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ARTICLE INFO ABSTRACT

Keywords: Diabetes mellitus patients are prone to cutaneous and subcutaneous fungal infections due to pathogenic fungi,
Aspergillus flavus including dermatophytes, Mucorales, Candida, Aspergillus, and Fusarium species. Here, we report a case of
Mycetoma

A. flavus mycetoma confirmed by isolation and molecular identification. The case was a 38-year-old male farmer
with a seven-year history of type 2 diabetes mellitus, living in Khuzestan, southwest of Iran. The patient pre-
sented with a right foot swelling associated with a nodule and multiple discharging sinuses following trauma
sustained on the foot while working barefoot on the rice farm, a year ago. The nodule appeared at the site of the
trauma two months after the injury. The initial diagnosis was based on direct microscopic examination of lesions
scraping using 20% potassium hydroxide and radiology. Molecular analysis confirmed the isolates to be A. flavus.
In vitro susceptibility of the isolate to voriconazole, posaconazole, caspofungin, itraconazole, and amphotericin B
was determined. Treatment with voriconazole (200 mg twice daily) stopped the purulent discharge, reduced the
swelling, and improved the clinical condition within two months. The study emphasizes the importance of
wearing footwear to prevent skin trauma as the main risk factor of patient involvement.

Diabetes mellitus
Molecular identification

illnesses than the general population [11]. Diabetic patients are sus-
ceptible to cutaneous and subcutaneous fungal infections due to path-
ogenic fungi, including dermatophytes, Mucorales, Candida, Aspergillus,
and Fusarium species [3-6]. In a study conducted by Kachi Udeani et al.,

Introduction

Chronic subcutaneous infections such as mycetoma caused by
Aspergillus species are considered to be rare [1]. Results of a systematic

review and meta-analysis on the global burden of human mycetoma
showed that among 2704 fungal isolates from patients with mycetoma,
only 5 (0.0005%) were Aspergillus species [2]. Diabetes mellitus is a
common chronic endocrine metabolic disorder associated with an
increased risk of fungal infections [3,53]. Patients with diabetes have an
immune system with a lower ability to respond to and deal with diseases
of any type (fungal/bacterial/viral). This means they are more prone to
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of 120 diabetic patients analyzed, 63 (52.5%) had fungal infections
[10].

Aspergillus flavus is a ubiquitous mold, found everywhere in the
environment including air, water, soil, and plant materials. This fungus
is one of the most frequently isolated Aspergillus species from human
infections, especially in Asia [7,8,54]. Apart from keratitis, otitis, pul-
monary and systemic infections in immunocompromised patients,
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A. flavus is commonly isolated from cutaneous lesions and onychomy-
cosis in immunocompetent patients [9,55-57]. Here, we report a case of
subcutaneous mycetoma infection caused by A. flavus in a diabetic pa-
tient from Iran.

Case

A 38-year-old male farmer from Khuzestan, southwest of Iran, with a
seven-year history of type 2 diabetes mellitus was admitted at Imam
Khomeini Hospital Complex, Tehran, Iran, in June 2020. The patient
presented with a right foot swelling associated with a nodule and mul-
tiple discharging sinuses following trauma sustained on the foot while
working on the rice farm, a year ago. The lesion started as a nodule that
appeared at the site of the trauma two months after the injury. This was
followed by a gradually progressing foot swelling, and after 6 months,
secretory sinuses opened to the dorsal and lateral surfaces of the foot
discharging purulent fluid (Fig. 1). The patient lost the ability of walking
and his movement was performed only by a wheelchair. The patient
stated a history of a penetrated wound due to barefoot walking on the
rice farm. Also, he revealed a history of poor glycemic control despite
using insulin injections, in addition to various regimens of oral hypo-
glycemic agents. Blood chemistry was obtained and the following results
were found: fasting blood sugar (FBS): 160 mg/dL (normal range < 100
mg/dL), post-prandial blood sugar (PPBS): 230 mg/dL (normal range
110-140 mg/dL); and HbA;C: 8.3% (normal <6%). It should be noted
that in previous medical reports of the patient high values for FBS, PPBS,
and HbAlc in comparison with the normal ranges were found which
were related to 6 months ago.

In the primary examination, the bone tumor was considered as one of
the diagnostic possibilities, and with this diagnosis, other steps were
taken for diagnosis and treatment. Also, even amputation of the pa-
tient’s leg was considered as a treatment method for this reason. A
technetium-99 m bone scan was suggestive of active infection of the left
distal tibial head (osteomyelitis) as evidence by an increased flow (in
angiographic phase) and mild hyperactivity (in delayed phase) at the
left distal head of tibia bone (Fig. 2). With a suspicion of mycetoma,
despite several examinations, grain was not observed in the purulent
discharge. Thus, the lesions on the foot were scraped and a biopsy was
taken from sinuses for further evaluation using potassium hydroxide and
hematoxylin and eosin (H&E) stain, respectively. Microscopic exami-
nation of tissue sections revealed hyaline septate hyphae upon direct
microscopy (Fig. 3a). Portions of the specimen were inoculated onto
Sabouraud dextrose agar with and without chloramphenicol (Merck,
Germany) at several locations on culture plates and incubated at 27 °C
and 37 °C for two weeks. After five days of incubation, white, mold-
colonies were seen at inoculation sites, which slowly became yellowish
and finally light green (Fig. 3b); the fungus was identified as a member
of the genus Aspergillus owing to macroscopic and microscopic features
such as hyaline, septate hyphae with a few spherical conidia released
from phialide cells (Fig. 3c). Since the initial treatment was based on
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bone tumor, after the evidence mentioned above and diagnosis of my-
cetoma, the treatment was started with itraconazole 200 mg daily.
Further, molecular identification was performed via PCR-sequencing
analysis to confirm the morphological identification. Briefly, the
genomic DNA was isolated from fresh colonies using a method described
previously [12]. Then, PCR-Sequencing was carried out bilaterally to
amplify the beta-tubulin gene using the primers Bt2a: (5'-GGT AAC CAA
ATC GGT GCT GCT TTC-3') and Bt2b: (5'-ACC CTC AGT GTA GTG ACC
CTT GGC-3') [13]. Analysis of the obtained sequences demonstrated
high homology (99.81%) between the investigated amplicon and the
reference strain of A. flavus presented in GenBank with accession num-
ber MG991316. The obtained sequence was deposited in Gene Bank with
accession number MW147358. The treatment with itraconazole was
continued for one month and unfortunately, no improvement was
observed. Thereafter, in vitro susceptibility of the isolate to voriconazole,
posaconazole, caspofungin, itraconazole, and amphotericin B was
determined based on clinical and laboratory standards institute (CLSI)
M38-A2 protocol [14]. The minimum inhibitory concentrations (MIC) of
antifungal agents were 0.063, 0.125, 0.5, 0.125, and 1 mg/L for vor-
iconazole, posaconazole, caspofungin, itraconazole, and amphotericin
B, respectively. Based on these results, the treatment changed to vor-
iconazole (200 mg twice daily) and, after two months, the purulent
discharge stopped, the swelling remarkably subsided, and clinical as
well as radiographic signs have significantly improved. Before the
treatment with voriconazole, the patient had lost the ability to walk but
after two months he can walk with the help of a cane, and the leg pain
was severely reduced. Treatment was continued for two months (in total
four months) and in one year follow up, the lesions were healed and the
patient was in a healthy status (Fig. 4).

Discussion

Mycetoma is a subcutaneous chronic infection caused by fungi
(mycetoma) or bacteria (actinomycetoma). Several fungal species are
the causative agents of eumycetoma. Madurella mycetomatis, Madurella
grisae, and Scedosporium apiospermum are the most common causative
agents. Furthermore, other fungal strains including Neotestudina rosatii,
Scedosporium spp., Curvularia lunata, Falciformispora senegalensis, Bia-
triospora mackinnonii (P. mackinnonii), Pseudochaetosphaeronema larense
and Aspergillus spp. are uncommon agents of eumycetoma [15].

In the past decade, many species of fungi such as Aspergillus, Candida,
Fusarium, Cryptococcus, etc. have appeared as a considerable cause of
morbidity and mortality in human and animal infections worldwide
[16-18,58,59]. Aspergillus species are opportunistic microorganisms,
globally distributed in air, soil, and plants, and the majority of cases
reported occurred in patients with predisposing conditions such as he-
matologic malignancies, steroid use, human immunodeficiency virus,
diabetes mellitus, etc. [19-21,60]. In patients with immunodeficiency, a
more severe disease that may eventually destroy tissues including bones
may occur [22-24,61]. The case of A. flavus mycetoma infection

Fig. 1. Swollen and discharging lesions on the right foot of the patient at first visit.
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Fig. 3. Microscopic examination of biopsy sample stained by hematoxylin and eosin (H&E) demonstrating septate hyphae (a), macroscopic appearance of the isolate
on sabouraud dextrose agar compatible with Aspergillus spp. (b), and microscopic features of the isolate (400x) compatible with A. flavus (c).

reported in this paper had type 2 diabetes mellitus as the main under-
lying illness. Hyperglycemia in diabetes is thought to cause dysfunction
of the immune response, which fails to control the spread of invading
pathogens in diabetic subjects [11].

To the best of our knowledge, to date, three cases of A. flavus
eumycetoma have been reported in diabetic patients [25-27]. Skin
involvement can be categorized as primary, following direct inoculation
of Aspergillus at sites of skin injury or secondary, from the hematogenous
spread [7]. In our presented case, the patient sustained a traumatic
injury on his right foot while working barefoot on the rice farm. Studies
reported that mycetoma typically presents in people who walk barefoot
in dry, dusty conditions as was our case. Minor trauma causes the
pathogens to enter the skin from the soil [1-3].

Nearly 50% of mycetoma are eumycetoma [29] and of over 30
species of Aspergillus linked to human infections, four were reported to
cause eumycetoma, namely A. nidulans, A. flavus, A. fumigatus, and
A. terreus [25,26,30]. The most prevalent Aspergillus species causing
mycetoma is A. nidulans, while A. flavus is the second most common
species associated with mycetoma cases [30]. Reportedly, cutaneous,
mucocutaneous, and subcutaneous tissue infections are more often
associated with A. flavus than other species of Aspergillus [31-33].

The clinical manifestation of cutaneous aspergillosis by A. flavus is
described by the presence of macules, plaques, papules, nodules, ul-
cerations, pustules, or subcutaneous abscesses. In our case, nodule,

swelling, and secretory sinuses were the main presentation during hos-
pitalization [7,34]. The progression of the infection is gradual but may
affect deep structures such as muscles, joints, tendons, and bones [2].
Computed tomography (CT), X-rays, ultrasound, and magnetic reso-
nance imaging (MRI) scans can only help to detect the extent of disease
[29]. The bone scan in the presented case showed increased blood flow
and mild hyperactivity at the left distal head of the tibia bone, suggestive
of osteomyelitis.

Some occupational groups in rural areas such as agricultural
workers, gardeners, poultry farmers, etc. [35-37], who work barefoot on
land seem to be at a higher risk of ingress of causative agent into the
subcutaneous tissue through direct implantation; this occurs commonly
in young men aged between 20 and 40 years [38,39]. In the present case,
a 38-year-old man who was also a farmer presented with secretory sinus
and swelling on his right foot. As clinical presentations are not always
pathognomonic, detection of species by laboratory examination is
essential [9]. Conidia of saprophytic fungal species represent one of the
most common airborne laboratory contaminants [40]. There for,
directly detection of the fungus in clinical specimens remains the way to
corroborate the Aspergillus infection in such cases [41]. In this case,
samples were inoculated on multiple points on several culture media,
and the same colonies of Aspergillus species were isolated from the
inoculation points. Besides, the direct microscopic examination
confirmed the presence of fungi in the sample. However, because of the
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Fig. 4. Improved lesions of the patient in one year follow.

disintegration of the growth and sporulation pattern of the isolated
strain, the morphological identification could not be specifically definite
to the species level thus, further molecular evaluation became para-
mount for precise identification of the fungus [1]. DNA sequencing data
unambiguously showed that the strain was A. flavus. Table 1 summa-
rized all cases of mycetoma due to A. flavus reported across the world.

Although clinical manifestations of mycetoma caused by different
etiological agents remain similar, therapy may be entirely different [42].
One core characteristic of mycetoma is poor response to treatment [43].
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Also, the undesirable effects of antifungal drugs and multidrug-resistant
microorganisms could be other contributing factors to treatment failure;
susceptibility tests on isolated species may be of value in choosing
suitable treatment [9,47]. The newer drugs of azole antifungal agents
show a broader spectrum of activity and are at lower levels of toxicity
[29]. Recently, Lionakis et al. reported that 11% of the A. flavus isolates
in their study were resistant to itraconazole [45]. Voriconazole, pos-
aconazole, and caspofungin have been approved for the treatment of
aspergillosis [7]. Voriconazole has good in vitro activity against a range
of Aspergillus species, including A. flavus with better clinical outcomes
[46-48]. Based on the results of in vitro studies, A. flavus is more sus-
ceptible to echinocandins than A. fumigatus [49,50] thus, a
species-specific difference in susceptibility to echinocandins may exist.
Given that, our reported mycetoma case showed a remarkable response
to treatment by voriconazole therapy in a way, the purulent discharge
stopped and the swelling reduced.

In conclusion, our report highlights that A. flavus is an important
mycotic pathogen that should be considered as a potential pathogenic
agent in mycetoma. Although conventional mycologic techniques are
powerful diagnostic tools, molecular studies substantiate identification
and can lead to a better favorable clinical outcome along with appro-
priate treatment, especially in immunocompromised individuals such as
diabetic patients.
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Table 1
All cases of mycetoma due to A. flavus reported across the world.
Reference Case Country  Sex/Age Infection Occupation ~ Underlying Diagnosis method Treatment
No (year) site condition
Mahgoub 1 Sudan F/50 Ankle NA None Culture, histopathological Multiple incisions to relieve
et al. examination, immunodiffusion pressure + antibiotic
[25]/1973 tests
Padhi et al. 1 India 36/F Anterior Housewife Diabetes Mellitus, Culture, histopathological Ketoconazole + Itraconazole
[28]/72009 abdomen end-stage renal examination + Voriconazole
disease
Witzig et al. 1 USA 36/F Back Laundry Diabetes Mellitus, KOH wet mount examination, Decompressive laminectomy
[271/1996 nephrotic Culture, histopathological -+ Itraconazole
syndrome examination
Hashemi et al. 1 Iran 25/F Ankle NA NA KOH wet mount examination, NA
[51]/2001 Culture, histopathological
examination
Ahmed et al. 1 Sudan 55/M Foot NA Diabetes Mellitus PCR-sequencing, Operation+ ketoconazole
[1]/2015 immunohistochemical analysis, +itraconazole + voriconazole
MALDI-TOF MS
Baishya et al. 1 9 Lower limb - NA KOH wet mount examination, Itraconazole
[52]1/2017 months/ Culture, histopathological
M examination
Present case/ 1 Iran 38/Male Foot Farmer Diabetes Mellitus KOH wet mount examination, Voriconazole
2021 Culture, PCR-sequencing

Abbreviations: M: male; F: Female; NA: not available; KOH: potassium hydroxide.
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