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Abstract: Chromoblastomycosis is a chronic granulomatous mycosis of the skin and subcutaneous
tissue caused by traumatic inoculation with dematiaceous fungi. This disease primarily affects
agricultural workers, who are mostly men. We present a case of chromoblastomycosis in a 63-year-old
male farmer patient with dermatosis over 50 years of evolution, with warty, erythematous, and scaly
plaques that predominate on the left hemithorax. Direct examination with potassium hydroxide
(KOH) revealed numerous fumagoid cells. Amplification and sequencing of the internal transcribed
spacer (ITS) and translation elongation factor 1-alpha (TEF-1a) gene revealed that chromoblasto-
mycosis was caused by Cladosporium cladosporioides. The chromoblastomycosis was treated with
itraconazole and fluconazole without any improvement, and amphotericin B was administered with
partial improvement.

Keywords: chromoblastomycosis; Cladosporium cladosporioides; ITS1-2 rRNA region; TEF-1a gene

1. Introduction

Chromoblastomycosis is a chronic subcutaneous mycosis endemic to tropical and
subtropical regions. It generally affects people in poor regions of Africa, Asia, South
America, Central America, and the Caribbean. However, there are reports of its incidence in
some countries in Europe, Canada, Russia, and Japan. It is caused by melanised fungi that
are generally found in soil or plants and is classified as an orphan neglected disease [1–3].
The route of infection is frequently through a wound or lesion in the skin. The most
common sites are the feet, knees, lower legs, and hands. However, it has also been reported
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in other sites or areas, such as the nose, auricular region, cornea, conjunctiva, scapular
region, axillae, abdomen, buttocks, and as a phagedenic ulcer on the face [2,3].

The presence of muriform cells in the microscopic diagnosis of clinical samples allows
for the rapid determination of sufficient evidence of the presence of the dematiaceous
fungi responsible for chromoblastomycosis. Nevertheless, the clinical characteristics and
therapeutic response may vary between patients due to the different etiological agents
involved. Therefore, identification at the species or at least at the genus level is essential to
choose the most appropriate antifungal treatment [2,4].

The most frequent etiological agents belong to the genera Fonsecaea and Cladophialophora;
however, there are also case reports of Chaetomium, Cyphellophora, Exophiala, Phialophora,
Cladosporium, Phoma, and Rhinocladiella [2,4]. Members of the genus Cladosporium (Cladospo-
riaceae, Capnodiales) can be isolated from almost any environmental source and geographic
location, including soil, plants, and manure, and they represent the most common isolated
airborne fungi [5,6]. The genus is characterised by the distinctive form of its conidio-
phores, which are erect, straight, or geniculate, proliferating mostly sympodially and
forming unbranched or branched acropetal conidial chains of smooth to roughened dry
conidia. However, the most characteristic feature is the presence of a thick refractive to
darkened cladosporioid or coronate scar, defined as a raised periclinal rim with a central
convex dome [2,7].

Within the group of species that affect humans, C. bantiana, C. carrionii, and C. de-
vriesii, characterised by the absence of conidiophores and unpigmented conidial scars,
were reclassified in the Cladophialophora genus using molecular studies. This action gen-
erated a reduction in the number of species of medical interest. Through morphological
datasets and molecular studies using 18S-ITS1-5.8S-ITS2-28S rRNA, actin, and translation
elongation factor 1-α gene sequences, more than 169 species have been distinguished.
It has also been shown that C. cladosporioides, C. herbarum, and C. sphaerospermum are
species complexes encompassing several sibling species that can only be differentiated by
molecular techniques [5,8,9].

Among the species most frequently associated with infections in humans are C. oxyspo-
rum (cutaneous phaeohyphomycosis with morphological identification), C. sphaerospermum
(subcutaneous infection with ITS1-ITS4 molecular identification), C. herbarum (chronic
rhinosinusitis with 18S rRNA molecular identification), C. macrocarpum (brain abscess with
morphological identification), C. tenuissimum (chromoblastomycosis with ITS and D1/D2
and a D1/D2 domain of 26S rRNA molecular identification), and C. langeronii (chromoblas-
tomycosis with ITS1-ITS4 molecular identification) [10–14]. Reports of C. cladosporioides
infection in humans include cases of phaeohyphomycosis identified by morphological iden-
tification, keratomycosis with ITS1-18S rRNA molecular identification, pneumonia with
morphological identification, rhinosinusitis with morphological identification, and, rarely,
chromoblastomycosis with a D1/D2 domain of 26S rRNA molecular identification [15–19].
However, in most cases, morphological identification was used to identify the etiological
agent, or the molecular marker was not able to differentiate the subspecies within the
C. cladosporioides complex; therefore, specific identification in many cases is incomplete.

In the present study, we report a slowly evolving clinical case of chromoblastomycosis
caused by C. cladosporioides in a Mexican farmer.

2. Case

We present the case of a 63-year-old male farmer working in an area with a warm
climate, who was indigenous and a resident of Nayarit State, Mexico. He visited the clinic
for localised, asymmetrical dermatosis affecting the left hemithorax, consisting of a warty,
nodular, erythematous, scaly plaque measuring 21 × 30 cm in diameter, with a rough
surface, well-defined edges, and chronic evolution with multiple satellite lesions (Figure 1).
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Figure 1. Verrucous plaques surrounded by a few nodules and erosions on the back of a patient 
with chromoblastomycosis. 

The onset of the lesion was at 10 years of age after trauma to the left hemithorax and 
was characterised as being asymptomatic and progressively growing. Direct examination 
of the scales with 10% potassium hydroxide (KOH) showed abundant fumagoid cells (Fig-
ure 2), and a culture was performed on Sabouraud agar with 10 days of incubation at 26 °C. 
After 10 days, black colonies with a cottony texture and grey shading were observed; the 
conidia were microscopically observed as forming chains (Figure 3). 

 
Figure 2. Direct examination showing clumped and septate fumagoid cells (×400). 

Figure 1. Verrucous plaques surrounded by a few nodules and erosions on the back of a patient with
chromoblastomycosis.

The onset of the lesion was at 10 years of age after trauma to the left hemithorax and
was characterised as being asymptomatic and progressively growing. Direct examination
of the scales with 10% potassium hydroxide (KOH) showed abundant fumagoid cells
(Figure 2), and a culture was performed on Sabouraud agar with 10 days of incubation at
26 ◦C. After 10 days, black colonies with a cottony texture and grey shading were observed;
the conidia were microscopically observed as forming chains (Figure 3).
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Molecular identification was performed by PCR amplification and sequencing of
the ribosomal region 18S-internal transcribed spacer (ITS)1-5.8S-ITS2-28S rRNA and the
translation elongation factor 1-alpha (TEF-1a) genes. DNA was extracted from biopsies
of skin lesions and fungal isolation using a commercial DNeasy blood and tissue system
(Qiagen, La Jolla, CA, USA), according to the manufacturer’s instructions.
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For the amplification of 18S-ITS1-5.8S-ITS2-28S rRNA and translation elongation factor
1-alpha (TEF-1a), the previously described primers were used [20–22]. In the PCR of the
skin lesion, two amplification products were observed: one at 550 bp and another at 650 bp.
The products were purified using a QIAquick PCR Purification Kit (Qiagen, La Jolla, CA,
USA) according to the manufacturer’s instructions. Then, the products were sequenced
in both directions using the same primers with Taq FS Dye Terminator Cycle Sequenc-
ing fluorescence-based sequencing and analysed on an Applied Biosystems 3730 DNA
sequencing system (Foster City, CA, USA). The subsequent nucleotide sequences of both
fragments were edited using a Vector NTI advance 11.5 and compared with the GenBank
database to determine their homology using the BLAST nucleotide program of the National
Centre of Biotechnology Information (NCBI). The 550 bp product exhibited 100% homology
with members of the C. cladosporioides complex (C. cladosporioides, C. pseudocladosporioides,
C. angustisporum, C. colombiae, C. delicatum, C. europaeum, C. inversicolor, and C. vicinum,
among others), and the 650 bp amplification product exhibited 100% homology with mem-
bers of the Candida parapsilosis complex. As the final identification was not defined, the
TEF-1a gene was amplified from the DNA extracted from the biopsy. Only a 400 bp product
was amplified, purified, and sequenced in both directions.

The TEF-1a sequence exhibited 100% homology with C. cladosporioides HM148291,
MZ344181, and ON409522, among others. No amplification product was observed for the
C. parapsilosis complex. Additionally, DNA was extracted from the culture of the isolated
fungus, and the 550 bp and 400 bp products (18S-ITS1-5.8S-ITS2-28S rRNA and TEF-1a,
respectively) were amplified. The sequences showed the same results as the skin biopsy
products. The sequences were deposited in GenBank under accession numbers OQ851636
(C. cladosporioides complex 18S-ITS1-5.8S-ITS2-28S rRNA), OQ857391 (C. parapsilosis complex
18S-ITS1-5.8S-ITS2-28S rRNA), and OQ865375 (C. cladosporioides TEF-1a).

Multiple alignments were established using all the sequences of the Cladosporium
species available in GenBank with Clustal W algorithms included in MEGA software
version 7.0.26 [20]. Phylogenetic reconstruction was conducted using a Bayesian approach
with MrBayes version 3.2 [21]. The analysis was performed for 2,000,000 generations with
sampling trees every 100 generations.

The phylogenetic tree with the 18S-ITS1-5.8S-ITS2-28S rRNA sequences showed poly-
tomies among several Cladosporium species forming a C. cladosporioides complex (Figure 4).
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This is in contrast with TEF-1a, whose sequence supported the grouping with C. cladospori-
oides with high posterior probability values (1.00) (Figure 5).
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(tef-1) partial sequence of C. cladosporioides and other related Cladosporium species. The numbers of the
nodes indicate the values of support or posterior probability. GenBank accession numbers are shown
at the end of each branch. The sample obtained in this study is indicated in bold and with an arrow.

This study was approved by the Institutional Review Board of Hospital General “Dr.
Manuel Gea Gonzalez”, Mexico City, Mexico (No. 06-58-2016) [22,23].

The patient was initially treated with itraconazole (200 mg/d) for 5 years. However,
the antifungal agent was ineffective, and treatment was changed to fluconazole for 3 years,
starting at a dose of 200 mg/d until reaching a dose of 400 mg/d. The patient did not
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respond to treatment, and the lesions began to spread, affecting the right hemithorax
(Figure 6).
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Therefore, the treatment was changed to amphotericin B (1 mg/kg of body weight),
resulting in partial improvement, but with persistent lesions.

The patient developed hypertension due to adverse effects of the drug, and treatment
was discontinued. Currently, he is being treated again with fluconazole at a dose of
200 mg/d, topical keratolytics (semi-occlusive cold cream (once daily)), and 30% urea
cream (twice daily) for persistent skin lesions.

3. Discussion

Chromoblastomycosis is a chronic, subcutaneous, granulomatous, and progressive
skin infection caused by different species of fungi belonging to the Herpotrichiellaceae
family. The disease is considered an occupational disease, occurring among individuals
working in agriculture such as farmers, gardeners, lumberjacks, and agricultural product
traders, particularly in low-income countries [6,24,25]. C. cladosporioides has been associated
with haemorrhagic pneumonia and cutaneous diseases such as phaeohyphomycosis and
mycetoma, and, rarely, with chromoblastomycosis [17,19,26–28]. The infection begins with
the inoculation of dematiaceous fungi from an environmental source through a skin lesion.
The chromoblastomycosis is characterised by presentation in different clinical forms; the
polymorphism of lesions can include the presence of plaques, nodular lesions, verrucous
or cauliflower-like lesions, tumours, and cicatricial or atrophic lesions [2].

The diagnosis of chromoblastomycosis includes conventional methods, such as direct,
histopathological, and fungal isolation methods. Direct microscopy and histopathology
can also be performed with the primary objective of visualising muriform cells, which are
pathognomonic of chromoblastomycosis.

Histopathologically, chromoblastomycosis is characterised by hyper-parakeratosis,
pseudoepitheliomatous epidermal hyperplasia, microabscesses, pyogranulomatous re-
actions, and irregular acanthosis alternating with areas of atrophy. The dermis usually
presents dense granulomatous inflammation with different grades of fibrosis, associated
with mononuclear cells (histiocytes, lymphocytes, and plasma cells), epithelioid cells, giant
cells, and polymorphonuclear cells [2,3].
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Fungal isolation is generally performed on Sabouraud dextrose agar; the identifica-
tion of the fungi is performed by observing characteristic, dark-pigmented colonies after
3 weeks of culture. However, these methods are time-consuming and have poor sensitivity
and specificity. Therefore, molecular analysis is required for a rapid and more specific
identification of the appropriate molecular marker to facilitate correct identification in
terms of the genus and species involved, especially when it comes to mixed infections, as
was the case in this instance. The 18S-ITS1-5.8S-ITS2-28S ribosomal region has been widely
used as a marker for identification in cases of chromoblastomycosis and is considered the
best molecular marker to identify this type of fungal agent [2,3].

However, when the 18S-ITS1-5.8S-ITS2-28S ribosomal region is not able to define the
species or subspecies within a particular genus, other molecular markers can be used, such
as translation elongation factor 1-α, β-tubulin, RNA polymerase II, and calmodulin. It is
also recommended to perform a multilocus analysis to differentiate subspecies or sibling
species. The genes used for the analysis are the ITS region, β-tubulin (BT2), elongation
factor 1α (TEF-1a), actin (ACT1), and cell division cycle42 (Cdc42) genes [29].

We used the ribosomal region as the first step in molecular identification. The 18S-
ITS1-5.8S-ITS2-28S genetic marker allowed us to identify a C. cladosporioides complex. Since
we did not define the species using the ITS-rRNA region, we decided to amplify and
sequence the TEF-1a gene [30]. Sequence analysis allowed us to identify C. cladosporioides
as the causal agent. Another alternative for rapid and precise molecular identification
is the matrix-assisted laser desorption ionisation–time of flight (MALDI-TOF) technique.
This identification method has been shown to contain a cost-effective robust commercial
database and allows for specific identification at the species level of an extensive variety of
fungi and yeasts [31].

In the patient’s skin sample, we identified C. cladosporioides and the C. parapsilosis
complex (C. parapsilosis sensu lato, also known as the C. parapsilosis complex, which includes
C. parapsilosis as the most frequent medical pathogen, followed by C. orthopsilosis and
C. metapsilosis, formerly known as C. parapsilosis Group I, II, and III, respectively).

The C. parapsilosis complex has been frequently misidentified using conventional
biochemical tests, leading to an underestimation of the frequency of C. orthopsilosis and
C. metapsilosis. Molecular identification is the best option to differentiate the three species
of the complex. However, the introduction of MALDI-TOF has become a rapid and reliable
technique for identifying cryptic species in the clinical setting.

The C. parapsilosis complex is a normal inhabitant of the skin, nails, and diverse mu-
cosal areas of humans and mammals. It is a common cause of opportunistic infections and is
related with both high morbidity and mortality rates in hospitalised immuno-compromised
patients. It has also been linked to systemic bloodstream infections in intensive care units
(ICUs) worldwide [32]. Recently, C. parapsilosis infections have been observed associated
with a strong increase in resistance to azoles, including various nosocomial (hospital-
associated) outbreaks associated with resistance to fluconazole [33–36].

It has been reported that patients with chromoblastomycosis who are diagnosed after
several years with clinical manifestations as well as places where antifungal treatment is
not available or is economically inaccessible are factors that can increase the risk of sequelae,
such as bacterial infections or co-infections with yeast or fungi [3,37,38].

In our case, we could not determine the role of the C. parapsilosis complex within this
extended clinical case of chromoblastomycosis. With this finding, we were not able to
determine whether the presence of the C. parapsilosis complex had had an important effect
on the course of the infection, as well as an impact on treatment. The main problem was
that we were not able to isolate C. parapsilosis from the clinical sample, as the identification
through amplification and sequencing of the 18S-ITS1-5.8S-ITS2-28S rRNA region only
allowed the identification of the C. parapsilosis complex. In addition, when we attempted
to amplify genetic markers that would allow for the identification of the C. parapsilosis
complex, we did not obtain conclusive results.
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In general, the treatment of chromoblastomycosis is complicated and challenging
for clinicians. It is generally associated with low cure rates and high relapse rates, espe-
cially in chronic and extensive cases. To determine the most appropriate treatment for a
patient, the causative agent, extent of the condition, topography, and general state of the
patient’s health must be considered. The treatment consists of long periods of antifungal
therapy combined with physical treatments, such as surgery, cryotherapy, laser therapy,
and photodynamic therapy [15,32].

Surgery is the best physical method for the treatment of chromoblastomycosis, es-
pecially in small and localised lesions, where excisional surgery is recommended for all
initial small and well-delimited cutaneous lesions. Surgery can be used in combination
with itraconazole or terbinafine antifungal treatment. Cryotherapy with liquid nitro-
gen and thermotherapy demonstrate minimal risk of adverse effects, and these physical
treatment options are relatively accessible, but are more recommended for limited and
small lesions [2,3].

There are multiple therapeutic options, and the following antifungal agents can be
used: 5-fluorocytosine, 5-fluorouracil, thiabendazole, amphotericin B, ketoconazole, flu-
conazole, itraconazole, terbinafine, and posaconazole.

The most efficacious antifungal agents are itraconazole (200–400 mg/day) and
terbinafine (500–1000 mg/day) over a period of 6–12 months. The combinations of
itraconazole/cryosurgery, terbinafine/cryosurgery, itraconazole/terbinafine, itraconazole,
and/or terbinafine with local heat application are the best treatment alternatives [39–41].
The combination of itraconazole and terbinafine fungal therapy is often used in patients
with refractory forms. In recent years, other agents, such as posaconazole, an expanded
spectrum triazole, have become the best potential alternatives for the treatment of all clinical
forms of chromoblastomycosis, including severe or refractory clinical presentations [42].

The patient was initially treated with itraconazole and fluconazole without favourable
results; therefore, we decided to use amphotericin B, which exhibited partial favourable
results. The use of keratolytics (urea 30%) with fluconazole is currently prescribed as
maintenance therapy for this patient.

4. Conclusions

In conclusion, a clinical case of chromoblastomycosis in a farmer working in an area
with a warm climate in western Mexico was described. Correct and timely clinical diagnosis
is essential because chromoblastomycosis lesions are clinically polymorphic and commonly
misdiagnosed. In this case, the causative agent (C. cladosporioides) was identified using
molecular biological techniques in a patient who had lived with the disease for more than
50 years. If not diagnosed at an early stage, the disease may be refractory to antifungal
therapy. Itraconazole is the most effective drug for chromoblastomycosis; however, it was
ineffective in our patient. When this drug is replaced with amphotericin B, complementary
therapies such as keratolytics can be effective. Currently, the patient has maintained an
acceptable response to a combination of fluconazole and cold cream with 30% urea.
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