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Chapter 10

Summary and discussion

Fonsecaea is one of the main agents of human chromoblastomycosis. The disease occurs 
worldwide, but most cases have been reported from tropical and subtropical climates 
(Bonifaz et al. 2001; Kawasaki et al. 1999; Najafzadeh et al. 2009; Queiroz-Telles et al. 2009; 
Tanabe et al. 2004). The general hypothesis is that fungi gain entrance through the skin by 
traumatic implantation of contaminated material (de Hoog et al. 2004; Esterre and Queiroz-
Telles 2006). This suggests that the etiological agents are environmental saprobes, and that 
the onset of disease is strictly coincidental. Particularly fungi growing on or in prickly plants, 
such as living Cactaceae and Mimosa have been discussed as sources of infection (Salgado et 
al. 2004). The classical studies of Zeppenfeldt et al. (1994), who isolated fungi resembling 
the chromoblastomycosis agent Cladophialophora carrionii from spines of Stenocereus cactus, 
seemed to confirm this hypothesis. 

However, there are several indications that shed doubt on the supposed totally random 
inoculation process of chromoblastomycosis. In humans, the male : female ratio is 63 
: 2; this male preponderance of 97% cannot be explained by different exposition rates. A 
similar male preponderance of 79.3% is observed in the cerebral pathogen Cladophialophora 
bantiana (unpublished data). Other established pathogens as Madurella mycetomatis have a 
strong male preponderance (Ahmed et al. 2004), whereas this is less in the compost fungus 
Aspergillus fumigatus (Ann 2010; Maiz et al. 2008).

Recent molecular data have shown that the situation is at least more complicated than 
anticipated. The cactus-borne species isolated by Zeppenfeldt et al. (1994) appeared to 
belong to another species, C. yegresii, while C. carrionii was prevalent on the human host, 
with only some occasional isolations from cactus debris (de Hoog et al. 2007). 

A similar situation might be found in Fonsecaea; for this discussion Salgado et al. (2004) 
published an informative case. These authors suggested a link between a case of human 
chromoblastomycosis by F. pedrosoi, and a Fonsecaea-like isolate from Mimosa plant spines 
in an environment where the patient had hurt himself. The similarity between the strains 
was based on morphology only. Recently, in a molecular study by Vicente et al. (unpublished 
data) 56 Fonsecaea-like strains were isolated from sharp plant materials in the direct vicinity 
of patients with Fonsecaea chromoblastomycosis using an oil flotation method (Vicente 
et al. 2008). It was confirmed that it is possible to recover human-pathogenic species of 
Fonsecaea from environmental sources. However, only three strains were F. pedrosoi and one 
F. monophora. The remaining 52 strains belonged to hitherto unknown molecular siblings 
of Fonsecaea. Thus at least there are large differences in virulence between closely related 
species.

If inoculation of Fonsecaea from plant materials and development of chromoblastomycosis 
is a random process, it remains unclear why clinical cases are dominated by the three 
species F. pedrosoi, F. monophora (de Hoog et al. 2004; Najafzadeh et al. 2009) and F. nubica 
(Najafzadeh et al. 2010), whereas the disease is never caused by any of the environmental 
species which by their higher frequency in nature would have a much higher chance to be 
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inoculated. According to current knowledge F. pedrosoi, F. monophora and F. nubica are more 
virulent than the taxa that are strictly environmental. They form a single, well-separated 
clade from their molecular siblings. Thus two possible hypotheses might be proposed: either 
an environmental factor has emerged in the pedrosoi clade that coincidentally promotes 
virulence and is not shared by species outside the clade. The presence of such a factor might 
in the near future be solved by comparative genomics. Alternatively, a gradual adaptation 
process to the vertebrate host might occur. In that case a hitherto unknown mammal host 
might be concerned, as it is difficult to imagine how the factors acquired in the human host 
could be transmitted to a next, environmental generation.

Within the pedrosoi clade the ecological differences between species are slight. Fonsecaea 
pedrosoi, F. monophora and F. nubica have similar morphology and could not be distinguished 
phenotypically, but their separation on the basis of multilocus data and AFLP are unambiguous 
(Najafzadeh et al. 2009, 2010, 2011). Clinically their distinction might be relevant, because, 
judging from current frequencies on humans; the species seem to differ in pathology and 
virulence, despite absence of differences in the temperature relations between the species. 
Fonsecaea pedrosoi and F. nubica thus far are strictly associated with chromoblastomycosis, 
whereas F. monophora, in addition to causing chromoblastomycosis, also affects other organs 
such as brain, bile and cervical lymph nodes (Koo et al. 2010; Surash et al. 2005; Yaguchi et 
al. 2007).

In this thesis, research was focused on the genetic variation of Fonsecaea species, rapid 
detection and identification and the antifungal susceptibility of Fonsecaea species − topics 
which thus far have been explored only fragmentarily.

In Chapter 2 we investigate the genetic diversity and species delimitation of Fonsecaea. 
Based on the Multilocus sequence typing, i.e., rDNA Internal Transcribed Spacers (ITS), 
partial genes and introns of actin (ACT1) and β-tubulin (BT2) genes we classified strains of 
Fonsecaea into three major clades, which were supported by high bootstrap values, group A 
and B contain the ex-type strain of F. pedrosoi and F. monophora respectively and group C did 
not include any type strain. Based on sequences of ITS, cdc42, BT2 and ACT1 and on AFLP 
profiles we show that Fonsecaea contained the three major clades, which were supported 
by high bootstrap values, Group A and B was already exist, but group C was introduced as a 
new Fonsecaea species, called F. nubica (Chapter 3). Morphological distinction of Fonsecaea 
species is difficult, but their separation on the basis of multilocus data is unambiguous.

In Chapter 4, we introduce F. multimorphosa, a new species of Fonsecaea isolated from 
the left occipital lobe of the cerebrum of an 18-month-old Australian spayed female cat. 
The etiologic agent was identified as ‘Cladosporium bantianum´ by morphology, but the 
ITS sequences of voucher strain CBS 980.96 show more than 10% difference with type 
strain of Cladophialophora bantiana, CBS 173.52 and thus clearly belong to another taxon. 
Strains similar to CBS 980.96 had been recovered from the place where the patients acquire 
chromoblastomycosis in the state of Paraná in Brazil. The set of environmental strains showed 
slight deviation from CBS 980.96 in ITS, BT2 and TEF1 genes. The clinical vs. environmental 



114

Chapter 10

strains were also different in growth velocity. The neurotropic strain CBS 980.96 grew 
consistently slower on all media, and had a different profile of cardinal temperatures, being 
able to grow at 37oC and 40oC. The environmental strains were therefore doubtfully treated 
as being conspecific with CBS 980.96. On the basis of morphology and sequences the strains 
did not match with any known species.

In Chapter 5, the molecular epidemiology of 81 Fonsecaea strains was studied using AFLP 
analysis; these strains were already identified using multilocus sequencing. AFLP data show 
that Fonsecaea 5 populations can be distinguished: F. monophora and F. nubica clusters were 
subdivided in two groups each. Strains in each group mostly had been collected at relatively 
close geographical distances. This suggests that vectors of dispersal of Fonsecaea species are 
slow, leading to significant regional diversification.

In Chapters 6 and 7 we develop methods for detection. Conventional methods for 
fungal identification in the clinical laboratory rely on morphological and physiological tests 
and need several days or weeks and are frequently unspecific (Larone 2002). Molecular 
identification mostly implies sequencing, which is relatively expensive and time-consuming 
and impractical for large number of isolates. In this thesis we used from Loop-mediated 
isothermal amplification (LAMP) and rolling circle amplification (RCA) for rapid detection 
and identification of Fonsecaea strains. LAMP (Chapter 6) is a powerful nucleic acid 
amplification technique that rapidly and accurately amplifies target DNA under isothermal 
conditions; we used this method for rapid screening of Fonsecaea from other Chaetothyriales 
(black yeast and relatives). The detection limit was found to be 0.2 fg DNA.

The second molecular identification technique that was established is rolling circle 
amplification (RCA) (Chapter 7). This technique had primarily been developed for virus 
diagnostics. Using ITS amplicons as templates, this technique proved to be suitable for the 
identification of three Fonsecaea species. The simplicity, sensitivity, robustness and low costs 
make RCA an attractive technique for the reliable identification of sibling species and other 
closely related fungi (Kaocharoen et al. 2008; Kong et al. 2008; Zhou et al. 2008).

LAMP proved to be a fast and sensitive method for direct amplification of fungal DNA 
from environmental samples, whereas for RCA ITS amplicons are needed. However, with the 
LAMP assay, we could not distinguish between the different species of the genus Fonsecaea, 
because they differ in relatively few nucleotide polymorphisms that were sufficient to allow 
successful RCA diagnostics. Thus, RCA is more specific than LAMP, but LAMP is more 
sensitive than RCA.

In Chapter 8 Antifungal susceptibility of Fonsecaea species is presented. In vitro 
susceptibility of 55 clinical Fonsecaea isolates were tested against amphotericinB, itraconazole, 
voriconazole, posaconazole, caspofungin, fluconazole, isavuconazole and anidulafungin by a 
broth microdilution method as described by the Clinical and Laboratory Standard Institute 
(CLSI; formerly the National Committee for Clinical Laboratory Standards) (Approved 
Standard M38-A2). All isolates had low MICs (MIC90s ≤ 0.5 μg/ml) for PCZ, ITZ, ISA, and VRC; 
less active drugs (MIC90s ≥2 μg/ml) were AMB, CAS, ANI, and FLZ. There were no significant 
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differences in the activities of the surveyed drugs against F. pedrosoi, F. monophora, and F. 
nubica. These data will help defining treatment recommendations and establishing guidelines 
for antifungal therapy. A rapid, effective antimycotic therapy is the key to a positive patient 
outcome. Providing proper identification tools allowing species identification in less than 
one working day, and comprehensive data on antimycotic susceptibility patterns will lead to 
a more targeted antifungal therapy. 

Chromoblastomycosis patients are a true therapeutic challenge for clinicians (Esterre 
& Queiroz-Telles 2006) because of the presence of therapy-refractory muriform cells and 
differential susceptibilities between taxonomically closely related groups (Bonifaz et al. 
2001). Several treatment options have been applied, but these tend to result in protracted 
disease, low cure rates, and frequent relapses. Treatment may depend on the size and 
severity of the lesions, etiologic agent, patient status and clinical localization. In Chapter 9, 
we report a case of Chromoblastomycosis by F. monophora in female farmer from Spain. The 
lesion started 36 years earlier when she living in Guinea. The lesion was successfully cured 
after 4 months treatment with itraconazole, but there was a relapse.
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