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Abstract
Background and Aim.In the practice of veterinary doctors, a number of methods for diagnosing 

dermatomycoses are used, methods of direct and luminescent microscopy are undeservedly ignored. 
Сomparative analysis of staining methods for improving the method of direct microscopy, rapid and 
reliable detection of spores and mycelium in biomaterial, identification of pathogens and differential 
diagnosis of skin mycoses is of crucial importance for the effective treatment of animals

Materials and Methods. 47 clinical samples of wool and skin taken from farm animals were examined 
for dermatomycetes. Diagnosis was performed using direct microscopy, fluorescence microscopy with 
calcofluor, and culture medium culture Saburo.

Results. During the study of 47 samples of biological material, it was found that during microscopy 
the pathogen was detected in 10 cases (21.3%), during KOH microscopy - in 15 cases (29.9%), during 
KOH microscopy with other dyes in 11 cases (23.4%), during KOH microscopy with color calcofluor in 
25 cases (53.2%). The efficiency of the KOH microscopy method with white calcofluor in comparison 
with direct microscopy was 60% higher, in comparison with KOH microscopy with other dyes - by 
56%, classical KOH microscopy by 43.8%.

By the culture method, pathogens were detected in 28 cases (59.6%), of which 7 Trichophyton spp., 
1 Microsporum spp., 14 Aspergillius spp., 6 yeast. Growth was absent in 19 samples (40.4%), bacteria 
were detected in 3 samples (6.3%). In comparison with KOH microscopy with calcofluor white, positive 
results were confirmed in 89.3%.

Conclusion. The use of coloring with various dyes of morphological elements of micromycetes 
in pure cultures allows you to identify mycelial hyphae of various thicknesses, spores, conidia, other 
morphological structures and carry out a quick preliminary identification of dermatomycetes and 
opportunistic mold fungi in smears.
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Introduction
Early diagnosis of infections caused by classic dermatophytes or opportunistic micromycetes is 

critical for prompt, effective treatment. Diagnostic problems have been evident since these infections 
were first identified. Routine clinical assays often yield nothing. Develodping specific serological and 
biochemical tests has been attempted for years, but progress has been slow. The lack of early diagnosis 
is associated with problems in treatment, since the inability to make an accurate diagnosis does not allow 
forchoosing the right strategy and tactics fortreatment measures. In addition, the clinical manifestations 
of skin mycoses are diverse (inflammation, allergic reaction) and depend on the animal’sbody, which 
makes it very difficult to diagnose diseases [1, 2, 3].
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Laboratory results that allow the pathogen to be detecteddirectly in the diagnostic material are 
decisive in diagnosing mycoses. Early laboratory diagnostics involves using methods that include tests 
with a Wood lamp, direct microscopy with alkali, inoculation of clinical material on nutrient media of 
various compositions, and microscopic examination [4].

Fungal microscopy is a mandatory procedure for making a preliminary diagnosis, while obtaining 
positive microscopy results that confirmthe presence of infection regardless of the results of other 
diagnostic methods [5]. Usually, in mycological diagnostics, primary microscopy is carried out, which is 
an examination option when the material is obtained directly from the patient, or secondary microscopy 
is an examination of the culture of the pathogen obtained from a pre-taken sample [6]. 

Primary microscopy involves the use of colored and unpainted drugs. Direct microscopy is a 
valuable skill in treating skin infections and infestations; however, it is underusedin dermatology clinics. 
The clinical sample collection process is simple and not invasive. The samples can then be processed 
quickly and examined in the clinic; if properly configured, the result is available in minutes. In the 
context of superficial mycoses, direct microscopy provides important information about infection that 
other methods cannot provide. The presence of Candida and Malassezia hyphal forms, for example, 
can confirm active infection rather than colonization, information that cannot be obtained by culture or 
molecular methods [7]. 

Light and fluorescence microscopy are most often used to diagnose fungal infections. Fluorescence 
was first discovered by Frederick W. Herschel in 1845, who noted that the excitation of a quinine 
solution with UV rays resulted in blue emission. Later, George H. Stokes, who coined the term 
“fluorescence,”noted that the wavelength of the original UV radiation is shorter than that of fluorescence. 
The first attempts to use fluorophores to stain tissue, bacteria, and other pathogens in research were 
made in the early 1900s [8].

Potassium hydroxide solution, fluorescent dyes (calcofluor white, acridine orange), lactophenol 
cotton blue, Gram stain, etc. are used to conduct microscopy of test samples for the presence of fungi [9]. 
Direct microscopy with potassium hydroxide solution allows the detection and identification of fungal 
elements in the sample. Thus, according to the study by N. Subathra, N. Bharathi Santhose (2017), who 
used microscopy with KOH to diagnose onychomycosis, the method’s sensitivitywas approximately 
51%, which was not inferior to the culture method. To assess the diagnostic efficiency of two different 
microscopic methods in detecting fungal growth in affected nails with onychomycosis, Subathra N. et 
al. (2017) used the classical microscopy method with a 40% KOH solution and a modified microscopy 
method with 36% DMSO. The sensitivity of both methods was 50.6% and 48.2%, respectively [10]. 
Aroop Mohanty et al. (2021) reported that in diagnosingmucormycosis, the sensitivity and specificity of 
KOH microscopy are 64% and 91%, respectively [11].

Despite the venerable age of the direct microscopy method and its well-deserved advantages 
(simplicity, ease of implementation, etc.), it is constantly being improved. Additional use of various 
dyes is proposed to increase the reliability and sensitivity of this method. Schiff’sreagent is widely used 
as a broad-spectrum dye for detecting fungi [12]. Broadwater Devin R. et al. (2022), using a modified 
method of staining with the Schiff reagent, recognized this method as the most optimal for identifying 
fungi and not taking much time during analysis. The Schiff reagent stains the cell walls of Candida spp., 
Malassezia fungi, namely, polysaccharide complexes [13]. 

Using lactophenol blue,Vacharavel Shamly et al. (2014) noted its ability to stain thin hyphae.This 
finding allowed the authors to identify pathogensmore easilyduring microscopic examination [14].

Megha Tandon (2023) recognized PAS staining as a simple and rapid alternative to cultivation. As a 
result of the studies, the method’s sensitivitywas 76.2%, and the specificity was 42.9% [15]. 

When comparing the staining results with rose Bengal and lactophenol blue during rapid identification 
of pathogens from chili leaves, I. Barman et al. (2018) found spores of “C. assamicum,” “C. annuum,”and 
“C. Frutescen.” The authors concluded that lactophenol-trypan blue is more suitable for staining spores 
of irregular rod shape and spores of spherical shape, pink Bengal dye [16].

Recently, the introduction of direct wool microscopy with the addition of white calcofluor luminescent 
substance has intensified in veterinary mycological laboratories [4]. 
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Calcofluor is a fluorochrome dye withanaffinity for chitin and cellulose. Its peculiarity is that when a 
drop of dye is added to a preparation with KOH, it is absorbed by parts of the fungus [17]. The combined 
use of white calcofluor with potassium hydroxide (KOH) solution makes detecting both young and 
mature fungus hyphae possible, which increases fungal infection’s detectabilityby 10% compared to the 
standard KOH method [18].

The use of white calcofluor dye to identify fungal pathogens showed a high sensitivity of the 
method. For example, according to Vishal Punjabic et al. (2020), 85% and 60% of cases, were positive 
when comparing the staining performance of the sensitivity of calcofluor white with acridine orange. 
Calcofluor white also showed a high predictive value of a positive result (63%), in contrast to acridine 
orange (57.1%) [19].

In the diagnosis of fungal keratitis, Dalia Moemen et al. (2019) calcofluor white showed high 
sensitivity and specificity (99.44% and 90.91%, respectively), not inferior to the dye methylene blue in 
these indicators (92.31% and 80%, respectively) [20].

Schottelius J. (2000) developed combined staining of fungal spores with calcofluor white with 
trichrome blue and subsequent incubation with methylene blue. Staining made it possible to distinguish 
microsporidium spores, spotted, bright white under the influence of calcofluor, while Candida spores 
had a reddish-violet color [21].

Our research aims to compare staining methods to improve the direct microscopy method, rapid and 
reliable detection of spores and mycelium in biomaterial, identification of pathogens, and differential 
diagnosis of skin mycoses.

Materials and Мethods
The object of the study is a biomaterial taken from farm animals with suspected dermatomycoses 

in the amount of 47 samples. Biological material (hair andskin scales) was taken from the periphery of 
the lesions [22] andanalyzed according to the requirements for microscopic studies on mushrooms [7].

Dyes used: lactophenol cotton blue, Romanovsky dye, Giemsa reagent, Schiff reagent, methylene 
blue, Bengal pink, white calcofluor, andfuchsine.

In order toobtain a 10% potassium hydroxide solution, 10 g of caustic potassium wasweighed, and 
50 ml of distilled water was added. The mixture was stirred until the substance was completely dissolved 
and the solution volume was100 ml.

Bengal pink dye was prepared by diluting 0.25 g of rose Bengal powder per 100 ml of water.
To obtain 0.1% white calcofluor dye, 0.1 g of powder was dissolved in 100 ml of distilled water 

under low heat [16].
KOH microscopy was performed as follows: skin scrapings and hair were fixed on a slide, 10% 

KOH alkali solution was added. The glass was heated over the burner flame without boiling to accelerate 
material clarification; then, it was covered with a slide and viewed under a microscope [7].

Direct microscopy was used to detect fungal elements in biological material. Microscopy of 
biomaterial samples for the detection of mycelium or spores was carried out under an increase of ×10 on 
an Olympus BX43 (2020) fluorescent microscope [15].

The test material was clarified with 10% KOH to detect fungal elementsand then stained with 
calcofluor white [23].

A cultural mycological studyinvolving isolating a pure culture of fungi from biological material was 
conducted to establish the species affiliation [24]. The biomaterial was cultured on Sabouraud agar to 
detect zoophilic fungi and Chapek agar to detect micromycetes in 28ºS. Before sowing, the material was 
kept in 70% alcohol for 5 minutes.

The cultures that were obtained were identified based on cultural and morphological characteristics 
using identifiers [25, 26, 27] and taking into account the growth characteristics of the colonies.

Staining of smears of pure cultures of micromycetes was carried out by a simple method: 20 μL of 
any dye was applied to the slide, fixed for 5 minutes, and microscopy was performed.

Scotch preparations were prepared from young budding culturesby placing 10 cm long self-adhesive 
tape (Scotch 3M®) on a glass stick;the sticky side touchedthe surface of the formed colony of the test 
culture. The tape was fixed on glassandexamined under a microscope under various magnifications.
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Results
Morphological identification of fungi remains the foundation of any clinical laboratory. Microscopic 

analysis of characteristic fungal structures is one of the most important parts of fungal identification [7]. 
Therefore, we diagnosed dermatomycoses by the gold standard method with additional coloring with 
calcofluor:

- classical KOH microscopy without coloring,
- coloring of biomaterial and pure culture of pathogens with various dyes (lactophenol cotton blue, 

Romanovsky dye, Giemsa reagent, Schiff reagent, methylene blue, Bengal pink),
- white staining of biomaterial with calcofluor,
- cultural and morphological identification of pure culture of pathogens with staining of smears with 

various dyes.
A total of 47 samples from farm animals were studied, of which 28 samples revealed the presence of 

pathogenic micromycetes: 7 Trichophyton spp., 1 Microsporum spp., 14 Aspergillius spp., and 6 yeast 
of different species.

When studying unpainted primary biomaterial from animals by direct microscopy, structures 
resembling fungal mycelium were found on hair surfaces in 10 cases (21.2%). Mycelium growth inside 
the affected hair was also detected (Figure 1).

`    

No. 444 No.451 No. 452 

   

No. 453 No. 457 No. 462 

 
Figure 1 – Microscopy of affected animal hair

In Figure 1, external hair lesions are visible, manifested as a fluffy coating or threads in certain 
areas of the hair: samples No. 440, No. 452, No. 457. In some hair, the core is affected andfilled with 
mushroom spores. Especially strong lesions of the inner space of the hair were detected in samples No. 
440, No. 444, and No. 457.

Detecting lesions of the hair core is difficult with microscopy of dark-colored hair. Identifying 
mycelium on the hair’ssurface is also difficult, and itcan be mistaken for glass defects and other artifacts.

Subsequently, we conducted a classic KOH test, in which the hair is enlightened in an alkali solution, 
which facilitates the detection of spores and mycelium [28]. Figure 2 shows the results of the KOH 
microscopy of animal hair.
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No. 444 No. 451 No. 452 
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 Figure 2 – KOH microscopy of affected hair, magnification ×10

Figure 2 shows various defects and lesions on the hair: in samples No. 440 and No. 457, focal 
thickenings and mycelium loosening were detectable. In samples No. 462 and No. 452, spore 
accumulation appeared inside the hair; numerous foci of hair loosening with stratification of the 
superficial hair membrane, and notches were also noted. Sample No. 453 revealed “pegs”characteristic 
wedge-shaped perforations and erosion on the hair surface, and hair thinning was observed [29]. KOH 
microscopy showed a positive result in 18 (38.2%) cases.

Problems in the KOH microscopic diagnosis of skin mycoses, expressed in the uniformity of 
mycelial lesions by pathogens of different types of dermatomycetesandthe absence of clearly visible 
spores and conidia, make it possible to make only an approximate preliminary diagnosis of skin mycosis 
or its appendages and do not allow identification ofmicromycetes to genus and species. There is also 
a possibility of a laboratory assistant’smistake in identifying the mycelium of dermatomycetes, which 
in KOH preparations looks imperceptible, has very thin, transparent, barely noticeable hyphae, and 
provided that there is a visible mycelium of opportunistic fungi, the novice researcher may make an 
erroneous diagnosis or not notice the presence of the pathogen at all.

To improve the quality of microscopy, we have developed a technology for coloring micromycete 
smears in biomaterial and in pure culture. The classic dyes lactophen blue, methylene blue, and Schiff’s 
reagent were selected for further studies to identify micromycetes in biological material from farm 
animals. Microscopy was performed at magnifications ×10, ×40, and ×100. When staining biomaterial 
samples with these dyes, the possibility of rapid detection of fungal mycelium in the biomaterial 
thickness (hair and scales) was detected in 11 (23.4%) cases (Figure 3).
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Figure 3 – Identification of fungal structures of micromycetes in the biomaterial when stained with 
classical dyes: a - lactophenol blue, b - methylene blue, c - Schiff’sreagent 

(the arrow indicates mycelium)

As can be seen from Figure 3, lactophenol blue stains mycelium well, but it also stains the general 
background. Methylene blue and Schiff’sreagent, along with the staining of mycelial hyphae, also stain 
skin scales, which complicates the diagnosis. Background staining of the tissue made it difficult to 
identify the morphological structures of micromycetes, which was doubtful due to the similarity in some 
cases with convoluted forms of bacteria, either with blood vessels or with a hair follicle. Also, in some 
cases, the general background of the smear was strongly colored, so the mycelium hyphae didn`t have 
clear boundaries.

Further searches for the optimal method of coloring served as the basis for using calcofluor white dye 
for coloring fungal components and conducting luminescent microscopy. 0.1% fluorescent calcofluor 
white dye and 10% potassium hydroxide solution were usedfor microscopy. Analysis was performed on 
an unfiltered fluorescent microscope (Figure 4) and with a blue filter (Figure 5).

   

No.444 No.451 No.452 

   

No.453 No.457 No.462 

 Figure 4 – Detection of spores and mycelium of micromycetes in affected hair, white color 
with calcofluor, magnification ×10, without filter
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No.444 No.451 No.452 

   

No.453 No.457 No.462 

 Figure 5 – Luminescence of micromycete mycelium and affected hair in biomaterial, 
white calcofluor staining, ×10, blue filter

A comparative analysis of images taken with a fluorescent microscope, with and without using a 
blue filter, found that the possibility of detecting the mycelium of fungi and affected hair is higher in the 
second case. Figure 5 clearlyshows luminous fungal mycelial filaments in the biological material under 
the blue filter of the luminescent microscope. The detection percentage was 21.3%.

Mycelium in KOH smears was clear and poorly visible in the field of view. The percentage of 
detection was 29.9%. Samples stained with calcofluor revealed hair affected by the overgrown mycelium 
of fungi. A luminous mycelium wasvisible, located directly on the affected hair. The mycelium of strain 
No. 453 had clearly defined boundaries, was detected as bright apple-green fluorescence, and was 
subsequently identified as Microsporumcanis.

Thus, the color of calcofluor white smears allows faster and clearer detection of affected hair. The 
mycelium on affected hair in such smears fluoresces blue, making the fungus hyphaevisible. Therefore, 
direct microscopy of biomaterial smears stained with calcofluor white is a rapid and sensitive method 
for laboratory diagnosis of mycoses.

Myceliumdetectionserved as the basis for the initial diagnosis of skin mycosis and the continuation 
of work on isolating primary cultures from biomaterial and culture and morphological analysis of pure 
cultures of mycromycetes, the formation of colonies of which was noted from the 4th to the 12th day of 
incubation (Figure 6).
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Figure 6 – Pure micromycete cultures isolated from biomaterial

Figure 6 shows colonies of primary fungal cultures of Trichophyton spp., Microsporum spp., 
Aspergillius spp. and yeast isolate Rhodotorula spp., isolated from biological material of farm animals. 
Trichophyton spp (16.9%), less often Microsporumspp (2.1%), was detected in the culture method. 
Opportunistic fungi Aspergilliusspp were identified in 29.7% of cases, and yeast in 12.7% of cases.

The next step was comparative staining of yeast cells, spores and fungal mycelia from pure cultures 
of some Rhodotorula spp. yeast isolates. No. 457, mold fungi Aspergillius spp. No. 452 and Trichophyton 
dermatomycetes spp. №451.2, Microsporum spp. No. 453 with various dyes: methylene blue, Giemsa 
dye, Bengal pink, fuchsin, Schiff dye, Romanovsky dye, and lactophenol blue cotton (Figure 7).
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Figure 7 – Results of comparative coloration of yeast and mycelial fungi with various dyes

Figure 7 shows that when stained with methylene blue, all structural components of the mycelial 
fungi acquire a saturated blue tint. Romanovsky, Giemza, and Bengal pinkdyespartially stain hyphae 
and spores of mushrooms. Lactophenol blue cotton also stains all morphological structures of mycelial 
fungi of the genus Trichophyton (hyphae, mycelium, spores, conidia).

Yeast is well stained with dyes: lactophenol blue cotton and methylene blue. Schiff dye stains yeast 
pink, which is explained by the high concentration of polysaccharides in the yeast cell wall.

Discussion and Conclusion
The composition of fungal cell walls is relatively simple and includes substances not typically found 

in animal and plant hosts (e.g., chitin). It is assumed thatidentification of pathogen-specific molecular 
targets of fungal wall components becomes possible [30]. As is known, the rigid cell wall of fungi is a 
multilayered structure consisting of chitin microfibrils embedded in a matrix of small polysaccharides, 
proteins, lipids, inorganic salts, and pigments, providing skeletal support and shape to the cells 
enclosed in them. Chitin is a (β 1–4)-bonded polymer of N-acetyl-D-glucosamine (GlcNAc). The major 
polysaccharides of the cell wall matrix are composed of non-cellulosic glucans such as glycogen-like 
compounds, mannans (mannose polymers), chitosan (glucosamine polymers), and galactans (galactose 
polymers). Small amounts of fucose, rhamnose, xylose, and uronic acids may be present. Glucan belongs 
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to a large group of D-glucose polymers having glycosidic bonds. The most common glucans that make 
up the cell wall have a β configuration. Polymers with (β 1-3)- and (β 1–6)-linked glucosyl units with 
different bond ratios of 1-3 and 1-6 are common [31].

As a rule, the transparent unpainted mycelium of dermatomycetes is clearly visible in smears of pure 
culture of pathogenic fungi and practically undetected in smears of pathological material. Various staining 
methods have been proposed for better detection of mycelial structures. However, not all mushrooms 
present in hair and scrapings stain equally well. Keratinized cells are resistant to the penetration of 
dyes and make it difficult to stain fungi inside the hair and scales. However, colored preparations have 
several important advantages over potassium hydroxidetreated samples. Stained preparations reveal 
small morphological details of fungi more clearly [32]. Our results confirm the authors’data, although 
some dyes showed a better result (Figure 7).

When using methods of staining with various dyes of morphological elements of micromycetes in 
pure cultures, we found that when staining with methylene blue, all structural components of mycelial 
fungi acquire a saturated blue tint, which makes it possible to identify mycelial hyphae of various 
thicknesses and conduct a quick preliminary identification of dermatomycetes and opportunistic mold 
fungi in smears.

Staining with methylene blue mycelium of dermatomycetes makes it easy to identify in smears a 
characteristic thin mycelium and other morphological elements: rocket-shaped mycelium of fungi of the 
genus Microsporum, microconidia, macroconidia, arthrospores and other structural elements of fungi of 
the genus Trichophyton. Lactophenol blue cotton also stains all morphological structures of Trichophyton 
mycelial fungi (hyphae, mycelium, spores, conidia). In contrast, on a light background, the mycelium 
manifests itself as saturated blue threads, and spores in the form of dark blue morphological structures.

Romanovsky, Giemza, and Bengal pinkdyespartially stain hyphae and spores of mushrooms, the 
pattern in the field of view is not as clear as when staining with lactophenol blue cotton dye. However, 
coloring with Romanovsky, Giemza, methylene blue, Schiff, fuchsin,andBengal pink dyes allows 
you to quickly and reliably identify the characteristic fusiform macroconidia of the fungi of the genus 
Microsporum.

Yeast is well stained with lactophenol blue cotton, methylene blue, and Schiff dye. Given that 
living cells are not stained with methylene blue, and stained blue cells are considered dead [3], this 
stainingmethod can provide data on the age of the culture.

Schiff dye stains yeast pink, which is explained by the high concentration of polysaccharides in the 
cell wall of yeast. Of the disadvantages of the dye, background staining of the smear can be noted, which 
makes it difficult to record the results.

KOH in various concentrations is used as a keratolytic agent to detect fungi in tissues [33]. However, 
it does not stain fungal elements. Therefore, delicate translucent fungal elements avoid detection. Several 
authors reported low sensitivity and specificity of KOH preparations [34]. Saxena et al. reported 68% 
sensitivity and 40% specificity of KOH [35].

The combined use of white calcofluor with potassium hydroxide (KOH) solution is believed to 
increase the detectability of fungal infection compared to the standard KOH method [18]. The affinity of 
the fluorochrome dye calcofluor for chitin allows the mycelium and spores of the fungus to absorb the 
drug when a drop of KOH with the dye is added. Itcauses the formation of a complex of β-1.3 and β-1.4 
polysaccharides and a complex of white calcofluor with caustic potassium, which gives a characteristic 
glow under the blue filter of a luminescent microscope [17].

Using calcofluor allowed Rasconi S. et al. (2009) to perform preliminary identification of chitin 
of microscopic molds stained with calcofluor in pathological material [36]. In our studies, for direct 
microscopic detection of fungal structures, the biomaterial was stained with calcofluor white dye, which 
made it possible to quickly and efficiently identify hair lesions of early diagnosis of mycoses within 30-
60 seconds (Figure 8).
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Figure 8 – Comparative results of biomaterial microscopy methods

As can be seen from Figure 8, the results of the mycological examination of 47 samples of biological 
material showed that during microscopy, the pathogen was detected in 10 cases (21.3%), during KOH 
microscopy in 15 cases (29.9%), during KOH microscopy with other dyes in 11 cases (23.4%), during 
KOH microscopy with calcofluor staining in 25 cases (53.2%).

The efficiency of the KOH microscopy method with white calcofluor compared with direct 
microscopy was 60% higher, compared with KOH microscopy with other dyes by 56%, classical KOH 
microscopy by 43.8%.

Identifying pathogens in samples of biological material using white calcofluor made it possible not 
only to quickly and reliably identify the pathogen and damage to hair or skin scales, but also to carry out 
differential diagnostics. This is because the mycelium of Microsporum spp. gives a bright apple-green 
fluorescence under a blue fluorescent microscope filter.

Our data are consistent with those of various authors Vishal Punjabi et al. (2020) [19], Dalia Moemen 
et al. (2019) [20], Schottelius J. [21], and several others. These results make it possible to recommend 
the use of direct microscopy with calcofluor staining for the rapid diagnosis of dermatomycoses in 
veterinary clinics of the Republic of Kazakhstan.

Pathogens were detected in 28 cases (59.6%) by the culture method. Compared with KOH microscopy 
with calcofluor white, positive results were confirmed in 89.3%. Practically similar results were obtained 
by Pihet M. et al. (2017) [37], who spoke of 93.8% detection of the pathogen in microscopy with 
calcofluor in comparison with the culture method. During the initial isolation of skin mycosis pathogens, 
fungal growth was obtained in 28 cases (59.6%), and growth was absent in 19 samples (40.4%).

According to the results, of the total number of pathogens, dermatomycetes were detected in 19% 
of cases: Trichophyton spp.16.9%, Microsporum spp. 2.1%. Opportunistic fungi Aspergillius spp. were 
detected in 29.7% of cases, yeast in 12.7% of cases. In 6.3% of cases, bacteria were detected, and in 
40.4%, fungigrowthwas negative (Figure 9).

Figure 9 – Spectrum of pathogens isolated from farm animals by culture method
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The staining of pure cultures of dermatomycetes, mycelial molds, and yeast also showed a higher 
diagnostic value when using the method of staining smears with various dyes in direct microscopy of 
scotch preparations.

Thus, using various dyes for coloring smears and biomaterials makes it possible to improve the direct 
microscopy method for the rapid and reliable detection of spores and mycelium, both in biomaterial and 
in pure culture. Thismethodwill make it possible to correctly identify pathogens quickly and carry out 
differential diagnostics of skin mycoses with high reliability.

As a result ofthemycological examination of 47 samples of biological material, it was revealed 
that during microscopy, the pathogen was detected in 10 cases (21.3%), during KOH microscopy in 15 
cases (29.9%), during KOH microscopy with other dyes, in 11 cases (23.4%), during KOH microscopy 
with calcofluor staining, in 25 cases (53.2%).The efficiency of the KOH microscopy method with white 
calcofluor compared with direct microscopy was 60% higher, compared with KOH microscopy with 
other dyes, by 56%, classical KOH microscopyby 43.8%. The culture method, detected pathogensin 28a 
cases (59.6%), of which 7 Trichophyton spp., 1 Microsporum spp., 14 Aspergillius spp., 6 yeast. Growth 
was absent in 19 samples (40.4%), bacteria were detected in 3 samples (6.3%). Compared with KOH 
microscopy with calcofluor white, positive results were confirmed in 89.3%. Application of coloring 
with various dyes of morphological elements of micromycetes in pure cultures makes it possible to 
identify mycelial hyphae of various thicknesses, spores, conidia,andother morphological structures and 
to carry out rapid preliminary identification of dermatomycetes and opportunistic mold fungi in smears.

Authors’ Contributions 
EK and GB: Concept development, design and planning of the study, data collection and analysis, 

critical review of the article and final approval, research, statistical analysis. AN and GB: Conducted 
a comprehensive literature search and conducting research. All the authors have read, reviewed and 
approved the final version of the manuscript.

Acknowledgments
The work was carried out within the framework of the project No: АР19678812 “Use of genetic 

and bioinformatic methods for identification of pathogens of zoonotic mycoses of commercial and 
agricultural animals circulating in the territory of Kazakhstan” for 2023-2025 funded by the Ministry of 
Agriculture of the Republic of Kazakhstan.

References

1 Armstrong, D. (1989). Problems in management of opportunistic fungal diseases. Diseases. 
Reviews of Infectious Diseases, 11, 1591-1599. DOI: 10.01093/clinids/11.supplement_7. s1591.

2 Lousbergh, D., Buntinx, F., Piérard, G. (1999). Diagnosing dermatomycosis in general practice. 
Family Practice, 16, 611-615. DOI: 10.1093/fampra/16.6.611.

3 Stojanov, IM, Prodanov Radulovic JZ, Pusic, IM, Kapetanov, M., Ratajac, RD, Jakšić, S. (2011). 
Dermatomycosis - Conditions that contribute to the disease development. Zbornik Maticesrpske za 
prirodnenauke, 120, 229-241. DOI:10.2298/ZMSPN1120231S.

4 Ullmann, AJ, Aguado, JM, Arikan-Akdagli, S., Denning, DW, Groll, AH, Lagrou, K., Lass-Flörl, 
C., Lewis, RE, Munoz, P., Verweij, PE, Warris, A., Ader, F., Akova, M., Arendrup, MC, Barnes, RA, 
Beigelman-Aubry, C., Blot, S., Bouza, E., Brüggemann, RJM, Cornely, OA. (2018). Diagnosis and 
management of Aspergillus diseases: executive summary of the 2017 ESCMID-ECMM-ERS guideline. 
Clinical Microbiology and Infection, 24, 38. DOI: 10.1016/j.cmi.2018.01.002.

5 Lass-Flörl, C. (2019). How to make a fast diagnosis in invasive aspergillosis. Medical Mycology, 
57, 155-160. DOI: 10.1093/mmy/myy103.

6 Heckler, I., Sabalza, M., Bojmehrani, A., Venkataraman, I., Thompson, C. (2023). The need for 
fast and accurate detection of dermatomycosis. Medical Mycology, 61(5), myad037. DOI: 10.1093/
mmy/myad037.



57

HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES  № 3 (007) 2024

7 Chandler, D. (2022). Direct microscopy in the dermatology clinic: enhancing the management 
of skin infections and infestations. Clinical and Experimental Dermatology, 47(6), 1023-1029. DOI: 
10.1111/ced.15118.

8 Schelenz, S., Barnes, RA, Barton, RC, Cleverley, JR, Lucas, SB, Kibbler, CC, Denning, DW. 
(2015). British Society for Medical Mycology best practice recommendations for the diagnosis of serious 
fungal diseases. Lancet Infectious Diseases, 15(4), 461-474. DOI: 10.1016/S1473-3099(15)70006-X.

9 Borman, AM, Mohammed, S., Palmer, MD, Childs, N., Johnson, EM. (2022). The importance of 
appropriate processing and direct microscopic examination for the timely diagnosis and management of 
invasive infections caused by filamentous fungi. Medical Mycology, 60(12), myac081. DOI: 10.1093/
mmy/myac081.

10 Subathra, N., Bharathi Santhose, N. (2017). Evaluation of Diagnostic Efficacy of Two Different 
Microscopic Techniques and Fungal Culture in Onychomycosis. National Journal of Laboratory 
Medicine, 6(3), 5-8. DOI: 10.7860/NJLM/2017/28331:2236.

11 Mohanty, A., Gupta, P., Arathi, K., Rao, S., Rohilla, R., Meena, S., Singh, A., Kaistha, N., 
Rath, RS, Varshney, S. (2021). Evaluation of Direct Examination, Culture, and Histopathology in the 
Diagnosis of Mucormycosis: Reiterating the Role of KOH Mount for Early Diagnosis. Cureus, 13(11), 
54-55. DOI: 10.7759/cureus.19455.

12 Youngberg, GA, Wallen, ED, Giorgadze, TA. (2003). Narrow-spectrum histochemical 
staining of fungi. Archives of Pathology Laboratory Medicine, 127(11), 1529-1530. DOI: 
10.5858/2003-127-1529-NHSOF.

13 Broadwater, DR, Messersmith, LM, Bishop, BN, Tomkovich, AM, Salinas, JR, Lynch, DT. 
(2022). Development and validation of ultra-rapid periodic acid-schiff stain for use in identifying fungus 
on frozen section. Archives of Pathology Laboratory Medicine, 146(10), 1268-1272. DOI: 10.5858/
arpa.2021-0273-OA.

14 Shamly, V., Kal, A., Srirangaraj, S., Umadevi, S. (2014). Comparison of Microscopic Morphology 
of Fungi Using Lactophenol Cotton Blue (LPCB), Iodine Glycerol and Congo Red Formaldehyde 
Staining. J Clin Diagnosis Res, 8(7), DL01-2. DOI: 10.7860/JCDR/2014/8521.4535.

15 Tandon, M., Singh, S., Tilak, R. (2023). Comparison of different methods to determine the viability 
of dermatophytes in skin scrapings. IP Indian Journal of Clinical and Experimental Dermatology, 9(1), 
49-54. DOI:10.18231/j.ijced.2023.008.

16 Barman, I., Gogoi, J., Dutta, AM. (2018). Rapid staining for isolation of fungal endophytes from 
leaves of four chili varieties of assam. International Journal of Pharmacy and Biological Sciences, 8(2), 
634-638.

17 Roncero, C., Valdivieso, MH, Ribas, JC, Duran, A. (1988). Isolation and characterization of 
Saccharomyces cerevisiae emutants resistant to Calcofluor white. J Bacteriol, 170(4), 1950-1954. DOI: 
10.1128/jb.170.4.1950-1954.1988.

18 Елинов, НП, Васильева, НВ, Разнатовский, КИ. (2008). Дерматомикозы, или поверхност-
ные микозы кожи и ее придатков волос и ногтей. Лабораторная диагностика. Проблемы меди-
цинской микологии, 10(1), 27-34.

19 Punjabi, V., Patel, S., Pathak, J., Swain, N. (2020). Comparative evaluation of staining efficacy of 
calcofluor white and acridine orange for detection of Candida species using fluorescence microscopy–A 
prospective microbiological study. Journal of Oral & Maxillofacial Pathology, 24(1), 81-86. DOI: 
10.4103/jomfp.JOMFP_315_18.

20 Moemen, D., Bedir, T., Eman, A., Awad & Adel Ellayeh. (2015). Fungal keratitis: Rapid 
diagnosis using methylene blue stain. Egyptian Journal of Basic and Applied Sciences, 2(4), 289-294.
DOI:10.1016/j.ejbas.2015.08.001.

21 Schottelius, J., Kuhn, EM, Enriquez, R. (2000). Microsporidia and Candida spores: their 
discrimination by Calcofluor, trichrome-blue and methylene-blue combination staining. Tropical 
Medicine & International Health, 5(6), 453-458. DOI:10.1046/j.1365-3156.2000.00574.

22 «Совместный приказ об усилении мер по борьбе с дерматомикозами, общими для челове-
ка и животных». Ветеринарно-санитарные требования МЗ РК №36 от 2 февраля 2005 г. и МСХ 
РК №108 от 07.02.2005 г.



58

HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES  № 3 (007) 2024

23 Zhang, S., Chen, Z., Deng, Z., Fu, P., Yu, Y., Zhuang, Q., Yu, X., Chen, H., Li, A., Zheng, 
L. (2024). The value of calcofluor white in the diagnosis of invasive fungal diseases. Diagnostic 
Microbiology and Infectious Disease,108 (4), 116-186. DOI: 10.1016/j.diagmicrobio.2024.116186.

24 Begum, J., Mir, NA, Lingaraju MC, Buyamayum, B., Dev, K. (2020). Recent advances 
in the diagnosis of dermatophytosis. Journal of Basic Microbiology, 60, 293-303. DOI: 10.1002/
jobm.201900675.

25 Москвитина, ЕН, Федорова, ЛВ, Мукомолова, ТА, Ширяев, ВВ. (2017). Атлас возбудите-
лей грибковых инфекций. ГЭОТАР-Медиа.

26 Саттон, Д., Фотергилл, А., Ринальди, М. (2001). Определитель патогенных и условно па-
тогенных грибов. Мир. 

27 De Kock, CA, Sampers, GH, Knottnerus, JA. (1995). Diagnosis and management of cases of 
suspected dermatomycosis in The Netherlands: influence of general practice-based potassium hydroxide 
testing. Br J Gen Pract, 45(396), 349-351. 

28 Zeng, J., Zhang, H., Zhang, Y., Gao, L., Huang, J., Tang, Z., Lu, J. (2021). The challenge of 
diagnosing common dermatomycosis by reflectance confocal microscopy. Dermatology and Dermatitis, 
6(3)-085. DOI:10.31579/2578-8949/085.

29 Смагулова, АМ, Глотова, ТИ, Кухар, ЕВ, Киян, ВС, Глотов АГ. (2023). Методические 
рекомендации по выделению и идентификации Trichophytonben hamiae– возбудителя дермато-
микозов кошек. Агронаука.

30 Dedeaux, A., Grooters, A., Wakamatsu-Utsuki, N.,Taboada, J. (2018). Opportunistic Fungal 
Infections in Small Animals. J AmAnim Hosp Assoc, 54(6), 327-337. DOI:10.5326/jaaha-ms-6768.

31 Kang, X., Kirui, A., Muszyński, A., Dickwella Widanage, MC, Chen, A., Azadi, P., Wang, P., 
Mentink-Vigier, F., Wang, T. (2018). Molecular architecture of fungal cell walls revealed by solid-state 
NMR. Nature Communications, 9, 2747. DOI:10.1038/s41467-018-05199-0.

32 Al Dhafiri, M., Alhamed, AS, Aljughayman, MA, Bin Sifran, KF, Al Furaikh, BF, Alosaif, N. 
(2022). Use of Potassium Hydroxide in Dermatology Daily Practice: A Local Study from Saudi Arabia. 
Cureus, 14(10), e30612. DOI: 10.7759/cureus.30612.

33 Chaves, AR, de Campos, MP, Barros, MB, do Carmo, CN, Gremião, ID, Pereira, SA, Schubach, 
TM. (2013). Treatment Abandonment in Feline Sporotrichosis – study of 147 cases. Zoonoses and 
Public Health, 60(2), 149-153.DOI:10.1111/j.1863-2378.2012.01506.x.

34 Lawry, MA, Haneke, E., Strobeck, K., Martin, S., Zimmer, B., Romano, PS. (2000). Methods 
for diagnosing onychomycosis: a comparative study and review of the literature. Arch Dermatol,136(9), 
1112-1116.DOI:10.1001/archderm.136.9.1112.

35 Yadav, S., Saxena, AK, Capoor, MR, Ramesh, V. (2013). Comparison of direct microscopic 
methods using potassium hydroxide, periodic acid Schiff, and calcofluor white with culture in the 
diagnosis of onychomycosis. Indian Journal of Dermatology, Venereology and Leprology, 79(2), 242-
243. DOI: 10.4103/0378-6323.107649.

36 Rasconi, S., Jobard, M., Jouve, L., Sime-Ngando, T. (2009). Use of calcofluor white for detection, 
identification, and quantification of phytoplanktonic fungal parasites. Applied and Environmental 
Microbiology, 75(8), 2545-2553. DOI: 10.1128/AEM.02211-08.

37 Pihet, M., Le Govic, Y. (2017). Reappraisal of conventional diagnosis for dermatophytes. 
Mycopathologia, 182(1-2), 169-180. DOI: 10.1007/s11046-016-0071-y.

References

1 Armstrong, D. (1989). Problems in management of opportunistic fungal diseases. Diseases. 
Reviews of Infectious Diseases, 11, 1591-1599. DOI: 10.1093/clinids/11.supplement_7. s1591.

2 Lousbergh, D., Buntinx, F., Piérard, G. (1999). Diagnosing dermatomycosis in general practice.
Family Practice, 16, 611-615. DOI: org/10.1093/fampra/16.6.611.

3 Stojanov, IM, Prodanov Radulovic JZ, Pusic, IM, Kapetanov, M., Ratajac, RD, Jakšić, S. (2011). 
Dermatomycosis - Conditions that contribute to the disease development. Zbornik Maticesrpske za 
prirodnenauke, 120, 229-241. DOI:10.2298/ZMSPN1120231S.



59

HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES  № 3 (007) 2024

4 Ullmann, AJ,Aguado, JM, Arikan-Akdagli, S., Denning, DW, Groll, AH, Lagrou, K., Lass-Flörl, 
C., Lewis, RE, Munoz, P., Verweij, PE, Warris, A., Ader, F., Akova, M., Arendrup, MC, Barnes, RA, 
Beigelman-Aubry, C., Blot, S., Bouza, E., Brüggemann, RJM, Cornely, OA. (2018).Diagnosis and 
management of Aspergillus diseases: executive summary of the 2017 ESCMID-ECMM-ERS guideline. 
Clinical Microbiology and Infection, 24, 38. DOI: 10.1016/j.cmi.2018.01.002.

5 Lass-Flörl, C. (2019). How to make a fast diagnosis in invasive aspergillosis. Medical Mycology, 
57, 155-160. DOI: 10.1093/mmy/myy103.

6 Heckler, I., Sabalza, M., Bojmehrani, A., Venkataraman, I., Thompson, C. (2023). The need for 
fast and accurate detection of dermatomycosis. Medical Mycology, 61(5), myad037. DOI: 10.1093/
mmy/myad037.

7 Chandler, D. (2022). Direct microscopy in the dermatology clinic: enhancing the management 
of skin infections and infestations. Clinical and Experimental Dermatology, 47(6), 1023-1029. DOI: 
10.1111/ced.15118.

8 Schelenz, S., Barnes, RA, Barton, RC, Cleverley, JR, Lucas, SB, Kibbler, CC, Denning, DW. 
(2015). British Society for Medical Mycology best practice recommendations for the diagnosis of serious 
fungal diseases. Lancet Infectious Diseases, 15(4), 461-474. DOI: 10.1016/S1473-3099(15)70006-X.

9 Borman, AM, Mohammed, S., Palmer, MD, Childs, N., Johnson EM. (2022). The importance of 
appropriate processing and direct microscopic examination for the timely diagnosis and management of 
invasive infections caused by filamentous fungi. Medical Mycology, 60(12), myac081.DOI: 10.1093/
mmy/myac081.

10 Subathra, N., Bharathi Santhose, N. (2017). Evaluation of Diagnostic Efficacy of Two Different 
Microscopic Techniques and Fungal Culture in Onychomycosis. National Journal of Laboratory 
Medicine, 6(3), 5-8.DOI: 10.7860/NJLM/2017/28331:2236.

11 Mohanty, A., Gupta, P., Arathi, K., Rao, S., Rohilla, R., Meena, S., Singh, A., Kaistha, N., 
Rath, RS, Varshney, S. (2021). Evaluation of Direct Examination, Culture, and Histopathology in the 
Diagnosis of Mucormycosis: Reiterating the Role of KOH Mount for Early Diagnosis. Cureus, 13(11), 
54-55. DOI: 10.7759/cureus.19455.

12 Youngberg, GA, Wallen, ED, Giorgadze, TA. (2003). Narrow-spectrum histochemical staining 
of fungi. ArchPatholLabMed, 127(11), 1529–1530. DOI: 10.5858/2003-127-1529-NHSOF.

13 Broadwater, DR, Messersmith, LM, Bishop, BN, Tomkovich, AM, Salinas, JR, Lynch, DT. 
(2022). Development and validation of ultra-rapid periodic acid-schiff stain for use in identifying fungus 
on frozen section. Archives of Pathology Laboratory Medicine, 146(10), 1268-1272. DOI: 10.5858/
arpa.2021-0273-OA.

14 Shamly, V., Kal, A., Srirangaraj, S., Umadevi, S. (2014). Comparison of Microscopic Morphology 
of Fungi Using Lactophenol Cotton Blue (LPCB), Iodine Glycerol and Congo Red Formaldehyde 
Staining. J Clin Diagnosis Res, 8(7), DL01-2. DOI: 10.7860/JCDR/2014/8521.4535.

15 Tandon, M., Singh, S., Tilak, R. (2023). Comparison of different methods to determine the viability 
of dermatophytes in skin scrapings. IP Indian Journal of Clinical and Experimental Dermatology, 9(1), 
49–54.DOI:10.18231/j.ijced.2023.008.

16 Barman, I., Gogoi, J., Dutta, AM. (2018). Rapid staining for isolation of fungal endophytes from 
leaves of four chili varieties of assam. International Journal of Pharmacy and Biological Sciences, 8(2), 
634-638.

17 Roncero, C., Valdivieso, MH, Ribas, JC, Duran, A. (1988). Isolation and characterization of 
Saccharomyces cerevisiae emutants resistant to Calcofluor white. J Bacteriol, 170(4), 1950-1954. DOI: 
10.1128/jb.170.4.1950-1954.1988.

18 Elinov, NP., Vasil'eva, NV., Raznatovskij, KI. (2008). Dermatomikozy, ili poverhnostnye mikozy 
kozhi i ee pridatkov volos i nogtej. Laboratornaya diagnostika. Problemy medicinskoj mikologii, 10(1), 
27-34. [In Russ].

19 Punjabi, V., Patel, S., Pathak, J., Swain, N. (2020). Comparative evaluation of staining efficacy of 
calcofluor white and acridine orange for detection of Candida species using fluorescence microscopy–A 
prospective microbiological study. Journal of Oral & Maxillofacial Pathology, 24(1), 81-86. DOI: 
10.4103/jomfp.JOMFP_315_18.



60

HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES  № 3 (007) 2024

20 Moemen, D., Bedir, T., Eman, A., Awad & Adel Ellayeh. (2015). Fungal keratitis: Rapid 
diagnosis using methylene blue stain. Egyptian Journal of Basic and Applied Sciences, 2(4), 289-294. 
DOI:10.1016/j.ejbas.2015.08.001.

21 Schottelius, J., Kuhn, EM, Enriquez, R. (2000). Microsporidia and Candida spores: their 
discrimination by Calcofluor, trichrome-blue and methylene-blue combination staining. Tropical 
Medicine & International Health, 5(6), 453-458. DOI:10.1046/j.1365-3156.2000.00574.

22 «Sovmestniy prikaz ob usilenii mer po bor'be s dermatomikozami, obshchimi dlya cheloveka I 
zhivotnyh». Veterinarno-sanitarnye trebovaniya MZ RK №36 2 fevralya 2005 g. i MSKH RK №108 ot 
07.02.2005 g. [In Russ].

23 Zhang, S., Chen, Z., Deng, Z., Fu, P., Yu, Y., Zhuang, Q., Yu, X., Chen, H., Li, A., Zheng, 
L. (2024). The value of calcofluor white in the diagnosis of invasive fungal diseases. Diagnostic 
Microbiology and Infectious Disease,108 (4), 116-186. DOI: 10.1016/j.diagmicrobio.2024.116186.

24 Begum, J., Mir, NA, LingarajuMC, Buyamayum, B., Dev, K. (2020). Recent advances in 
the diagnosis of dermatophytosis. Journal of Basic Microbiology, 60, 293-303. DOI: 10.1002/
jobm.201900675

25 Moskvitina, EN, Fedorova, LV, Mukomolova, TA, SHiryaev, VV. (2017). Atlas vozbuditelej 
gribkovy hinfekcij. GEOTAR-Media, [In Russ].

26 Satton, D., Fotergill, A., Rinal'di, M. (2001). Opredelitel' patogennyh I uslovnopatogennyh 
gribov. Mir, [In Russ].

27 De Kock, CA, Sampers, GH, Knottnerus, JA. (1995). Diagnosis and management of cases of 
suspected dermatomycosis in The Netherlands: influence of general practice-based potassium hydroxide 
testing. Br J Gen Pract, 45(396), 349-351. 

28 Zeng, J., Zhang, H., Zhang, Y., Gao, L., Huang, J., Tang, Z., Lu, J. (2021). The challenge of 
diagnosing common dermatomycosis by reflectance confocal microscopy. Dermatology and Dermatitis. 
6(3)-085. DOI:10.31579/2578-8949/085.

29 Smagulova, AM, Glotova, TI, Kukhar, EV, Kiyan, VS, Glotov AG. (2023). Metodicheskie 
rekomendacii po vydeleniyu i identifikacii Trichophyton benhamiae – vozbuditelya dermatomikozov 
koshek. Agronauka, [In Russ].

30 Dedeaux, A., Grooters, A., Wakamatsu-Utsuki, N.,Taboada, J. (2018). Opportunistic Fungal 
Infections in Small Animals. J AmAnim Hosp Assoc, 54(6), 327-337. DOI:10.5326/jaaha-ms-6768.

31 Kang, X., Kirui, A., Muszyński, A., Dickwella Widanage, MC, Chen, A., Azadi, P., Wang, P., 
Mentink-Vigier, F., Wang, T. (2018). Molecular architecture of fungal cell walls revealed by solid-state 
NMR. Nature Communications, 9, 2747. DOI:10.1038/s41467-018-05199-0.

32 Al Dhafiri, M., Alhamed, AS, Aljughayman, MA, Bin Sifran, KF, Al Furaikh, BF, Alosaif, N. 
(2022). Use of Potassium Hydroxide in Dermatology Daily Practice: A Local Study from Saudi Arabia. 
Cureus, 14(10), e30612. DOI: 10.7759/cureus.30612.

33 Chaves, AR, de Campos, MP, Barros, MB, do Carmo, CN, Gremião, ID, Pereira, SA, Schubach, 
TM. (2013). Treatment Abandonment in Feline Sporotrichosis – study of 147 cases. Zoonoses and 
Public Health, 60(2), 149-153. DOI:10.1111/j.1863-2378.2012.01506.x.

34 Lawry, MA, Haneke, E., Strobeck, K., Martin, S., Zimmer, B., Romano, PS. (2000). Methods 
for diagnosing onychomycosis: a comparative study and review of the literature. Arch Dermatol,136(9), 
1112-1116. DOI:10.1001/archderm.136.9.1112.

35 Yadav, S., Saxena, AK, Capoor, MR, Ramesh, V. (2013). Comparison of direct microscopic 
methods using potassium hydroxide, periodic acid Schiff, and calcofluor white with culture in the 
diagnosis of onychomycosis. Indian Journal of Dermatology, Venereology and Leprology, 79(2), 242-
243. DOI: 10.4103/0378-6323.107649.

36 Rasconi, S., Jobard, M., Jouve, L., Sime-Ngando, T. (2009). Use of calcofluor white for detection, 
identification, and quantification of phytoplanktonic fungal parasites. Applied and Environmental 
Microbiology, 75(8), 2545-2553. DOI: 10.1128/AEM.02211-08.

37 Pihet, M., Le Govic, Y. (2017). Reappraisal of conventional diagnosis for dermatophytes. 
Mycopathologia, 182(1-2), 169-180. DOI: 10.1007/s11046-016-0071-y.


