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Abstract: Mycetoma is a chronic infectious disease of the subcutaneous tissue with a high
morbidity. This disease is most commonly seen in countries between 30°N and 15°S of the equa-
tor, but cases have also been seen in Europe and the USA. Due to the lack of proper prevalence
data, currently the true burden of this disease is not known. Mycetoma can be caused by a large
variety of microorganisms, both bacteria and fungi. Treatment of the disease depends on the
etiology of the causative agent. Actinomycetoma is usually treated with antibiotics only and
has a decent cure rate; eumycetoma is treated with a combination of antibiotics and surgery.
Unfortunately, for eumycetoma, recurrent infections are common and amputations are still
needed in a large proportion of the patients.
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Introduction

Mycetoma is a specific chronic, granulomatous, inflammatory disease. It usually
involves the subcutaneous tissue, most probably after traumatic inoculation of the
causative organism. It has a prolonged, progressive, and indolent course, and, if
untreated, it ultimately leads to destruction of the deeper tissues and bone, resulting
in deformity and disability that may necessitate amputation of the affected parts with
all the social and economic implications of this.! The disease is characterized by
tumefaction, draining sinuses, and the presence of grains (Figure 1).

Causative agents

Mycetoma may be caused by true fungi or by higher bacteria of the class actinomycetes
and hence it is classified as eumycetoma or actinomycetoma, respectively.' A large
variety of microorganisms from various genera and species are capable of causing
mycetoma' and several of these organisms seem to have their natural habitat in soil
or plant materials including thorns (Table 1).** Characteristic for mycetoma is that,
upon entering the human body, the causative agents organize themselves in granules
called grains. These grains are probably formed as a defense mechanism against the
human immune system.' = Since so many different microorganisms are able to cause
mycetoma, a large variety of grains can be formed. These grains can be of different
color, size, and consistency, depending on the causative microorganism. In general,
fungal causative agents form black or white grains, while bacterial causative agents
have a more diverse color pallet of grains ranging from red and yellow to white
(Table 1). Although the color of the grain can be indicative of the causative agent, it
cannot be relied upon for the final identification. In the past, yellow grains were always
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Figure | The clinical presentation of mycetoma.

Notes: In this figure four different cases of mycetoma are seen: (A) an early case
of mycetoma of the foot, (B) a case of mycetoma in both the foot and the upper
leg, (C) an advanced case of mycetoma of the foot, and (D) an advanced case of
mycetoma of the hand.

considered to be of bacterial origin and therefore patients
were treated with antibacterial agents when yellow grains
were retrieved.® Recently it was demonstrated that the fungus
Pleurostomophora ochracea also produces yellow grains,
which demonstrates the necessity of identifying the causative
agent to the species level.® Although the grain is one of the
hallmarks of a mycetoma infection, the chemical composition
of grains is still not fully understood.”® The grains of the most
common causative agent Madurella mycetomatis have been
demonstrated to contain lipids, proteins, dihydroxynaphtal-
ene-melanin, Cu, Zn, and Ca.®® Surrounding the grain, an
extensive granuloma formation is present, characterized by
a large zone of neutrophils surrounding the grain.

Although there are currently more than 56 different
microorganisms recognized to cause mycetoma, the most
prevalent causative agent of eumycetoma worldwide, and
in Africa in particular, is the fungus M. mycetomatis.>'° For
example, in Sudan M. mycetomatis causes more than 70%
of all mycetoma infections.*!°

Geographical distribution

Mycetoma has a worldwide but uneven distribution. The
disease is endemic in tropical and subtropical regions but
the African continent has the highest prevalence. Mycetoma
prevails in the mycetoma belt that stretches between the lati-
tudes of 15° south and 30° north of the equator.'!! The belt
includes Sudan, Somalia, Senegal, India, Yemen, Mexico,
Venezuela, Columbia, Argentina, and other countries. In
Africa, Sudan seems to be the homeland of the disease.!'>2?
However, mycetoma has been reported in many temperate

Table | Etiologic agents causing mycetoma

Species Grain color  Prevalence®

Actinomycetoma

Actinomadura madurae WIY/IP C
Streptomyces somaliensis Y/Br C
Actinomadura pelletieri Rd C
Nocardia brasiliensis w C
Nocardia asteroides w C
Nocardia otitidiscaviarum (synonym: WIY o
Nocardia caviae)
Actinomyces israelii WIY R
Nocardia spp WIY
Unidentified actinomycetes

Eumycetoma
Madurella mycetomatis B C
Scedosporium boydii (synonyms: w o
Scedosporium apiospermum,
Pseudallescheria boydii)
Falciformispora senegalensis B o
(synonym: Leptosphaeria senegalensis)
Trematosphaeria grisea (synonym: B )
Madurella grisea)
Acremonium falciforme (synonym: w R
Cephalosporium falciforme)
Aspergillus fumigatus R
Exophiala jeanselmei B R
Geotrichum candidum R
Neotestudina rosatii \%% R
Medicopsis romeroi B R
M. romeroi or Biatriospora mackinnonii B R
(synonym: Pyrenochaeta spp)
Aspergillus flavus G R
Microsporum audouinii w R
Cochliobolus lunatus (synonym: B R
Curvularia lunata)
Rhinocladiella atrovirens R
Aspergillus nidulans R

Neoscytalidium dimidiatum R
Fusarium spp

Cladosporium spp

Exophiala spp B

Unidentified fungi

Notes: *prevalence: C, species isolated >5%; O, species isolated 1%-5%; R, rare species
isolated < |%. Reproduced from: van de Sande WW. Global burden of human mycetoma:
a systematic review and meta-analysis. PLoS Negl Trop Dis. 2013;7(1 1):e2550."°
Abbreviations: B, black; Br, brown; C, common; G, green; O, occasional; P, pink;
R, rare; W, white; Y, yellow; Rd, red.

regions as well.?° There are a few reports on mycetoma
from the USA, France, Germany, the UK, Turkey, Egypt,
Saudi Arabia, Iran, Thailand, and Japan.?-2

To date, its true incidence, prevalence, and route of
infection are not well understood, due to the fact that myc-
etoma is not a reportable disease.?* Globally, various single-
center studies have been performed to estimate the disease
prevalence in certain areas.'” As far as we are aware, only
two large epidemiological studies have been performed to
estimate the disease prevalence throughout whole countries.
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These studies were performed in Sudan and in Mexico.!*3
The study performed by Abbott in Sudan during the period
1952-1955 was the first large study;* the study performed
by Lopez Martinez et al in Mexico between 1956 and 1985
was the second." In the first study, 1,231 mycetoma patients
were admitted to hospitals throughout the country over a
period of 2.5 years and the estimated prevalence was calcu-
lated as 4.6 per 100,000 inhabitants.** Lopez Martinez et al
reported on 2,105 mycetoma cases from 14 dermatological
centers throughout Mexico over a period of 30 years and
estimated a prevalence of 0.6 per 100,000 inhabitants."
Since in both these studies only hospital records were
searched, underestimated prevalences were retrieved. Even
though the prevalences were underestimated, they are still
comparable to those of other neglected tropical infections
such as Buruli ulcer, African trypanosomiasis, dracunculia-
sis, and leprosy.!'*

Next to these nationwide prevalence studies, several
single-center studies have been reported as well. These
studies were used by van de Sande in 2014 to perform a
large meta-analysis.!® In that meta-analysis, 8,763 cases
from various countries were reviewed.'” The countries
included were India, Mexico, Niger, and Sudan. The
estimation of the prevalence per country was calculated.
Prevalence ranked between 3.49 cases per 100,000 inhabit-
ants and <0.01 cases per 100,000 inhabitants. In Sudan the
prevalence was 1.81 cases per 100,000 inhabitants, but in
local villages this appeared to be much higher.'° In this meta-
analysis the prevalence was underestimated, since the number
of cases from only a small region was divided through the
population of the whole country.'° This also explained the dif-
ferences of the calculated prevalences from Abbott** and van
de Sande!? for Sudan and the reported prevalences of surveys
performed in mycetoma-endemic villages in Sudan. In these
mycetoma-endemic villages a prevalence ranging from 0.0
to 8.5 per 1,000 inhabitants was suggested.!%33333¢ A higher
reported prevalence is expected in the near future, as myc-
etoma is drawing more attention from researchers and local
authorities. In Sudan, a national Mycetoma Research Center
(MRC; located in the capital Khartoum), was established in
1991. In this center more than 6,700 patients have been seen
and treated, but this has not been reported in the literature
Fahal et al. The center serves as a centralized focal point for
mycetoma diagnosis, treatment, and health education. Most
of the cases are derived from states, cities, and villages out-
side Khartoum. Gezira state, for instance, comprises more
than 80% of the total number of cases reported in the MRC
in Khartoum.?’

The distance from Gezira to Khartoum is about 190 km,
making a trip to the MRC difficult and expensive since the
majority of the patients are of low socioeconomic status. This
results in late presentation due to the painless, slowly progres-
sive nature of the disease, and the lack of health education.
Thus, establishing satellite centers will improve the manage-
ment for people living to far from the main mycetoma research
centre. By opening centers in te vicinity of high burden
regions, more people will seek help and will be treated.

Mycetoma has only recently been included in the World
Health Organization Department of Neglected Tropical Dis-
eases list as another condition, and hopefully this recognition
will in the future lead to better prevalence numbers — for
instance, by making mycetoma a reportable disease like
Buruli ulcer.

Affected groups and management
The prevalence studies mentioned in the previous section
demonstrated that mycetoma is mainly found in young
adults. 127262834 Tn most countries, males are more often
infected than females.!*12262834 Although most cases are
found in this age group, no age is exempted.'” Mycetoma is
also reported in children and elderly.*® Most of the patients
are students, farmers, and workers of low socioeconomic
status and eventually they lose their chance of education
and jobs due to the disability caused by what is a curable
and preventable disease.!**¢* Due to ignorance and lack of
health education, many patients present late with advanced
disease and amputation may be the only available treatment
modality of choice.

Treatment of mycetoma

The treatment of mycetoma depends mainly on the etio-
logical agent, site of infection, and extent of the disease.
Until recently, the only available treatment for mycetoma
was amputation or multiple mutilating disfiguring surgical
excisions, as no therapeutic consensus has been reached.
Actinomycetoma is usually treated with medication only.*
For eumycetoma, a combination of medical treatment in
the form of antifungals and various surgical excisions is the
gold standard.**? As already mentioned, due to ignorance
and lack of health education, many patients present late with
advanced disease and amputation may be the only available
treatment modality of choice.

Mycetoma has many serious medical and socioeconomic
impacts on patients, communities, and health authorities.*
The postoperative recurrence rate varies from 25% to
50%.!41:44-46 The available treatment, although not very
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effective, has many side effects. The medicines are expensive
and the cost may reach more than US$3,000 per year, per
patient in the case of eumycetoma. Most of the patients can-
not afford these costs of treatment. Furthermore, the drugs
are not always available in endemic regions. The treatment
is of a variable duration and may continue for 2—3 years with
a mean duration of 18 months. Therefore, herbal and home
remedies are widely practiced by the population living in
endemic areas, which further complicates the matter.*’

Currently there are no preventive measures or control
programs for mycetoma worldwide.

Treatment of eumycetoma

Reports on the medical treatment of eumycetoma are insuf-
ficient and inadequate. Over the years, the treatment of
eumycetoma was based on personal clinical experience and
on the results of sporadic case reports, rather than controlled
clinical trials. In general, massive surgical excisions or ampu-
tation of the affected part is/are the treatment of choice for
eumycetoma.**¢ Various antifungal agents have been tried
with little success. Eumycetoma causative agents are in vitro
highly susceptible toward azole antifungal agents, and their
eradication should be readily achieved by the administration
of antifungal drugs.*>! Antifungal therapy consists mainly
of ketoconazole or itraconazole combined with surgical
excision.**>%3 Data obtained from the MRC showed that, of
1,242 eumycetoma patients studied, only 321 (25.9%) were
cured, 35 (2.8%) had amputations, and 671 dropped out from
the outpatient follow-up for various reasons.*® Among these
reasons was dissatisfaction with therapy outcome.*® Other
reasons included side effects, such as hepatic toxicity; gyne-
comastia; and skin discoloration. Next to that, in a recent study
it appeared that the outcome of antifungal therapy could be
improved when the patient was also treated with antibiotics
to clear the side-infections commonly occurring in open myc-
etoma wounds.>*** As a result, most patients stopped therapy,
were lost to follow-up in outpatient clinics, and presented late
with a massive relapse that often required amputation.*

Treatment of actinomycetoma

Generally, actinomycetoma is amenable to medical treat-
ment with antibiotics and other chemotherapeutic agents.*¢
Combined drug therapy is always preferred to a single drug
in order to avoid drug resistance and for disease eradication.
Back in the 1970s, Mahgoub obtained a relatively suc-
cessful cure rate by administrating sulfamethoxazole plus
streptomycin to 144 patients with actinomycetoma.’” In
that study, 63.2% of the patients were cured, 21.5% greatly

improved, and 11.1% showed some improvement.’’ Currently,
trimethoprim—sulfamethoxazole is considered to be the most
effective drug treatment for uncomplicated mycetoma cases,
although the duration of the therapy is still very long. It has
to be given for several months to reach complete cure.*-%¢
In advanced cases, a combination of medical treatment with
antibiotics and excision of the lesion by surgery accelerates
healing, and reduces the chance of relapse; however a good
number of patients respond to treatment with antibiotics
alone.*® Recurrence is more common after an incomplete
or irregular course of medical treatment.**3¢ With patient
noncompliance, there is a good chance that the organism
will develop drug resistance.*

Conclusion
Mycetoma has a global distribution but is most commonly
found in the so-called mycetoma belt, between 15° south and
30° north of the equator. Within the highly endemic regions
most cases are found in males between 15 and 40 years of age.
Since mycetoma is still not a reportable disease, the true preva-
lence of this disease is still unknown. Mycetoma can be caused
by a large variety of microorganisms, both fungi and bacteria,
and treatment depends on the causative agent and the personal
experience of the physician. Mycetoma patients in general
tend to present late to clinics. This could be due to the painless
nature of the disease but also to the long distance some patients
are from specialized clinics. Epidemiological data are needed
to determine in which regions the largest burden of mycetoma
can be found. Within these regions specialized medical care for
mycetoma needs to be made available. In general actinomyc-
etoma responds very well to antibiotic treatment only, while
eumycetoma needs a combination of antifungal treatment and
surgery and even then recurrent infections are common.
There is a great need to determine the current burden of
this disease in order to establish clinics in the vicinity of the
patients. In addition, guidelines should be prepared which
state what the best treatment for each type of mycetoma is.
Research should be focused on the development of novel
treatments, since the current treatments, especially for eumy-
cetoma, are failing.
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