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Animal studies with chromoblastomyco-
sis (CBM) were initiated together with the 
first descriptions of the disease by Medlar 
in 1915.1 He inoculated Fonsecaea pedrosoi 
into guinea pigs, rats, and mice, produc-
ing a “non-progressive” granulomatous 
reaction, sometimes with abscesses, from 
which it was possible to re-isolate and cul-
ture the fungus.

Thereafter, a series of experiments were 
done with different animals, varying from 
guinea pigs and rabbits,2 to subcutaneous 
inoculation of rhesus monkeys, which did 
not result in lesions even after six months 
of observation.3

In 1945, Professor Azulay performed 
experiments in which F. pedrosoi was 
delivered via intratesticular and intrap-
eritoneal inoculation, showing that it was 
possible to produce testicular but not peri-
toneal lesions, with a granulomatous reac-
tion containing sclerotic cells.4 Professor 
Azulay also demonstrated that it was not 
necessary to sensitize animals with several 
inoculations to reproduce the disease, as 
thought by Gomes and Pessoa.5

From the 1950s until today, differ-
ent animal models for CBM have been 
proposed, but unfortunately, no simple 
suitable model was available to reliably 
reproduce CBM in animals, mimicking 
that in humans. In 1966, the first case of 
CBM was described in a horse,6 and from 
that time forward, CBM was found in dif-
ferent animals ranging from frogs to dogs, 
indicating that it infects both humans and 
animals.

In 1966, the first investigations of 
CBM immunology were performed 
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with precipitating antibodies,7 followed 
by immunodiffusion and immunoelec-
trophoresis. The results revealed that 
some strains isolated from nature were 
identical and shared common antigens 
with the recognized human pathogens 
F. pedrosoi, Phialophora verrucosa and 
Cladophialophora carrionii.8

Subsequently, Kurita combined animal 
experiments with cellular immunology to 
show that intravenous injection of yeast-
like cells of F. pedrosoi results in inflam-
matory lesions in different organs,9 and 
Ibrahim-Granet et al. showed that rabbit 
IgG produces a 50–60% inhibition of 
fungal growth.10 Tsuneto et al. later carried 
out human studies, indicating that HLA-
A29 can cause susceptibility to CBM.11 
Animal models, immunology, and HLA 
studies point to individual susceptibilities 
in determining infection, a fact that can 
be corroborated by the finding of high lev-
els of antibodies against C. carrionii in a 
Falcón State (Venezuela) population with 
a few cases of CBM.12

In 1989, Ahrens et al. demonstrated 
that different mice, some immunodefi-
cient, present CBM lesions for about two 
weeks, and then these lesions evolve to 
spontaneous cure. Nude mice, however, 
develop CBM lesions that can become 
systemic or can resolve two months after 
the adoptive transfer of lymphocytes,13 
indicating the importance of these cells in 
controlling CBM infection.

In the last two decades, molecular 
biology techniques provided novel infor-
mation about the cellular and molecular 
biology of the fungus. New immunology 

tools, such as immunohistochemistry, 
expanded the data available regarding 
fungus-cell interactions in vivo, and new 
in vitro immunology experiments were 
performed with cultured cells, either 
from established cultures or from freshly 
isolated cells. The results of experiments 
performed using these techniques have 
improved our knowledge about CBM fun-
gus interactions with immune cells.

In 1994, Esterre et al. described the 
production of TNFα and TGFβ by 
lesional macrophages,14 while Rozental  
et al. demonstrated that fungal adherence 
to activated macrophages triggers the 
respiratory burst, but does not kill the 
fungus,15 reinforcing the notion that lym-
phocytes are essential for fungal killing.

In 2003, D’Ávila et al. demonstrated 
that patients with verrucous lesions have 
a Th1 response, while patients with atro-
phic lesions have a Th2 response.16 In the 
following year, Alviano et al. showed the 
importance of melanin to the induction of 
the immune response in CBM.17 In 2005, 
Mazo et al. demonstrated the presence of 
Th2 cytokines in patients with a severe 
form of CBM, and Th1 cytokines in 
patients with a mild form of the disease.18 
In 2006, the same group showed that the 
absence of CD4+ T cells induces a more 
severe form of the disease during experi-
mental infection in mice.19

Although all of these data suggest 
a great importance of the host in the 
immune response and, consequently, lend 
insight to the clinical picture in humans, 
whether the response depends on the host, 
the species or the strain variations among 
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Badali, CBS). Using this media, we were 
able to demonstrate that F. pedrosoi 
conidia, but not sclerotic cells, inhibit 
CD40 and B7-2 expression in Langerhans 
cells from Balb/c mice, indicating that the 
form of the fungus is important for the 
type of response elicited during the first 
fungal-cell interactions.25

Regarding this issue of virulence, 
Machado et al. presented new data 
employing multiple-site inoculation of  
F. pedrosoi conidia in different mouse 
strains, as well as in some knockout mice.26 
They showed an equal increase in footpad 
volume after inoculation when viable or 
non-viable fungal cells were inoculated 
some days earlier into the peritoneum, 
indicating that delayed-type hypersensi-
tivity (DTH) is involved in lesion main-
tenance in mice.

Another important point is that oral 
immunization results in less footpad 
inflammation, with the same granu-
lomatous reaction,26 which corroborates 
our previous results demonstrating that 
conidia, but not sclerotic cells, are capable 
of downregulating costimulatory mol-
ecules on Langerhans cells,25 likely result-
ing in less inflammation. Interestingly, 
CD4KO, CD8KO and IL-10KO all 
presented the same tissue pattern, with a 
granulomatous reaction and the presence 
of giant cells, indicating the high capacity 
of these black fungi to stimulate histio-
cytes.26 Along these lines, we have induced 
giant cells quite similar to those found in 
vivo (Fig. 2) via the interaction of sclerotic 
cells generated in vitro24 with mouse peri-
toneal macrophages.

whether the host or the fungus are respon-
sible for quite different clinical forms of the 
disease, such as cutaneous diffuse CBM22 
or cutaneous localized annular CBM.23

In order to work with sclerotic cells 
in vitro, we searched for simple media to 
induce differentiation from conidia into 
sclerotic cells, but there were no options 
other than Butterfield’s, with which a 
period of 20 days was required to trans-
form conidia into sclerotic cells in vitro. 
After a few unsuccessful attempts to pro-
duce sclerotic cells from conidia using 
Butterfield’s media, we decided to produce 
a new media (which we now have in pow-
der form) that permits the transformation 
of F. pedrosoi conidia into sclerotic cells 
in no more than two days.24 In fact, the 
media was also found to work for C. carri-
onii (personal communication, Dr. Hamid 

CBM etiologic agents remains unknown. 
Recently, the Netherland CBS team 
headed by De Hoog demonstrated new 
cladistic species of the Fonsecaea genus 
that cause CBM,20 and it is now necessary 
to try to link these new species with the 
different clinical pictures found in CBM 
patients.

Furthermore, we do not know which 
form of the CBM fungus penetrates the 
skin to produce disease: hyphae, conidia, 
or sclerotic cells. In 2004, we demon-
strated the presence of F. pedrosoi hyphae 
and conidia responsible for disease in one 
patient on the thorns of Mimosa pudica.21 
We subsequently observed sclerotic cells, 
which are very similar to lesional cells, 
inside M. pudica thorns (Fig. 1). Thus, 
we remain uncertain which fungal form 
is responsible for initiating the disease and 

Figure 1. Sclerotic cells can be isolated from human lesions and from plants. Typical round, thick-walled, brown color, septated (arrows) sclerotic 
cells after direct mycological examination from human lesion (A) or from Mimosa pudica thorns (B). Scale bars: 10 μm.

Figure 2. In vitro-generated sclerotic cells can stimulate the formation of Langhans giant cells 
in vitro. Langhans giant cells are observed 24 hours after interaction with balb/c mice peritoneal 
macrophages (A). Morphologically similar giant cells are present in the histopathology of lesional 
skin (B). Scale bars: 50 μm.
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Furthermore, CD8KO mice displayed 
more pronounced lesions than CD4KO, 
with no signs of healing after almost six 
months of follow-up.26 These results are 
apparently inconsistent with recently pub-
lished data demonstrating that the absence 
of CD4+ cells induces a more severe form 
of the disease, in comparison to CD8KO 
mice.19 However, if we consider DTH 
responsible for more pronounced CBM 
lesions in CD8KO animals, the results 
would be consistent with less DTH 
response found in CD4KO mice.19 In 
fact, both works show a higher foot pad 
thickness increase in CD8KO mice, when 
compared to CD4KO. Altogether, these 
data indicate that we are only beginning 
to understand CBM immunopathology, 
and more research is necessary to increase 
our knowledge, with the goal of resolving 
disease in difficult-to-treat CBM patients.
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