THE MADURA FOOT :
AN “INNOCENT FOOT MYCOSIS” ?

R. TEN BROEKE, G. WALENKAMP

With the increased movement of the world population,
acquaintance with the clinical picture of the Madura
foot is of growing importance beyond its original
endemic areas. The characteristic triad of symptoms
consists of indurated swelling, multiple sinus tracts with
purulent discharge filled with grains and localization
at the foot. An increasing number of new etiologic
agents are recognized today. For a better choice of
therapy an adequate diagnostic procedure is essential ;
a deep biopsy for histology appears to give a more
substantial contribution to identification of the causal
organism than culture. The treatment which should be
started early, is at first essentially a drug treatment.
However, in spite of high expectations with regard to
new antimycotic drugs, amputation or disarticulation
is often inevitable even today, particularly when the
lesion is caused by Eumycetes.

The first two documented patients with this disease in
the Netherlands are described. They developed serious
deformities of the lower extremity despite long-term
use of antimycotic and antibiotic medication.

Keywords : Madura foot ; itraconazole-resistant Phi-
alophora cyanescens.
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INTRODUCTION

The Madura foot is a deep mycosis caused by
exogenous fungal or actinomycotic agents which
can lead to progressive infection of the skin, sub-
cutaneous tissues, muscles and bone. After inva-
sion of the organism, usually by saprophytic soil
through local trauma of the foot, hand or (some-
times) the eyes, subcutaneous nodules develop
containing suppurative granulomas and multiple
cavities and sinus tracts discharging exsudate with
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grains, which in fact are colonies of the causal
organism (12, 16).

Until recent years surgery was preferred as
treatment of choice and in many cases amputation
or disarticulation was required, particularly when
the disease was caused by Eumycetes. With the
introduction of new antimycotic drugs such as
ketaconazole or itraconazole surgery is reserved
exclusively for diagnostic procedures (7, 10, 13, 14).

In this article we describe two patients, one of
whom showed an unusually protracted course of
the disease caused by a micro-organism until then
unknown and newly typified. After an initially
favorable and promising therapeutic response to
itraconazole, amputation was ultimately necessary
after a follow-up of more than 20 years. The
characteristic radiological presentation, macros-
copic and microscopic features are discussed.

CASE REPORTS

A 71-year-old man, originally born in Indonesia
and living in the Netherlands since 1950, presented
for the first time to us in 1973 with complaints
of painless swelling of his right foot for 15 years,
with intermittent discharge of white-yellow grains
from multiple sinuses (fig. 1). The history men-
tioned local trauma to the foot in 1948 in Java.
Between 1950 and 1972 there were recurring small
painless nodular skin lesions near the original
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Fig. 1. — Macroscopic picture of mycetoma of the foot as
described in our first patient.

wound which healed spontancously, leaving minor
scars. In 1973 laboratory findings and radiographs
of the foot were (still} without abnormalities.
Bacterial cultures taken of the suppurative dis-
charge obtained from the sinus tracts were neg-
ative. Local excision was performed with primary
closure of the defect. Histology showed an increase
of fibrous connective tissue and an inflammatory
polymorphonuclear reaction composed of granul-
ocytes, plasma cells and histiocytes. In the center,
graing were found (consisting of colonies of the
causative agent} 0.5 to 1 mm in diameter, con-
taining PAS-positive material. Branching hyphae
with spores were detected (fig, 2). The picture was
diagnosed as a “maduromycosis”, but an exact
identification of the fungus was not possible at
that time,

In 1981 there was a relapse, and histopathology
showed a similar picture. Cultures taken from a
biopsy specimen showed a type of fungus not
previously described in the literature nor identified
as a cause of mycetoma. It was classified as Phia-
lophora cyanescens (22) {(Dr. G, A. de Vries,
Central Bureau for Fungus Cultures, Baarn, The
Netherlands) after consultation with leading inter-
nationgl institutes of tropical medicine. The patient
was treated with ketoconazole in a dose of 200 mg
daily for 12 months. In 1983 this was repeated
because of recurring symptoms. In 1987 radiogra-
phic bone manifestations were seen, including a
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periosteal reaction with lytic destruction i the
sponglosa and cortical margin of metatarsal 1V.

In spite of the regular use of ketoconazole there
was an increase in infectious activity after 1990
with selerosis and multiple cystic erosive lesions
in several metatarsal bones, from which micro-
scopy confirmed the earlier diagnosis (fig, 3).
Because itraconazole, a newly registered antimy-
cotic drug became available and sensitivity of the
isolated fungus was proven in vitro, the previously
planned amputation was cancelled and the clinical
effect of the drug was awaited. Although the
course of the disease was milder for several years,
recent analysis revealed progressive bone destrue-

b

Fig, 2. — Mistology of a granulama with a zone of poly-
merphonuclesr granulocytes and centrally a characteristic
grain with Grocottstained material {4) 2 123 with a detail
of the hyphae (B) > 500,
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Fig. 3. — TRadiograph showing multiple erosive defects in
scveral metatarsals with periostesl reactions,

tion which by then affected the distal tibia and
fibula as well (fig. 4). Increasing pain and disability
without any response to intravenous amphote-
ricin B ultimately necessitated amputation (fig. 5).

The second patient, a 36-year-old African man,
sustained a bayonet injury of his lelt foot in 1985
during the conflict in Somalia. In 1993 he was
scen with periodically draining sinuses of the foot.
A regular radiograph and CT-scan showed mul-
tiple small cavitics in the calcaneus, navicular and
cuboid. Culture of biopsy material showed Ac¢-
tinomadura madurae, which was confirmed by the
characteristic histology of the grains (fig. 06).
Combination therapy with itraconazole with tri-
mcthoprim-sulfamethoxazole resulted in good clin-
ical and radiological response after 3 months.
Until now amputation has been avoided,
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DISCUSSION

In 1842 the diseasc was recognized for the first
time by Gill in the Madura district of India (5).
Later, Bidic and Carter gave & full description of
the disease (1, 2). Mycetomas are frequent in the
tropical zones of America (Mexico and Venezuela),
Africa (Sencgal, Mauritania and Sudan) and Asia
(India), but can also be observed beyond these
arcas.

Pseudallescheria boydii is most frequently seep
in the USA (0), while Madurella myceromaiis and
Streptomyces somaliensis predominate in tropical
parts of Africa and India. Nocardia brasiliensis
and Actinomadura madurae commonly cause
mycetoma in Mexico and South America.

Fungi, that in these rainy arcas are found as
saprophytes in the soil, are usually introduced
through skin wounds in those who walk bare
footed (farmers, nomads) and are often exposed
to penetrating wounds. Infection begins in the skin
and subcutaneous tissue causing local papular or
nodular swelling which tends to grow and rupture,
forming communicaling sinus tracts through which
mucopus containing the characteristic colored
grains is discharged. Some sinuses heal with
scarring while fresh sinuses appear elsewhere,
leading to enlargement and disfigurement of the
alfected timb {fig. 1). Eventually destruction of
bone occurs when grains invade the cortical
margins and replace the spongiosa (figs. 3, 4).
General complaints are rare, and fever usually 1s
a sign of sccondary bacterial infection, The infec-
tion does not, in gencral, spread hematogenously
although cases are known where particularly Psers-
dallescheria boydii and Nocardia asieroides in
immunocompromised patients (leukemia, HIV,
use of immunosuppressive drugs and prednisolone)
have disseminated hematogenously to the brain,
myocardium and thyroid (9, 23).

The combination of the clinical picture (indu-
rated swelling of the [oot wilth multiple sinuses
that discharge pus filled with grains), macrosco-
pically Lypical grains and the histepathology 1s
characteristic of the diagnosis. Grains vary from
0.2 to 3.0 mm in diameter and can be black, white,
vellow, pink or red, depending on the microor-
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Fig. 4. — CT-scan of the (a) ankle, frontal planc; and {b) fool, coronal planc; with osteolytic Iesions in
distal tibia, fibula and foot bones.

Fig. 5. — Sagittal saw-cuts of the amputated lower leg with cystic bone destruction in distal tibia (a), tukus
and mcdial cuneiform bone detail (b} corresponding to the CT-picture.
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Table 1. — Etiology of mycetoma infections
according Lo Mahgoub (4, 8, 9, 15, 20, 21, 22)

Lumycetoma Actinomycetoma

Actinomadura madurae
Actinomadura pelletieri
Strepronyces somaliensis

Nocardia brasifiensis

Nocardia asteroides

Nocardia otitidiscaviarum (N. caviae)
fNocardia transvalensis (17))

Pyendallescheria boydii
Madurella myceromatis
Madurella grisea
Phialophora jeanseimer
Pyrenochaera romerof
Leptosphaeria sencgalensis
Curvalaria lunata

Neoitestuding rosatit
Aspergithes nichilans of flavus
Fusarivom-species
Cylindrocarpon

Acremonium

et i i o K A

Fig, 6. — Hematoxylin-cosin stain of a grain of A. madurae
with a polymerphonuclear inflammatory response, a dark-
colored basophilic center and pale cosinophitic border (*Splen-
dore-Hoeppli phenomenon™) (X 125).

ganism (1, 15). On microscopy a hematoxylin-
eosin (HE) stain will in general be able o dem-
onstrate and identify the characteristic grains,
They are surrounded by inflammation with neu-
trophilic polymorphonuclear and cpithelioid cells,
plasma cells and multinucleated giant cells with
areas of fibrosis. Within these abscesses the bas-
ophilic grain is demarcated by eosinophilic hyaline-
like material ; 2 combination known as the “Splen-
dore-Hoeppli phenomenon™ {26} {(ig. 6). Two
groups of mycetoma should be distinguished :
“LLumycctoma” (causcd by “cumycetes” or true
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fungi) and “Actinomycctoma” (caused by fungi-
like aerobic bacteria from the acrinomycetes spe-
cies) (Table 1). Since hitherto not described species
of mycetes are mentioned such as Phiglophora
cyanescens, the list in this table cannot be con-
sidered complete (4, 8, 9, 15, 20, 21, 22). Although
particular species of dermatophytes are known for
their mycetoma-like infection as well, they do not
lead to destruction of the bone and therefore are
not considered real mycetoma (24, 25). Gram
staining can be used for recogmtion of branching
hyphae within the actinomycetes grains, while
Grocott {(= Gomeori mecthenamine silver ; GMS)
— or periodic acid Schiff (PAS) - staining is
suitable for identification of the hyphae of cum-
yeetes (fig. 2). Cenfirmation of the diagnosis and
exact identification of the species require culture.
Although theoretically more accurate than histol-
ogy, culture is difficult practically. Grains dis-
charged through sinuses can easily be contami-
nated, some fungi are very slow growing, and the
advantage of histologic slides is that they are more
easily sent for reappraisal than cultures. Serology
may bhe helpful by demonstrating antibodies
through immunodiffusion (precipitation) or elec-
trophoresis against non-specific fungi.

Although the clinical picture is characteristic,
diagnostic confusion may occur with chronic
bacterial ostcomyelitis, cspecially when bone des-
truction has occurred, Botryomycosis can give a
similar picture ; it is a chronic bacterial infection
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caused by gram-positive cocci (Staphylococci,
Streptococci) and gram-negative bacteria (Esche-
richia coli, Pseudomonas, Proteus) that can lead
to subcutancous swelling with draining fistulas.
Like mycetoma, grains (colonies of bacteria) can
be found in suppurative discharge and biopsy
specimens. In botryomycosis however organs can
be affected by the process too. Neoplasms (benign
and malignant) should be excluded as well (3).

It is essential that treatment be started at an
early stage. For this purpose information cam-
paigns for potential patients are crucial. Until
some years ago differentiation between Eumycetes
and Actinomycetes was considered essential, since
there was no drug with proven efficacy for the
first. Therefore until recently eumycetomas re-
quired surgical removal and showed a strong
tendency to recur unless excision was adequate
or amputation was high enough. Recent literature
however suggests that all mycetomas may be
amenable to medical treatment, particularly since
the introduction of new azole-derivatives (7, 10,
13, 14, 18, 19). Despite long-term treatment with
these antifungal agents in our first patient, drastic
surgery could not ultimately be avoided. In cases
of actinomycetomas a combination of two drugs
is advised (11), one of which is always streptomycin
(14 mg/kg daily for one month and on alternate
days thereafter). In infections caused by A. ma-
durae, dapsone (originally used in leprosy) is
advised as a second drug (1.5 mg/kg twice a day).
S. somaliensis can be treated with the same
regimen or with trimethoprim-sulfamethoxazole
(in divided doses of 4.6 mg/kg or 23 mg/kg daily
respectively) instead of dapsone. Some Nocardia
species appear to respond better to the combina-
tion of trimethoprim-sulfamethoxazole with dap-
sone or amikacin (15 mg/kg/day in 2 divided
doses for 3 weeks) (7).

Several recorded eumycetomas appear to re-
spond as well to administration of antifungal
agents such as ketoconazole (twice a day 200 mg)
and the relatively newer itraconazole (100 mg
twice a day) (7, 10, 13, 14, 18, 19). Intravenous
liposomal amphotericin B should only be consi-
dered as a second-line treatment because of its
serious side-effects and only temporary remission.

For most drugs it is recommended to continue
treatment for at least 10 to 12 months with regular
follow-up of hematologic parameters, liver and
kidney functions.
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SAMENVATTING

R. TEN BROEKE, G. WALENKAMP. De Madura-
voet, een “onschuldige voetschimmel” ?

Door de toegenomen mondiale mobiliteit van de
wereldpopulatie lijkt bekendheid met het beeld van de
Madura-voet ook van toenemend belang buiten de
oorspronkelijk endemische gebieden. De karakteristieke
symptomentrias bestaat uit geindureerde zwelling, mul-
tipele fistels welke met granulae gevulde pus draineren
en de lokalisatie op de voet. Een groeiend aantal nieuwe
micro-organismen wordt tegenwoordig herkend als
oorzaak van deze aandoening. Voor een betere afstem-
ming van de therapie is adequate diagnostiek essenti€el,
waarbij een diepe biopsie ten behoeve van histologische
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identificatie van het causale micro-organisme zinvoller
is dan een kweek. Behandeling dient vroegtijdig gestart
te worden en met name medicamenteus te zijn. Ondanks
hoge verwachtingen van nieuwe antimycotica, is echter
ook tegenwoordig een amputatie of exarticulatie nog
vaak geindiceerd, met name in geval van Eumyceten.
De auteurs beschrijven de eerste in Nederland gedo-
cumenteerde patiénten met deze aandoening, bij wie
ondanks langdurig gebruik van antimycotische en
antibiotische medicamenten ernstige deformiteiten ont-
wikkelden.

RESUME

R. TEN BROEKE, G. WALENKAMP. Le pied de
Madura, une mycose «banale» ?

A cause de la mobilité croissante de la population
mondiale, la connaissance du pied de Madura s’impose
méme en dehors des régions endémiques originales. La
triade symptomatique caractéristique comprend une
tuméfaction indurée, des fistules multiples qui donnent
un pus granuleux et la localisation au pied. Actuel-
lement un nombre croissant de nouveaux micro-orga-
nismes est reconnu comme responsables de cette lésion.
Pour une meilleure sélection du traitement, un diagnos-
tic adéquat est essentiel. La biopsie profonde, qui
permet 'identification histologique du micro-organisme
causal est préférable a une simple mise en culture. Le
traitement doit &tre commenceé tot ; il est essentiellement
médicamenteux. Malgré les espoirs qu’avaient suscités
de nouveaux antimycotiques, une amputation est encore
souvent indiquée, particulierement en cas d’eumycé-
tomes. Les auteurs décrivent les deux premiers malades
documentés aux Pays-Bas ; malgré le recours prolongé
aux antimycotiques et aux antibiotiques, tous deux ont
présenté des lésions graves, qui ont imposé une am-
putation chez I’'un d’entre eux.



