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Mycetoma is a chronic subcutaneous infection that devel-
ops after one of the multiple etiologic microorganisms is 
inoculated into a site of skin trauma. Although mycetoma 
is primarily a subcutaneous disease, it can involve bone 
and lymph nodes by contiguous spread. Mycetoma shows 
three clinical characteristics: tumor, sinuses, and grains. 
The tumor results as a consequence of a progressive and 
relatively painless swelling. Sinuses are a characteristic of 
the disorder; they can be absent in early stages, but later 
develop and drain purulent material and grains. Grains are 
colonies of the causative agent and can be black, white, or 
red. Mycetoma can be caused by a variety of fungal agents 
(eumycetoma), or filamentous gram-positive branching 
bacteria belonging to the aerobic Actinomycetales 
(actinomycetoma).

Gill first described mycetoma while working in Madura, 
India, in 1842, and this was subsequently documented by 
Godfrey in Madras [1]. Gill reported this entity as “foot 
tumor,” and Colenbrook introduced the term “Madura foot” 
in 1846. Ballingal described the microscopic details of the 
disease for the first time in 1855; however, he did not define 
its etiology. In 1860, Carter described a disease principally 
affecting the foot and assigned a fungal origin to this disease 
in 1861 [2]. He also introduced the term mycetoma, meaning 
“fungus tumor,” and extended the concept to include infec-
tions with grains that had colors other than black. During the 
second half of the nineteenth century, mycetomas were 
reported throughout the world: in Europe in 1888, in Africa 
in 1894, and in the USA in 1896.

The hyphomycete isolated from a black grain was given 
the generic name Madurella by Brumpt [3]. In 1913, Pinoy 
subclassified this disease into two categories: “actinomyco-
sis” and “true mycetoma” according to the type of etiologic 

agent [4]. In 1916, Chalmers and colleagues coined the term 
maduromycoses for the first time to refer to mycetomas of 
fungal etiology, rejecting the term “Madura foot” to include 
extrapedal forms of this disease [5,6]. Even though distinc-
tion between eumycetomas and actinomycetomas was 
achieved at this time, the term mycetoma is still used to refer 
to both entities, and most of the published literature has 
mixed these terms, making it difficult to draw clear conclu-
sions about these distinct disorders.

Despite the acquisition of considerable new knowledge con-
cerning this disease during the last century, including the iden-
tification of new agents by the use of novel molecular techniques, 
there are still important gaps in information regarding eumyc-
etoma, mainly related to pathogenesis and management. The 
goal of this chapter is to review the epidemiologica and clinical 
aspects of eumycetoma, also known as eumycotic mycetoma.

Organisms and Epidemiology

More than 20 hyaline and pigmented moulds can cause eumy-
cetomas (Table  1). Madurella mycetomatis is the predomi-
nant pathogen worldwide, followed by Pseudallescheria 
boydii/Scedesporium apiospermum, Leptosphaeria senega-
lensis, and Madurella grisea [7]. These four fungi account for 
approximately 95% of eumycetoma cases. S. apiospermum 
has been considered the anamorph (the asexual state) of 
P. boydii; but new molecular studies indicate they are two dif-
ferent species, and that P. boydii is a complex that includes at 
least eight phylogenetic species [8,9]. However, most of the 
existing literature does not differentiate between the species, 
and their individual involvement in human infections has not 
been determined. Hereafter, we will use the name P. boydii 
complex when referring to P. boydii or to S. apiospermum.

Although eumycetoma has been reported worldwide, 
most of the cases come from tropical and subtropical regions 
around the Tropic of Cancer, between 15° south and 30° 
north [10], with sporadic cases occurring in temperate zones. 
Over 60% of all cases are reported from India, Sudan, and 
Senegal [11–18]. Endemic regions are characteristically arid 
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with a moderate rainy season (4–6 months), a rainfall of 
50–1,000 mm per year, and daytime temperatures from 30°C 
to 37°C, with small variations between day and night [19].

Temperature, rainfall, type of soil, and prevalent vegetation 
influence the prevalence of specific eumycetoma agents in a par-
ticular region [20], with rainfall being the most influential factor. 
Black grain fungi cause eumycetomas in arid regions, whereas 
white grain fungi cause eumycetomas in regions with higher 
rainfall and without a significant dry season [21]. M. mycetoma-
tis prevails in hot and dry areas with low rainfall and can be 
found in temperate zones, but it is rare in the equatorial zone 
[11]. P. boydii complex prevails in areas with hyperprecipitation 
(~2,000 mm per year) [10,22] and has been reported sporadically 
in the northern temperate zone among sewage workers [23].

Most eumycetoma agents such as M. mycetomatis, M. grisea, 
P. boydii complex, and Neotestudina rosatii have been 

isolated from soil samples [24–27], and M. mycetomatis and 
P. boydii complex have also been isolated from termite 
mounds. L. senegalensis and L. tompkinsii are recovered from 
50% of acacia dry thorns in the Senegal River region, but not 
from green thorns [25,27,28], suggesting that thorns may play 
a role as mechanical vectors. Recently, the use of molecular 
techniques has facilitated the study of natural reservoirs of 
M. mycetomatis. Polymerase chain reaction (PCR) detection 
followed by restriction fragment length polymorphism (RFLP) 
analysis have demonstrated the presence of the organism in 
23% of soil samples from endemic areas of Sudan and have 
successfully linked environmental and clinical isolates [29].

Reports of eumycetoma affecting animals are unusual. 
Equine and canine cases due to M. mycetomatis have been 
reported [30,31]. Cases due to Curvularia lunata and 
Cladophialophora bantiana in dogs and an unspecified 
organism in buffalo have been reported [32–34].

Pathogenesis

Disease usually develops as a result of minor trauma that 
inoculates contaminated material, usually soil, into the skin 
or subcutaneous tissue. A history of any trauma at the site of 
eumycetoma is uncommon, ranging from 0% to 34% of 
cases, with the higher figures reported from endemic areas of 
Sudan and India [35,36]. This observation suggests that 
either these fungi do not need deep inoculation, or that dis-
ease occurs after a prolonged incubation period [37].

After inoculation, a poorly defined host response pre-
cludes the development of free fungal filaments in the 
infected tissue, and instead leads to the development of the 
characteristic grain. Neutrophil-mediated tissue reaction 
leads to partial grain disintegration, but most of the grain 
remains and perpetuates a chronic inflammatory response. 
Macrophages and multinucleated giant cells clear dead neu-
trophils and grain fragments, and an epithelioid granuloma 
develops [38]. Results of immunologic studies performed 
among patients affected by mycetomas are scarce and con-
flicting. Mahgoub and co-workers found a moderately 
decreased cell-mediated immune response [39], while Bendl 
et al. were not able to demonstrate any immunologic altera-
tions in 15 patients [40].

The role of genetic predisposition to develop mycetoma 
has not been established. Although many residents of 
endemic areas have antibodies to M. mycetomatis, very few 
develop eumycetoma. It has been postulated that those who 
develop eumycetoma have inadequate neutrophil function 
resulting from polymorphisms in the functional expression 
of those genes that direct neutrophil function [41].

The role of melanin that is present in variable amounts in 
grains from certain organisms, such as M. mycetomatis, is 

Table 1  Eumycetoma etiologic agents and their geographic distribution

Etiologic agents Geographic distribution

Black Grain Eumycetomas
Cladophialophora bantiana Central America
Corynespora cassiicola Africa
Curvularia lunata Africa, Asia
Exophiala jeanselmei North, Central and South America, 

Europe
Leptosphaeria senegalensis Africa, Asia
Leptosphaeria tompkinsii Africa, Asia
Madurella grisea North, Central and South America, 

Africa, Asia
Madurella mycetomatis North, Central and South America, 

Caribbean, Africa, Europe, 
Middle East, Asia

Phialophora verrucosa Asiaa

Pyrenochaeta mackinnonii South America
Pyrenochaeta romeroi Central and South America,  

Africa, Asia

White to Yellow Grain  
Eumycetomas

Acremonium falciforme North, Central and South America, 
Asia, Europe, Oceania

Acremonium kiliense Asia
Acremonium recifei South America, Asia
Arthrographis kalrae Europe
Aspergillus nidulans Africa
Aspergillus flavus North America
Cylindrocarpon cyanescens Asia
Cylindrocarpon destructans Caribbean, West Africa
Cylindrocarpon lichenicola Asia
Fusarium moniliforme (syn: 

Fusarium verticilloides)
Europe

Fusarium solani South America, Caribbean, Africa, 
Asia

Neotestudina rosatii West Africa
Phaeoacremonium krajdenii Asia
Polycytella hominis Asia
Pseudallescheria  

boydii complex
North, Central and South America, 

Africa, Oceania, Europe, Asia
aThai patients who traveled in Europe, Asia, and North America
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not completely understood. Melanin has been linked to 
virulence and pathogenicity, and it is considered the most 
important component of the grain cement. Melanin strength-
ens the grain and protects fungal cells from antibodies, 
hydrolytic enzymes, strong oxidants, and azole antifungal 
agents [42,43].

Clinical Aspects

Clinical Manifestations

Eumycetoma principally affects otherwise normal men liv-
ing and working in rural areas. The male-to-female ratio 
ranges between 3:1 and 5:1; the age at the time of diagnosis 
ranges from 3 to 77 years (mean 32.6 years). The average 
duration of symptoms ranges between 7.7 and 9.8 years, 
ranging from 1 month to 25 years [44–50]. Most patients 
with eumycetoma are not classically immunocompromised, 
although diabetes is a frequent comorbidity. Indeed, 9 of 26 
mycetoma patients diagnosed over a 9-year period in the UK 
had diabetes as an underlying disease [10]. Eumycetoma has 
been reported in patients receiving chronic immunosuppres-
sive therapy for renal and heart transplantation, leukemia, 
and idiopathic CD4 lymphopenia [51–56]. Eumycetoma has 
not been reported in an HIV-infected patient.

Male predominance among eumycetoma patients can be 
explained by higher rates of exposure to etiologic agents related 
to occupational cutaneous injury, such as might occur in farm-
ing. This is similar to the acquisition of other subcutaneous 
mycoses, such as sporotrichosis and chromoblastomycosis. 
Male predominance could also be a consequence of higher sus-
ceptibility to this disease, an explanation based on an inhibitory 
effect of progesterone on the growth of M. mycetomatis and 
Pyrenochaeta romeroi in the laboratory [57].

The incubation period of eumycetoma is not well estab-
lished, as most patients seek care after long periods of disease 
and without recall of the inoculation event. Clinical charac-
teristics and evolution of eumycetoma lesions are indepen-
dent of the etiologic fungus; the clinical course depends on 
the anatomic location, duration of lesions, and medical inter-
vention. Lesions begin as small, firm, painless, indurated sub-
cutaneous nodules or plaques that gradually increase in size. 
The clinical course is somewhat slower for eumycetoma than 
for actinomycetoma. Initially, the lesion is well demarcated 
and may be encapsulated, especially when M. mycetomatis is 
the etiologic agent. The disease usually runs a chronic course 
from several years to decades, with lesions spreading slowly 
to adjacent structures by contiguous spread, and virtually 
never by hematogenous dissemination.

The tumor develops as a result of the enlargement of 
existing nodules and formation of new nodules. Generally it 

is firm and round but may be soft and lobulated. Enlarged 
nodules open to the skin through sinus tracts, discharging 
sanguineous, seropurulent or purulent exudate that contains 
grains (Figs. 1, 2, and 3). A history of sinus tracts discharg-
ing grains is present in up to 60% of the cases [14].

Sinus tracts develop relatively early in the course of disease; 
at least one-third of patients develop sinuses between 3 and 
6  months, and almost all patients have sinus tracts within 
1 year of the development of skin lesions [58]. Established 
sinuses heal and recur as new sinuses continue to develop. 
Sinus tracts are very characteristic of both eumycetoma and 

Fig. 1  Eumycetoma on the plantar surface of the foot showing tumor 
and fistulae

Fig. 2  Eumycetoma due to Madurella mycetomatis showing multiple 
sinus tracts
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actinomycetoma and help support the clinical diagnosis, but 
also occur in other diseases and are not specific.

Destruction of adjacent structures can be dramatic and is 
especially characteristic late in the course of the disease. 
Destructive lesions are relatively painless. Pain, fever, and 
other systemic symptoms are not characteristic of eumycet-
oma, and when present, suggest a secondary bacterial infec-
tion. Bacterial cellulitis should be ruled out when pain is 
present, especially when edema and increasing discharge are 
evident. Massive fibrosis occurs after healing of involved tis-
sue, contributing to the tumor-like appearance and woody 
texture of the affected area.

Eumycetoma lesions are located most frequently in areas 
with a high frequency of repeated trauma, especially the 
lower limbs. Feet, legs, and hands account for approximately 
90% of black grain eumycetomas and 95% of M. mycetomatis 
eumycetomas [35,59]. Involvement of the foot is more com-
mon in eumycetomas than in actinomycetomas, occurring in 
75–85% of cases [35,59]; legs and hands are involved in 7% 
and 6% of eumycetoma cases, respectively [60].

Extrapedal eumycetomas appear when repeated trauma 
occurs to other parts of the body. For example, lesions can 
occur on the abdominal wall in patients who do not wear a 
shirt and who carry organic products, such as vegetables or 
straw [61,62]. Rare anatomic sites described for eumycetoma 
include intraspinal [63], scalp [35], neck [13], mandible [64], 
eyelid [65], cheek [50], perineum [10], testicle [35], buttock 
[66,67], and thigh [10].

Multiple eumycetomas involving more than one anatomic 
site are rare. Most of these “double eumycetomas” described 
in the literature represent two lesions in the same anatomic 
region [68]. One report from Argentina of double eumycet-
oma described a patient with lesions on the foot and wrist, 

both lesions caused by M. grisea [69]. Eumycetoma caused 
by more than one fungus is also a rare clinical occurrence, 
but the occurrence of M. mycetomatis and M. grisea in a foot 
lesion has been reported [70].

Lymphatic spread is uncommon with eumycetomas, occur-
ring in fewer than 3% of the cases [71]. It appears to be more 
frequent in actinomycetomas, possibly because the grains are 
smaller in this condition [72]. Among the agents of eumycet-
omas, M. mycetomatis has the lowest frequency of lymph node 
involvement, possibly because of the extensive fibrotic reac-
tion that often accompanies this agent. Only 3 of 578 (0.5%) 
patients in one series experienced this complication [73].

In both eumycetoma and actinomycetoma, bone involve-
ment occurs by contiguous spread, with changes occurring 
first in cortical bone [74]. Bone involvement occurs in up to 
76% of cases and is more extensive with longer duration of 
disease [35,46]. In addition, bone lesions are more frequent 
and occur sooner when they are located in areas with thin 
subcutaneous tissue, such as the feet, hands, and skull.

Radiologic Findings

The most frequent radiologic findings in patients with eumy-
cetomas are soft tissue swelling and osteolytic changes 
(Fig. 4). Loss of the cortical border and external erosion of the 
bone is the earliest osteolytic manifestation [7,75]. Later, 
the medullary canal and epiphysis are affected, resulting in 
bone destruction followed by bone remodeling [76]. Bone 
lesions can be manifested radiographically as demineraliza-
tion, periosteal reaction, osteolysis, endosteal bone cavitation, 
sclerosis, and frank osteomyelitis [46]. Osteolytic lesions 
associated with eumycetoma are usually large and few in 
number, often with well-defined margins. Grossly, these 
lesions are filled with necrotic material and grains [20,76,77]. 
No particular pattern of bone involvement is associated with 
a specific eumycetoma agent. Moreover, it is not possible to 
differentiate between eumycetoma and actinomycetoma 
using radiologic studies [77,78].

Computerized tomography (CT) and MRI typically dem-
onstrate bone lesions earlier than x-rays. CT should be used 
to evaluate pedal mycetomas, whereas MRI is preferred for 
extrapedal lesions. In addition, CT has greater sensitivity to 
detect early bone involvement, while MRI easily detects late 
manifestations as a coarse trabecular pattern, bone destruc-
tion, marrow infiltration, and sequestra [74]. MRI is also 
helpful for determining the extent of soft tissue involvement 
and for monitoring the response to treatment [74,78]. A “dot-
in-circle sign” demonstrated by MRI is considered as a 
specific sign of both eumycetoma and actinomycetoma. 
It represents inflammatory granulomata containing grains 
and surrounded by a fibrous matrix [79].

Fig. 3  Large tumor from eumycetoma due to Madurella mycetomatis
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Complications

The most common complication is secondary bacterial 
infection, which occurs in up to 66% of patients with black 
grain eumycetomas [80]. Massive bone destruction induced 
by eumycetomas can produce pathologic fractures [81]. 
Other complications are related to the site of disease, e.g., 
deformity of the foot in tumoral pedal eumycetoma. Rare 
complications include bronchopleural-cutaneous fistulae 
[82] and palatal deformity and dysfunction [83].

Differential Diagnosis

The differential diagnosis of eumycetoma lesions at any 
stage of their evolution should always include actinomycetoma 
due to aerobic filamentous actinomycetes and botryomyco-
sis, due to gram-positive and gram-negative bacteria.

Small eumycetoma lesions may be confused with folli-
culitis, soft tissue tumors. or cystic lesions [84], while exo-
phytic verrucous eumycetoma lesions of the foot can mimic 
verrucous tuberculosis, blastomycosis, chromoblastomyco-
sis, and sporotrichosis. More extensive tumoral pedal 
lesions without sinus tracts should be differentiated from 
elephantiasis of the foot, as well as benign and malignant 
tumors. When bone involvement is present, the differential 
diagnosis includes bacterial osteomyelitis, osseous tuber-
culosis, osteosarcoma, and other malignant bone tumors. 
Extrapedal lesions should be differentiated from dermato-
phytic pseudomycetoma when the scalp is affected. In addi-
tion, cutaneous tuberculosis, endemic fungal diseases, such 
as blastomycosis and coccidioidomycosis, and cutaneous 
nocardiosis should be excluded.

Diagnosis

When draining sinus tracts are present, these provide the 
optimum material for microscopic examination and culture. 
Grains in discharged fluid are visible to the naked eye and 
can be collected from dressings covering a draining sinus 
tract. If discharged grains are not available, a deep skin 
biopsy taken from a small abscess or around a sinus tract is 
necessary for both culture and histopathologic studies. 
Fine-needle aspiration also can be useful for the diagnosis 
of eumycetoma [85]. Specimens should be submitted for 
macroscopic and microscopic examination and cultured 
appropriately.

Evaluation of Grains

Grain color, size, shape, and consistency should be noted 
because these characteristics help to guide identification of 
the causative fungus. For example, M. mycetomatis grains 
are large, black, and hard; L. senegalensis grains are large, 
black, and firm to hard; M. grisea and P. romeroi grains are 
small, black, and soft to firm; and P. boydii complex and 
Aspergillus nidulans grains are large, white, and soft. After 
macroscopic examination, grains should be placed in a drop 
of 10–20% KOH on a slide, compressed between two slides, 
and examined under microscopy. This direct examination 

Fig. 4  (a) Tumorous swelling on the heel from Madurella mycetomatis 
showing sinus tracts. (b) Radiograph of the same heel showing soft tissue 
swelling and osteolytic changes of the calcaneus
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will differentiate the grains of eumycetomas from the grains of 
actinomycetomas. Eumycetoma grains contain intertwined, 
broad hyphae (2–5 mm), and may contain large swollen cells 
(15 mm or more) at the periphery (Fig. 5).

Culture

Culture is essential for an etiologic diagnosis; however, per-
forming cultures with eumycetoma specimens is laborious 
and complicated by a high rate of bacterial contamination. 
Prior to culture, grains should be washed several times with 
sterile saline solution to reduce bacterial and mould contami-
nation, then crushed using sterile technique and plated on 
Sabouraud’s dextrose agar containing chloramphenicol. 
Medium containing cycloheximide should be avoided 
because it inhibits the growth of some eumycetoma agents, 
such as some Fusarium spp. and Aspergillus spp. Specimens 
should be incubated at both room temperature and at 37°C 
for 6–8 weeks.

Species identification is based on both macroscopic and 
microscopic examination of colonies. Other tests may be 
helpful. For example, patterns of sugar assimilation and 
optimal growth temperature differentiate M. mycetomatis 
from M. grisea. The former can utilize glucose, galactose, 
lactose, and maltose, but not sucrose, and grows well at 
37°C. By comparison, M. grisea can utilize glucose, galac-
tose, maltose, and sucrose, but not lactose, and grows well 
at 30°C [55]. More recently, molecular techniques, such as 
the random amplification of polymorphic DNA (RAPD), 
RFLP, and DNA sequencing are being used for identifica-
tion of various fungal species. These techniques are partic-
ularly useful when routine fungal isolation has failed 
[86–88].

Histopathology

The basic histopathologic picture of eumycetoma is chronic 
nonspecific granulomatous inflammation, with a central 
focus of acute inflammatory reaction surrounding one or 
more grains. Grains can be difficult to visualize in tissue sec-
tions, making it necessary to examine numerous sections of 
the biopsy. A zone formed by histiocytes surrounds the cen-
tral and abscessed focus; this is surrounded by an outer zone 
consisting of new capillaries, isolated histiocytes, plasma 
cells, mast cells, and eosinophils. Lymphocytes characteris-
tically are found infiltrating the fibrous tissue of the outer 
zone [19,36]. The fungal hyphae, which constitute the main 
element of the grain, are more easily observed with the use 
of periodic acid–Schiff (PAS) or methenamine silver stains.

As shown in Table 2, histopathologic characteristics on 
hematoxylin-eosin stain of black grain eumycetomas can be 
quite distinctive, and may allow for a presumptive diagnosis 
[89,90]. For example, M. mycetomatis grains, vesicular type, 
show a dense brown cement-like substance with hyphae and 
large chlamydospores in the periphery (Fig. 6). By contrast, 
Exophiala jeanselmei grains do not have cement-like sub-
stance. On the other hand, pale grain eumycetomas have 
similar histopathologic findings, making their differentiation 
uncertain [89]. The use of immunofluorescent antibodies 
facilitates the identification of the etiologic agent in tissue 
sections. A specific fluorescent antibody conjugate for iden-
tification of P. boydii is available in some areas [91,92], and 
monoclonal antibodies against Aspergillus galactomannan 
have been used to identify Aspergillus species without cross-
reactivity with other fungi [93,94].

Serology

There is no reliable serologic test available for diagnosis of 
eumycetoma. Lack of standardized preparation of antigens 
has hampered development of such a test. In addition, many 
etiologic agents of eumycetoma require independent testing 
with several antigens or the use of a polyvalent antigen prep-
aration. Immunodiffusion (ID) and counterimmunoelectro-
phoresis (CIE) have been the most widely used tests for 
detecting antibodies in eumycetoma patients, but both have 
shown inconsistent results [95–97]. Enzyme-linked immu-
nosorbent assay (ELISA) is more sensitive and reproducible 
than ID and CIE [98]; its limitation is that asymptomatic 
patients from endemic areas may also show elevated anti-
body titers by ELISA.

Serologic assays may play a role in the follow-up of 
patients on antifungal treatment after the specific etiology is 
established.

Fig. 5  Direct examination of a black grain from a eumycetoma showing 
intertwined broad hyphae and swollen cells (potassium hydroxide prep-
aration, 1,000×)
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Treatment

Antifungal Agents

No evidence-based treatment recommendations are available 
for eumycetoma, as no large randomized clinical trials have 
been conducted. Moreover, the few clinical reports of the use 
of antifungal agents in the treatment of eumycetomas often 
involve a limited number of patients, do not differentiate by 
presence of bone involvement, and fail to establish a defini-
tive response status due to the limited follow-up period. Even 
though new triazole drugs have been shown to be effective in 
treating eumycetomas, current options remain limited 
because of insufficient clinical data.

The in vitro activity of various antifungal agents against 
the organisms causing eumycetoma does not reliably predict 
clinical response. For example, amphotericin B has good 
in vitro activity against M. mycetomatis, M. grisea, and E. 
jeanselmei, but in vivo responses are poor, and clinical data 
do not support an important role for amphotericin B in the 
treatment of eumycetomas [99,100]. Liposomal amphotericin 
B has been used to treat eumycetomas caused by M. grisea 
and Fusarium species, producing temporary remission fol-
lowed by clinical relapses 6 months after therapy was stopped 
[101]. Based on these limited anecdotal data, most experts 

believe that there is little role for amphotericin B in the treatment 
of eumycetoma.

Black grain eumycetoma agents are sensitive in vitro to 
the older azoles, with itraconazole demonstrating the most 
activity, followed by ketoconazole and miconazole [102]. 
Among the new triazoles, posaconazole is highly active 
in  vitro against Aspergillus species and P. boydii complex 
[103,104], and voriconazole is active in  vitro against 
M. mycetomatis, M. grisea, and E. jeanselmei. Voriconazole 
also has in vitro fungicidal activity against Aspergillus spe-
cies and is more active than itraconazole against P. boydii 
complex isolates [105–107].

In general, itraconazole and ketoconazole appear to perform 
better against black grain than white grain eumycetomas 
[108]. Fluconazole 400 mg per day is not effective for eumy-
cetoma caused by M. mycetomatis, M. grisea, or P. boydii 
complex [109].

For eumycetomas due to M. mycetomatis or M. grisea, 
itraconazole 100 mg twice daily is the regimen of choice. 
Preliminary results from the evaluation of posaconazole as 
salvage therapy of patients with various fungal infections 
resistant or refractory to standard treatment, including a 
small number of eumycetomas due to a variety of agents, are 
encouraging. Based on these data, posaconazole adminis-
tered 200 mg orally four times daily or 400 mg twice daily is 
an acceptable alternative treatment for eumycetomas caused 

Table 2  Appearance in tissue sections of eumycetoma grains for selected agents

Causative fungus Grain shape Cement characteristics Hyphal arrangement
Chlamydoconidia 
characteristics

Black Grain Eumycetomas
Exophiala jeanselmei Round or oval with a 

hollow in the center
Cement absent Hyphae located in the 

periphery
Located in the 

periphery
Leptosphaeria 

senegalensis
Round or lobulated Black cement in periphery Irregular network of 

hyphae in the center
Large and located in 

the periphery
Madurella grisea Variable Presence variable Homogeneous network of 

hyphae in the center 
and dense network in 
the periphery

Located in the 
periphery

Madurella mycetomatis Variable Compact type: Homogeneous 
brown-cement throughout 
the grain

Hyphae throughout the 
grain

Large and located in 
the periphery

Hyphae located in the 
periphery

Vesicular type: Dense 
brown-cement in periphery

Pyrenochaeta romeroi Variable Presence variable Central dense network of 
hyphae

Absent

White to Yellow Grain Eumycetomas
Acremonium falciforme Variable Absent Dense pattern of hyphae Present
Fusarium spp. Oval or lobulated Absent Dense pattern of 

interlaced hyphae
Rare

Neotestudina rosatii Variable Located in the periphery Hyphae in the center and 
in the periphery; 
presence of oval or 
rounded hyphal 
fragments

Located in the center

Pseudallescheria boydii 
complex

Polylobulated or oval Absent Dense network of 
interwoven hyphae

Large
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by M. mycetomatis or M. grisea [110]. Ketoconazole is also 
an effective agent for eumycetoma due to M. mycetomatis 
with reported rates of success greater than 70% when 400 
mg or more daily is given for more than 6 months 
[99,101,108,111]. Ketoconazole at doses of 400 mg or more 
daily should be the first treatment option in areas in which 
the cost of itraconazole is prohibitive. Periodic evaluations of 
liver enzymes are mandatory, especially when ketoconazole 
is administered for prolonged periods.

Management of P. boydii complex infections is challeng-
ing because this fungus has intrinsic resistance to some anti-
fungal agents, including fluconazole and amphotericin B. 
Ketoconazole alone or combined with surgery has been tried 
with varied outcomes [112–114]. Voriconazole demonstrates 
good in vitro fungicidal activity against P. boydii complex 
[106], and has been approved by the Food and Drug 
Administration (FDA) and the European Medicines Agency 
(EMEA) as salvage therapy for refractory scedosporiosis. 
Voriconazole has been successfully used to treat patients 

with severe P. boydii complex infections, including CNS and 
disseminated disease [115–119]. There are very limited data 
on the use of voriconazole specifically for the treatment of 
eumycetoma caused by P. boydii complex. However, based 
on the results noted above, voriconazole, 200 mg twice daily, 
could be considered a preferred regimen in areas in which 
the cost is not prohibitive [120,121]. Similarly, itraconazole 
alone or combined with surgery has been effective in some 
cases [120,122] and is considered an alternative therapy.

The optimal therapeutic regimen for Acremonium eumyc-
etoma is unknown due to the scarcity of reports concerning 
therapy of this condition. Ketoconazole is not an effective 
treatment [114]; some eumycetomas caused by Acremonium 
species have been treated successfully with itraconazole. One 
patient with eumycetoma caused by A. falciforme responded 
satisfactorily to itraconazole 200 mg daily for 10 weeks [37], 
and a patient with A. kiliense eumycetoma, who had failed 
3 years of ketoconazole 400 mg daily, rapidly improved when 
treated with itraconazole 300 mg daily [99]. Similarly, treat-
ment of eumycetomas caused by Aspergillus species, 
Arthrographis kalrae, or L. senegalensis has not been estab-
lished. Based on anecdotal reports and in vitro results, itracon-
azole 100 mg twice daily is considered the treatment of choice, 
and voriconazole is a promising alternative [105–107,123].

An unsatisfactory response to antifungal therapy corre-
lates with the duration and extent of disease, susceptibility of 
the causative organism, and drug concentrations in the 
affected tissues. The latter is influenced by the pharmacoki-
netics of the agent used, the amount of fibrosis, and the local 
blood supply [124]. The absence of ischemic changes and 
necrosis in mycetoma lesions indicates that blood supply 
probably does not contribute significantly to the failure of 
medical treatment. However, it is likely that antifungal agents 
cannot reach adequate concentrations in grains surrounded 
by fibrotic and abscessed tissue.

Surgery

Early surgery can be curative for small and well-defined 
eumycetoma lesions, and is used to remove the greater bulk 
of the lesion when used as an adjunct to antifungal treatment. 
Antifungal therapy reduces the size of lesions when adminis-
tered prior to surgery, and reduces recurrences when used 
following surgical debridement [99,111]. Additional indica-
tions for surgery in the management of eumycetoma are less 
well defined. Use of surgery to drain sinuses and remove 
grains or as a measure to reduce pain and swelling caused by 
inflammation is generally discouraged. Most experts advo-
cate delaying surgery until patients have completed several 
months of antifungal chemotherapy [99]. Radical surgical 
procedures should generally be avoided [76].

Fig.  6  (a) Histopathologic preparation of a grain from eumycetoma 
caused by Madurella mycetomatis (H&E stain, 400×). (b) Higher mag-
nification showing hyphae and peripheral chlamydoconidia at the edge 
of a grain (H&E, 1,000×)
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Outcomes

An accepted time of follow-up to define cure for eumycet-
oma has not been firmly established. Many experts require 
2  years of relapse-free survival, while others consider a 
patient cured only after 3 years have passed without evidence 
of relapse [40]. Assessment of stability, improvement, cure, 
or relapse is based on clinical and mycologic parameters, 
including the amount of discharge, degree of swelling, evo-
lution of fistulae, radiographic findings, the results of histo-
pathologic studies, and culture results.
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