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Geographical distribution of mycetoma cases in senegal over a
period of 18 years
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2Aristide Le Dantec Hospital, Dakar, Senegal Background: Mycetoma is a pathological process in which fungal or actinomycotic
Correspondence agents of exogenous origin produce grains. In the absence of data on the global bur-
Aida Sadikh Badiane, Cheikh Anta Diop den, it is important to map mycetoma cases, which are useful to implement control
ey ol Dt | sttege,
Objective: The objective of this study was to map mycetoma cases diagnosed in
Senegal over a period of eighteen years.
Methodology: The cases of mycetoma identified in the laboratory of Mycology at
Aristide Le Dantec Hospital were extracted from the notebooks; information on the
dates of collection, geographical origin and fungal agent identified was entered in
Excel and analysed.
Results: Three hundred and thirty-seven cases of mycetoma were diagnosed from
1993 to 2016 at Aristide Le Dantec Hospital. Mapping shows that overall, the west-
ern zone presented the majority of cases 47% (120), followed, respectively, by the
central zone 32% (80), the northern zone 18% (47) and the southern zone 2% (6).
However, over the years, this distribution is different with a decrease in cases from
the periods 1993-2000 and 2011-2016 of 19% in the western and a progressive in-
crease of cases in northern and central zones of, respectively, 13% and 14%. In the
1990s, the cases were predominant in Dakar, Louga and Diourbel. During 2011-2016,
Thies, Diourbel, Fouta and Louga presented more cases.
Conclusion: The spatial distribution of mycetoma in Senegal changed over the years,
most frequent in the west of the country, and during 1993 to 2000, mycetoma is now
more common in the north.
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1 | INTRODUCTION are much more inflammatory for actinomycetoma than for eu-
mycetoma; however, biological confirmation is mandatory as the
Mycetoma is a chronic condition caused by two groups of patho- treatment is different. The evolution of the disease is chronic
gens, namely the fungi determining eumycetoma and the bacte- and very often the diagnosis is late, leading to spectacular lesions

ria causing actinomycetoma. The production of pus and grains or with a reduction in patient mobility, the foot location being most
granules is the characteristic of mycetoma. Clinically, the lesions common.!
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The first case of African mycetoma was diagnosed in Senegal in
the city of Saint Louis in 1894 by the French physician Aristide Le
Dantec. Since then, several epidemiological studies have been con-
ducted in the country describing the clinical and biological aspects.”

Mycetoma mainly affects poor rural people, living in areas where
local healthcare facilities are usually insufficient and/or lack medi-
cal specialists. The treatment is problematic and not codified. The
treatment of fungal mycetoma was based mainly on surgery and for
actinomycetoma antibiotics are used. Currently, several triazole an-
tifungals including itraconazole, voriconazole and posaconazole are
tested for the cure of eumycetoma'®; however, these drugs are not
available in most endemic countries in Africa.

Although mycetoma is endemic in several countries, its preva-
lence is not known. Several cases have been reported in endemic
countries without being able to determine prevalence or incidence.
All these problems have aroused the interest of mycetoma special-
ists and with advocacy, the disease has been listed since 2016 on the
WHO list of neglected tropical diseases (NTDs). Despite this, so far,
not much attention is devoted to mycetoma and very little is known
about these conditions. Indeed, the mode of contamination is still
not established with certainty.

It is admitted that it occurs by transcutaneous inoculation during
an injury with plants, and cases have been reported finding debris
or the patient remembering an injury.%**'2 Mycetoma is reported
in countries located between the 30°N and 15°S; this covers in
Africa: Sudan, Nigeria, Mauritania, Ethiopia, Tchad, Kenya, Djibouti,
Cameroon, Somalia, Tunisia, Niger and Senegal 2>’

In Senegal, the cases of mycetoma diagnosed in the country are
mostly patients attending the specialised health structures, and the
reported cases would be just the tip of the iceberg because most
patients do not often visit clinics, due to economic reasons.

Although endemic countries are known, the distribution of cases
within countries is not available for many countries. An estimation
of the global burden of mycetoma was conducted in 2013% for en-
demic countries but it is important to map these cases within each
country, to guide management. Mycetoma is a rural disease, and
therefore, climate changes and the modernisation of African cities
could change the geographical distribution within endemic coun-
tries. Indeed, in most African countries changes in the environment
with the construction of new cities could drive to a reduction or a
redistribution of the plants that seem to be responsible of the con-
tamination. Therefore, a change in the geographical distribution of
mycetoma within a country could occur overtime. In the absence of
prevalence data, mapping the cases within countries is needed to
guide strategies for controlling the disease.

All these factors should be taken into account to implement
control strategies as this could have an impact in the prevalence of
mycetoma. The first study that mapped mycetoma cases within a
region was conducted in the 1950s in Sudan.?! But, in most endemic
countries only census of mycetoma cases with clinical description of
the lesions and the species responsible are reported.

The objectives of this study were to map mycetoma cases di-
agnosed in the laboratory of Parasitology-Mycology University
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Hospital (CHNU) Aristide Le Dantec in Senegal over a period of ap-
proximately 20 years.

2 | METHODOLOGY

This retrospective study was conducted at the laboratory of
Parasitology and Mycology at Aristide Le Dantec Hospital of Dakar,
Senegal. The registers consulted cover the period from 1993 to
2000 and from 2005 to 2016. The registers from 2001 to 2005 were
not included because they could not be found. The records of myce-
toma cases diagnosed in the laboratory were used to collect and map
cases using the geographical origin of each patient. Other studies on
these cases have already been published concerning the clinical and
biological aspects.*?

Patients received during this period had come to the laboratory
with a prescription of mycetoma diagnosis. These cases have been
diagnosed using classical methods performed on the pus containing
the grains.

From the registers, mycetoma cases were collected and the fol-
lowing data were recorded and entered into Excel: sampling date
(day and year), geographical origin of the patient from which GPS
coordinates were determined, the colour of the grains and/or the
type of agent (fungal or actinomycotic). The GPS coordinates were
not used to localise up to the neighbourhood level, only the region
was determined.

Data were analysed using Excel.

2.1 | Ethics statement

The authors confirm that the ethical policies of the journal, as noted
on the journal's author guidelines page, have been adhered to. No
ethical approval was required as this study used routine data from
the hospital.

3 | RESULTS

During this period of eighteen years, 337 cases of mycetoma were
diagnosed, 39% (132 cases) during the period 1993 to 2000 (7 years),
30% (100 cases) between 2005 and 2010 (5 years), and 31% (105
cases) between 2011 and 2016 (5 years; Figure 1A).

The geographical origin was available for 275 of the patients al-
lowing the determination of GPS coordinate used to map the cases.
Among these mycetoma cases, 253 came from Senegal and 22 out-
side of the country; Mauritania (18 cases), Mali (three cases) and
Cape Verde (one case). Only cases from Senegal were included in
the analysis. To conduct the analysis, the country was divided into
four zones according to the climate; the west (Dakar and Thies),
the centre (Diourbel, Kaolack, Kaffrine, Fatick), the north (Saint
Louis, Fouta, Louga, Matam), where the climate is Sudano-Sahelian,
and the south (Sedhiou, Kolda, Tambacounda, Ziguinchor) with a
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FIGURE 1 A, The frequency of mycetoma cases according to the period. 337 cases were collected, 39% (132 cases) during the period
from 1993 to 2000 (7 y); 30% (100 cases) between 2005 and 2010 (5 y), 31% (105 cases) between 2011 and 2016 (5 y). B, The frequency
of mycetoma cases according to geographic localization. Among the 337 cases collected, 253 were from Senegal with GPS coordinates

—

available. 47% (120) of the cases were found in the West, 32%

Regions Eumycetoma cases Actinomycetoma cases
Dakar 53 (66.25%) 22 (27.5%)
Thies 20 (50%) 15 (37.5%)
Diourbel 16 (61.54%) 9 (34.61%)
Saint-Louis 18 (66.67%) 8(29.63%)
Louga 24 (68.57%) 8(22.86%)
Matam 2(33.33%) 3(50%)
Sedhiou 1(100%) 0 (0%)
Tambacounda 3 (100%) 0 (0%)
Ziguinchor 0 (0%) 0 (0%)
Kaffrine 0 (0%) 1(100%)
Kaolack 1(25%) 3(75%)
Fatick 6 (42.86%) 4(28.57%)
Fouta 10 (71.43%) 0 (0%)
Total 154 (61.11%) 73(28.97%)

80) in the Centre, 18% (47) in the North and 2% (6) in the South

TABLE 1 Repartition of eumycetoma

Undetermined cases . .
and actinomycetoma across the regions

5(6.25%)

5(12.5%)

1(3.85%)

1(3.70%)

3(8.57%)

1(16.67%)
0%

0 (0%)

1(100%)

0 (0%)

0 (0%)

4(28.57%)

4(28.57%)
25 (9.92%)

Note: Eumycetomas were predominant in all the regions except in Kaolack, Kaffrine and Ziguinchor
which are, respectively, located in the centre and the south, but the number of cases in these

regions is too small.

Sudanian climate. In the Sudano-Sahelian climate, there is a dif-
ference of temperature between the regions and in Senegal; the
highest temperatures are found, respectively, in the north and the
centre. In the north, the temperatures could easily exceed 45°C
during the dry season between April and May and reach 40°C
during October and November. In general, during the dry season
the temperatures in Senegal could exceed 40°C except in the west
(Dakar, Thies). The Sudanian climate is characterised by a longer
rainy season compared to the Sudano-Sahelian climate, during
which the temperatures diminish. The temperatures are high during
the dry season and could reach 40°C in Tambacounda where the
heat is more accentuated than Kedougou, Kolda or Sedhiou.
Overall, 47% (120) of the cases were found in the west, 32%
(80) in the centre, 18% (47) in the north and 2% (6) in the south

(Figure 1B), using a Kruskal-Wallis test, and the difference was not
significative (P = .39).

In the west, 31.62% (80) of cases came from Dakar and 15.81%
(40) from Thies (2A).

In the centre, 10.27% (26) of patients lived in Diourbel, 5.53%
(14) in Fatick, 1.58% (04) in Kaolack and 0.40% (01) in Kaffrine (2A).

In the north, the cases were recorded 10.67% (27) in Saint Louis,
13.83% (35) for Louga, 5.53. % (14) in Fouta and 2.37% (6) for Matam
(2A).

In the south, six cases were diagnosed, Sedhiou, Kolda and
Ziguinchor recorded each 0.40% (1) of the cases and Tambacounda
1.18% (3) (2A).

Overall, for the cases diagnosed in Senegal, eumycetoma ac-
counted for 61.11%, actinomycetoma for 28.97% and the type of
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FIGURE 2 Frequency of mycetoma agents in Senegal. The most frequent agents were: Madurella mycetomatis (52%), Actinomadura
pelletieri (24.19%), Falciformispora senegalensis (7.66%), Actinomadura madurae (7.25%). Pseudallescheria boydii known as Scedosporium
apiospermum (1.61%), Streptomyces somaliensis (2.41%), Scedosporium sp (1.21%), Scopulariopsis spp (1.21%) were less frequent. Other species
were noted such as Acremonium (0.80%), Nocardia (0.80%), Fusarium (0.40%) and Penicillium (0.40%)

agent could not be determined for 9.92% of the cases (Table 1).
Despite the regions, eumycetomas were predominant except in
Kaolack and Kaffrine where, respectively, 3 and 1 actinomycetes
were recorded (Table 1). The most common species reported were
Madurella mycetomatis (52%), Actinomadura pelletieri (24.19%),
Falciformispora senegalensis (7.66%) and Actinomadura madurae
(7.25%) (Figure 2). Others species were identified at lower fre-
quency (Figure 2). There was no difference in the species distribu-

tion across the country.
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98% of the mycetoma cases were recorded in the Sahelo-
Sudanian climate (west, centre and north).

Between 1993 and 2000, 58% (59) of mycetoma cases were re-
corded in the west, 14% (14) in the centre, 26% (26) in the north and
2% (2) in the south (Figure 3A). During the period 2005 and 2010, 47%
(38) of the patients were from the west zone, 35% (28) from the north
zone, 14% (11) from the central zone and 4% (3) from the south zone
(Figure 3A). Between 2011 and 2016, 39% (28) of the patients were
from the north zone, 32% (23) from the west zone, 28% (20) from the

Dakar  Thies Saint Fouta Louga Matam Diourbel Kaolack Kaffrine Fatick
Louis
West North Centre
—& -1993-2000 =®= 2005-2010 --@®--2011-2016

FIGURE 3 A, The frequency of mycetoma cases according to the period and the zones. The West presented more cases during 1993-
2000 and 2005-2010. But between 2011 and 2016, the North presented more cases followed by the Centre while the south had less cases
despite of the period. B, Temporal evolution of mycetoma cases by regions in Senegal. Between 1993 and 2010, Dakar and Thiés presented
more cases than the other regions. Thiés, Fouta and Diouribel presented an increase of cases between me periods 2005-2010 and 2011-

2016 while in Dakar a decrease was noted
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central zone and 1% (1) from the south zone (Figure 3A). The difference
was not statistically different (Kruskal-Wallis, P = .98).

Between the periods 1993-2000 and 2011-2016, a decrease of
19% of the cases in the western and a progressive increase of cases
in northern and central zones of, respectively, 13% and 14% were
noted. In the Sahelo-Sudanian zone, 98% of mycetoma cases were
recorded, and Diourbel, Thies and Fouta presented an increase over-
time (Figure 3B).

Dakar in 1993-2000 (48.48%) and 2005-2010 (31.16%) pre-
sented more cases than the other regions. Matam, Kaffrine and
Kaolack presented less cases regardless of the period (Figure 3B).

4 | DISCUSSION

Mycetoma is a worldwide infectious disease but its distribution is
not even. Epidemic countries include Senegal where several cases
had been notified." This present study was conducted to map the
cases of mycetoma from Senegal. All cases of mycetoma recorded
in the laboratory notebooks and indicating the geographical origin
of patients were included. Clinical and biological aspects of these
cases were published elsewhere.’”? During this period, 337 cases of
mycetoma were diagnosed, and for 275 patients, the geographical
origin was available and 223 were from Senegal and 22 cases were
from Mauritania, Mali and Cape Verde.

FIGURE 4 The frequency of mycetoma
cases according to the regions. West:
Dakar (31.62%) Thies (15.81%). Centre:
Diourbel (10.28%), Fatick (5.53%), Kaolack
(1.58%), Kaffrine (0.4%). North: Louga
(13.83%), Saint-Louis (13.83%), Fouta
(5.53%), Matam (2.37%). South: Sedhiou,
Kolda and Ziguinchor (0.40% each)
Tambacounda 1.18%

98% of the cases were found in the Sudano-Sahelian zone
encompassing the north, the west and the centre of the country,
where rainfall is between 300 and 700 mm/y, compared to the
Sudanian zone represented by the south with a rainfall exceed-
ing 700 mm/y.?? Thus, the distribution of mycetoma cases is in
agreement with the rainfall distribution and follows a north-south
gradient.

Despite the climate being more desert in the north, more cases
were found in the west and the centre.

Overall, the west presented more cases followed by the cen-
tre, the north and the south. The north with a desert climate was
expected to present more cases, but in addition to nature-related
factors, the proximity of health services could explain the predom-
inance of cases in the west and the centre. In fact, there are few
mycology laboratories in Senegal and all are in the capital Dakar
located in the west and also there are very few dermatologists
out of Dakar. Nevertheless, mycetoma is a rural disease and most
patients are not accustomed to go to healthcare facilities and pre-
fer to use traditional medicine which underestimate the reported
cases. Geographically, the centre is closer to Dakar and has a tech-
nical platform with more medical specialties, compared to the rest
of the country with the exception of the regions of Dakar (67%)
and Thies (33%).

There is variation in the distribution within each zone, and in the
west, Dakar presented more cases than Thies. Within the central
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zone, the majority of cases arose in Diourbel (58%) and Fatick (31%).
In the north, Louga (43%) and Saint Louis (33%) recorded more cases
than Fouta and Matam. It would be expected that within a zone, the
most rural regions will present a higher prevalence, but the absence
of healthcare facilities could underestimate the cases in rural areas
compared to the cities. In addition, these rural populations cannot
afford the diagnosis and treatment and do not usually have health
insurance or universal health coverage.

However, the temporal evolution of mycetoma distribution in
Senegal showed a change over the years, and indeed, from 1993 to
2000, the west concentrated the majority of cases but a decrease
was noted from 2005, as well as a gradual increase in the northern
and central areas.

The change in the distribution across the country could be due
to the augmentation of the rainfall occurred starting at 2000 in all
of the country with a series of inundation in the west and mostly in
Dakar due to urbanization problems.22 In fact, this increase in rain-
fall could explain the reduction of cases in the west.

Despite the difference in rainfall between the west and the
north, the interannual variation concerns all the country,?® so the
difference between the changes in the distribution is more likely due
to the availability of the healthcare facilities and the changes in the
urbanisation.

In fact, during the period 1993-2000, more than half of the cases
(58%) came from the western part of Senegal represented here by
two regions namely Dakar and Thies and in this area nearly 2/3 of
the cases came from the Dakar region. This corresponds to a period
during which Dakar presented large spaces with areas that were not
inhabited and where some plants grew. In those spaces spiny plants
such as Faidherbia albida, Parinari macrophylla, Maytenus senegalensis,
Ximenia americana, Eleais guineensis (oil palm) bordering the Niayes,
and Casuarina equisetifolia (Filao),>* that could transmit the patho-
gens where found, and this could explain the frequency of this my-
cetoma in the peri-urban area of Dakar. Since then, the city of Dakar
has undergone profound changes over the last 20 years with more
built space at the expense of vegetation, explaining the decrease of
the cases in 2011-2016.

In fact, it is recognised that the transmission of mycetoma
agents usually occurs during an injury that introduces the infec-
tious agent into the body, and plants have often been implicated in
this mode of transmission.!12

Dakar, Thies, Diourbel and Louga presented more cases overall,
but there is an increase of the cases for Thies and Fouta during 2011-
2016, while in Louga and Diourbel, there is a decrease during the
same period (Figure 3B).

Fungal agents were responsible for more mycetoma cases with
61.1% (Table 1), and this is in concordance with what has been found
by other studies conducted in the country.>” The most common
species were Madurella mycetomatis (52%), Actinomadura pelletieri
(24.19%), Leptosphaera senegalensis (7.66%) and Actinomadura mad-
urae (7.25%) (Figure 4).>7 However, no difference was observed in
the species distribution across the country; regardless of the zone,
eumycetoma was predominant.

Diagnosis, Therapy and Prophylaxis of Fungal Discases.

This study was retrospective and used the information available
in the laboratory records; thus, several cases of mycetoma were ex-
cluded because the geographical origin of the patient was not men-
tioned. Moreover, concerning the identification of the mycetoma
agents, for the most part only a group diagnosis could be obtained,
that is fungal or actinomycotic, which prevented a mapping of the
cases according to the infectious agents responsible.

5 | CONCLUSION

Mycetoma, although endemic in several countries and included
in the list of NTDs, remains a disease of unknown prevalence and
incidence, and without a control programme. In this study, it is
clear that there is a redistribution of cases in Senegal due to geo-
climatic changes and infrastructure evolution. There is a need for
a census and mapping of mycetoma cases in endemic countries
to better understand the epidemiology of these diseases and to
guide control measures. For a good establishment of mycetoma
mapping, it is crucial to implement case finding system in endemic

countries.
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