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Abstract 

The World Health Organization, in response to the growing burden of fungal disease, established a process to develop a fungal priority pathogens 
list. T his sy stematic re vie w aimed to e v aluate the epidemiology and impact of eum y cetoma. P ubMed and Web of Science w ere searched to 
identify studies published between 1 January 2011 and 19 February 2021. Studies reporting on mort alit y, inpatient care, complications and 
sequelae, antifungal susceptibility, risk f actors, pre v entability, annual incidence, global distribution, and emergence during the study time frames 
were selected. Overall, 14 studies were eligible for inclusion. Morbidity was frequent with moderate to se v ere impairment of quality of life in 
60.3%, amputation in up to 38.5%, and recurrent or long-term disease in 31.8%–73.5% of patients. Potential risk factors included male gender 
(56.6%–79.6%), younger age (11–30 years; 64%), and farming occupation (62.1%–69.7%). Mycetoma was predominantly reported in Sudan, 
particularly in central Sudan (37%–76.6% of cases). An annual incidence of 0.1/10 0 0 0 0 persons and 0.32/10 0 0 0 0 persons/decade was reported 
in the Philippines and Uganda, respectively. In Uganda, a decline in incidence from 3.37 to 0.32/10 0 0 0 0 persons between two consecutive 
10-year periods (20 0 0–20 09 and 20 1 0–20 19) w as detected. A community -based, multi-pronged pre v ention programme w as associated with a 
reduction in amputation rates from 62.8% to 11.9%. With the pre-specified criteria, no studies of antifungal drug susceptibilit y, mort alit y, and 
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ntroduction 

ycetoma is a chronic infection of the skin and subcuta-
eous tissues caused by both bacteria (actinomycetoma) and
ungi (eumycetoma). The most common fungi causing eu-
ycetomas are Madurella mycetomatis , Scedosporium boydii ,

alciformispora senegalensis , and Trematosphaeria grisea.1 

umycetoma mostly affects people in poor and remote areas
n tropical and sub-tropical countries that sit at latitudes of
0 

◦ North and 15 

◦ South—the so-called ‘mycetoma belt’.2–4 

ungi predominate as the cause in Africa (Sudan, Somalia,
nd Senegal), whilst bacteria predominate in South and Cen-
ral America (e.g., 92% of cases in Mexico).2 , 3 The climate in
frica, where short rainy seasons with narrow daily tempera-

ure fluctuations are followed by long dry seasons associated
ith wide daily temperature fluctuations, predisposes to the

urvival of the causative fungi that have been detected in the
oil and water in endemic areas.5 

The fungi causing eumycetoma enter through broken skin,
noculate, and proliferate in subcutaneous tissues, where
hey precipitate a local and systemic inflammatory reac-
ion.1 The injury begins as a small painless nodule. Left
nattended the fungi proliferate and infiltrate the subcu-
aneous tissue, resulting in an accumulation of purulent
uid, subcutaneous swelling, draining sinuses, and discharg-
ng grains. As the disease progresses, the fungi spread to the
nderlying muscles and bones, leading to deformity, disfig-
rement, disability, and sometimes death.6 As a result, eu-
ycetoma causes a significant economic burden in already
oor countries.1 Risk factors include living in endemic ar-
as, low socio-economic status, agricultural employment, a
istory of trauma, and limited access to consistent and re-
iable healthcare.6 Eumycetoma predominates in men (1.5–
.2:1), and the most common age of occurrence was 11–30
ears.7–11 

Diagnosis is challenging and relies on characteristic clinical
eatures as well as a number of laboratory tests.12 In addi-
ion, molecular diagnostic assays are few, and those that exist
re not widely available. Importantly, actinomycetoma need to
e differentiated from eumycetoma, as even though the clin-
cal presentation is very similar, the treatments are quite dif-
erent.13 , 14 The treatment of eumycetoma involves antifungal
gents for long durations, as well as surgical excision, debride-
ent, or, in some cases, amputation.15–17 

In 2016, the World Health Organization (WHO) deter-
ined that only 50% of affected countries had the capacity

o diagnose and treat mycetoma, and the World Health As-
embly approved the declaration by the WHO of mycetoma
s a neglected tropical disease.18 , 19 Given the challenges of ac-
ess to medical care, diagnosis, treatment and its clinical, and
ocietal impacts, eumycetoma is recognized as a fungal dis-
ase of great importance. The aim of this systematic review
s to evaluate eumycetoma against a set of criteria: mortality,
npatient care, complications and sequelae, antifungal suscep-
ibility , preventability , annual incidence, global distribution,
nd emergence in the 10 years from 1 January 2011 to 19
ebruary 2021. The generated data identified knowledge gaps
larger cohort studies, greater drug susceptibility testing, and global
ine more accurately the incidence and trends over time. 

risea , Falciformispora senegalensis , mycosis, skin, subcutaneous tissue, risk

or eumycetoma, informing the fungal priority pathogens list
FPPL) being developed by the WHO. 

ethods 

tudy design 

 systematic review was performed using the Preferred Re-
orting Items for Systematic Review and Meta-Analyses
PRISMA) Guidelines.20 

nclusion and exclusion criteria 

tudies were included if they reported data on: (a) adults
nd/or paediatric populations; (b) eumycetoma; (c) at least
ne criterion (e.g., mortality, inpatient care, complica-
ions/sequelae, antifungal susceptibility, preventability, annual
ncidence, global distribution, and emergence in the previous
0 years); (d) retrospective or prospective observational stud-
es, randomized controlled trials, epidemiological, or surveil-
ance studies; and (e) were published between 1 January 2011
nd 19 February 2021. Studies were excluded if they reported
n/were: (a) animals and/or plants only; (b) other diseases,
ungi, or criteria; (c) included < 30 isolates; (d) novel antifun-
als in pre-clinical studies or early-phase trials or unlicensed;
e) in vitro resistance mechanisms only; (f) case reports, con-
erence abstracts, or reviews; (g) not in English; and (h) outside
he study time frames. 

earch strategy 

e conducted a comprehensive search for studies published
n English using the PubMed and Web of Science Core Col-
ection databases between 1 January 2011 and 19 February
021. On PubMed, the search was optimized using medi-
al subject headings (MeSH) and/or keyword terms in the
itle/abstract for mycetoma and each criterion. On the Web
f Science, MeSH terms are not available, and therefore,
opic, title, or abstract searches were used. The final searches
sed can be found in the Supplementary material available
nline. 
PubMed and related databases are underpinned by a stan-

ardized taxonomy database, so using a species name as a
earch term will retrieve articles with obsolete or updated
omenclature.21 

tudy selection 

he final search results from each database were imported
nto the reference manager, Endnote™, and the online system-
tic review software, Covidence ® (Veritas Health Innovation,
ustralia), and duplicates were removed. The remaining arti-
les underwent title and abstract screening based on the eli-
ibility criteria, and no reasons were provided for excluding
rticles at this step. Then, full text screening was performed
o determine the final eligible articles with the reasons for ex-
luding any articles recorded. The title/abstract screening and
ull text screenings were performed independently by two re-
spital lengths of stay were identified. Future research should inclu
rveillance to develop evidence-based treatment guidelines and to de

 y w or ds: mycetoma, eumycetoma, Madurella mycetomatis , Trematosphaer
ctors, incidence, complications. 
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viewers (H.Y..K. and J.C.) in Covidence ®. Any discrepancies 
were resolved by a third reviewer (J.W.A.). Any additional 
articles identified from the references of the included articles 
were added. 

Data extraction 

Data from the final set of eligible studies were extracted for 
each relevant criterion by a screening reviewer (H.Y.K.) and 

independently checked for accuracy by a second reviewer 
(J.B.). 

Risk of bias assessment 

Risk of bias assessment was independently performed by two 

reviewers (H.Y.K. and J.B.) for the included studies. Risk of 
bias tool for randomized trials version 2 (ROB 2) and risk 

of bias tool for non-randomized studies (RoBANS) were used 

in this assessment.22 , 23 For the overall risk, using ROB 2 tool, 
the studies were rated low, high, or with some concerns. Using 
RoBANS tool, the studies were rated as low, high, or unclear 
risk. 

This systematic review was intended to inform on specific 
criteria; therefore, we used each criterion as an outcome of the 
study and assessed if any bias was expected based on the study 
design, data collection, or analysis in that particular study. 
With this approach, studies classified as unclear or high over- 
all risk were still considered for analysis. 

Data synthesis 

The extracted data on the outcome criteria were quantitatively 
(e.g., proportions [%], mean, median, range) or qualitatively 
analysed depending on the amount and nature of the data. 

Results 

Study selection 

Between 1 January 2011 and 19 February 2021, 183 and 151 

articles were identified in PubMed and World of Science Core 
Collection databases, respectively. After excluding the dupli- 
cated and non-relevant articles, 27 articles underwent full-text 
screening, of which 14 studies were deemed eligible. A flow 

diagram outlining the process of study selection is shown in 

Figure 1 . 

Risk of bias 

The overall risk of bias can be found in Table 1 . Of the in- 
cluded studies, six (42.9%) were classified as a low risk of 
bias in the domains used for classification (i.e., study de- 
sign, data collection, or data analysis) (Table 1 ).8 , 11 , 24–27 Six 

(42.9%) studies were classified as a high risk of bias, mostly re- 
lated to the measurement of exposure (5/6 [83.3%]).7 , 10 , 28–31 

The details of the risk of bias assessment for each domain 

can be found in the supplementary materials ( Supplementary 
Table 1 ). 

Analysis of the criteria 

Complications, sequelae, mortality, and risk factors 
Seven (50%) studies reported on disability (Ta- 
ble 2 ).7 , 10 , 11 , 26 , 27 , 29 , 32 These studies were predominantly 
conducted in Sudan (6/7 [86%]).7 , 10 , 26 , 27 , 29 , 32 One study 
reported that 60.3% of patients had moderate impairment or 
disability affecting their quality of life.32 Disabilities included 

impairment of mobility (39.7%) and pain (22.4%–52.8%) 
(Table 2 ).10 , 11 , 26 , 29 , 32 Amputation rates ranged from 2.8% 

to 38.5% (Table 2 ).10 , 11 , 26 , 27 Long-term (up to 10 years) 
or recurrent mycetoma infections were seen in 31.8%–
46.6%.7 , 10 , 11 A higher recurrence rate (73.5%) was reported 

in patients with head and neck mycetoma (Table 2 ).29 Un- 
employment rates due to prolonged disability or illness were 
reported in 9%–14.3%, and one study reported that 126 

(46.7%) patients had difficulty in financially supporting 
themselves due to mycetoma infections (Table 2 ).10 , 29 , 32 

Mortality as a consequence of mycetoma was not specifically 
reported. 

Nine (64%) studies suggested potential risk factors for 
mycetoma infections, mostly based on the observed preva- 
lence or trends rather than from univariate or multivariate 
risk factor analyses (Table 3 ).7–11 , 24 , 28–30 All reported a male 
preponderance (56.6%–79.6% were male; female to male ra- 
tios of 1:1.5–4.2) (Table 3 ).7–11 , 24 , 28–30 The most common age 
group was < 30 years (64%) (Table 3 ).8 , 10 One study reported 

that 63.3% were < 40 compared with 10.2% who were > 50 

years of age.29 The main occupational groups reported were 
students, domestic workers, and farmers (Table 3 ).9–11 , 24 , 28 

Two studies reported that a high proportion of farmers had 

mycetoma infections (62.1%–69.7%) (Table 3 ). 9 , 11 

Hospital length of stay and antifungal susceptibility testing 
No studies fulfilling the pre-specified eligibility criteria were 
found on hospital length of stay and antifungal susceptibility. 

Global Distribution 

Mycetoma was predominantly reported in Sudan (60%) (Ta- 
ble 4 ).7 , 8 , 10 , 24 , 29 , 31 Gezira State in the central part of Su- 
dan was the highest endemic region of the country, report- 
ing 37%–76.6% of mycetoma cases (Table 4 ).8 , 10 , 29 , 31 Other 
countries to report cases series were Togo, Uganda, and Mex- 
ico (Table 4 ).9 , 28 , 30 One study performed at the Mycetoma Re- 
search Centre in Khartoum, Sudan, reported that 33 (0.5%) of 
patients came from neighbouring countries, including Chad, 
Ethiopia, Saudi Arabia, Eritrea, and Y emen (T able 4 ).10 In Su- 
dan, the proportion of mycetoma that were eumycetoma was 
70%–86.2%,10 whereas in the Guerrero State of Mexico, this 
proportion was lower at 21.4%.28 A study conducted in Sene- 
gal found that the proportion of eumycetoma was greatest in 

the northern regions (60%–65% eumycetoma vs. 15%–30% 

actinomycetoma) (Table 4 ).11 Madurella mycetomatis was the 
predominant pathogen identified, reported in 50%–88.2% of 
eumycetoma cases (Table 4 ).7–10 , 28 

Annual incidence 
Annual incidence estimates from retrospective sentinel site 
data collection were reported from the Philippines 25 and 

Uganda.30 In the Philippines, an estimated rate of 0.1/100 000 

persons was based on cases seen at Philippine Dermatologi- 
cal Society training institutions in 2015.25 It was not speci- 
fied whether the cases were eumycetoma or actinomycetoma. 
In Uganda, between 2010 and 2019, the average incidence 
of mycetoma (88.8% eumycetoma, 10% actinomycetoma) 
was 0.32/100 000 persons/decade (range 0.01/100 000–
0.96/100 000/persons/decade) (Table 4 ).30 Darré et al. re- 
ported an annual incidence of 1.3 cases in Togo, West 
Africa.9 
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Figure 1. Flow diagram for the selection of studies included in the systematic review of eumycetoma. Based on: Preferred Reporting Items for 
Sy stematic R e vie w and Meta-Analy ses: T he PRISMA Statement. 20 

Table 1. Overall risk of bias for included studies. 

Author Publication year Risk Reference 

Abbas et al. 2018 Unclear 32 

Abdelrahman et al. 2019 High 7 

Ahmed et al. 2020 Low 

8 

Bakhiet et al. 2018 Low 

24 

Batac et al. 2017 Low 

25 

Darré et al. 2018 Unclear 9 

Estrada-Castanon et al. 2019 High 28 

Fahal et al. 2015 High 10 

Fahal et al. 2015 High 29 

Kwizera et al. 2020 High 30 

Mhmoud et al. 2014 Low 

26 

Omer et al. 2016 High 31 

Sow et al. 2020 Low 

11 

Zein et al. 2012 Low 

27 

The global trend of mycetoma incidence within the last 
10 years was not evaluable from the studies identified. One 
study estimated the burden of mycetoma in Uganda over a 
70-year period and demonstrated a declining rate from 3.37 

to 0.32/100 000 persons between two consecutive 10-year pe- 
riods (2000–2009 and 2010–2019, respectively).30 

Prevention 

Potential preventative measures were investigated in one study 
conducted in Sudan.24 A regional mycetoma management cen- 
tre was established in one of the endemic villages in Sennar 
State. Several community campaigns were implemented, in- 
cluding early case detection, health care provider training, hy- 
giene, and environmental improvement. Local villagers were 
involved in reducing the environmental transmission risk fac- 
tors, such as thorns, sharp objects, and animal dung. In ad- 
dition, socio-economic constraints that hinder early presenta- 
tion and adequate treatment were addressed (e.g., provision of 
free itraconazole). These interventions resulted in a decreased 

amputation rate from 137 (62.8%) to 26 (11.9%) over the 
study period.24 

Discussion 

This systematic review evaluated the impact, outcomes, and 

epidemiology of invasive disease due to eumycetoma causative 
agents. There were little to no data identified on mortality and 

hospital length of stay which may be related to the omission 

of case reports. In addition, only 42.9% of studies were clas- 
sified as having a low risk of bias.8 , 11 , 24–27 Nevertheless, the 
extracted data indicate that eumycetoma is associated with 
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significant morbidity, with up to 39.7% experiencing mobil- 
ity issues, 52.8% experiencing pain, and 38.5% requiring an 

amputation.11 , 32 

The data derived from the present systematic review was 
used, along with the data from the systemic reviews of 18 

other fungal pathogens ( Supplementary Table 2 ), to develop 

the WHO FPPL.33 This involved a level being assigned to 

each of the pre-selected criteria (i.e., mortality, inpatient care, 
complications and sequelae, antifungal susceptibility, risk fac- 
tors, preventability, annual incidence, global distribution, and 

emergence) using the data generated from each of the system- 
atic reviews.33 For example, using the data from Table 2 of the 
present study, a medium level (30%–70%) was assigned to the 
complications and sequelae of eumycetoma.33 Then a discrete 
choice experiment (DCE) was performed to determine the im- 
portance and weight of each pre-specified criteria.33–35 The al- 
located level for each criterion for each pathogen from the sys- 
tematic reviews was then multiplied by the importance weight 
for each criterion from the DCE to create the research and de- 
velopment (R&D) rank.33 Following this, a best–worst scaling 
(BWS) survey was performed to determine the weight of each 

pathogen according to perceived public health importance.33 

Finally, the R&D rank and the public health rank were com- 
bined according to their relative weight to formulate the final 
FPPL.33 The final FPPL, developed using the data from the sys- 
tematic reviews (including the present one), will be used in the 
future to identify preventative strategies to reduce the burden 

of fungal infection.33 

Many of the studies identified that younger men were 
disproportionately affected.7–11 , 24 , 28–30 Two studies reported 

that mycetoma occurred in 62.1%–69.7% of farmers.9 , 11 This 
indicates that eumycetoma causative agents are likely environ- 
mentally acquired, although the precise mechanisms were not 
reported. Importantly, no multivariate analysis was performed 

to eliminate potential confounders and accurately identify in- 
dependent risk factors for developing eumycetoma. Hospital 
length of stay was not quantified, but patients were likely only 
in hospital when the lesions were being surgically removed 

or amputation was being performed. Anecdotally, lengths of 
stay in Sudan range from 2 days to 2 weeks and are par- 
tially dependent on how far away from the hospital the pa- 
tient lives. Although mortality is likely to be uncommon, it 
can occur in cases in which the mycetoma is in the skull or 
lungs. Compounding this was the fact that fungal and bacte- 
rial mycetoma were reported together in some studies. Future 
studies should differentiate between eumycetoma and acti- 
nomycetoma, be designed to systematically capture mortal- 
ity and hospital length of stay, and have adequate statistical 
support to determine the independent risk for infection, mor- 
bidity , and mortality . Further studies are also required to de- 
termine the precise environmental sources and mechanisms of 
infection. 

Mycetoma is globally distributed and has been described 

in all WHO regions, with Sudan reporting the highest num- 
bers.2 However, in this systematic review, cases were only re- 
ported from Sudan, Senegal, Uganda, Togo, the Philippines, 
and Mexico (Table 4 ). A study of 6792 patients attending the 
Mycetoma Research Centre in Khartoum, Sudan, found that 
33 (0.5%) came from neighbouring Chad, Ethiopia, Saudi 
Arabia, Eritrea, and Yemen.10 Given the poverty in some of 
these neighbouring countries and the costs of treatment and 

travel, 33 cases were likely only a fraction of their true num- 
bers of mycetoma cases. This is more consistent with a lack 

of reporting rather than with a lack of disease. A WHO study 

confirmed this by demonstrating that many countries are un- 
aware of their own burden, half do not have the capacity to 

detect or treat mycetoma, and only one country has a national 
surveillance programme.19 

Mycetoma incidence rates are likely to be underestimated. 
Only two (14.3%) studies included in this systematic review 

reported such data.25 , 30 In one study from the Philippines, the 
incidence rates (0.1/100 000 persons) were based on cases ob- 
served in dermatology training institutions, and in the other 
study from Uganda, the incidence rates (0.32/100 000 per- 
son/decade) were calculated from reported cases and pathol- 
ogy laboratory data from one hospital.25 , 30 Such selective re- 
porting also likely influenced the incidence estimates. In addi- 
tion, data exist in the wider literature to indicate that myce- 
toma occurs more widely.1 Prevalence rates are also likely un- 
derestimated. Previous prevalence estimates from published 

studies and population numbers ranged from 0.002/100 000 

for India to 3.49/100 000 for Mauritania.1 , 4 Sudan had a 
prevalence of 1.81/100 000 and Mexico of 0.06/100 000. 
However, data from individual villages in endemic regions 
clearly demonstrate that these numbers are an underrepre- 
sentation, as in some endemic villages, the prevalence ranged 

from 0/1000 to 8.5/1000 inhabitants.24 , 36 Abu Gumri, an en- 
demic village in Sudan, reported in 1960 a prevalence rate of 
6.2/1000 inhabitants.1 One study reported that the number 
of cases was on the decline (from 3.37 to 0.32/100 000 per- 
sons between two consecutive 10-year periods [2000–2009 

and 2010–2019]).30 However, these declining rates could not 
be confirmed by other studies. Surveillance systems need to be 
implemented to generate accurate data that will allow for the 
development of optimized, cost-effective, and evidence-based 

public health interventions, the monitoring of their effective- 
ness, and the determination of accurate incidence, prevalence, 
and trend estimates. 

Mycetoma significantly and severely affects quality of life, 
with prolonged or recurrent disease for longer than 10 years 
reported in one third of patients and devastatingly in up to 

three quarters of those with head and neck mycetoma.7 , 10 , 11 , 29 

As effective treatment options are limited, preventative mea- 
sures and early diagnosis and management strategies are even 

more important to explore and develop. One study reported 

on a public health initiative, which included local care, di- 
rected health education, training to detect and treat early, im- 
proved hygiene, and removal of environmental sources of in- 
fection, implemented in an endemic village in Sudan.24 This 
initiative reduced amputation rates from 63% to 12% and is 
a model of care that could be replicated in other endemic ar- 
eas. With the complications of delivering effective drug treat- 
ments, a standard of care has been developed that includes 
long courses of triazole antifungal agents and surgical exci- 
sion. Treatment with itraconazole or terbinafine with or with- 
out surgery has reduced the number of amputations.1 , 37–39 

The use and availability of these drugs vary widely among 
countries; 19 countries (37%) reported that drugs to treat 
mycetoma were on their list of essential medicines.19 How- 
ever, if cost-effective models of care could be broadly imple- 
mented, they could prove to be self-sufficient. Detailed cost 
analyses are also required to evaluate the effectiveness of any 
public health intervention. 

There are in vitro susceptibility studies on eumycetoma 
causative agents; however, none fulfilled the criteria for in- 
clusion in this systematic review.40–48 There were not enough 

strains collected and tested worldwide, and those that were 
available originate mainly from Sudan. Based on the in 
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vitro susceptibilities published to date, there appears to be 
a difference in susceptibility between the different causative 
agents.49 Madurella mycetomatis was the most frequently 
identified fungal pathogen in this review. Pathogens belong- 
ing to the order Sordariales ( Madurella species) have lower 
minimum inhibitory concentrations against azole antifungal 
agents than those belonging to the order Pleosporales (e.g., 
Falciformispora species).41 The in vitro susceptibilities were 
determined using a modified CLSI-based methodology.40 , 48 

Using this method, it was demonstrated that the azole anti- 
fungal agents and olorofim 

45 were able to inhibit M. myce- 
tomatis growth very well, higher concentrations of terbinafine, 
and amphotericin B were needed, but, even at the highest con- 
centrations, the echinocandins or 5-flucytosine were not able 
to inhibit growth.47 , 48 Although azole antifungal agents in- 
hibit hyphal growth in vitro , it is less certain that they act in 

vivo within the grains themselves, as patients who have been 

treated for 6 months with high doses of itraconazole and then 

have surgical removal of any lesions still have viable organ- 
isms within the grains. In addition, itraconazole results in a 
more encapsulated lesion, which makes the excision of the le- 
sion easier,17 but, in some cases, it does not inhibit growth or 
even reduce the size of the lesion. 

There is an urgent need to find effective, safe, and afford- 
able oral antifungal agents that can be used for shorter du- 
rations. To discover novel compounds with activity against 
eumycetoma causative agents, the Open Source Mycetoma 
(MycetOS) initiative was founded.50 Through the MycetOS,50 

it has been discovered that improved treatment outcomes in 

an invertebrate model can be achieved when either the chem- 
ical properties of the drug or the grain itself are changed so 

that drugs can penetrate the grains more easily. Clinical tri- 
als of therapy are extremely limited. Only one clinical trial 
is currently registered on ClinicalTrials.gov (NCT03086226), 
a trial of clinical superiority of fosravuconazole versus itra- 
conazole combined with surgery in subjects with eumycetoma 
in Sudan. The results were recently presented at the European 

Congress on Tropical Medicine and International Health (20–
23 November 2023), and fosravuconazole has similar efficacy 
(65% [300 mg arm], 85% [200 mg arm]) to itraconazole 
80%.51 Further efforts to find more effective treatments for 
eumycetoma are required. 

This systematic review has a number of limitations. The in- 
clusion/exclusion criteria may have resulted in a number of 
important studies being excluded. This may have affected the 
findings of this systematic review. The failure to include con- 
ference abstracts and studies that were in languages other than 

English may also have biased the findings. This is likely very 
relevant for eumycetoma, given that they occur more com- 
monly in non-English-speaking countries. 

Conclusions 

Most of the mycetoma disease burden is concentrated in low- 
income countries with poor case reporting and patient reg- 
istration. The burden of disease in terms of complications 
and sequelae is high and impactful. Future research in this 
area should include the performance of a more comprehen- 
sive systematic review of eumycetoma, which includes case 
reports and conference abstracts, removes language restric- 
tions, and widens the study period. Global surveillance and 

epidemiological studies examining eumycetoma only are ur- 
gently needed to determine the current incidence rates, and to 

inform global distribution and trends. Antifungal susceptibil- 
ity data are available; however, the strains are limited in num- 
ber and geography. Concerted efforts are required to develop 

a large collection of eumycetoma causative agents to com- 
prehensively determine antifungal susceptibility patterns. Pub- 
lic health interventions need to be developed, implemented, 
and evaluated for efficacy, and treatment strategies can be im- 
proved through the evaluation of different antifungal agents 
in clinical trials. The cumulative effect of all these research 

efforts will be the improved outcomes for eumycetoma dis- 
cernible at a local and regional level. 
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