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Abstract

Patients with mycetoma usually present late with advanced disease, which is attributed to lack of medical and health
facilities in endemic areas, poor health education and low socio-economic status. With this background, an integrated
patient management model at the village level was designed to address the various problems associated with mycetoma.
The model was launched in an endemic village in the Sudan, between 2010 and 2013. This model is described in a
prospective, descriptive, community-based study, aimed to collect epidemiological, ecological, and clinical data and to
assess knowledge, attitude and practice (KAP) in order to design effective and efficient management measures. In this study,
the prevalence of mycetoma was 14.5 per 1,000 inhabitants. The patients were farmers, housewives and children of low
socio-economic status, and no obvious risk group was detected. All had surgery performed in a mobile surgical unit in the
village which encouraged patients to present early with small early lesion leading to a good clinical outcome. The close
contact with the Acacia tree thorns, animals and animal dung, walking bare footed and practising poor hygiene may all
have contributed to the development of mycetoma in the village. Knowledge of mycetoma was poor in 96.3% of the study
population, 70% had appropriate attitudes and beliefs towards interaction with mycetoma patients and treatment methods,
and 49% used satisfactory or good practices in the management of mycetoma. Knowledge and practices on mycetoma
were found to be significantly associated with age. Based on the KAP and epidemiological data, several health education
sessions were conducted in the village for different target groups. The integrated management approach adopted in this
study is unique and appeared successful and seems suitable as an immediate intervention. While for the longer term,
establishment of local health facilities with trained health staff remains a priority.
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Introduction

Mycetoma is a neglected tropical medical and health problem.

It is a chronic, specific, granulomatous, progressive and disfiguring

inflammatory disease caused by true fungi or by certain bacteria

and hence it is usually classified into eumycetoma and actinomy-

cetoma respectively [1,2]. Madurella mycetomatis is the common-

est causative agent for eumycetoma, while Streptomyces somaliensis
and Nocardia brasiliensis are the common causative organisms for

actinomycetoma [3,4]. Mycetoma is reported worldwide but

highly endemic in what is known as the ‘‘mycetoma belt’’ and the

Sudan seems to be the mycetoma homeland [1,2]. The true

incidence and prevalence of mycetoma world-wide is not precisely

known [5,6,7,8]. It is interesting to note that most of the reported

mycetoma data are from hospital-based studies and from patients

with advanced disease while there are few field-based observations

[9,10,11].

The triad of a painless subcutaneous mass, sinus formation and

purulent or sero-purulent discharge that contains grains is

pathognomonic of mycetoma [12,13]. It may spread to involve

the skin and the deep structures, resulting in destruction, deformity

and loss of function; occasionally it can be fatal. The foot and hand

are the most frequently affected sites accounting for 82% of cases.

In endemic areas other parts of the body may be involved such as

the knee, arm, leg, head and neck, thigh and perineum [14]. No

age is exempted in mycetoma; however, it occurs more frequently

in young male patients in the age range 20–40 years [1,5]. Most of

the affected patients are farmers and workers of low socio-

economic status [3,4], and almost 30% of reported patients are

children [15].

Currently, diagnostic tools include various imaging techniques

and methods to demonstrate the organism e.g. by molecular

techniques such as PCR or by culture; there is no reliable

serodiagnosis test. A histo-pathological specimen is useful but

definite identification of the pathogen is not always possible

[16,17,18,19,20]. It is important to note most of these techniques

are not available in majority of mycetoma endemic regions.

Patients tend to present late with massive lesions. This is

attributed to the nature of mycetoma which is usually painless and

slowly progressive, the lack of health facilities in endemic areas, the
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low socio-economic status of the affected patients and their poor

health education [1–5]. For this reason, the current treatment of

mycetoma is suboptimal, characterised by low cure rates and

frequent recurrence often leading to amputation [21]. However,

clinical experience shows that early and small mycetoma lesions

are associated with good outcome and prognosis. Presently, there

are no prevention and control measurements for mycetoma

[22,23].

The Mycetoma Research Centre (MRC) was established in

1991 under the auspices of the University of Khartoum, based at

Soba University hospital to provide high quality medical care,

research, education and teaching in the various aspects of

mycetoma and to provide integrated community development

activities in endemic areas. Since its establishment, more than

6800 patients were seen and treated at the centre (www.

mycetoma.edu.sd).

In an attempt aimed at improvement of case detection with

early diagnosis and thus better outcome, the MRC has developed

a new and innovative integrated management approach that

addresses various problems associated with mycetoma at the

village level. In this communication, we report on this integrated

comprehensive management experience in a village in the

endemic area for mycetoma in Sudan.

Materials and Methods

This prospective, descriptive, community-based study was

conducted at the Al Andalous village, at the White Nile State,

Sudan. The village was selected as in recent years, MRC records

showed high incidence of mycetoma from that village. The study

was conducted between June 2010 and June 2013 and included all

the village inhabitants. Epidemiological and ecological aspects of

the disease, clinical presentation of patients with mycetoma and

the villagers’ knowledge, attitude and practice (KAP) towards

mycetoma were investigated.

Data collection
Data were collected on demographic and ecological character-

istics as well as clinical aspects of patients with mycetoma; the KAP

data were collected using a closed-ended questionnaire. A pilot

study was conducted in the two weeks preceding the survey to

validate the data collection forms and questionnaire in a similar

village (Al Firdoos), 30 km south of Al Andalous village. The

surveyors had been trained in data collection before the study.

The study was carried out by the Mycetoma Research Centre,

University of Khartoum, in collaboration with the Mycetoma

Control Programme of the Ministry of Health of Sudan and the

University of Bakht-El-Ruda Medical School at Ed Dueim. The

capital of White Nile state situated close to the endemic area.

Demographics and ecology
The studied village was divided into three clusters and every

house in these clusters was visited by a team of three surveyors.

The head of the household was interviewed and the details of

household members were recorded. A household was defined ‘‘as

people living under one roof preparing and eating together the

same food’’.

The village’s ecological and geographic characteristics were

recorded including the type of soil, trees, plants, houses and

animals and water supply. The meteorological information was

obtained from the Sudan Meteorological Authority, 2010.

Mycetoma patients: Clinical aspects
A house to house survey was carried out and all suspected

patients were referred to the village health centre to be examined

for the presence of mycetoma by a team consisting of two

consultant surgeons, two surgical registrars and two senior house

officers in surgery. During the study period, four three-day clinics

were conducted.

The patients’ demographic characteristics were recorded and all

suspected patients had a fine needle aspiration for cytology and

grains culture. All patients underwent wide local surgical excisions

under general or spinal anaesthesia in a mobile surgical unit based

at the village health centre and all surgical biopsies were histo-

pathologically examined. All patients were followed up during the

study period by the surgical team and in between visits, by the

medical officer from the health centre and a medical assistant. All

diagnostic procedures and treatment was provided free of charge

and any other illness detected among household members during

the village survey were managed on a similar basis.

The Knowledge, Attitude and Practice (KAP) study
Households were divided proportionately at a ratio of 1:1, male

to female; the male head of the household or senior female in the

same household. The selected member from each household was

interviewed by a team of three surveyors. A direct interview

technique was used. The survey included 402 households.

The knowledge of mycetoma referred to the understanding of

the concepts of mycetoma that related to mode of transmission,

risk groups, symptoms, diagnosis, treatment and prevention. This

section consisted of 22 statements that were scored 1 or 0 for a

correct or incorrect answer respectively. Scores were summed for

each respondent and levels of knowledge were categorized as poor

[1–5], mild [6–10], satisfactory [11–15] and good [.15].

The attitudes to mycetoma referred to the degree of positive or

negative agreements with statements concerning attitudes and

beliefs in the interaction with mycetoma patients as well as

appropriate treatment methods. There were 4 statements that

were scored 1 or 0 for positive or negative attitude, respectively.

Author Summary

The Mycetoma Research Centre (MRC) in Sudan adopted
an integrated village management model in an attempt to
encourage patients to present early for treatment. The
model consisted of a house to house survey to detect
mycetoma suspected patients and to refer them for further
management, KAP, epidemiological and ecological studies.
In this study, 33 new patients were detected, and no
definite risk factor was detected. However, contact with
thorns, animals and animal dung may have contributed to
the development of mycetoma. All patients had medical
treatment and wide local surgical excisions in a mobile
surgical unit at the village, except one with massive lesion
who was referred to the MRC for further management. As
the study population’s knowledge, attitude and practice to
mycetoma were poor, several health education sessions
were conducted. This integrated management approach
proved to be practical and successful. The various
problems associated with the late presentation of patients
and poor treatment outcome were addressed simulta-
neously at village level. That had encouraged patients to
present early with small lesions with good outcome.
However, for the longer term management of mycetoma
patients, establishment of local medical and health
facilities with qualified health staff remains essential and
urgent.
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The levels of attitude scores were summed for each respondent

and grouped into five categories as totally negative [0], mild [1],

satisfactory [2], good [3], totally positive [4].

The section on practice related to mycetoma consisted of 7

statements that refer to food consumption, shoe wearing as well as

other habits. The statements were scored 1 or 0 for good or poor

practice, respectively. The levels of practice scores were summed

for each respondent and grouped into four categories as poor [0–

1], mild [2–3], satisfactory [4–5] and good [6–7].

Health education
During the study period and following analysis of the KAP data,

several health education sessions on mycetoma were conducted.

The sessions were delivered by well-trained medical students and

volunteers. In addition, health education materials were prepared

and distributed during the sessions.

Patients follow up
All patients were followed up during the study period for

evidence of recurrence by the surgical team and the health centre

staff.

Statistical analysis
Data were managed using the epidata software, incorporating

appropriate skips and range checks. Stata statistical software

version 12 was used for analysis.

Ethics statement
Written informed consents were obtained from the local health

authority, village leaders and the individual study participants and

an ethical clearance was obtained from Soba University Hospital

Ethical Committee.

Results

Demographics
The village is in White Nile State, Sudan; a known mycetoma

endemic area it is 250 kilometres south of the capital Khartoum

with a population of 2835 inhabitants divided over 405

households. All the residents are from one ethnic group; the

Hassania tribe. The villagers were mainly agriculturalists and

pastoralists. They have farms just outside the village with irrigation

from the White Nile and the main crops included sorghum, wheat,

cotton and vegetables. In addition, they rear cattle, goats and

sheep. Other animals in the village included chickens, donkeys and

dogs.

The village has two parts; an older part with poor hygiene,

where houses are overcrowded and where often many animals are

kept inside the compound or in a fenced area made of Acacia

thorny branches that surround the houses. The animals were

sheep, cattle, goats, chicken, donkeys, camels and dogs (Figure 1).

As a consequence the ground is covered with a layer of animal

dung. In the newer part of the village, the houses were separated

from each other, less crowded and have better hygiene; in only

some of the houses animals were kept in the same compound. The

village has small health centre staffed by one doctor, one

laboratory technician, one medical assistant and four nurses.

Ecology
There were different types of houses; while some were made

of bricks and mud, others were from tree branches. In most

houses, the ground was covered with straw, thorns and animal

dung.

Different types of trees were found in the village and its

immediate surroundings and that included Acacia senegal, Acacia
seyal, Acacia nilotica as well as Zizyphus spp. and Balanites
aegyptiaca. People used branches of Acacia to demarcate areas for

storage of hay or to keep animals (Figure 2).

The village has a loamy soil similar to other mycetoma

endemic Sudanese states such as Gezira and Sennar States.

Water is provided by a central pump and distributed by donkey

cart.

The daily temperatures in the dry season range from 19–

43uC with relative humidity of 21–38%. There is a short but

heavy rainy season between June and September with the

monthly rainfall reaching 136 mm; in this rainy season the

daily temperature ranges from 34–41uC and humidity 60–70%

(Sudan Meteorological Authority, 2010, unpublished data).

Prevalence of mycetoma
In the studied village, malaria, schistosomiasis and mycetoma

were the three most common health problems with mycetoma

ranking third. The prevalence of mycetoma was 14.5/1000

inhabitants. Most patients were from the older part of the village

with the prevalence of 8.3/1000 which is higher than recorded

in the newer part of the village (6.2/1000), but the difference did

not reach statistical significance (p = 0.07).

Mycetoma patients: Clinical aspects
The study included 33 patients with confirmed mycetoma; 16

(49%) were males. The age ranged between 11 and 70 years with a

median of 23 years and mean 30 years 60.25 SE). The majority

[22, (67%)] were ,30 years, (Table 1). In this study, school

children 11 (33%) were affected most, followed by farmers 8

(24%). One patient (3%) was unemployed because of the

prolonged illness and disability. Housewives constituted 21% of

the affected patient population. Most patients were born and lived

in the village; those who lived outside the village were living in

nearby villages in the same State. (Table 1)

The disease duration ranged between 0.17 and 50 years with a

median of 2 years and mean 7 years 60.3 SE). While the disease

onset, course and progress were typical, it was remarkable that 12

patients had small lesions (,5 cm) of more than 5 years duration.

Sixteen patients (48%) had previous surgical excisions and

recurrence. Seventeen patients (52%) had family history of

mycetoma and only one patient had diabetes as a concomitant

medical problem (Table 1).

The foot was most frequently affected seen in 28 (85%),

followed by the hand in 4 (12%) and gluteal region in one (3%).

The lesions ranged between small (,2 cm, n = 12), moderate

(5–10 cm, n = 9) and massive (.10 cm, n = 12). Six of the patients

had lesions with active sinuses, 12 patients had healed sinuses

while 15 patients did not have sinuses. (Figures 3, 4, 5)

In the village, there were another eight patients with past history

of mycetoma and they had been cured by wide surgical excisions

(n = 6) and limb amputation (n = 2).

All patients underwent wide local surgical excisions except one

patient who had a massive lesion, who was referred to MRC for

further management. In three patients, thorns were identified

during surgical excisions. All patients had uneventful post-

operative recovery.

The histopathological examination suggested the diagnosis of

eumycetoma due to M. mycetomatis in all of patients. All patients

were followed up regularly with a mean duration of 160.5 year

with no evidence of recurrence.

Mycetoma Management New Model
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The KAP study
Demographic characteristics of the study popu-

lation. 161 (40%) of the 403 household respondents were

males and 241 (60%) were females with 239 (59%) in the age

group between 20–40 years and 110 (27.4%) .40 years of age.

The education level assessment showed that 103 (26%) were

illiterate or obtained Khalwa (basic religious) education, 195

(49%) had received basic education, while 97 (24.1%) had

completed secondary school or higher education.

The study further showed that, 197 (49%) of the respondents

were housewives and 94 (23%) were farmers/herders. Most

(n = 350 [86.9%]) had an income ,500 Sudanese pounds (about

100 USD) per month.

Mycetoma knowledge. Overall, 254 (63%) of the respon-

dents demonstrated mild knowledge of mycetoma, 126 (31%) had

poor knowledge while only 15 (4%) had satisfactory knowledge

and none had good knowledge (Table 2).

Sources of information. The study showed that 391

participants (97.3%) heard of mycetoma. The source of informa-

tion were relatives and friends (58.2%), mycetoma patients

(32.2%), doctors (5%), villagers (3.5%) television (2.2%), radio

(2%), magazines and journals (0.5%) or health assistants (0.2%). It

was noted that participants had heard about mycetoma from more

than one source (Table 3).

Knowledge on mode of infection. The study population

believed that the causes of mycetoma were a thorn prick (51%),

stepping on animal dung (13.2%), wearing open shoes (11.2%),

stepping on stones (7%) or from direct contact with mycetoma

patients (4.7%). Less common causes mentioned included trans-

mission by air (0.2%), food (0.2%), skin wounds (2.2%), insects

(2.2%), bathing in ponds (0.7%) and inheritance (0.5%).

The majority of the respondents 307 (76.2%) believed that

mycetoma is infectious; 147 (36.6%) thought that mycetoma is

usually contracted in autumn, while 34 (8.5%) and 22 (5.5%)

believed this was in summer and winter, respectively. The majority

of respondents (192 [47.8%]) believed that farmers are most prone

to develop mycetoma, while 116 (28.9%) and 24 (6%) thought that

herders and school children were at increased risk, respectively.

(Table 3)

Knowledge of clinical presentation. Swelling was thought

to be a presenting feature of mycetoma in 118 (29.4%) of the

respondents, while 73 (19.2%) thought pain is a common feature

and 16 (4%) recognized that sinuses are a feature of mycetoma;

212 (52.7%) were aware that mycetoma discharges grains and 186

(87.7%) knew the colour of the grains is black. Few considered

fever (1.7%) and fatigue (2.5%) as symptoms of mycetoma

(Table 3).

Knowledge of investigation for mycetoma. Only 38

(9.5%) respondents were aware that X-ray examination is needed

for the diagnosis, two (0.5%) agreed that ultrasound examination is

needed, 79 (19.6%) believed that blood testing was important, 14

(3.5%) knew that culture is needed for the diagnosis while 101

(25.1%) did not know any tool for diagnosis.

Knowledge on prevention. Wearing shoes was assumed by

149 (37.1%) important to prevent mycetoma infection, 25 (6.2%)

believed that good hygiene can prevent it, 18 (4.5%) thought clean

Figure 1. Showing a typical house made of mud with roofs made of tree branches with various animals living on the compound.
doi:10.1371/journal.pntd.0003271.g001
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housing can prevent mycetoma while only one (0.2%) believed

immunization can prevent the disease (Table 3).

Attitudes related to mycetoma. Overall, 37.6% had a

totally positive attitude towards mycetoma, 32.3% had good

attitude, 22.9% had satisfactory attitude, 4% had mild attitude

while only 3.2% had a totally negative attitude (Table 3).

368 (91.5%) of the respondents believed that medical treatment and

not the traditional treatment is the best treatment option, 347 (86.3%)

preferred it because the traditional one is not effective and 303 (75.4%)

thought that the public hospitals are the best place to treat the patients.

Only five (1.2%) respondents believed in religious treatment.

The study showed that 164 (40.8%) of the respondents thought

avoiding contact with a mycetoma patient will prevent acquiring

the infection. The majority (284 [70.6%]) believed that there is no

need to isolate the mycetoma patients and 167 (41.5%) will accept

the diagnosis of mycetoma.

Practices related to mycetoma. In most of the participants,

practice was summed as mild in 44.8%, satisfactory in 32.8%,

good in 15.9% and poor in 6.5%. (Table 2)

Most of the respondents 302 (75.5%) believed that the

mycetoma patients do not need special type of food and 314

(78.1%) thought that mycetoma patients do not need to avoid any

specific type of food.

Regarding the most credible persons to provide information

about mycetoma, most of the respondents 332 (82.6%) reported

that a nurse is the most credible one and 40 (10%) of them thought

a doctor should be the person providing the information. The

majority of the respondents 255 (63.4%) reported that many

members of their families walk barefooted either at home, in the

street or while working in the field.

The study showed no statistical significant association between

knowledge, attitudes or practices of mycetoma and gender

(p = 0.139, 0.226 and 0.760, respectively), educational level

(p = 0.460, 0.152 and 0.372, respectively) and income ( p = 0.332,

0.896 and 0.414, respectively). Age was significantly associated

with knowledge and practice of mycetoma (p = 0.018 and 0.001,

respectively) while this association of age was not observed with

attitude. Occupation was not associated with knowledge or

attitude toward mycetoma (p = 0.260 and 0.212, respectively) but

it was significantly associated with practice (p = 0.002).

Discussion

Mycetoma is a neglected tropical disease that affects poor

communities; patients usually present late with advanced

disease which results in several medical, health and socio-

economic problems. Hence mycetoma has a negative impact

on patients, families, communities and health authorities in

endemic areas.

In an attempt to address these problems, the MRC adopted an

integrated village management model. It investigated the factors

that obstruct patients’ early presentation and the various medical,

health and social consequences of mycetoma and provided

immediate solutions at village level. In addition, this study is the

first comprehensive epidemiological and ecological survey on

mycetoma in an endemic area in Sudan.

Figure 2. Showing an enclosure demarcated with Acacia tree branches to keep animals or hay.
doi:10.1371/journal.pntd.0003271.g002
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The prevalence of mycetoma reported is higher than previously

published from the Sudan, Mexico, Senegal, West Africa and

elsewhere [1,6,7,8,11,12,13,14]. This prevalence is probably more

accurate as this study was field-based and involved screening of all

inhabitants. Hospital-based studies are subject to bias as to the

population who are able to seek medical advice while these factors

are eliminated by the model of care described. These obstacles

include the nature of mycetoma which is usually painless, slowly

progressive and the patients’ poor health education and financial

constraints. Amputation, still the sole treatment for advanced

disease in many centres, is feared by patients and may be a

contributing factor as well. In many mycetoma endemic areas, the

medical records and statistical information are deficient and hence

the lack of adequate data on mycetoma incidence and prevalence.

All these factors may have contributed to the globally reported low

incidence and prevalence rates of mycetoma.

In general, males are predominately affected in mycetoma with

a male to female ratio of 5:1 in most reports [1,6,7]; however, in

this study, the gender ratio (M/F) is 1: 1.1 suggesting universal and

equal exposure. This seems supported by the high prevalence of

mycetoma in school children (33.3%).

The majority of the villagers are farmers and workers who are

engaged in animal husbandry, similar to other mycetoma endemic

areas in the mycetoma belt [9–11]. There are many cattle, goats,

sheep and other domestic animals which are kept inside their

homes or in enclosures in close proximity to their homes and

surrounded by a fence of dry Acacia thorny bushes. The floors of

these enclosures and homes are covered with dry animals dung,

thorns and trash. The practice of walking barefooted in the village

is quite common and as a consequence the population is frequently

exposed to thorns pricks. All these factors may contribute to the

development of mycetoma. Currently it is unclear what the role of

animals could be; the fungus may be excreted in the dung or this

dung may promote or maintain fungal growth naturally occurring

in the soil. This is supported by the observation that mycetoma

was more common in the older, less hygienic part of the village.

However, if this hypothesis on the causation and route of

infection is true, then the natural infection is expected to be more

frequent than the reported ones. Furthermore, many patients as in

this study did not recall a history of local trauma at the mycetoma

site. Nevertheless, this merits further investigations to ascertain the

route of infection and susceptibility to mycetoma as many

observations support the hypothesis that eumycetoma is primarily

environmentally acquired and suggest that M. mycetomatis needs

special conditions for growth, as direct isolation from the

environment so far has not been possible [22].

It is unclear whether individuals in endemic areas can develop

subclinical infection and subsequent protective immunity without

developing clinical disease. This gap in our knowledge is primarily

due to the absence of accurate diagnostic tests and further studies

are needed to estimate the incidence of subclinical infection and to

provide clues on the susceptibility to mycetoma. The role of co-

infection such as schistosomiasis that is common in the village,

warrants investigation [23].

The role of genetic susceptibility is unclear; half of the patients

reported to have a family member with mycetoma; whether this is

the result of sharing the same epidemiological risk factors or

genetic or familial factors should be investigated. This is also

demonstrated currently in the lack of progression of mycetoma in

some patients; 63.6% of the patients had lesions of less than 10 cm

in diameter and 45.5% had no sinuses, while the median disease

duration was two years and as a consequence the diagnosis of

mycetoma was not always clinically suspected.

The KAP study analysis showed that most of the respondents

were females as most of the households’ heads were farmers and

herders that were engaged in field activities outside the village at the

survey time. Most of the study population proved to have low

education level and of low socio-economic status which clearly reflected

in their knowledge, attitude and practices related to mycetoma.

In the studied village, malaria, schistosomiasis and mycetoma

were the three common health problems and mycetoma ranked

third. Surprisingly, despite this, the population knowledge, attitude

Figure 3. Showing an early lesion, with no sinuses in one of the patients in the village.
doi:10.1371/journal.pntd.0003271.g003
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Table 1. Demographic characteristics of 33 mycetoma patients diagnosed at Al Andalous village, White Nile State, Sudan.

The Demographic Characteristics No. Percent

Sex

Male 16 48.5

Female 17 51.5

Age

,20 11 33.3

20,30 11 33.3

30+ 11 33.3

Occupation

Student 11 33.3

Farmer 8 24.2

Worker 4 12.1

House Wife 7 21.2

Jobless 1 3.3

Others 2 6.6

Duration in Years

,1 11 33.3

.1–5 14 42.4

.5–10 2 6.1

.10–20 3 9.1

.20–30 2 6.1

30+ 1 3.0

Pain

Yes 19 57.6

No 13 39.4

Missing 1 3.0

Trauma

Yes 16 48.5

No 6 18.2

Not Sure 11 33.3

Concomitant medical problems

Yes 1 3.3

No 32 96.7

Family history

Yes 17 51.5

No 16 48.5

History of previous surgical excision

Yes 17 51.5

No 16 48.5

Lesion site

Foot 28 85

Hand 4 12

Gluteal 1 3

Lesion diameter

,5 cm 12 36.4

5–10 cm 9 27.3

.10 cm 12 36.4

Lesion sinuses

None 15 45.5

Active 6 18.2

Healed 12 36.4

doi:10.1371/journal.pntd.0003271.t001
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and practice related to mycetoma was not satisfactory and this

necessitates the need for structured and well planned health

education programmes in the village.

Despite that, most of the respondents (96.3%) were aware of

mycetoma, only few (3.7%) had satisfactory in depth knowledge of

the disease. This is in line with a KAP study on leprosy reported

from endemic areas in the Sudan [24], where the knowledge about

the pathological cause of leprosy was lacking but the clinical

manifestations were well recognized as there were a considerable

numbers of patients in the community.

It is interesting to note that, the most important source of information

among the study population was relatives and friends and this may

explain the poor in depth knowledge encountered in this study.

The study showed that most of the respondents had positive

attitudes and beliefs with regard to interaction with mycetoma

patients. Due to the concept of the extended families in the Sudan,

the mycetoma patients are looked after by their families and that

may contribute to the positive attitude to the patients seen in this

study. This is quite different from the negative attitude of various

populations to other chronic inflammatory disease with deformity

and disability such as leprosy and tuberculosis [24,25,26]. This can

be explained by the fact that these diseases are contagious and the

deformities are more general whereas mycetoma is not infectious

and more localized.

Most respondents believed that medical treatment in public

hospitals is the best option as most had tried native and traditional

treatments for many medical conditions including mycetoma

without much success. However, medical treatment for mycetoma

proved to be expensive or not available in the endemic regions and

patients need to travel to specialised centres for treatment. Patients

in endemic areas need medical and health support and this model

is a good option in providing care.

Practices with regard to role of food and wearing shoes clearly

need improvement; and an intervention by providing shoes may

be considered as the foot is most commonly affected.

The clinical management at field level proved adequate;

diagnosis could be made by FNA with confirmation later by

culture or biopsy result. All patients had wide surgical excisions

with uneventful post-operative outcome. While mycetoma patients

often present with long standing and massive deformity and

disability, it is clear that, this new management model was useful in

detecting small lesions amenable to treatment with good prognosis

[27,28]. On the other hand, the study detected patients with long

standing and massive disease and one patient had multiple

recurrent lesions and amputation.

In endemic areas, screening programmes to increase public

awareness of mycetoma and to enhance early detection are

mandatory. Such programmes should include self-examination,

clinical examination performed by health professionals and

timely referral to specialised centres. These measurements

should be adopted as they will reduce the disease and treatment

morbidities.

Figure 4. Showing classical mycetoma on the foot with sinuses discharging black grains in one of the patients.
doi:10.1371/journal.pntd.0003271.g004
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The way forward
Currently there is no control or preventive programme in

mycetoma. In order to achieve disease control, many questions

need to be answered and these include identification of the

organisms involved, estimation of the incidence rate of clinical and

subclinical infection and ecological studies that focus on transmis-

sion risk and infection route. These were among the objectives of

this long term longitudinal study and will be the subject of further

surveys in the near future.

Health education is clearly needed and the use of media such as

the radio, television, newspapers, journals and brochures are

important tools. However, in this study, the media was not a major

information source due to the lack of objective and well-planned

health educational programmes addressing mycetoma issues.

Furthermore, the majority of the population were illiterate and

of low socio-economic background and the television, newspapers

and journals are a luxury and unaffordable. However, the use of

mobile phones is being explored more and more in patient

management and health education and perhaps this approach

may be valuable for mycetoma as many individuals in the studied

village had mobile phones.

Many studies showed that mycetoma commonly affects school

children [3,4,15], therefore there is a critical need for targeting

health messages through schools and teachers in order to reach

this most susceptible group. This will empower the school children

with the basic knowledge and skills which will ultimately protect

them from acquiring mycetoma; this was achieved in this study.

Medical and health professionals were the least information

source in this study, despite the fact that primary health care

represents the core of health service in this country; better training

and supervision are important.

In this study, medical students from the local Bakht el Ruda

University have actively participated in conducting the survey and

health education programme in the village. This is to be encouraged

as it helps to raise the population awareness and provides health

education; it obviously constitutes an opportunity to train medical

students in the various community development activities and issues.

Table 2. Knowledge, Attitude and Practice towards mycetoma among Al Andalous village’s population, White Nile State, Sudan.

Knowledge of Mycetoma Grade Number (N = 403) Percent

Poor [1–5] 126 31.3%

Mild [6–10] 254 63.0%

Satisfactory [11–15] 15 3.7%

Missing 08 2.0%

Attitude to Mycetoma

Totally negative [0] 14 3.5%

Mild [1] 16 4.0%

Satisfactory [2] 92 22.8%

Good [3] 130 32.3%

Totally positive [4] 151 37.5%

Practice related to Mycetoma

Poor [0–1] 27 6.7%

Mild [2–3] 180 44.7%

Satisfactory [4–5] 132 32.8%

Good [6–7] 64 15.9%

doi:10.1371/journal.pntd.0003271.t002

Figure 5. Showing a woman with recurrent the right hand
mycetoma and a left below knee amputation due to myceto-
ma.
doi:10.1371/journal.pntd.0003271.g005
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In conclusion, the integrated management approach adopted in

this study is unique and appeared successful; the various problems

associated with mycetoma were addressed simultaneously: epide-

miology, ecology, KAP in the community and immediate patient

diagnosis and management, including follow-up. This was

achieved in a joint effort by the specialist team and the local

community.

We propose this management model for immediate implemen-

tation in mycetoma endemic areas in the short term, while for the

longer term, strengthening of the local health services which

includes training of health workers and providing improved

infrastructure with adequate diagnostic and treatment facilities

should be a priority. The model may be applicable to other

neglected tropical diseases.
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