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Abstract. The aim of this study was to review the available literature concerning Madura foot (“mycetoma”)
caused by Madurella mycetomatis in immunocompromised patients. With a systematic literature search, we
identified only three papers, describing a total of three immunocompromised patients. Hence, the clinical pre-
sentation and prognosis of the disease in this patient population have not yet been well described. In addition, we
present a case from our institution, illustrating the complexity of the treatment of this rare disease. Although very
rare in non-endemic countries, we emphasize that mycetoma should be included in the differential diagnoses of
(immunocompromised) patients who have been residing in a geographical area where the disease is endemic and
presenting with soft tissue inflammation of one of the extremities.

1 Introduction

A Madura foot (“mycetoma”) is a chronic granulomatous
soft tissue infection, with or without concomitant bone in-
volvement, of the foot (El Muttardi et al., 2010; van de
Sande, 2013). It has been categorized as a neglected tropi-
cal disease by the World Health Organization (WHO) (World
Health Organization, 2019; Verma and Jha, 2019), and the
exact prevalence and incidence of mycetoma are unclear (van
de Sande, 2013). The infection is endemic in certain equato-
rial regions: Latin America (e.g., Venezuela), Africa (e.g.,
Somalia), Yemen, and India (van de Sande, 2013; World
Health Organization, 2019). A mycetoma is caused by in-
fection with specific filamentous bacteria (actinomycetoma)
or fungi (eumycetoma) (van de Sande, 2013; Verma and Jha,
2019; Welsh et al., 2007). Eumycetoma is often caused by
Madurella mycetomatis, which is a fungus found in soil (van
de Sande, 2013; Welsh et al., 2007). A Madurella mycetoma-
tis infection is generally acquired following inoculation of

the fungus into the skin while walking barefooted on contam-
inated soil (World Health Organization, 2019; Welsh et al.,
2007). Once it has entered the body, the fungus will grow and
capture itself in small granules (i.e., grains) (van de Sande,
2013). From these grains, the fungal infection slowly pro-
gresses over months or even years into larger subcutaneous
masses that will eventually invade bone tissue (van de Sande,
2013).

Many studies describing mycetoma infections in immuno-
competent patients have been published (Fasciana et al.,
2018; Karrakchou et al., 2020; Asly et al., 2010; Brufman et
al., 2015; Mestre et al., 2015; Sigera et al., 2020; Fida et al.,
2018; Elmaataoui et al., 2011; Sampaio et al., 2015). How-
ever, studies reporting on mycetoma infections in immuno-
compromised patients are rare. In this paper we will review
the currently available literature with regard to Madura foot
caused by the fungus Madurella mycetomatis in immuno-
compromised patients, and we describe a case of a kidney
transplant recipient presenting with this disease.
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Figure 1. Radiograph of the right foot showing the soft tissue
swelling on the medial side of the proximal phalanx of the right
hallux.

2 Case report

A 53-year-old man presented for the first time to our ortho-
pedic outpatient clinic with a then 3-year history of soft tis-
sue swellings on his right hallux which had slowly increased
in volume. The patient had been living in the Netherlands
for 23 years and regularly visited his native country (Soma-
lia). His medical history included type-2 diabetes mellitus,
treatment for latent tuberculosis and a failed donor kidney
transplantation 1 year earlier due to polycystic kidney dis-
ease. At the time of presentation, the patient was on pred-
nisolone, tacrolimus and mycophenolate mofetil. The lesions
on his foot were painless and did not disturb his daily and
routine activities. The patient sought medical care due to re-
cently developed small skin lesions which produced minimal
amounts of fluid. Physical examination revealed two palpa-
ble, movable, soft tissue swellings (approximately 3 by 3 cm)
and some fistulas along the medial and plantar surfaces of
the right hallux. The lesions were not painful when applying
pressure and did not compromise the range of motion of the
hallux.

2.1 Radiology

Radiographs revealed soft tissue swelling on the medial side
of the right hallux without signs of bone destruction (Fig. 1).
Magnetic resonance imaging (MRI) was performed to de-
tect possible osteomyelitis. The MRI showed multiple noduli
with “dot-in-circle signs” around the hallux extending into

Figure 2. MRI of the foot (sagittal view) showing multiple subcu-
taneous swellings with “dot-in-circle signs” around the hallux ex-
tending into the first web space (the largest nodule measured 3.8 by
3.9 by 3.3 cm).

Figure 3. MRI of the lower limb (sagittal view) showing multiple
intra-osseous lesions in the distal tibia.

the first web space (largest nodule: 3.8 by 3.9 by 3.3 cm)
and multiple intra-osseous lesions in the distal tibia (Figs. 2
and 3). No (cortical) bone destruction, bone marrow edema,
or signs of osteomyelitis were observed. Ultrasound-guided
biopsy was performed to obtain tissue samples, which were
analyzed for bacterial and mycological pathogens as well as
for histological assessment.
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2.2 Pathology and microbiology

Histopathological assessment revealed fungal hyphae,
plasma cells, neutrophils, lymphocytes and macrophages.
Fungal culture test identified the fungus Madurella myce-
tomatis after 22 d of incubation, confirming the diagnosis of
Madura foot. Shared decision making resulted in antifungal
therapy and macroscopical wide-local surgical excision of
the lesions (Fig. 4).

2.3 Treatment and clinical course

Itraconazole emulsion 200 mg three times daily for a 3 d
period followed by 200 mg two times daily was pre-
scribed immediately post-operation. Due to the itraconazole–
tacrolimus drug interaction, the tacrolimus dose was reduced
from 1 to 0.5 mg on alternate days with through levels fluctu-
ating between 3 and 6 µgL−1. Mycophenolate was continued
with exposure slightly under the target range (area under the
curve – AUC – 19 mg h L−1). The itraconazole serum con-
centration was, measured after 7 d of usage, 1.11 mcg mL−1,
indicating an acceptable therapeutic level (a minimal in-
hibitory concentration (MIC) of 0.125–0.06 mcg mL−1 and a
through concentration of > 1.0 mcg mL−1 for effective treat-
ment). One month later, due to side effects (nausea and diar-
rhea), the itraconazole was switched to voriconazole 200 mg
orally twice a day. Again, after using voriconazole for
1 month, side effects occurred (dizziness and visual distur-
bances). Hence, the voriconazole was switched to posacona-
zole 300 mg oral capsules once a day. The posaconazole
serum concentration reached, measured after 9 d of usage,
acceptable therapeutic levels (2.43 mg L−1) (a MIC of 0.06–
0.06 µgL−1 and a through concentration of > 1.25 mg L−1

for salvage therapy).
Despite surgical excision and antifungal therapy, recur-

rence of the Madura foot was confirmed after 6 months. Am-
putation of the forefoot was considered. However, after mul-
tidisciplinary deliberation, treatment was commenced with
surgical re-excision followed by posaconazole 300 mg oral
capsules once daily. Madurella mycetomatis was again iden-
tified in the resected tissue. The patient was monitored at the
infectious disease outpatient clinic with a 2-month interval.
The infection appeared to be maximally suppressed; there
were no clinical signs of recurrence, and MRI (undertaken at
6-month intervals) did not show any signs of recurrence. In
addition, the intra-osseous lesions in the distal tibia were not
progressive during follow-up and did not cause any symp-
toms.

Three years after re-excision, the patient presented again
with soft tissue swellings and small skin lesions produc-
ing small amounts of serous fluid. MRI was repeated and
showed, as previously, multiple noduli with “dot-in-circle
signs”. The patient and doctor consented to surgical re-
excision to prevent further progression of the Madura foot.
Again, Madurella mycetomatis was identified by fungal cul-

ture in the resected tissue. Antifungal therapy (posaconazole)
was continued post-operatively.

Currently, at approximately 2.5 years after the third sur-
gical excision and 4.5 years after the index surgical proce-
dure, the patient is still being monitored with a 3-month in-
terval at the infectious disease outpatient clinic and is still on
posaconazole therapy (a 300 mg oral capsule once a day).
Until now, there have been no signs of local recurrence.
Moreover, even after three surgeries, the patient is satisfied
with his current foot function, which does not limit him in
his daily activities.

3 Literature review

3.1 Methods

This review was registered at the Center for Open Science
(https://www.cos.io/, last access: 7 November 2022) prior
to data collection and conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statements (Page et al., 2021).

3.2 Search strategy

Six literature libraries, i.e., Embase, Emcare, the Cochrane
Library, Medline, PubMed, and the Web of Science, were
searched for publications using a systematic search created
by LH (Supplement 1). The search consisted of two com-
ponents: (1) Madura foot and (2) immunocompromised pa-
tients. The list of references was exported to EndNote (ver-
sion X9, Clarivate Analytics, Philadelphia, USA) to remove
duplicate articles and subsequently exported to the web ap-
plication Rayyan (Doha, Qatar) for study selection.

3.3 Study selection

Titles and abstracts were independently screened by two re-
viewers (LH and LC). Inclusion criteria were clinical studies
reporting on (1) Madura foot, (2) immunocompromised pa-
tients and (3) Madurella mycetomatis as the etiological agent.

3.4 Data extraction and analysis

Data were extracted independently by LH and LC using a
prespecified format (Excel version 2102, Microsoft, Red-
mond, USA). The following data were extracted: (a) first
author, (b) year of publication, and (c) patient characteris-
tics, including age, sex, country of origin, underlying medical
condition, used immunosuppressants, initial clinical presen-
tation, duration of complaints before first presentation, radio-
graphical findings, histopathological assessment, treatment,
duration of follow-up and outcome. The data were presented
using descriptive statistics.
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Figure 4. Intraoperative image showing the soft tissue swelling of the right hallux in situ (a) and the resected soft tissue including black
grains (b).

4 Results

Literature search

A total of 2211 publications were identified using the system-
atic search. After removal of duplicates, 1327 articles were
screened for eligibility based on title and abstract. Thereafter,
45 full texts were assessed, of which three studies fulfilled
the inclusion criteria (Fig. 5).

5 Discussion

To the best of our knowledge, only three papers including a
total of three immunocompromised patients presenting with
a Madura foot caused by Madurella mycetomatis have been
published in the literature. These cases, as well as the pa-
tient in the present paper, are summarized in Table 1. All the
patients were male, with a median (range) age of 38 (22–
63) years. All the patients originated from a Madura foot-
endemic country, namely, Angola (Cunha et al., 2018), Cu-
raçao (Meis et al., 2000), India (Sharma et al., 2012) and
Somalia (present paper). Two patients, including ours, had
received a kidney transplant (Meis et al., 2000), one a heart
transplant (Cunha et al., 2018) and one an allogenic stem
cell transplantation (Sharma et al., 2012). Different types of
immunosuppressants were used, ranging from a broad spec-
trum, including mycophenolate, prednisolone and tacrolimus
(Cunha et al., 2018), to azathioprine only (Meis et al., 2000).

5.1 Clinical presentation

Our patient presented with typical symptoms of a Madura
foot: painless, soft tissue swellings which slowly progress
over the years, with intermittent discharging granules. This
is in line with the presentation of all previously reported pa-
tients, who presented with painless swellings on the plantar
(Cunha et al., 2018; Sharma et al., 2012) or lateral (Meis et
al., 2000) side of the foot. Furthermore, two of these three
patients presented with discharging granules (Cunha et al.,
2018; Sharma et al., 2012).

An untreated or insufficiently treated Madura foot can re-
sult in destruction of bone (e.g., the tibial bone) and sur-
rounding tissues. Consequently, it may even lead to ampu-
tation (Salim et al., 2018; Gismalla et al., 2019). Fortunately,
all of the described four patients were able to receive medi-
cal treatment, and amputation has (so far) not been needed in
any of these patients.

5.2 Radiographic features

Although fungal culture tests are the gold standard for di-
agnosing a mycetoma infection (Chufal et al., 2012), radio-
graphic analysis with plain X-rays and/or MRI are often per-
formed to further assess the degree of bone and soft tissue
involvement. A highly specific MRI finding for the diagnosis
of a Madura foot, on both T1- and T2-weighted images, is
the so-called “dot-in-circle sign” which was first described
by Sarris et al. (2003), Cherian et al. (2009) and Parker et
al. (2009). A dot-in-circle sign reflects the pathological fea-
tures of the fungus and consists of a high- and low-signal
area and small hypo-intense dots (Sarris et al., 2003; Cherian
et al., 2009; Parker et al., 2009). The high-signal area re-
flects the inflammatory granulomata, whereas the low-signal
area reflects the fibrous matrix and the hypo-intense foci the
fungal grains (Sarris et al., 2003; Parker et al., 2009). A
MRI was performed in only one of the previously reported
cases (Cunha et al., 2018). It showed, similarly to our patient
(Fig. 2), a “dot in circle sign” (Cunha et al., 2018). In addi-
tion, although non-specific, soft tissue masses are commonly
seen on X-rays or MRI (Cunha et al., 2018; Sharma et al.,
2012).

5.3 Histopathological assessment

Histopathological characteristics of Madurella mycetomatis
are oval, rounded or trilobed black or dark brownish grains
including septate hyphae (Chufal et al., 2012; Ibrahim et al.,
2013). Histopathological assessment showed fungal hyphae
in all the patients (Cunha et al., 2018; Meis et al., 2000;
Sharma et al., 2012). Septate hyphae were observed in the
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Table 1. Clinical characteristics and outcomes of immunocompromised patients with a Madura foot caused by Madurella mycetomatis.

Meis et al. (2000) Sharma et al. (2012) Cunha et al. (2018) Present paper

Age (years) 63 22 23 53

Sex Male Male Male Male

Country of origin Curaçao India Angola Somalia

Underlying condition Renal transplantation Allogenic stem cell trans-
plantation

Heart transplantation Renal transplantation

Immunosuppressants Azathioprine Cyclosporine Mycophenolate, pred-
nisolone, tacrolimus

Mycophenolate mofetil, pred-
nisolone, tacrolimus

Initial clinical presenta-
tion

Painless swelling on the lat-
eral side of the right foot

Small painless nodular
swellings over the plantar
surface of the right foot,
including the appearance of
two discharging sinuses

Right plantar subcuta-
neous mass, including
spontaneously discharging
purulent exudate with black
grains

Several painless soft tissue
swellings along the plantar sur-
face of the right hallux, includ-
ing small skin lesions produc-
ing minimal amounts of serous
fluid

Duration of complaints
before first presentation

±2 years 2 months 3 months 3 years

Radiographical find-
ings

X-ray: slight deformation
of the mid phalanx of the
fifth digit

X-ray: soft tissue mass MRI: soft tissue mass
including a “dot-in-circle
sign”

X-ray: soft tissue mass;
MRI: multiple noduli with
“dot-in-circle signs” around
the hallux reaching the first
web space and multiple intra-
osseous lesions in the distal
tibia

Histopathological find-
ings

Septate hyphae and raised,
non-sporulating dark
gray-brown dematiaceous
colonies with a wrinkled
surface, producing brown-
ish pigment and including
chlamydospores

Brown pigmented septate
hyphae with chlamy-
dospores

Grains (including septate
hyphae) in the hypodermis
circumscribed by a suppu-
rative granuloma and fibro-
sis

Fungal hyphae, plasma cells,
neutrophils, lymphocytes, and
macrophages

Treatment Surgical excision

– 2-year recurrence: re-
excision

Voriconazole 400 mg orally
twice daily for 1 d then
200 mg orally twice daily

– 1 week: surgical ex-
cision, post-operative
voriconazole 200 mg
orally twice daily (du-
ration unknown)

Itraconazole 200 mg orally
once daily

– 2 months: surgical ex-
cision, post-operative
itraconazole 200 mg
orally once daily for 6
months

Surgical excision, post-
operative itraconazole 200 mg
orally three times daily for 3 d
then 200 mg orally twice daily

– 1 month, side effects:
switch from itraconazole
to voriconazole 200 mg
orally twice daily

– 1 month, side effects:
switch from voriconazole
to posaconazole 300 mg
orally once daily

– Recurrence 6 months
post excision: surgical re-
excision, post-operative
continuation of posacona-
zole

– Recurrence 3 years post
re-excision: surgical
re-re-excision, post-
operative continuation of
posaconazole

Duration of follow-up 3 years 3 months 4 years 1.5 years post re-re-excision

Outcome No recurrence No recurrence No recurrence No recurrence
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Figure 5. Flowchart of the study selection and inclusion process.

majority of the patients (three out of four) (Cunha et al.,
2018; Meis et al., 2000; Sharma et al., 2012).

5.4 Culture tests

Fungal culture tests are the gold standard for diagnosing a
mycetoma infection (Chufal et al., 2012). It is important that
fungal cultures are incubated for at least 4 weeks to make
identification of slowly growing fungi possible; e.g., the fun-
gal test performed in our case report became positive for
Madurella mycetomatis after 22 d.

5.5 Treatment

The management of mycetoma, even when the diagnosis is
made at an early stage, is challenging. Once the diagno-
sis is confirmed, adequate and prolonged medical therapy
with triazoles is indicated (Zijlstra et al., 2016). According
to current international guidelines, though not specified for
immunocompromised patients, the recommended treatment
is an itraconazole oral capsule of 200–400 mg once a day
for a period of 6 to 9 months (Zijlstra et al., 2016). Med-
ication alone is however rarely sufficient to cure the infec-
tion. Hence, surgical excision is often indicated for local con-
trol and to prevent progression and recurrence (Salim et al.,
2018). Post-operatively, antifungal therapy has to be contin-
ued until complete clinical and radiological curation (Zijlstra
et al., 2016). Unfortunately, even following long-term medi-

cal treatment and/or concomitant surgical excision, relapses
of mycetoma and bone involvement of the infection often oc-
cur, which may result in subsequent surgical procedures, in-
cluding amputation (Salim et al., 2018). As shown in Table 1,
all four patients underwent surgical excision, two also surgi-
cal re-excision during their follow-up (range of all patients
3 months to 3 years) and three patients antifungal therapy
(Cunha et al., 2018; Sharma et al., 2012). Of them, two pa-
tients received antifungal therapy (i.e., an itraconazole oral
capsule of 200–400 mg once daily) according to the afore-
mentioned guidelines (Zijlstra et al., 2016). As described ear-
lier, the itraconazole was switched to voriconazole and even-
tually to posaconazole in our patient due to side effects. The
patient in the case report of Meis et al. (2000) did not re-
ceive any antifungal therapy. No reason for deviation from
the guidelines was described, and the reason for not prescrib-
ing antifungal therapy therefore remains unknown.

5.6 Follow-up

A Madura foot is associated with high recurrence rates (range
25 %–50 %) (Taha et al., 2015), specifically when caused
by Madurella mycetomatis and/or in immunocompromised
patients, despite antifungal therapy and surgical treatment.
Hence, to make an early detection of a relapse achievable, it
is essential to monitor patients closely, including clinical as-
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sessment of the foot, radiographical imaging and (if possible)
MRI.

5.7 Immunocompromised versus immunocompetent
patients

The clinical presentation of a Madura foot caused by
Madurella mycetomatis is similar between immunocompro-
mised and immunocompetent patients (Fasciana et al., 2018;
Karrakchou et al., 2020; Meis et al., 2000; Asly et al., 2010;
Brufman et al., 2015; Mestre et al., 2015; Sigera et al., 2020;
Fida et al., 2018; Elmaataoui et al., 2011; Sampaio et al.,
2015; Sharma et al., 2012; Cunha et al., 2018). However,
immunocompromised patients are more likely to have a se-
vere infection than patients who are immunocompetent, due
to a weakened immune system (Knott, 2015). With regards
to Madurella mycetomatis (i.e., fungi), cells of the innate im-
mune system will be activated, aiming to eradicate the organ-
ism (Relhan et al., 2017). T-helper 2 cell (Th2) responses,
producing e.g., interleukins 10 and 4, have been measured in
samples of peripheral blood cells after exposure to Madurella
mycetomatis antigens (Relhan et al., 2017). Besides compo-
nents of the innate immune system, Th2 responses are im-
portant in the host defense to Madurella mycetomatis infec-
tion as well. Consequently, a more aggressive behavior of
a Madurella mycetomatis infection may be expected in im-
munocompromised patients when compared to immunocom-
petent patients. Moreover, adequate treatment of a Madura
foot caused by Madurella mycetomatis in immunocompro-
mised patients may be more challenging when compared to
the treatment of immunocompetent patients due to (1) the
choice of drug regimens possibly being limited due to the
risk of drug–drug interactions, (2) drug dosage adjustments
possibly being required due to organ impairments involv-
ing organs responsible for drug metabolism (e.g., kidney and
liver) and (3) no guidelines existing regarding the treatment
and management of this disease specified for immunocom-
promised patients.

6 Conclusions

A Madura foot caused by Madurella mycetomatis is a rare
condition in non-endemic countries. However, it should be
included in the differential diagnosis in case of soft tis-
sue swellings of the foot in patients who have been in
mycetomatis-endemic regions, specifically for immunocom-
promised patients who are at risk of developing mycetoma
and who are more likely to develop a severe infection. Ade-
quate treatment (i.e., chronic systemic antifungal therapy, of-
ten with concomitant surgical resection) is needed to prevent
progression and recurrence of the Madura foot.
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