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INTRODUCTION 

There are more than 1.5 million fungal species
1
 but only 

around 100 species are known to cause human diseases.
2
 

These infections are more common in tropical and 

subtropical countries,
3
 possibly because the climate of 

these areas is more suitable for growth of these fungi, 

although these pathogens may cause disease in any part 

of the world.
4,5

 

According to the extent of involvement of tissue and 

degree of human response to the infective organism, 

fungi are categorized into superficial, cutaneous, 

subcutaneous, and systemic infections.
6
 The superficial 

type does not produce any inflammation and it involves 

stratum corneum (the outmost part of epidermis). The 

cutaneous category causes inflammation and affects the 

skin including hair and nails. Subcutaneous fungal 

infection means infection of inner layer of tissues 

including deep fascia, bones and muscles.
7
 

Deep fungal infections are divided into superficial, which 

is commonly caused by entrance of the fungus through 

the skin by trauma, then it may propagate locally to the 

surrounding tissues, and it may become systemic.
8
 

MYCETOMA 

Mycetoma; also called Maduromycosis or Madura foot, 

comprises two groups of diseases: Eumycetoma and 

Actinomycetoma. The organisms responsible for 

Eumycetoma are true fungi (Acremonium falciforme, 

Madurella grisea, Pseudoallescheria boudii and Exophilia 

jeanselmi. Whereas filamentous bacteria are responsible 

for actinomycetomas (Actinomyces israelii, Nocardia 

asteroides, Nocardia brasiliensis, and Streptomyces 

somaliensis).
9 
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Mycetoma is commonly seen in the tropical and 

subtropical Africa, India and Mexico. It mainly presents 

between ages of 20 and 50, with male being more 

commonly affected than female (male to female ratio of 

2.2:1).
10 

EUMYCETOMA 

Eumycetoma is a fungal suppurative chronic infection, 

commonly involves the lower limbs and the foot.
11

 the 

organisms enter through penetrating skin trauma and it 

manifests as subcutaneous mass. Later on it leads to 

formation of several sinuses that discharge pus and 

grains.
12-14

 

Diagnosis 

The diagnosis is made by combination of clinical findings 

which includes existence of the mass, sinuses, grains and 

identification of the fungus by laboratory 

investigations.
14,15

 

Treatment 

Antifungal drugs (itraconazole and terbinafine) in 

conjunction with surgical debridement is the treatment of 

choice, however severe infection might end up with 

amputation.
16

 

ACTINOMYCETOMA 

Actinomycetoma is classified into endogenous; which is 

caused by anaerobic bacteria, a good example of such an 

organism is Actinomyces israelii, and exogenous 

actinomycosis; which is caused by aerobic bacteria. 

Endogenous actinomycosis is further classified into 

cervicofacial, thoracic and abdominal.
17-18

 

The cervicofacial presents as a mass with multiple 

draining sinuses, grains and trismus. The thoracic type 

presents as thoracic sinuses, pleural exudate, fever, cough 

and dyspnea. The abdominal type presents as a palpable 

mass with draining sinuses. 

Exogenous actinomycosis is produced by aerobic bacteria 

like Nocardia brasiliensis (responsible for 80-90% of 

cases). It presents as a discharging mass that distorts the 

affected site.
8
 

Treatment 

Treatment is with penicillin G.
8 

CHROMOMYCOSIS 

(CHROMOBLASTOMYCOSIS) 

Chromomycosis is caused by dematiaceous fungi; 

Fonsecae compacta, Fonsecae pedrosi, Cladosporium 

carionii, Rhinocladialla aquaspera, and Phialophora 

verrucosa. It is present throughout the world. The disease 

is more common in farmers and agricultural workers and 

the organism is present in wood, soil and vegetables.
19

 the 

lesions mainly occur on the lower limb. They initially 

present as small reddish to pinkish lesions which then 

change to violet nodules and later on conjoin to form 

plaques
9
. 

The diagnosis can be made by microscopic examination 

and fungal culture. Examination of a 10% KOH 

preparation of the tissue specimen may show small, 

thick-walled, round, brownish septate and sclerotic 

bodies. Confirmation of the diagnosis can be made by 

mycological culture.
20

 

Treatment 

When the lesions are small, they can be treated surgically 

through excision, cryosurgery, and electrodessication.
21

 

Best medical therapy consists of combination of 

amphotericin and 5-fluorocytosine.
22,23

 

SPOROTRICHOSIS 

Sporotrichosis is caused by sporotrix schenkii.
24

 Usually 

it involves the cutaneous and subcutaneous tissues, but in 

immunocompromised patients it may disseminate to lung, 

bones and meninges.
12,25

. There are two categories of 

subcutaneous sporotrichosis: a) fixed cutaneous 

sporotrichosis, which presents as ulcerative, verrucous, or 

scaly nodular lesion and it is limited to the site of 

inoculation of the organism,
26

 b) lymphocutaneous 

sporotrichosis in which there is a subcutaneous nodule 

that might ulcerate and the infection may disseminate 

through lymphatics.
12,26

 

Diagnosis 

Histopathological examination of tissues rarely identifies 

the cigar-shaped, budding yeast-like cells.
27,28

 Paucity of 

sporotrichosis in tissue makes its identification by special 

stains like PAS, difficult. Confirmation of the diagnosis is 

made through culture, which initially reveals white yeast-

like, later on changes to buffed color forms and finally to 

grayish-black growth.
29

 

Treatment 

Itraconazole is the treatment of choice. Alternative agents 

include terbinafine and fluconazole.
25 

LOBOMYCOSIS (JORGE LOBO'S DISEASE)
 

Lobomycosis is a rare chronic subcutaneous fungal 

infection. The responsible fungus is Lacazia loboi.
30-33

 

Lobomycosis has been described in humans, especially 

hunters, rural workers, miners and fishermen, and in 

Dolphins.
30,31,34

 The sites commonly involved in 

lobomycosis are ears (cauliflower like lesions), distal part 

of limbs, face and lower part of back. The lesions are 

single or multiple plaques or nodules, and appear as 
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keloid. The lesions might ulcerate and result in secondary 

bacterial infection.
8
 

Diagnosis 

The diagnosis is mainly dependent on histopathological 

examination of the affected tissue, since the organism has 

not yet been cultured
.30,31,35-37

 Microscopic examination 

demonstrates thick walled, round or oval yeast-like 

organisms. A characteristic feature is the presence of cell 

chains connected to each other due to sequential budding. 

Diagnosis of lobomycosis is made based on the presence 

of chains of thick walled spherical cells connected to 

each other by tubular connections.
30,31,36,37

 The dominant 

histopathological feature is the presence of granuloma 

with excessive fibrosis.
31,32

 

Treatment 

The optimal treatment of localized lesions is either 

cryosurgery or surgical excision. For patients with 

disseminated infection, Iitraconazole or clofazimine alone 

or in combination are used.
38-41

 

ENTOMOPHTORAMYCOSIS 

Entomophtoramycosis is a noninvasive chronic infection 

which could occur in immunocompetent or 

immunocompromised patients; although invasive 

infections have been reported, as well.
42,43

 It includes two 

conditions: basidiobolomycosis (which is caused by 

Basidiobolus ranarum) and conidiobolomycosis (which is 

caused by Conidiobolus coronatus, Conidiobolus 

lamprauges, and Conidiobolus incongrius).
44

 In contrast 

to basidiobolomycosis in which 88% of cases occur in 

patients below age of 20 years, conidiobolomycosis is 

uncommon in children.
45

 Entomophtoramycosis occurs 

commonly in tropical areas of South America, Africa, 

and Asia. The disease commonly affects skin and soft 

tissues and visceral involvement is rare.
46

 

Basidiobolomycosis is characterized by painless chronic 

subcutaneous nodule, while conidiobolomycosis mainly 

affects the nasal mucosa and progressively spreads to the 

surrounding tissues.
44

 

Diagnosis 

In case of Conidiobolus species, the hyphae are thin 

walled, pauciseptate, broad and irregularly branching 
47-49

 

and the colonies appear as radial folds.
51

 

In basidiobolomycosis histopathological examination 

reveals thin walled, wide, hyaline, pauciseptate or 

nonseptate hyphae in hematoxylin and eosin stained 

infected tissues.
50

 when culture is not available or the 

fungus is scanty in the specimen, immunofluorescent 

techniques can be used to identify the hyphae.
51

 

Treatment 

Regarding conidiobolomycosis there is no consensus on 

optimal therapy. Several agents have been tried for 

disseminated infection like amphotericin B, 

cotrimoxazole, and combination of amphotericin B and 

flucytosine but with no success.
48,49,52

 

In case of basidiobolomycosis treatment consists of 

medical therapy (potassium iodide or itraconazole) with 

or without surgical intervention.
53-57

 

PARACOCCIDIOIDOMYCOSIS 

Paracoccidioidomycosis is a systemic fungal infection 

which was first recognized in Brazil in 1908. It is caused 

by Paracoccidioides brasiliensis, and it is endemic in 

Central and South America.
58

 Soil and plants are the 

natural source of Paracoccidioides brasiliensis; hence 

infection is more common in people who have been 

involved in agricultural activities. The main site of 

infection is lung and the infection is acquired through 

inhalation.
59-63

 

Clinical features 

Paracoccidioidomycosis might present as acute, sub-acute 

or chronic illnesses, with the chronic disease being the 

most common type, occurring in more than 90% of cases. 

Chronic paracoccidioidomycosis primarily affects male 

rural workers, chiefly between the ages of 30 and 

50.
58,59,64

 

After entry of the organism, it multiplies and affects the 

adjacent tissues and then spreads to other tissues through 

hematogenous route. The disease may manifest as acute 

and sub-acute disease or as a chronic disease. The acute 

and sub-acute disease may lead to lymphadenopathy, 

involvement of bone marrow, liver, and spleen. The 

chronic disease presents as progressive generalized ill 

health and involvement of either a single or multiple 

organs.
65

 

Diagnosis 

Identification of suppurative granulomas with giant cells 

and blastopores on histopathological examination of 

affected tissues confirms the diagnosis. Blastopores are 

30μm cyst like structures which are commonly 

surrounded by daughter cells.
66

 two types of stain can be 

used in the histopathological examination; Gomori-

Grocott and periodic acid Schiff (PAS).
58,59,64,67 

Culture is 

another method of diagnosis but slow growth rate makes 

it inconvenient.
66 

Treatment 

Several agents can be used in treatment of 

paracoccidioidomycosis, including itraconazole, 

fluconazole and sulfamethoxazole-trimethoprim. 
67 
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Table 1: Summary of deep tropical fungal infection. 

Diseases 
Causative 

fungus 
Treatment 

Eumycetoma 

 

Acremonium 

falciforme 

Madurella 

grisea 

Pseudoallesche

ria boudii 

Exophilia 

jeanselmi. 

Antifungal 

(itraconazole 

and terbinafine) 

+ surgical 

debridement 

Chromomycosis 

 

Fonsecae 

compacta 

Fonsecae 

pedrosi 

Cladosporium 

carionii 

Rhinocladialla 

aquaspera 

Phialophora 

verrucosa 

Antifungal 

drugs 

(amphotericin 

plus 5-

fluorocytosine) 

in combination 

with surgical 

excision 

Sporotrichosis 
Sporotrix 

schenkii 
Itraconazole 

Lobomycosis 

 
Lacazia loboi 

Excision for 

localized lesion 

Itraconazole or 

clofazimine 

alone or in 

combination 

for 

disseminated 

infection 

Basidiobolomycosis 

 

Basidiobolus 

ranarum 

potassium 

iodide or 

itraconazole 

with or without 

surgical 

intervention 

Conidiobolomycosis 

Conidiobolus 

coronatus, 

Conidiobolus 

lamprauges 

Conidiobolus 

incongrius 

amphotericin B  

cotrimoxazole 

or combination 

of amphotericin 

B and 

flucytosine 

Paracoccidioidomyc

osis 

 

Paracoccidioid

es brasiliensis 

Itraconazole 

fluconazole  

sulfamethoxazo

le-trimethoprim 

African 

Histoplasmosis 

Histoplasma 

var. duboisii 

Azole 

antifungals 

AFRICAN HISTOPLASMOSIS 

African histoplasmosis (or histoplasmosis duboisii) is a 

rare deep fungal infection that which is predominantly 

seen in Africa and seldom been seen outside Africa. The 

tropical area of Africa is the commonest place for this 

infection, particularly between the tropics of cancer and 

Capricorn, and in Madagascar.
69-71

. The responsible 

organism is Histoplasma var. duboisii, which differs from 

Histoplasma var. capsulatum in cell wall structure.
72

 up to 

2007, less than 300 cases had been reported.
69,71

 In 

contrast to classical histoplasmosis which primarily 

affects the lungs, African histoplasmosis may involve 

different tissues like skin, subcutaneous tissue, lymph 

nodes, bones, lungs, liver, spleen and gastrointestinal 

tract.
73-76

 

Diagnosis 

Diagnosis is made through histological examination of 

infected tissues, revealing granulomatous lesions, with a 

large number of multinucleate giant cells, containing 

thick-walled, 8-15 μm large, lemon or oval shaped yeast 

cells, while cells of H.capsulatum do not exceed 5 μm. 

The fungal cells in African histoplasmosis divide by 

narrow budding. Using stains like PAS or Grocott 

methenamine-silver, the organism can easily be identified 

in tissue specimens.
77-80

 Despite availability of specific 

antibodies for staining of H.capsulatum var.capsulatum 

yeasts in tissue specimens, no such diagnostic serologic 

test yet available for H.capsulatum var. duboisii.
82

 

Treatment 

Recommended treatment for disseminated infection is 12 

months of azole antifungals.
82
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