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Issue: 3rd International Fusarium is a saprophytic fungus which is broadly
Conference on Health & disseminated in soil, plant debris and other organic

Medical Sciences: substrates. These fungi can affect indigenous tissue in
Insight into Advanced immunocompromised patients and result in some fungal
Medical Research infections such as Onychomycosis, bone and joint disease,
(ICHMS 2019) or sinusitis. In this paper, we report a 56-year-old female

has Diabetes milletus who established to disseminate
DOIl: Fusarium infection in her left first toenail from the
10.24017/science.2019 Dermatology Department / Khabat Skin Center, Sulaimani
ICHMS.13 Province, Irag. To study of these fungi as the true causative

agents of nail infection, we describe a PCR/sequencing
Received: assay to confirm routinely diagnosis of the infecting fungi in
9 June 2019 this case with toenail Onychomycosis. Designation of the

ordinary laboratory of Fusarium is very challenging because
Accepted: of the septate hyphae of Fusarium are hard to discriminate
6 July 2019 from those of Aspergillus, which has a more favourable

consequence and this time-consuming. Therefore, molecular
tools were used for identification of F. proliferatum from
this case by amplifying ITS region of rDNA using a pair of
universal primers ITS1 and ITS4. Infectious fungal
molecular detection advances the select of right antifungal
therapy, in that way improving the medication rate of nails
infections. DNA sequence analysis and Phylogenetic tree of
the amplified ITS-rDNA was used for species identification
of this strain of F. proliferatum. For final identification
sequencing of DNA has been carried out by [Macrogen
Korea] using forward primer 1TS1, The obtained consensus
of query sequence was compared with the ITS DNA
database on the BLAST homepage, aligned and diagnosed
strain deposited to the GenBank and we received an
accession number (MK112619). The sequence of the F.



proliferatum amplicon was aligned using ClustalW and the
alignment was used to make phylogenetic analysis using
MEGA software version X. To the best of our knowledge, the
isolated Fusarium in this paper is the first case of its kind to
be sequenced and reported by the molecular method in
Kurdistan region of Iraq

Keywords: Fusarium proliferatum, Toenail, Onychomycosis,
PCR, ITS region, Iraq.

1. INTRODUCTION

Nail infection (Onychomycosis) due to fungi is a communal disease of the fingernails or
toenails of dermatophytes, yeasts, and non-dermatophytic molds. Today, Onychomycosis is a
major public health case due to its growing incidence and has considerable clinical
implications as well as helping as an illness reservoir [1]. The occurrence of nail infection has
been described to be 23% through Europe [2] and 20% in East Asia [3]. In North America, the
prevalence of onychomycosis is up toward 14% [4], with fungaldisease accountable for 50%
of all nail disease [5]. Nail diseases come to be more public with growing oldness and
generally toenails are impacted (80% of cases).

Nail trauma, frequent water immersion, occlusive footwear, athlete's foot, diabetes mellitus,
immunosuppression and smoking are the principal deterrent determinants for onychomycosis
[6]. Other susceptibility variables including increased occurrences of nail disease such as
decreased peripheral mobility, diabetes, nail trauma, and bad nail hygiene were also worried.
However not life-threatening, it can have important clinical implications, like secondary
bacterial diseases, chronicity, therapeutic problems and disfiguration, besides serving as an
illness reservoir [7].

Molds are soil-living saprophyte fungi and some are pathogens. They have commonly been
deemed to contaminate the skin and nails ' fungi or secondary pathogens, but some of them
may be main contaminants e.g., Scopulariopsis brevicaulis, Fusarium sp, Aspergillus sp.,
Scytalidium hyalinum and, recently, Onychocola canadensis [8,9,10,11,12]. Fusarium spp. is
a leading cause of human infections, especially in immunocomporomised patients [13]. The
pathogen frequently infects soft tissues by traumatic inoculation in ordinary hosts [14]. The
types of these diseases are onychomycosis [15], keratitis and endophthalmitis [16], and
mycetoma [17].

Fusarium is a non-dermatophytic mould found in the form of soil saprophytes and pathogens
of plants. Human illnesses are likely the consequence of different catalyzing variables of
deficient immune status. Older-age immunocompetents are also susceptible to multiple
unassumed saprophytic and plant pathogens. It is therefore of utmost significance that this
newly evolving fungal pathogens be properly identified and that adequate therapy be instituted
as soon as possible to control human infections so that spread infections can be prevented
[18].

In the current study, we reported a case of Onychomycosis in a left first toenail of a 56-year-
old female with a chronic toenail lesion caused by a non-dermatophytic mold, Fusarium
proliferatum, a saprophytic organism commonly found in soil, plant debris and other organic
materials that can induce local tissue infections in diabetic patients like onychomycosis. A
mixture of morphology, molecular and phylogenetic research disclosed it was F. proliferatum
[19].
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2. CASE PRESENTATION

A 56-year-old female with chronic Diabetes mellitus, from Khabat Skin Center in March
2017with greenish discoloration and disfigurement in her great left toenail, had depressed nail
plate and interdigital maceration, no itching pain and discharge were noted (Fig.1: A and B).
There was a history of probable Onychomycosis on her both toenails (hot verified by
mycological examination) two years previously (in 2015), that completely disappeared after
treatment with antifungal therapy. On examination, left great toenail was green to light yellow
in color and there were dystrophic changes in the nail plate that toenail (Fig.1). The associated
factor for this study case was previously diagnosed (of 4 years duration) diabetes mellitus, and
at the time of sampling, the patient had undergone diabetes medication. KOH examination and
LPCB stain from the nail clipping sample from this study case revealed numerous hyaline
branched and septate hyphae and Chlamydospores provocative reproductive constructions. A
culture on SDA at 30°C (room temperature) from the left toenail grew Fusarium proliferatum
and the patient was settled on oral Itraconazole 200 mg/day and advanced to use it for at least
3-4 months.

Figure 1: The First toenail of the left feet of 56 years-old woman showing depressed nail plate and
extensive greenish discoloration in here left the first toenail due to Fusarium proliferatum.

3. METHODS AND MATERIALS

3.1 Sample Collection, Processing and Cultivation on Selective media

Specimen of nail clipping from the affected nail was collected after proper sterilization of the
affected nail with 70% alcohol. The sufficient amount of sample was transported in the folded
dry square of the paper envelope to the mycology research laboratory in Zakho University /
Faculty of Science/Biology Dept. quickly for mycological examination [20,21].The
mycological studies were performed in Mach 2017. Sample obtained from the toenail clipping
was divided into two portions; one portion was placed on the surface of a clean slide, observed
through direct microscopic examination after mounting in 1-2 drops of 20% KOH solution
(Merck, Germany), covered with a clean cover slip, the slide was passed through the burner
flame several times (the KOH will digest the host material and keratin and also clear the
fungal elements) [22], the process is speeded up by gently heating , then incubated for a 5-30
min., finally each slide was examined by using light microscope (CX 40 Olympus USA) for
the presence of fungal (hyphae, transversally septate macro and/or micro conidia and
Chlamydospore) [23].

Direct microscopy for this case was positive (found branched septate hyphae). The remaining
part of the nail cuts were also grown on two sets of dextrose agar from Sabouraud (SDA)
medium (CM41; Oxoid, UK): one plate of SDA with antibiotics and cycloheximide) [Sigma-
Aldrich] (500 mg/l), and one slant of SDA contained antibiotics but without cycloheximide,
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which was incubated at 30°C (room temperature) for 2-3 weeks. After 5 days, growth was
seen on both plate and slant cultures in the form of white, cottony colonies which later turned
pink in color (Figure 2). There has been no detection of bacteria growth in culture. Detailed
research of their colonial characters and microscopic morphology in lacto phenol cotton blue
(LPCB) mounts has recognized the extracted fungal isolate to species level as far as possible.
Primary isolation of the fungus was depended on morphological characteristics of the culture
(Macroscopic and Microscopic feature of the colonies), colonies were examined
microscopically for identification of (existence, shape and arrangement) of irregular branched
septate hyphae, and sickle-shaped macroconidia and other structures needed for diagnosis of
this genus such as septate microconidia and chlamydospore (Figure 3). Contaminant molds
were excluded during the microscopic examination, while diagnosed species of Fusarium
isolates were sub cultured and purified again in a new agar slant of SDA and maintained for
further confirmation by molecular method.

3.2 Molecular Studies

3.2.1 Isolation of Fungal DNA

Fungus DNA was isolated and purified via taking a proper amount from the fresh colony (21
day-olds colony grown on SDA medium) by grinding in existence of liquid nitrogen for first
braking up of mycelia. Total DNA extraction of fungi by molecular biology kit (EZ-10 Spin
Column Fungal Genomic DNA Mini-preps Kit) was isolated as suggested by the manufacturer.
Phenol-chloroform was used formerly for DNA isolation but was substituted as a kit by the
quicker and environmentally friendly product. To shatter the cell wall and cell membrane, the
mycelium had to be powdered before the lysis move. About 100mg (approximately 5 cubic
mm) [24] of fungal tissue (mycelia/spores) on SDA was weighted out in a mortar, grinded
with a pestle to dust and thaw with liquid nitrogen. Transfer grinded sample to a clean 1.5 ml
microtube containing 180 ul Universal Digestion Buffer, add 20ul Proteinase K to the
specimen and blend carefully by stirring and incubation for 60 min at 56 °C. 100 pl Universal
of Buffer PF was added, mix, then inverting, and incubate at -20°C for 5 minutes. Centrifuge
at 12,000 x g for 5 minutes at room temperature. Transfer the supernatant to a new 1.5 ml
tube.5. Add 200 Universal Buffer BD, mixes thoroughly by vortexing. Add 200ul ethanol (96
%), mix well by vortexing. Transfer the combination to the column EZ-10 in a reserve tube of
2 ml. Centrifuge at (12,000 rpm) for 1 min. Discard the flow-through. Add 500ul Universal
PW Solution, and centrifuge for 60 seconds at (12,000 rpm). Discard the flow-through. Add
500ul Universal Wash Solution, and centrifuge for 1 min at (12,000 rpm). Reject the flow-
through. To dry the EZ-10 membrane, the empty column puted in the micro centrifuge and
spin for a 2 min at (12,000 rpm). Discard the supernatant and it to a clean 1.5 ml centrifuge
tube. Then add 100 pl Buffer TE directly onto the EZ-10 membrane. Incubate at room
temperature for 1 min, centrifugation for 1 min at (12,000 rpm) to elute the DNA. The DNA
sample was kept at 4°C for further use. Purified genomic DNA arranges 20-50kb in length
(www.bioneer.com).

3.2.2 Detection of Genomic DNA

The concentration and purity (quantitative estimation) of the fungal DNA was completed by
agarose gel electrophoresis and Nano drop UV spectrophotometer at 260\280 nm. To detect
the presence of genomic DNA 6pL of the fungal DNA sample was mixed with 1uL of loading
dye and loaded in the agarose gel (1.5%). The gel was run at 90 volts for 45 min. until the
loading dye migrated to the suitable distance from the well then, the gel was examined by gel
image desktop to see the DNA band was visualized under Ultraviolet Trans illumination [25].
And the purity and concentration of genomic DNA measured by dispensing 1pL from the
DNA specimen on the lower optical pedestal after cleaning and calibration by deionized
distilled water the lever arm was closed and selected (Measure). The software automatically
measured the concentration and purity of nucleic acid specimen [26].
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3.2.3 PCR and Primer preparation

The ITS1 and 1TS4 primers were provided by {MWG-Biotech AG Germany} in lyophilized
form, dissolved in sterilized deionized distilled water to obtain 10 Pm as a final concentration
and stored in the deep freezer until using [27] as shown in Table (1). The PCR master mix
contained all the components needed for the PCR reaction except DNA template and primer, it
containing (2X Master mix) which containing: prime Top DNA polymerase (1U), 1.5mM
MgCI2, reaction buffers (pH 8.5), 250 uM of each ANTP (dATP,dCTP,dGTP and dTTP) and
stabilizer and tracking dyes which function as loading dyes. PCR reactions were carried out
in (Thermocycler, Eppendorf) PCR machine, components requirements for PCR reaction are
provided in Table (2). Thermo cycling program for isolated fungus was as following
conditions: An first denaturation ( 94°C, for 5 min.) ,then 35 cycles of denaturation ( 94°C , 1
min.), annealing (58°C , 1 min.) and extension (72°C ,1 min.), with a final extension step
(72°C ,10 min.), Table (3).The PCR products were analyzed by electrophoresing 10ul of
amplicons in 2% agarose gel in TBE buffer , dyed with bromide of ethidium and provided for
90 minutes at 75 volts. The gel was visualized and photographed under a computerized UV
trans-illuminator. Undigested (unrestricted) A DNA (100 bp) was used as a reference to
conclude the size of fragments.

Table 1: Oligonucleotide primers used in the PCR reaction.
Primer Sequence 5'->3'

ITS1 (forward) TCCGTAGGTGAACCTGCGG
ITS4 (reverse) TCCTCCGCTTATTGATATGC

Table 2: Components required for PCR reaction.

Components Volume (ul) Concentration
2X Ready master mix S5u 1X
Forward primer 2ul 10pmol
Reverse primer 2ul 10pmol
Template DNA 5ul <250ng
Deionized water 11ul
Total volume 25ul

Table 3: PCR program for amplification by 1TS1 and ITS4 primers.

Temperature Time (min.) Number of cycles
Initial denaturation 94°C 5 1
Denaturation 94°C 1
Annealing 58°C 1 35
Extension 72°C 1
Final extension 72°C 10 1

3.2.4 Sequencing, Multiple alignment and Phylogenetic Tree

In rDNA the gene of Internal transcribed spacer region was amplificated by using ITS1 and
ITS4 primers and caused in PCR pattern of 471 bp for Fusarium oxysporum. The ITS1
fragment from this strain of Fusarium in the current study, which preliminary amplified using
ITS1 and 1TS4 primers were sequenced using only forward primer ITS1 and 10ul of purified
PCR amplicon according to Macrogen Company/Korea, by using automated DNA sequencer.
Alignment and checking of the obtained query sequences were conducted using BioEdit
Sequence Alignment Editor 7.0.5.3 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). For
final diagnosis confirmation, the obtained consensus of query sequence was compared with the
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ITS DNA database. The recent sequences have been deposited (MK112619) in GenBank
Table (4). Sequence of the isolated fungus was aligned using ClustalW and MEGA software
version X. Phylogenetic analyses using the Neighbour-Joining (NJ) method [28] was
performed for this strain with the MEGA version X software using p-distance model [29] with
the ‘pairwise deletion of gap option’. The robustness of the branches were assessed by
bootstrap analysis with 1000 replicates.

4, RESULTS

A. Primary Isolation and Culture processing

Mycological examination relies on species level is very important for the choice of best
therapeutic agents. Based on clinical examination, a 56-year-old diabetic woman showed the
evidence of toenail Onychomycosis who’s screened for nail diseases or dermatomycoses as a
case report in this study, in March 2017. In the mycological test of the case, which included
direct KOH examination before specimen cultured, considered positive for the left toenail, due
to evident of numerous hyaline branched and septate hyphae and reproductive structures
suggestive of chlamydospores. While the white, cottony causative agent after 5 days
incubation on SDACC at 30°C was Fusarium proliferatum (Figure 2). The genus and species
diagnosis confirmed after staining with LPCB stain; irregular branched septate hyphae, sickle-
shaped hyaline septate macroconidia, few microconidia and pyriform chlamydospore were
observed under a light microscope. The sequencing of the ITS-region of the isolated strain
from this clinical specimen confirmed isolation of the same fungus in this case study.

Figure 2: Colonial morphology of F. proliferatum after three weeks of incubation at 30°C on
SDA.

B. Molecular Identification

After phenotypic diagnosis, we applied the PCR and sequencing technique successfully for the
investigated strain of F. proliferatum using universal fungal primers for amplifying ITS region
of rDNA as a molecular tool. Fungus genomic DNA was extracted from isolated fungus using
liquid nitrogen and molecular biology kit (EZ-10 Spin Column Fungal Genomic DNA Mini-
preps Kit, Canada). Fungus DNA was observed by electrophoresis on 1.5% agarose gel. The
ITS region on rDNA was amplified by by means of universal primers ITS1 and 1TS4 which
yielded in PCR product size of 471bp for the studied isolate, as shown in (Figure 3).
Recognition pattern on agarose gel 2%, later confirmed by sequence analysis, Table (4). The
current practical PCR finding was sequenced using only forward primer 1TS1 on automated
sequencer according to (Macrogen Company, Korea) and comparison of the obtained
sequence with the other Fusarium species ITS-DNA on BLAST search tool home page.
Alignment of the obtained sequence of the isolated strain of the genus in this study plus the
reliable GenBank sequence confirmed the fact that different species of non-dermatophytic
moulds have different ITS1 and ITS2 sequence, make the ITS region as a good target for post
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PCR manoeuvres such as sequencing. The obtained sequence was deposited in GenBank and
we received accession number, Table (4).

Figure 3: Agarose gel electrophoresis (2%) of ITS-PCR products of F. proliferatum (Lane 6), M: 100bp
molecular size marker.

Table 4. Fragment size of PCR-ITS region in tested F. proliferatum.
Isolate Size of PCR- ITS (bp) GenBank accession no.
for ITS1-5.8S-1TS2 region

F. prolieratum 471 bp MK112619

Results of BLAS analysis concluded that; the fungus was F. proliferatum based on the high
identity value of (96%) and (0) E-value. Used BLAST search tool, to compare the resulting
sequences with sequences of rDNA accessed at GenBank, the phylogenetic analysis for F.
proliferatum showed that the obtained sequences share 96% homology to Fusarium
proliferatum strains: Iranian isolate (MH547040), Bangladesh strain (MK446840), Pakistani
strain (MK583509), Tunisian strain (MH329789), Indian strain (MK751710), and Chinese
strain (MK158224), (Figure 3) and Table (5). Together, morphological and molecular
identification showed that Fusarium isolate was F. proliferatum, GenBank accession no. is
(MK112619). This isolate was aligned with six accession sequences of F. proliferatum. The
distance scale between sequences is 0.05%, whereas 0.041 is the ideal tree with the branch
length sum. As shown in (Figure 3), some of the branches have elevated bootstrap values. The
phylogenetic tree divided all species into two clades. Our isolate showed a separate clade.

WMH547040 1(Fusarium proliferatuni)

MH329789.1 (Fusarium proliferatum)
MK158224 1(Fusarium proliferatum)

WMK446840.1(Fusarium proliferatum)

MK583509 1 (Fusarium proliferatunm)

MKT751710.1(Fusarium proliferatum)

MK112619 (Fusarium proliferatunt)

0.0050

Figure 3: Phylogenetic tree of F. proliferatum based on the nucleotide sequence of ITS-rDNA. The
values on the branch represent the bootstrap values.
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Table 5: Phylogenetic tree of F. proliferatum depending on the nucleotide sequence of ITS-rDNA.

No. | Isolate Species | GenBank Acc. No. | Geographic Similarity
Location
1. | F. proliferatum (MH547040), Iran 96%
2. | F.proliferatum (MK446840) Bangladesh 96%
3. | F. proliferatum (MK583509) Pakistan 96%
4. | F.proliferatum (MH329789) Tunisia 96%
5. | F. proliferatum (MK751710) India 96%
6. | F. proliferatum (MK158224) China 96%

5. DISCUSSION

Mycological examination in this case study detected positive result for both direct KOH and
culture of F. proliferatum in the left first toenail of the suspected case. In the present study,
Fproliferatum represented a common etiological agent of toenail onychomycosis. In previous
studies in lrag, Fusarium species is also recorded from nail infection particularly by not by
molecular method, only by routine and conventional morphological approach. And this
species of Fusarium may be replacing other mold fungi such as Aspergillus sp.,
Scopulariopsis brevicaulis, Scytalidium dimidiatum [11,12], Fusarium spp., Scytalidium
hyalinum and, recently, Onychocola canadensis [8,9,10], as an etiology for toe nail
onychomycosis in Iraq with much lower frequency than reported previously. The PCR-based
technique is reliable for most typing purpose. Recently, sequencing of ITS region is the
golden typical for delineation of dermatophyte species [30, 31]. Therefore, in a recent
investigation, a molecular approach was employed to confirm the identification of the
Fusarium strain isolated formerly by culture and classical methods from patients with chronic
onychomycosis. DNA extracted using solid phase method after dipping in liquid nitrogen
followed by PCR amplification of ITS region of ribosomal DNA with pair of diverse primers.
In the present study, the fact which observed during the ITS-PCR amplification was differ
from the previous studies, as expected, size of PCR products from fungal species with
different base pair length, (Figure 4) that the pattern band was 471 bp for this species of
Fusarium on the gel during the electrophoretic analysis for genus. The difference refer to a
genetic alteration in the ITS region or false diagnosis. Consequently, the investigation of ITS
region by sequencing method was provided with a simple technique for fungal
characterization [32]. The diverse length of ITS region among fungal species confirmed the
results of laboratory conventional identification [33,34].

The finding PCR product was sequenced according to Macrogen company/ Korea using one
primer ITS1 and our sequence was placed in GenBank with accession no. MK112619 (ITS).
For phylogenetic analysis, sequences of the amplified product was retrieved from GenBank in
FASTA format. Neighbor-Joining (NJ) technique for phylogenetic analysis [28]. It was
accomplished with the MEGA v. X software [35]. The phylogenetic tree was built by P-
distance model Kimura [36] with the ‘pairwise deletion of gaps option’. A nucleotide BLAST
search with 471bp and indicated an extreme homology of 96% with F. proliferatum of Iranian
isolate (MH547040), Bangladesh strain (MK446840), Pakistani strain (MK583509), Tunisian
strain (MH329789), Indian strain(MK751710), and Chinese strain (MK158224),Table(5).The
isolate MK112619.1 (S10) clustered with several accession numbers (mentioned previously)
in a common ancestor, but with the supporting of different bootstraps (Figure 3).The low
distance between the different accessions indicated that the variations among the accessions
were low. The comparison between our isolate and the ITS reference sequences that were
obtained from the NCBI database confirmed the identification of isolates at genus and species
level.
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6. CONCLUSION

In this study, we achieve that there is an epidemiological alteration regarding the etiological
agent in our region. Fusarium proliferatum also may be replacing other pathogenic molds as
an etiology of toenail onychomycosis among lIragi patients. We therefore found that the
molecular assessment of the fungal ribosomal DNA region of ITS is essential for the best drug
choice and is a straightforward, quick and reproducible instrument during the identification of
fungal species in the laboratory.
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