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Abstract: Mycetoma is a chronic suppurative disease of the skin and subcutaneous tissue, characterized by a symptomatic 

WULDG�� WXPRU�� ÀVWXODV� DQG� JUDLQV�� ,W� FDQ� EH� FDXVHG� E\� IXQJL� �HXP\FHWRPD�� DQG� EDFWHULD� �DFWLQRP\FHWRPD��� ZLWK� VLPLODU�
FOLQLFDO�IHDWXUHV��'LDJQRVLV�LV�EDVHG�RQ�WKH�FOLQLFDO�SUHVHQWDWLRQ�DQG�LGHQWLÀFDWLRQ�RI�WKH�HWLRORJLFDO�DJHQWV�LQ�WKH�WLVVXH��E\�
mycological/bacteriological, histopathological and immunohistochemical tests. It is important to specify the fungal or bacterial 

etiology, because the treatments are different. An approach that involves early diagnosis, the use of systemic antibiotics or 

DQWLIXQJDO�DJHQWV��LQFOXGLQJ�VXUJLFDO�UHPRYDO�RI�OHVLRQV��LV�WKH�EDVLV�IRU�WKH�WUHDWPHQW�RI�WKHVH�GLVHDVHV��,Q�WKLV�UHYLHZ��WKH�PRVW�
FRPPRQO\�XVHG�GLDJQRVWLF�PHWKRGV�DQG�WUHDWPHQWV�ZLOO�EH�GLVFXVVHG��$OVR��ZH�ZLOO�UHYLHZ�WKH�KLVWRU\�RI�WKH�GLVHDVH�WKURXJK�
epidemiological and etiological aspects.  

Keywords: Antifungal agents; Fungi; Mycetoma; Mycology 

8

Received on 01.03.2017.
Approved by the Advisory Board and accepted for publication on 19.07.2017.

� �6WXG\�FRQGXFWHG�DW�+RVSLWDO�5HJLRQDO�GD�$VD�1RUWH��+5$1��DQG�+RVSLWDO�8QLYHUVLWiULR�GH�%UDVtOLD�²�8QLYHUVLGDGH�GH�%UDVtOLD��+8%�8Q%��²�%UDVtOLD��')���%UD]LO��
 Financial support: None.
� &RQÁLFW�RI�LQWHUHVWV��1RQH�

1� 'HUPDWRORJ\�6HUYLFH��/DERUDWRU\�RI�0HGLFDO�0\FRORJ\�RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�%UDVLOLD�²�8QLYHUVLW\�RI�%UDVLOLD��+8%�8Q%��²�%UDVLOLD��)'���%UD]LO�
2� 'HUPDWRORJLF�6XUJHU\�&OLQLF�DQG�9LWLOLJR�&OLQLF�RI�WKH�5HJLRQDO�+RVSLWDO�RI�$VD�1RUWH��+5$1��²�%UDVtOLD��)'���%UD]LO�

MAILING ADDRESS:

Eugenio Galdino de Mendonça Reis-Filho
E-mail: eugeniodermato@gmail.com

  ©2018 by Anais Brasileiros de Dermatologia

INTRODUCTION

Mycetoma is a chronic suppurative infection of the skin and 

VXEFXWDQHRXV�WLVVXHV�WKDW�DIIHFWV�WKH�ORZHU�OLPEV�LQ�PRUH�WKDQ�����
of cases. 1�7KH�GLVHDVH�LV�FKDUDFWHUL]HG�E\�D�V\PSWRPDWLF�WULDG��VZHOO-
ing of the affected area, multiple sinus formation, and a purulent 

discharge containing grains.2-4 The grains represent microcolonies 

RI�WKH�FDXVDWLYH�DJHQW��7KH�SURJUHVVLRQ�RI�WKH�GLVHDVH�LV�VORZ�DQG�
painless, but may affect deep structures such as muscles, tendons, 

MRLQWV��IDVFLD�DQG�ERQHV��7KH�VNLQ�VKRZV�D�ZRRGHQ�ÀEURWLF�LQGXUD-

tion due to dermal sclerosis.3�3DWLHQWV�DUH�RWKHUZLVH�LQ�D�JRRG�KHDOWK�
FRQGLWLRQ�ZLWK�QR�VDWHOOLWH�DGHQRSDWKLHV� 2,5

 The etiologic agents of mycetoma are aerobic and anaerobic 

EDFWHULD� �DFWLQRP\FHWRPD��DQG� IXQJL� �HXP\FHWRPD��� ,Q� WKH� WLVVXH��
WKHVH� RUJDQLVPV� DUH� IRXQG� LQ� FRPSDFW� DJJUHJDWHV� RI� ÀODPHQWRXV�

EDFWHULDO� FRORQLHV� RU� IXQJDO� K\SKDH�� ZKLFK� ZLOO� FKDUDFWHUL]H� WKH�
grains. These structures are the fundamental elements of the dis-

HDVH�� 7KH� EDFWHULD� DUH� UHSUHVHQWHG� E\� GHOLFDWH� ÀODPHQWV� RI� DERXW�
�μP�RU�OHVV��ZKLFK�DUH�NQRZQ�DV�DFWLQRP\FRWLF�JUDLQV��ZKLOH�IXQ-

JL�DUH�IRUPHG�E\�WKLFNHU�DQG�FRDUVHU�ÀODPHQWV��PHDVXULQJ��μP�RU�
PRUH�LQ�GLDPHWHU��NQRZQ�DV�HXP\FRWLF�JUDLQV��4,5,7

Managing such infections is still challenging and treatment 

should involve early diagnosis, the use of antibiotics or systemic 

antifungals, and surgical removal of the lesions. 4,8

In order to improve therapeutic results, healthcare profes-

VLRQDOV��HVSHFLDOO\�GHUPDWRORJLVWV��PXVW�EH�DZDUH�RI�WKH�HSLGHPLRO-
ogy and clinical presentation of these infections.
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HISTORY

7KH�ÀUVW� UHIHUHQFH� WR�P\FHWRPD�GDWHV� IURP� WKH�%\]DQWLQH�
SHULRG����������D�'����ZLWK�HYLGHQFH�IURP�DQ�DGXOW�VNHOHWRQ�ZKRVH�
PRUSKRORJLFDO�ERQH�VWUXFWXUH�ZDV�VXJJHVWLYH�RI�D�P\FHWRPD�LQIHF-
tion. 6,7�+RZHYHU��WKH�ÀUVW�ZULWWHQ�DFFRXQW�RI�P\FHWRPD�ZDV�IRXQG�
in an ancient Indian religious book, Atharva Veda��ZKHUH�LW�ZDV�PHQ-

tioned as “anthill foot”. In 1842, Gill, a French missionary, described 

WKH�ÀUVW�FOLQLFDO�FDVHV�RI�P\FHWRPD�LQ�0DGXUD��VRXWKHUQ�,QGLD��QDP-

ing it “Madura foot”. 3,4,6 In 1860, Carter used the term ‘mycetoma’, 

EHLQJ�WKH�ÀUVW�WR�GHVFULEH�WKH�GLVHDVH�XQGHU�WKLV�QDPH�� 4,6 In 1913, 

3LQR\�REVHUYHG�WKDW�WKH�GLVHDVH�ZDV�FDXVHG�E\�WZR�HWLRORJLF�DJHQWV�
DQG�GLYLGHG�WKH�GLVHDVH�LQWR�WZR�FDWHJRULHV��DFWLQRP\FHWRPD��EDF-
WHULDO�DJHQWV��DQG�HXP\FHWRPD��IXQJDO�DJHQWV�� 6�7KH�ÀUVW�DWWHPSW�WR�
PDS�WKH�GLVWULEXWLRQ�RI�P\FHWRPD�WKURXJKRXW�WKH�ZRUOG�ZDV�PDGH�
by Abott in 1956. 6 He studied 1321 cases of mycetoma in Sudan 

GXULQJ� D�SHULRG� RI� WZR� DQG�KDOI� \HDUV� 3,6�1HZ� VWXGLHV�ZHUH� WKHQ�
carried out by other researchers in regions such as Congo, Somalia, 

Argentina and Mexico. 3,6

EPIDEMIOLOGY 

$OWKRXJK�P\FHWRPD�LV� IRXQG�ZRUOGZLGH�� LW� LV�HQGHPLF� LQ�
WURSLFDO�DQG�VXEWURSLFDO�FRXQWULHV��PRVWO\�EHWZHHQ�WKH�ODWLWXGHV��� o 

south and 30 o�QRUWK��NQRZQ�DV�WKH�P\FHWRPD�EHOW� 1,2,6-8 

7KH�FRXQWULHV�ZLWK�WKH�KLJKHVW�LQFLGHQFH�RI�WKH�GLVHDVH�DUH�
Sudan, Venezuela, Mexico, and India, but Sudan and Mexico have 

the highest number of cases reported. 1,3,7,8 Cases have also been re-

ported in other African countries such as Egypt, Senegal, Maurita-

nia, Kenia, Niger, Nigeria, Ethiopia, Chad, Cameroon, Djibouti, and 

Somalia. 3,4,6�,Q�/DWLQ�$PHULFD��EHVLGHV�0H[LFR�ZKLFK�KDV�WKH�KLJKHVW�
number of cases reported, the disease has also been registered in 

Venezuela, Colombia, Argentina, and Brazil. 3,4 Other countries that 

KDYH�UHSRUWHG�FDVHV�RI�P\FHWRPD�DUH�WKH�86$��*HUPDQ\��WKH�1HWK-

erlands, Turkey, Lebanon, Saudi Arabia, Iran, Philippines, Japan, Sri 

Lanka, and Thailand. 3,4,6

The endemic areas are characterized by short rainy seasons 

ZLWK�OLWWOH�GDLO\�WHPSHUDWXUH�ÁXFWXDWLRQV��IROORZHG�E\�ORQJ�GU\�VHD-

VRQV�ZLWK�EURDG�GDLO\�WHPSHUDWXUH�ÁXFWXDWLRQV�������oC to 15-18o&���
1,2,4,8 Such extreme climatic conditions may contribute to the survival 

of the causative organism. 3,6,7  

The global incidence of actinomycetoma and eumycetoma 

varies from country to country and from region to region. Actino-

mycetoma is more prevalent in drier areas and eumycetoma in hu-

mid areas. 2,3,6

$FWLQRP\FHWRPDV� �EDFWHULDO� DJHQWV�� DUH� PRUH� FRPPRQO\�
IRXQG�LQ�6RXWK�DQG�&HQWUDO�$PHULFD��ZKHUHDV�HXP\FHWRPDV��IXQJDO�
DJHQWV�� DUH�PRUH� FRPPRQ� LQ�$IULFD�� 6XGDQ� LV� FRQVLGHUHG� WKH�PRVW�
HQGHPLF�FRXQWU\�IRU�P\FHWRPD�LQ�WKH�ZRUOG��,Q�.KDUWURXP��FDSLWDO�RI�
Sudan, more than 7000 patients have been treated for mycetoma and, 

LQ�����RI�FDVHV��WKH�FDXVDWLYH�DJHQW�KDV�EHHQ�LGHQWLÀHG�DV�WKH�IXQJXV�
Madurella mycetomatis. 1,6 In Mexico and Brasil, actinomycetomas are 

more prevalent and Nocardia brasiliensis is the main etiologic agent. 1,6

Some of the microorganisms that cause the disease are 

found in the soil and can enter the human body via a thorn prick, a 

ZRRG�VSOLQWHU�RU�D�VWRQH�FXW� 2,3,6

Mycetomas are considered occupational diseases of indi-

YLGXDOV�ZKR�ZRUN�LQ�UXUDO�DUHDV��VXFK�DV�IDUPHUV�DQG�VKHSKHUGV��RU�
that engage in activities related to the environment. 3,6,9,10

Mycetomas can affect all age groups, but it occurs more 

FRPPRQO\�LQ�\RXQJ�PHQ�DJHG�EHWZHHQ����DQG����\HDUV�1,2,9 Men are 

PRUH�OLNHO\�WR�EH�DIIHFWHG�WKDQ�ZRPHQ��ZLWK�WKH�PDOH�WR�IHPDOH�UDWLR�
ranging from 3:1 to 5:1.2,6 

Environmental factors associated to genetic or immunologic 

predisposition can play a role in increasing the susceptibility to the 

disease. 1,2,10

0\FHWRPD�KDV�QR�NQRZQ�YHFWRU�RU�DQLPDO�UHVHUYRLU� 6,9,11

ETIOPATHOGENY

0\FHWRPD�FDQ�EH�FDXVHG�E\�IXQJL��HXP\FHWRPD��RU�EDFWHULD�
�DFWLQRP\FHWRPD��ZLWK�VLPLODU�FOLQLFDO�IHDWXUHV� 4,6 The disease most 

likely initiates after a minor trauma that inoculates the causative mi-

croorganism in the subcutaneous tissue. 1,6,7,11

$FWLQRP\FHWRPD�FDQ�EH�FDXVHG�E\�DQDHURELF�DJHQWV��Acti-

nomyces israelii��WKDW�DUH�IRXQG�LQ�QDWXUDO�FDYLWLHV�RI�KXPDQV�RU�RWKHU�
animals, mainly in the mouth or tonsils, or by aerobic agents that 

enter the human body via penetrating injuries. The most important 

agents are: Nocardia (N. brasiliensis; N. asteroides; N. otitidis-caviarum; 

N. transvalensis), Streptomyces somaliensis, Actinomadura (A. madurae; 

A. pelletieri), and new species of the genus Nocardia: N. harenae and N. 

takedensis.11-13

$SSUR[LPDWHO\�����RI�P\FHWRPD�DUH�HXP\FHWRPD�DQG�WKH�
most common species are Madurella mycetomatis������RI�FDVHV���Mad-

urella grisea and Scedosporium apiospermum. Other causative agents 

include Acremonium falciforme, A. kiliense, A. recifei, Cylindrocarpon 

nescens, C. destructans, Exophiala jeanselmei, Scytalidium dimidiatum, 

Aspergillus nidulans, Neotestudina rosatii, Leptosphaeria senegalensis, 

Pyrenochaeta romeroi and Phialophora verrucosa.13,14 The frequency of 

these species depends on the geographical region and climatic con-

ditions. M. mycetomatis produces black grains and is typically found 

LQ�WURSLFDO�UHJLRQV��ZKLOH�S. apiospermum�SURGXFHV�ZKLWH�JUDLQV�DQG�
is found in temperate regions. 4,9,14,15

Once the fungus penetrates and inoculates in the subcuta-

neous tissue, it stays indolent until extending to deeper tissues and 

bones. Mycetoma can spread locally through the lymphatic system 

and, rarely, through the blood stream. Oral and facial mycetoma are 

uncommon. 11

The typical clinical presentation is a painless subcutaneous 

PDVV�RI�VORZ�SURJUHVVLRQ�IRUPLQJ�PXOWLSOH�VLQXVHV�WKDW�GUDLQ�SXV�
and clusters of bacterial and fungal structures called “grains”. 4,9 

7KH� KRVW·V� LQÁDPPDWRU\� UHVSRQVH� FRQVLVWV� RI� D� QHXWURSKLOLF� LQÀO-
trate and the formation of granulomas that typically contain grains. 

7KH� FOXVWHUV� RI� IXQJDO�K\SKDH�ZLOO� YDU\� LQ� FRORU� DFFRUGLQJ� WR� WKH�
causative agent. 4,9�8QWUHDWHG�LQIHFWLRQV�ZLOO�HYHQWXDOO\�GHVWUR\�WKH�
WLVVXHV��LQFOXGLQJ�ERQHV��7KH�PRVW�IUHTXHQW�UDGLRORJLFDO�ÀQGLQJ�LQ�
P\FHWRPD�LV�VRIW� WLVVXH�VZHOOLQJ�IROORZHG�E\�ERQH�VFOHURVLV��ERQH�
cavities and periosteal reaction. 11,16

$IWHU�LQRFXODWLRQ�RI�WKH�FDXVDWLYH�DJHQW��IXQJL�RU�EDFWHULD��
a subcutaneous infection develops. The is usually painless and pro-

FHVVHV�VORZO\��RYHU�PRQWKV�DQG�\HDUV� 4 



,Q� PDOQRXULVKHG� SDWLHQWV� DQG� SDWLHQWV� ZLWK� DVVRFLDWHG� LOO-
QHVVHV��H�J��PDODULD��+,9�$,'6��OHLVKPDQLDVLV��GLDEHWHV�PHOOLWXV�HWF���
a more intense and faster progression of the disease may occur.4,7,17

DIAGNOSIS

The diagnosis of mycetoma is based on clinical presentation 

DQG�LGHQWLÀFDWLRQ�RI�WKH�HWLRORJLF�DJHQWV��&OLQLFDO�GLDJQRVLV�LV�FKDU-
DFWHUL]HG�E\�D� V\PSWRPDWLF� WULDG��D� VXEFXWDQHRXV�PDVV� �WXPHIDF-
WLRQ���GUDLQLQJ�VLQXVHV�DQG�JUDLQ�GLVFKDUJH� 1,7,17

7KH�PRVW�VSHFLÀF�GLDJQRVWLF�WRRO�LV�WKH�H[DPLQDWLRQ�RI�WKH�
grains discharged from sinuses. Both spontaneous drainage and 

manually expressed material from sinus should be carefully exam-

ined macro and microscopically to visualize the grains.4,9 The sam-

ples can be obtained from any open sinus or by deep surgical biopsy 

�7DEOH���� 4,9

MYCOLOGIC/BACTERIOLOGIC DIAGNOSIS 

Macroscopic and microscopic features of the grains

Mycological and bacteriological examination are very im-

portant for the correct diagnosis.4,9,18,19

The grains eliminated vary in size, color and texture; on di-

UHFW�H[DPLQDWLRQ��JUDLQV�DUH�XVHG�IRU�D�IDVW�\HW�WHPSRUDU\�LGHQWLÀFD-

tion of the etiologic agents. 4,9�2YHU����VSHFLHV�KDYH�EHHQ�LGHQWLÀHG�
as causative agents of mycetoma, but the grains of many of these 

agents have overlapping morphological characteristics, therefore, 

cultures are needed to properly identify the causative agent.

Grain size varies in diameter: in eumycetoma, such as those 

caused by Actinomadura madurae, Actinomadura pelletieri and by spe-

cies of the genus Madurella��HVSHFLDOO\�Madurella mycetomatis���JUDLQ�
GLDPHWHU�LV�XVXDOO\������PP��LQ�DFWLQRP\FHWRPD��JUDLQV�DUH�VPDOOHU�
and hardly visualized. Grain color of the most common species are 

VKRZQ�LQ�7DEOH����5,14

Culture is paramount to identify the causative organisms 

of mycetomas. The purulent discharge sampled should be centri-

IXJHG��VHGLPHQWHG�DQG�ZDVKHG�PDQ\�WLPHV�ZLWK�VDOLQH�WR�HOLPLQDWH�
contaminants. 4,5,17

&RORQ\� JURZWK� VKRXOG� EH� FKHFNHG� GDLO\� DQG� VXVSHFWHG�
FRORQLHV�VKRXOG�EH�UHSOLFDWHG�LQ�QHZ�PHGLD�WR�SURPSWO\�LGHQWLI\�WKH�
HWLRORJLF�DJHQWV��(XP\FHWRPD�JURZ�VORZHU� WKDQ�DFWLQRP\FHWRPD��
WKXV�IXQJDO�FXOWXUHV�VKRXOG�EH�NHSW�IRU�XS�WR�VL[�ZHHNV�EHIRUH�EHLQJ�
discarded as negative.5,17,19

Macroscopic and microscopic features of the most common 

HWLRORJLF�DJHQWV�IRXQG�LQ�%UD]LO�DUH�GHVFULEHG�EHORZ�
Grains from Nocardia brasiliensis��DHURELF�DFWLQRP\FHWH��PHD-

sure approximately 0.1-0.2mm in diameter, are irregular in shape, 

RI�VRIW�FRQVLVWHQF\�DQG�D�ZKLWH�\HOORZ�FRORU��RQ�GLUHFW�H[DPLQDWLRQ�
clubs are often not visualized. Grains are cultured in media such as 

Sabouraud agar, chocolate agar, and Czapeck-dox agar at room tem-

perature and at 37o&��$IWHU�WKH�ÀUVW�ZHHN��VPDOO�ZKLWH�FRORQLHV�FDQ�EH�
REVHUYHG��RFFDVLRQDOO\��FRORQLHV�DUH�FRYHUHG�E\�D�WKLQ�DQG�VKRUW�ZKLWH�
DHULDO�P\FHOLXP�UHODWHG�WR� WKH� IUDJPHQWDWLRQ�RI�EDFWHULDO�ÀODPHQWV��
&RORQLHV�UHOHDVH�D�VWURQJ�RGRU�RI�´ZHW�VRLOµ��,Q�*UDP�VWDLQHG�VPHDUV��
N. brasiliensis KDV�EUDQFKHG�EDFWHULDO�ÀODPHQWV�WKDW�IUDJPHQW�LQWR�FRF-
coid and bacillary structures; they are gram-positive and partially ac-

id-resistant by the Kinyoun�PHWKRG��)LJXUH�����5,14

Nocardia asteroids�JURZV�ZHOO�RQ�6DERXUDXG�DJDU��FKRFRODWH�
agar, and Czapeck-dox agar at 25-37oC. Initially, the colonies have 

an elevated, glabrous, ridged, and granular surface; color is usu-

DOO\�RUDQJH��EXW�FDQ�UDQJH�IURP�\HOORZ�WR�SLQN��2Q�*UDP�VWDLQHG�
VPHDUV�� EUDQFKHG�� GHOLFDWH�� DQG� WZLVWHG� ÀODPHQWV� RI� �μP� DUH� RE-

served fragmenting into bacillary and coccoid structures. 5,14

On direct examination, Actinomadura madurae�VKRZV�URXQG�
RU�RYDO�ZKLWH�\HOORZ�JUDLQV�WKDW�DUH�LQVROXEOH�LQ�.2+�����DQG�DFH-
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TABLE 1: Morphological and physiological characteristics of etiologic agents

Etiologic agent Grain features Optimal Tº Essays

Nocardia brasiliensis
:KLWH�\HOORZ���PP��SUHVHQFH�RI�FOXEV�DQG�
ÀODPHQWRXV�IRUPDWLRQV��*UDP����DQG�%$$5����

25ºC and 37ºC

&DVHLQ�K\GURO\VLV�����*URZWK�LQ�
JHODWLQ���������
Decomposes in tyrosine crystal

Nocardia asteroides
:KLWH�\HOORZ���PP��SUHVHQFH�RI�FOXEV�DQG�
ÀODPHQWRXV�IRUPDWLRQV��*UDP����DQG�%$$5����

25ºC and 37º C

'RHV�QRW�K\GURO\]H�FDVHLQ������GRHV�
QRW�JURZ�LQ�JHODWLQ�����������GRHV�QRW�
GHFRPSRVH�W\URVLQH����

Actinomadura madurae :KLWH�\HOORZ��URXQG�RU�RYDO 37ºC *HODWLQ����

Acremonium kiliense
:KLWH�\HOORZ����PP��LUUHJXODU�VKDSH��ZLWK�
fragmented hyphae 

26 ºC to 30ºC
Assimilates glicose, maltose, 

SHSWRQH����

Scedosporium apiospermum
+\DOLQH�ZKLWH������WR����PP��PXOWLSOH�VKDSHV��VRIW��
ZLWK�VHSWDWH�K\SKDH�DQG�FKODP\GRVSRUHV

37ºC
Starch hydrolysis, proteolytic 

activity in gelatin medium

Madurella grisea
Black, 1 to 2mm, oval or irregular shape, large 

hyphae and chlamydospores
26 to 30ºC

Assimilates glicose, maltose, 

VDFFKDURVH��JDODFWRVH��XUHD������
SHSWRQH�����DQG�DVSDUDJLQH

Madurella mycetomatis Black, large, 5mm or more, interlacing 37ºC

Assimilates lactose, glicose, maltose, 

galactose, urea, peptone, asparagine 

DQG�VDFFKDURVH����
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WLF� DFLG�� ,W� JURZV�DW� URRP� WHPSHUDWXUH��ZLWK�EHVW�GHYHORSPHQW� DW�
37o&��&XOWXUHV� DUH� JURZQ� LQ�YHJHWDEOH� EURWK�� JO\FHURO�JHODWLQ� DQG�
/RZHQVWHLQ�-HQVHQ� PHGLD�� FRORQLHV� DUH� SURWUXGLQJ�� URXQG�� DQG�
ZKLWH�\HOORZ�WKDW�ODWHU�EHFRPH�SLQN�RU�UHG�UDZ��5,14

Madurella grisea has black, oval or irregularly shaped grains 

WKDW�PHDVXUH� �� ���PP�� JURZWK� LV� VORZ� DQG�PD\� UHDFK� �����PP�
LQ�GLDPHWHU� LQ� ���GD\V� DW� WHPSHUDWXUHV� UDQJLQJ�EHWZHHQ� �����oC. 

&RORQLHV�DUH� ULGJHG�DQG�FHUHEULIRUP�ZLWK� LUUHJXODU�DQG�KDUGHQHG�
edges; it has a grey to olive-green color that later becomes blackened 

ZLWK�D�YHOYHW\�VXUIDFH��7KH�PLFURFXOWXUH�RI�FRORQLHV�VKRZV�VHSWDWH�
and sterile mycelia measuring 1-3μm� LQ� GLDPHWHU� ZLWK� UDUH�
FKODP\GRVSRUHV� DQG� ODUJH� PRQLOLIRUP� K\SKDH� ����μm��� ,W� JURZV�
ZHOO�LQ�Sabouraud agar and potato agar. 5,14

Madurella mycetomatis has black, big grains of 5mm or 

PRUH� �)LJXUH� ���� ,QLWLDOO\�� FRORQLHV� DUH� \HOORZ� RU� EURZQ� ZLWK� D�
ridged surface and are frequently covered by a short aerial gray 

P\FHOLXP�� &RORQLHV� JURZ� ZHOO� RQ� SRWDWR� DJDU�� FRUQPHDO� DJDU��
Sabouraud agar, and Czapeck-dox agar at 37oC. Colonies have 

moniliform dematiaceous hyphae and chlamydospores of 25μm; 

DIWHU� WZR� PRQWKV�� EODFN� VFOHURWLD� PHDVXULQJ� �μP� LQ� GLDPHWHU�
IRUPHG� E\� SRO\JRQDO� P\FHOLD� DUH� REVHUYHG�� ,W� KDV� WZR� W\SHV� RI�
sporulation: simple and branched conidiophore and innumerous 

chlamydospores. Madurella mycetomatis� ZDV� IRXQG� WR assimilate 

lactose but not saccharose. 5,14

Acremonium kiliense KDV� ZKLWH�\HOORZ� LUUHJXODUO\� VKDSHG�
JUDLQV�ZLWK����PP�DQG�IUDJPHQWHG�K\SKDH��&RORQ\�JURZWK�LV�IDVW�

in Czapeck-dox agar, potato agar and cornmeal agar at tempera-

WXUHV�RI� ������&�� FRORQLHV�KDYH�D�YHOYHW\�DVSHFW� DQG�D�ZKLWH�JUH\�
FRORU��7KH�FRQLGLRSKRUHV�KDYH�D�VPRRWK�ZDOO��ZLWK�K\DOLQH��XQLFHO-
lular and straight conidia in the apical portion, kept together by a 

mucilaginous substance.5,14 

On direct examination, Scedosporium apiospermum has hyaline 

ZKLWH�JUDLQV�PHDVXULQJ�����PP�LQ�GLDPHWHU�WKDW�YDU\�LQ�VKDSH��*UDLQV�
are soft and have septate hyphae and chlamydospores. Their colonies 

JURZ�ZHOO�DW�URRP�WHPSHUDWXUH�DQG�DW����&�LQ�FRUQPHDO�DJDU��SRWDWR�
agar, Sabouraud agar, and Czapeck-dox agar. Colonies are dark-gray, 

have isolated annelloconidia formed at the apex of the annellophores 

and pyriform aleuriospores that are distributed in the apices of sim-

ple or branched conidiophores. S. apiospermum is tKH�DQDPRUSK��RU�
DVH[XDO��IRUP�RI�WKH�VSHFLHV Pseudallescheria boydii �)LJXUH���� 5,14

7DEOHV���DQG���VKRZ�WKH�PRUSKRORJLF�DQG�ODERUDWRU\ features 

of the etiologic agents more frequently isolated in mycetomas.14

HISTOPATHOLOGICAL DIAGNOSIS 

*UDLQV�FDQ�EH�YLVXDOL]HG�ZLWK�KHPDWR[\OLQ�	�HRVLQ�VWDLQLQJ�
�+	(��DQG�E\�VSHFLDO�VWDLQLQJ�WHFKQLTXHV��VXFK�DV�WKH�3HULRGLF�DF-
LG�6FKLII��3$6��DQG�*URFRWW�*RPRUL�VLOYHU�VWDLQLQJ��$FWLQRP\FHWR-

ma should also be investigated using Gram staining.4,5

+LVWRSDWKRORJ\�VKRZV�JUDQXORPDV�of epithelioid cells and 

multiple giant cells. In the eumycetoma, the grains are characterized 

by clusters of branched hyphae radially arranged that occasionally 

forms vacuoles. Pink, sharp, large hyphae can be seen, surrounded 

FIGURE 1: A) Actinomycetoma - 
Nocardia brasiliensis. 
B) After clinical and surgical 
treatment. 
C) Actinomycetoma grain on 
KLVWRSDWKRORJ\��+HPDWR[\OLQ�	�HRVLQ��
;�����D) Typical colony of Nocardia 
brasiliensisB

A C

D
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E\�D�EDVRSKLOLF� FRPSRQHQW� �+	(� VWDLQ���7KH�JUDLQV� VKRZ� URXQG��
VRPHWLPHV�RYDO�RU�NLGQH\�OLNH�FRQÀJXUDWLRQV� 4,5,7

,Q�DFWLRQP\FHWRPD�� WKH�GHOLFDWH�ÀODPHQWV�DUH� LQYROYHG�E\�
DQ�DQWLJHQ�DQWLERG\�FRPSOH[�IRUPLQJ�DQ�HRVLQRSKLOLF�IULQJH��FOXEV���
similar to the Splendore-Hoeppli phenomenon, that are found 

around the grains. 4,5,7

+LVWRSDWKRORJ\� LV� XVHIXO� WR� FRQÀUP� WKH� FOLQLFDO� GLDJQRVLV�
and distinguish eumycetoma from actinomycetoma, but it does not 

identify the causative agent.3,7 Histological sections reveal a granu-

loma containing grains located in microabscesses.5,7

MOLECULAR DIAGNOSIS

Recently, Molecular Biology techniques have become increas-

LQJO\�LPSRUWDQW�LQ�WKH�LGHQWLÀFDWLRQ�RI�JHQHUD�DQG�VSHFLHV� 5 +RZHYHU��
due to the lack of standardized techniques and the high cost, molecu-

lar diagnosis should be considered a complementary diagnostic tool 

and not a replacement for the conventional methods.1,14

RADIOLOGICAL IMAGING DIAGNOSIS 

Several imaging techniques can be used to determine the 

extent of lesions, including conventional X-rays, ultrasonography, 

magnetic resonance and computed tomography.5,7,15 These radiolog-

ical images are essential for surgical planning.20

FIGURE 2: A) (XP\FHWRPD�²�Madurella mycetomatis. B) After deep surgical debridement. C) 30 days after surgical procedure. D) Six months 
after surgical procedure. E)�0DJQHWLF�UHVRQDQFH�LPDJLQJ��05,��RI�WKH�WXPRU��F) Patient after mycological and clinical cure

B EA

C D F

FIGURE 3: A) (XP\FHWRPD�²�Scedosporium apiospermum. B)�(XP\FHWRPD�JUDLQ�RQ�KLVWRSDWKRORJ\��+HPDWR[\OLQ�	�HRVLQ��;�����C and D) After 
clinical and surgical treatment. E)�&XOWXUHV�LQ�VSHFLÀF�PHGLD��F)�6WUDQGV�RI�K\SKDH�DQG�FRQLGLD���6\QQHPD��/DFWRSKHQRO�FRWWRQ�EOXH�;���

B

E

A

C D F
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Effective treatment of actinomycetoma began in the 1940s 

DQG� ����V� ZLWK� VXOSKRQDPLGHV� DQG� GLDPLQRGLSKHQ\O� VXOIRQH�
�'DSVRQH� ��''6��� DFKLHYLQJ� FXUH� LQ� VRPH� FDVHV�� ,Q� WKH� ����V�� WUL-
PHWKRSULP�VXOIDPHWKR[D]ROH� �703�60;�� EHFDPH� WKH� VWDQGDUG�
WUHDWPHQW� IRU� DFWLQRP\FHWRPD�� +RZHYHU�� LQ� SDWLHQWV� UHVLVWDQW� WR�
703�60;��RWKHU�DQWLELRWLFV�ZHUH�XVHG��VXFK�DV�VWUHSWRP\FLQ��LVRQL-
azid, rifampicin and minocycline. 8,22

&XUUHQWO\�� WKH� ÀUVW�OLQH� WUHDWPHQW� IRU� DFWLQRP\FHWRPD� LV�
DPLNDFLQ����PJ�NJ�GD\��GXULQJ�WKUHH�ZHHNV�FRPELQHG�ZLWK�703�
60;������PJ�NJ�GD\��HYHU\����KRXUV�GXULQJ�ÀYH�ZHHNV��2QH�WR�
IRXU���ZHHN�F\FOHV�DUH�UHFRPPHQGHG��Renal and audiometric moni-

WRULQJ�LV�FRPSXOVRU\�EHIRUH��LQ�EHWZHHQ�DQG�DIWHU�WKH�F\FOHV� 8

,Q� UHIUDFWRU\�FDVHV�RU� WKRVH�ZLWK�DOOHUJLHV� WR� WKH�FRPELQD-

tion, TMP-SMX should be replaced by amoxicillin-clavulanate 

and amikacin should be replaced by netilmicin. During pregnancy, 

PRQRWKHUDS\�ZLWK�DPR[LFLOOLQ�FODYXODQDWH�LV�LQGLFDWHG��,Q�FDVHV�UH-

sistant to TMP-SMX, amikacin is associated to a carbapenemic, such 

as imipenem or meropenem. 8

,Q����\HDUV�WUHDWLQJ�P\FHWRPD�SDWLHQWV��ZH�KDYH�REVHUYHG�
recurrences and refractory responses to monotherapies and to the 

FRPELQDWLRQV� GHVFULEHG� DERYH�� )RU� WKH� ODVW� ÀYH� \HDUV�� ZH� KDYH�
FKRVHQ� WR� WUHDW� DFWLQRP\FHWRPDV�ZLWK� D� FRPELQDWLRQ� RI� DQWLELRW-

2YHU�WKH�ODVW�\HDUV��PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��KDV�
been considered as a diagnostic and planning tool for the treatment 

and prognosis of the disease.5,15,20 7KH�FKDQJHV�REVHUYHG�ZLOO�JXLGH�
the surgeon in the removal of the affected tissue and during fol-

ORZ�XS��7KH�LPDJHV�VKRXOG�EH�UHYLHZHG�HYHU\���PRQWKV�15,20

TREATMENT 

Treatment of mycetoma depends on a correct diagnosis. It is 

LPSRUWDQW�WR�GHÀQH�WKH�IXQJDO�RU�EDFWHULDO�HWLRORJ\�EHFDXVH�WKH�WUHDW-
ments are different.1,4,5,8. $FWLQRP\FHWRPD�LV�WUHDWHG�ZLWK�DQWLELRWLFV��
ZKLFK�FDQ�EH�XVHG�LVRODWHG�RU�LQ�GLIIHUHQW�FRPELQDWLRQV��GHSHQGLQJ�
on the severity, extension and location of the lesions. 4,8�+RZHYHU��
ZH�EHOLHYH�DQWLELRWLFV�FRPELQHG�ZLWK�VXUJLFDO�SURFHGXUHV�KDYH�WKH�
EHVW�WKHUDSHXWLF�UHVSRQVH��(XP\FHWRPD�LV�WUHDWHG�ZLWK�V\VWHPLF�DQ-

tifungals and surgical excision.4,8,16 Eumycetomas may affect deeper 

WLVVXHV��OHDGLQJ�WR�ZLGH�surgical excisions and sometimes amputa-

tions. 17�,Q�RXU�URXWLQH��VWHSZLVH�VXUJLFDO�SURFHGXUHV�DUH�FDUULHG�RXW�
HYHU\���������GD\V�WR�UHPRYH�WKH�LQIHFWHG�WLVVXH�ZKLOH�PDLQWDLQLQJ�
the clinical treatment. This has avoided limb amputations in our pa-

WLHQWV�����FDVHV���3DWLHQW�IROORZ�XS�LV�FRQWLQXRXV��HYHU\�IRXU�PRQWKV�
GXULQJ�WKH�ÀUVW�WZR�\HDUV��XQWLO�FRPSOHWH�FOLQLFDO�DQG�UDGLRORJLFDO�
cure is reached; every six months to control for relapsing lesions 

through laboratory and radiological investigations.

TABLE 2: Etiologic agents, macroscopic and microscopic features and culture media for the colonies

Etiologic agent Macroscopic characteristics of colonies Culture medium Microscopic characteristics of colonies 

Nocardia brasiliensis :KLWH��ZULQNOHG�RQ�WKH�VXUIDFH��\HOORZ�RU�
RUDQJH�XQGHUQHDWK��2GRU�RI�´ZHW�VRLOµ�

Chocolate agar 

Sabouraud agar

Czapeck-dox agar

)LQH�ÀODPHQWV���μP��WKDW�IUDJPHQWV�
into bacillary structures

Nocardia asteroides :KLWH��ZULQNOHG�RQ�WKH�VXUIDFH��\HOORZ�RU�
RUDQJH�XQGHUQHDWK��2GRU�RI�´ZHW�VRLOµ�

Chocolate agar 

Sabouraud agar

Czapeck-dox agar

)LQH�ÀODPHQWV���μP��WKDW�IUDJPHQWV�
into bacillary structures

Actinomadura madurae *ODEURXV��VHURXV��ULGJHG�FRORQ\�ZLWK�JUH\�
IROGV�DQG�ÁDW�ERUGHU

Vegetable broth 

Glycerol-gelatin

/RZHQVWHLQ�-HQVHQ

%UDQFKHG�� ORQJ� DQG� WZLVWHG� ÀODPHQWV��
VPDOOHU�WKDQ��μP�LQ�GLDPHWHU��*UDP��

Acremonium kiliense 6ORZ�JURZWK��VKRUW��ZKLWH�JUH\�WR�SLQN�DHULDO�
mycelium, violet reverse

Sabouraud agar

Czapeck-dox agar

Potato agar

Cornmeal agar

Hyaline hyphae, simple conidiophore 

and apical conidia clustered into a 

circle kept together by mucilaginous

substances

Scedosporium apiospermum )DVW�ÀODPHQWRXV�JURZWK��FRWWRQ\�GDUN�JUH\�
mycelium

Sabouraud agar 

Chocolate agar 

Czapeck-dox agar

Isolated annelloconidia formed at 

the apex of annellospores. Pyriform 

aleuriospores distributed in the apices 

of simple or branched conidiospores.

Strands of conidiospores form coremia.

Madurella grisea *UH\�WR�ROLYH�JUHHQ��FLUFXODU�ZLWK�LUUHJXODU�
edges, ridged surfaces and dark reverse

Sabouraud agar 

Potato agar

'HPDWLDFHRXV�VHSWDWH�P\FHOLD�ZLWK�
rare chlamydiospores; presence of 

VFOHURWLD��$%�
Madurella mycetomatis <HOORZ�RU�EURZQ��ULGJHG�VXUIDFHV Sabouraud agar 

Potato agar

Cornmeal agar

Czapeck-dox agar

Moniliform, dematiaceous hyphae and 

chlamydospores, 25μm in diameter; 

simple and branching conidiophores; 

multiple chlamydospores



ics and surgical procedures. Currently, 703�60;� �����PJ�NJ�
GD\�HYHU\���K�� LV�SUHVFULEHG�FRQWLQXRXVO\��FRPELQHG�ZLWK���ZHHN�
F\FOHV�RI�DPLNDFLQ����PJ�NJ�GD\��DQG�LPLSHQHP������PJ�,9���6L[�
WR�HLJKW� F\FOHV�DUH� UHFRPPHQGHG�ZLWK�D���� WR����GD\� LQWHUYDO�EH-

WZHHQ�F\FOHV��703�60;�LV�PDLQWDLQHG�XQWLO�WKH�HQG�RI�WKH�ODVW�F\FOH��
,PLSHQHP�FDQ�EH�UHSODFHG�E\�PHURSHQHP�ZLWK�VLPLODU�UHVXOWV�DQG�
703�60;� FDQ� EH� UHSODFHG� E\� GR[\F\FOLQH� ����PJ� HYHU\� ��K�� RU�
amoxicillin-clavulanate. Kidney, liver and auditory functions should 

be monitored before, during and after treatment cycles. Radiological 

FRQWUROV�ZLWK�05,�DUH�GRQH�HYHU\�VL[�PRQWKV��17

It is important to perform sensitivity tests to antibiotics to 

FRQÀUP�VWUDQG�VHQVLWLYLW\��WKXV�RSWLPL]LQJ�WKHLU�XVH� 18

(XP\FHWRPD� LV� D� QHJOHFWHG� GLVHDVH�ZLWK� IHZ� VWXGLHV� WDU-
geting its treatment, thus prospective clinical studies are needed to 

evaluate the therapeutic potential of the existing antifungals. 8,17,22

Itraconazole is the most commonly used drug for the treat-

ment of eumycetoma. Its bioavailability is variable and absorption 

is related to stomach acidity and food intake. Existing reports indi-

cate a favorable clinical response to its prolonged use, especially if 

IROORZHG�E\�VXUJLFDO�H[FLVLRQ.4,8

We believe the best treatment is itraconazole 200mg/VO ev-

HU\���K�IRU�WZR�\HDUV�FRPELQHG�ZLWK�VXUJLFDO�SURFHGXUHV�HYHU\�����
����GD\V��0DLQWHQDQFH� VKRXOG� EH�GRQH�ZLWK� ���PJ�GD\� IRU� �����
\HDUV��ZLWK�ODERUDWRU\�DQG�UDGLRORJLFDO�FRQWUROV�

)RU�DOPRVW�WKUHH�GHFDGHV��DPSKRWHULFLQ�%�ZDV�WKH�RQO\�V\V-
WHPLF�DQWLIXQJDO�DYDLODEOH��,W�ZDV�QRW�ZLGHO\�XVHG�IRU�HXP\FHWRPD�
due to its toxicity and the need to be administered parenterally for 

prolonged periods. There is a report of its use in a case series in Su-

GDQ�ZLWK�GLVDSSRLQWLQJ�UHVXOWV�8

Ketoconazole has a limited therapeutic response in eumy-

FHWRPDV��ZLWK�GRVHV� UDQJLQJ�EHWZHHQ� �������PJ�GD\� IRU� �� WR� ���
months of continuous use. Ketoconazole it is not recommended as 

ÀUVW�OLQH�WUHDWPHQW�DQG�LWV�XVH�IRU�SURORQJHG�SHULRGV�VKRXOG�EH�
avoided due to its side effects, such as liver and adrenal toxicity. 4,8

Fluconazole has also been reported as ineffective in the 

treatment of eumycetomas. 4,8

1HZ�GUXJV�EHORQJLQJ�WR�WKH�D]ROH�FODVV�KDYH�D�EURDG�VSHF-
WUXP��JRRG�ELRDYDLODELOLW\�DQG�ORZ�WR[LFLW\��,Q�P\FHWRPD��WKH\�DUH�HI-
IHFWLYH�IRU�WKH�SURORQJHG�WUHDWPHQW�RI�RXWSDWLHQWV��+RZHYHU��WKHUH�DUH�
limited studies in vitro and in vivo. Voriconazole and posaconazole 

ZHUH�DVVHVVHG�LQ�D�VPDOO�QXPEHU�RI�SDWLHQWV�ZLWK�SURPLVLQJ�UHVXOWV��
Nonetheless, despite the good in vitro activity, prolonged treatment 

seems to be needed. Isavuconazole and fosravuconazole had ex-

cellent results in vitro, but no reports in vivo. Prospective studies are 

needed necessary to evaluate these antifungals.4,8

+LJK�GRVH� WHUELQDÀQH� �����PJ�GD\�� IRU� SHULRGV� UDQJLQJ�
IURP� ������ ZHHNV� ZDV� HIIHFWLYH� DJDLQVW� HXP\FHWRPDV� FDXVHG� E\�
Exophiala jeanselmei: 55% RI�SDWLHQWV�VKRZHG�D�VLJQLÀFDQW�LPSURYH-

PHQW�ZKLOH�����ZHUH�FXUHG��+RZHYHU��WHUELQDÀQH�ZDV�QRW�HIIHFWLYH�
in deep infections due to S. apiospermum.4,8

7KHUH�DUH�QR�FOLQLFDO�GDWD�DERXW� WKH�HIÀFDF\�RI�HFKLQRFDQ-

dins in eumycetomas. 4,8

SURGICAL TREATMENT 

Surgical treatment is indicated both for small local lesions, 

and for massive compact lesions in order to reduce the mycetoma 

load and provide a better response to clinical therapy.9,19,22 Antimi-

crobials should be used 3-6 months prior to surgery in order to form 

D�ÀEURXV�FDSVXOH�DURXQG�WKH�OHVLRQV��PDNLQJ�VXUJLFDO�GLVVHFWLRQ�DQG�
excision easier.1,4

An Bras Dermatol. 2018;93(1):08-18.
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FIGURE 4: A) Clinical aspect of the symptomatic triad: tumefaction, sinuses and grains. B) Surgical procedure demonstrating debridement. 
C) MRI of the foot
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Surgical intervention for mycetoma can cause morbidity, de-

formities and disabilities, particularly in the advanced stages of the 

disease.8,17,20,23

In general, bacterial mycetoma is likely to have good response 

rates to clinical treatment, in contrast to fungal mycetoma, that requires 

prolonged medical treatment and surgery. 8,20

Radiological examination is important for surgical planning. 

8OWUDVRXQG�JXLGHG�VXUJHU\�FDQ�EH�XVHIXO�WR�GHWHUPLQH�WKH�SUHFLVH�ORFD-

tion, size and the extension of the lesion. 17

&DUHIXO� VXUJLFDO� GLVVHFWLRQ��ZLWK� VDIHW\�PDUJLQV�� LV� QHFHV-
sary for an appropriate excision of the infected tissue, avoiding re-

FXUUHQFH�RI�WKH�GLVHDVH��)LJXUH����17,20,23

Indications for surgery: the ground rule in our service is 

WR�WUHDW�DOO�P\FHWRPD�VXUJLFDOO\��6PDOO��ZHOO�GHÀQHG�OHVLRQV�UHTXLUH�
IHZHU�VXUJLFDO�LQWHUYHQWLRQV��KRZHYHU��LQ�LQGLYLGXDOV�WKDW�DUH�QRW�UH-

VSRQGLQJ�ZHOO�WR�WKH�FOLQLFDO�WUHDWPHQW��D�JUHDWHU�QXPEHU�RI�VXUJLFDO�
procedures is needed in order to reduce the dense, compact fungal 

load found in the lesions. Surgery can be a life-saving procedure in 

ODWH�VWDJHV�RI�WKH�GLVHDVH��ZKLFK�FDQ�LQYROYH�VHFRQGDU\�EDFWHULDO�LQ-

fection, sepsis,and massive bone involvement.1,8,20 Commonly, bones 

DUH�VWXGGHG�ZLWK�PXOWLSOH� FHPHQWHG�FDYLWLHV�FRQWDLQLQJ�JUDLQV�DQG�
ÀEURXV�WLVVXH��7KH�GHEULGHPHQW�RI�WKH�ERQH�PXVW�EH�GRQH�FDUHIXOO\��
UHPRYLQJ�JUDLQV�DQG�ÀEURXV�WLVVXH�IURP�WKH�FDYLWLHV� 8,20

In mycetoma, the infection usually spreads along the tissue 

levels forming deep pockets that are not easily detected. These pock-

HWV� VKRXOG� EH� LGHQWLÀHG� SUHFLVHO\� WR� UHGXFH� SRVW�RSHUDWLYH� UHFXU-
rence. All damaged tissue must be debrided.8,20

$IWHU�GHEULGHPHQW�� WKH�VXUJLFDO�ÀHOG�VKRXOG�EH� WKRURXJKO\�
LUULJDWHG�ZLWK�VDOLQH�WR�UHPRYH�DQ\�JUDLQV�WKDW�DUH�OHIW�RU�LQIHFWHG�WLV-
VXH��)LQDOO\��WKH�VXUJLFDO�ÀHOG�VKRXOG�EH�ULQVHG�DQG�LUULJDWHG�PHWKRG-

LFDOO\�ZLWK�LRGLQH�VROXWLRQ�DQG�K\GURJHQ�SHUR[LGH�PXOWLSOH�WLPHV�WR�
remove and destroy hyphae and grains that have been left behind.20

,Q�ODUJH�OHVLRQV��WKH�ZRXQGV�DUH�OHIW�WR�VHFRQGDU\�LQWHQWLRQ�
KHDOLQJ��ZLWK� WKH� IRUPDWLRQ�RI�ÀEURXV� WLVVXH��RU�DUH�FORVHG�ZLWK�D�
skin graft in a later stage, after the development of a good granula-

tion tissue.20

Early movement and physical therapy are compulsory for 

better surgical results, avoiding joint rigidity and reducing deformi-

ties and disabilities.8,20

7KH�XVH�RI�K\GURJHQ�SHUR[LGH�RQ�SRVW�RSHUDWLYH�ZRXQGV�LV�
recommended.20

CONCLUSIONS 

,Q�YLHZ�RI�WKH�SURORQJHG�WUHDWPHQW�DQG�GHYDVWDWLQJ�FRQVH-

TXHQFHV�RI�P\FHWRPDV��ZLWK�WKH�QHHG�IRU�DJJUHVVLYH�WUHDWPHQW�DQG�
mutilating surgeries, more attention from the professionals that 

treat the disease should be given, considering all aspects that fo-

FXV�RQ�D�EHWWHU�TXDOLW\�RI�OLIH�IRU�WKRVH�DIIHFWHG��.QRZOHGJH�JDSV�
PXVW�EH�EULGJHG�DQG�DZDUHQHVV�RQ�P\FHWRPD�PXVW�UHDFK�KHDOWK�
SURIHVVLRQDOV�ZKR�ZRUN� LQ�SULPDU\�FDUH�� VR� WKH\�FDQ�GLDJQRVH�
and refer patients to specialists early. Guidance and preventive 

measures promoting the use of adequate shoes and clothing 

VKRXOG�EH�RIIHUHG�WR�WKRVH�ZKR�ZRUN�LQ�UXUDO�DUHDV��
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QUESTIONS 

1. Which of the following microorganisms causes eumycetoma:

 a) Cladosporium carrionii.

 b) Sporothrix schenckii.

 c) Scedosporium apiospermum.

 d) Streptomyces somaliensis.

2. Red grains are seen in a cutaneous lesion. Macroscopically, the 

branch off from a necrotic center. The most likely diagnosis for 

this case is:

 a) Chromoblastomycosis.

 b) Eumycetoma.

 c) Actinomycetoma.

 d) Sporotrichosis.

3. The etiologic agent e most commonly found in Brazil is: 

 a) Madurella grisea.

 b) Nocardia brasiliensis.

 c) Phialophora verrucosa.

 d) Madurella mycetomatis.

4. Which of the following organism is weakly acid-fast:

 a) Nocardia brasiliensis.

 b) Madurella mycetomatis.

 c) Streptomyces griseus.

 d) Phialophora verrucosa.

5. Which of the following statements is correct:

 a)  Grains are observed in mycetoma caused by Nocardia, but in 

nocardiosis usually there are no grains.

 b)  The typicall sulphur colored grains are present in actinomyco-

sis and mycetoma caused by the same organisms.

 c) Acremonium kiliensis is an etiologic agent of actinomycetoma.

 d)  Only actinomycete fungi and bacteria can produce grains in 

the tissue.

6. Which of the morphological features are not compatible to its 

respective etiologic agent:

 a) Nocardia brasiliensis KDV�DQ�RGRU�RI�´ZHW�VRLOµ.

 b)  Scedosporium apiospermum has multiple pyriform aleuriospores 

distributed in the apices of simple conidiophores.

 c)  Acremonium kiliense H[KLELW�VLPSOH�FRQLGLRSKRUH�ZLWK�D�VLQJOH�
conidium on the extremity of the conidiophore.

 d)  Madurella mycetomatis has simple conidiophores in a rosette 

formation.

7. Mycetomas occur more commonly in which age group: 

 a) 0 - 20 years.

 b) 20 - 40 years.

 c) 40 - 60 years.

 d) over 60 years.

8. The disease that is not a differential diagnosis of mycetoma is:

 a��3DUDFRFFLGLRLGRP\FRVLV�
 b) Tegumentary leishmaniasis.

 c) Entomophthoromycosis.

 d) Tuberculosis.

9. Regarding the etiopathogenesis of mycetoma, which of the fol-

lowing statements is correct:

 a)  Mycetoma can spread locally through the lymphatic system 

and blood stream.

 b)  The symptomatic triad consists of a painless subcutaneous 

mass that progresses rapidly, forming sinuses that drain pus 

and grains.

 c)  The disease progresses similarly in immunocompetent and im-

munosuppressed patients.

 d)  The clinical presentation of actinomycetomas and eumyce-

WRPDV�DUH�VLPLODU��KRZHYHU�� WKHLU� IUHTXHQF\�GHSHQGV�RQ�JHR-

graphic location and climatic factors.

10. A 50-year-old patient from a rural area presents with swelling 

of the lower limb, sinuses, pus and grains. He is attended at the 

Dermatology Outpatient clinic. The best initial approach would be:

 a)   Deep biopsy ZLWK�VDPSOHV�WR�KLVWRSDWKRORJ\��EDFWHULRORJ\��P\-

cology and request imaging studies.

 b)��6HQG�VDPSOHV�IRU�0ROHFXODU�%LRORJ\�VWXGLHV�IROORZHG�E\�LP-

PHGLDWH�VXUJLFDO�WUHDWPHQW�ZLWK�UDGLRORJLFDO�IROORZ�XS�
 c)��6WDUW� WUHDWPHQW�ZLWK� VXOIDPHWKR[D]ROH�WULPHWKRSULP�� UHJDUG-

OHVV�RI�WKH�HWLRORJLF�DJHQW�DQG�ZDLW�IRU�FXOWXUH�UHVXOWV�WR�GHÀQH�
a targeted treatment.

 d)  Refer the patient to the surgeon for limb amputation and sub-

sequent clinical treatment to control hematogenous spread.

11. The best treatment combination for a patient with eumyceto-

ma caused by Madurella mycetomatis would be: 

 a)  Fluconazole 300mg, po, every 12 hours for 2 years, combined 

ZLWK�VXUJLFDO�SURFHGXUH�HYHU\���PRQWKV�
 b)  IV Amphotericin B, 2-5mg/kg/day, total of 3g, and mainte-

QDQFH�ZLWK�VXOIDPHWKR[D]ROH�WULPHWKRSULP�IRU���\HDUV�
 c)  Voriconazole 200mg, po, every 12 hours for 2 months has the best 

FRVW�EHQHÀW��VDWLVIDFWRU\�UHVXOWV�DQG�VKRUWHU�WUHDWPHQW�SHULRG�
 d)  Itraconazole 200mg, every 12 hours for a prolonged period, 

FRPELQHG� ZLWK� GHHS� VXUJLFDO� GHEULGHPHQW� HYHU\� �� PRQWKV�
ZLWK�ODERUDWRU\�DQG�UDGLRORJLFDO�IROORZ�XS�

12. The best therapeutic approach for a patient diagnosed with 

actinomycetoma caused by Nocardia braziliensis would be:

 a)��0RQRWKHUDS\�ZLWK� VXOIDPHWKR[D]ROH�WULPHWKRSULP� ����PJ��
NJ�GD\�IRU���ZHHNV������F\FOHV�

 b)  Amoxicillin-clavulanate 500/125mg/day, every 8 hours for 3-6 

months.

 c)  First-line treatment consisting of amikacin 15mg/kg/day com-
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bined to an IV carbapenemic 500mg every 8 hours for 3-6 months.

 d)��$PLNDFLQ���PJ�NJ�GD\�IRU���ZHHNV�FRPELQHG�ZLWK�VXOIDPHWKR[-

D]ROH�WULPHWKRSULP�����PJ�NJ�GD\�IRU���ZHHNV������F\FOHV�

13. Which of the statements regarding the surgical approach of 

mycetoma is correct:

 a)��,W� LV� WKH�PRVW� HIÀFLHQW� WUHDWPHQW� DQG� VKRXOG� EH� WKH� ÀUVW� DS-

proach in actinomycetoma and eumycetoma.

 b)  Surgical dissection and resection should be performed after 

WKH�XVH�RI�DQ�DQWLPLFURELDO��DOORZLQJ�D�ÀEURXV�FDSVXOH�WR�IRUP�
around the lesions.

 c)  Radiological tests are not important for surgical planning since 

P\FHWRPD�LV�QRW�LQYDVLYH�DQG�LWV�OLPLWV�DUH�HDVLO\�LGHQWLÀHG�
 d)  Neurological and orthopedic complications are inevitable 

since nerves and tendons are affected by the disease and need 

to be removed.

14. Regarding the epidemiological characteristics of mycetoma, it 

is correct to state that:

 a)��0HQ�DQG�ZRPHQ�DUH�HTXDOO\�DIIHFWHG�VLQFH�WKH�GLVHDVH�DIIHFWV�
\RXQJ�UXUDO�ZRUNHUV�

 b)  The disease is transmitted from person to person; it is common 

for family members living in the same area to present a similar 

clinical picture.

 c)��0\FHWRPD�KDV�D�NQRZQ�UHVHUYRLU��(WLRORJLF�DJHQWV�DUH�IRXQG�LQ�
WKH�VRLO��5XUDO�ZRUNHUV�LQ�FRQWDFW�ZLWK�ZLOG�DQLPDOV�DUH�PRVW�
susceptible to the disease.

 d)  The causative microorganisms are found in the soil; the infection 

VWDUWV�ZLWK�WKH�LQRFXODWLRQ�WKURXJK�LQMXULHV�RQ�WKH�VNLQ�

15. Regarding the clinical features of mycetoma, it is correct to 

state that:

 a)  The evolution of the disease is painful and patient’s overall 

health condition is compromised. Satellite adenopathies are 

observed.

 b)  The affected areas are indurated due to dermal sclerosis, com-

promising deep structures such as tendons and bones.

 c)  The purulent discharge containing grains eliminated from si-

nuses are the main elements for the diagnosis of mycetoma 

VLQFH�SXUH�FRORQLHV�DUH�DOZD\V�REWDLQHG�IURP�FXOWXUHV��
 d)  Mycetoma is an acute skin infection characterized by a symp-

WRPDWLF� WULDG� �WXPHIDFWLRQ�� PXOWLSOH� VLQXV� IRUPDWLRQ� DQG�
JUDLQV��WKDW�XVXDOO\�DIIHFWV�WKH�WUXQN��

16. Regarding grains, which are the main diagnostic elements of 

mycetoma, it is correct to state that:

 a) They are only visible under a microscope. 

 b)  Grains from actinomycetoma and eumycetoma have similar 

morphologic features on histopathology.

 c)  Grains are eliminated from sinuses, have variable size, color 

and texture and, although cultures are needed to accurately 

identify the causative agent, they can be used for a temporary 

LGHQWLÀFDWLRQ�
 d)  The eosinophilic fringe resembling the Splendore-Hoeppli 

phenomenon is pathognomic in mycetoma.

17. Regarding the occurrence of mycetoma, it is correct to state that:

 a)��0\FHWRPD� LV� IRXQG� LQ� IHZ� UHJLRQV� RI� WKH�ZRUOG�� DOWKRXJK� LW�
is endemic in tropical and subtropical countries, it is currently 

only found in African countries.

 b)  In the American continent, actinomycetomas are rare.

 c)  Actinomycetomas are prevalent in drier areas, as opposed to 

HXP\FHWRPDV��ZKLFK�DUH�PRUH�FRPPRQO\�IRXQG�LQ�UDLQ\�DUHDV�
 d)  There are no cases reported in Europe; in the Americas, cases 

have only been reported in developing countries such as Mex-

ico and Brazil.

18. Which of the following statements is incorrect:

 a)  Iodine solutions and hydrogen peroxide are not recommended 

for the irrigation of affected tissues or for post-surgical dressings.

 b)  Early diagnosis of mycetoma is key; late diagnosis may lead to 

mutilating treatments.

 c)��+HDOWK�FDUH�SURIHVVLRQDOV�WKDW�ZRUN�ZLWK�SULPDU\�FDUH�LQ�UXUDO�
areas must engage in preventive measures, such as advising 

UXUDO�ZRUNHUV�WR�XVH�DGHTXDWH�VKRHV�DQG�FORWKHV�
 d)  Early movement and physical therapy are compulsory after 

surgery.

19. Actinomycetoma is caused by anaerobic and aerobic bactéria. 

Which of the following microorganims does not cause actinomy-

cetoma:

 a) Actinomadura madurae.

 b) Streptomyces somaliensis.

 c) Nocardia brasiliensis.

 d) Leptosphaeria senegalensis.

20. The most commonly used culture media for isolation of my-

cetoma are:

 a) Sabouraud agar, chocolate agar, BHI agar.

 b) rice agar, Sabouraud agar, potato agar.

 c) BHI agar, Mycosel agar, Sabouraud agar, blood agar.

 d) blood agar, BHI agar, Czapeck-dox agar.

Answer key

Leprosy: current situation, clinical and laboratory as-

SHFWV�� WUHDWPHQW� DQG� SHUVSHFWLYH� 8QLIRUP� 0XOWLGUXJ� 7KHU-
apy for all leprosy patients. $Q� %UDV� 'HUPDWRO�� ����������� 
761-73.

1. D

2. B

3. B

4. A

5. B

6. C

7. C

8. D

9. A

10. D

11. B

12. C

13. C

14. D

15. D

16. D

17. D

18. B

19. B

20. D

Papers

Information for all members:  The EMC-D questionnaire

is now available at the homepage of the Brazilian Annals of 

Dermatology: www.anaisdedermatologia.org.br. The dead-

line for completing the questionnaire is 30 days from the date

of online publication.
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