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Background & objectives: Dermatophytes are accountable for the majority of fungal skin infections
globally, affecting 20-25 per cent of the world population. Though not fatal, these infections have
significant psychosocial impacts and reduce the quality of life. Prevalence of the infection varies
geographically, influenced by factors like social practices, migration and climate. Understanding the
pathogenicity of dermatophytosis including virulence factors and drug resistance, is necessary to
identify factors that predispose recalcitrance.

Methods: A prospective hospital-based study was carried out in the dermatology departments of
two tertiary care hospitals in Mangaluru, India from November 2018 to March 2021. We included
93 individuals of recalcitrant tinea infections, and excluded those with diabetes or those under
immunosuppressive therapy. Skin scrapings from lesions were cultured, and DNA extracted for ITS
sequencing. All samples were processed for antifungal susceptibility testing, and mutation analysis in
squalene epoxidase gene for representative isolates and virulence factor assays.

Results: Of 93 clinically diagnosed individuals with dermatophytosis, dermatophytes were recovered
in 70.96 per cent samples, with Trichophyton mentagrophytes complex being the most common agent.
Antifungal susceptibility testing showed high MICs for fluconazole, terbinafine and itraconazole
in several isolates, indicating in-vitro resistance. Mutation analysis for six isolates revealed missense
mutations in the squalene epoxidase gene. Virulence activity analysis showed high enzyme production
levels among isolates, contributing to their pathogenicity.

Interpretation & conclusions: These findings underscore the complexity of dermatophytosis and
emphasize the need for persistent tracking of antifungal resistance patterns and virulence factors. Such
insights are vital for developing effective treatment strategies and improving patient outcomes due to
rising antifungal resistance.

Key words Antifungal resistance - dermatophytosis - recalcitrant - tinea - trichophyton - virulence

Dermatophytes cause the most prevalent fungal infections and affect up to 25 per cent of the world’s
ailments globally resulting in superficial fungal skin population. Although not linked to catastrophic results,
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it is recognized to have a significant psychosocial impact
and decline in quality of life in affected persons. Yet,
they seem to be consistently overlooked'. According to
the geographical area, the prevalence of dermatophyte
infection varies. The divergence in distribution pattern
is linked to military movements, social practices,
extensive global travel, immigration, and labour
migration®. Traditionally, dermatophytosis respond
well to a diverse array of topical and oral antifungal
medications with quick cure on treatment with short
courses of conventional antifungal medications.
However, in the last few years, several portions of
India have seen a shifting situation of extensive
chronic, recurring, and resistant dermatophytosis®*.
Dermatophytosis is widespread in India, primarily due
to the favourable climatic conditions characterized
by elevated temperatures and humidity levels. Being
a tropical nation in a developmental phase, India
faces challenges associated with dermatophytosis,
exacerbated by economic factors such as poverty,
substandard hygiene practices and social issues like
overcrowding’. Several studies and guidelines have
all been conducted in response to this frightening
recalcitrant dermatophytosis epidemic to help
practicing clinicians combat it more successfully®’.

The first stage of dermatophytosis involves contact
with infected animals and humans or indirectly through
contamination, followed by adherence to keratinized
tissue reaching the epidermis and penetrating the
stratum corneum. Dermatophytes penetrate the skin
and produce various virulence factors to promote
infection, including enzymatic and non-enzymatic
elements. These fungi are often cleared from the skin
by a cell-mediated immune response in generally
immunocompetent individuals. In contrast, the skin
infected by the dermatophyte can be extensively
damaged by the invasive nature of the disease, which
is associated with considerable local damage of deep
tissues and leads to systemic disease in vulnerable
patients®. The increase in chronic, recurrent and
re-infection in sensitive populations is a growing
concern with the contributing factors including poor
compliance with medication regimen, steroid use,
over-the-counter medication use, treatment failure
and potential antifungal resistance’. Among the
associated mechanisms and factors responsible for
the pathogenicity of dermatophytosis are the host's
immune response, enzymatic and non-enzymatic
virulence, drug resistance, and other environmental
factors. Pathogenicity, however, has been viewed
as multifactorial and independent, making an

understanding of the dynamic processes essential for
the effective prevention, diagnosis, and treatment of
dermatophytosis. This study aims to determine the
prevalent etiological agent and associated resistant
determinants in recalcitrant dermatophytosis.

Materials & Methods

This was a hospital-based prospective study
conducted in the Dermatology departments, at two
tertiary care hospitals in Mangaluru, India (KS Hegde
Medical Academy and Father Muller Medical College
hospitals), from February 2019 to March 2021. Ethical
approval was obtained from the Institutional Ethics
Committee of Nitte Central Ethics Committee, KS
Hegde Medical Academy and Father Muller Medical
College Hospital. Clinical samples of skin scrapings
were obtained after informed patient consent. Patients
of age >5 yr and all genders visiting the Dermatology
Outpatient Department (OPD) during the mentioned
study period with recalcitrant tinea infections were
included, excluding patients with conditions underlying
such as diabetes, immunosuppressive therapy, HIV
positive and patients who refused to give consent.

Sample size estimation: The required sample size
was calculated according to following assumption:
prevalence of the infection at 40 per cent, precision
in recovery, prevalence error of five per cent, and
confidence level interval of (CI) 95 per cent. The
sample size was estimated to be 93 to obtain at least
50 isolates.

Sample collection and processing: The isolates were
obtained from individuals diagnosed with tinea cruris,
tinea corporis, tinea unguium or tinea faciei. Skin
scraping samples were collected from the edges of
the lesions in a sterile container. The patient's name,
identification number, age, sex, and sample collection
date were recorded and were transported immediately
to the laboratory. All the specimens were subjected to
treatment with 20 per cent potassium hydroxide direct
mount examination and cultured on Sabouraud dextrose
agar (SDA) and broth (SDB) with cycloheximide (300
mg/L) and chloramphenicol (50 mg/L) at 28°C for a
maximum of four wk with routine examination for
dermatophytic growth.

Culture identification: ldentification was performed
based on their growth characteristics'®!!. Extraction
of genomic DNA was performed according to lyticase
buffer-based extraction'?. This extracted DNA was
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used as a polymerase chain reaction (PCR) template
using primers targeting ITS region’. Products of PCR
amplification were purified and sequenced by the
Sanger sequencing method (Eurofins Genomics Pvt
Ltd.). The nucleic acid sequence obtained from forward
and reverse primer were trimmed and assessed using
Chromas software and then aligned using the Multalin
tool and Clustal-Omega. Sequence similarity of >95
per cent and >98 per cent coverage was determined
from the best-scoring reference sequence considered
by NCBI nucleotide. All the consensus sequences were
submitted to NCBI Genbank. MEGA X (version 10.0)
software was used to construct phylogenetic trees by
Neighbour Joining method with bootstrap tested for
100 replicates for all the obtained sequences and to
expand the spectrum, sequences of standard strains
from NCBI Nucleotide included.

Antifungal  susceptibility  testing:  Antifungal
susceptibility testing was performed using 96-well
microtiter plates in RPMI 1640 medium supplemented
with two per cent glucose and 0.165 mol/L3-N-
morpholine propane sulfonic acid (MOPS) at pH 7.0
according to EUCAST guidelines relevant during the
study period”. Cultures were grown on SDA with
cycloheximide (300 mg/L) and chloramphenicol
(50 mg/L) for 14 days at 28°C and -conidial
suspension prepared in 5 mL of 0.85 per cent saline
to produce a final spore density of ~3x10° CFU/mL,
as determined using a haemocytometer. Antifungal
agents itraconazole, fluconazole and terbinafine
(Sigma-Aldrich, India) were dissolved in respective
solvents according to the manufacturer's guidelines
and prepared as stock solutions at 6,400 mg/L for all
drugs. The exerted concentration ranges for the drugs
were 0.0625 to 32 mg/L. Control strains Trichophyton
rubrum ATCC 28188, Trichophyton tonsurans ATCC
28942, Trichophyton interdigitale ATCC 9533 and
Aspergillus fumigatus ATCC 204305 were used as
references and read after 96 h of incubation at 28°C.
All the experiments were conducted in triplicates.
Culture control, antifungal control and media controls
were included. MIC endpoints were defined as the
lowest antifungal concentration that resulted in 50 per
cent inhibition using a spectrophotometer at 600 nm
after four days for all drugs according to EUCAST
guidelines.

Mutation analysis in squalene epoxidase gene:
Mutations in the squalene epoxidase gene sequences
were analysed as per Rudramurthy et al’, 2018.

PCR reactions were conducted with an annealing
temperature of 54°C for forward primer- SEF:
CCATGTTGTCCTGGGTG and reverse primer-
SER: GGGGAGGAGGTAGATGGGTT. Products
of PCR amplification were purified and sequenced
after quality checks at the service provider (Sanger
sequencing, Eurofins Genomics Pvt Ltd.). The
nucleic acid sequences derived from the forward and
reverse primer cycle sequences were processed using
Chromas software (trimming and quality check)
and only reads that resulted in a consensus (>99%
identity between forward and reverse reads) obtained
in Multalin tool were considered for further analysis.
Clustal-Omega software (alignment), NCBI BLAST
(Similarity identity) and Expasy translate tools were
used to generate amino acid sequences of the squalene
epoxidase gene and identify the mutations in the
obtained sequence.

Virulence activity: The activity of virulence enzymes
such as phospholipase using egg yolk, lipase using
tween 80 agar, gelatinase using gelatine agar, protease
using casein agar, keratinase using hair perforation
assay'* and non-enzymatic virulence activity of
melanin production by quantification'® were analysed
for all the isolates.

Production of phospholipase: Phospholipases help
maintain cell membrane functions and act as virulence
factors by invading host cells through the hydrolysis of
phospholipids into fatty acids and lipophilic substances.
Fungal spores were inoculated in a medium containing
one per cent peptone, two per cent dextrose, five per
cent sodium chloride, 0.05 per cent calcium chloride,
two per cent agar and five per cent egg yolk and
incubated for one wk. A halo zone of clearance around
the colony indicated phospholipase production.

Production of lipase: Lipases are enzymes that hydrolyse
carboxyl ester bonds present in triacylglycerols,
disrupting skin tissue and aiding pathogen spread.
Medium consisting of one per cent peptone, five per
cent sodium chloride, 0.05 per cent calcium chloride,
two per cent agar and one per cent Tween 80 was
inoculated with fungal spores and incubated for one
wk. Lipase production was indicated by a zone of
precipitation around the colony.

Production of protease: Proteases are degradative
enzymes which catalyse the total hydrolysis of
proteins. This enzymatic activity not only aids in
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establishing infection but also contributes to tissue
damage and inflammation, further exacerbating the
infection and making it more challenging to treat. The
medium containing 0.4 per cent yeast extract, 0.05
per cent potassium dihydrogen phosphate, 0.05 per
cent dipotassium phosphate, 0.05 per cent calcium
chloride, two per cent agar and eight per cent casein
was inoculated with fungal spores and incubated for
a week. A halo zone of clearance around the colony
indicated protease production.

Production of gelatinase: Gelatinase contributes to
virulence through gelatine degradation, derived from
collagen present in a broad range of host substrates.
The media for screening gelatinase production
contained 0.4 per cent yeast extract, two per cent agar
and eight per cent gelatine. Following incubation for
five days post-inoculation, the plates were flooded with
0.1 per cent Coomassie brilliant blue solution. Clearing
around the colony indicated hydrolysis of the gelatine,
while the areas of no hydrolysis resulted in a deep blue
colour.

Keratinase activity: Dermatophytes produce enzymes
like keratinases that allow them to invade the hair and
stratum corneum, facilitating the establishment of
infection. The hair perforation test was used to screen
for keratinase activity. The test was performed by
placing fungal spore suspension in 0.85 per cent saline
into petri plates, which contained one per cent yeast
extract and small pieces of blonde hair strands. After
incubation for four wk, they were examined under
the microscope at 200x to observe for perforations or
erosions on the hair strands.

Biofilm production: The biofilm-producing ability of
recalcitrant dermatophytes was determined using 96
well microtiter plates. Using 100 pl of 10° spores/mL
suspension in biological triplicates, seeding it onto 96
well-titre plate with 100 ul of SDB and incubating it at
28°C for four days. After the incubation for 72 h, the
titre plates were washed with 0.85 per cent saline three
times, followed by treatment with 0.1 per cent crystal
violet solution incubated at room temperature for 15
min and washed with 0.85 per cent saline three times.
Finally, 95 per cent ethanol was added and incubated
for 15 min; the ethanol transferred to a clean 96-well
microtitre plate, and OD was measured at 595 nm'®.
Isolates were categorized as strong biofilm producers,
moderate biofilm producers, weak biofilm producers

and non-biofilm producers using the following
formula'®:

(a) Non-biofilm producers: OD value < media control

(b) Weak biofilm producers: 2*media control < OD
value > media control

(¢) Moderate biofilm producers: 4*media control <
OD value > 2*media control

(d) Strong biofilm producers: 4*media control < OD
value.

Data availability: The ITS sequences and squalene
epoxidase sequences of newly sequenced strains were
deposited in GenBank.

Results

Demographic analysis: Ninety-three patients were
included in the study as per the sample size estimated.
Tinea corporis was the most common presentation in
87.5 per cent (n=81), followed by tinea cruris in 62.5
per cent (n=58), tinea pedis in 16.67 per cent (n=16)
and tinea faciei in 8.33 per cent (n=8). The majority
of infected sites of patients were the groin in 70.96 per
cent (n=66), the abdomen in 37.5 per cent (n=35) and
the buttock and leg in 25 per cent (n=23). Multiple site
involvement was observed in 83.9 per cent (n=78) of
individuals.

Out of 93 clinical skin scraping samples collected
from skin samples, the majority, 60.2 per cent (56/93)
of samples were from female patients, and 39.8 per
cent (37/93) were from male patients, among which
26.9 per cent (26/93) of patients were above 51 yr of
age.

On the direct mount of skin scraping using 20 per
cent KOH, 76.3 per cent (71/93) of the samples were
positive with fungal elements. Dermatophytes were
isolated from 70.96 per cent (66/93) of the clinical
samples, among which 52.7 per cent (47/93) were
recovered from both SDB and SDA, 13.97 per cent
(13/93) were isolated from SDB alone, and four per
cent (4/93) were isolated from SDA alone.

Identification of dermatophytes: Among the
dermatophytes isolated (n=66), 74.2 per cent (n=49)
samples showing granular downy surface with yellow-
brown reverse pigmentation, hyphae were branched
at right angles with spiralling and produced abundant
globose to pyriform microconidia were identified
as Trichophyton mentagrophytes complex. Thirteen



KENJAR et al: VIRULENCE OF DERMATOPHYTES IN MANGALURU 99

B| L Tindotineae Sample 52
! T.indotineas Sample.49

1
.’| T.indotineae Sample.38

S J T.indotineae Sample.91
—| T.indotineae Sample. 90
T.indctineae Sample. 78

T.indotineae Sample. 76
T.indotineae Sample.67

T
) TFIE T.indotineae Sample.85
. { T.indotineae Sample 47
. I:"l T.indotineae*
. T.indotineae Sample.56
LI— T.indotineae Sample. 57
&

T.indotinsas Sample.58
B T.indotineae Sample. 64
;|— T.indotineae Sample. 84
o T.indotineae Sample.86

. Ili—‘ T.indctineae Sample. 87

" T.indotineae Sample. 88
= T.indotineae Sample. 89
e T.indotineae Sample.32

T.indotinaae Sample. 33
T.indotineae Sample. 78
T.indotineae Sample.54

- T.indotineae Sample. 40
= — T.interdigitale™
[~ T.interdigitale ATCC9533
— T.tonsurans®
= — T.fonsurans ATCC28942
wa — T.rubrum®

— T.rubrum ATCC28188
w0 — M.canis*®

— M.canis ATCC36299
= — E.floccosum*

- L E floccosum clinical isolate
wo N. gypsea Sample.27
N.gypsea clinical isolate

— N. gypsea Sample. 15
- N. gypsea Sample.25
= Ngypsea*
= — Nannizzia gypsea Sample. 55
w— T.mentagrophytes Sample.44
“‘I_: T.mentagrophytes Sample.31
T.mentagrophytes Sample. 48
[ » — T.mentagrophytes Sample.50

q — T.mentagrophytes clinical isolate
=

=1 T.mentagrophytes Sample.&
f—— T.mentagrophytes Sample.21
T.mentagrophytes Sample.43
= T.mentagrophytes Sample. 22

’ - T.mentagrophytes Sample.8
L T.mentagrophytes Sample. 10
=1 s — T.mentagrophytes Sample.29

- — T.mentagrophytes Sample.5
o| —— T.mentagrophytes Sample. 14
=0 — T.mentagrophytes Sample. 18
”_I — T.mentagrophytes Sample.20

B

*|_— T.mentagrophytes Sample.2
« — T.mentagrophytes Sample.4

Fig. 1. Phylogenetic tree constructed using the ITS sequence
obtained in the study with the reference standard sequences from
NCBIL

isolates (19.7%) showing flat-granular surface with
brown reverse pigmentation abundant fusiform rough-
wall macroconidia divided into 3-6 cells were identified
as Nannizziagypsea and four isolates (6.1%) with
slightly raised, whitish cream, suede-like to downy,
brown to wine-red reverse pigmentation with teardrop
shaped abundant microconidia identified as 7. rubrum.

DNA was extracted using the lyticase buffer-based
method from standard cultures (n=4), anonymised
dermatophyte isolates (n=2) and samples grown in SD
media (n=66). DNA of concentrations ranging 200-
500 mg/L were obtained, which were then diluted in
nuclease free water to obtain working concentrations
of 100 mg/L to be used as templates for PCR. All

dermatophytes isolate showed amplification at ~ 600
to 800 base pairs for the ITS region (Supplementary
Figure).

Among  isolated clinical = dermatophytes,
sequencing was performed for 42 isolates identified
as T. mentagrophytes complex, out of which 25 were
genotyped as 7. indotineae (>98% identity), 17 were
identified as 7. mentagrophytes. All the reads were
reposited to GenBank, and accession numbers were
assigned (Supplementary Table). Phylogenetic trees
were constructed using the Neighbour Joining method
in MEGA X (version 10.0) with bootstrap tested for
100 replicates (Fig. 1). T. mentagrophytes complex
clustered together, forming different branches for 7.
mentagrophytes, T. indotineae and T. interdigitale.

However, non-Trichophyton  species  clustered
separately.
Antifungal  susceptibility  testing:  Antifungal

susceptibility testing was performed for all 66 isolates
with itraconazole, fluconazole and terbinafine. All
the isolates were categorised into five groups: (i)
phenotypically identified as N. gypsea (n=13), (ii)
phenotypically identified as 7. rubrum (n=4), (iii)
phenotypically identified and genotypically similar to
T. indotinea (n=25), (iv) phenotypically identified and
genotypically confirmed as 7. mentagrophytes (n=17)
and (v) seven isolates phenotypically identified as
belonging to 7. mentagrophytes complex. Terbinafine,
an allylamine, exhibited highly potent activity against
25 isolates (38%) at 0.0625 mg/L concentration of the
drug and among azoles, itraconazole showed better
activity against 23 isolates (35%) at 0.0625 mg/L
concentration of the drug. Total of seventeen isolates
showed high MIC for itraconazole at 32 mg/L(n=5), 4
mg/L(n=3), 2 mg/L (n=4) and 1 mg/L (n=5), whereas
for terbinafine, 32 isolates exhibited highest MIC
at 32 mg/L (n=16), 8 mg/L (n=4) 4 mg/L (n=3), 2
mg/L (n=7) and 1 mg/L (n=2), respectively (Fig. 2).
However, fluconazole showed poor antifungal activity
against the clinical isolates, with 63 isolates showing
MIC with more than 1 mg/L of antifungal agent.

Only six representative isolates with MIC >16 mg/L
for terbinafine were subjected for squalene epoxidase
mutation analysis by comparing the sequences of
the squalene epoxidase genes with those of sensitive
isolates available on NCBI.

T1189C transition of the open reading frame was
noted in four isolates with high terbinafine MICs (>32
mg/L). Additionally, transition of T1243G and T1244C
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Fig. 2. Antifungal susceptibility of dermatophytes against three antifungal agents. F, fluconazole; I, itraconazole; T, terbinafine.

Table. Salient features of trichophyton isolates used for mutation analysis

Sample Organism identified by ITS ITS accession MIC (mg/L) SQ Accession Mutation
1D sequencing number F I T number
Sample 2 Trichophyton mentagrophytes MN704566 >32 4 >32 PP340481 No
Sample 29 Trichophyton mentagrophytes MWO077535 4 0.25 32 PP340483 P397L
Sample 31 Trichophyton indotineae MT039467 4 0.5 32 PP340484 P397L
Sample 32 Trichophyton indotineae MW494894 >32 32 32 PP340482 P397L
Sample 33 Trichophyton indotineae MWO077536 >32 >32 >32 PP340485 P397L, P415S
Sample 38 Trichophyton indotineae MT039468 8 0.25 32 PP340486 P4151

ITS, internal transcribed spacer; MIC, minimum inhibitory concentration; F, fluconazole; I, itraconazole; T, terbinafine

was observed in one each isolate. The missense
mutation resulted in the change of phenylalanine at the
397" position to leucine (Phe397Leu), at 415% position
to serine (Phe415S) or valine (Phe415Val) (Table).

Virulence activity analysis: The virulence activity
of lipase, phospholipase, protease and gelatine was
determined for all 66 isolates using the plate method
by observing the zone of clearance for protease,
phospholipase, gelatinase activity and precipitation for
lipase activity (Fig. 3). All the isolates were categorised
into five groups: (i) phenotypically identified as N.
gypsea (n=13), (i) phenotypically identified as T
rubrum (n=4), (iii) phenotypically identified and
genotypically similar to 7. indotinea (n=25), (iv)
phenotypically identified and genotypically confirmed
as 1. mentagrophytes (n=17) and (v) seven isolates
phenotypically identified as belonging to the T
mentagrophytes complex. Keratinase activity using hair
perforation test was observed in all 7. mentagrophytes
complex, T. indotineae, T. mentagrophytes and N.
gypsea isolates. All the isolates (n=7) classified as T.

mentagrophytes complex showed lipase, protease,
melanin and phospholipase activity. The activity of
lipase (n=15), phospholipase (n=13), melanin (n=14)
and gelatinase (n=13) were observed to be higher in 7.
mentagrophytes. T. indotineae isolates showed activity
of phospholipase (n=23), gelatinase (n=22) and lipase
(n=21). All N. gypsea (n=13) and T. rubrum (n=4)
isolates showed gelatinase activity. Melanin production
was observed in all of 7. rubrum isolates, a predominant
species that produces pigment. Species belonging to
Nannizzia are also melanin producers with 77 per cent
of isolates showing the production in the present study.
A higher percentage of 7. mentagrophytes isolates
(82%) produced melanin than 7. indotineae isolates
(68%) (Fig. 4).

Biofilm formation was observed in 59 out of 66
(89%) isolates that were classified as follows: seven
isolates were non-biofilm producers (11%), thirty-
four isolates were weak producers (52%), twenty-one
isolates were moderate producers (31%), and four
isolates were strong producers (6%) (Fig. 5). A higher
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Fig. 3. Representative image for enzymatic activities. (A) Lipase activity observed by precipitation around the colony. (B) Phospholipase
activity. (C) Protease activity observed by clear zone around the colony. (D) Gelatinase activity observed by unstained area around the colony.
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Fig. 4. Graph representing the number of isolates capable of producing virulence enzymes expressed in percentage.

number of 7. indotineae isolates produced biofilm than
the other species.

Discussion

In the present study, 93 samples of clinically
diagnosed recalcitrant dermatophytosis involving the
skin were evaluated for laboratory diagnosis. Clinical
presentations showed that tinea corporis (87.10%) was
the most common clinical condition, followed by tinea
cruris (70.97%); similar report of the presentation has
been reported in other parts of the country'”; however,
presentation varies depending on the geographical
area'®. Direct microscopic KOH mount was positive
with the presence of fungal hyphae in 76.3 per cent,
and culture was positive in 70.96 per cent of cases.
Similar culture recovery was observed by other studies
(65-75%)**!, Dermatophytosis was observed oft-times
in females than in males with a female male ratio of
1.5:1. This could be because female patients visited the
hospital more frequently than male subjects. Contrary

to our study, other studies from India*** reported a
high occurrence in males. Most of the patients in this
study belonged to the age group of more than 50 years.
The higher prevalence in this group may be attributed
to various factors. Elderly individuals tend to have
compromised immune function, experience anatomical
and functional changes, and are often exposed to
infectious agents, all of which can contribute to their
susceptibility to infections®.

Among dermatophytes isolated in the present
study, 1. mentagrophytes complex was the
predominant (74.24%) dermatophyte isolated and T
rubrum (6.06%) was present in the least number of
isolates in concordance with observations from other
regions?'**, however in the past decades the 7. rubrum
was the most common causative organism responsible
for dermatophytoses®*?’. Genotypically 25 isolates
identified as 7. mentagrophytes complex had similarity
with 7. indotineae as per ITS region; however, these
isolates hydrolysed urease phenotypically, which
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Fig. 5. Ability of the dermatophytes to produce biofilm expressed as optical density measurement. The Y axis co-ordinate represents the
average biofilm density, and the size of the bubble is relative to the number of isolates. Graph created in Microsoft Excel 2019.

contradicts the results presented by Kano et al*.
The controversy regarding the taxonomic labelling
of T. mentagrophytes type VIII and T indotineae
(alternative name to 7. mentagrophytes type VIII) bears
significant complications for mycology, dermatology,
and public health. While some argue for the status of
T. indotineae as a distinct species, powerful arguments
also exist for the maintenance of its existence under
T. mentagrophytes type VIII. This ensures taxonomic
stability, highlighting the continued variation within
the 7" mentagrophytes complex, rather than designating
as a new species®.

The present study has also dealt with the in-
vitro drug susceptibility to antifungal agents
belonging to azole and allylamine groups and the
resistance determinants exhibited by the recalcitrant
dermatophytes. Itraconazole and fluconazole were
tested against isolated dermatophytes, and itraconazole
was found to be the most efficacious with 34.9 per cent
sensitivity at the lowest concentration of 0.0625 mg/L
of the antifungal agent, sensitivity of dermatophytes
was poor for fluconazole. Terbinafine, an allylamine,
presented 37.9 per cent sensitivity at the lowest
concentration (0.0625 mg/L), and resistance was
observed in 15.1 per cent of the isolates, with MIC
being more than 32 mg/L. Additionally, terbinafine
resistance (Wild type < 0.125 mg/L) according to the
breakpoint described by EUCAST guidelines was
observed in 16 (64%) isolates out of 25 isolates and
among genotypically identified as 7. mentagrophytes,
nine (53%) isolates showed terbinafine resistance.

Resistance to terbinafine has been contributing to
treatment failures and relapses, as seen in studies where
nearly half of the patients experienced relapses®™:'.
Terbinafine inhibits the enzyme squalene epoxidase,
which converts squalene to 2,3-oxidosqualene, a
critical step in ergosterol biosynthesis. This inhibition
causes the accumulation of squalene, which is toxic
to fungal cells. Alternatively, itraconazole inhibits the
enzyme lanosterol 14-a-demethylase, which blocks
the conversion of lanosterol to ergosterol, disrupting
fungal cell membrane synthesis. Mutations in squalene
epoxidase can reduce terbinafine binding by altering
structure without disrupting its ergosterol synthesis
role. Mutations in 14-a-demethylase are responsible
for itraconazole resistance, though these are reported
only in non-dermatophytes®2.

Yamada et al*® identified several point mutations
leading to L393P, L393S,P3971,P397L, P397V, P415V,
and H440T substitutions in 7. rubrum isolates and 7.
interdigitale isolates exhibiting allylamine resistance.
In the present study, point mutation was observed in
five isolates at P397L, P415S and P4151, which is in
accordance with the work conducted by Rudramurthy
et al’ wherein out of 20 isolates, only seven isolates
showed mutation in the squalene epoxidase gene.
Among two of the 7. mentagrophytes isolates with MIC
>32 mg/L, only sample-29 isolate showed the presence
of mutation at P397L position, and all the four isolates
identified as 7. indotineae (Sample-31, sample-32,
sample-33 and sample-38) showed mutation at multiple
amino acid sites. Sample-33 was the isolates with the
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multiple mutation, which presented MIC of 32 mg/L
concentration of all the antifungal agents.

Several studies report a lack of correlation between
in vitro susceptibility and clinical outcome, especially
in recalcitrant dermatophytosis®***>. The high in vitro
sensitivity of recalcitrant dermatophytes to terbinafine
and itraconazole suggests that the perception of its
inefficacy may be attributed to factors such as improper
dosing, poor patient compliance, socioeconomic and
hygiene issues, or the use of substandard brands. These
elements can significantly impact the effectiveness
of the treatment, leading to misconceptions about the
drug's overall efficacy®®. Further, prolonged treatment
with antifungal agents has been shown to provide
better clinical outcomes irrespective of mutations in
the squalene epoxidase gene’’.Additionally, virulence
factor generated by the dermatophytes in response to
the host also can contribute to the clinical resistance.
In the present study, enzymatic and non-enzymatic
virulence factors were observed: 7. mentagrophytes
complex and N. gypsea isolates produced keratinase
(100%), lipase (87.76% and 69.23%), phospholipase
(87.76% and 76.92%)), protease (79.59% and 69.23%)),
gelatinase (79.59% and 100%), and melanin (77.55%
and 76.92%). However, among 7. rubrum isolates,
none of isolates produced keratinase, lipase and
protease was produced by one each and phospholipase
was produced by two isolates. Gelatinase and melanin
production was observed in 100 per cent of 7. rubrum
isolates, which agrees with many other studies'.
Statistically significant (P<0.5) number of antifungal
resistant isolates produced proteases compared to those
that were sensitive to the antifungal agents.

The study emphasises the need for continuous
monitoring of antifungal resistance patterns, a better
understanding of the genetic mechanisms underlying
virulence and resistance. Such measures are crucial
for developing effective treatment strategies and
betterment of patient outcomes in the fight against
recalcitrant dermatophyte infections.

Financial support & sponsorship: The study received
funding support from Nitte (Deemed to be University via research
grant (NUFR2/2018/10/14).

Conflicts of Interest: None.

Use of Artificial Intelligence (AI)-Assisted Technology

for manuscript preparation: The authors confirm that there
was no use of Al-assisted technology for assisting in the writing of
the manuscript and no images were manipulated using Al

10.

11.

13.

14.

15.

References

Havlickova B, Czaika VA, Friedrich M. Epidemiological
trends in skin mycoses worldwide. Mycoses 2008; 51 : 2-15.

Sepahvand A, Abdi J, Shirkhani Y, Fallahi S, Tarrahi M,
Soleimanne S. Dermatophytosis in western part of Iran,
Khorramabad. Asian J of Biological Sciences 2009; 2 :
58-65.

Verma S, Madhu R. The great Indian epidemic of superficial
dermatophytosis: An appraisal. Indian J Dermatol 2017; 62 :
227-36.

Thakur R, Kalsi AS. Outbreaks and epidemics of superficial
dermatophytosis due to trichophyton mentagrophytes complex
and microsporumcanis: Global and Indian scenario. Clin
Cosmetlnvestig Dermatol 2019; 12 : 887-93.

Patwardhan N, Dave R. Dermatomycosis in and around
Aurangabad. Indian J Pathol Microbiol 1999; 42 : 455-62.

Rajagopalan M, Inamadar A, Mittal A, Miskeen AK, Srinivas
CR, Sardana K, et al. Expert Consensus on the Management
of Dermatophytosis in India (ECTODERM India). BMC
Dermatol 2018; 18 : 6.

Rengasamy M, Shenoy MM, Dogra S, Asokan N, Khurana
A, Poojary S, et al. Indian Association of Dermatologists,
Venereologists and Leprologists (IADVL) Task Force Against
Recalcitrant Tinea (ITART) Consensus on The Management of
Glabrous Tinea (INTACT). Indian Dermatol Online J 2020;
11 : 502-19.

Sardana K, Gupta A, Mathachan SR. Immunopathogenesis of
dermatophytoses and factors leading to recalcitrant infections.
Indian Dermatol Online J 2021; 12 : 389-9.

Rudramurthy SM, Shankarnarayan SA, Dogra S, Shaw D,
Mushtaq K, Paul RA, ef al. Mutation in the squalene epoxidase
gene of trichophyton interdigitale and trichophyton rubrum
associated with allylamine resistance. Antimicrob Agents
Chemother 2018; 62 : €02522-17.

Kidd S, Halliday C, Ellis D. Descriptions of medical fungi. 3™
ed. GB: CABI; 2016.

Chakrabarti A, Shivaprakash MR. Medical mycology
laboratory procedures. Chandigarh: PGIMER; 2008.

. Kenjar A, M Raj JR, Bhandary J, Girisha BS, Chakraborty G,

Karunasagar . Development of a rapid and low-cost method
for the extraction of dermatophyte DNA. Indian J Dermatol
2021; 66 : 668-73.

Arendrup MC, Meletiadis J, Mouton JW, Lagrou K, Hamal
P, Guinea J, et al. Method for the determination of broth
dilution minimum inhibitory concentrations of antifungal
agents for conidia forming moulds. EUCAST DEFINITIVE
DOCUMENT E.DEF 9.3.2 2020.

Elavarashi E, Kindo AJ, Rangarajan S. Enzymatic and non-
enzymatic virulence activities of dermatophytes on solid
media. J Clin Diagn Res 2017, 11 : DC23-5.

Hu DN. Methodology for evaluation of melanin content and
production of pigment cells in vitro. Photochem Photobiol
2008; 84 : 645-9.



104

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

INDIAN J MED RES, JULY 2025

Tulasidas S, Rao P, Bhat S, Manipura R. A study on biofilm
production and antifungal drug resistance among Candida
species from vulvovaginal and bloodstream infections. Infect
Drug Resist 2018; 11 : 2443-8.

Panda S, Verma S. The menace of dermatophytosis in India:
The evidence that we need. Indian J Dermatol Venereol Leprol
2017; 83 : 281-4.

Kalita JM, Sharma A, Bhardwaj A, Nag VL. Dermatophytoses
and spectrum of dermatophytes in patients attending a teaching
hospital in Western Rajasthan, India. J Family Med Prim Care
2019; 8 : 1418-21.

Jegadeesan M, Kuruvila S, Nair S. Clinico-etiological study of
tinea corporis: Emergence of trichophyton mentagrophytes. /nt
J Sci Study 2017; 5 : 161-5.

Singh  BSTP, Tripathy T, Kar BR, Ray A.
Clinicomycologicalstudy of dermatophytosis in a tertiary
care hospital in Eastern India: a cross-sectional study. Indian
Dermatol Online J 2019; 11 : 46-50.

Nenoftf P, Verma SB, Vasani R, Burmester A, Hipler UC,
Wittig F, et al. The current Indian epidemic of superficial
dermatophytosis due to Trichophyton mentagrophytes - A
molecular study. Mycoses 2019; 62 : 336-56.

Bhatia VK, Sharma PC. Epidemiological studies on
dermatophytosis in human patients in Himachal Pradesh,
India. Springerplus 2014; 3 : 134.

Urmila Y, Gopal KVT, Turpati NR, Karri SB, Raju PVK. A
Clinico-mycological and histopathological study of recurrent
dermatophytosis. Indian Dermatol Online J 2023; 14 : 799-
806.

Berg RL, Cassells JS. The Second Fifty Years: Promoting
Health and Preventing Disability. Washington, DC: National
Academies Press (US) 1992.

Saxena V, Shenoy MM, Devrari JC, Pai V, Agrawal
V. A mycological study of tinea corporis: a changing
epidemiological trend from Trichophyton rubrum to
Trichophyton mentagrophytes in India. Indian J Dermatol
Venereol Leprol 2020; 86 : 607.

Venkatesan G, Singh AJ, Murugesan AG, Janaki C, Shankar
SG. Trichophyton rubrum—the predominant etiological agent

in human dermatophytoses in Chennai, India. Afir J Microbiol
Res 2007; 1 : 9-12.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Balakumar S, Rajan S, Thirunalasundari T, Jeeva S.
Epidemiology of dermatophytosis in and around Tiruchirapalli,
Tamil Nadu, India. Asian Pac J Trop Dis 2012; 2: 286-89.

Kano R, Kimura U, Kakurai M, Hiruma J, Kamata H, Suga
Y, et al. Trichophyton indotineae sp. nov.: A new highly
terbinafine-resistant anthropophilic dermatophyte species.
Mycopathologia 2020; 185 : 947-58.

Nenoff P, Uhrla S, Verma SB, Panda S. Trichophyton
mentagrophytes ITS genotype VIII and Trichophyton
indotineae: a terminological maze, or is it? Indian J Dermatol
Venereol Leprol 2022; 88 : 586-9.

Dogra S, Uprety S. The menace of chronic and recurrent
dermatophytosis in India: Is the problem deeper than we
perceive? Indian Dermatol Online J 2016; 7 : 73-6.

Jartarkar SR, Patil A, Goldust Y, Cockerell CJ, Schwartz RA,
Grabbe S, ef al. Pathogenesis, immunology and management
of dermatophytosis. J Fungi (Basel) 2021; 8 : 39.

Hammoudi Halat D, Younes S, Mourad N, Rahal M.
Allylamines, benzylamines, and fungal cell permeability: a
review of mechanistic effects and usefulness against fungal
pathogens. Membranes (Basel) 2022; 12 : 1171.

Yamada T, Maeda M, Alshahni MM, Tanaka R, Yaguchi
T, Bontems O, et al. Terbinafine resistance of trichophyton
clinical isolates caused by specific point mutations in the
squalene epoxidase gene. Antimicrob Agents Chemother 2017;
61:e00115-17.

Shah SR, Vyas HR, Shah BJ, Jangid NC, Choudhary A, Gehlawat
T, et al. A clinical-mycological study of dermatophytosis in
Western India with focus on antifungal drug resistance as a
factor in recalcitrance. Indian J Dermatol 2023; 68 : 234.

Tahiliani S, Saraswat A, Lahiri AK, Shah A, Hawelia D, Shah
GK, et al. Etiological prevalence and antifungal sensitivity
patterns of dermatophytosis in India — A multicentric study.
IJDVL 2021; 87 : 800-6.

Shaw D, Dogra S, Singh S, Shah S, Narang T, Kaur H,
et al. Prolonged treatment of dermatophytosis caused by
Trichophyton indotinea with terbinafine or itraconazole
impacts better outcomes irrespective of mutation in the
squalene epoxidase gene. Mycoses 2024; 67 : e13778.

Jin J, Sklar GE, Min Sen Oh V, Chuen Li S. Factors affecting
therapeutic compliance: A review from the patient’s
perspective. Ther Clin Risk Manag 2008; 4 : 269-86.

For correspondence: Dr Juliet Roshini Mohan Raj, Department of Infectious Diseases & Microbial Genomics, Nitte University Centre for
Science Education & Research, Mangaluru 575 018, Karnataka, India

e-mail: julietm@nitte.edu.in





