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Molecular Epidemiology of Madurella Complex among Mycetoma
Patients Attending Gezira Mycetoma Center, University of Gezira
– Sudan (2014-2017)
Elhadi Abdalla Ahmed Elhadi
Abstract
Mycetoma is one of neglected tropical diseases that threat every individual live or work in
mycetoma endemic areas. Black-grain mycetoma is the commonest type of mycetoma in
Africa. In Sudan Madurella mycetomatis alone is responsible of more than 70% of all
mycetoma cases. The cross-sectional hospital based study was carried out from 2015 to 2017
in Gezira Mycetoma Center (GMC) and aimed to characterized Madurella complex based on
molecular and epidemiological findings. 138 suspected mycetoma patients from Gezira and
Sinnar States were examined, confirmed mycetoma patients were 119. 111 biopsies from
black-grain mycetoma were collected during surgery. 93 specimens were processed for direct
genomic DNA extraction by using CTAB/phenol/chloroform protocol. Amplification of
extracted DNA was accomplished by using pan-fungal primers for internal transcribed spacer
(ITS) region and species-specific primers for Madurella mycetomatis. Nucleotide sequence
analysis of ITS was performed for 71 selected amplicons. Results indicated that black grains
were successfully used for DNA extraction with good quality. Black-grain mycetoma was
reported from 93.3% of all confirmed mycetoma cases (n=111/119). Infected males of the
age between 11 to 30 years were at highest risk. Madurella mycetomatis was extremely
predominated (88.2%) as black-grain mycetoma agent in the study areas. One strain of
Madurella tropicana (1.2%) was recorded for the first time in Africa and Sudan, and another
one strain of Madurella fahalii (1.2%) was reported for the second time in the world. Gezira
state comprised most cases of black-grain mycetoma, the cases found to be more common
among rural community in all localities. The study showed a highly endemic zone of blackgrain mycetoma involved 77.7% of all cases; which comprised Southern Gezira ( 76.6%) and
Northern Sinnar (23.4%). Nucleotide sequences analysis of 64 strains of Madurella
mycetomatis confirmed the species homogeneity. Black grains specimen give rapid and
accepted results for molecular characterization of Madurella complex, also development of
genus and species-specific primers for mycetoma agents is recommended to reduce the time
and cost.
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الىببئيت الجزيئيت ألنىاع المبدوريلت لمرضً النبت بمركز الجزيرة للنبت ،جبمعت الجزيرة -
السىدان ()2017 -2014
الهبدي عبذ هللا احمذ الهبدي
ملخص الذراست
يعذ يشع انُجذ يٍ احذ األيشاع انًذاسيخ انًًٓهخ انزٖ يًكٍ أٌ يظيت أٖ شخض يعيش أٔ يعًم فٗ انًُبؽق انًٕثٕءح.
انُجذ رٔ انحجيجبد انضٕداء أكثش األَٕاع اَزشبسا فٗ أفشيقيب .انًبدٔسيهخ انفطشٔييخ يضئٕنخ عٍ أكثش يٍ  %70يٍ انحبالد
فٗ انضٕداٌ .أجشيذ ْزِ انذساصخ انًقطعيخ فٗ يشكز انجزيشح نهُجذ فٗ انفزشح يٍ

 2015إنٗ  2017ثٓذف رحذيذ

انخظبئض انجزيئيخ ٔانٕثبئيخ ألَٕاع انًبدٔسيهخ  ،اخزجشد انذساصخ  138يشيغ َجذ يشزجّ ثّ يٍ ٔاليخ انجزيشح ٔٔاليخ
صُبس ،كبٌ عذد يشػٗ انُجذ يضبٖٔ

 .119جًعذ  111خزعخ يٍ انُجذ رٔ انحجيجبد انضٕداء أثُبء انجشاحخٔ ،رى

اصزخالص انحًغ انُٕٖٔ (دَب) يجبششح يٍ عذد 93عيُخ ثبصزخذاو ثشٔرٕكٕل انضزبة ٔانفيُٕل ٔانكهٕسٔفٕسو .أجشيذ
يؼبعفخ انحًغ انُٕٖٔ (دَب) ثبصزخذاو ثبدئخ فطشيبد نهفبطهخ انًُضٕخخ انذاخهيخ ٔثبدئخ خبطخ ثبنًبدٔسيهخ انفطشٔييخ ،رى
رحذيذ رضهضم انُيٕكهيٕريذاد نهفبطهخ انًُضٕخخ انذاخهيخ نعذد  71عيُخ يٍ انحًغ انُٕٖٔ (دَب) انًؼبعف .أشبسد انُزبئج
نُجبح اصزخالص انحًغ انُٕٖٔ (دَب) يٍ انحجيجبد انضٕداء ثُٕعيخ جيذح .انُجذ رٔ انحجيجبد انضٕداء كبٌ ثُضجخ %93.3
(عذد= )111يٍ يجًم حبالد انُجذ انًؤكذح (عذد=  .)119انزكٕس انًظبثيٍ انزيٍ رزشأح أعًبسْى يٍ  11إنٗ  30صُخ
ْى األكثش إطبثخ .انًبدٔسيهخ انفطشٔييخ كبَذ ْٗ انُٕع انضبئذ ثُضجخ  %88.2يٍ إَٔاع انُجذ رٔ انحجيجبد انضٕداء .صجهذ
انذساصخ رسيخ ٔاحذح يٍ انُٕع انًبدٔسيهخ االصزٕائيخ كأٔل حبنخ رضجم فٗ أفشيقيب ٔانضٕداٌ ثُضجخ (  ،)%1.2أيؼب صجهذ
انذساصخ رسيخ ٔاحذح يٍ انُٕع انًبدٔسيهخ انفحبنيخ نهًشح انثبَيخ فٗ انعبنى ثُضجخ (  .)%1.2اشزًهذ ٔاليخ انجزيشح عهٗ يعظى
حبالد انُجذ رٔ انحجيجبد انضٕداء ٔانزٗ كبَذ أكثش اَزشبسا فٗ انًجزًعبد انشيفيخ فٗ انًحهيبد .أظٓشد انذساصخ يُطقخ
جغشافيخ عبنيخ انٕثبئيخ ثبنُجذ رٔ انحجيجبد انضٕداء حيث رؼًُذ

 %77.7يٍ يجًم انحبالدٔ ،شًهذ جُٕة ٔاليخ

انجزيشح ( ٔ )%76.6شًبل ٔاليخ صُبس (  .)%23.4رحهيم رضهضم انُيٕكهيٕريذاد نعذد  64رسيخ يٍ انًبدٔسيهخ انفطشٔييخ
أكذ رجبَش انُٕع .عيُخ انحجيجبد انضٕداء أعطذ َزبئج صشيعخ ٔيقجٕنخ نزحذيذ انخظبئض انجزيئيخ ألَٕاع انًبدٔسيهخ ،أيؼب
أٔطذ انذساصخ ثزطٕيش ثبدئبد نألجُبس ٔاألَٕاع انًخزهفخ انًضججخ نهُجذ نزقهيم انزيٍ ٔانزكهفخ.
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CHAPTER ONE: INTRODUCTION
1.1. General introduction:
Mycetoma is a slow growing bacterial or fungal infection characterized by the formation of
abnormal tissue mass beneath the skin and a fluid discharge from infected areas (Fahal,
2004). This disease was first reported from India and occurs mainly in tropical areas,
including Southeast Asia, Africa, Central and South America (Rahman et al. 2009; Gill,
1874; Branscomb, 2003). It is an uncommon disease affecting unknown number of human
population annually either due to its painless nature during the early stages of infection or it is
mainly found in the economically underdeveloped countries and hence neglected (Ahmed AO
et al., 2004).
More than thirty bacterial and fungal species are reported to cause mycetoma; those caused by
bacteria are called actinomycetoma whereas fungal-caused mycetoma is termed as
eumycetoma ( Ahmed AO et al., 2004). These causative agents are found naturally in the soil
and plants so, local trauma (cut in the foot, leg, hand, etc) or thorn pricks are reported to be
the entrance points.
Eumycetoma could be classified according to the color

of characteristic grains which

produced during the infection. There for, two type of grains; black-colored and pale-colored
grains were recognized (Ollivier et al., 2006). In the early stages, the infection is painless, it
may progress to be chronic, affecting muscles and bones during advanced stages. Culminating
in disability and infected person experience pain due to secondary bacterial infection or bone
involvements (Hassan MA and Fahal, 1992; Fahal, 2004).
Eumycetoma infection is characterized by well-encapsulated lesions with few sinuses.
Clinically, diagnosis of eumycetoma depends on the presence of painless subcutaneous
swelling, draining sinus tracts and production of grains. Microscopy, serology, histopathology
and radiology examination may be helpful in the diagnosis and differential diagnosis of
eumycetoma. However, definitive diagnoses result from accurate isolation and identification
of isolated fungi to its strain level. Moreover, culture of grains and identification of etiological
agents are essential for treatment and understanding the epidemiological purposes But,
identification of eumycetoma agents using phenotypic characters alone is not enough to
ensure certainty (Branscomb, 2003).
Although culture and isolation of fungal causative agents are very important for diagnosis and
subsequent identification steps including antifungal testing, culture usually takes long time
and may give negative results. Also there is a big chance of contamination during the
16

prolonged incubation period. Another problem is that grains for culture should be collected
from deep biopsy during surgical procedure to ensure the survival of causative agents (Ahmed
Hassan Fahal, 2011) and maintenance of isolated fungal species remain problematic (Ahmed
AO et al., 1999).
Molecular approaches such as PCR-based methods have provided a rapid and accurate way to
identify eumycetoma fungi (Ollivier et al., 2006).
There are many molecular probes used for eumycetoma diagnosis viz amplification of internal
transcribed spacer (ITS) of ribosomal RNA gene region, isothermal amplification with
species-specific probes and nucleotide sequence analysis. Early and rapid diagnosis of
eumycetoma by using molecular tools may require obtaining of the genomic DNA directly
from eumycetoma clinical specimens such as mycetoma grains and biopsies .
Black-grain mycetoma caused only by fungi. It has a wide distribution in the tropics and
subtropics areas. Fungal agents of black-grain mycetoma belong to three orders; Pleosporales,
Sordariales and Chaetothyriales. The most common species are Madurella mycetomatis,
Trematospheria grisea (syn. Madurella grisea),

Aspergillus terreus, and Leptosphaeria

senegalensis (Chung and Bennett, 1992; Hemashettar, 2006). Others species include
Leptosphaeria tompkinsii, Pyrenochaeta romerii, Exophiala jeanselmei

and Curvularia

lunata (Ollivier et al., 2006; Kuffman et al., 2011).
Pale colored grains (white or yellow) could be seen during infection by Acremonium strictum,
Actinomadura madurae, Aspergillus nidulans and others (Ahmed AO et al., 2003). However,
yellow or yellowish-red grains could also be seen during some of the bacterial infection
including species from Nocardia (N. asteroids and N. brasiliensis) and Streptomyce (S.
somaliensis) genus (Welsh, Salinas , and Rodriguez, 1995; Rodriquez et al., 2004).
Treatment of eumycetoma infection is the more difficult, and require prolonged antifungal
therapy beside surgical debridement (Ahmed SA et al., 2015) . Long-term antifungal
treatment is one of the factors that may lead to development of drug resistance. Although
eumycetoma agents respond in-vitro to itraconazole, fluconazole, triazole (Bonifaz et al.,
2009) , ketoconazole (Capoor et al., 2007), posaconazole (Belkum et al., 2011) and
allylamine (Venugopal, 1993), Significantly high MIC level were reported with some agents
(Bonifaz et al., (2009) including itraconazole (Campos-Mscias et al., 2013) .
Host immune response against eumycetoma is limited and not fully understand. In humans,
three types of tissue reactions against eumycetoma infection were observed; type I, II and III.
Type I reaction involved neutrophils beside other cells. Type II reaction involved engulfed

17

macrophages and multinucleated cells. Type III reaction characterized by epitheloid
granuloma formation (Fahal, 2006). In addition, T-cell responses and humoral antibodies
formation may play a role in the development of eumycetoma. Significant immune response
due to Th-1 cytokines in patients with eumycetoma before surgical intervention may also
found to contribute to the pathogenesis of eumycetoma (Nasr et al., 2016).

18

1.2. Justification:
 Pathogenic fungi Madurella, constitute the most common agent causing mycetoma with
black-grains in the Sudan and all over the world.
 Many difficulties accompany the culture approaches for eumycetoma fungi, hence direct
identification of mycetoma fungi from clinical specimens helps in rapid diagnosis.
 Identification of Madurella complex based on molecular tagging help in better
understanding of epidemiology of the pathogen, prevalence and its therapeutics.
 Despite the fact that, considerable part (localities) of Sudan situated in mycetoma belt and
actually the causative agents have been isolated from these areas, distribution of Madurella
species and strains may vary.

1.3. Objectives:
1.3.1. General objective:
The general objective of this study is to characterize Madurella complex in mycetoma
endemic areas in Sudan based on epidemiological and molecular findings.

1.3.2. Specific objectives:
Specific objectives were to:


Identify Madurella complex directly from black-grains specimen using pan-fungal
primers.



Apply nucleotide sequence analysis to identified Madurella complex to its strains level
in mycetoma endemic areas – Sudan.



Determine Madurella mycetomatis directly from black-grains specimen using speciesspecific primers.



Measure the epidemiological findings related to Madurella complex and their
existence in mycetoma endemic areas – Sudan.

19

CHAPTER TWO: LITERATURE REVIEW
2.1. Madurella complex :
The genus name Madurella was established by Brumpt in 1905 who reclassified Streptothrix
mycetomi as a fungal agent of black-grain mycetoma. Later the final name-Madurella
mycetomatis- was given in 1977 by British Medical Research Council.
In the near past, two species of Madurella were recognized based on phenotypic identification
methods; Madurella mycetomatis and Trematospheria grisea (syn. Madurella grisea).
Recently, another three species have recognized using molecular studies; Madurella
pseudomycetomatis, Madurella fahalii and Madurella tropicana (syn. Madurella americana)
(de Hoog et al., 2012). Although they are belong to the same genus they taxonomically were
differentiated into two different orders; Pleosporales and Sordariales (Ollivier et al., 2006).
Madurella species naturally inhabit soil and thorns of the plant and when introduce into
subcutaneous tissues capable of causing their infection (maduromycosis) which characterized
by sinuses formation and production of black-colored grains. Phenotypically there is no
sexual stage of this genus and thus known as teleomorph fungi, and the characteristic
microscopical features are septate hyphae, chlamydospores and

sclerotia formation

(Branscomb, 2003).
Based on sequence analysis data such as the ITS and beta-tubulin genes this genus was found
to be closely related to the genus Chaetomium (de Sande, 2012).
2.2. Order and species of black-grain mycetoma agents:
2.2.1. Sordariales:
2.2.1.1. Madurella mycetomatis:
Madurella mycetomatis is hyphomycetes fungi that found in Africa, Asia and America.
Hence, it is the most common cause of mycetoma in Sudan and over the world (de Hoog,
2004). Madurella mycetomatis predominate as a most common mycetoma agents in the Sudan
with prevalence rate of 70 % (Fahal et al., 2015). Also Madurella mycetomatis had been
reported from many African countries including Mali, Senegal, Mauritania and Nigeria
(Develoux, 2002). In India Madurella mycetomatis causes about 92 % of eumycetoma
infection (Hazra et al., 2017).
Specific IgM antibodies response against mycetoma was estimated

in patients with

Madurella mycetomatis infection which may pointed to an antibody response against fungal's
cell wall polysaccharides antigen (Wethered et al., 1988).
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Amplification of ITS region of Madurella mycetomatis have been done using many universal
fungal primers pairs such as ITS4 and ITS5, ITS1 and ITS4 for amplification of ITS1, ITS2
and 5.8S ribosomal RNA genes. And primers pair ITS1 and ITS2, ITS3 and ITS4 for
amplification of ITS1 and ITS2 respectively. The length of ITS fragment of Madurella
mycetomatis give 624 base-pair when ITS4 and ITS5 primers used (Ahmed AO et al., 1999).
Another pan-fungal primers used for amplification of ITS1, 5.8S and ITS2 ribosomal RNA
genes are V9D and LS266 (Figure 2.1).
Two sets of Madurella mycetomatis -specific primers were designed by Abdalla and
colleagues and were successfully tested for sensitivity and specificity. The primers; 26.1A and
28.3A located in the ITS and they specifically amplified ITS and 5.8S ribosomal RNA genes
of Madurella mycetomatis. The result of Madurella mycetomatis DNA amplicon found to be
about 420 bp in length, however DNA amplification was not detected with Trematospheria
grisea (Ahmed AO, et al., 1999).
Madurella mycetomatis from Sudanese patients found to be homogenic when sequenced using
pan-fungal primer e.g. ITS4 and ITS5, and large-scale random amplification of polymorphic
DNA (Ahmed AO et al.,

2005), in certain situations another authors suggest the non-

homogeneity. (Ollivier et al., 2006).
In study done in 2012 of complete genome of mitochondrial phylogenetic analysis of
Madurella mycetomatis revealed close relatedness to Chaetomium thermophilum. (de Sande,
2012).
2.2.1.2. Madurella pseudomycetomatis:
Madurella pseudomycetomatis was first reported in china in 2010 with ITS1 and ITS2
sequence identity to Madurella mycetomatis of 93 %. And when amplified using ITS4/5
primer pairs the amplicon length of 608 bp was resulted. Further the researcher found that the
new isolated strain was not amplified by Madurella mycetomatis specific primer; 26.1A and
28.3A, which was due to the diversity between ITS1 and ITS2 sequences. (Yan et al., 2010).
Recently, Madurella pseudomycetomatis unusually recorded from previous clinical isolates of
eumycetoma in Venezuela, initially the isolates was misidentified as Madurella mycetomatis
but ITS amplification using ITS4 and ITS5 pan-fungal primer pairs and sequence alignment
identified a similarities of 99% to reference stain of Madurella pseudomycetomatis. Also
Madurella pseudomycetomatis have been isolated from human eumycetoma from Italy and
USA (Rojas et al., 2017).

Indeed, the name Madurella pseudomycetomatis was
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invalidated

because

Latin

description

was

not

given.

2.2.1.3.Madurella tropicana:
Madurella tropicana was isolated in Indonesia and formerly known as Madurella americana,
it consider member of Sordariales and differ from other species of Madurella based on multilocus sequence analysis. Madurella tropicana considered as an exclusive agent of mycetoma
and was found differed from Madurella mycetomatis and Madurella pseudomycetomatis
when phylogenetic analysis compared, with 13 bp and 5 bp in the ITS sequence respectively
(de Hoog et al., 2012). No data are documented about the detection of Madurella tropicana
in Sudan or even Africa.
2.2.1.4. Madurella fahalii:
The only strain through the world was described in 2012 in Sudan from patient with blackgrain mycetoma. They belong to the order Sordariales and they differ phenotypically from
Madurella mycetomatis in the optimum temperature of growth and pigmentation on
Sabouraud's glucose agar. . Furthermore the isolates therapy tent to be challenging due to the
resistance to itraconazole. The yielded base pair length of Madurella fahalii with ITS4 and
ITS5 primers is about 595 long. And the strain is close to Madurella mycetomatis and shared
91.9 % identity to Madurella pseudomycetomatis in the ITS region. (de Hoog et al., 2012).
2.2.2. Pleosporales:
2.2.2.1. Trematospheria grisea (syn. Madurella grisea):
Trematospheria grisea is a hyphomycetes fungi which found worldwide in Africa, Asia and
America (de Hoog et al., 2004; Borman et al., 2016).
This species does not classified as Sordariales although its belong to the Madurella genus, and
there for - phylogenetically - not close related to Madurella mycetomatis. (de sende et al.,
2011). Instead this species was appeared to be related to several Leptosphaeria species and
Pseudochaetosphaeronema larense (de Hoog et al., 2004). Many isolates of Trematospheria
grisea were reclassified in Medicopsis, Biatriospora and Trematospheria (Borman et al.,
2016).

2.2.2.2. Medicopsis (syn. Pyrenochaeta ):
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This Species was formerly known as Pyrenochaeta. They are found greatly in the soil and
plant debris in tropical and subtropical world. (Liu, 2011 ). Human pathogens of this genus
include dark-grain mycetoma agents; Medicopsis romerii (syn. Pyrenochaeta romerii) and
Biatriospora machinnonii (syn. Pyrenochaeta machinnonii). Phylogenetic analysis of
Medicopsis romerii

found to be identical to Trematospheria .grisea in the same order

(Andrew M. Borman, et al., 2008).
2.2.2.3. Pseudochaetosphaeronema larense:
Phenotypically this species can grow on culture media such as malt extract agar (MEA) and
oatmeal agar (OA) at 37°C. It produce characteristic colonies with unicellular conidia and
unknown sexual morphology. This fungi was documented as a very rare agent of black-grain
mycetoma from Venezuela. Based on multi-gene phylogeny Pseudochaetosphaeronema
larense was found to be close to Massaria platani and distant from other known species
responsible for eumycetoma such as those species belong to Pleosporales ( Ahmed SA et al.,
2014).
2.2.2.4. Leptosphaeria:
The main member of this genus of dematiaceous fungi involve in black-grain mycetoma in
Africa

are

Falciformispora

senegalensis

(syn.

Leptosphaeria

senegalensis)

and

Falciformispora tompkinsii (syn. Leptosphaeria tompkinsii).
2.2.2.4.1. Falciformispora tompkinsii:
This species usually recover from soil and acacia plant, mainly in Senegal and Mauritania. It
is known as a rare cause of black-grain mycetoma. The identification of Falciformispora
senegalensis based on phenotypic as well as molecular methods. When grown on Sabouraud's
dextrose agar it produces colonies after 1 to 4 weeks with septate hyphae, the sexual form can
be obtained on potato-carrot agar as ascospores with six septa. Molecular testing can be
perform by sequence analysis of ITS using V9D and LS266 pan-fungal primers (Machmachi
et al., 2011).
2.2.2.4.2. Falciformispora senegalensis:
The natural occurrence of Falciformispora senegalensis resemble to that of Falciformispora
tompkinsii, phenotypically, it differ from Falciformispora tompkinsii in the shape and size of
ascospores.
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2.2.2.5. Curvularia:
This genus comprise about 40 species responsible of a variety o f human diseases. Curvularia
luntana is the most recover pathogen from human of this genus followed by Curvularia
geniculata (Janaki, 1999; Hay, 1998). And although Curvularia infections in human are
uncommon but, it responsible of the first report as a causative agents of mycetoma since 1959.
Molecular methods for identification of Curvularia include amplification and nucleotide
sequence of ITS1-5.8S-ITS2 DNA region from black-grains material. (Schuetz, 2011).
2.2.2.6. Corynespora:
This dematiaceous fungi divided into seven species and widely distributed in nature.
Corynespora cassiicola - well known plant pathogen- was first noted as a causes of
eumycetoma in 1969 (Liu and Hsueh, 2011).
2.2.3. Chaetothyriales:
2.2.3.1. Exophiala:
Exophiala is a dematiaceous, classically black yeast, genus of herpotrichiellaceae family,
phylum Ascomycota. This genera contain more than 29 species are found in soil and
senescent plant materials (Capoor, 2000).
Exophiala jeanselmei has been isolated from patients of eumycetoma and reported as
infrequent causative agent, it's also reported from many other type of infections including
cutaneous disease, endocarditis and arthritis. Recent molecular studies showed that, this
genus is heterogeneous and thus, sequence analysis of ITS and other genes of Exophiala
jeanselmei resulted in more species (Badali et al., 2010).
2.2.3.2. Phialophora:
This polyphyletic genus comprises species belong to different orders. Although Phialophora is
rarely cause eumycetoma but, some species such as

Phialophora jeanselmei and

Phialophora veruccosa capable of causing human mycetoma (Turiansk et al., 1995).
Molecular identification of these species based on random amplified polymorphic DNA
(RAPD), restriction fragment length polymorphism (RFLP) and DNA sequence. ( Liu and
Paterson, 2011).
Phialophora oxyspora is another species which was isolated from black-grain mycetoma
infection of horse and could be identified by sequence analysis of D1/D2 domain (Lopez,
2007).
2.3. Epidemiology of Eumycetoma and Madurella infection:
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Eumycetoma infection occurs in Africa, Asia and America. Cases condenses in what is known
as mycetoma belt. The later stretches between the 15th South and 30th North parallels,
especially in Sudan and India. Worldwide most cases of mycetoma reported from Sudan
beside Mexico and India (de Sende, 2013). Some factors may contribute to the eumycetoma
infection such as drought, distribution of plants material including Acacia, other thorn trees
and animal dungs (Crabol et al., 2014).
Areas where mycetoma is prevalent are relatively arid zones with a short rainy season of 4–6
months with a rainfall of 50–1,000 mm per year, a relative humidity of 60–80 % and fairly
constant temperatures of 30–37 °C day and night.
The

geographical

distribution

of

the

individual

mycetoma

organism

shows

considerable variation, which can be convincingly explained by climatic factors.
These factors include temperature, humidity and rainfall, with rainfall as the most
relevant factor (Mahgoub and Murray, 1973).
Abdalla demonstrate the presence of Madurella mycetomatis in soil and thorn
samples

from

mycetoma

endemic

areas

in

Sudan

in

2002,

the

Madurella

mycetomatis was detected in higher rate from soil samples since, 23% of soil
samples were positive. And the infections due to eumycetoma could be seen mostly
in those regions where no protection measures are taken while working (Ahmed AO
et al., 2002).
Beside humans, some eumycetoma agents were isolated from animal such as dogs,
cats and horses. (Bonifaz et al., 2009; Lopez et al., 2007).
Male patients are more encountered with mycetoma with percentage of 76 % than females
which may reflect the importance of the entrance points of the causative agent and mode of
transmission (Fahal et al., 2015). The most commonly infected body sites are foot or lower
leg followed by hand; however, infection can occur anywhere in the body including back,
neck, buttock, chest and pelvic region and others (Fahal, 2011) .
Mycetoma is seen in all age groups, but it usually affects adults between 20 and 40 years old
(Fahal et.al., 2004). Luckily, the infection of eumycetoma is not considered to be
transmissible from person to person or from animal to human.
Local or distant recurrence in mycetoma occurs in the range of 10 to 25 % of cases. Due to
the difficultness of eumycetoma therapy rather than actinomycetoma the recurrence rate is
more bigger. Factors such as improper surgical excision, anatomic location of mycetoma
lesion, surgery under local anesthesia, late resistance against used drugs and /or incomplete
therapy have been reported to contribute to recurrences (Fahal, 2004; Fahal, 2010).
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The main complication of mycetoma infection is the involvement of bone beside mycetoma
lesion. This recorded with 10% of cases or more. Marginal imputation of infected bones is the
only medically intervention to save patient's life. Common amputated body sites include leg,
foot, toes, hand and fingers (Fahal, 2006).
Some immuno-genetic studies had revealed to presence of predisposition towards
susceptibility to mycetoma which may pave the way for the studying the role of genetic
factors in both susceptibility for the disease and response to treatment (Mahgoub, et al., 1977;
de Sende et al., 2007).
In study carried in India for epidemiological evaluation of mycetoma, the eumycetoma type
due to Madurella mycetomatis had been reported from many parts from India and it
considered as principle agent of mycetoma in Northwest region (Gugnani, 2002).
Sudan found in the central belt of mycetoma, and lying between latitudes and longitude 22.00
N and 12.00 S respectively. Cases of mycetoma has been recorded from different areas and
localities. (Gumaa, 2002). However, certain localities in the Sudan comprises most of cases.
(Fahal, 2002).
In the Sudan the number of mycetoma cases as reported by Mycetoma Research Centre of
Khartoum University from 1991 to 2014 reach 6,792 cases. 68% of the cases were from
Sudan mycetoma belt and Madurella mycetomatis alone responsible of 70% of overall cases.
Whereas, 78% of cases were described with black-grain discharges. (Fahal, 2015).
In Sudan, particularly in Gazira and Sinnar states, data from Gezira Mycetoma Centre from
2013 to 2015 recorded 219 (69.7%) cases of black-grain mycetoma from a total of 314
admitted patients - suspected to have mycetoma – and underwent surgical intervention
(unpublished data). Besides the fact that, mycetoma cases usually diagnosed at late stages,
possibly, the number of infected patients is more bigger.
2.4. Molecular identification of Madurella complex:
Culture testing schemes for some black-grain mycetoma agents such as Madurella species
may take 6 to12 weeks to finalized. Moreover, negative culture results may occurs and or,
overgrowth of bacterial and other fungal agents are common sub-problems. In additions,
positive culture results could not be differentiated using phenotypic methods alone. So, there
is a need to overcome these situations in order to obtain a rapid and accurate diagnostic
method.
Molecular identification of fungi through DNA evolve incrementally by last 15 years, and for
this purpose one of the preferred nuclear ribosomal marker for identification and sequence
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analysis is the internal transcribed spacer (ITS) of ribosomal RNA genes (Bellemain et al.,
2010).
Fungal molecular markers used for many purposes in field of mycology; detection and
identification, strains typing, epidemiology and phylogenetics are common examples. These
markers can be developed from chromosomal, extra-chromosomal and /or mitochondrial
DNA.
The ITS regions consist of ITS1 and ITS2 region separated by 5.8S gene and its located
between the 18S (SSU) and 28S (LSU) genes in the repeat unit of the nuclear DNA (Figure
2.1). Factors that enable this region as a major target for molecular analysis include the
occurrence of the region in tandem of hundreds repeats, sequence variation among fungal
species and conservative advantage.
DNA amplification for detection of black-grain mycetoma agents and sequence analysis could
be performed from many other genes such as small ribosomal subunit (SSU), large ribosomal
subunit (LSU), RNA polymerase second largest subunit (RPB2) and translation elongation
factor 1-alpha (TEF1) (Ahmed SA, et al., 2014).
Domain 1 and 2 of 26S subunit (D1/D2 26S rDNA) is another hyper-variable region for
fungal molecular identification ( Sugita and Nishikawa, 2003).
The internal transcribed spacers (ITS) region has been widely used to identify eumycetoma
agents and species identification is only reliable by using molecular methods. And the
sequence variation of this region among fungal species allowed the distinguish between the
black-grain mycetoma agents such as Madurella species (Borman et al., 2008).
Molecular method for identification of Madurella species

include DNA amplification

targeting ITS region, nucleotide sequence detection and isothermal amplification.
The later such as Loop-mediated isothermal amplification (LAMP), rolling circle
amplification (RCA) and recombinase polymerase amplification (RPA) (Ahmed SA, 2014;
Ahmed SA et al., 2015).
Rolling circle amplification using species-specific probe give rabid and sensitive results for
species

identification

of

black-grain

mycetoma

agents

including

Madurella

and

Trematosphaeria grisea (Ahmed SA, 2014).
Genomic DNA of black-grain mycetoma agents could be obtaining using different methods
and samples. Relatively simple method, CTAB method, give sufficient quality of DNA for
PCR amplification. DNeasy Plant Kit method (Qiagen) is another used protocol (Ollivier et
al., 2006). Rabid Whatman FTA filter matrices method also facilitate molecular identification
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of agents of black-grain mycetoma, although its relatively expensive and involve several
centrifugation steps (Ahmed SA, 2014).
Specimens for DNA extraction of black-grain mycetoma agents include pure culture of fungi,
black-grains and tissue biopsies. Also environmental samples such as soil have been used for
DNA isolation of eumycetoma fungi (Ahmed AO et al., 2002). In line, we observed only one
published data using black grains for DNA isolation, in the procedure, beads disrupted grains
were treated with Qiagen DNeasy Plant Kit. The produced DNA was high in purity and
concentration. (Ahmed SA et al., 2015 )
The sufficient method for taxonomy of most black-grain mycetoma agents including
Madurella species based on sequence data of ITS regions. Sequence analysis data could be
used to detect inter- and intra species similarities and differences between Madurella species
from different geographical areas in mycetoma endemic regions (Ollivier, et al. 2006 ).

ITS1 ITS5

ITS3

ITS4

SSU (18S) rDNA

5.8S
rDNA

LSU (28S) rDNA

V9D

ITS1

ITS2

ITS2

LS266

(Figure 2.1): Location of ITS1, 5.8S, ITS2 and primers used for PCR.
( Source: White, et al., 1990)
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CHAPTER THREE: MATERIALS AND METHODS
3.1. Study design:
Cross-sectional analytical hospital-based study was followed.

3.2. Study areas:
The study was conducted in Gezira Mycetoma Center which serves in aspects of mycetoma
diagnosis and treatment. Patients admitted to the center were came from all over Sudan
particularly from Gezira and neighboring States. Gezira State is one of the most agricultural
States in Sudan. It lies between the Blue Nile and the White Nile rivers. Its locates in the rich
savanna region between latitude 13°-15.2° N and longitude 32.5°-34° E, so it locates in what
is known as mycetoma belt. The area has hot dry summer from April to June with an average
temperature 32°C and relative humidity 20%, and the cool dry winter from December to
March with average temperature 22°C and relative humidity 30% (www.climateData.org/Africa/Sudan). Gezira State comprises eight localities. Sinnar State delimits by Blue
Nile State in the south and Gezira State in the north and it comprises six localities ( Figure
3.1).

Gezira state
Sinnar state

Figure (3.1): Map of Sudan shows the most endemic areas (States) of mycetoma.
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3.3. Study population and duration:
This study was carried out in Gezira Mycetoma Centre (GMC), among patients suspected to
have mycetoma infection and undergone surgical intervention. The study was done in the
period from 2015 to 2017.

3.4. Inclusion criteria:
Patients attending to Gezira Mycetoma Center with black-grain mycetoma were included in
this study.

3.5. Exclusion criteria:
Patients attending to Gezira Mycetoma Center with actinomycetoma and or eumycetoma with
pale-colored grains were excluded.

3.6. Sample size:
The study used cluster random sampling technique. Sample size was estimated using a sample
size derivation. Since anticipated proportion 30% thus p is 0.3 and q is 0.7 .
The sample size (n) is determined by using the following formula:

z 2pq
n 
d2

n 

1.96 2 * 0.3 * 0.7
 126.0
0.082

where d is 0.08, z is 1.96.
3.7. Patients clinical information:
Patient's information was recorded including age, sex and locality. Clinically, the site of
mycetoma lesion, duration of infection, presence of black-grains, presence of bone
involvement and family history to mycetoma were also reported.

3.8. Patients data analysis:
Descriptive analysis was followed to determine the frequency of patients sex, ages, localities
and infected sites as well as the frequency of identified Madurella species.

3.9. Ethical considerations:
The ethical approval for specimens collection was obtained from Ministry of Health, Gezira
State. Written consent were obtained from patients before collection of specimens. In case of
children the consent was taken from parents.
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3.10. Samples collection:
Specimens were obtained aseptically from deep biopsy during surgery. Two types of
specimen were collected; grains and biopsies. Biopsy specimens were collected in 10 %
formaldehyde solution whereas black-grains were collected in 0.9% sterile physiological
saline solution. Directly after collection specimens were transported to molecular biology
laboratory, Faculty of Medical Laboratory Sciences – University of Gezira . Black-grain
specimens were stored in 0.9% physiological saline solution at 20-°C tell used.

3.11. Black-grains processing:
Prior processing the specimens containers were left at room temperature for two hours. The
grains were washed several times using sterile normal saline in order to remove the human
tissues and other contaminants.

3.12. Molecular identification:
3.12.1. Genomic DNA extraction:
The CTAB (Cetyl Trimethyl Ammonium Bromide) /chloroform-isoamyl alcohol DNA
extraction protocol was followed for extraction of DNA from eumycetoma black-grains.
(S. A. Ahmed et al., 2014; Doyl & Doyle, 1987; Doyle & Dickson, 1987 and Cullings,
1992). In the procedure; suitable amount of homogenized black-grains were added to an
eppendorf tube containing 490 µl of sterile, freshly prepared CTAB buffer and 10 µl of
proteinase K (iNtron). The mixture was mixed for a few minutes. Specimens were incubated
at 60 °C for one hour in an incubator. After incubation the tubes were re-mixed again to
ensure mycelia disruption. Then 500 μL of chloroform : isoamyl-alcohol (CDH) (24 : 1) were
added to the samples followed by shaking for several minutes to form an emulsion.
The tubes were spun at 14000 rpm in a microfuge for 10 minutes and carefully, the upper
aqueous layer was collected in new sterile eppendorf tubes with 0.55 volume ice-cold isopropanol (stored at 20-°C ) and were spun again.
Finally, the DNA pellets were washed with 70 % ethanol, air-dried and re-suspended in 100
μL TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). The DNA was stored frozen at
20-°C.

3.12.2. DNA quality test:
Using suitable loading dye, DNA specimens were checked by loading of 3 μL of prepared
DNA and run on 1% agarose gel.
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3.12.3. Polymerase Chain Reaction:
Extracted genomic DNA were amplified using universal fungal primers ITS4/ITS5 and 26.1A
/28.3A

Madurella mycetomatis species specific primers (Macrogen, Seoul Korea and

Eurofins, Genomics) ( The primer sequences shown below in Table 3.2). Primers were
prepared as instructions of manufacture.
The reactions were performed using iNtRON's Maxime PCR PreMix Kit for 20 μL reaction
volume containing 3 μL genomic DNA, 0.8 μL reverse primer, 0.8 μL forward primer and
15.4 μL distilled water.
Cycling for both ITS4 and ITS5, and Madurella mycetomatis species-specific primers was
done using PCR system

9700 thermocycler ( Singapore)

as the following: primary

denaturation (95 for 2 mints), then 35 cycles of alternating denaturation (94°C for 30
seconds), annealing of primers (58°C for 30 seconds), and extension by the thermostable
polymerase (72°C for 30 seconds) with final extension of 2 mints. The resulted amplicon was
visualized in 1.5 % agarose gel.

3.12.4. Preparation of 1.5% agarose gel:
Amount of 1.5gms of agarose powder were dissolved in 100 ml 1X TE buffer and heated until
became clear. After cooling of the mixture 5 μl of (20mg/ml) ethidium bromide were added,
mixed well and poured in a casting tray, and left to solidify at room temperature.

3.12.5. Visualization of DNA bands:
DNA amplicons were visualized using 1.5% agarose gel covered with 1X TBE buffer.
Selected voltage was 100V for 20 minutes. Amount of 4 μL of tested amplicons, negative
control and 2 μL of DNA marker were added to agarose wells. Imaging was done using
Cleaver Scientific Ltd. gel documentation system (Model: OMNIDOC).

3.13. Bioinformatics analysis:
3.13.1. Sequencing of PCR amplicon:
The resulted amplicons of ITS region was sequenced using the same primers; ITS4 and ITS5.
Standard Sanger sequencing method was followed by Macrogen (Seoul, Korea).

3.13.2. Sequence alignment and strains identification:
Sequence data were assembled manually to maximum homology. Nucleotide sequences were
searched for sequences identity and similarity using nucleotide BLAST (Atschul et al., 1997)
(http: //blast.ncbi.nlm.nih.gov/Blast.cgi). Then multiple-sequence alignments were determined
using BioEdit software (Hall, 1999).
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(Table 3.2): Pan-fungal and Madurella mycetomatis species-specific primers used in the
current study.

Primer

Location

Direction

ITS5

SSU

Forward

58.4

5׳-GGAAGTAAAAGTCGTAACAAGG-3׳

ITS4

LSU

Reverse

56.4

5׳-TCCTCCGCTTATTGATATGC-3׳

26.1A

ITS2

Forward

55.3

5׳-AATGAGTIGGGCTTIAACGG-3׳

28.3A

ITS1

Reverse

61.8

5׳-TCCCGGTAGTGTAGTGTCCCT-3׳

Tm (ºC)

Sequence

3.13.3. Phylogenetic tree construction:
Phylogenetic tree of identified Madurella species from mycetoma endemic localities was
constructed based on neighbor-joining using MEGA software version 7 (Kumar et al., 2016),
reference strains from Genbank were used and Chaetomium thermophilum was selected as
out-group.

3.12.4. Genetic distance analysis:
Constructed tree was analyzed visually to compare between identified Madurella species.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.1. Results:
4.1.1. Demographic data of participants:
In this study 138 patients suspected to have mycetoma and underwent surgical intervention
were enrolled. The number of confirmed mycetoma patients was 119 (86.2 % ), while the
other 19 patients (13.8%) were 6.5% (n=9), 5.1% (n=7) and 2.2 % (n=3) diagnosed as foreign
body, corn and skin mass respectively (Table 4.1).

Table (4.1): Frequency of black-grain mycetoma among suspected patients in
the study.
Suspected mycetoma patients
(No=138)

Confirmed mycetoma cases

Others

(No)

(No)

(%)

(%)

Black-grain

111

Foreign body

93.3%
Pale-colored

6.5%

8

Corn

6.7%
Total

9

7
5.1%

119

Skin mass

86.2%

3
2.2%

Total

19
13.8%

Of the 119 mycetoma patients the proportion of male (n=86) to female (n=28) was 2.6:1
respectively (Figure 4.1), p value 0.0000. And the most infected age group of male was from
11 to 30 years (Figure 4.2). For all 119 patients the most infected sites were foot 70% (n=84),
hand 16% (n=19), leg 4% (n=5), knee 3% (n=4), back 2.5%, (n=3), bottom 2.5% (n=3) and
pre-anal 2% (n=2) (Figure 4.3).
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Bone involvement, mycetoma recurrences and positive family history to mycetoma was
recorded in 21% (n=25), 12 % (n=14) and 12% (n=14) of cases respectively
(Table 4.2).

28%
Male
Female

72%

Figure (4.1): Shows frequency of mycetoma among male and female in the
study.
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Figure (4.2): Infected ages of male (n=86) and female (n=33) patients in the
present study.
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Figure (4.3): Infected body sites with black-grain mycetoma of the study
(n=119).
4.1.2. Frequency of black-grain mycetoma:
The current study carried out the frequency of black-grain mycetoma and compared to the
pale-colored type. The percentage of black-grain mycetoma from the 119 case was 93.3%
(n=111) while pale-colored mycetoma was 6.7 % (n=8) (Figure 4.4).

Table (4.2): Rate of recurrence, bone invasion and patient's family history to
mycetoma in the study; (n=119/25),(n=119/14) and (n=119/14) respectively.
Recurrence

Bone invasion

Positive family history

(No)

(No)

(No)

(%)

(%)

(%)
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17
Male

Female

Total

14.3%
8
6.7%
25
21%

8

Male

6.7
6

Female

5.3
14

Total

12%

Male

Female

Total

9
7.6
5
4.4
14
12%

4.1.3. Frequency of black-grain mycetoma in Gezira localities:
In this study the majority of the 111 black-grain mycetoma patients were from Gezira State
76.6% (n=85). The cases (n=85) were distributed among the eight localities but, South El
Gezira and Um Elqura were the most infected localities, they showed 30.6% (n=26) and 27.1
% (n=23) respectively, while El Managil locality showed the lowest rate; 2.4 % (n=2) (Figure
4.5).

4.1.4. Frequency of black-grain mycetoma in Sinnar localities:
Black-grain mycetoma cases in Sinnar State were equal 23.4% (n=26) and came from two
localities; East Sinnar locality was showed 76.9 % (n=20 ) and Sinnar locality was showed
23.1% (n=6) ( Figure 4.6).
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6.7%

93.3%
Black-grain
Pale colored
Figure (4.4) : Frequency of Black-grain and pale colored mycetoma
in the study.
4.1.5. Genomic DNA extracted from black-grains:
In the present study 86 % (n=80) of the total extracted black-grain specimens (n=93) gave
bands when visualized on 1% agarose for DNA quality. Time for extraction accomplished
was approximately 1½ hrs.

4.1.6. PCR results using pan-fungal primers (ITS4 and ITS5):
The ITS region was successfully amplified using ITS4 and ITS5 primers. The target region
include partial part of SSU, ITS1, 5.8S, ITS2 and partial part of LSU. Of the 93 DNA
specimens 91.4 % (n=85) were amplified. We could not amplify the negative specimen when
another pan-fungal primer used; V9D and LS266. The length of the resulted amplicon,
approximately, was of 624 bp (Figure 4.7). The appearance of the DNA bands vary from clear
to very clears with sharp ends. However, double DNA bands was recorded with only one
specimen ( Figure 4.8).
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Figure (4.5): Frequency of black-grain mycetoma in the study among
Gezira State localities – Sudan.
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Figure (4.6): Frequency of black-grain mycetoma in the study among Sinnar
States localities – Sudan.
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(Figure 4.7): PCR amplification of the ITS region of black-grain mycetoma
agents (9 lanes) using ITS4 and ITS5 universal fungal primers. Double band was
noted. And 100-bp DNA ladder.

(Figure 4.8): PCR amplification of the ITS region of Madurella mycetomatis
(1), Madurella tropicana (2), Madurella fahalii (3), Endophytic fungi (4),
Negative samples (5, 6). Using ITS4 /ITS5 primers and 100-bp DNA ladder.
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4.1.7. PCR results using Madurella mycetomatis species-specific primers:
Of the 93 DNA specimens Madurella mycetomatis was detected from 82 specimenS (88.2%).
Only 3 specimens gave negative amplification with Madurella mycetomatis species-specific
primers and at the same time were positively amplified with the above mentioned pan-fungal
primers (ITS4 and ITS5). Two of these specimens were identified later as Madurella
tropicana and Madurella fahalii as exclusive agents of eumycetoma while interestingly, and
the other specimen was identified as endophytic fungi. The fragments length of 420 bp was
estimated when Madurella mycetomatis species-specific primers used (Figure 4.9).

(Figure 4.9): PCR results of Madurella mycetomatis (1—5) using specie
specific primers and black-grain specimens.

Madurella tropicana (6),

Madurella fahalii (7) used as negative controls. And 100-bp DNA ladder.
4.1.8. Sequences of ITS region using pan-fungal primers (ITS4 and ITS5) :
The standard Sanger sequence analysis was done for 71 selected amplicons, both strands of
the DNA were sequenced using the same pan-fungal primers. Sequences for 67 amplicons
were obtained while 4 amplicons couldn't be sequenced.
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Table (4.3): Black-grain mycetoma agents identified by sequence of ITS using
ITS4 and ITS5 pan-fungal primers (n=71).
Madurella mycetomatis
(64)
(90%)
Madurella complex
Madurella tropicana

(66)

(1)

(93%)

(1.5%)
Madurella fahalii
(1)
(1.5%)
Fungal endophyte
(1)

Others

(1.5%)
(4)

Sequence failure

(5.5%)
(71)

Total

(100%)

4.1.9. Sequences alignment:
56 sequences of Madurella mycetomatis (n=64) shared 100% (Figure 4.10) identity with
Genbank reference strains while the other 8 sequences shared 99% or over identity in the ITS
region.
Each of identified Madurella tropicana and Madurella fahalii strain shared 100% identity to
the type strain (Figure 4.11) and (Figure 4.12), and differed from each other in 20pb within
the ITS region. While Madurella mycetomatis differed from Madurella tropicana and
Madurella fahalii in 19 bp and 22 bp respectively (Figure 4. 13).
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Figure (4.10): Pair-wise sequence alignment of ITS region of Madurella
mycetomatis strain (Query) showing 100% identity to the reference strain from
Genbank (Sbjct).
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Figure (4.11): Pair-wise sequence alignment of ITS region of Madurella
tropicana (Query) showing 100% identity to the reference strain from Genbank
(Sbjct).
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Figure (4.12): Pair-wise sequence alignment of ITS region of Madurella fahalii
(Query) showing 100% identity to the reference strain from Genbank (Sbjct).
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Figure (4.13): Pair-wise sequence alignment of ITS region of Fungal endophyte
(Query) showing 99% identity to the reference strain from Genbank (Sbjct).
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Figure (4.14): Graphic over view of multiple sequence alignment of ITS of
Madurella mycetomatis (4f), Madurella tropicana (1f) and Madurella fahalii (2f), with
reference strain for each one. Colored dots indicates identify with the consensus
sequence.
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4.1.10. Genetic distance of identified Madurella species:
The genetic distance between and within some identified madurella species (n=19) were small
and ranged from 0.000 to 0.044. The distances was 0.000 for Madurella mycetomatis, 0.030
for Madurella tropicana and 0.044 for Madurella fahalii (Table 4.4).

4.1.11. phylogenetic tree of identifies Madurella species with boostrap
method:
Phylogeny distance of 66 strains of identified madurella divided them into three clades; clade
I Madurella mycetomatis, clade II Madurella tropicana and clade III Madurella fahalii.
Madurella tropicana strain was more closer to Madurella mycetomatis than Madurella
fahalii. And the later was the closest Madurella species to the selected out group taxons
(Figure 4.13).

4.1.12. Accession number of nucleotide sequences of identified species:
The accession numbers of the first 21 sequences from NCBI database were shown in the table
in the appendixes.
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(Figure 4.15) : Phylogenetic tree of 66 strains of Madurella considering ITS
region. Type strains and out-group are indicated. (Gezira strains ), (Sinnar
strains ), (Type strains ), (Out-group ).
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4.2. Discussion
Until now, early diagnosis and ultimate treatment of black-grain mycetoma infection is not
satisfactory. Although of the diversity of the causative agents of black-grain mycetoma but,
Madurella species alone-in Sudan- are responsible for more than 90% of cases. In Sudan most
cases of mycetoma come from Gezira and Sinnar States in mycetoma belt (Fahal et al., 2015).
This study dealt with black-grain mycetoma patients attended Gezira Mycetoma Center
(GMC) from most affected states- Gezira and Sinnar- and identified Madurella complex to its
strains level.
Treatment with antifungal alone for eumycetoma is not a recommended, as a best choice for
management of black-grain mycetoma is a combination of

both medical and surgical

treatment. Unluckily; criteria for favorable time for surgical intervention not established at
most. Thus, this study represented patients of black-grain mycetoma infection with different
stages including early and complicated cases.
As stated in the literature review males are three times susceptible to mycetoma than females.
Nearly, males were represented 72% of black-grain mycetoma patients in this study, here the
main elucidate could be reminds; males were more infected because the causative agents of
mycetoma are more diffuse through the external environment rather than houses and thus
males are infected mostly during field working (de Sende, 2013). Another finding support
this; the most infected age of patients was between 11 – 30 years which is working ages
especially in the field.
By looking to the most infected body sites observed in the study, foot prevention could
reduce the risk of infection to mycetoma. Also the study recorded two cases of uncommon
infected body site; pre-anal, one of the two infected patients work as a horse carriage driver
while the other work as labourer, which may creates an alarm about the importance of taking
more protective measures during the working in the mycetoma endemic areas.
Unlike other chronic subcutaneous fungal infections such as chromoblastomycosis recurrence
in mycetoma is regularly documented (David JD et al., 1999), the recurrence rate of blackgrain mycetoma in study reach 21% and noticed that, the period of initial infection ranged
from 2 to 20 years, this may point to marked variation in mycetoma infection progressing
during recurrences.
Unfortunately, bone invasion with eumycetoma infection usually recognized at late stage and
unlike most other cases of bone infections due to bacteria, bone invasion during mycetoma is
untreatable. Radiological analysis such as CT scan and MRI may be required to ensure the
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accurate diagnosis, so the possibility of measurement of certain blood elements which
generally accompanied bone invasion such as serum alkaline phosphatase (ALP) (Paakkonen,
et al., 2013) may help in early detection of bones involvement.
From this study the frequency of black-grain mycetoma in the study area was 93.3%, this high
percentage was not recorded in mycetoma endemic areas before.
Most cases of black-grain mycetoma in this study came from Gezira State with percentage of
76.6%. Those cases were distributed through the seven localities but, South El Gezira (23.4%)
and Um Elqura (20%) were most affected (Figure 4.4). Greater Wad Madani locality is
located between the above mentioned localities and in spite of that it recorded 11 cases with
percentage of 10%, this is mostly due to either lacking of the entrance point of the causative
agents and or, these causative agents are found deeper in the soil due to the civilization.
Of the seven localities of Sinnar State only two localities were involved from which East
Sinnar was most affected with 18% rate (20/111).
Interestingly, 77.5% of overall cases (n=111) were aggregated in a zone of five adjacently
localities of the two states (Figure 4.5 and Figure 4.6). Undoubtedly, these five localities has
the same climatic condition as well as usability of traveling between these adjoining localities
may explains the high prevalence rate.
From the findings Gezira State was more infected with black-grain mycetoma due to
Madurella species than Sinnar, moreover, all localities of Gezira were encountered and
conversely just two localities in Sinnar were affected. This could be caused by the natural
existence of Madurella species in that environment, and also could be confirmed by the
presence of the above mentioned aggregation zone.
In line, the extensive environmental surveillance of Gezira and Sinnar State to estimate and
quantify the existent Madurella species may upstay the control progrmms in the future.
In the current study in order to rapidly obtain the genomic DNA for identification of blackgrain mycetoma agents,

the DNA was isolated directly from mycetoma grains. This

procedure used the CTAB/chloroform-isoamyl alcohol DNA extraction protocol, and the
main modifications were the using of mycetoma grains instead of fungal cultures and manual
homogenization of specimen. Black grains make a good contrast against excised biopsy and
easy to collect. Then washing with sterile saline as much as possible to remove inflammatory
exudates and tissues remnants resulted in good DNA quality. Clear DNA band was detected
even with few number of black grains ( 5 – 7 grains) which enhanced the sensitivity. Double
DNA bands was detected with only one sample, and Madurella mycetomatis was also
detected in the same sample, here either, the other bands was a contaminants and, or the
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possibility of mixed mycetoma infection or genetic hybrid in highly endemic areas ( Hamad
S. H et al., 2011).
From this study Madurella mycetomatis was extremely predominated as a causative agent of
black-grain mycetoma in the Sudan, Based on the pan-fungal primers (ITS4 and ITS5) and
Madurella mycetomatis species-specific primers (26.1A and 28.3A) used, Madurella
mycetomatis was detected in 82 DNA samples from a total of 85. This result is totally in
agreement with other mycetoma experimented author who documented that, Madurella
mycetomatis alone caused more than 70% of all mycetoma infections in Sudan (Abdalla
Osman Ahmed, 2003, Fahal A, et al., 2015).
Exclusively in this study, a strain of Madurella fahalii was reported for the second time in the
field of mycetoma and, more exclusively another strain of

Madurella tropicana was

identified as the first report in Sudan and Africa. The identification based on amplification of
ITS region using pan-fungal primers as well as nucleotide sequences detection. Both strains
were originated from Gezira state, from patients with mycetoma of foot. The importance of
Madurella fahalii detection for the second time is that, this problematic species could be
studied better when there are many clinical isolates.
Implementation of improved diagnostic tools such as multiplex PCR or multi-fungal
microarray to cover the spectrum of the existent fungal species like Madurella and other
black-grain mycetoma agents in mycetoma endemic areas may efficiently help in the
epidemiological and diagnostic studies. Such techniques were studied by other searchers in
mycology for the same or near purposes (Spiess et al., 2007)
The homogeneity of Madurella mycetomatis among 64 sequenced clinical strains was
confirmed in this study; therefore they almost shared 100% identity and showed no genetic
distances. Heterogeneity which had being expected by other authors (Ollivier et al., 2006)
seems far, because those authors analyzed ITS2 for 15 strains, only one strain originated from
the Sudan and also they finally identified 7 strains of them as either Madurella species, and or
unidentified fungal species.
The phylogenetic analysis of the ITS sequences of 66 strains of Madurella were divided them
into three clades on the base of species (Figure 4.15). From the results, the spectrum of
identified Madurella species which existed in the studied areas may up-grow if large number
of samples were examined, this species variation may affect in the selection of appropriate
antifungal.
The exact source of mycetoma infection become questionable (de Hoog et al., 2013), some
authors suggested plant thorns or animals dungs. Each of plant thorns and animals dungs
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contain big number of microbes derived from soil, plants and animals. One of the ubiquitous
and mysterious plant fungi referred to as fungal endophytes (Rodriguez et al., 2009), the later
was concernedly detected in our study with a black-grain specimen, its DNA was successfully
amplified using the pan-fungal primers with characteristic band (Figure 4.8). Furthermore,
nucleotide sequence yielded in 99% identity to reference strain of endophytic fungi from
Genbank. Concernedly, confirmatory isolation of mysterious endophytic fungi from blackgrains open a wide door to understand better how this infection began, and or we confront a
novel black-grain mycetoma pathogen.
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CHAPTER FIIVE: CONCLUSION AND RECOMMENDATIONS
5.1. Conclusions
 Madurella mycetomatis was extremely predominated as a causative agent of blackgrain mycetoma in Sudan. It responsible for 93.3% of black-grain mycetoma in Gezira
and Sinnar states.
 Madurella tropicana was detected as an exclusive black-grain mycetoma agent for the
first time in Sudan and Africa.
 Madurella fahalii was detected as an exclusive black-grain mycetoma agent for the
second time in the world since 2012.
 Males of ages of 11 to 30 years old whose work in mycetoma endemic areas are at
highest risk to black-grain mycetoma infection.
 Gezira state is more endemic with black-grain mycetoma than Sinnar state.
Additionally, All localities of Gezira state were affected, but South El Gezira and Um
Elqura localities were the most infected.
 Black-grain mycetoma in Sinnar state was recorded only from two localities which
were the closest localities to Gezira state.
 Black grain specimens of mycetoma were efficiently used for rapid extraction of the
genomic DNA and successfully applied for molecular identification and nucleotide
sequences detection.
 A total of 64 strains of Madurella mycetomatis were found to be homogenic and
showed no genetic distances in ITS region.
 Phylogenetic dendrogram of identified Madurella complex revealed three clades;
Madurella mycetomatis, Madurella tropicana and Madurella fahalii.
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5.2. Recommendations
 Development of genus-specific and even species-specific primers for diagnosis of
black-grain mycetoma is recommended to reduce the costs and time.
 Infection preventive measures against skin infections should be activated in mycetoma
endemic areas.
 Expanded study of the genus Madurella is recommended to verify the role of acacia
and animal dung's in the establishment of eumycetoma infection.
 Exclusive species such as Madurella tropicana and Madurella fahalii and known
species of the genus Madurella should be study for other biological features e. g.
virulence factors and cell wall components and their relatedness to pathogenesis and
antigencity.
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Appendix I
GenBank accessions number of some fungal species:
GenBank
Name

Source

Origin
accessions

Madurella mycetomatis

Mycetoma

Sudan

MF980615

Madurella mycetomatis

Mycetoma

Sudan

MF980616

Madurella mycetomatis

Mycetoma

Sudan

MF980617

Madurella mycetomatis

Mycetoma

Sudan

MF980618

Madurella mycetomatis

Mycetoma

Sudan

MF980619

Madurella mycetomatis

Mycetoma

Sudan

MF980620

Madurella mycetomatis

Mycetoma

Sudan

MF980621

Madurella mycetomatis

Mycetoma

Sudan

MF980622

Madurella mycetomatis

Mycetoma

Sudan

MF980623

Madurella mycetomatis

Mycetoma

Sudan

MF980624

Madurella mycetomatis

Mycetoma

Sudan

MF980625

Madurella mycetomatis

Mycetoma

Sudan

MF980626

Madurella mycetomatis

Mycetoma

Sudan

MF980627

Madurella mycetomatis

Mycetoma

Sudan

MF980628

Madurella mycetomatis

Mycetoma

Sudan

MF980629

Madurella mycetomatis

Mycetoma

Sudan

MF980630

Madurella mycetomatis

Mycetoma

Sudan

MF980631

Madurella tropicana

Mycetoma

Sudan

MF980632

Madurella fahalii

Mycetoma

Sudan

MF980633

Sphaerulina rhododendricola

Mycetoma

Sudan

MF980634

Madurella mycetomatis

Mycetoma

Sudan

MH425455

Madurella mycetomatis

Mycetoma

Sudan

MH425456
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Madurella mycetomatis

Mycetoma

Sudan

MH425457

Madurella mycetomatis

Mycetoma

Sudan

MH425458

Madurella mycetomatis

Mycetoma

Sudan

MH425459

Madurella mycetomatis

Mycetoma

Sudan

MH425460

Madurella mycetomatis

Mycetoma

Sudan

MH425461

Madurella mycetomatis

Mycetoma

Sudan

MH425462

Madurella mycetomatis

Mycetoma

Sudan

MH425463

Madurella mycetomatis

Mycetoma

Sudan

MH425464

Madurella mycetomatis

Mycetoma

Sudan

MH425465

Madurella mycetomatis

Mycetoma

Sudan

MH425466

Madurella mycetomatis

Mycetoma

Sudan

MH425467

Madurella mycetomatis

Mycetoma

Sudan

MH425468

Madurella mycetomatis

Mycetoma

Sudan

MH425469

Madurella mycetomatis

Mycetoma

Sudan

MH425470

Madurella mycetomatis

Mycetoma

Sudan

MH425471

Madurella mycetomatis

Mycetoma

Sudan

MH425472

Madurella mycetomatis

Mycetoma

Sudan

MH425473

Madurella mycetomatis

Mycetoma

Sudan

MH425474

Madurella mycetomatis

Mycetoma

Sudan

MH425475

Madurella mycetomatis

Mycetoma

Sudan

MH425476

Madurella mycetomatis

Mycetoma

Sudan

MH425477

Madurella mycetomatis

Mycetoma

Sudan

MH425478

Madurella mycetomatis

Mycetoma

Sudan

MH425479

Madurella mycetomatis

Mycetoma

Sudan

MH425480

Madurella mycetomatis

Mycetoma

Sudan

MH425481
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Madurella mycetomatis

Mycetoma

Sudan

MH425482

Madurella mycetomatis

Mycetoma

Sudan

MH425483

Madurella mycetomatis

Mycetoma

Sudan

MH425484

Madurella mycetomatis

Mycetoma

Sudan

MH425485

Madurella mycetomatis

Mycetoma

Sudan

MH425486

Madurella mycetomatis

Mycetoma

Sudan

MH425487

Madurella mycetomatis

Mycetoma

Sudan

MH425488

Madurella mycetomatis

Mycetoma

Sudan

MH425489

Madurella mycetomatis

Mycetoma

Sudan

MH425490

Madurella mycetomatis

Mycetoma

Sudan

MH425491

Madurella mycetomatis

Mycetoma

Sudan

MH425492

Madurella mycetomatis

Mycetoma

Sudan

MH425493

Madurella mycetomatis

Mycetoma

Sudan

MH425494

Madurella mycetomatis

Mycetoma

Sudan

MH425495

Madurella mycetomatis

Mycetoma

Sudan

MH425496

Madurella mycetomatis

Mycetoma

Sudan

MH425497

Madurella mycetomatis

Mycetoma

Sudan

MH425498

Madurella mycetomatis

Mycetoma

Sudan

MH425499

Madurella mycetomatis

Mycetoma

Sudan

MH425500

Madurella mycetomatis

Mycetoma

Sudan

MH425501

65

Appendix II
Gezira Mycetoma Center: Wad Madani.
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Appendix III
Affected village (Um Alqura locality-Gezira state ) : thorns and animal
dung.
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Appendix IV
Black-grain mycetoma: Multiple draining sinuses.

Recurrent black-grain mycetoma
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Appendix V
Specimen collection:
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Appendix VI
Black-grain processing:
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Appendix VII

Black-grain mycetoma: Bone involvement.
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