able to confirm the diagnosis of onychomy-

cosis and the advantages of CLSM with a possibly higher

precision and faster results compared with KOH prep-

aration and dermatophyte culture were discussed.

Feuilhade de Chavin described CLSM as a good diag-

nostic method, but assessed it to be too complicated and

expensive for routine measurements.26 Arrese et al. [52]

saw the advantage of CLSM in the ability to demonstrate

location and density of the fungi, therefore being able to

quantify the �fungal load�. Gupta et al. [29] also assess

CLSM as a quick and reliable method, but find fault with

the inability to differentiate between dermatophytes and

moulds and yeasts.

Confocal laser scanning microscopy showed the third

best sensitivity with 79.5% and the best specificity and

PPV with 81% and 88.6% respectively, superior to KOH

preparation, culture and OCT. NPV was with 85.3%,

second best right after the PCR (91.3%).

As an optical method, false negative results due to

wrong material sampling can be excluded and the risk

of injury of the patient can be omitted. Results are quick

within 20 minutes and due to the nearly histological

resolution, also small amounts of fungi can be detected.

Drawbacks are high acquisition costs for the device of

about 85 000–120 000 Euro plus consumables and the

need of a highly experienced examiner esp. when

imaging the nail plate. The challenging handling when

measuring the convex hard surface of the nail plate

might be relieved soon with a newly developed hand-

held device.

Although differentiation of species and vitality is not

possible, CLSM achieves results superior to KOH prep-

aration and histopathology. We therefore feel that CLSM

offers a helpful amendment of the hitherto existing

diagnostic armamentarium in fungal infections of the

nail.

OCT

Although OCT showed the second highest sensitivity

with 92.3%, this forfeits its informative value due to a

specificity of only 42.9%. PPV and NPV were 75% each,

verifying esp. a high number of false positive results.

This is probably due to the lower resolution, which does

not allow a clear-cut differentiation between hyphae ⁄ -

spores and other nail creases ⁄ artefacts like trapped air

that might appear similarly.

Like CLSM, OCT is a quick and non-invasive optical

method offering results in real-time,53–55 but acquisition

costs of the device are about 20 000 Euro and again an

experienced examiner is needed. In a pilot study by

Abuzahra et al., OCT was compared with KOH prepa-

ration, culture and histology. OCT was able to detect

fungal elements in all histologically positive specimens.

No false positive results were seen in their controls,56 in

contrast to our findings of a very low specificity and a

high number of false positive results.
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Optical coherence tomography has a high enough

resolution for measuring the nail thickness and display-

ing the different layers of the nail organ and individual

structures,57,58 but due to the low specificity and the

not histological resolution, it is, from our point of view,

not useful as a standard method in the diagnosis of

onychomycosis.
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