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Abst rac t
Chromoblastomycosis is a chronic fungal infection of the skin and subcutaneous tissue. The infection usually results 
from a traumatic injury and inoculation of microorganism from a specific group of dematiaceous fungi (usually 
Fonsecaea pedrosoi, Phialophora verrucosa, Cladophialophora carrionii). In the tissues fungi produce characteristic 
sclerotic cells or muriform cells. Dermal lesions can range from small nodules to large papillary-like eruptions. The 
disease has been described worldwide but the prevalence is higher in rural populations in countries with a tropical 
or subtropical climate, such as Madagascar in Africa and Brazil in South America. Diagnostic techniques are based 
on direct examination, culture and histopathology. Despite a variety of treatment modalities, which include long 
courses of antifungals, surgical excision and destructive physical therapies, the disease remains one of the most 
difficult deep mycotic infections to eradicate.
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Definition and history of research 

Chromoblastomycosis (CBM) is defined as a chronic 
cutaneous and subcutaneous fungal infection resulting 
from traumatic implantation of certain dematiaceous fun-
gi through the skin. The aetiological agents gain entrance 
through transcutaneous puncture wounds, usually by parts 
of plants. The definition of CBM is occasionally narrowed 
to the disease caused by fungus of the Chaetothyriales or-
der [1]. In a typical manifestation the dermal lesions form 
cauliflower-like nodules. In the infected tissue, characteris-
tic dark-coloured, thick-walled, muriform cells i.e. sclerotic 
cells (Medlar bodies) are observed (Figure 1), which is a his-
topathological criterion for the diagnosis [1–4].

The disease was initially considered to be closely 
related to blastomycosis, which is a different type of 
a fungal infection caused by dimorphic fungi of the Blas-
tomyces dermatitis sp. It is reflected in the name of the 
disease, which suggests it is a fungal infection caused by 
pigmented Blastomyces fungus (Greek chroma, ~atos = 
complexion, skin colour, + Blastomyces Greek blastós = 
sprout, bud + mykes = fungus + osis Greek suffix denot-

ing the state of something/somebody). However, the dis-
eases are differentiated by the type of the fungal cells in 
the host tissue. In CBM, cell division of the fungi, which 
infect the tissue occurs as a result of producing septa i.e. 
meristematically (Greek meristos = divided) and not by 
budding, which is present in the yeast phase of Blasto-
myces [2].

The term CBM is semantically closely related to phae-
ohyphomycosis, a fungal infection also caused by dema-
tiaceous fungi, however production of Medlar bodies 
(sclerotic cells) in the tissues does not occur.

For many years various names have been proposed 
for this disease entity, some of which are presented in 
Table 1. Eventually in 1992, the International Society for 
Human and Animal Mycology (ISHAM) decided that the 
term Chromoblastomycosis was the proper one [5]. Cur-
rently the disease is defined in the International Classi-
fication of Diseases (ICD) as follows: ICD-9 no 117.2, ICD 
10-B43.

In 1911, Alexandre Pedroso in Sao Paulo, Brazil, stud-
ied the cases with nodular and ulcerous dermal lesions 
on the foot and on the shin. He named the disease 
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Figure 1. Sclerotic cells (Medlar bodies) inside Langhans gi-
ant cell obtained histopathologically – skin biopsy specimen

blastomycose negra. However, Pedroso and Jose Maria 
Gomes published their observations as late as in 1920 
[6]. In the meantime in 1914, Max Rudolph, a German 
physician living in Brazil, described six cases of the dis-
ease which he named figueira (fig tree). Moreover, he 
was able to isolate dematiaceous fungi from 4 cases, 
which he recognised as belonging to the variety of Blas-
tomycetes. He managed to infect white rats and monkeys 
with the fungi. The descriptions of the disease and the 
mycological discoveries reported by Rudolph indicate 
that it was the same fungus that had been discovered 
by Pedroso a few years earlier [7, 8].

A year later, in 1915, Medlar [9] and Lane [10] pub-
lished in the USA a case of a patient from Boston who 
suffered from a disease caused by an unknown type of 
a fungus. They found lesions to be blastomycetic. The le-
sions included a number of spherical, pigmented, parasit-
ic cells (Medlar bodies). The fungus was carefully studied 
and was given the name Phialophora verrucosa.

In 1922, Brumpt [11] demonstrated that it was not 
Phialophora verrucosa which caused the infection in the 
case described by Pedroso, but a different fungus which 
he named Hormodendrum pedrosoi. In 1923, Fonseca and 
Leao described a different method of sporulation for this 
fungus, which linked it with the Acrotheca genus (spe-
cies re-classification to the Acrotheca pedrosoi genus). In 
1922, Terra et al. used the term “Chromoblastomycosis” 
for the first time [12 cited by 13].

In 1935, another method of sporulation was discov-
ered in Acrotheca (Hormodendrum) pedrosoi. In this 
method spores were created in phialides, which related 
the fungus to the Phialophora genus described by Medlar 
(name Phialophora pedrosoi was suggested). Three dif-
ferent types of conidiation in the same organism resulted 
in many misleading descriptions of the fungus using var-
ious names related to species and genus. Some most sig-
nificant synonymous names are presented in the Table 1.

In 1935, Carrion in Puerto Rico described the third 
aetiological agent of CBM – Hormodendrum compacta. 
Puerto Rican fungus had all three methods of sporulation 
characteristic of Hormodendrum, but also demonstrated 
individual features so that it could be recognised as a dif-
ferent species. In 1936, Pablo Negroni proposed a generic 
name Fonsecaea, which was accepted as correct. It has 
been used until now.

In the 1950s, another fungal species was added to 
the aetiological agents of CBM, namely Cladosporium 
(currently Cladophialophora) carrionii, first described by 
Trejos in 1954. It solved the problem of describing an in-
creasing number of species classified in the Cladospori-
um genus, which were responsible for CBM cases [14].

Studies on similarity and aetiological agents of CBM 
are still continued. In 2004, scientists from the University 
of Chiba in Japan found that there is no difference in sub-
unit ribosomal DNA D1/D2 domain sequence between  
F. pedrosoi and F. compacta, which may indicate that the 

latter is merely a morphological variation of the first [15]. In 
the same year, Sybren de Hoog et al. re-classified the Botry-
oides monophora sp. It was deposited in the culture collec-
tion CBS 269.37 to the new Fonseca genus. And thus, a new 
species was created i.e. Fonsecaea monophora, morphologi-

Table 1. Synonymous names of aetiological agents  
of chromoblastomycosis

Synonyms of Fonsecaea pedrosoi (Brumpt) Negroni 1936

Hormodendrum pedrosoi Brumpt 1922

Acrotheca pedrosoi (Brumpt) Fonseca & Leão 1923

Trichosporum pedrosianum (Brumpt) M. Ota 1927

Trichosporum pedrosoi (Brumpt) Brumpt 1927

Gomphinaria pedrosoi (Brumpt) C.W. Dodge 1935

Hormodendroides pedrosoi (Brumpt) M. Moore & F.P.  
Almeida 1936

Phialophora pedrosoi (Brumpt) Redaelli & Cif. 1941

Carrionia pedrosoi (Brumpt) Bric.-Irag. 1942

Rhinocladiella pedrosoi (Brumpt) Schol-Schwarz 1968

Synonyms* of Fonsecaea compacta (Carrion) Carrion 1940

Hormodendrum compactum Carrion 1935

Phialoconidiophora compacta (Carrion) M. Moore & F.P.  
Almeida 1936 

Phialophora compacta (Carrion) Redaelli & Cif. 1942

Rhinocladiella compacta (Carrion) Schol-Schwarz 1968

Synonyms of Cladophialophora carrionii (Trejos) de Hoog, 
Kwon-Chung & McGinnis 1995

Cladosporium carrionii Trejos 1954

Although the term F. compacta has synonymous names, it is already  
a synonym of F. pedrosoi.
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cally very similar to F. pedrosoi. Currently, standard diagnosis 
does not differentiate between these species narrowing the 
diagnosis to the F. pedrosoi/monophora complex [16].

Aetiological agents

The most frequent aetiological agents of CBM are the 
following species: Fonsecaea pedrosoi (Figures 2 and 3), 
Phialophora verrucosa and Cladophialophora carrionii. Rhi-
nocladiella aquaspersa [17, 18] and Exophiala dermatitidis 
are less frequently reported. It has also been observed that 
Exophiala jeanselmei [19–21] and E. spinifera [22–25], nor-
mally responsible for the development of phaeohyphomy-
cosis, produce muriform cells in typical lesions of CBM. In 
recent years other species that may be the agents of CBM 
have been described: Fonsecaea monophora [26, 27], Fon-
secaea nubica [28] and Phialophora richardsiae [29].

All the species listed above belong to the Herpotrichiel-
laceae family of the Chaetothyriales order within the phy-
lum of sac fungi (Ascomycota). Members of this family are 
related to teleomorphic form of Capronia sp. The teleomor-
phic form is isolated mainly from wood and Basidiomyco-
ta, whereas parasitic forms occur in an anamorphic form 
(asexual reproduction). These fungi frequently grow meri-
stematically (this type of growth may be observed in Med-
lar bodies in the tissue of mammals infected with CBM 
and in plant tissues) and in a yeast-like form. Furthermore, 
due to melanin production, the fungi are characterised by 
dematiaceous mycelium, therefore, this type of microor-
ganisms is defined in English-language literature as black 
yeast or black yeast-like fungi [30].

In the literature, cases of CBM caused by dematiaceous 
fungi of different families and orders can be found. These 

infections affect mainly individuals with the impaired im-
mune system [31]. In the casuistic literature well-document-
ed cases of fungal infections are reported. These are Aureo-
basidium pullulans in a patient after liver transplant [32] and 
Rhytidhysteron sp. in a patient following kidney transplant 
in India [33]. There are also poorly documented cases of 
CBM caused by different dematiaceous fungi. It is a case 
of a dermal lesion on the palm caused by Chaetomium fu-
nicola in a healthy elderly patient in Panama [34], however 
without definitely recognised muriform cells in the tissue, 
which could be spores or fragments of hyphae of the fungus 
[35]. Furthermore, in the Centraalbureau voor Schimmelcul-
tures (CBS) Fungal Biodiversity Centre collection, a strain of 
Catenulostroma chromoblastomycosum is deposited with 
the information that it is the case of CBM from Zaire [36] 
(currently Democratic Republic of the Congo). However, no 
reliable clinical description exists whether the biopsy was 
done and whether the characteristic features of CBM were 
identified [35].

Geographical distribution

The disease is prevalent in the world. However, most 
cases are reported in humid tropical and subtropical 

Figure 3. Fonsecaea pedrosoi colony on SGA medium after 
14 days of incubation

Figure 2. Conidiophores of F. pedrosoi – Cotton Blue Lacto-
phenol staining
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climate areas of America, Asia and Africa. The highest 
prevalence rates are reported in Mexico (Oaxaca and 
Veracruz) [37], Cuba [38], Venezuela [39], the Dominican 
Republic, Colombia [40] and Brazil (mainly in the region 
of Amazonia) [13, 41, 42] (Figure 4).

The first case of CBM outside American continents 
was reported in the Pasteur Institute in Algiers in 1927 
[43]. In Africa most cases were reported in Madagascar 
(1955–1994, 1323 cases) [44] and in the South Africa.

In Asia CBM is most frequently reported in Japan [45], 
Sri Lanka [46] and India [47]. Furthermore, the disease is 
fairly common in China, especially in Shandong and He-
nan provinces. The first case was reported in 1952. Since 
that time over 500 cases from 20 provinces have been 
reported [48]. In Japan about 10 cases of CBM are report-
ed annually. The occurrence rate of individual species in 
the last two decades of the 20th century was as follows: 
F. pedrosoi – 71%, E. jeanselmei – 20%, Phialophora verru-
cosa – 4.5%, Exophiala dermatitidis – 2% [49].

Not many cases have been reported in Australia. They 
are mostly caused by Cladophialophora carrionii [50, 51].

In a temperate climate, e.g. in Europe, CBM is rare 
and is rather a non-indigenous disease. In 1928, in 
Leningrad, Tschernjawski identified CBM in a Polish 
woman who most likely developed the infection fall-
ing off a horse near Vilnius. It was presumably the first 
described case of CBM in Europe. The isolated fungus 
was classified into Hormodendrum rossicum sp., which 
later became synonymous with F. pedrosoi [52]. In 1938,  
14 cases of CBM were reported in Russia. However, all of 

Figure 4. Geographical distribution of chromoblastomycosis based on CDC [65], and the PubMed Base review

them occurred in an Asian region of the country [53]. In 
Europe, indigenous cases of CBM were reported in Fin-
land [54]. Furthermore, in former Czechoslovakia [55–57] 
and in Germany [58], cases of the disease were also re-
ported. In the United Kingdom, the first described cases 
were related to immigrants from Jamaica and Ceylon [53]. 

The first case of CBM in Poland was reported in 1972 
in Przegląd Dermatologiczny [59]. Up to now 4 document-
ed cases of this disease in Poland have been known [60].

Currently, studies on the relationship between geo-
graphical distribution of fungal species/varieties respon-
sible for CBM and the forms of infections are conducted. 
Differences in the species which are the agents of CBM have 
been observed, depending on the region. F. pedrosoi is re-
lated to humid areas of a tropical and subtropical climate, 
whereas C. carrionii is dominant in a semi-arid climate [37, 
39, 42, 50, 61]. It is particularly visible in Madagascar where 
in the tropical rainforest area in the north of the island,  
F. pedrosoi is prevalent, whereas in the south of the island 
with the “thorny desert” climate, Cladophialophora carrionii 
is more common [44, 62]. In the north of China, C. carrionii 
and in the south F. monophora are prevalent [48].

Based on the internal transcribed spacer regions (ITS) of 
fungal DNA analysis, the Fonsecaea genus was divided into 
three groups; group A – F. pedrosoi, group B – F. monophora 
and group C – different species of the Fonsecaea genus [31]. 
Further studies of Yaguchi et al. [63] and Xi et al. [48] re-
sulted in a division of the F. pedrosoi group into subgroups, 
i.e. A1 and A2 and the F. monophora group into subgroups, 
i.e. B1, B2 and B3. It was found that individual subgroups 
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occur in different parts of the world. It may be significant 
due to the relation of aetiological agents and geographical 
distribution with the form of CBM. Fonsecaea pedrosoi ap-
pears to be a pathogen closely related to CBM only, whereas  
F. monophora is an opportunistic pathogen with diverse 
clinical spectrum [16].

It was found that within the Fonsecaea genus the A1 
subgroup occurs in Thailand, Australia, South America, Af-
rica, South and East China; the A2 subgroup in Central and 
South America; the B1 subgroup in Central and South Amer-
ica, and South China; the B2 subgroup in Central America, 
Japan and East China. Finally, the B3 subgroup occurs in the 
USA, the United Kingdom and South China [48–63].

In the study on South Korean isolates, a high differ-
entiation was observed – strains of F. pedrosoi similar to 
the strains reported in South and East China, two groups 
of F. monophora similar to the strains from South and 
East China and Japan. Additionally, a strain identical to 
the one in Costa Rica was identified and a strain simi-
lar to the Thai strains was isolated from an immigrant 
(which meant that the infection had developed earlier in 
Thailand) [64]. Figure 3 shows a high prevalence of CBM.

Epidemiology and ecology

Sources of infection

The discovery of natural habitats of the fungi and the 
source of fungal parasitic infection for humans is crucial for 
understanding the development of pathogenicity in those 
organisms [65]. Fungi responsible for CBM are found in the 
environment in the world and are part of the microbiota, 
which decomposes organic matter in soil and water. They 
also appear on the plants [41, 66]. Conant was the first to 
isolate Phialophora verrucosa from soil in 1937, thus proving 
saprophytic nature of these fungi. In Japan, P. verrucosa (n = 
17) and F. pedrosoi (n = 1) were isolated, mainly from rotting 
wood. Most of saprophytic strains were able to induce the 
infection in experimental animals [67].

Fonsecaea pedrosoi was isolated from the thorns of 
Mimosa pudica in the spot indicated by the patient with 
CBM where the infection probably occurred. However,  
F. pedrosoi was not isolated from the thorns of the plant 
in different locations, which suggests the “reservoir-type” 
of infection [66]. Rubin et al. described a well-document-
ed incident of an injury caused by a branch of the tree.  
F. pedrosoi was isolated from both the plant and the lesion 
[68].

Gezuele et al. reported a relatively high proportion 
(approx. 20%) of Phialophora verrucosa and Fonsecaea 
pedrosoi isolates in 328 samples of plant remains, soil 
and different materials, employing the method of mice 
inoculation and direct breeding. Out of 64 samples of 
dead parts of the trees and palm trunks, 32 contained 
one or both of the above fungal species. From 11% of soil 
samples that most frequently contained plant remains, 
pathogenic species were isolated. Scientists indicate the 

contrast between isolation of aetiological agents of CBM 
from the environment and a relatively rare occurrence of 
CBM in Uruguay [69].

Vicente et al. studied the appearance of the black 
yeast in the place of residence of patients with clin-
ical symptoms of CBM in Parana, Brazil. They found 
that strains isolated from the environment differ from 
common aetiological agents of CBM. The black yeast 
belonged to the same order, but constituted separate 
unknown species. They did not manage to isolate Fonse-
caea pedrosoi from 56 studied locations [70].

�Characteristics�of�population�affected� 
by chromoblastomycosis

In tropical and subtropical countries, the infection 
is more prevalent in males 30–50 years of age engaged 
in agriculture (approximately 70% of cases) [37, 46]. For 
instance, in Madagascar, 87% of patients with CBM are 
males above 16 years of age [62]. Minotto et al. observed 
the 4 : 1 male-to-female incidence ratio in Brazil. More-
over, the disease is most prevalent in farmers (aged 
50–60) [13]. It is explained by a more frequent engage-
ment of males in agricultural activities in those countries, 
which increases the possibility of injury with parts of 
plants affected by fungi responsible for CBM [66].

The inhibitory action of female sex hormones on 
fungal development is also postulated. A genetic sus-
ceptibility to the infection is also possible [71]. Interac-
tion between the host and the infecting fungus is still 
being analysed. Tsuneto et al. found that individuals with 
HLA-A29 antigen are more susceptible to infection. They 
demonstrated that in patients with CBM this antigen is 
10 times more frequent compared to the controls. No 
difference in susceptibility to CBM in relation to the race 
was observed [72].

In Japan, the male-to-female incidence ratio is nearly 
equal (1 : 0.8) [49]. Most frequently CBM occurs at 50 to 
80 years of age and affects mainly upper limbs, buttocks 
and lower limbs in males and upper limbs, neck, face and 
lower limbs in females [49].

No predilection of fungi for specific host tissues was 
found. The disease mostly affects lower limbs, especially 
feet which are most frequently exposed to contact with 
the infected material e.g. soil, plants or rotting wood [62, 
66]. Palms, arms and buttocks are also frequently infect-
ed. Lesions on ears, cornea, neck, face, breast, chest and 
stomach are occasionally described [13, 73–75].

Pathomorphology and pathophysiology  
of chromoblastomycosis

Pathomorphology

Tissue response to CBM is nonspecific and may be 
similar to the response in deep mycoses. Major changes 
observed in the area of the epidermis and keratinised 
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epidermis are hyperkeratosis and pseudoepitheliomatous 
hyperplasia. Few microulcerations with mycosis may be 
found [76]. Typical muriform cells (Medlar bodies) are 
usually observed in the epidermis, however they may 
change into filamentous forms, especially in the scabs 
covering lesions [77]. Muriform cells may divide and mul-
tiply by forming septa (septation). However, they never 
bud, which distinguishes them from the forms found in 
blastomycosis [2].

In the cutaneous and subcutaneous tissues, nonspe-
cific, diffuse infiltrations are observed (Figure 4).

Immunology of infection

It is still unknown which form of the fungus (hyphae, 
spores or sclerotic bodies) is the invasive form [78]. On 
the surface of the thorns of Mimosa pudica, the pres-
ence of hyphae and spores of F. pedrosoi was detected. 
However, sclerotic bodies, similar to those observed in 
the tissues of patients were found inside the thorns [66]. 
Preparing a special medium, which induces the produc-
tion of sclerotic bodies enabled to conduct studies with 
various forms of mycelium [79].

Neutrophils and macrophages are crucial cells in the 
immunological response in CBM. A typical reaction of 
granulation, regulated by polymorphonuclear neutro-
phils is observed in patients [76]. The first line of defence 
are dendritic cells. Dermal macrophages were shown to 
present fungal antigens in their cytoplasm. Similar prop-
erties were found in dermal dendrocytes and in Langer-
hans cells [80]. In patients with CBM those cells show 
an increased expression of CD 86, HLA-DR and CD 83 
receptors. In response to spores, dendritic cells produce 
TNF-α, IL-10 and IL-12. After F. pedrosoi antigen stimu-
lation, in patients with a severe form of CBM, dendritic 
cells produce large amounts of IL-10 and small amounts 
of IFN-γ [81].

CD4+ and CD8+ T lymphocyte populations, B lympho-
cytes and macrophages play a significant role in cell-me-
diated response [80]. Infecting thymus-deprived mice 
resulted in the development of the lesions characteristic 
of CBM, whereas in mice deprived of NK cells and mac-
rophages and in healthy mice, the lesions recovered 4– 
6 weeks after the infection [82]. A large number of scle-
rotic cells were found in the lesions. Delayed hypersen-
sitivity and antibodies against F. pedrosoi antigens were 
detected. Lymphocytes influence the immune response 
in CBM, which was confirmed by the fact that lympho-
cyte transfer from healthy mice resulted in full recovery 
within 2 months [82]. Further studies showed that immu-
nisation of mice with F. pedrosoi alive spores results in 
a massive inflow of CD4+ lymphocytes into lymph glands. 
Activated T lymphocytes demonstrate in vitro prolifera-
tion after another stimulation with a specific antigen and 
produce IFN-γ. Furthermore, the absence of CD4+ lym-
phocytes in mice results in more severe changes, delayed 
hypersensitivity and the production of lower amounts of 

IFN-γ in CBM compared with wild strains. The absence of 
CD8+ lymphocytes does not affect the above parameters 
[83]. A similar situation is observed in humans where in 
patients with severe forms of the disease, large amounts 
of IL-10 are produced, a low level of IFN-γ is found and 
isolated lymphocytes cannot proliferate. In mild cases 
of the disease, small amounts of IL-10 are found, a high 
level of IFN-γ and increased lymphocyte proliferation are 
also observed [84]. Studies indicate a crucial role of CD4+ 
T lymphocytes which produce IFN-γ as an immune de-
fence against F. pedrosoi [83, 84].

Hayakawa et al. found that the presence of aetiolog-
ical agents of CBM decreases the expression of MHC-II 
and CD8 receptors on macrophages, as well as nitric ox-
ide secretion by these receptors [85]. By using a specially 
prepared medium, da Silva et al. proved that these were 
spores, not sclerotic cells, that are responsible for the im-
pairment of the maturation of Langerhans cells, which 
was expressed by a decreased expression of CD40 and 
B7-2 receptors on their surface [86].

Langerhans cells are capable of phagocytising one, 
rarely two F. pedrosoi spores, while dermal macrophages 
are capable of internalising 4–5 spores. Langerhans cells 
do not phagocytise sclerotic bodies, although they may be 
adjoined to them [86]. The ability of phagocytising by mac-
rophages depends on a species of a fungus responsible for 
the infection of CBM and also on the presence of comple-
ment proteins. F. pedrosoi and Rhinocladiella aquaspersa 
are phagocytised more frequently compared to P. verru-
cosa and C. carrionii. Complement-dependent phagocy-
tosis occurs particularly in the case of P. verrucosa and  
R. aquaspersa [85]. Phagocytosis of the fungal cells is not 
related to their death. Little or lack of cytotoxic effect was 
demonstrated against F. pedrosoi, C. carrionii and P. verru-
cosa [85]. On the other hand, Langerhans cells prevent the 
growth of hyphae from both sclerotic cells and spores, re-
gardless of the presence of phagocytosis [79]. Bocca et al. 
reported that melanin present in F. pedrosoi cells inhibits 
the production of nitric oxide by macrophages [87].

In the studies on the causes of development of chron-
ic CBM, Sousa et al. found that C-type lectin receptor 
Mincle and Dectin-2 receptor are the major receptors 
related to the innate identification of F. pedrosoi [88]. It 
was demonstrated that the absence of inflammatory re-
action to F. pedrosoi infection is caused by the absence 
of innate immune response, and not by an immunosup-
pressive action of the fungus. The absence of response 
stimulation is caused by the absence of co-stimulation 
of the Toll-like receptor (TLR) pathway. Administration of 
the combination of F. pedrosoi spores and bacterial lipo-
polysaccharide triggers a strong inflammatory response. 
These antigens alone poorly stimulate TNF secretion, 
thereby it appears that administration of TLR agonists 
may serve as the therapy of CBM, also after their topical 
administration [88].
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Scientists emphasise that the host defence mecha-
nism against CBM has not been fully understood yet. The 
role of humoral response in controlling the disease still 
remains unknown. In serum of patients with CBM antimi-
crobial antibodies are detected. However, in healthy indi-
viduals who live in endemic regions and are in constant 
exposure to aetiological agents of CBM a specific humor-
al response is also present. The response, however, does 
not correlate in any way with the development of CBM. 
The time of seroconversion may be long, even as long as 
a year following the end of the therapy.

Clinical symptoms

The aetiological agent (i.e. fungal fragment) gains 
entrance through transcutaneous puncture wounds 
[68]. A primary lesion is represented by an erythematous 
papule or a warty growth, which gradually enlarges from 
the site of infection assuming various forms and sizes. 
The infection may occur anywhere on the body, however 
most frequently it affects limbs, especially feet and shins 
[37, 46]. Cases of buttock, trunk and face infection have 
also been reported [17, 37, 74, 89, 90]. In more advanced 
stages of the disease dissemination may occur in the 
form of satellite lesions which arise from scratching au-
toinoculation and spread via the lymphatic system [49]. 
Clinical changes progress slowly and frequently the peri-
od from infection to diagnosis is 10 years.

The disease can present clinically in 5 different forms: 
nodular, tumoral lesions, verrucous, plaque and cicatricial 
[1, 91]. 

Nodular type contains the youngest and the small-
est elements of the clinical picture of CBM. This type in-
cludes fairly soft, moderately raised, pale pink or purple 
nodules. The surface may be smooth, papillary or scaly. In 
further development of the lesions many nodules gradu-
ally transform into bigger tumoral lesions.

Tumoral type is represented by much bigger and 
more protruding, papillomatous, occasionally lobulated, 
tumour-like masses, partially or completely covered with 
dirty-grey epidermal remains, scabs and keratosis. On the 
feet and lower parts of the shin where the disease tends 
to be the most disseminated, tumoral masses frequently 
become huge in size and have a characteristic cauliflow-
er-like appearance.

Verrucous type is characterised by hyperkeratosis; 
lesions are verrucous in appearance and may resemble 
common warts (verruca vulgaris). Wart growth is fre-
quently noted along the edges of feet.

Plaque type is the least frequent form of CBM. It in-
cludes plano-convex lesions of various shapes and sizes, 
reddish to violet in colour and scaly on the surface.

Cicatricial type – these are the lesions on the skin 
level which develop by the peripheral growth with atro-
phic scarring, while in the centre of the lesion, the heal-
ing process occurs. Typically, the lesions are annular, 

arched or creeping within the lesion. They tend to cover 
substantial areas of the body.

Apart from the division presented above, the lesions 
in CBM may be classified according to their severity. 
Three levels are distinguished: 1) a mild form – single 
scales or nodules < 5 cm in diameter; 2) a moderate 
form – single or multiple lesions of tumoral, verrucous or 
plaque type isolated or conjoined, covering one or two 
adjacent body areas < 15 cm in diameter; and 3) a severe 
form includes any type of single or multiple lesions cover-
ing extensive skin areas, both neighbouring and distant. 
Severe lesions tend to poorly respond to treatment or 
become treatment-resistant.

Castro and de Andrade [3] by modifying the method 
of Restrepo et al. [92] assume an algorithm to determine 
the severity of the infection on the point scale: mild form 
(up to 3 points), moderate/intermediate form (4–6 points), 
severe form (7 and more points). Points are calculated ac-
cording to 4 criteria, i.e. the assessment of size, number of 
lesions, presence of complications and response to prior 
treatment. Pruritus (75%) and pain (55%) are reported with 
the co-existence of both in most cases [37].

Complications

Secondary infections and ulcerations are frequent 
CBM complications. Bonifaz et al. reported secondary 
bacterial infections in over 60% of patients [37]. In severe 
cases, lymphoedema [47, 93] and ankylosis occur. Foot 
and shin swelling leads to elephantiasis. Carcinogenesis, 
which is an infrequent serious complication of chronic 
CBM, results in the development of squamous cell car-
cinoma [94–97].

Invasive infections as a result of CBM are extremely 
rare. Nonetheless, F. pedrosoi was reported in brain ab-
scesses both in immune deficient patients and in immu-
nocompetent individuals [98–102]. It appears that a more 
frequent aetiological agent of disseminated infections is 
F. monophora, a species morphologically identical with 
F. pedrosoi [16].

Differentiation

Lesions in CBM are polymorphic and should be dif-
ferentiated from the lesions related to various medical 
conditions. To confirm the diagnosis, the presence of 
muriform cells (Medlar bodies) and the identification 
of an aetiological agent in the microbiological culture 
are necessary [1]. Many infectious diseases may pres-
ent similar symptoms to the ones found in CBM. These 
are fungal infections (including paracoccidioidomycosis, 
blastomycosis, coccidioidomycosis, phaeohyphomycosis, 
sporotrichosis, granulomatous candidiasis, trichophyto-
sis); bacterial infections (cutaneous tuberculosis, leprosy, 
tertiary syphilis, nocardiosis, ecthyma); mycobacterioses 
(caused by Mycobacterium marinum, M. fortuitum); par-
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asitic infections (leishmaniasis and rhinosporidiosis). 
Chromoblastomycosis should also be differentiated from 
non-infectious diseases such as planoepithelial carcino-
ma, psoriasis, sarcoidosis or lupus erythematous [1, 3].

Laboratory diagnosis 

Technically, diagnosis of CBM does not pose a great 
difficulty, however the average time between the oc-
currence of the disease and the diagnosis was 14 years, 
as reported by Minotto et al. [13]. Standard diagnosis is 
based on the presence of Medlar bodies in the potassium 
hydroxide-cleared specimen obtained from skin scrap-
ings or histopathologically.

Culture techniques

Microbiological culture is essential to determine an 
aetiological agent. For cultures, parts of the biopsy sam-
ple are used for growth in Sabouraud-agar (SGA) and Sa-
bouraud-agar supplemented with cycloheximide. Fungi, 
which are the aetiological agents of CBM grow slowly on 
the standard media and form black colonies. Macroscopic 
assessment of the colony and slide culture technique are 
employed in identification to assess microscope micro-
morphology and types of sporulation. Molecular biology 
techniques are useful and essential to differentiate some 
species. According to some definitions of CBM, an iso-
lated fungus must belong to the Chaetothyriales order 
[1] (cf. a chapter on aetiological agents). Therefore, the 
correct identification of the species is essential for the 
correct diagnosis.

Direct examination

The specimen is obtained from skin scrapings from 
the lesion. Sclerotic bodies are easily observed in potas-
sium hydroxide-cleared specimens with dimethyl sulfox-
ide. Typical golden-brown sclerotic cells (Medlar bodies) 
and other elements of the mycelium are the objective of 
examination.

Histopathology

Biopsy is performed to confirm the diagnosis. In most 
cases, tuberculoid-type granulomas are reported, consist-
ing of lymphohistiocytic infiltration, epithelial cells and 
Langhans multinucleated giant cells (Langhans giant cell 
is a large cell formed by the fusion of epithelioid cells 
(macrophages activated as a result of a continuous activi-
ty of cytokines in delayed hypersensitivity), characteristic 
of many granulomatous conditions.) Sclerotic bodies are 
found in the stratum corneum and the following layers 
of the epidermis and the skin. Sclerotic bodies may also 
be found in the granulomatous processes and in the gi-
ant cells. Special staining is not necessary to observe the 

lesions as they are easily observed in haematoxylin-eosin 
stained tissues [37].

Different techniques

Imaging techniques and serology are not typically 
employed in the diagnosis. In molecular diagnosis, du-
plex PCR of ribosomal DNA for Fonsecaea spp. [103] and 
a special oligonucleotide primer for C. carrionii identifica-
tion are used [104].

Treatment

The disease is related to a low cure ratio and high re-
lapse ratio, especially in chronic and extensive infections. 
The choice of the treatment and the success of the ther-
apy depend on the aetiological agent, size, extent and 
location of the lesion. The presence of complications is 
a significant factor affecting the treatment. Skin fibrosis 
and oedema decrease drug bioavailability in the tissue 
[105, 106]. In patients with early and small lesions, the 
aim of treatment is a complete cure. However, in the case 
of extensive lesions even long-term treatment may not 
be successful and may only result in reduction and con-
trol of the disease to prevent complications.

Bonifaz et al. analysed 51 cases of CBM and report-
ed a cure in 31% of patients, improvement in 57% and 
treatment failure in 12% of patients. The most common 
method was cryosurgery for small lesions, itraconazole 
treatment for extensive lesions and the combination of 
both methods [37].

Clinical cure is defined as a complete resolution of 
the lesions, typically with the remaining sclerotic scar. 
Mycological cure is defined as the absence of the fungus 
in microscopic specimens and the absence of growth in 
cultures [105].

Three treatment methods of CBM can be distin-
guished: antifungal chemotherapy, physicochemical 
methods and the combination of both.

Antifungal chemotherapy

Itraconazole. In the treatment of CBM, daily doses 
of 200 mg or 400 mg of itraconazole are administered, 
depending on the severity of the infection [107]. Mild 
and moderate forms (Castro and de Andrade [3]) may be 
successfully cured after 6–12 months [92, 106, 108]. Se-
vere forms tend to show a significant improvement after 
several months of the therapy, however long-term cure 
is rarely observed. After the termination of the therapy, 
relapses are frequently noted [26], presumably because 
itraconazole is not an antifungal but fungistatic agent.

Itraconazole has been successfully employed in the 
pulse therapy (400 mg/day for a week, every month). 
This therapy reduces the amount of the drug and, conse-
quently, the cost of the therapy. However, it is question-
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able whether this mode of dosage produces resistance 
to the drug [109, 110]. 

In the literature, there are isolated reports on the use 
of itraconazole in conjunction with cryosurgical methods, 
5-fluorocytosine or amphotericin B.

Terbinafine. Terbinafine demonstrates an antifungal 
activity in vitro against aetiological agents of CBM. Es-
terre et al. proved that the drug has an antifibrotic action 
in the treatment of CBM [40]. The recommended daily 
dose is 500–1000 mg [107, 111]. Efficacy of lower doses 
(250 mg/day) is also reported [112]. Due to the mecha-
nism of action of terbinafine, the risk of side effects in 
long-term therapy is minimal.

Posaconazole. The recommended dose is 800 mg/
day. Treatment is characterised by good efficacy and tol-
erance. However, it is related to very high costs of the 
therapy [107, 113].

5-fluorocytosine (5-FC). By the 1980s, 5-fluorocyto-
sine had been a drug of choice in CBM. However, incon-
sistent results were noted in both mono- and combined 
therapy [114]. The recommended dose was 100–150 mg/
kg/day in four doses for 6–12 months. Moreover, a 10% 
solution of the drug could be administered topically in 
the form of an occlusive dressing. F. pedrosoi may devel-
op resistance to 5-fluorocytosine in vitro.

Physical methods

Surgical excision of the lesion in CBM, although 
performed, is not recommended. It is believed that sur-
gical manipulation in the area of the lesion may favour 
the dissemination of the disease. Therefore, it should be 
performed only in selected cases [3].

Primary limited lesions are usually treated surgical-
ly. Cryotherapy is performed, frequently conjoined with 
itraconazole therapy. Malagasy doctors use cautery in 
conjunction with terbinafine therapy.

Cryosurgery. Cryosurgical methods involving liquid 
nitrogen in the treatment of CBM were first employed 
in 1973 in Mexico, by Manuel Medina-Ramirez [115]. In 
1989, a study was published on treatment assessment of 
a greater number of CBM patients. The time of cryotherapy 
ranges from 30 s to 4 min, depending on the authors. Also 
cycles vary, from a single procedure to over forty proce-
dures. In the case of localised lesions, in 5 patients, treat-
ment response was very good without the presence of re-
lapses within four and a half years after the procedure [34].

Chromoblastomycosis was successfully treated with 
cryotherapy combined with itraconazole therapy [111, 
116]. It is unknown how the cure is achieved. The fungi 
are eliminated from lesions as late as 1–2 weeks after the 
therapy, which excludes the possibility of a direct influ-
ence of the cold on fungal cells and indicates the immune 
mechanism [117, 118].

Thermotherapy. The literature, mainly of Japanese 
authors from the late 1970s and the early 1980s, provides 

reports on the local treatment with “pocket warmers” 
placed on the lesion 24 h/day for a couple of months 
[119–122].

The mechanism of action relies on fungal intolerance 
to high temperature. Limited availability of pocket warm-
ers in tropical countries where CBM is prevalent limits 
the therapy to developed countries with a temperate 
climate [3]. 

Thermotherapy was employed in conjunction with 
antifungal chemotherapy: itraconazole, terbinafine and 
5-fluorocytosine [123, 124].

Laser vaporisation. Laser vaporisation is a highly 
promising method which is an alternative method of 
CBM treatment. A combination of laser vaporisation and 
thermotherapy has been reported to successfully eradi-
cate CBM lesions in patients with relapses of the disease 
[125, 126]. This approach was employed as the only meth-
od for the removal of buttock lesions in Germany [127].

Drug sensitivity test

As yet there have been no standardised methods to 
assess sensitivity of dimorphic and filamentous fungi to 
drugs in vitro. In vitro drug-resistance assessment can 
only prove microbiological resistance of the microorgan-
ism, but it cannot be employed to predict a clinical re-
sponse [106].

There were reports on drug resistance to itraconazole 
by F. pedrosoi spp. isolated from patients on long-term 
itraconazole treatment [128]. 

Summary 

Although CBM has been known for 100 years, it still 
remains an unresolved clinical problem. Relapses are 
frequently reported. Also, many issues regarding aeti-
ological agents, their appearance in the environment, 
geographical distribution and pathogenicity need to be 
addressed. Host genetic susceptibility to the disease and 
the immune system response mechanism should be con-
sidered.
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