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Background and Purpose: Onychomycosis caused by dematiaceous fungi is re
reported and the identification is also quite tricky due to poor sporula®enent
emergence of dematiaceofisigi as a major cause of onychomycosis is a matte
concern in the field of mycology. Therefore, this stusiyned to understand th
dematiaceoufungi as a possible cause of onychomycosis, especially among agrict
workers. In addition, the evaluation of the antifungal susceptibility patterns led to th
of an accurate drug that wilklp to treat and prevent antifungal resistance.

Materials and Methods: The standard procedure was followed for direct microsce
examination and fungi isolation. Furthermore, antifungal susceptibility testing
conducted in accordance with tldinical and Laboratory Standards Institute3&A2

protocol.

Results: Both potassium hydroxidand fungal positivitywere found in 275 out of 35i
suspected cases, 52%, 4.3%, 28.7%, and 14.9% of which wedemoatophytic molds
(NDMs), yeast, dermatophytes, and sterile hyphae, respectively. Among NDMs

n=143), 45.5% (n=65) were hyaline hyphomycetes and 54.5% (mef8)dematiaceou:
hyphomycetes. Among dematiaceous fuRgistalotiopsispp. andArthrinium spp. were
the commonly isolated ones. Additionally, azoles, amphoteB¢iand anidulafungin
showed excétnt antifungal activity against tested isolates.

Conclusion: Dematiaceoufungi are now becoming a potential cause of onychomyct
A more detailed study is needed on the identification of these emerging isolates ¢
mode of action of antifungal drufmr a better treatment strategy.
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Introductio n

nychomycosis is by far one of the most common
superficial infections that occur in the general
population [1]. Trichophyton rubrum, T.
interdigitale, Scopulariopsis brevicaularignd
Aspergillus spp. are involved as primary causative
pathogens of onychomycosiBematiaceous or phaeoid
fungi are a group of nedermatophytic molds that are
rarelyimplicated in causing onychomycosis [2,Bhis
group of fungi produces melanin in cell wallshr@wn
to black pigment responsible fodarkpigmented
colonies, hyphae, or conidiadMelanin has a high
molecular weight with a variable molecular structure
which is a major enhancing virulence facteported to

cause mild to cutaneous infections in humans [4,5].

Curvularia, Scytalidium Lasiodiplodia theobromae,
andExophialaspp.have been reported in a feases of
onychomycosis [1,6]. However, the identification of the

fungi is quite tricky due to colony morphology or poor
sporulation [3]

In this regard, the present stuaiyned to understand the
dematiaceous fungi as a possible cause of
onychomycosis, especially among agricultural workers.
In addition, the evaluation of the antifungal
susceptibility patterns led to the idea of an accurate drug
that will help to treat and prevent antifungal resistance.

Materials and Methods

The present study was conducted in upper Assam, India,
in the temperate region between the coordinates
26.5235° N, 93.9679° E and 27.4502° N, 94.8980° E
with an average temperature of 26° C. Climatic
conditions of upper Assam provide an excellent niche to
flourish diverse kinds of flora and fauna. The studied
population was categorized into three groups: tea garden
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workers, rice field workers, and horticulture workers
with clinical nail deformities.

Sensitization programs were conducted among
agricultural workers followed by nail sample
collection with the help of the managing authority of
Tea Estates or The Head of a village. The authors
deliberately explained the nail problems prevailing
among agrialtural groups, which caused discomfort,
pain, and aesthetic disfiguration of the nail with the
help of pictures, brochures, and information leaflets
in the local language. Nail samples were collected
after obtaining written informed consent. Moreover,
the epidemiological data, namely the demographic
characteristics, occupational profiles, and practices
were recorded in a pretested questionnaire by
ensuring theparticipants of theconfidentiality of
their information.

Over a span of four years (from June 2017 to Dec 2021),
356 suspected cases were enrolled in this eessonal
study. Nail samples were collected following proper
cleaning of the affected site with 70% alcohol, utilizing
scrapping and/or clipping teclpies usingpail clippers

or blades on clean, dry black paper. Isolate identification
relied on the macroscopic and microscopic features of
the specimens. Fungal element examination under a
microscope involved using 40% potassium hydroxide
(KOH) in a moistchamber for 24 h.

The processing of samples followed the criteria
established by Walshe and English. [7]. Multiple nail
pieces were placed in duplicate on Sabouraud dextrose
agar(SDA), with and without chloramphenicBDAC)
(HiMedia), to encourage the growth of dermatophytes,
non-dermatophytic molds (NDMs), and yeasts. Positive
KOH microscopy in both cultures indicated fungal nail
infection, confirmed by repeating the process on
additional samples.

Microscopic identification involved Lactophenol cotton
blue mount and slide cultures. The National Culture
Collection of Pathogenic Fungi in Chandigarh, India,
conducted molecular characterization by sequencing the
internal transcribed spacer (ITS$)18SITS2 region of

the rDNA gene in selected isolates. Genomic DNA
extraction followed the phenahloroformisoamyl
alcohol method, with subsequent Sanger sequencing [8].
Amplification of the ITS region occurred in 20L
reaction volumes using ITS5 and ITS4nper pairs as
described by Prakash et al., 2016 [9].

Polymerase chain reaction sequencing was performed
for both strands using the mentioned primers and Big
Dye Terminator Cycle sequencing kit, version 3.1
(Applied Biosystems, Foster City, CA, USA).
Sequencing products underwent purification and
analysis onan ABI Prism 3100 automated DNA
analyzer (Applied Biosystems, California, USA).
Consensus sequences for each isolate were generated
from forward and reverse primer sequences using
SegMan software (version 7.0) [8], DNASTAR's
Laser Gene Genomics, Madisonjstbnsin, USA).

Antifungal susceptibility testing of filamentous fungi

In vitro antifungal susceptibility testinAFST) was
performed according to the Clinical and Laboratory
Standards Institute (CLSIM-38-A2 broth micre
dilution protocol with Aspergillus flavus (ATCC
204304)strainas quality control straifCLSI M-38
A2) [10, 11]. Antifungal drugs, such as Amphotericin
B, itraconazole, voriconazole, posaconazole,
anidulafungin, caspofungin (Sign#ddrich,
Bengaluru, India) were used. All drugs were dissolved
in dimethyl sulfoxide, whereas caspofungin was
dissolved in water. The fihaoncentration of the tested
drugs ranged from 0.0312 to 16 pg/ml for amphotericin
B, voriconazole, posaconazole, anddaté@fungin, and

64 to 0.125 pg/ml for caspofunginll tested results
were sent to medical personnel of respective tea estate
hospitals for better treatment of workers.

Results

In total, 356 clinically suspected cases of
onychomycosis were enrolled whose demographic
characteristics are presented in Table 1. Regarding
gender34% (n=121) of the participants were male and
the restwere femaleBeing the most productive and
employable age group, the maximumumber of
participants were in thege group of21-40 years
(59.26%, n=211), followed by 480 years (35.39%,

n =12 &0 years3.37%, n=12), and > 60 years age
groups (1.9%, n=7).

Majority of nail samples were collected from toenails
(187/356, 52.52%), while 169/356 (47.47%) were from
fingernails. Their chief complaints were pain (h=356,
100%) and irritation (N=168, 47.19%). Most of the
participants were involved with inorganic duétion
practices (n= 259, 72.7%) and long duration of
occupation $#10 Years, n=189, 53.08%).

The KOH and culture positivity were found in 275 cases
(77.2%) out of 356 clinically diagnosed onychomycosis
cases. On culture, 52% (n=143), 4.3% (n=12), 28.7%
(n=79), and 14.9% (n=41) were NDMs, yeast,
dermatophytes, and sterile hyphae, respectifféibure

1). Most of the agricultural workers had NDM infection
(n=143, 52%) on the fingernails (55.2%, n=79),
compared to toenails (44.7%, n=64). Among NDMs,
45.4% (n=65) were hyaline hyphomycetes and 54.5%
(n=78) were dematiaceous hyphomycetes. Moreover,
among the dematiaceous fungi (54.5%, n=78),
Arthrinium sp. (23%, n=18jFigure 21 & Figure 2.2,
Pestalotiopsis sp. (20.5%, n=16),L. theobromae
(12.8%, n=10), andCurvularia lunata (6.4%, n=5)
[Figure 2.3 were frequently isolated speciésdurel).
Rarely identified isolates werdligrospora oryzag
Nigrospora  sphaerica [Figure 2.4, Nectria
pseudotrichiagnd Dothidemycetes

In this study, 29 ITS sequencesdd#matiaceoufungi
were deposited inGenBank National Center for
Biotechnology Information under the following
accession numbers presented in Table 2.
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Table 1.Demographic characteristics and occupational practices of the participants

Characteristic

Gender

Age Group range

Types of Occupation

Nail involvement

Associated condition

Personal hygiene
Lifestyle exposures
Types of cultivation

Associated agricultural habits

Duration of occupation

By B
E i 35
E 2 &
E 5
E T B
= 5 &

2 05

rheciromos

Male

Female

020

21-40

41-60

>60

Tea garden worker
Rice field worker
Horticulture worker
Toenails
Fingernails

Nail pain

Irritation

Nail injury/trauma
Skin infection
Satisfactory

Poor

Working with animal excreta
Household activities
Organic

Inorganic

Working in a humid moist environment

Walking barefooted
O5 years
>5to 10 years

>10 years

B Dematiaceous hyphomycetes

;-
— 8
;-
| B

| B
Illua
B
Ih‘

I
T OE ®m o on o =m oo s,
5 & = 5 &5 I g U
EEE § E 5 % 2 efE
=EE = T E5E5_EF £L:
cnE E B mzesd EES
=5 e = - -] ol = w
= ] P .g o = = B g
REEEE T Bk IS E
e L2 2

I_
I_

Clirvuiaria

(n=356)

33.98
66.01
3.37
59.26
35.39
1.96
43.82
33.98
22.19
52.52
47.47
100
47.19
18.82
6.46
18.82
81.17
34.83
84.83
27.24
72.75
91.01
96.91
18.25
28.65
53.08

Figure 1. Dematiaceous hyphomycetsslated from onychomycosis cases (n=78)

Table 2 Identified isolates with their accession nhumbers.

Identified isolates

Arthrinium malaysianum
Arthrinium marii

Arthrinium sp.
Pestalotiopsisp.
Neopestalotiopsis piceana
Curvularia hawaiiensis
Curvulariaverruculosa
Lasiodiplodia theobromae
Nectria pseudotrichia
Dothidemycetes
Arthrinium phaeospermum
Curvularia lunata
Nigrospora oryzae
Nigrosporasphaerica

Curr Med Mycaol, 2023, 9(3): 8-15

GenBank accession nhumber

MK926440, MK926439, MK926437, MT672528, MT672557, MT672561

MK926438 Figure2.1), MT672553, MT672555, MT67255BIT672560, MW644534,

MW686904, MW686905
MT672554 Figure2.2)

MT672527, MT672529
MT672559

MNO006200, MN006199
MNO068858

MT672562, MW644538
MNO078198

MNO078200

MT672556

MT672526 Figure2.3)
MW644540
MW644541 Figure2.4)


https://creativecommons.org/licenses/by/4.0/

Dematiaceous fungi causing onychomycosis Borgohain Ret al.

[ A AR Ry %

Figure 2.1.Arthrinium marii (MK9264§Q).A. Dista] lateral subuﬁgual onychomycosis, B. Dematiaceous septate hyphae, C. White cottony colony on
SDAc (7 days), D. Mature fungal culture, E and3fobose conidiamorphology

10 Curr Med Mycol, 2023, 9(3): 8-15
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Figure 2.2. Arthrinium sp. (MT672554)A. Distal lateral subungual onychomycosis, B. Dematiaceous septate hyphae, C. White cottony colony on
SDAc (7 days), D. Mature fungal culture, E and3fobose conidiamorphology
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Figure 2.3. Curvularia lunata (MT672526). A. Total Dystrophic Onychomycosis, Botassium hydroxidenount showing dematiaceous septate
hyphae, C. Light grey cottony colony on SDAc (7 days), D. Mature fungal culture, E. Conidia with distinct curved shajperovitarrseptation

between cells, central cells of conidia darker than the end cells, F. Mipiosnorphology

12 Curr Med Mycol, 2023, 9(3): 8-15
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