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Abstract

Background

Mycetoma, a chronic infection of the skin and underlying structures, affects those with a

close relationship to the land, often in resource-poor areas of the world. Whether caused by

any one of a variety of fungus or bacteria, mycetoma causes significant disability and mortal-

ity. Acknowledged as a neglected tropical disease (NTD) by the World Health Organization

(WHO) in 2016, mycetoma is susceptible to being misunderstood, misdiagnosed, and mis-

managed. In an effort to shift the balance in favor of recognition and effective treatment,

sound epidemiological understanding is required.

Methods and findings

In this paper, a literature review of case reports and series (332 papers in total) is presented

as three maps. We identified 19,494 cases dating from 1876 to 2019, with cases contracted

in 102 countries. The first map shows where mycetoma has ever been reported, the second

shows how many cases have been reported, and the third shows the ratio of eumycetoma

(fungal) to actinomycetoma (bacterial). Most cases are found in Mexico, India, and Sudan,

where mycetoma is studied rigorously. We identified emergence of new geographical loci,

including the United States, Venezuela, Italy, China, and Australia. Notably, mycetoma is

reported far outside the tropics. In the Americas, bacterial forms dominate, whereas, in

Africa and Asia, the picture is more varied.

Conclusions

With better understanding of the epidemiology of mycetoma, more can be done to direct

education, preventive measures, and treatment to at-risk areas, enabling a reduction in dis-

ease burden.
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Author summary

Mycetoma is an ancient and misunderstood chronic disease. Affecting the skin and subcu-

taneous structures, infection often occurs in the feet of land laborers and can be caused by

several otherwise rare human pathogens. Traditionally seen as a tropical disease, it affects

those in resource-poor regions. The best methods of diagnosis are rarely available in these

areas; late diagnosis increases the need for invasive surgical treatment. Available medical

treatment can be prohibitively expensive. Early diagnosis and identification of the causa-

tive agent is necessary for effective treatment. For this paper, a literature review was

undertaken to find all published cases of mycetoma linked to a location and the data used

to create three maps. The maps show where mycetoma has ever been reported, how many

cases have been reported, and what kind of microorganism was present. We included

19,494 cases, most of which occurred in Mexico, Sudan, and India. Notably, some cases

arose far outside the tropics. In the Americas, most cases are bacterial; elsewhere, the pic-

ture is more varied. Many gaps remain in the epidemiological study of mycetoma, but this

paper aims to shed light on the significant reach of the disease, with a view to increasing

its visibility on the global stage and, therefore, the scope for reducing the burden of this

neglected tropical disease.

Introduction

Mycetoma, a chronic [1] infection of the skin and underlying structures [2], leads to significant

disability [3] and mortality [4]. It can be caused by any one of several fungi (eumycetoma) [5]

or bacteria (actinomycetoma) [6], some more common than others (Table 1). As a “socioeco-

nomically biased disease” [7], mycetoma disproportionately infects those in low-income

regions, mostly affecting young male field workers [8]. Thus, significant financial strain [9] (at

a societal [10] and personal level) ensues. Mycetoma was acknowledged as a neglected tropical

disease (NTD) by the World Health Organization (WHO) in 2016 [11] and continues to evade

efforts to estimate its true burden [12].

Sometimes taking years to manifest [15], infection involves swellings [16], usually on the

feet [13]. The resulting sinuses exude “grains” of fungal or bacterial matter [8]. For diagnosis,

the clinical triad of a subcutaneous mass, grains, and sinuses is often used [16], supplemented

Table 1. Common and uncommon causative agents of eumycetoma and actinomycetoma [13,14].

Fungi Bacteria

Common agents Madurella mycetomatis (M. mycetomi) and sister species M. pseudomycetomatis, M. fahalii, M. tropicana
Trematosphaeria grisea (Madurella grisea)
Medicopsis romeroi (Pyrenochaeta romeroi)

Actinomadura pelletieri
A. madurae
Streptomyces somaliensis
Nocardia brasiliensis
N. asteroides

Uncommon agents Neotestudina rosatii
Scedosporium spp.

Curvularia lunata
Falciformispora senegalensis and F. tompkinsii (Leptosphaeria spp)
Biatriospora mackinnonii (P. mackinnonii)
Pseudochaetosphaeronema larense
Aspergillus nidulans
Rhytidhysteron rufulum
Roussoella spp.

Emarellia paragrisea

N. farcinica
N. otitidiscaviarum (N. caviae)
A. israelii

Note that with modern taxonomic revision, especially of the agents of eumycetoma, frequency is approximate. Previous names are shown in brackets, when available.

https://doi.org/10.1371/journal.pntd.0008397.t001
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by imaging and laboratory techniques [2]. In practice, many endemic regions simply do not

have the financial resources to carry out these necessary tests [16].

Eumycetoma has been reported more in Africa, actinomycetoma more often in South and Cen-

tral America [8]. To treat, clinicians need to distinguish between the bacterial and fungal form of

mycetoma [6]; cure of both is possible [16]. For actinomycetoma, this consists of long-term combi-

nation antibiotic treatment, given in cycles [17]. Eumycetoma responds poorly to the few effective

medical therapies that exist, so surgical treatment is common [18]; amputation is a last resort [19].

Antibiotics and antifungals effective in the treatment of mycetoma are included in the WHO

Model List of Essential Medicines [20], but the long duration of treatment [8] and monitoring [16]

means they may be prohibitively expensive [2]. In Sudan, for example, treatment with itraconazole

can cost US$26 per day [21]. Thus, there is a clear need for new, effective diagnostics and treat-

ments, accessible to those who need it; simple yet innovative approaches could prove fruitful [5]

(for example, staining mycetoma grains with henna for histological analysis[12]).

Traditionally, the literature talks of a “mycetoma belt” in which most cases of mycetoma are

reported. Some authors define it by the countries it encompasses (e.g., “Venezuela, Chad, Ethio-

pia, India, Mauritania, Mexico, Senegal, Somalia, Sudan, and Yemen”: WHO website) [22], oth-

ers by its geographical latitude, given as between 30˚N and 15˚S [23], others still by the wider

label of “tropical and subtropical” regions [7]. Clearly, the definition varies between authors,

which begins to highlight the inadequacy of epidemiological research on mycetoma; few reports

detail its true global distribution. The first such map was produced by Magana in 1984 (Fig 1)

[24]; the only one to follow was by van de Sande in 2013 (which was updated in 2018): it

included 17,607 cases worldwide [12,13]. Despite the time gap between them, the findings are

similar in that Mexico, Senegal, Sudan, and India report most cases, while countries outside the

“mycetoma belt” experience a lesser burden. We have updated these maps to present all cases

ever reported in the literature and document the ratio of actinomycetoma to eumycetoma.

Methods

Search strategy and inclusion criteria

A literature search of Healthcare Databases Advanced Search (HDAS) was carried out, country

by country, for case series or case reports from PubMed, Medline, and Cumulative Index to

Fig 1. World distribution of mycetoma, 1984 adapted from Magana [24].

https://doi.org/10.1371/journal.pntd.0008397.g001

PLOS NEGLECTED TROPICAL DISEASES

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008397 September 24, 2020 3 / 13

https://doi.org/10.1371/journal.pntd.0008397.g001
https://doi.org/10.1371/journal.pntd.0008397


Nursing and Allied Health Literature (CINAHL). Using Boolean operators, the search term

for titles and abstracts was “(mycetoma OR “Madura foot”) AND country.” A search of reviews

and ongoing trials in each country was conducted using Cochrane Library, with the same

terms. The list of countries was obtained from United Nations (UN) International Trade Sta-

tistics Country Codes [25], with reference to historic country nomenclature from Nations

Online [26]. Countries are organized into geographic regions, in line with UN standard area

coding for statistical use [27].

New and old names of organisms were retrieved using PubMed literature searches. Papers

in English, French, Italian, and Spanish were included, and automatic translation in Google

Chrome was used for other languages, when possible. Their abstracts were read to ascertain

relevance: Papers describing “mycetoma” of the internal organs were excluded, as were papers

that did not specifically state from which country or time period the data was collected. Finally,

this collection of papers was expanded by reference to their secondary sources. Case series

were prioritized, with case reports only being used if case series were absent or very small (at

the authors’ discretion). In total, 332 papers were included (detailed in Appendix [14]).

Use of data

The Specialist Unit for Review Evidence (SURE) checklist [28] from Cardiff University was

used to assess the reliability and usefulness of each case report and series. For the purposes of

this paper, cases were included as “autochthonous,” unless the patient’s nationality was stated

as foreign or if the report mentioned migration or travel on the part of the patient (in which

case the paper was excluded to avoid duplication). In general, case series from particular coun-

tries were presumed to include autochthonous cases only, unless stated otherwise. If a series

contained information on a case from another country, this case was not included in either the

host or native country’s data.

Once the relevance of a paper was ascertained, it was read to determine the year of study,

country of origin, number of cases, type (eumycetoma or actinomycetoma), and species of the

predominant causative microorganism. The most common causative organisms for each paper

were noted and tallied in a table to determine which organism was reported most frequently in

regions (where data was available). When possible, data were used to calculate the percentage

ratio of eumycetoma to actinomycetoma. When case series dates overlapped in a country, calcu-

lations with average incidence per year (rounded down to avoid duplication) were made to cor-

rect the overlap and account for as many cases as possible, in an attempt to compensate for the

tendency of mycetoma incidence to be underestimated [7]. When no specified dates were men-

tioned for data collection, the year of publication was assumed to be the reference year.

After collating the data in a spreadsheet, Quantum Geographic Information System (QGIS)

software was used to create the maps. Shapefiles were obtained from Natural Earth [29]

(http://www.naturalearthdata.com/about/terms-of-use/).

Using QGIS, the data for the number of cases reported by country were categorized into

sets, arranged by the number of cases: “less than 10,” “10–50,” “51–100,” “101–500, and “more

than 500.” These categories were chosen to facilitate interpretation because they correlate with

previous research into the distribution of mycetoma. Only United Nations–recognized states

(as illustrated as the United Nations International Trade Statistics Country Codes) [25] are

used in the maps.

Results

In total, 332 papers were included in the data set, numbering 19,494 cases dating from 1876 to

2019 [14]: a higher total than previous papers [12]. Fig 2 details whether or not mycetoma has
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ever been reported as originating in a given country. To date, according to our literature,

mycetoma has been contracted in 102 countries [14], many outside the “mycetoma belt.” The

highest number of cases was found in Sudan (10,608), but many countries only reported 1

case: These included Libya, Burundi, Namibia, Antigua and Barbuda, Canada, Vietnam, Rus-

sia, Hungary, and Vanuatu [14]. Previously unrepresented countries include the United States

(57 cases), Italy (8), China (9) and Australia (5) [14]. With cases reported in North America,

Europe, Southern Africa, the Far East, and Australasia, mycetoma is more far-reaching than

previously estimated: Reports were found in every continent except Antarctica [14]. There are

some notable gaps, in that all countries in sub-Saharan Africa would be expected to have cases

given neighboring countries with well-documented cases. Such anomalous countries include

Angola, Botswana, Central African Republic, Mozambique, and Zambia. Likewise, we found

no cases in Guyana, Ecuador, Nicaragua, Honduras, Syria, Iraq, Turkmenistan, Afghanistan,

Nepal, Bangladesh, and Myanmar. It is possible that cases have been reported in local publica-

tions, not accessible online, or in the grey literature.

We next mapped the cumulative number of autochthonous cases that have ever been

reported in a country, up to the time of writing (Fig 3). As expected, tropical countries tradi-

tionally associated with mycetoma have high numbers of reported cases: Sudan reporting

10,608, Mexico 4,155, and India 1,116 [14]. Countries far outside the tropics report fewer

cases: New Zealand reports none, South Africa 10, and Canada only one [14]. Again, gaps

emerged: Countries with lots of reports had neighbors with many fewer. For example, Sudan’s

neighbor Chad reported only 154 cases (representing 1.5% of Sudan’s figure), Guatemala (bor-

dering Mexico) reported two, and Pakistan (bordering India) only one [14].

Our third map (Fig 4) illustrates the ratio of eumycetoma to actinomycetoma in each region

with more than 10 cases, where blue represents 100% fungal reports and pink represents 100%

bacterial. Representation in white signifies insufficient data, either because of low case

Fig 2. All the countries where autochthonous mycetoma has ever been reported.

https://doi.org/10.1371/journal.pntd.0008397.g002
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Fig 3. The number of cases of mycetoma reported by country. Darker shades signify more cases.

https://doi.org/10.1371/journal.pntd.0008397.g003

Fig 4. Global map showing the ratio of actinomycetoma to eumycetoma per country, from reported cases. The bluer colors indicate a higher percentage of

eumycetoma, while pinker shades indicate more cases caused by bacterial species. White indicates that information was insufficient in the country (either because there

were low numbers of reports or because the reports available did not contain adequate species data).

https://doi.org/10.1371/journal.pntd.0008397.g004
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numbers or no distinction between fungal and bacterial causes. As an example, Togo had two

case series: One reported 33 cases of mycetoma (of which 24 were fungal [4]), the other

reported 30 cases, without distinction [30]; thus, the proportion of eumycetoma depicted for

Togo is 24 of 33 or 73%. Many countries have a roughly equal mix of actinomycetoma and

eumycetoma, but some stand out as extremes (for example Iran: 17% eumycetoma, and Chad:

95% eumycetoma) [14]. Areas with predominantly actinomycetoma reports include North

and South America and the Middle and Far East. More eumycetoma cases were reported from

some central African countries. Mexico, a high-burden country, reported just 3% eumyce-

toma, Sudan reported 73%, and India reported 42% [14]. As before, discrepancies are seen

between neighboring countries, most notably in Africa. For example, Chad reported 95%

eumycetoma, while Niger reported only 26%; Mali reported 44%, next to Mauritania with 83%

[14]. Some differences may be explained by small sample sizes. Differences are also seen within

individual countries: In the neighboring Brazilian states of Rio de Janeiro, Sao Paulo, and

Parana, the proportions of fungal mycetoma reported were 62%, 30%, and 33%, respectively

[14], although the sample for Brazil was relatively large (235 cases) [14]. This is likely to be an

artefact of publication bias, rather than true epidemiological distribution.

Although not visualized in a map, some reports in the literature specified which causative

organisms were most common in their investigations, summarized by geographical region in

Table 2. Overall, we see that M. mycetomatis and Nocardia spp. are the most common agents

of fungal and bacterial mycetoma, respectively.

Discussion

The use of data in these maps is new: It is presented as raw case numbers rather than incidence

or prevalence and is, therefore, irrespective of time or population size. With this method, we

have gathered 19,494 cases from 102 countries, dating from 1876 to 2019, which equates to

roughly 135 cases per year over this 143-year period [14]. While 29 countries (including Libya,

Antigua and Barbuda, Canada, Vietnam, Hungary, and Vanuatu) reported only one case,

three countries (Mexico, Sudan, and India) reported over 1,000 [14].

In many countries, reports have not been consistent over this time period. For example,

several reports were published in the 1980s from Niger, with none reported since; the only two

case series from Thailand were published in the 1980s and 1990s; Yemen, source of one of the

earliest reports (in 1904), had research published in only a handful of years during the second

half of the 20th century; Senegal had a cluster of reports in the 1950s and 1960s and then a

decade’s gap before research resumed; in Sudan, the reports dried up during the 1970s to

1990s [14]. Of course, we do not know whether this equates to a real decrease in prevalence,

Table 2. Predominant agents of mycetoma, by region [14]. Previous names are shown in brackets, where available.

Region Predominant agent of eumycetoma Predominant agent of actinomycetoma

North America Scedosporium spp. Nocardia brasiliensis
Latin America and the Caribbean Trematosphaeria grisea (Madurella grisea) N. brasiliensis
South America T. grisea N. brasiliensis
North Africa M. mycetomatis (M. mycetomi) Actinomadura madurae
West Africa M. mycetomatis A. pelletieri
Middle Africa Scedosporium spp. Nocardia spp.

East Africa M. mycetomatis Nocardia spp.

West Asia M. mycetomatis Streptomyces somaliensis
South Asia M. mycetomatis A. madurae
South East Asia M. mycetomatis Nocardia asteroides

https://doi.org/10.1371/journal.pntd.0008397.t002
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changes in behavior, or something else entirely; in the case of Sudan, gaps in the timeline coin-

cide with its Second Civil War [31]. However, research in Brazil, Mexico, and India has been

fairly constant over the decades [14]. Our map contrasts to van de Sande’s 2013 work, in

which incidence was shown per year [13]. The gaps in research identified above would dilute

these estimates, whereas our use of data is irrespective of time, thus highlighting the burden of

countries like Chad (reporting 153 cases over two studies, nearly 40 years apart) [14].

The binary data for each country (Fig 2) shows that mycetoma has been reported in every

populated continent on earth. This represents a larger distribution than previous maps,

because previous maps were based on incidence and prevalence and so would not include

countries with very few cases per population or time period. Fig 2 shows that mycetoma is so

widespread that some gaps become apparent for countries whose neighbors report cases, nota-

bly in sub-Saharan Africa and Latin America. Like Fig 2, the second map (Fig 3) also highlights

gaps in mycetoma’s distribution where neighboring countries would be expected to have simi-

lar case numbers. As we have seen, 29 countries reported only one case and some of these (for

example, Libya) neighbor countries with well-documented cases. In these areas, the burden of

mycetoma is surely larger. As other authors note [12], basic epidemiological study of myce-

toma is often absent.

Fig 3 portrays the global distribution of the 19,494 cases of mycetoma. This is a larger figure

than previous studies on the topic: the last (van de Sande, 2018) collated 17,607 cases [12].

There may be several reasons for this. Firstly, our search was more recent: 20 countries

reported cases in the interim, including some (Eritrea, Hungary, Timor Leste) for the first

time [14]. Furthermore, unlike van de Sande’s prevalence map, Fig 3 does not take population

size into account. Thus it presents a wider distribution, with representation for countries like

Kenya whose 155 cases [14] were previously hidden by its population size. In our search strat-

egy, more databases were used and more languages included. In endemic countries, under-

reporting is likely, and resources necessary to accurately diagnose mycetoma may not be avail-

able [12]. Even in Sudan, home to the only Mycetoma Research Centre (MRC) in the world,

the 10,608 reported cases [14] are likely to be an underestimate [13]: While van de Sande’s

2013 study calculated prevalence as 1.81 per 100,000 population (most cases coming from the

MRC located in the capital Khartoum), a study in rural Sudan found it to be as high as 6.2 per

1,000 [13]. As mycetoma is associated with rural agricultural practices [8] and use of local

herbal remedies [12], it may be that many cases do not present to large healthcare facilities,

from where reports are likely to be published.

Our third map shows the ratio of actinomycetoma to eumycetoma (Fig 4) in countries with

more than 10 cases, where data was available. This map shows that, for many countries, myce-

toma is caused by a mix of fungal and bacterial organisms. Only a few countries stand out as

having a high proportion caused by either fungi or bacteria; such extreme examples include

Mauritania (83% fungal), Chad (95%), Mexico (3%), and Iran (17%) [14]. Overall, actinomyce-

toma is seen more in the Americas (in keeping with previous research) [13] and the Middle

and Far East. Areas with majority eumycetoma cases included some central African countries.

Once again, stark differences can be seen on the map between neighboring countries, and the

literature revealed differences even within countries themselves (although this is not repre-

sented in our maps). In some cases, it may be a result of small sample size (for example, in

Jamaica, 84% of 19 cases were fungal) [14]; in others, publication bias may affect the likelihood

of researchers reporting a particular type of mycetoma (as was the case in the 1995 study by

Venugopal and Venugopal which only included fungal mycetomas in India, where bacterial

forms are more common) [32]. We cannot be certain why these differences arise (whether

they are real epidemiological findings, or a product of diagnostic or publication bias) without

further research.
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The most common causative agents found in each region are presented in Table 2. Globally,

this shows a predominance of M. mycetomatis and Nocardia spp. In van de Sande’s study, M.

mycetomatis was found to be the most common agent of all cases, fungal or otherwise; Nocar-
dia spp. were included only as one of a group of most common agents of actinomycetoma–

alongside A. madurae, S. somaliensis, A. pelletieri [13]. Our use of species data was qualitative,

while van de Sande analyzed this quantitively [13].

Samples were mostly studied by histology, which is inaccurate in distinguishing between

species [13]. Indeed, subsequent study of some samples revealed that old isolates, classed as

containing one species, actually contained more than one; species thought to be genetically

related have also emerged as different genera [33]. In Table 1 are some rare causative agents of

mycetoma. Some, like Curvularia lunata, were only reported once [14]; in light of the inaccu-

racies shown with other diagnoses, their rarity may indicate erroneous identification. The lack

of grains in mycetoma caused by Scedosporium spp [34] points to inaccuracies in diagnosis. In

the absence of an objective diagnostic tool, attempts to obtain accurate results in any epidemi-

ological study are hindered.

As Figs 2 and 3 show, the reach of mycetoma has expanded beyond its traditional tropical

endemic areas. Autochthonous cases were published from as far north as Canada, Russia, Ger-

many, and Japan. It is conceivable that globalization in the form of increased migration, tour-

ism, and trade may contribute to the spread of mycetoma from its endemic areas [35].

Occupational exposure to cotton from endemic regions could be a route of infection, as in a

case from the United Kingdom [36]. Alongside globalization, climate change could affect the

distribution of mycetoma, as for other infectious diseases like malaria [37,38].

One nontropical autochthonous mycetoma was found in an immunocompromised

patient: a transplant recipient in the United States [39], the only published example. In the

immunocompromised, causative species such as Nocardia are more likely to cause invasive

infections like pneumonia [40]. Rarely has mycetoma been reported in patients living with

HIV [41]. However, many gaps remain in the epidemiological study of mycetoma [12], so it

is difficult to ascertain whether these nontropical outliers are simply anomalous or part of a

trend.

Although our maps show that mycetoma is more widespread than previously estimated, the

literature also reveals major inconsistencies in research on its epidemiology. Two recent publi-

cations highlight this. Firstly, from 2016 to 2017, WHO conducted a global survey on myce-

toma [42]. Sending questionnaires to all WHO regions (except Europe), regional offices were

asked about mycetoma prevalence, surveillance, research, and treatment protocols. The out-

come was disappointing: Alongside a poor response rate, 25% of respondents did not know

whether mycetoma had ever been reported in their country [42]. In addition, there were

inconsistencies in treatment, and only Jordan had official guidelines for management (even

though no cases were reported in the WHO survey or ours) [14,42]. Furthermore, this WHO

survey revealed that El Salvador had 53 cases between 2014 and 2016 [42]. However, zero cases

appeared in our literature search, despite Spanish papers from El Salvador being actively

sought (see Methods), suggesting that these reports were published in sources not available

through our databases. This significant discrepancy in case numbers highlights the need for

international collaboration on mycetoma research in order to increase its visibility.

Another recent paper by Kwizera and colleagues on mycetoma in Uganda [43] emphasizes

the propensity of this NTD to be misdiagnosed. In our original literature review, only 30 cases

were identified for Uganda, from only two case series published in 1958 [44] and 1965 [45].

However, when Kwizera and colleagues reviewed the biopsy reports of the Pathology Depart-

ment at Makerere University from 1950 to 2019, they found an additional 249 cases; the

authors cite a low index of suspicion for mycetoma amongst clinicians as a reason for this [43].
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The perceived rarity of mycetoma compounded underdiagnosis. Similarly, the “mycetoma

belt” has traditionally represented a geographical proxy for where mycetoma is likely to be

found. However, its definition is disputed in the literature, and, as we have seen, mycetoma

has actually been found in countries all over the world. Thus, its use may foster complacency

and ignorance about mycetoma in countries not associated with the label, leading to underdi-

agnosis. This self-perpetuating cycle of underdiagnosis and subsequent under-estimation will

continue until the true burden is ascertained.

We recognize many limitations in a literature review of this kind, especially publication

bias. This will lead to inaccurate estimates of prevalence, as academic interest in mycetoma

will differ between countries and therefore affect likelihood of reporting, positively or nega-

tively. For example, under-reporting in endemic countries, such as India, is expected. Missing

data in the literature are common: dates of study not specified, patient’s place of residence not

noted, cases from more than one country described (without distinction between them), and

data reported from historic countries (which now have different boundaries). In these cases,

the data could not be included in the analysis.

During analysis, some features of the research made it difficult to ensure accurate use of the

data. In some older papers, the type of mycetoma was not mentioned. Later the color of grains

was described but not whether it was fungal or bacterial. Inferring the type of mycetoma by

color (with reference to a 2004 paper by Ahmed and colleagues [16] will not always be accu-

rate, as it relies on subjective descriptions from very old papers. However, as the practice of

determining type by grain color was so ubiquitous in the literature, it seemed appropriate that

these reports were included, despite likely unreliability in ratios between eumycetoma and

actinomycetoma. Even if the distinction was made between fungal and bacterial forms, papers

without detail of causative species were common. Indeed, in many regions where mycetoma is

prevalent, the resources necessary to identify the species of the causative organism are simply

not available [12].

For the purposes of analysis, it was assumed that every case in the literature was indepen-

dent if reports did not overlap in time or national boundary. Occasional duplication of cases is

likely.

In spite of these limitations, our search has revealed a higher number of mycetoma reports

in more countries than ever and highlighted persistent gaps in knowledge. This should fuel

more in-depth research into mycetoma everywhere and encourage increased awareness

among healthcare professionals. These maps may have significant potential: Reference can be

made to whether mycetoma has ever been reported in a country, how common it has been,

and which type is likely to occur. This should not only influence local lay knowledge and clini-

cal decision-making but also public health initiatives, diagnostic development and sustainable

supply chains for necessary treatments. However, until the inconsistencies in epidemiological

research on mycetoma are addressed, these uses cannot be implemented.

Conclusions

Concentrated in (but not limited to) the tropics, mycetoma is a potentially debilitating skin

disease. Its chronicity, many diverse causative organisms, and lack of an objective diagnostic

tool make epidemiological study difficult. Our maps have shown mycetoma to be more wide-

spread than previously represented in the literature. In a world of globalization and climate

change, autochthonous cases are emerging in previously untouched regions. Differences in

reporting show that countries need to work together to further this effort. These maps have the

capacity to shape the management of mycetoma at all levels but epidemiological granularity is

required.
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