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the fungi. Evolutionary trees were constructed using MEGA 11. Different treatment options
were evaluated, including amphotericin B, nystatin, fluconazole, itraconazole, and essential
oil of Nigella sativa. Initially molecular docking was performed against selected fungal targets
(5egb and 5v5z) using molecular-operating environment (MOE v.2018.01) and Maestro model-
ing interface 12.3. In vitro antimycotic activity was performed by agar disc diffusion, followed
by micro-broth dilution method.

Results: KOH mount revealed that 65% (13/20) samples positive for fungal components. Culture
positivity for samples was 23.07% for dermatophytes and 76.92% for non-dermatophytes.
Dermatophytes were detected in skin samples. However, non-dermatophytes were isolated
from all types of samples. Sequence analysis confirmed the distribution of Arthroderma mul-
tifidum, Aspergillus sydowii, and Aspergillus sublatus. In-silico analysis revealed itraconazole
as the most effective antimycotic agent with -7.93 kcal/mol (5egb) and -10.89 (5v5z) kcal/mol.
In vitro analysis strengthens docking analysis, itraconazole was the most effective agent with
the highest mean ZOIl against A. multifidum (72.00+3.46 mm), A. sydowii (62.00+3.00 mm),
and A. sublatus (64.00+1.73 mm). Moreover, essential oil of N. sativa was the most effective
antifungal against A. sydowii (ZOl; 31.00+£3.46 mm, MIC; 3.125+0.00 mg/mL).

Conclusion: The current study is the first report of A. sydowii and A. sublatus in onychomyco-
sis and hair infections in Pakistan. This study provides awareness about the existence of new
fungal pathogens and highlights the availability of effective treatment options for emerging

ITS;
Molecular docking;
Thymoquinone

fungal infections.
© 2026 Codon Publications. Published by Codon Publications.

Introduction

Cutaneous infections are caused by dermatophyte and
non-dermatophyte fungal species. These are patho-
gens of public health concern. Cutaneous fungal infec-
tions infect the keratinized tissue of skin, hair, and
nails'. Approximately 20-25% of the world’s population is
affected by cutaneous fungal infections with 40-60% inci-
dence of dermatophytes. However, non-dermatophytes
are reported for 0.6-47% in different regions. Among der-
matophytes, following are the commonly reported nine
genera: Trichophyton, Epidermophyton, Nannizia, Paraphy
ton, Lopophyton, Microsporum, Arthroderma, Ctenomyces,
and Guarromyces. However, most of the pathogenic spe-
cies belongs to the genus Trichophyton, Microsporum,
Epidermophyton, and Nannizzia. Dermatophytes can be
grouped as zoophilic, geophilic, and anthropophilic.?
Non-dermatophyte molds (NDMs) are soil saprophyte
and are recognized as plant pathogens. Recent reports
have acknowledged the presence of NDMs in onychomy-
cosis®. However, exclusion of environmental contaminants
is important to avoid false diagnosis.* Most of the NDMs
belong to the genera Alternaria, Acremonium, Fusarium,
Scopulariopsis, Scytalidium, and Aspergillus. The causative
agent of the disease may vary depending upon geograph-
ical region. Irrational use of antimicrobials, immunosup-
pression, invasive procedures, and chemotherapy are the
leading causes for rise in infections caused by NDMs.>
Aspergilli are the second most common cause of
opportunistic fungal infections after Coandida albicans.6
Aspergillus is the most commonly isolated genus from
human clinical samples. Among aspergilli, the most com-
mon fungal pathogen is Aspergillus fumigates, followed
by Aspergillus flavus, Aspergillus niger, and Aspergillu
terreus. Aspergilli are reported to cause respiratory

infections, followed by skin infections. Cutaneous aspergil-
losis may occur as primary as well as secondary infection.
Immunocompromised and immunocompetent individuals
are equally susceptible to aspergillosis.® However, immu-
nocompromised individuals are more likely to acquire
fungal infection. Cutaneous infections, particularly in
immunocompetent individuals, are a rare phenomenon.
Aspergillosis primarily affects the lungs, sinuses, and cen-
tral nervous system (CNS).”

In developing countries, such as Pakistan, socioeco-
nomic constraints and other common health issues have
contributed to a lack of awareness about fungal infections.
Thus, even in the presence of good personal hygiene, it
continued to persist.> One of the risk factors of fungal
infections is close contact with animals. Therefore, individ-
uals in veterinary professions or those rearing the animals
may acquire fungal infections easily’. Some dermatophytes
also have zoonotic potential." Good hygienic measures,
immune competency, and safe animal handling are the
practices to prevent fungal infections. Furthermore, accu-
rate diagnosis, better treatment options, and knowledge
about pathogens play an important role in controlling fun-
gal infections. Hence, limited awareness and treatment
challenges have become major contributors of rising fungal
infections.

The current scenario of antifungal resistance, limited
efficacy, and toxicity urges the urgent need for develop-
ment of new drugs." In the current situation, molecular
docking has gained importance, which predicts interaction
between antifungal compounds and fungal targets, such as
enzymes, proteins, and DNA. To evaluate a ligand’s binding
affinity, the technique involves sampling of every poten-
tial ligand conformation within a target’s binding pocket
and grading each with respect to scoring functions. This
approach assists investigators to discover new drug targets
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and medicinal compounds by allowing these to compre-
hend molecular interactions, which are necessary for dis-
ease pathways. Its use in the drug development process
reduces the need for resource-intensive experimental
techniques while simultaneously accelerating the discov-
ery of potential drug candidates.”? To the best of present
authors’ knowledge, the current study is the first investi-
gation conducted in Pakistan about the presence of der-
matophyte molds (DMs) and NDMs in cutaneous infections,
their molecular characterization, computational analysis of
antifungals, and in vitro evaluation of different antifungals
as treatment options to control these infections.

Materials and Methods

Cutaneous infections may result from dermatophyte or
non-dermatophyte fungi. The current study deals with dis-
tribution and molecular characterization of dermatophyte
and non-dermatophyte fungi from human and animal sam-
ples. Further In-silico and In vitro effects of different anti-
fungals was evaluated against isolated fungi. The study was
conducted from June 2021 to May 2022.

Samples

Clinical samples (n=40) of infected skin, hair and nails were
collected in Lahore, Pakistan. Skin samples (n=20) were
collected from animals (cats), and hair (n=10) and nail cut-
ting (n=10) samples were of human origin. The cat samples
were collected from pet center, University of Veterinary
and Animal Sciences Lahore. Nail clippings and hair cuttings
were obtained from a community in Lahore. Infected skin
was decontaminated with 70% ethyl alcohol to remove dirt
and environmental contamination. Skin scraps were col-
lected from the periphery of lesions with sterile blunt end
surgical blades. The scraps were collected on black paper
and shifted to sterile vials. Hair samples were plucked
with disinfected forceps, and nail clippings were obtained
with a sterile cutter. The samples were properly labeled
and brought to laboratory (BSL-2) for further processing.”
Experiments were performed under sterile containment in
BSC Class 2.

Direct microscopic examination

The microscopic examination of each sample was per-
formed. Potassium hydroxide (KOH) mounts were prepared
using 40% solution. The mounts were observed under
brightfield compound microscope at 100x and 400x mag-
nification. Approximately 50-100 microscopic fields were
observed for each sample. Positive samples for fungal ele-
ments (hyphae and spores) were selected for culturing on
selective agar."

Culturing and purification of fungi

For the isolation of fungi, positive samples were inocu-
lated on Sabouraud dextrose agar (SDA) supplemented with

chloramphenicol (0.05 g/L) and cycloheximide (0.4 g/L) to
avoid bacterial contamination. After inoculation, plates
were incubated at 25°C for 5-10 days. The colonies that
appeared on SDA were purified by single spot technique on
the same media.”

Identification of Fungi

Fungi were identified by their macroscopic and microscopic
characters. Macroscopic characters of fungi were observed
on the obverse and reverse side of the culture plate. The
characters observed were growth pattern, colony textures,
colony color, and diffusible pigments. Microscopic charac-
ters were studied by the slide culture technique. Prepared
fungal slides were observed for type of hyphae, shape,
arrangement of spores, shapes, and presence or absence of
special structures using a compound microscope.'®

Molecular Characterization of Fungi

Fungal mycelia were used for the extraction of DNA. The
fungi were cultured in SDB in a shaking incubator and
mycelia were harvested by filtration at the early stage
of growth. The fungal mycelia (100 mg) were used for
the extraction of DNA using commercially available DNA
extraction kit (Thermo Scientific GeneJET Genomic DNA
purification kit) by following manufacturer’s instructions.
DNA was quantified by nanodrop and observed on 1% aga-
rose. Polymerase chain reaction (PCR) was carried out in
MiniAmp™ Thermal Cycler. The Internal Transcribed Spacer
(ITS) was targeted to amplify the genome. ITS1 and ITS2
primer sequences were used:

Forward primer: (ITS1) F:5-TCCGTAGGTGAACCTGCGG-3')
Reverse primer: (ITS4) R:5-TCCTCCGCTTATTGATATGC-3)

PCR reaction mixture (25 pL) was prepared in PCR tubes
using 2X master mix (12.5 pL), primers (ITS1 and ITS4;
1 pL each), nuclease-free water (6 pL) with template
DNA (5 pL). PCR was carried by as described by Dalis et
al. in 2018.7 The initial denaturation was carried out at
94°C for 3 min, denaturation at 94°C for 45 s, annealing at
52°C for 1 min, extension at 72°C for 1 min, and the final
extension at 72°C for 7 min and for infinite (~) time at 4°C.
After completion of the process, agarose gel electrophore-
sis was carried out, and amplicons along with DNA ladder
that was run on 2% agarose gel and gel was observed in UV
transilluminator.

Sequence analysis

Polymerase chain reaction for positive samples was re-con-
ducted and amplicons with primers were sent to Lab
Genetics for sequence analysis. Sanger sequencing was
performed, and results were further processed by the
Bioedit software and phylogenetic analysis was performed
using the MEGA software. Sequences were submitted to
the National Center for Biotechnology Information (NCBI),
and accession numbers were obtained.
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Computational Analysis for Antifungal
Susceptibility

The structure of reference standards was fetched online
from PubChem (https://pubchem.ncbi.nlm.nih.gov/) and
imported to the Molecular-Operating Environment (MOE)
v.2018.01 software to get charged, add missing hydrogen
atoms and optimization were done by applying MMFF94x
force field to clean up the geometry and attain a stable
pose.'

Macromolecular targets were identified and extracted
from the protein data bank (https://www.pdb.org/) based
on the mechanisms of action of standard drugs. Then
Quickprep tool was used to perform energy minimization
after removal of water molecules, heteroatoms (other than
carbon and hydrogen atoms), and extra chains. The active
binding site was marked and isolated by the site finder
before proceeding toward molecular docking. The molec-
ular docking technique was employed to examine interac-
tions between the target protein and ligands. To closely
investigate potential residual interactions between ligand
and the target proteins 5egb and 5v5z'*?°, both ligand and
macromolecules were uploaded onto the MOE software,
incorporating induced fit molecular docking to account for
structural adjustments in the receptor. The residual inter-
actions of standards with the target enzyme were evalu-
ated by observing the lowest energy pose with significant
interaction via Maestro modeling interface v.12.3.

Antifungal susceptibility testing

Antifungal susceptibility of isolated dermatophyte and
non-dermatophyte species was evaluated for different anti-
fungals by agar well diffusion, followed by minimum inhib-
itory concentration (MIC). Experiments were performed in
triplicate. Antifungal drugs (fluconazole, nystatin, ampho-
tericin B. itraconazole), and essential oil of N. sativa were
selected for antifungal activity.?" For antifungal activity, an
inoculum was prepared in 10 mL of normal saline by mixing
purified fungal spores. Inoculum was standardized to 10°
spores/mL. Spores were counted using Neubauer chamber.
The Muller Hinton agar (MHA) was used for agar well diffu-
sion. For inoculation, a pour plate technique was used. The
inoculum (100 pL) was taken in sterilized Petri plates with
sterilized micropipettes. Then, molten medium (45-50°C)
was poured into the plates. Antibiotic chloramphenicol
(0.05 g/L) was added in medium prior to use so that the
chances of contamination were reduced as much as pos-
sible. It was allowed to solidify. After solidification, wells
were formed with well borers and the base of each well
was sealed with sterilized molten agar. Then antifungals
(100 pL) were added in wells and incubated at 25°C for 5-10
days in upright position in an incubator. Zone of inhibition
(ZOl) was measured in millimeter (mm). For essential oil of
N. sativa, a stock solution of 100 mg/mL was prepared and
100 pL of this stock was poured into respective well, fol-
lowed by incubation at the above-mentioned conditions.?
MIC of essential oil of N. sativa was determined by the
micro broth dilution method.

In micro broth dilution, Muller Hinton broth (MHB) was
used in 96 well micro-titration plates. First, 100 pL of broth

was added up to 12th well. Two-fold serial dilutions of
100 pL were prepared in 96 wells flat bottom micro-titra-
tion plates. The two-fold serial dilution of antifungal was
performed by taking 100 pL of antifungal in the first well,
then shifted to the secondwell and dilution was continued
till the 10th well, and from the 10th well, remaining dilu-
tion was discarded. Then 100 pL of freshly prepared inoc-
ulum were added up to 11th well having different dilution
of antifungals. The 11th well was positive control with MHB
and fungal suspension, and the 12th well was negative/
broth control containing MHB only. Micro-titration plates
were placed in an incubator at 25°C for 5-10 days. MIC was
determined by the absence of growth in micro-titration
plates.?

Statistical analysis

The Statistical significance of experimental results was
evaluated by Statistical Package for Social Sciences (SPSS
version 20) by One-way Analysis of Variance (ANOVA), fol-
lowed by Duncan’s multiple range test (DMRT).

Results
Mycological Examination of Samples

In all, 40 different infected samples were collected from
different origins (skin = 20, hair = 10, and nails = 10). Out
of these 40 samples, 65% (26/40) were positive by direct
microscopy. Among these, four nail samples, 14 skin
samples, and eight hair samples were positive. Under
low- (100x) and high-power (400x) magnification, hyphal
firmaments and spores were detected in these samples.
Out of 40 samples, 14 (35%) were negative for the pres-
ence of fungal components. Positive samples were the
cultures on SDA, and distribution of dermatophytes and
non-dermatophytes fungi was determined. According to
the culturing of samples (n=26), which were positive in
direct microscopic examination, 23.07% samples were pos-
itive for dermatophytes, and 76.92% samples were found
positive for non-dermatophyte fungal pathogens. The high-
est prevalence of dermatophytes was found in skin samples
(six were positive for dermatophytes and 20 were positive
for non-dermatophytes). No nail and hair sample showed
the growth of dermatophytes. Hair samples (08) were pos-
itive for the non-dermatophyte group, and non-dermato-
phyte species were detected in four nail samples. Results
are shown in Figure 1 and Table 1.

Conventional Identification of Fungi

Fungi were identified by their macroscopic and microscopic
characters. Macroscopic characters of dermatophytes and
non-dermatophytes were observed on SDA. Microscopic
characters were observed by slide culture technique.
Representative pictures of isolated colonies are shown in
Figure 2.

Arthroderma multifidum: According to macroscopic
analysis, the colonies were pure white but turned to beige
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Figure 1 Distribution of fungal groups in selected samples. Samples positive in KOH mounts are represented by blue bars, and
culture-positive dermatophytes and non-dermatophytes are represented by yellow and gray bars, respectively, in each category
of sample.
Table 1 Distribution of fungal species in selected samples.
Fungal group Fungal species Skin Hair Nail Total
Dermatophytes Arthroderma multifidum 06 00 00 06
Non-dermatophytes Aspergillus sydowii 06 08 04 18
Aspergillus sublatus 02 00 00 02
Total 14 08 04 26

(A) (B)

Figure 2 Representative pictures of isolated fungal colonies on Sabouraud’s dextrose agar after 5 days of incubation at 25°C.
(A) Arthroderma multifidum; (B) Aspergillus sydowii; and (C) Aspergillus sublatus.

color on maturation. The texture of colonies was cottony.
The colony had a uniform shape. On the reverse side of the
plate, light yellow color pigmentation was observed in a
matured colony. Microscopic examination by slide culture
revealed septate hyaline hyphae, and small ovoid and pyri-
form macroconidia (Figure 2A).

Aspergillus sydowii: Initially, colonies were white in
color, turning to bluish green with velvety texture on the
obverse side of the plate. The reverse side showed yellow-
ish brown pigment on matured growth. Microscopic obser-
vations showed the presence of hyaline septate hyphae
spherical vesicle and conidia. Conidia were arranged in
chains around the vesicle (Figure 2B).

Aspergillus sublatus: According to macroscopic charac-
ter, the colonies were white in color with cotton texture on
the obverse side of the plate. While on the reverse side,
no pigment production was observed. The reverse side was

also white. Microscopic characters observed in this spe-
cies were hyaline septate hyphae and unicellular conidia
arranged in chains around the vesicle (Figure 2C).

Distribution of dermatophytes and
non-dermatophytes

Different fungi from dermatophytes and non-dermato-
phytes were identified from positive samples. Among der-
matophytes, A. multifidum were identified in skin samples.
No fungi from dermatophyte group were detected in hair
and nail samples. Among non-dermatophyte group, A.
sydowii and A. sublatus were isolated from skin, hair, and
nail samples (Table 1). Among dermatophytes, A. multifi-
dum was the most prevalent species and detected only in
skin samples of animal origin. Among non-dermatophytes,
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A. sydowii and A. sublatus were the prevalent species and
detected in all type of samples (Figure 3). Fungi were iden-
tified by their macroscopic and microscopic characters. In
all, 13 fungal species were identified. The percentage dis-
tribution of these fungi is shown in Figure 3. Some fungi
remained unidentified at genus level and declared as fungi.

Molecular Characterization and Phylogenetic
Analysis

Discrete fungi were selected for molecular characteriza-
tion and phylogenetic analysis. According to PCR results,
isolates produced an amplicon between 600 bps and
700 bps were observed at 2% agarose gel. According to
sequence analysis using NCBI, the ITS region similarity
analysis of selected isolates was discovered more with A.
multifidum, A. sydowii, and A. sublatus on the available
data. The sequences were submitted to NCBI database,
and their accession numbers were OP102681 (A. multifi-
dum), OP120769 (A. sydowii), OP132848 (A. sublatus), and
OP351722 (unidentified fungi). The phylogenetic tree of
these fungi is shown in Figure 4. According to phylogenetic
analysis, A. multifidum (OP102681) was closely related to
A. multifidum isolate 1 (OP102681). A. sydowii (OP120769),
A. sublatus (OP132848), and unidentified fungi (OP351722)
were close to A. sydowii ASH-01 (OP120769), A. sublatus
ASS-03 (OP132848), and fungi MMJ-04 (OP351722).

In the phylogenetic tree, one of the isolates, A. sub-
latus (OP132848) has a close relation with Emericella stri-
ata (AB248980.1). The genus Emericella is now classified
as a subgenus of Aspergillus. Close resemblance between
both these strains was determined by the ITS7 5.85 rRNA
region genes. Another isolated nucleotide sequence, that
is, Aspergillus sydowii isolate ASH-01 (OP120769.1) was con-
nected by nodes in the phylogenetic tree with Aspergillus
sp. voucher (MH655008.1) according to the NCBI database.
It may or may not be closely related to Aspergillus sydowii
because of lack of species identification. Because it is a
“voucher” strain, it could be from a separate region of the
genus Aspergillus, a unique species, or an unusual strain of
an existing species.

The third highlighted strain in the current study was
Arthroderma multifidum isolate 1 (OP102681.1), which is

directly related to Arthroderma multifidum (AB861736.1).
It is indicated by short branch length and direct node
joining in the phylogenetic tree. Both strains belong to
Arthrodermataceae family and to the same dermatophyte
category.? Arthroderma multifidum (AB861736.1) was sub-
mitted by Yamaguchi et al., in 2013.%

The fourth isolated strain from the collected sam-
ples was an unidentified fungal species with a taxonomic
identification No. OP351722. In the phylogenetic tree, this
fungal strain is closely related with another unidentified
fungal sp. strain OTU55, which has KT923221.1 nucleotide
sequence number in the NCBI database. It was isolated
and reported by Clay in 2015 by the Great Lakes Science
Center, Cleveland, OH, US from the host Phragmites austra-
lis var. australis. Among the identified isolates, A. multifi-
dum, A. sublatus, and A. sydowii were selected for further
experiments.

Evolutionary history was inferred using the Neighbor-
Joining method.? The optimal tree is shown in the figure.
The percentage of replicate trees in which the associ-
ated taxa clustered together in the bootstrap test (500
replicates) is shown next to branches?”. Evolutionary dis-
tances were computed using the Maximum Composite
Likelihood method?® as the number of base substitutions
per site. This analysis involved 40 nucleotide sequences.
All ambiguous positions were removed for each sequence
pair (pairwise deletion option). In all, 713 positions were
in the final dataset. Evolutionary analyses were conducted
in MEGA11.%°

Computational Analysis for Antifungal
Susceptibility

The molecular docking study predicts interactions between
two structures (receptor protein and a ligand), using meth-
ods such as electrostatic, Van der Waals, Coulombic, and
hydrogen bonds. This approach entails determining the
energy necessary to bind at various candidate sites. In this
study, negative ligand-receptor interaction energy is at
molecular targets, demonstrating affinity mainly for stan-
dards (fluconazole, itraconazole, nystatin, amphotericin B)
and fungi (Aspergillus sydowii). The results are shown in
Tables 2 and 3 and Figures 5 and 6.

B Arthroderma multifidum
u Aspergillus sydowii

i Aspergillus sublatus

Figure 3 Percentage distribution of fungal species isolated from skin (n=20), hair cutting (n=10), and nail clipping (n=10) samples.
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OP102681.1:1-695 Arthroderma multifidum isolate 1
A SAB-D3 Arthroderma mulfidium
AB861736.1:16-587 Arthroderma multifidum 88FCB302NPKJAM
AB861739.1:15-586 Arthroderma multifidum 91FCB306NPKJAM
AB861786.1:38-609 Arthroderma multifidum 139MOKM469NPKJAM
AB861806.1:14-585 Arthroderma multifidum 159MOKM493NPKJAM
AB861870.1:11-582 Arthroderma multifidum 223FOK710NPORAM
KR265108.1:3-568 Arthroderma multifidum strain MASR AM
100 — MK982149.1:28-599 Arthroderma multifidum isolate HGU11 8
35 L— AB861837.1:39-610 Arthroderma multifidum 190MOKIRI552NPKJAM
AB861799.1:38-628 Arthroderma multifidum 152MOKM487NPKJAM
MT635273.1:108-307 Sarocladium implicatum
MT594358.1:140-339 Ascomycota sp. strain 4-H9
MT337594.1:52-251 Sarocladium subulatum isolate ACR-IV
MT218370.1:49-248 Sarocladium terricola isolate 0120 465 9 ITS1 C01.ab1
MT218369.1:103-302 Sarocladium terricola isolate 0120 465 9 ITS4 C01.ab1
MT083876.1:93-292 Sarocladium implicatum isolate 15
MK312382.1:27-226 Sarocladium sp. isolate R14
MN306059.1:105-304 Sarocladium terricola strain NG16
KT923221.1:83-271 Fungal sp. strain OTU55
OP351722.1:1-240 Fungal sp. isolate MMJ-04
— 100 A D4 OP351722 Fungal specie

— OP120769.1:1-551 Aspergillus sydowii isolate ASH-01
90 L— A SAB-D2 OP120769 Aspergillus sydowii
100 — OP132848.1:10-620 Aspergillus sublatus isolate ASS-03
L A SAB-D1 OP132848 Aspergillus sublatus
PP265283.1:1-543 Aspergillus nidulans isolate Nema 1
MK961271.1:15-561 Aspergillus sp. strain F029
MH141246.1:51-597 Aspergillus sp. strain Y.H. Yeh V0204
MK734102.1:110-656 Aspergillus quadrilineatus isolate KPJPA
MG430292.1:14-560 Aspergillus sp. isolate 6709
MH237626.1:17-563 Aspergillus nidulans isolate A5
MHB828328.1:31-574 Aspergillus nidulans isolate RUH7
ON597492.1:13-559 Aspergillus sublatus isolate pp1
OM301674.1:25-577 Aspergillus nidulans isolate EGDA-11
ONB845704.1:7-556 Aspergillus sp. isolate HS-G-07

— OQ417447.1:7-557 Aspergillus sydowii strain CL7
45 L— ON798819.1:14-563 Aspergillus sydowii isolate C31
LC105684.1:21-571 Aspergillus versicolor strain: DY6.4.1
OL897314.1:37-588 Aspergillus versicolor isolate FR4
FJ008988.1:27-578 Aspergillus sydowii isolate 1356
AM883163.1:2-555 Aspergillus sydowii strain NHRC-FC096
MH655008.1:24-577 Aspergillus sp. voucher VG1.4
47 MH453611.1:8-560 Aspergillus sydowii isolate extr14

19

45
53

Figure 4 Phylogenetic tree of dermatophyte and non-dermatophyte fungi.

Antifungal susceptibility profile lowest ZOIl of 22.66+2.51 against fluconazole (p < 0.05;
Table 5).
A. multifidum showed the highest ZOI against itraconazole A. sublatus showed the highest ZOl against itracon-

(72.00+3.46) and the lowest ZOIl of 25.66+2.51 against azole (64.00+1.73) and the lowest ZOI of 26.66+2.08 against
Amphotericin B (p < 0.05; Table 4). A. sydowii showed Amphotericin B (p < 0.05; Table 6). Furthermore, iso-
the highest ZOI against itraconazole (62.00+3.00) and the lates were selected to check the antimicrobial activity of
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Table 2 Molecular-operating environment (MOE) docking score and interaction profile (PDB: 5egb).

Standard MOE docking Interaction residues
score (keal/mol) Hydrophobic Hydrogen bonding

Itraconazole -7.93 Phe80, Leu95, Leu96, Met100, Val102, Phe113, Pro238, Phe241, Leu383
Val242, Leu380, Leu383, Phe384, His405, Val406, Leu407,
Val408, Pro410, Tyr412

Fluconazole -4.40 Phe80, Val102, Val112, Phe113, Leu383, Leu407, Val408, Phe113, Leu383
Pro410, Leu461

Nystatin -6.56 Leu58, Val59, Tyr72, Pro76, Phe79, Phe80, Phe93, Val 102, Pro76, Phe80,
Phe113, Leu407, Val408, Pro410, Tyr412, Thr413, His414, Met100, Ser409,
Leu461 Tyrd12

Amphotericin B -6.49 Ile63, Val66, Val70, Val71, Tyr72, Lys75, Pro76, Phe79, Pjhe80, Trp62, Ile63, Val71,
Phe93, Met100, Val 102, Leu104, Val112, Leu407, Val408 Lys75, Phe79, Ser409

Nigella sativa -4.66 Leu95, Leu96, Met100, Pro238, Phe241, Val242, Phe384 -

(thymogquinone)

Table 3 Molecular-operating environment (MOE) docking score and interaction profile (PDB: 5v5z).

Standard MOE docking score Interaction residues
(keal/mol) Hydrophobic Hydrogen bonding
Itraconazole -10.89 Leu88, Leu87, Tyr118, Leu121, Phe126, Ile131, Leu139,
Phe228, Pro230, Phe233, Leu300, Leu376, His377, Phe380,
Ile471, Tyr505, Met508, Val509, Val510
Fluconazole -5.35 Leu88, Leu87, Pro230, Ile231, Phe233, Phe380, Tyr505 Lys90
Nystatin -6.40 Tyr64, Leu87, Tyr118, Pro230, Phe233,Thr311, Leu376, 1lu304, Thr311, Ser378,

Phe380, Ala476, Val509, Val510

Tyr64, Leu87, Tyr118, Thr122, Tyr132, Pro230,
Phe233,Thr311, Leu376, Phe380, Ala476, Val509

Tyr118, Pro230, Phe233, Leu376, His377, Ile379, Tyr505,

Amphotericin B -5.09

Nigella sativa -5.12

(thymoquinone) Met508

Pro462, His468
Gly303, Thr311, Ser378,
Phe380, Cys470

His377

essential oil of N. sativa against A. multifidum, A. sydowii,
and A. sublatus. Essential oil of N. sativa showed activity
against all the isolates resistant to antifungals. This essen-
tial oil produced the best results, and sensitivity was noted
for all isolates of A. multifidum, A. sydowii, and A. sub-
latus. Table 7 presents the antifungal activity of essen-
tial oil of N. sativa. In the table, A. multifidum shows the
Z0I of 24.66+2.51 mm, and ZOI for A. sydowii (31.00+3.46
mm) and A. sublatus (30.00+6.08 mm) are non-significantly
different from the ZOI values with the same superscripts
(p < 0.05). According to MIC results, the least mean MIC
(3.125+0.00 mg/mL) of oil was observed against A. sydowii.
Among selected fungi, essential oil of N. sativa was found
to be most effective against A. sydowii (Table 8).

Discussion

The cutaneous infections target the skin, hair and nails?
and are recognized as a major health problem, affecting

approximately 25% of the global population.*® These infec-
tions are equally pathogenic in animals. Diagnosis of cuta-
neous infections based on symptoms is a challenge, so in
developing countries direct microscopic examination and
culturing are conventional methods for disease diagno-
sis. In the current study, 65% of samples were found pos-
itive for fungal infections. The results were in contrast
to Araya et al. (2020),3" who reported 41.8% positivity in
direct microscopy examination. The culture positivity rate
in the current study was 23.07 for dermatophyte molds
(DMs) and 76.92 for non-dermatophyte molds (NDMs). In
contrast to the current study, a comparatively high culture
positivity rate for dermatophytes was reported by Araya
et al. Previous studies conducted in Addis Ababa, Ethiopia,
reported 85.2%, 74.0%, and 42.6% positivity in culture of
dermatophytes, compared to the current results.?>334 In
some studies, 44.8% of culture was reported for the pres-
ence of non-dermatophytes.? These data indicate natural
variations in samples for the presence of fungal content.
These variations may be associated with differences in



204

Sana S et al.
(A) (B)
PHE PRO
g0 /- PHE VAL 410
BRO VAL MET ' *vAL 241 ~ 408 i
410 408 100 242 '-ESU 80
LEU VAL LEU LEU =N
TYR 407 102 % ]/
‘B N VAL N PHE . N #
= ~
/o 406 | HIS \ al o 13 N VAL
N 405 ———/—
N N AN
) "
PHE

113 o

102
cl
. O - /—-—N HO
112
(e} L /> F F e
N N 461
LEU
380 LEU \@\
LEU
383
PHE < o

383
384

Itraconazole Fluconazole

©)

©)

Nystatin

Amphotericin-B

(E) PHE
384

MET
100 (0]
LEU o

PR
LEU 233
95
VAL

242

\ PHE

241

Nigella sativa (thymoquinone)

Figure 5 (A-D) Two-dimensional (2D) interaction of antifungal drugs and (E) Nigella sative compound docked into active region of

protein (PDB: 5eqb) showing hydrogen bonding, hydrophobic contacts, and other key molecular interactions.



Distribution, molecular characterization, and treatment options for dermatophyte 205

(A) VAL (VAL (B)
510 509
a7 /’

PHE pET ILE

NN 508 231 Y -
785, A o

PRO
230

LEU

376 o
TYR N
118

0 o T\S 233
\ 0\/E a TYR
9
LEU
@

471 /
Y F F
LEU N
139 N \) | &7
PRO / LEU
] / 2 o8 PHE

% LEU LEU

% PHE 88 87 380
LEU : N 228 PHE

300 J‘N /‘ LEU 233
N = 121

N

PHE

N

Fluconazole

ILE PHE
131 126

Itraconazole

Nystatin Amphotericin-B

€ s

o

MET
100

LEU o)

96
LEU g
95
VAL /

242
\ PHE

241

Nigella sativa (thymoquinone)

Figure 6 (A-D) Two-dimensional (2D) interaction of antifungal drugs and (E) Nigella sative compound docked into active region of
protein (PDB: 5v5z) showing hydrogen bonding, hydrophobic contacts, and other key molecular interactions.



206

Sana S et al.

Table 4 Antifungal susceptibility of Arthroderma multifidum.

Antifungals yAo]| Mean+SD p value ZOlI for dermatophytes Z0I for dermatophytes
(mm) (CLSI standard in mm) (EUCAST standard in mm)
Nystatin 30 31.66+2.882 18 10-14
(25 mg/mL) 35
30
Itraconazole 70 72.00+3.46° 18-21 15-19
(2 mg/mL) 76
70 0.00
Amphotericin B 23 25.66+2.512 10-13 10-14
(50 mcg) 26
28
Fluconazole 26 30.66+4.502 14-17 15-19
(2 mg/mL) 31
35

Notes: Different superscripts are different significantly, and the same superscripts are different non-significantly.
ZOl: zone of inhibition; CLSI: Clinical and Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial

Susceptibility Testing.

Table 5 Antifungal susceptibility of Aspergillus sydowii.

Antifungals Z0I Mean+SD p value Z0I for dermatophytes Z0I for dermatophytes
(mm) (CLSI standard in mm) (EUCAST standard in mm)
Nystatin 25 27.33£2.512P 18 10-14
(25 mg/mL) 30
27
Itraconazole 62 62.00+3.00¢ 18-21 15-19
(2 mg/mL) 59
65 0.00
Amphotericin B 25 29.66+4.50° 10-13 10-14
(50 mcg) 30
34
Fluconazole 23 22.66+2.512 14-17 15-19
(2 mg/mL) 25
20

Notes: Different superscripts are different significantly, and the same superscripts are different non-significantly.
ZOl: zone of inhibition; CLSI: Clinical and Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial

Susceptibility Testing.

sample types, number of samples, host-related factors
(immunity/health status), geographical location, climate,
and methods used for diagnosis.

The distribution of dermatophytes and etiological
agents varies with geographical location. Some species
are widely distributed, whereas others are restricted geo-
graphically. Most of the fungal infections are transmit-
ted from animals to humans. According to Ridzuan et al.
(2021)%, Microsporum canis was the most frequently iso-
lated species, followed by Trichophyton mentagrophytes,
and Trichophyton spp. in infected dogs. It is documented
that 80-90% of dermatophytosis infections in cats are
caused by Microsporum canis. However, studies on new
pathogens are also reported.” In the current study, we
isolated A. multifidum from the skin scraps of infected
cats. In the United Kingdom, Long et al. (2020)*® reported

M. canis and Trichophyton mentagrophytes as the most
prevalent species in cats and dogs, in contrast to the current
findings. In another study, Moskaluk et al. (2022)* reported
two species, Arthroderma lilyanum and Arthroderma
mcgillisianum, as potential pathogens in domestic cats.
These results somewhat strengthen the current findings.
A. multifidum is a fungus of zoonotic potential, isolated
from a 63-year-old immunocompromised patient. It was the
first report of human infection.”® Arthroderma is a diverse
genus, and it was first isolated in 1963 from rabbit holes
and rabbit hair. Previous studies reported its isolation from
caves and animals, such as rabbits and horses*. However,
there are several risk factors that may contribute to the
man-to-man and animal-to-human transmission of dermato-
phytes. Sharing of clothing, utensils, barbershop material,
and dense population play a crucial role in man-to-man
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Table 6 Antifungal susceptibility of Aspergillus sublatus.

Antifungals Z0I Mean+SD p value Z0I for dermatophytes Z0I for dermatophytes
(mm) (CLSI standard in mm) (EUCAST standard in mm)
Nystatin 29 30.00+1.002 18 10-14
(25 mg/mL) 30
31
Itraconazole 65 64.00+1.73b 18-21 15-19
(2 mg/mL) 62
65 0.00
Amphotericin B 26 26.66+2.082 10-13 10-14
(50 mcg) 25
29
Fluconazole 23 26.66+4.04° 14-17 15-19
(2 mg/mL) 26
31

Notes. Different superscripts are different significantly, and the same superscripts are different non-significantly.
ZOl: zone of inhibition; CLSI: Clinical and Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial

Susceptibility Testing.

Table 7 Antifungal susceptibility of essential oil of Nigella
sativa.

Antifungals ZOIl (mm) Mean+SD p value
Arthroderma 27 24.66+2.51>°
multifidum 25
22
Aspergillus 29 31.00+3.46°
sydowii 35 0.029
29
Aspergillus 23 30.00+6.08°
sublatus 33
34

Different superscripts are different significantly, and the
same superscripts are different non-significantly.
Z0I: zone of inhibition

transmission.® On the other hand, rearing of and having a
close contact with animals (pets) are reported as a signifi-
cant risk factor for animal-to-human exposure of dermato-
phytes.’ The documented evidences highlight the dynamic
distribution of emerging fungal pathogens, such as A. mul-
tifidum, which may act as a zoonotic pathogen. Therefore,
there is a dire need to monitor human and animal reser-
voirs for better understanding of transmission and preven-
tion of disease.

Similar to other countries, detection of dermatophytes
in the Northern and Western parts of Pakistan are reported.
Most of the studies described the prevalence of DM species.
In a study, 154 samples were collected from different hos-
pitals of Khyber Pakhtunkhwa, Pakistan, and of these, 136
samples were positive. Tinea corporis (35%) was the most
predominant type of infection, followed by Tinea capi-
tis (22%). The fungi identified in Tinea corporis infection
were Trichophyton rubrum, Trichophyton mentagrophytes,

Table 8 Minimum inhibitory concentration (MIC) of Nigella
sativa (essential oil) against fungal species.

Antifungals MIC (mg/mL) Mean+SD p value
Arthroderma 6.25+0.00 6.25+0.00°
multifidum 6.25+0.00

6.25+0.00
Aspergillus 3.125 3.125+0.00¢
sydowii 3.125 0.00

3.125
Aspergillus 25 25.00+0.002
sublatus 25
25

Different superscripts are different significantly, and the
same superscripts are different non-significantly.

and Epidermophyton floccosum. In a study conducted at
University of Health Sciences (UHS) Lahore, Pakistan,*
Tinea corporis was the most common clinical type discov-
ered (27.69%), followed by Tinea capitis (21.53%) and Tinea
cruris (12.30%). T. mentagrophytes was the common spe-
cies isolated (32%), followed by Trichophyton violaceum
(28%) and T. rubrum (12%). All studies reported the highest
prevalence rate of DMs in contrast to the current results.
Among non-dermatophytes, Aspergillus is the most prev-
alent specie-isolated genus. Results of the current study
described similar findings and correlated with the results of
Arora et al. (2020)*, Nouripour-Sisakht et al. (2015),* and
Straten et al. (2002)%. A. sydowii is the prevalent species
in selected samples of the current study. Aspergillus in the
current study is A. sublatus. Both these species were iso-
lated from humans. This indicated that non-dermatophytes
are equally important as dermatophytes in cutaneous infec-
tions. The present study is the first to report the presence
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of three fungal isolates A. multifidum (DMs), A. sydowii
and A. sublatus (both NDMs) in cutaneous infections. In
Pakistan, health facilities are limited, and awareness about
infectious diseases, in general, and about fungal infections,
in particular, is also limited. Consequently, fungal diseases
prevail due to poor hygienic practices and low socioeco-
nomic status®. This study provided awareness about the
existence of new fungal pathogens and emphasized the
continuous monitoring and surveillance to track the prev-
alence, spread, and impact on human and animal health.

Phylogenetic analysis based on ITS region of iso-
lated species is performed to construct a phylogenetic
tree. By interpreting a tree, we came to know that A.
sublatus isolated in the current study closely resembled
Emericella nidulans. Both species are non-dermatophytes
and belong to the group “Aspergillus section Nidulantes”
(formerly Emericella). It is a diverse group of microscopic
fungi whose species play essential roles in mycotoxin
production, food spoilage, indoor air quality, and human
pathogens.“ Emericella nidulans is the second most com-
mon mould found in chronic granulomatous disease (CGD)
patients, causing nearly invasive infections in this partic-
ular host and distinguished by its aggressive behavior.?
Emericella species are commonly detected in soil and
decaying plant materials and have a larger morphological
diversity than the asexual stages of the Aspergillus genus.*
Emericella is the teleomorph of several Aspergillus species,
including Emericella nidulans. It was first reported in China
by Matsuzawa et al. in 2006.%

According to the NCBI database, another isolated
nucleotide sequence, Aspergillus sydowii isolate ASH-01,
is connected with Aspergillus sp. voucher (MH655008.1).
Aspergillus sp. voucher was first isolated from Vagator
Beach of Goa in India. Both strains are found in the marine
environment. The absence of identification of species
makes the pathogenic potential uncertain. Some Aspergillus
species are opportunistic, especially among immunocom-
promised patients. Others, on the other hand, are merely
environmental and non-pathogenic.® The third highlighted
strain in the current study is Arthroderma multifidum iso-
late 1, which is directly related to Arthroderma multifidum
(AB861736.1). The latter strain was isolated from domestic
fowl?®> and was published in Mycopathologia in 2014.

The fourth isolated strain from the collected samples
is an unidentified fungal species with a taxonomic identi-
fication No. OP351722. Its nucleotide sequence resembles
another unidentified fungal sp. strain OTU55 (KT923221.1).
It was isolated and reported by Clay in 2015 by the Great
Lakes Science Center, Cleveland, OH, US from the host
Phragmites australis var. australis.

In the Pakistani folk medicine, essential oil of N. sativa
is commonly applied topically to treat fungal infections,
eczema, acne, and other skin conditions. It is believed
that its oil is a staple remedy for skin problems, reflect-
ing deeply rooted cultural practices and a preference for
natural treatments. Along with widespread traditional
use, scientific research is in progress to fully understand
and validate the efficacy and safety of essential oil of
Nigella sativa. The efficacy of antifungals was detected
initially by molecular docking and later by in-vitro test-
ing. A molecular docking study was conducted to iden-
tify the possible mechanism through which each drug

(itraconazole, fluconazole, nystatin, amphotericin B, and
Nigella sativa) showed potent inhibitory potential of anti-
fungal agent against various fungal infections. Docking of
macromolecular proteins (5egb and 5v5z) indicated signifi-
cant differences in binding affinities, interacting residues,
and interaction patterns, such as hydrophobic and hydro-
gen bonding as presented in tables 2 and 3 Itraconazole
showed the highest score (-7.93 kcal/mol) in all compounds
in the case of target protein 5eqb (Figure 1), which is
supported by a hydrogen bond with Leu383 and a signif-
icant number of hydrophobic residues, such as Phe80,
Leu95, Leu96, Met100, Val102, Phe113, Pro238, Phe241,
Val242, Leu380, Leu383, Phe384, His405, Val406, Leu407,
Val408, Pro410, and Tyr412. With a moderate score of -6.56
kcal/mol, Nystatin acquired the second-highest score in
the group because of its hydrophobic associations with
Leu58, Val59, Tyr72, Pro76, Phe79, Phe80, Phe93, Val 102,
Phe113, Leu407, Val408, Pro410, Tyr412, Thr413, His414,
and Leu461. In addition, it formed hydrogen bonds with
Pro76, Ser409, and Tyr412. The identical interaction profile
of amphotericin B, which had a score of -6.49 kcal/mol,
varied in the hydrogen bonds of Trp62, Ile63, Val71, Lys75,
Phe79, and Ser409. Among the substances, fluconazole and
Nigella sativa had the lowest energy scores and interaction
profiles, having respective values of -4.40 kcal/mol and
-4.66 kcal/mol. Itraconazole exhibited the highest docking
energy of -10.89 kcal/mol against the target protein (5v5z)
because of hydrophobic bonding (Leu88, Leu87, Tyr118,
Leu121, Phe126, lle131, Leu139, Phe228, Pro230, Phe233,
Leu300, Leu376, His377, Phe380, Ile471, Tyr505, Met508,
Val509, and Val510). The effects of fluconazole with Leu88,
Leu87, Pro230, Ile231, Phe233, Phe380, and Tyr505 (hydro-
phobic), and Lys90 (hydrogen) were limited, with a score
of -5.35 kcal/mol. In a similar manner, Nigella sativa and
amphotericin B showed multiple hydrogen and hydrophobic
interactions with lower docking scores (-5.09 kcal/mol and
-5.12 kcal/mol). In addition to hydrogen bonding (Thr311
and Ser378) and hydrophobically engaged Tyr64, Phe380,
and other residues, nystatin revealed a much less favorable
score (-6.40 kcal/mol) than itraconazole and a higher score
than other drugs (Figure 2). The knowledge of docking
score and interaction profile concluded that itraconazole
illustrated the strongest affinity toward both PDB’s (5eqgb
and 5v5z), indicating the possible mechanism of anti-fun-
gal activity against all the sources by targeting or inhibit-
ing the biosynthesis of lanosterol 14-a-demethylase. This
suggests strong antifungal potential of itraconazole against
other testing compounds.

Antifungal susceptibility testing has evolved rapidly
during the last decade and has now became a relevant
tool. To date, studies with molds have concentrated on the
selection of optimal in vitro conditions and little attention
is paid to correlation with clinical outcome. According to
Rex et al. (2001)*, understanding antifungal resistance
mechanisms helped to find resistant isolates and validate
in vitro measuring techniques. In order to be clinically
useful, in vitro methods should predict in vivo response
to therapy. There is limited data on in vitro drug resis-
tance in dermatophytes.®? Antifungal resistance, such as
antibacterial resistance, is caused by frequent usage or
misusage. However, due to limited knowledge, the mis-
use or overuse of antifungals is not common globally.
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Ibrahim et al. (2023)* conducted research on the basic
knowledge of antifungals in 2023. The study revealed a
substantial gap in physician knowledge and practice when
it comes to prescribing antifungal medication. It is one of
the reasons that almost all antifungals in the current study
are sensitive when compared with the CLSI and EUCAST
standards for dermatophyte resistance. Comparison of ZOI
in the current study was done with other dermatophytes
according to both CLSI and EUCAST guidelines. The species
are less reported as non-dermatophyte and dermatophyte
fungi from clinical samples, so itraconazole and nystatin
could be a better option to treat dermatomycoses caused
by isolated fungi. The results of in vitro testing correlate
with molecular docking, in which itraconazole and nystatin
have the highest binding energy against target molecules.
Therefore, both drugs are an effective treatment option
for dermatophyte and non-dermatophyte skin infections, as
their susceptibility patterns are close to EUCAST and CLSI
standards.

Essential oil and various extracts of N. sativa, par-
ticularly thymoquinone, have potent antifungal effects
on T. mentagrophytes as pathogenic dermatophyte
strains.>* Medicinal plants and their extracts have been
in use for hundreds of years for treating infectious dis-
eases. Thymoquinone lowered the MIC of standard anti-
microbials if used in combination. Thymoquinone also
possessed antifungal activity against some very important
fungal pathogens, including Candida albicans and certain
dermatophytes®. A recent study has demonstrated 100%
inhibition for 30 pathogens with a concentration of 1
mg/mL. The MIC test of each compound was studied on
eight dermatophytes, five yeast and five mold isolates.
Thymoquinone was the best antifungal compound against
all of the tested dermatophytes and yeasts, followed by
thymol®. Similar to the previous study, the antifungal
activity of the ether extract of N. sativa seed and its
active principle thymoquinone was tested against der-
matophytes species Trichophyton rubrum and one each
of T. mentagrophytes. The potentiality of N. sativa as a
source for anti-dermatophyte drug support its use in med-
icine for the treatment of fungal skin infections.>” Above
mentioned studies correlates with current findings that N.
sativa has antifungal activity and showed active results.
Isolates A. multifidum, A. sydowii, and A. sublatus were
susceptible to the essential oil of N. sativa and showed
inhibitory effects against dermatophyte and non-dermato-
phyte fungi. Hence, N. sativa is a natural treatment option
against cutaneous fungal infections. The current study
indicates prominent variations in the distribution of der-
matophytes and non-dermatophytes in different samples,
while antifungal susceptibility of these fungi remains a
favorable option to control cutaneous infections. However,
natural remedy, N. sativa emerges as promising therapeu-
tic option.

Conclusions

Cutaneous infections are common in Pakistan. However,
lack of awareness and diagnostic facilities remained
underdiagnosed. Some fungal diseases even have zoonotic

potential. Isolation of non-dermatophytes, A. sydowii
and A. sublatus, in our study demonstrates that NDMs are
major pathogens in cutaneous infections. In case of ani-
mals, zoonotic fungi, A. multifidum, was recovered. This
study demonstrated the higher efficacy of itraconazole
against dermatophyte and non-dermatophyte fungi in
in-silico and in-vitro analyses. In addition, essential oil of
N. sativa showed promising results for antifungal activity,
particularly against non-dermatophyte A. sydowii. This
indicates a cost-effective and safe treatment of cutane-
ous infections. Although findings of the study are encour-
aging, large scale studies with increased sample size and
geographical area are required to validate results. Overall,
this study contributed to the growing understanding of
cutaneous fungal infection and emerging fungal pathogens
in Pakistan.
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