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Mycetoma is a chronic granulomatous infection of the skin and underlying tissues, which affects
remote populations in tropical and subtropical countries. We report the case of a 35-year-old male
with an over 10 year history of left foot mycetoma, who initially presented with diffuse non-draining
papules, edema, and dull chronic pain of the left foot. Radiographic imaging depicted erosive
changes throughout the left midfoot and forefoot, while bone biopsy of the left navicular and first
metatarsal confirmed actinomycetes. After being prescribed amoxicillin-clavulanate and
trimethoprim-sulfamethoxazole and undergoing surgical debridement, the patient had marked
improvements with less frequent pain and fewer blisters. One year later, the patient’s ankle joint
remained untouched by mycetoma, yet his condition began to deteriorate with the reemergence of
draining granules and chronic pain. As of now, the patient has been scheduled for below-the-knee
limb amputation. The treatment of mycetoma aims to preserve limb function and prevent
recurrences, but further research and investigations are necessary.
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Mycetoma, also known as Madura foot, is a neglected
tropical disease that induces a granulomatous
inflammatory response in the subcutaneous tissue or
deep dermis. The etiology of mycetoma can be fungal
or bacterial, respectively termed as eumycetoma or
actinomycetoma. Even though mycetoma is dispersed
throughout the world, it was found to be indigenous
to tropical and subtropical areas between latitudes 15°
South and 30° North, an area commonly known as
the “Mycetoma Belt”. Male populations living in these
rural areas earn for their families by engaging in
manual labor without proper footwear. Thus,
transmission most commonly occurs through
lacerations from cactus thorns, corn husks, or acacia
trees. Manifestation includes foot pain with swelling
and firm lesions to the site of laceration; raised
ulceration sites; draining sinus tracts; and induration

[1]. Diagnosis is best approached with biopsy,
organism granule evaluation, serological and
molecular methods, and imaging [1,2]. Magnetic
resonance imaging (MRI) is generally more sensitive
than radiographs, especially at earlier stages [1]. An
antifungal or antibiotic regimen in conjunction with
surgical debridement is considered to be the gold
standard for treatment [1,2]. In its advanced stages,
mycetoma may invade deeper structures including
muscle, fascia, and bone and increase the risk of
mortality or severe disability via amputations [1].
Treatment and management of mycetoma have been
difficult in rural regions due to factors such as low
health education, poor access to health care, social
stigma, and socioeconomic burden; thus resulting in
late presentation to clinical care and poor compliance
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to treatment [3]. It has been difficult to correct these
factors as there is a limited bank of research and
knowledge about mycetoma around the world. There
is an increased need for more epidemiological studies
to obtain a clear understanding and accurate data on
transmission, prevalence, and incidence of this
condition [4]. Though advanced diagnostic techniques
are available in resourceful regions, health care
professionals in endemic regions mostly rely on visual
inspection for diagnosis thus increasing the need for
more accessible diagnostic modalities [5]. Research on
more aggressive treatments for mycetoma and the
implementation of prevention methods may be
required to improve the quality of life of the patient.
However, when medication and surgical debridement
are not the solution, health care professionals may
resort to amputation to reduce the risk of mortality in
these patients [6].

Figure 1 Clinical image at presentation, Left dorsal foot.
Hyperpigmentation noted diffusely from digits, extending
proximally to the ankle with patches of fibrotic
hypopigmentation.

In the present report, we describe a 35-year-old male
presenting with an advanced manifestation of this
uncommon clinical condition. A review of the
condition, including presentation, conservative
treatment options, and surgical treatment options, is
then discussed.
Case Report
A 35-year-old male construction worker with a history
of a heart murmur and streptococcal pharyngitis
presented for podiatry consultation for left foot pain
and swelling in December, 2017. He was unclear on
how the pain occurred. However, there was a high
suspicion for Madura foot on this patient by his
primary care physician (PCP). Further discussion in a
follow-up visit revealed injuring himself from a corn
husk while working on a corn field in Mexico. The
symptoms had been slowly progressing over the
preceding 10+ years before he presented to our care
in 2017. The patient reported the pain to be chronic
and dull. He had no known allergies, pertinent
surgical history and pertinent family history. His
medications included 875mg-125 mg per tablet of oral
amoxicillin-clavulanate (Augmentin) which needs to
be taken 2x day and 800mg-160mg per tablet of oral
trimethoprim-sulfamethoxazole which needs to be
taken 2x day. His physical exam of the extremities
revealed hyperpigmentation and rigidity on the entire
left foot with pain on the medial aspect (Figures 1 and
2). Papules were evident diffusely with no obvious
purulence or drainage. This consultation ended with
discussions and informed consent for his left foot
bone biopsy as requested by his PCP.

Figure 2 Clinical image at presentation, Left plantar foot.
Roughened, plantar bumps and papules of mycetoma
with contour irregularity and hyperpigmentation.

A bone biopsy was performed on the left first
metatarsal and the navicular. The first metatarsal
biopsy was 0.5 cm in length and 2 mm in diameter for
a dumbbell shaped portion of brown-colored osseous
tissue. The pathology report of the first metatarsal
identified benign-appearing fibro-osseous tissue
however it was in part non-viable. The navicular bone
biopsy was several fragments of light tan-colored
osseous tissue measuring in aggregate of 0.5x0.2x0.2
cm. The report identified osseous tissue with
numerous plasma cells, acute inflammation, periosteal
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fibrosis,
and
aggregates
of
filamentous
microorganisms indicative of actinomycetes. Wound
cultures were positive for Staphylococcus aureus.
Radiographic images demonstrated destructive and
erosive changes throughout the left midfoot and
forefoot (Figure 3). An MRI revealed rounded lesions
of intermediate signal with low signal central foci in
the talar neck and body, calcaneus, cuboid, navicular,
tarsal bones, cuneiforms, and metatarsals. Nodules
were present in the dorsal soft tissue, medial soft
tissue adjacent to the first metatarsal, and the plantar
soft tissue adjacent to first and second metatarsals.
Soft tissue edema was also noted extending to sinus
tarsi.
Bone
marrow
edema
and
intraosseous/extraosseous lesions surrounded by
subcutaneous
edema
were identified with
enhancement. Increased signal intensity on T2 views
was evident of the intrinsic musculature and of the
distal aspect of flexor hallucis longus muscle.
Three months later, he demonstrated marked
improvements with only 1-2 blisters resurfacing with
intermittent throbbing pain for 1-2 times per month.
At this point, his surgical history included left foot
biopsy, irrigation, and debridement of his left foot.
He was still on the same medication plan however has
not been consistent with his management of Madura
foot. His physical exam revealed improved edema on
his left foot but mild serous drainage from the dorsal
aspect were present. And, indurated skin was present
from digits to rear foot without any pain. Given the
slow progression of the infection at that point, it was
decided to continue his medications and closely
monitor his conditions to see whether it reached the
ankle joint.
After one year has passed, he presented with
worsening pain over the past 4 months with granules
which open and close. His current medications
included a 500mg capsule of oral cephalexin (Keflex)
which needed to be taken 1 capsule 2x daily. Next
medication was 5-325mg per tablet of oral
hydrocodone-acetaminophen
(NORCO)
which
needed to be taken 1 tablet every 6 hours prn. Next
medication included an 800 mg tablet of oral
ibuprofen which needed to be taken 1 tablet every 8
hours prn. His physical exam of the lower extremity
revealed improved edema on the left foot however
with an appreciable amount of drainage. Indurated
skin was present from digits to rear foot. Pain was
noted on midtarsal joint range of motion.

Figure 3 Radiographic images taken in June, 2017. Left
foot dorsoplantar view. Degeneration and erosions
throughout the midfoot and forefoot with superimposed
sclerosis and significantly narrowed joint spaces.

His recent x-ray images taken in December of 2019
have revealed the extent of erosions from phalanges
to calcaneus however erosions still have not
penetrated the ankle joint.
He continued to cycle between improvements and
deterioration of symptoms. This may be attributable
to his non-compliance to the given recommendations
such as taking the appropriate medications in a timely
manner and frequent visits to the health care
providers. At this time, he has been experiencing
deterioration of his symptoms with worsening pain
and granule drainage. Therefore, he consented to a
below the knee amputation (BKA) in hopes of
obtaining permanent relief of his symptoms. As of
now, the amputation was scheduled to take place
sometime in 2020.
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Figure 6 X ray images taken December, 2019.
Degeneration and erosions have increased in number
throughout midfoot and forefoot with superimposed
sclerosis and significantly narrowed joint spaces. The
erosions had extended to involve the rear foot with
involvement of talus and calcaneus. However, his
erosions still have not reached the ankle joint.
Figure 4 MRI image, sagittal view of the left foot.
Rounded lesions of intermediate signal with low signal
central foci were present in the talar neck and body,
calcaneus, cuboid, navicular, tarsal bones, cuneiforms,
and metatarsals. Soft tissue nodules were present in the
dorsal soft tissue, medial soft tissue adjacent to the first
metatarsal, and the plantar soft tissue adjacent to first
and second metatarsals.

Figure 5 MRI axial view of the calcaneus, depicting
rounded lesions of low to intermediate signal intensity
with low signal central foci, characteristic of mycetoma.

Discussion
Mycetoma is a chronic granulomatous infection of the
subcutaneous tissue caused by true fungi
(eumycetoma)
or
filamentous
bacteria
(actinomycetoma) residing in various habitats,
including soil and residing organisms such as
earthworms. Thus, mycetoma poses an occupational
hazard to cultivators, farm laborers, shepherds, or
agricultural workers. Offending bacterial or fungal
pathogens penetrate via an abrasion site to permeate
subcutaneous tissues. The infection remains dormant
until spreading to deeper tissues and skeletal systems.
Early diagnosis may be essential for better prognosis
of these conditions however patients seeking medical
treatment are usually at late stages making
management extremely difficult [1]. Some of the
contributing factors may include misdiagnoses and
the lack of resources, trained health care
professionals, and familiarity of the condition [4].
Clinical manifestations of mycetomas are similar
despite the causative microorganism. Current research
does not define a precise incubation period but
suggests that it may range from three months to 50
years. During early stages, pain is not an essential
component of the clinical picture. Overall the initial
appearance of mycetoma can be characterized by
papules, nodules, abscesses or indurated tissue
without clear boundaries [3]. With time, draining
nodules expel grains from interconnected sinuses
tracking from the innermost abscesses [7]. Fungal
organisms tend to generate different colors but
mostly white or black granules, whereas bacterial
granules generate a range of colors except black. Even
though these granules help the offending organisms
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to evade immune detection, granule colorations are
not pathognomonic for diagnostic purposes [8].
The advanced stage is characterized by a triad of
symptoms including swollen, indurated, and
deformed tissues; numerous communicating sinus
tracts; and discharging aggregates of granules [9,10].
The affected skin retains the ability to heal draining
sinus tracts, however, new tracts continuously form
with discharge from various deep abscesses [1]. As
the granuloma enlarges, the affected skin
continuously deforms as a result of stretching of skin,
pigmentation, and hyperhidrosis. Sweat gland
hyperplasia and hypertrophy may be a consequence of
overactivation of sympathetic nerves and/or rise in
temperature due to extensive vascularization of the
enlarging lesion [1,7]. During the period preceding
highly advanced stages, this vascularization is
apparent on angiography as dilated and convoluted
arterial branches and veins proximal to the affected
skin [1]. Blood supply is sufficient to preserve nerves
and tendons until advanced stages of mycetoma [3,7].
During the advanced stages, pain may result from
subsequent bacterial infections, metastasis to bone,
and nerve damage. Despite the shared similarities in
clinical presentation of mycetoma, it is notable that
actinomycetoma is rapidly destructive and tends to
extend to bone faster than eumycetoma [3].
Actinomycetoma was reported to invade the
lymphatic system in rapid fashion leading to enlarged
region lymph nodes [7]. Ultimately, delayed care can
limit options and lead to poor outcomes, which may
include severe disability, limb amputation or the need
for multiple staged surgical excisions [4].
According to Hay et al., many health care
professionals in endemic regions mostly rely on
dermatological manifestations of the affected region
for diagnosis due to lack of a required training and
availability and economic burdens of other diagnostic
tools [5]. This may contribute to numerous false
positive outcomes and delays in accurate treatment
for patients [11]. Since patients present in advanced
stages of mycetoma, other diagnostic modalities are
imperative to determine the extent of disease, staging
of the disease, rule out differential diagnoses, such as
Yaws and elephantitis, and confirm the exact
causative treatment before starting treatment [12].
Cultures can be isolated via swab of sinus drainage or
fine needle aspiration to distinguish the etiological
agent, but cultures tend to be unreliable due to
species variation, time needed for specimen growth,
and high risk of contamination. Serological diagnosis

via immunoelectrophoresis and enzyme-linked
immunosorbent assay (ELISA) is another diagnostic
option but is costly and unreliable with the need for
purified antigens and the cross-reactivity between
organisms. Yet, these disadvantages may be
overcomed via histopathology [7].
Histopathology is a required diagnostic procedure
with the potential to distinguish between eumycetoma
and actinomycetoma before starting treatment [3,7].
Specimens need to be obtained from a deep surgical
biopsy from a deep sinus tract or abscess to avoid
contamination [7]. Grains can be visualized via
Hematein-eosin-safran (HES), Periodic acid Schiff,
and Gomori silver staining. More specifically, H&E
staining illustrates eumycetoma as branched hyphae
that arrange in groups and form vacuoles.
Actinomycetoma with H&E staining demonstrates
granules that are surrounded by eosinophilic fringe.
Despite these benefits of histopathology, a major
drawback includes the ability to only identify the
mycetoma type not the causative agent [6].
In Western countries, molecular systematic protocols
have been adapted to identify particular species and
genera, allowing accurate selection of appropriate
treatment options [11]. For actinomycetoma, 16S
rRNA gene sequencing, PCR coupled with restriction
endonuclease analyses, DNA fingerprinting with PCR
amplification, or mass spectrometry can be employed
to ascertain etiological species. For eumycetoma,
fungal species can be recognized through PCR on an
internal transcribed spacer sequence on fungal
ribosomal DNA regions, PCR-restriction fragment
length polymorphism analysis, and molecular typing
via restriction endonuclease analyses and amplified
fragment length polymorphism analyses [1,11]
Despite these advantages, molecular diagnostics
should not be a substitute for traditional methods, as
molecular techniques are typically unavailable and
costly in endemic regions [3]. Thus, traditional
methods in conjunction with diagnostic imaging
should be ordered initially if possible.
Diagnostic imaging is essential for confirmation of
appropriate pathology and disease severity.
Radiographic evaluation of mycetoma can be
characterized by soft tissue edema, periosteal
reactions, thickened and eroded cortex, destroyed
joints, moth eaten appearance, osteopenia, and
osteolysis [13]. Radiographic details suggestive of
eumycetoma include a small number of bone lesions
which are typically ≥ 1 cm in diameter while
actinomycetoma contains more numerous, but
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smaller bone cavities [8]. Radiographic stages are
defined in order to determine the severity and
direction of metastasis. Radiographic stages are
defined in order to determine the severity and
direction of metastasis. Stage 1 features an enlarging
granuloma with external pressure on bone. Stage 2
demonstrates periosteal reaction or reactive sclerosis.
Stage 3 depicts the first indication of osseous
involvement with erosion or cavitation on a single
bone. Stage 4 demonstrates vertical progression into a
single bone. Stage 5 is characterized by metastasis in
horizontal direction to affect neighboring structures.
Stage 6 is the most advanced stage of progression
with metastasis of multiple planes [13].
Ultrasound is preferred for an accurate diagnosis of
mycetoma even though it might not be readily
available in endemic regions [1]. Granuloma
containing granules adapt unique appearances which
may aid in ruling out differential diagnoses and
distinguishing actinomycetoma from eumycetoma
[12]. The most distinguishing feature to confirm
mycetoma diagnosis from ultrasound images is the
“dot in the circle sign”. This sign can be defined by
multiple round hypoechoic lesions with a hyperechoic
focus in the center [4]. Doppler ultrasound can
demonstrate the effect on mycetoma on vasculature
of the affected region. Also, bacterial and fungal
grains with a capsule and the accompanying
granuloma have distinguishing ultrasound features
which may be helpful in ruling out differential
diagnoses [12]. Ultrasound can be helpful to
determine the severity of mycetoma which may be
essential for surgical planning [3].
In addition to ultrasound, MRI images are accepted to
be highly essential in examining the extent of lesions
and metastasis to adjacent structures [1]. Dot in the
circle sign is not solely seen on ultrasound as it may
be seen on MRI as oval hyperechoic lesions with a
hypoechoic center [14]. On MRI images, high signal
regions represent inflammatory granuloma while low
signal regions within represent the granules. This is
highly pathognomonic of mycetoma. Despite these
advantages, MRI is expensive in rural regions,
requires a high level of expertise to interpret the
results and cannot be used to discriminate between
actinomycetoma and eumycetoma [3,12].
Medical Management
The treatment and outcome of mycetoma depend on
the causative agent and stage of disease progression
[7]. Generally, patients with actinomycetoma have

more favorable prognoses to medical treatment than
those with eumycetoma [13].
Greater drug
penetrance, due to the smaller granules (~1µm
diameter) in actinomycetoma, effectively supports a
wider array of antibiotic regimen options [15,16].
Since the 1960s, trimethoprim-sulfamethoxazole
(TMP-SMX) has been the gold standard for first-line
treatment of actinomycetoma, either as monotherapy
or in conjunction with dapsone, a penicillin, or an
aminoglycoside for more resistant organisms [17].
Currently, combination drug therapy is recommended
to avoid resistance and enhance efficacy [7,18].
Antibiotic sensitivity testing should be performed to
select the most optimal combination, treatment
duration, and number of cycles, all of which vary
from case-to-case and depend on soft-tissue or
osseous involvement [6,16].
The Welsh regimen is a well-acknowledged
combination therapy that has achieved cure rates of
more than 90% in previous studies [16,19].
Interestingly, most of the cases from Welsh’s studies
were from Mexico, where 98% of mycetoma is due to
actinomycetes (86% is further classified as Nocardia
brasiliensis) [20]. During the intensive phase,
intramuscular amikacin (15 mg/kg/day) is
administered in two divided doses, combined with
oral TMP-SMX (7+35 mg/kg/day) in three divided
doses for 21 days. One to three cycles are performed
at 15-day intervals. While in the maintenance phase,
oral TMP-SMX (7+35 mg/kg/day) is administered at
the same dose for 15 days after the last cycle [3,16,21].
Using the Welsh regimen as a template, other case
studies have published modifications to optimize drug
efficacy [16].
Damle et al. modified the Welsh regimen by
incorporating rifampicin, which resulted in successful
remission of all 16 patients included in the study who
had all previously had unsatisfactory responses to
therapy [16,22]. Rifampicin was specifically selected
for its potency as a second-line drug and its medical
familiarity within developing regions in the treatment
of leprosy and tuberculosis. Agarwal et al. then
modified the procedure presented by Damle et al. by
increasing the number of cycles to three cycles in
cases with soft-tissue involvement and up to five
cycles in those with osseous involvement.
Another well-established treatment schedule is the
modified two-step Ramam regimen, which consists of
intravenous gentamicin (80 mg) twice daily and oral
cotrimoxazole (320/1600 mg) twice daily for 4 weeks
in the intensive phase. The successive step includes
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oral doxycycline (100 mg) twice daily and oral
cotrimoxazole (320/1600 mg) twice daily in the
maintenance phase until five-six months after the
complete healing of all sinus tracts is noted [3,16,23].
Although amikacin is the preferred aminoglycoside
due to less nephrotoxicity and its characteristic
resistance to bacterial aminoglycoside-inactivating
enzymes, the Ramam regimen instead utilizes
gentamicin primarily due to cost [16,23].
In patients with allergy or noted drug resistance,
TMP-SMX
can
be
substituted
with
amoxicillin-clavulanate, and amikacin can be replaced
by
netilmicin
[1,6].
Additionally,
amoxicillin-clavulanate can be used as monotherapy
during pregnancy. Amikacin can also be combined
with a carbapenem in cases refractory to sulfonamides
[1,24]. Importantly, patients must be routinely
monitored during and in between treatment cycles for
any adverse effects from antimicrobial usage [6].
Especially for amikacin or other aminoglycosides,
testing for renal, liver, and auditory function should
be performed every three to five weeks to detect
potential toxicity [25]. Surgery is rarely indicated in
actinomycetoma, but may be advantageous for
reducing disease load in larger lesions to enhance drug
response or to control secondary bacterial infections
in unresponsive patients [19,26].
Eumycetoma is associated with larger granules and
extensive fibrosis, thus requiring more prolonged
treatment durations ranging from one-to-three years
for eumycetoma, compared with three months to one
year for actinomycetoma due to lower drug
penetrance [8,15]. Itraconazole (200-400 mg daily) for
9 to 12 months followed by surgical intervention has
demonstrated favorable clinical responses in many
studies and is currently the gold standard for treating
eumycetoma [8,27]. In prior decades, Ketoconazole
(400-800 mg daily) was a popular antifungal regimen,
but has more recently fallen out of favor due to the
risk for liver and adrenal toxicity [1,6]. It should be
noted that disappointing and inconsistent results are
common in pharmacotherapy of eumycetoma with
recurrence rates between 20% and 90% [11,13].
Itraconazole and ketoconazole may not necessarily be
curative, but their extended usage has exhibited the
formation of thick fibrous capsules around the
lesions, thus promoting the localization of disease for
an easier and more complete surgical excision [7,26].
In a 20-patient open-label study, high-dose terbinafine
(1000 mg daily) was administered for 24-48 months
and demonstrated moderate efficacy. Results stated

that 25% of patients were cured, while 55% had
notable clinical improvement by the completion of
the study [27,28]. Newer antifungal drugs from the
azole class are currently being investigated for their
promising potential, featuring broad spectra, low
toxicity and favorable bioavailability [6,11].
Treatment therapies for both actinomycetoma and
eumycetoma must be continued until the conditions
for complete cure are met. Those criteria include
clinical healing of sinus tracts, complete resolution of
soft tissue masses both clinically and radiologically,
restoration of normal osseous appearance with
radiological evidence of remodeling, cytological
absence of granules, and ultrasonographic absence of
cavities [7,26].
Surgical Intervention
Generally, mycetoma of fungal origin requires more
extensive surgical management than that of bacterial
etiology [19]. In cases with no osseous involvement,
wide surgical excision is indicated for localized early
lesions to reduce disease burden and to facilitate
therapeutic
response [7,19,29].
If osseous
involvement is confirmed, surgical debridement can
be carefully performed to remove granules and
damaged tissue from the cavities [6].
Amputation may be considered in advanced stages of
mycetoma, when massive osseous destruction,
secondary bacterial infection, or sepsis occur [6]. Still,
is it important to note that amputation will not
necessarily result in a complete cure, as noted by high
postoperative recurrence rates of 25% to 50% [2]. In
a 1013 patient retrospective study by Wadal, et al.,
several indicators were correlated to predicting
post-operative recurrences, including lesion size
greater than 10 cm at initial presentation, positive
family history of mycetoma, previous surgeries, and
disease duration of more than five years [30]. In
addition, surgeons must meticulously excise with wide
margins to ensure adequate excision of infected
tissues or there may be a risk of new satellite lesions
forming from lymphatic spread [2,6,26].
Limb amputation is accompanied by significant
socioeconomic, functional
and psychological
consequences. Mycetoma most commonly affects
young men between 20 and 40 years of age, who are
generally the highest producers and earners in
endemic communities [1]. Disabilities and deformities
resulting from mycetoma can compromise
employment and relationship opportunities in adults,
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while children are susceptible to becoming socially
rejected and discontinuing education [3]. In a 2015
case study of two drug-resistant patients, Maiti, et al.,
examined the outcomes between an actinomycetoma
patient who had undergone amputation after 9 years
of treatment and an eumycetoma patient who
continued to manage the slow progression of disease
for 16 years after refusing amputation. The
actinomycetoma patient was diagnosed with moderate
depression post-amputation and also developed
disease recurrence on her amputated stump 3 years
later. The eumycetoma patient, however, maintained
sufficient functionality for daily activities and was
spared from anxiety or depression associated with
amputation [31]. Thus, Maiti, et al., proposed that
symptomatic
management
of
drug-resistant
mycetoma may perhaps be more beneficial to a
patient's quality of life than amputation and the
corresponding morbidities [31].
Conclusion
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Mycetoma is an exceedingly rare condition that is
most commonly encountered in underdeveloped
regions. Experimental studies and randomized clinical
trials may help determine the efficacy of various
treatment regimens to prevent the progression of
Mycetoma to more advanced stages [11]. Further,
there exists a need for further research and
development of a standardized treatment regimen
available at low cost in endemic countries.
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