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Abstract
Dermatophytosis is a prevalent infection in tropical and subtropical countries, including India. This study 
aims to investigate the epidemiology and clinical aspects of chronic and recurrent dermatophytosis, 
identify the clinical isolates, and assess the effectiveness of different microscopy and staining methods 
for diagnosis. The objective of the study is to study the epidemiology and clinical aspects of chronic 
and recurrent dermatophytosis and to identify the clinical isolates. Attempts to improve the diagnostic 
outcome by implementing different microscopy and staining methods have also been performed. 
Adult patients with chronic and recurrent cases and positive direct microscopy were included, and 
clinical details were recorded. The mycological culture was performed. Fifteen isolates were selected 
randomly and subjected to 0.9% NaCl, Chicago sky blue staining, Calcofluor white staining, and 
Congo red staining in addition to the standard lactophenol cotton blue (LPCB) preparation. Among 
the 178 patients in the study, females (56.7%) and patients aged 25-45 (50%) were more frequently 
affected. Tinea corporis was the most common clinical type (89.32%). Recurrent cases (56.1%) were 
more prevalent than chronic cases (43.9%). Culture positivity was seen in 60.1%, with Trichophyton 
mentagrophytes being the most common isolate (86%). Among the staining methods used on 15 
selected isolates, Lactophenol Cotton Blue (LPCB) was scored as the most effective, scoring 2.6 out of 
3. The study revealed several clinical and epidemiological findings related to dermatophytosis in India, 
including a high degree of communicability, inadvertent therapies including topical steroid misuse, 
and a persistent nature requiring an extended duration of therapy. Trichophyton mentagrophytes was 
the most frequently isolated pathogen. Of the staining methods evaluated, Lactophenol Cotton Blue 
(LPCB) was found to be the most effective. The findings suggest a need for continued research into 
effective treatments and diagnostic methods for dermatophytosis in India.
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INTRODUCTION

 Dermatophytosis is the most common 
fungal skin infection that often requires laboratory 
analysis to confirm and assess a mycological cure. 
These infections are encountered worldwide 
but are found prominently in tropical countries 
like India due to favorable climates.1 Direct 
microscopy with potassium hydroxide mount is 
routinely performed in many clinical settings. 
Mycological culture is sought to recognize the 
species.2 The most common procedure in clinical 
laboratories for identifying molds based on their 
distinctive morphological characteristics is still 
the microscopic examination of wet mounts. 
Although the traditional identification method of 
species, such as Lactophenol cotton blue (LPCB) 
preparations, is useful, more sensitive procedures 
are for rapid and ease identification.3 This study 
aimed to identify the common species causing 
dermatophytosis in the current scenario and 
evaluate the usefulness of other not so commonly 
performed methods in species identification on 
microscopy.

MATERIALS AND METHODS

Study setting and study design
 The study was undertaken in the 
Department of Dermatology and Microbiology 

of a tertiary care medical college, along with the 
help of a research laboratory of the university. 
Written informed consent was obtained from all 
participating patients considered for the study. 
Patients aged above 18 years with clinically 
suspected cases of chronic and recurrent 
dermatophytosis were screened by a dermatologist 
from February 2020 to January 2021. The flow 
chart showing the visual representation of the 
study's outline is depicted in Figure 1.

Patient selection
 The presence of glabrous tinea for a 
duration of six months or longer was considered as 
chronic dermatophytosis, and reoccurrence of the 
glabrous tinea after 4 weeks of stopping treatment 
was regarded as recurrent dermatophytosis.4 
Detailed clinical and epidemiological data were 
taken, and the diagnosis was given. Skin scrapings 
for fungal structures on direct microscopy with 
potassium hydroxide mount were done, and 
patients with negative findings were excluded 
from the analysis. Positive scrapings were later 
subjected to mycological culture. Potassium 
hydroxide mount with direct microscopy was 
performed by standard technique.4,5

Laboratory methods
Direct microscopy
 For direct microscopy, a drop of 10% KOH 

Figure 1. Flow chart representing the study’s outline
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was added to the slide containing skin scrapings 
collected from the patients. To get rid of the extra 
KOH, a cover slip was put on top and gently pressed 
down. The slide was kept aside for 10 minutes until 
the digestion of the specimen occurred. Slides 
were microscopically evaluated for the presence 
of branching thread-like structures (hyphae) or 
beaded spherical structures (spores). When they 
were present, it was considered a positive test.5

Mycological culture
 Skin scrapings were collected in sterile 
black chart papers. It was cultured in Sabouraud 
dextrose agar (SDA) medium with chloramphenicol 
(0.004%) and cycloheximide (0.05%) to prevent 
bacterial contamination. The plates were kept 
at 28°C for 4 to 5 weeks of incubation and were 
observed weekly for growth. If there was no 
growth, it was considered negative and discarded 
after four weeks. Examination with identification 

of the isolates was based on the colony character 
and microscopy. Lactophenol cotton blue (LPCB) 
staining was chosen to identify the microscopic 
characteristics of the vegetative structures. 
Tease mount preparation was performed from 
the growth, and one to two drops of the LPCB 
was added. It was observed under light and oil 
immersion microscopy.
 A total of 15 isolates were subjected to 
4 more different microscopic methods, viz., 0.9% 
NaCl, Chicago sky blue staining, Calcofluor white 
staining, and Congo red staining. The stains used 
in the study were prepared in house. Wet mount 
preparations for all the stains were prepared and 
examined under a microscope. A fluorescent cell 
imager was utilized for the last two methods. 
Photomicrographic or fluorescent images were 
collected and analyzed by two microbiologists who 
are not part of the study on a scale of 3 for ease 
of morphological identification. The results of the 

Figure 2. (a) Trichophyton mentagrophytes colonies on Sabouraud Dextrose Agar; flat, creamy, and granular surface 
with reverse yellow-brown pigmentation. (b) Trichophyton rubrum colonies on Sabouraud Dextrose Agar; flat, 
creamy, and downy with reverse red pigmentation. (c) Microsporum canis on Sabouraud Dextrose Agar gives a white 
to yellowish colony with a coarsely fluffy, velvety/powdery texture. (d) Nannizzia gypsea colonies on Sabouraud 
Dextrose Agar; flat, creamy, and granular with reverse yellow-brown pigmentation. 
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different methods were compared with that of the 
traditional methods. Details of these laboratory 
methods are given here.

0.9% NaCl
 Normal saline is prepared for the 
identification of the dermatophytes. A drop of  
0.9% saline is added to the slide, and the specimen 
is mounted on the slide, covered with a coverslip, 
and observed under the microscope.6

Chicago sky-blue staining
  Chicago sky blue stain is a contrast stain. 
One drop of 1% Chicago sky blue stain and one 
drop of 10% KOH as a clearing agent were added 
to specimens mounted on slides and covered with 
a coverslip. All slides were then examined by light 
microscopy at ×100 and ×400 magnification.7

Calcofluor staining
 O n e  d ro p  o f  C a l c o f l u o r  w h i t e 
stain, comprising one g/L Calcofluor white  
(Sigma-Aldrich), was added to each specimen 
and mounted on a slide. Slides were left to stand 
for 10 mins and examined under fluorescence 
microscopy (Zoe fluorescent cell imager).8

Congo red staining
 Congo red is a quantitative method used 
for the identification of dermatophytes. When 
seen under the fluorescent microscope, the fungal 
elements appear red on a pink or light orange in 
the background.9

Ethical approval
 The study received approval from the 
institutional ethical committee with the reference 
number YEC-1/10/2020 dated 22-01-2020.
Table 2. Distribution of clinical types among enrolled 
subjects stratified by mycological culture results 
(N=178)

  Mycological culture

Clinical Types Overall Positive Negative
 cases 107 71
 (N=178) (60.2%) (39.8%)

Tinea corporis 159 97 62
Tinea cruris    128 79 49
Tinea faciei    19 12 7
Tinea pedis     16  10 6
Tinea manuum    9  8 1
Tinea unguium   2 0 2
Total events* 333 206 127

*Some patients may have more than one type of infection

Figure 3. Microscopy of Trichophyton mentagrophytes showing numerous club-shaped microconidia along with 
the spiral hyphae in five different staining methods using (A)Lactophenol cotton blue(B) 0.9% NaCl (C) Chicago sky 
blue(D) Trichophyton mentagrophytes was observed under the fluorescence microscope using calcofluor white 
stain was stained blue (E) Trichophyton mentagrophytes was observed under the fluorescence microscope using 
Congo red where the macroconidia were stained red.
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Statistical analysis
 The data were entered into Microsoft Excel 
2019 v16.0 (Microsoft, Redmond, WA, USA) and 
subsequently analysed using IBM SPSS Statistics 
for Windows, version 28.0 (IBM Corp., Armonk, 
NY, USA) software. A comprehensive descriptive 
analysis was performed to generate summary 
statistics, which were presented as frequencies 
and percentages for the sociodemographic 
characteristics. Pearson's Chi-squared test 
was employed to assess associations between 
categorical variables, while Fisher's exact test was 
used when one or more cells had an expected 
frequency of five or fewer. The level of significance 
was set at 5% (p-value ≤ 0.05) threshold.

RESULTS

 In the present study, the samples 
were collected for 12 months. A total of 178 
patients were enrolled in the study after 
satisfying the inclusion and exclusion criteria. The 
sociodemographic and clinical characteristics of 
patients are shown in Table 1. Tinea corporis was 
the most common clinical type (159,89.32%), as 
depicted in Table 2. The distribution of clinical type 
among enrolled subjects with mycological culture 
results is depicted in Table 2. Patients aged 25-45 
(89/178, 50%) were found to have the infection 
more frequently. The female ratio (101/178, 
56.7%) was more than that of the male (77/178, 

Table 3. Culture positivity of the laboratory specimens

Details Number of specimens Percentage

Total samples 178 100
Dermatophytes 107 [Trichophyton mentagrophytes 60.11
 (92.86%), Trichophyton rubrum (7, 6.5%), 
 Nannizzia gypsea (6,2, 5.6%), 
 Microsporum canis (2,1.9%)] 
Other fungal isolates 40 22.47
(Contaminants)
Negative Culture 31 17.41

Figure 4. Microscopy of Nannizzia gypsea showing spindle-shaped with 5-15 cells, thick walled often with terminal 
knob in five different staining methods using (A)Lactophenol cotton blue(B)0.9% NaCl (C) Chicago sky blue(D) 
Nannizzia gypsea was observed under the fluorescence microscope using calcofluor white stain was stained blue 
(E) Nannizzia gypsea was observed under the fluorescence microscope using Congo red where the macroconidia 
were stained red.
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43.3%). Outdoor workers (49, 27.5%) were more 
frequently affected by the infection compared 
to people involved in other occupations. Family 
history of skin disease suggestive of tinea was 
present in 115 (64.6%) participants. Compared 
to the chronic cases (78, 43.8%), recurrent 
cases (100, 56.2%) were more prevalent. All the 
scrapings were positive for KOH mount as per the 
inclusion criteria. Culture positivity was seen in 
107 (60.1%), with Trichophyton mentagrophytes 
(92, 86%) being the most common isolate (Table 
3). This was followed by Trichophyton rubrum 
(7, 6.5%) and Nannizzia gypsea (6, 5.6%). Figure 
2 shows the various cultural characteristics of 
macroscopy. Randomly selected 15 isolates 
were also subjected to five staining methods as 
mentioned in the methodology. According to the 
two microbiologists who evaluated microscopic 
images, LPCB was scored as the preeminent with 
a score of 2.6 out of 3 (Table 4). This was followed 
by NaCl (Score 2), Chicago sky blue (Score 1.8), 
Calcofluor white (score 1.7), and Congo red  
(Score 1.6). Figure 3 and Figure 4 depict the 
microscopic characteristics of the isolates.

DISCUSSION

 Dermatophytes are fungi that grow on 
skin, hair, and nail, causing infections commonly 
known as tinea.10 They are generally classified into 
three genera, Epidermophyton, Trichophyton, and 
Microsporum, although new genera like Nannizzia, 
Lophophyton, Paraphyton, and Arthroderma 
have been recognized recently.11 Tinea corporis 
is considered to be the most common condition 

caused by dermatophytes worldwide. Common 
dermatophytes that cause tinea corporis infections 
include Trichophyton rubrum and Trichophyton 
mentagrophytes. Generally, tissue invasion is 
confined to the cutaneous layer because of the 
inability of the fungi to penetrate deeper tissues; 
however, occasionally, subcutaneous invasion 
occurs.12 
 I n d i a  h a s  b e e n  ex p e r i e n c i n g  a 
hyperendemic scenario, and hence precise 
identification of the agent is required for the 
purpose of epidemiology and to understand 
their sensitivity to antifungals.13 Several clinical 
and epidemiological features that have been 
described in the past one decade are different 
from the previously reported studies. A high 
rate of false-negative results for dermatophyte 
detection may commonly occur due to poor 
samples or laboratory techniques.14 The two 
standard methods for identifying dermatophytes 
in a laboratory setting are a direct demonstration 
of fungal elements with KOH mount and isolation 
of dermatophytes in vitro fungal culture. Before 
treating patients with any antifungals, confirming 
the clinical diagnosis with laboratory findings 
is desirable due to tremendous morphological 
deviations experienced in the current clinical 
scenario of dermatophytosis that may lead to 
misdiagnosis. The collection of samples also plays 
an important role in the identification of fungal 
species.15 
 Clinical features observed in our study 
have been observed by several studies in the 
recent literature. High incidences of chronic 
and recurrent infections, infection of family 
members, infection among young adults, and 
infection among outdoor workers seem to be 
the epidemiological factors constantly associated 
with the current scenario.16 It is not clear whether 
these findings are common for all dermatophyte 
species or to any specific species. Recent reports 
have documented the identification of a novel 
species, namely Trichophyton indotineae, which is 
purported to be the predominant causative agent 
in India, surpassing all other previously prevalent 
species. The study conducted by Uhrlarr et al. 
raises the hypothesis that these epidemiological 
findings may be attributable to specific virulence 
factors associated with this newly identified 
species.17

Table 4. Comparison of diagnostic utility of the different 
microscopic and staining methods in dermatophytosis 
(Total samples tested= 15*)

No. Stains used Average 
  score

1. Lactophenol cotton blue 2.6
2. Sodium chloride 2
3. Chicago Sky Blue 1.8
4. Calcofluor White 1.7
5. Congo Red 1.6

*Evaluated by two independent microbiologists with a scoring 
range of 0 to 3



  www.microbiologyjournal.org2605Journal of Pure and Applied Microbiology

Amin et al | J Pure Appl Microbiol. 2023;17(4):2598-2608. https://doi.org/10.22207/JPAM.17.4.59

 A total of 178 skin scrape samples from 
patients diagnosed with tinea corporis were 
included in this study. Among these samples, 101 
(56.7%) were obtained from female patients, while 
77 (43.3%) were obtained from male patients. The 
most common age group was found to be 25-45 (89, 
50%). Direct microscopy was performed on all 178 
(100%) samples, using KOH preparations, which 
are commonly utilized for the initial identification 
of dermatophytes due to their high sensitivity 
and specificity. However, it is important to note 
that KOH preparations have been associated with 
false-negative results ranging from 5% to 15%. 
This may be attributed to the limited visibility of 
small, scattered fungal material in the samples 
obtained. The accuracy of fungal identification 
through direct microscopy relies on the expertise 
of the observer.18-21 Direct microscopic examination 
of KOH-prepared material is a cost-effective and 
straightforward approach employed for diagnosing 
mycotic infections. However, it is accompanied by 
both advantages and disadvantages. To minimize 
the risk of laboratory contamination, confirmation 
through direct microscopy is often required for 
isolates grown on culture.22 
 In our study, the culture positivity rate 
for dermatophytosis was found to be 60.1%. This 
aligns with a previous study conducted at our 
institution in 2017, which reported a similar rate 
of 62.3%. Another study conducted at our centre, 
focusing on therapy-resistant dermatophytosis, 
revealed a slightly lower positivity rate of 42.7% in 
2019. The literature encompasses several studies 
on dermatophytosis, with isolation rates ranging 
from approximately 50% to 60%.23,24 Our finding 
shows that Trichophyton mentagrophytes was 
the most common isolate (92, 86%), followed by 
Trichophyton rubrum (7, 6.5%). Similar findings 
were observed in the previous studies conducted in 
our institution and elsewhere.25-28 In the past, it was 
reported by several studies that the Trichophyton 
rubrum was the most common agent to be 
isolated between 2002 and 2011. Trichophyton 
mentagrophytes are undoubtedly emerging as the 
predominant pathogen responsible for glabrous 
dermatophytosis in India.
 The identification of isolates through 
conventional methods, such as mycological 
culture, poses certain challenges. Macroscopic 
characteristics are not always useful in identifying 

the species, and hence the microscopic appearance 
of vegetative structures is the most frequently 
employed in conventional diagnosis. An exercise 
was conducted using 15 randomly selected 
isolates, and 4 more different staining/microscopy 
were conducted to rate these methods for future 
studies.29,30,6

 There are different stains available for 
the identification of dermatophytes, but only 
some stains are routinely used in the lab for the 
identification of dermatophytes. Lactophenol 
cotton blue stain could be one of the most 
frequently employed staining methods for 
physicians and microbiologists to be used for 
identification compared to the other staining 
techniques. LPCB is characterized by its affordability, 
easy accessibility, straightforward preparation, 
and stability at room temperature. Additionally, 
it ensures the safety of laboratory personnel. 
Chicago sky blue is a contrast stain that helps to 
distinguish between hyphae and epithelial cells 
and is used with KOH as a clearing agent. However, 
this stain does not require any heating which is 
required as the clearing agent. When stained, 
fungal filaments appear distinct blue against a 
pale or purple background.20 The identification of 
dermatophytes can sometimes pose challenges 
due to their faint staining characteristics, which 
can lead to difficulties in accurate identification. 
Chicago sky blue is not routinely used in the 
identification of dermatophytes. In recent times 
usage of fluorochrome stains for the identification 
of dermatophytes has been witnessed. Calcofluor 
white stain (CW) and congo red (CR) stains were 
used in the present study for the identification of 
dermatophytes. CW is a non-specific fluorochrome 
that binds with cellulose and chitin in the cell walls 
of cellulose-containing organisms and facilitates 
the visualization of pathogenic elements, and CR 
stains the chitin of the fungi.21 CR can be more easily 
dissolved in SDS than KOH.0.9% Sodium chloride 
is also one of the staining methods used for the 
identification of dermatophytes. The utilization 
of this stain for dermatophyte identification in 
laboratories is relatively uncommon. However, 
this method offers the advantage of being time-
efficient and relatively uncomplicated in its 
procedural requirements. Identifying different 
methods of staining can ease the burden of 
identifying the species and also from the false 
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negative results obtained during the process. We 
found in our study that LPCB was able to stain all the 
fungal elements, macroconidia and microconidia. 
The vegetative structures and hyphae seem to 
have taken up the stain adequately, and the 
differentiation of the hyphae and other vegetative 
structures was seen. LPCB is considered one of the 
safest stains to use and is not time-consuming. In 
CW, the fungal elements emit blue fluorescence, 
and in CR, the filaments emit red fluorescence 
under the fluorescent microscope. The drawback 
associated with this staining is that the hyphae and 
the microconidia can get over-stained and emit a 
lot of radiation which might become difficult for 
identification; also, some of the fungal elements 
and spores are not clearly visible, and the results 
were satisfactory and would also potentially lead 
to false negative results. However, macroconidia 
were stained perfectly, and the cell wall of the 
fungi could be appreciated. Other method, 0.9% 
of Sodium chloride, had the appearance of that of 
KOH mount. This technique was able to highlight 
the morphological characteristics of both spores 
and hyphae, but the color contrast was not 
that clear to identify the fungal element when 
compared to that of the other stains.
 According to the scoring done by two 
independent microbiologists, LPCB scored 2.6 out 
of 3, followed by NaCl at 2. Other methods Chicago 
Sky Blue at 1.8, Calcofluor White at 1.7, and Congo 
Red to be 1.6, seem to be almost equally rated. 
LPCB has been universally used, which is justified 
by our study. Fluorescent staining like CW and CR 
can be substituted to improve diagnostic acumen, 
but these methods cannot be recommended 
stand-alone.
 Dermatophytosis of the glabrous skin 
continues to be a major health problem in India. 
Several epidemiological hallmarks, including a high 
degree of communicability, inadvertent therapies 
including topical steroid misuse, recalcitrant nature 
with a need for extended duration of therapy, 
and antifungal resistance, have been noted. 
Mycological diagnosis is required to understand 
the isolate prevailing in the region and to design 
tailor-made therapy. Microbiologists should be 
familiar with the microscopic morphology of 
dermatophytes. LPCB continues to remain the 
standard method of staining and seems to have 
the edge over other methods.
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